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TITLE: SI MULTANEQUS CORE TESTI NG | N MULTI - CORE

| NTEGRATED ClI RCUI TS BACKGROUND OF THE | NVENTI ON
woectsniozal Fiel d [0001] This invention is rel aped/use006/010233
t b el ShvnfaNES I Gl FEShiNeUN M URHL ¢ G¥E INGIDIED CIRCUITS
particularly, to structural testing of nulti-core
integrated circuits, such as mJItl -core
nM croprocessors. RAUKGROUND O { DB of lowto
noderate conplexity may typ| cally be tested using
functional tests. In sonme cases test vectors may be
Tec ped to exercise all of the functional
[0001F har a&ik aréntibd i€ glatdd td hefiddp efintbdraed dzautnebtings & nofe particularly, to structural

: ny 1Cs, such as
tesnn%;ﬁ?%fuacg e Et%?agec eg%‘}é?é‘l"? %I\n/%lt?@ogan wgbl%cg%SMEonpl ex for this

approach, and the collection of functional test
Backo¥@6d Ot S that woul d be requi red for functional testing

y G N l usi ction some cases tes
[()OOZEa ?85 0 owq%\qn erate[cal%glgjltg WD&;’% a&@% %sté’%llr'l Itsg aqgoal‘i Eﬁg In test
Vectorefmaiymﬁefbéqmefhto enercige alljof ithedfpreipent ﬁlearwmltsﬁ efnthe smc@e K@ "and used in

manuﬁaﬁimb B RBIR chdhShR nMﬁl%' ¢4, sd'clﬂ}(s i) n[ﬁﬁibﬁ)c@iof‘sl (CMBNhayt 12 tdoRSHnplex for this
appro%cgm% Png ccﬁéﬁmg gfié%c%lonﬁgtf% 86(2? olrsgtﬁact: gfn?g] tr% S’u‘érlle'I C% ;umi%onai~I eng may be much

too latge ot avaidpblelbetomatsidest ¢quipmet ATRhet her circuit structures

0003 taVe I\/?@tqa? %ﬁ&c‘atcloﬁ'ec%mﬂ M‘Eﬁ@r \Jaﬁ 1&Eﬁéﬁd-enttf9ncﬁﬁ{af B¥ci3 and in some
Struc Er a

t i ng C na
insages 3 g bt B PP PLT RO P ﬁ*@%%ﬂ%ﬂtl My g ot s st
method isahlled Stricorabiesting dtoage o rests vtz circtihgrustgssbiate bagp comdcynnanufactured. In
order ':\Aely&f%{ M&H‘El%%tuw EAR (S Qhé ﬁmﬁ@ n{ap %‘%ﬁtt tﬁéjapb{ébx@atet t@lvsﬁsr(écgrs to the structural

eCI i cal in)e/qﬂto sup ort testln or exanp
block |t LIBSB tQ Eeaﬁst figbtaltm @gﬁgﬂﬂtlﬁ QURYF U]F%W st{uétgrf%m%xgpe%{ott@mrted into the IC
specifically@subpoyt tetsh@t foadxhmslé MUKDWE A SThicockis. and t he
[00041‘)nt ersﬁ'?cgﬁ]a? (L% %§ aQe W?oe n t zﬁlﬁﬁ s@&cﬁua‘i@f&% aaﬁ& ?%gegconnectlons between

evel representation o
blockyjerg |n§f*Pfa°31FPda>EﬂP®Wat gt (rose Iyt teéfne%?mg‘é’ﬁ &f &e SpsiPATPEforifgg tost pattern
generﬁ&rQ(AlfPG)l'hﬂzlyCzﬂéohﬂmﬂoalh}Cwoaﬁaﬁ sﬁﬁnltlﬁﬂ.lﬂ'oﬂ Sonfréllable @édes @lch @lat e internal design
structlf:es r[naél dbel'{sﬁtqeél Ig[%e c?mé) exityg/a rsn% o eesfgln Hady:}ngk%ﬁ'éolﬁ%@;mgn%{d bo%serving" each
structtirg e}rqudglglmd;fgcultaﬁdvo 't@bglethqﬁohges éﬁ@hte%xpg"%{i Uprelom testmg" may be selected
depen@XEGRA tho g;layt n6bhck bf ﬂ;eude&gn 80tedt@st met hodol ogi es; "scan
est|

oo o 20 i AR A By B BTG ey gt s
into ohee® treT.scan QBOBE] Therp\ HPGphttess anay beestrédrigthe mt@rnagleryef e RE.sThe ATE may

outpuy\ﬁlé n:l:;tGrs tlrl?@thg @M:{u@@smlé RAGhbe: gﬁ:;araﬁ@‘sgg)l cHARY. ﬂ@toﬁ@ﬁbﬂ%@&v@@blhty of chip I/O
ether intQ one or nore scan chai ns.

pios, ATDUPHE 18 E-SBY GLTORE CESHET SHEEY G 9’an fgee clements in tes
mode fshirplact A émAitheaymbef frat chhinewhiechobeisadnt 0 the circuit
[0006}ISI ng"h@TaH«i Hiotggt mgﬁ?égﬁ%?&lpﬁés r%@tﬂ (&%@éuﬁ](?rand: FE:QJ §ah§y§)|1he design-input

p I nNs, av ai |

nodes @ gtegioe 41 F'Fﬂ’é‘iué? i g rolgh tifep- ’ia’éﬂf?fniyr?@mf?%iﬁé é@t"?’ﬁﬁn’@é@g’é cfFhis method
may ykib_yd lffah& ird301RQvh&d testingeouddr eriefies sich ad @Gihoriad dde q‘iﬁyty pf @edor@ndom patterns
may l{eb%n&tgieg Jf(ﬁgé BlF, g.Lrlls%J c%%%ng{t L%g? (11{(%:16321a fegd%ac\ﬁ'hiuﬁ I'r]ecr%%r ang H?@% Qﬁfters Desired
segmqntsofi tho 2vailavomydon aptsmapice 84y P%ethﬁ*éedd%fé?a@ﬂg fh pEIR Wtﬁ‘%ﬂ@é@ﬁc seeds from

which @ @XEFa6drS QeRAGEH. SF\erstRU(fnﬁltﬂpﬁ-lﬁphﬁ‘s@(ﬁﬁ{regxﬁglﬁdnﬁm&§ fbeated to capture the
controlling and observing themy. This nethod

__randoni
r%po??ﬁs)}ogfg%{?fmd’é“?%s resul ts when testing regul ar
[0007%t r udloweves somaudshigm Snaprenwitdblesfor Ftiag wping|rindgm pfiterns. For these desigos, test
pomtsoxﬁﬁt%gf Bndampatd @pFdSe R¥o 188 ity REd 8ASRBIIW I hntJrJih@ stfld8de® Mn the BIST
design of LFSRs (linear-feedback shift regislers) and
phase shifters. Desired segmants of the avail able
random pattern space may be generated by | oading the
LFSR with specific seeds fromwhich to start pattern
generation. A MSR (nultiple-input signature register)
may be used to capture the responses to the random
patterns.
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[0007] However, sone designs may unsuitable for
testing using random patterns. For these designs, test
weabest1923ray need to be inserted to inprove PCT/US2006/010233

(bulltﬁ&psﬁtf-ﬁéatb h@éﬂbdoiogy foalwglcom EFsmmdll\intsR @l beddine bzﬁﬁ&;f the chip itself. BIST may
r esS.

1mple%xtt ﬁg'ﬂ ﬁc%gl etlfog?loqy &Fpé}?}’ r% dlgml?ﬁtgﬁl da% el c%%gxc struqDeC gll.}lg architecture may
allowrﬁaptanyuﬁor«t mgalldhgcap cliains,dpdfause BieBio lmgyr hayppp bq'relﬁgd tgchip I/O pins.

rooosf ul | T?ﬂ@aﬁy ri&gtcfmﬁphs@ggeag t@cha&@ws ﬁsajastompm 'ﬁﬁ&ﬁo sdaam ;taeem generator)
eac ﬁj_truct ure. archjtectur

fepla%%{;wm giehtPg %’Pef@%%te% H%{ erpg Thetest aﬁ%*s {nwy 87 “H’Bt q“BY‘ﬁgé‘F scan chains
and teave logir, brel anQUISR dmbltplenpy sighd®rpiepister) @Y B8 hsed yopdotiet fhy responses. All
cucmlr)olghtﬁrecﬁ‘o%e a&ﬁﬁJMfSQQ ng}plj::e%g%ed%ecd dntt& cplﬁsﬁmbeéﬁeﬁ %Ptcf}attem generation

pseud o random pattern generator) replaces a
and fea@visram Yijs &y {?qWF@@eP’Gm% AetatEEt he test patterns. The
[0009] est Opebftierghatestaiyudsef BISPuiay bdirs@bifiy td letes paame hiahengedMdtional speed
of the C[’Illg uird & tlv%g:lh‘ﬁgy @qu 1 foM1f§B hHWetdEsﬁén? EAEQHJ bo%ﬂ {24 %{tl{éﬁl%eneratlon and

regi st er e used to CO € responses.
resposp-pRalypip ﬁwctwe%q{fﬁlﬂeeﬁl e phip: Hie SRPECTYTEIER NG therdgst 39d therefore, its

limitaGéH &dﬁﬁcﬂl c6fdirdih@st @kﬁcﬂmn Enbedae the b@Gint {Fatidiginil IgRREE 3dde®@ the chip to

%n ons S require little menory on the
_perfo ot r%%ﬁsé %&Elnm%/%ﬁ Frﬁlélgg%/eeat est virtues of BIST may be

[0010] { 5 ég‘pq q:ognyle{( &Csrmpy be égﬂgnglatp tinshdesmultiple pppies aff acfynctional block or core. For

exam;flémfﬁﬁlh—‘a&f@ lm1o$®§ﬁ6isc9§na§f ﬁ&u&hﬁl@tnMﬁEs df @%&mplé&fg'kaﬂél‘hl B@Yos®tocessing core
or .t nsiti

where Sy orﬁ gimf'tg?s D g(?ﬁlgt?l ¥ Iobl}?a%hl&‘% g%g%%f éh gli cygeF bPracJ?tmnally, structural tests
have Hegpresignods tesemihdbercarpataiely. Bh tp pinfim@atidise only ongrebrp mapbpipsted dt a time.

to trigger the test and therefore, its limtations my

not constrain test execution. However. the anmount of

addi ti onal har dwar c2SSEOSURE QRINVENTION e form a

[0011F o np Vetires srhbodimiBht ST nighpddrad pyseins for simvencoidPRGihg Bolriple cores included in
an mtgg%mlcﬁ&ut Iarg%lsmd k}ﬁ ox%eeﬁfb&ﬂﬁglt tar?mle@&de&"%m[ﬁ“&ﬁhe%d@ tv&)%p{n&% logic cores.

functi onal or. core. FOr exa
The I‘FrBi‘F‘X 4‘50 dsfude %‘ﬁ‘%‘frﬁﬁ% @é‘é‘%’é}"afﬁﬁﬂ‘}l’l%te thyqer eﬁr‘?ﬂ“ﬁ Pipyptaralsgy teskhardware may
be capdbleaofCiafiiing Xcayene rvaiterpuraplﬁsescm REISSS afgcigal @ithMaeh ef the logic cores,
s1mu1t§1%§1ﬂ1 CRL gtuI %rlgagllte%{]i til g P ?&‘Q‘?&Hdé(d Bea%ﬁ l)&{]fulttmg the results of the scan
er cores. ‘tra
tests fgr M@ﬁﬁ% tog aé@ﬂlgte%tav éq%@w (GED) sgwétaﬂewlﬁ éts,?ne &apingsats glements of the
result SET AR & mmupl.'euerei Iaaypi'e mmbidﬁistoahiumaﬁxed onkh Yingd RitpdOIne sd¥RYhat an element

of tes\/esultt ga%a freom ach d:ore 1s I,Ptresent n an 11%pHQ§ annelgo:he % Mnng ei_ac}I sg'obe vadow

I oUs e S an
(00128 rrui it cap erpedimpntt thasiC opey inelyll dnp Pren@maeiefvarerfmcmé@ihqr thagthe multiple logic

cores hridttROErAdne4l ts&lh Eegtl-ﬂat‘iiwﬁrté Erdd bﬁ%@S&QC nlagl‘ idh& m@ﬁléﬁﬁ&k «controller and/or
alt e rcu nor. e
mem R SPREN ST T 7T Ml ite P P ETIOP PG £ i e 06 processor

cores pr@lrtthamaugatipls e@htlbkber tili@r gemag confrhlles mgy proddelpr radchagis@mthrough which the

cores Bﬁ? Eccg@ EIQW @ysmymgﬁﬁ)rf: W}% ?est%fxeclumqﬁé &tﬁw h§r§@aﬁ]e ;’uﬁectlt)ns may be tested
vector data into scan registers associated w ach

simuliggectsfygrih i eret pas mpdiparis S e Y P?\‘@St%‘ ngsgfeurently. Tnone
embodimed tt@rotiich@mtbipgs mayx b¢ elscell gd W d@de iin whibie theyCdo asidinteract or interact only

mlmnghl}; erﬁ &lé Qs ghlﬂ'ﬁ}é Ee@%%oh:?ono fIn ngﬁl@@f f{&%ég fhe E&Fatlmjclfttﬂe I?)hl@r functions on

cores to auto equi p
the tesd replip pltbreroizs ey, bepmrnipized s sHreir e Mt otheé PrERREIERS, e 1o of test segments in
whichltiSoprhtion 6f thd ditfet fuﬁt@oﬁs@fﬂuéﬂdéstﬂheﬁbl@ ré36lts @Ry BEiynoad by the ATE.
[0013[ I me Ind Io&le Srlnlg)olal ents thep skru )éurtg scant hSI I’v]vgrl G oyntclgéje test mode sglector The test
efement G resul 5% “ffdm each ¢
mode ml@@emy solect hfﬁwqen wlousoﬁﬁﬁnﬁaf bqtbcqnﬁevevxm @wwgreeté@hng t0 dotermine the
mode S WHXBResi gl @WucEORLRY cotdd. B Exa8iFR AHoH® Adn-cohdiBent frod¥B Y¥nly one core may
i ncl ude one or nore hardware functions other than the
multiple logic cores and the2structural scan test
hardware. For exanple the I C may include a
conmuni cations controller and/or nmenory 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 prOV|de a nechanlsn1through mhlch t he cores nay

N a .

o e
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the test results of the cores may be mnim zed or
elimnated. In other enbodinents, the results of test
weegrane®si n whi ch the operation of the other PanaSR@E®10233

be test%d%&%%?&iﬁﬁ ﬁlgltgﬁ)ge g%bgtdrjeﬁﬁ%&rg‘a me CQI% n'iag BQ&@ﬂLbQXﬂ& @R‘h éItExecutlon In

ment s st r‘iJCt ural scan
ot g A BRI P AT ST <] BT ot OF g ot resuls utp

per testBRétGtigREl ect or may sel ect between various versions of
[0014]b0t r~incsgrl;lé: lélr rl%r%%t i Q%oﬁ%&ﬁ@ qg&ﬁlﬁr ﬁ-cﬁlpthe ch%g IerQ be Qom éred internally by the
det efmne ‘the eS|n%|s conduct e

structutahgsarcigtt Baydwaple detmm Ithe cpriensesRers9b I CBHE IR f*"éﬁ%“%‘o’é‘%?}ample ifan IC
includdd B /coRR Brd AR r@ulBY B SarticiRt ddheatiof the tebtrie tRWmé, A @iFsEloit &vel may be output
to the /gﬂ% té Imtdgcg% Hura %%é’el:fng )%Eetgeu suﬁs % Jln ancef'scl:no \;vlgchqﬁeyre;aﬁs fgrv gbanln@lmr%lement of the
test diff aemndjpe@lewhmesa@wuwrteths ARE ot lacimeulelt 9ne oaﬁe coaessnam efrve executed the
test eleit ,&gn&@ﬁbu ned test results output per t est

oS H Lok 1L oSBT SERSHRE SR, % DAy et o
output flileang inpuidttels ellanlodthetAGEt Foraexampde ibthe B lddli@%* f¥iogeres, ﬂi!etWO values for the

test res%ﬁmél:{rc'cot'erﬁr a%ﬁmtﬁzﬁ%s%rﬂh’ttma@rﬁe beikb %tAlT@rbn a kRgle channel in a period in
exanp f C i ncl ud estvvo

[ r
which 5 g o OB TG BRI OF ‘PREEGPIRALSE HE "Ediie, T tme-division
multipfeking bf thd giswllt dle@eets niam ylldvseancaleputt fronpeatth eprAb e tigpu| tdiecAifEeon a single
channe{i E’lgin 9 rst? g@ﬂ)%iovg) f Ttk I'}\el‘Ern‘?a%lé!)Jq?ére tilenteét pe%&l%‘&rﬁﬁs l‘erm ‘éah €dke to an expected

or a particular elenent of
value mrfdfleATEanegengl trgbe) o rﬁa‘y clgmery d?b‘l?ﬁs ’%%C‘i“ﬂi’érem%the expected
result t4y ihdidicGiat @e bhad cotheeaifed tHagpattionl @ Sestaiyhehiauencexiyc ut ed
the test elenment incorrectly. [0015] In other
concurrent test nodes, the results fromthe cores may
be tinme-divisi onBR ENCRIZHONRBLDRAWINGS it | | ne and

[0016]I n p UF\ Befidr QndertR@nh Bf th@ fprésehle IIAE-IELOII k& bee ¥tk ewlieh tHehfolldvidhg detailed
descnq_tlgg 1§ lc?rglaer%d\,%cogl%%loﬁ with tﬁ }oﬁ\owm ral%;vqnsgs OLie test

core For asart dlfvg?lhtest el ement )
[0017may BI&. & dinstratepa syitem AT Eesiing ap intaerstst eirqeld insluding mpftigle loeie resep: according
toone'egbmegp only a single value fromone core woul d be
mtted under other est

nod
[0018]nul t FI& %Qllu%te%cfne fxglg)fim}e é) ?Pulg-lc%rﬁgiiogg %’f‘ﬁeﬁ 10 e eC bgwer:]en muRlple modes of
structvgd] esrizp inclidiogn sbaudtanegwsoecongure mogr epcortliog to hee eﬁ@’ﬁ@n@m a
[0019]SI nokRs. SNARRRL Hithd: Qﬁib&m&:h{ S}bﬁmmlja&@% cIrﬁ@ur@dTEa J@'ﬁ&f between multiple
npare the test result e H%’ from ? ltiol
modes o B UBLEPHF RS SrIEP PORRERAE B ﬁaest e g multiplexes

the test\iesull9 Wecorfiny to@hedtbodimediat does not conpare with the
[0020]eXpegliGeg i E?l%éhm?%}' a %ﬁﬂ)& EH‘ %Stﬁl‘JQQﬂe Bi$ eﬁ{)odﬁeﬁ €n @ﬁf 8Sin simultaneous or

articular test €lenent erroneously.
concumte@eaee@mgmw@ﬂmeNAWNes [0016] A better
[po21unde FRs, andhi figin® Biadriie iINtaGRthe lelaNd@EHijs GRomAavaRe stobial stadtest signals,
accordM eooneembodolel ow ng detailed description is considered
' conj TWCEiBh with the fol | owin draw ngs, in which:
[0022[ oomG Filigstrates ¢rie erybadimenicod a gulgirere %qu@gurqdéeqeleﬁ@et@(??n multiple modes of

structdraﬁfs&gEe%gﬂlclﬁalﬁgtthﬁpw dJasdutiehi AedesTUl tiple |ogic cor es,

[0023@C co Eﬁ:lb 2 gsl aﬁ@w?hagf) nb odi d T c%nﬁlglg.rmlgél ](t:e(s)tnr?(%e se%ec 8r %1rcu1£ry ?II tlgetsembodiment

of FIh é tosweledh amanl Bavp’aletrmm@ s:alotfest godegatagrdire ¢ @ Fm‘wglmentc | udi ng
[0024}5‘ si !if}ti § ANQRUS o emERAREHI Jf @Hﬁﬂh[’é@l@% cARAGEMI RBcttbewedRultiple modes of
nbodi nent . %0019] Fl G il yst rates anot her
Stmcne?'i’ﬁ‘ii‘ﬁ fepfing inclydingcopyrent Tlaléﬁtlleéml 8C" TORPT JUP'EH to sel ect
[0025pet WEER onibik tinfhl tebleniiahersting fhestquired suial forsbapontreldingsfigr an embodiment as
illustr!itgﬁh 23 91 o?dexctg BG Vz(té I’tw{lﬁ}qg‘lal m&&&eﬁl@ﬁjM Fegl%lo@%lea%y @J}Qor core pair.
Time-division mul I pl exes the test results, according
to one enbodinent. [0020] FI@ 4 is a fl owchart of a
nmet hod for testing the DUT enbodied in FIG 3 in
si mul t aneous or concurrent node, according to one
enbodi nent. [0021] FIG 5 is a timng diagram
illustrating the relationshi ps anong several
structural scan test signals, according to one
enbodi ment .
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[0022] FIG 6 illustrates one enbodi nent of a
multi-core |IC configured to select between nultiple
woundssozd2s st ruct ural scan testing includi ng nubPCTIS2006/010233

[0026)€ON Cﬁgr @E&{ln&m&l Sone Lrg&at’xﬂent':c;f g’-mu?ﬁ-&o?e 123 dcoh@ﬁf‘eh chrta fde Bf structural scan

configuring the test node gct
esting 10 PGB TOMIAEMTD AP TFANE PO G SR A A TR o
[0027]S eV eral 10Blillusteitesl brtlemB@iaent &8 inuhipdledC cafigweddo Wgecttb@twemnultlple modes

of stru&v.]ggosgain r{rgt?ntg ‘inc ug% 4ohc1§x]elﬁTD§/I éeétlkg%aﬁﬂa%f & o?’f@ﬁ%s{ﬁmf more than two

configured to sel ect between

cores CWWF‘?“BY@“%@@STEGFTO@tWEWur al scan testing including
[0028]CONCRIG! BN a flokidhatt@5i magadcmﬁr sawnmbst m6de a0dEeisg a llG-2&¢ IC configured to

FIG 9.s aitr thtale| u ﬁg{glred
select bs?iwgﬁxggulépger mc%dﬁse ol‘rl (S:héuﬁ s]car1 testm g’cfcgr%%ﬁ%relé d&l as |
[0029]j | | USEr B shevsi arbleek eagran pﬁone reerkqdinest of@p FW@Wéomputer system, which may
1nclud@ﬁrlﬁtbéiﬂédaﬁrcﬁﬁﬁdhﬁkng AHultpRNEZY Jo2B Eonﬁ@%dtﬁSﬁnuRﬁﬂdﬁslff @kt tiniycluded cores,

sLore or c?re pair.[0026] FIG 1O0A illustrates one

accor 8&&9&&?%% W& a multi-core I1C configured for a node of
[0030]st I UBIEUashowscrahiock disgrm gf pnecmbeliimayt efen cxpmplart compyigr system, which may

includd ﬁlsihtla%}gecﬂflchRQﬁ@udﬁnE %lt%l@‘logqu'o% cSBREs 16 @itdultahe By kedlGheAificluded cores,
robe wi ndow. 271 FIG 1OB illustrates one

accord@a {0 A7 thARE ARG Y ul ti - core 1 C configured to sel ect
[0031]bet it hdl inveplice ivDaigsptibfe Bt vasiotsumadifietem anésltpmayive forms, specific

embod &S{#@k@ﬂar& CHIGH! B¥ A ofTeQ&ﬁleeﬁtthManflgs ARY widAlefeinOde &Qﬁl?ea in detail. It
testl ng an %ﬁses concurrent

shouldghg g8 PRTES'S PYIGHEORF R ST DODRP B Begs 1 ng ended ol e
inventibh @V Phaiticddr fermmeitdiedl, baronsthé eatramgtha itt@gon iyodeowndll modifications,
equiva erelt? t I e?tex%at[‘r%l élim&ﬁﬁ&uﬁ tlle(;{nﬁpz{ﬂp Logw oq%e Ex%seﬁﬁkfcﬁdon Q@&eﬂﬁ:@ By the appended

ural scan testing, accordi 9
caimst Boigrfbe PR PR PreeipIPY| PUpPTE: onipand AEsye! Heap|gased to limit or interprt

the deginﬁtgihaﬁncﬁfmso nlﬁlrtﬁdmﬁé,l Mat&ﬁe abrd E%RYTPEs akdd thonghorit @kis application in a
perxmssx CFen%? (he l!xav1|n% I"Hi l h y ua;r Napid {o?%fyfa; ﬁ*gndgi!ol:ycsléhsg (i.e., must). The term

“includs] ol deciaipe §1Ie15¢0ftf@81t mthémg et nlleicd e§ he tefpc GPmpotRg” pggns “directly or
mdlreéﬁ? @onﬁm@dhmttem[ QR nfshdo«dieelySIn AEecly &k di agr am
one enbodi nent of an exenplary conputer system
whi ch may include an |ntegrated CIrCUIt i ncl udi ng
mul tiple | ogMORE(B)R ARRY MVENIHIN S| y t est

00321t he fch Hﬁﬁgtegé)g}@ém fﬁ'Q&ﬁH‘th 'ﬂgegt'a@%d @ﬁ‘&tt h@fudlﬁmﬁﬂblm@f& cores, according
[0031] Wile the |nven$|on i.S s(?)

o onergB Tt i SOEEAEPE GEAHA IR PP PRiTEa i B procesor and ores 0
N ma}eﬁhd}:dmcﬁls Mhs DUN @z dfo iadhele sthewirciyy napiyclaled elxmggtee Fonexample, the DUT
may 1n(é[~I @é"% lﬁ%%g@%ﬁ/g%ér{mﬁ%ﬁ@% ﬁxngﬁ)n,dsﬁﬁcﬁlrrﬁa @ﬁovd Hle S8k @J deeesd atcommon memory

owever, tha e draw E&T Juded
or othef aselirged o SRR H EHE Sfictopie st larealf%teﬁ B‘tth% f’i’ﬂ“é??é“e’aU}g =y e feon include

ina prE\h@slly HME]Bﬁdd Gihgle@ort 2 Roa¢xhinglel !a aficréppdcess@ticlsip incisdinl ontyulie com 0 and other
ﬁJnctlons Elo% {i]aBYIT mag gavle géeﬁ g};elvlglﬂlf éﬁ dﬁl(%d G t@srted%glhg the autcl)mated test equipment

I ons nts ternatives fal %
(ATE)ghaviyj m]FIQh b Ig F}}c}a pqsesah:gayé)@ éfﬂgab(l)efto fepféhe[ﬂl@g)éﬂg the AVE Riefl tgpiest the previous

IC w1tﬁ§mﬁirﬁafl bReEs Q}hartihzﬁ‘e 23] B&ﬂsﬂ@danﬂ kvth ﬁfﬁmcré\dﬁﬁ it ::Tsttphl&nheﬁdﬂe fugsting time.
or_or n| z Jatigole are

[00331( 0 b We &Y léneflt o?la | r?tagr %()‘rscéto%te %pe escript ‘lglgorrf TR may be xs6

or otherl tgrierveres, Fadrthdyairerneionsyyoyenduda e corpraunigetfods contgjler 4ﬂ§/°m@a>ry controller.

Durin, Egt%&nﬁﬁﬁtthé Hhe? rRPRInt @Y b@@stédnsnﬁulﬁ%ﬁﬂysﬁﬂthV@e S&&Sﬁ some embodiments,

e o Bk oSS S G B st
mode dﬁﬂﬁdha{ey ot inkeareomtersstanly’ mmmhllydmhgne chregt during test ¢xqfutieny In this way the
effectst (9 gg‘ﬁ oB 6f 1 otﬂep ﬂlﬁ&ﬁﬁsetg ther{gs%%lts gﬂ tﬁe%;eg )ﬁayolge minimized or eliminated. In

I n y connected,” and the term "coupl ed" neans

"dlrectly or |nd|rectly couplyed. MODE(S) FOR CARRYI NG

OUT THE I NVENTION [0032] FIG 1 illustrates a system

for testing an integrated circuit including nmultiple

| ogi c cores, according to one enbodinent. In one

enbodi ment, the device under test (DUT) nay be a chip

mul ti-processor and cores 0O- N nay be identical. The

DUT may also |nclude other C|rCU|try not |ncluded in

' ~ e
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or other resources. In sone cases, the basic core that
is replicated in the nulti-core DUT nay have been
wonaleudzxdsi n a previ ously devel oped, si ngl e- coPeTiUS2006/010233

other e'r:rf%[)mﬁmla ?evsult‘rél omesQ LIRERCR KRR the Qbéi’aubﬁ‘@f’ thtCd g ARoNs lhiﬁh%nces the core
0 and ot her nctlons gloc

resultsB@é He ’(5?(@% b@[ﬁléel %IE]TJ rT aﬁ% @Hdeasﬁ ct?ré%aty gausaiyor?&lw&é testymOQC in which a given
test is EdduBadaiided roue sHe aggepriparestiesfiidiEhe sTHWN in FIG 1. In
[()034]S uc h’]Al% ma bte dgg?gyletptg E§§ sdaft lPe!sfadatacfo th@ %TtJﬂ%eMTA&hnﬁles and clock

totes revious |Cwith mninma
this da@nraﬁ Ej’é?UtTé’n H&$Wém%§hlém%<alﬁ eyRereof céfﬁ’a sigheln Thige ‘il‘ﬁE Fignglsgnay be used
to contrbl th@MUXIHﬁﬂdﬁbF DS kdlBnctudedt i@ She dfbgsstahdrﬁther[ﬂ)&ﬂ&]s ak mcaﬁ fekains. In one

embode menp onenc;er r}rgoret ctfoecks e erag% QI% A ?ﬁ P{o hl%rte 'i }ﬁgc?e ctor The test mode
meO rocessor %P] ES may X él or ot P
seleotas g lectbpeeqniveriont misronf fafrlvetb F@ﬁ@remd vqﬂr,cpwéenatestmg determine the mode
in whlslﬂm'ﬁh@is SalihcRas Oﬁ@ﬂﬁﬁd’tl@d &f@l{e t@fuelédde rselcﬂ‘,&ﬂﬁnﬁybeﬁﬁ) Flute @Litp@$ from the cores and
ot.h

e e
he DATAIN
other fle?xécg?rgg ém i?'tﬂ OUS| ilneS\NI l?ﬁz?ed outplﬁs may 9 u(zl)pn?% tpe ATE on the
lines agdrberatiaree rvtith exnmw resujtsterechiarASTR mwmﬁydeﬁ@nﬁee‘sheé@ faults exist within the
DUT. non concur rently. In one enbodi ment the other

00351 Pt SRR e PREBEReT DREY SFEy TRIG O] T PRERBp gt modes o

structughll tdstixg ib@hsling exdgultieows, or lcpnctuirng mpgey adcéréing fof eng tegibefimdnh e Although for

simpli&l?l%@tt{v&) Bor&fard (h:ﬁlcQ(ﬁ E}ﬁrthcf ke i’dn@cﬁﬁs QQ o6, 118 SibschiiRd Yhboiments may be
cores é_l be mnlmze or el |mnated | not

extendgigdii AT & ICT HE! 98 SHRREEOlgPret e MRS HRPOT KHRH R ppgions. XOR
functicn@e0 atdiMUX @ifnctioh @300hdyde cdnpandnis ofithe iestflodeseeater df RHG. @ 0ke mode selector
may bk gﬂ%ﬁ‘!ﬂk& bmy stggof1 tlgar}@('j QSE%EC’F Iﬂges %T(Escnﬂ-&%eﬂﬁs tl“hJ@a@e%f the MODESELECT

to se test node | n which
lines wy@r: SeHold &Y s el o8 T e QIR PO A pABES Wil in others the

state nfa@ 8¢ coh®gldd bySotteOtedt bivuifty b indu034] The ATE may be

desi ned to t scan.tes ) . .
00361\ ABYBTEPPS th"élg"ré%dl“gtﬁ“% SKOp maé’ bg g’%’%d }f;ﬁ%ﬁﬁ@%@ Sér?p Fhains of the put
using SCHAMNIN lingre $Vhems thpigadinge ! e tesiypceorgp compplsiekths Yalignef she MPRESELECT lines

may d&krﬂlﬁlé t&'n%ﬁ@in&vhﬂfﬁ}éstb@ 1sl-l§1&:dted OFoe %fnﬁl@hf thé e UBIIADisaR @l Rlect the output of
cell.s incl uded Qe co functi

either &oge g ﬂre éhaalToH §on01|1r]l;]ent Oﬁ %er%l n% orao ﬁénﬁ{{ ee actlva¥e|a f)unn? test eixecutzog one or more
clock gemleriadudihg b yystemeloAT Eznalryaylbe appligs fp the dPgICWerei, ey thqygggplis of the test for the

selecte?l%loﬁ%a(}rbe a-xlf—ahl@blé 8Sthe mfsho? &LBChfs tHBYeh SRS QQJLNCBUEF IM%Q NBy tselectmg the
valrl ous versj| ons O bo cO Con
outpulf gty g bt SrrHer Pt e I R tES e MU 220, the et

resultscfortbhi cdredlay enentddunte ADR. Tie Aﬂﬁenetye&tlparmhheou@et test te@ﬂts tepypected results
storedq.l? Atl'ﬁ i d[ﬁfduﬁi‘@ Bk %s{e&%cﬁ 1eC %d%dl@&dan%hlegonﬁlﬁﬁlc&/ﬁeg% actual and

[ 1 nes. e. sel ected outputs glg
eXPec'ie‘ﬁ prtlts wdifter n @hpprtbe dRetingiE OPATAS R PINES 5 deEhEt
MODESHLECT Signalsaatyt lbe Bipd tcOth€DUT.NByAdmgifg Nieer vwiluésaf the tredaelae signals, the output

of anoﬁ{?]iectorré%‘a {)9 %Ltgdsto r/?g' E aé(éf tﬁgléspre?'g}xeto % tegt Qeglﬁé ]for EJatcéore

tes one e ti-core
[0037k onf {Thsmbadiment SR miyespbeblera pelichen prsge sorgoncurent or simllancous
modesSdf kadidz U ted coh®@frbdt RE nhod€ |twkdﬂc'brﬁhg>reaco&is {WhibH @463 identh or testable using a single

set of %egtr\]/gc cirr{’fp%lgff ber{osgeg blmrxal(%an%ougy usgllg e same 1npdl[rttgs9 vet‘c[ggs tBH aﬂtuﬁ hhelik%bESELECT

es are

signalptotvewplef thm@ltnumfshan%R Emstion @2, thiopgh MEX é?q o dht DM nispithe concurrent
mode mr&@stxﬁ‘g(ﬁlwesgle&éa rh@istn@ad g tl@fnorl SeSicudfedt nodd) Yest WebIXE nay by loaded

cores rdware ta | ous, ot
o 0P G EBREL SRR EREC TN SO0 TS M e Wé&eﬁn(%ﬁe’z‘ﬁ PPl the cores, est

resultdygayde agadabirftos defignbthdsciradtinyfortechgeiee btopder Bf thEATE to_bvalﬁﬁhéhe results of

the tegl\%gf t§>ﬁll Sk aﬁlulrt‘gﬂ%uﬁﬁ tIEQJQIpﬁtQ l)l* B8scBY b€ os b Sor&fma ?JB@ input to XOR or
SELECT i nes as descri bed below. The state o

MODESELECT |ines nmay be controlled by registers in

test logic included in the DUT in sonme enbodi nents,

while in others the state may be control |l ed by other

test circuitry or inputs. [0036] In preparation for

testing, test vectors may by | oaded fromthe ATE into

the scan chains of the DUT using the SCANI N |ines.

When the Ioadlng of the test vectors 'S conplete the

....... Y " o R — N

EXr\%iit VHlues for the
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sel ected core may be avail able as the outputs of scan
chai ns through the SCANOUT |ines. By selecting the
wourbEunz2sef the scan chains for a particul ar ceCe®US3006/910233

other éotﬂﬁam%gg% Al gﬁ@\ltpcut ﬁ)@t@& foQthd $EYNAGid 3 OIn etft@cﬁ thi€ SJnﬁguratlon may

ults for that cor ted to
compere B pAT £ L G pAEHELEEh TG o1 LUPCmaRB Seon vhen e i
disagrée@sut] This sinepperdayiba exdnliedre o teyting f merg themtrhe carpstimyitagowbiby routing the
test re&ﬁ't%lxtguts &Qgchlchg Hrﬁcﬁéoﬁxpﬁ'@onQBgrl%at%&BQé ! ﬁl@triem Elhﬁ?tﬁ’scgr@tﬂé same, and a

. ected results dif When the testin
diftcatipi pien i B CRT (R Y BT SRS PP SRR ap JBghich sch coe

produde®the hb&remn ghtgng bsalinay udhg thinypatioddlogyt he DUT. By
[0038]C han Elt ng?lttelmglvg %Lxﬁlo%ﬁnemc thte hagpe@t‘gcg ?esﬁt@ | 9tbe %ﬁpgpf’al r_§ﬁ£sterrsh ghose outputs are

avaﬂatlhe PEBTalsEadhiorts cé}wtt'a RRperasing. e%lmne éeS‘f %?Cut“hlathe ¢egfyresults from each

core n{aQ@é.’x:E]npiFhﬁo &B’S@Gtitd'dﬁﬁﬁlts@sﬁthﬁ oDUA. ﬂ'ﬁ@/coﬁtbfr@orhﬁtp&tb In@y iefdain at a low level
so lon{gmas %16 actTual an expectedr rlesu { e G Q%%el'le&len ind @ sw tc?chl mul ﬁt&? E\Qey%nly in the case of
concurrent

dlsagrmwee Emressltmhmmsqmytpwem#yd@ m&eemeﬂm tOtfe@tﬂ&tﬂCéNJ 9pﬁglg%?1 to the ATE.
The AT E rﬁﬁ}r GutenRdt 2B higti8del MBRd SIIAS\IOU"TaMle Rea 1818 bfefle or more of the cores without the

t ane t test vectors. By
pmlbﬁ‘@tn#alhaém% eé“‘béﬂé% %&f" tEG pde%u%entqphl &8tpl e the output  of
[0039} he RIOR3fillwstatésomotR Gmbdwingrntybf AViuXtiZ® 1€ sonfigereS@ANIBL between multiple

modesI dt Qtﬁvctmﬂah&axpt@ﬁﬁ% anl@cﬁﬁg T RASHOE @ Rhil LS kH GordPihd Re- d1v1s1on multiplexes
cted. In this npde e non- rgncurrent

the tesf B ts \?%cefdallg éo ?Pﬁfimw:rrreata giitamﬁg]h %06 Sl{“ﬁlgltge ﬁtweﬁgﬁeﬁge ge'%mted and the other
functiera erh onfited, ke desotited emtiodimbhiemSOARktedded th éhe tofting Rf 10 @itk ytnember of cores
or corl pof‘skaldn? wih %nh@g'e 1to suhn)?t \EQJUQ Sthed ﬁﬁloﬁsewsfud%ﬁs @ﬁ) and 330 may be

aval | from desi % scan chains for each core.
°°mp®?PtscPer’éFeStf"?5¥le elsglonof HG: b eval uate the results of the
[0040F eSt Inthe @fbodiMéd of£IGS SnoficoAdhrteanedald Siay be iel’&&ed]jytsp]ﬂii@hmode select lines

to fee& 1519 ?ﬁﬁ}%@lﬁef El?rﬁ:l t]iu%[t %ﬂ? 35096 glg 6 (?oi} M%Zd thg% of &he core select

1 son nCtI on Its output rout
signal tﬂesn il demmemtethqr #@éest Tepplte forr cere °t°h poge & @WfrpltﬁﬁlrtatS%NOUT As in the
emboditcht &(Fm@f e Ee]@tﬂts tasl o RSICANOUT RiR ﬁ@r e sEht ange ATH &nd Yhere analyzed for

d output .a ror nd C Wlfm
fault ntl(ﬁca 1ons M Iglé% mrz,iye :ae srcr)erm?e a smtclgngcs 0%,1]1a to e selec 1}51peut PI¥1 ge S may cause
the outphits ﬁpeswpqean@ ! trop time-haivion Wliplenes onte P SCANAND Uiggsyes Bgperibed in detail
below! OUL i ng the t est resul t outputs of each core into

ot TR 390G S B4R b B R 2 st o
concuirgmp niodel i fInescsnef ﬂmtvﬂlalnlys oesh etataj mpu tinclubio welvesr for acm@rs that output the

MOD]@@}‘_JE&T %ch‘ébkam%c*r Iglg}MH Cfﬂplﬁtﬁféhhlg Q5L iy @6 ‘}b‘iﬁsméyhs%lect the test mode, as
rect resu for a given test be aliased u g
e 5 DR dt!tl%lgys FERIABRPT U apE @%@WO@%&T&%@#, for the test
vectory ey Bxqirekddentlo the Sdah tiginsafthdBUT ngny the datar gk sitet Somihe $E, as shown in
block QH)t %M%&Eﬁt‘é‘t Light i?la} & SORRALAHY Eﬁo@ﬁéﬁg Sl%lgil &Jbﬁg}ﬁﬂbﬂ 330 to the

to su ort test I Ng. rlng test executl on
select ingutigf MU 328mIbiaemy tclspidionisge-dhdsiengppiiplesise 1(16‘51‘@1@“%‘?6% sfigpde. In one
embodi@&t) I&bs:mot{krrm sight® mb} He. a dER@itiCOiT R data Oﬁcmgnﬁll.g"ez‘&rdtﬁﬂ)by the ATE used to

clock vecgras 1{1} and out o © (!o?e\s/e&n anothe!r%n dlan§e tt EEOQIQ {na)ﬁ& denved from the system
resu S are 1 n agreemnen

clock mrglwrdetv etrfogn by testnst Ree XK QDL sighal agyY bfes?eqfﬂted bwtlee ATE and input to the
DUT.resul ts conpari son outputs may be ORed together to
[0042‘f nt gbﬁ]%ttgg%w%% ﬁlml'eg%vc gs © %S)%S{%% éTE The @Itge zggliy, g:lay be applied to the
cores, fuglUih sonfemberiments, otimr Gingifonst withinglyy 1T, w inflicated in bleck 420. The values clocked
into tIQQ@a%' dRhih grdbr R tesB be@BibA Qla}dﬁ‘es&fefata@ dn “95' {1 hhREAE Gndl @sulthl values may be

previ ous enbodi nent. [0039] FIG 3 i1llustrates anot

enbodi ment of a nulti-core 1€ configured to sel ect

between mul ti pl e nodes of structural scan testing

i ncluding a concurrent node, which test the cores and

time-division nultiplexes the test results, according

to one enbodi nent. Although for sinplicity only two

cores are depicted and the other functions are

onttted the descrlbed enbodlnents nay be extended to

1. 4. .= - Y 1 o~ - o o o o
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signal then may determ ne whether the test results
formcore O or core 1 are routed to SCANOUT. As in the
wonbwdiormesnt of FIG 2, the results routed to tReET/US2006/010233

latched m(EA’\I%'lI%}laPS el‘?x fcgr}%yrreg ogig r&)reg Ba}I (ﬂ)@ratA-ggld@ﬁgaltxr{ﬂ%r <ﬁta mmultaneously Upon

I'cati ons.
the conglusjeq af s q*gcugqngth%_}esttr@ulfswyég Flagked P ﬁfjfhe W ° 2%% for analysis.
When r-gtyl\fmgrfﬁé/reﬁlﬁy §6m td3thg QM IPUT &1 TIDM Roieafa@sted nide tie ATE inay be operated in

wmdovalgg%r ?I \\élbgownm%i&t al +'chbex e %@ﬁ Eﬁg‘é% tl) 'atp&%ecﬁﬁ test result value

over a péripwohidme refsfredaiore e Hiene fvelﬁow, @sci gangyate e erwwg@hﬁéleﬁ iRyt fliffers from the

expectéi_llvgi’ue 2 ahytin® dﬁyxlxgttﬁenﬁ%&mﬂbwc ARGsY: Waidbw faw 6ccurl oficeSdii®y each cycle of the
nmbodi nents, test data may include val ues for

data CI‘?"Egl sters that output the MODESELECT and CORESELECT

[0043] i grialosler th nguitatei thegrataliog: raa¢ thari e gore derinleAch diaty clge qyelp, the test result

from tﬂeh&)rets Gl HAOLR. giAson! rll&lﬁfﬁéx&ﬁgxﬁ(d tHe 'BAANORIE H3E).as VWWOA ih thldcls 430. The

esired’'to performthe
CLOCK SRt Py ent g o e i Yy et B Epsepapoms aor e e
middle®F e kdbe windov. tTihB ny eanseEX B2 tobutpuhthe REITts G nge @ fring|a figgt portion of
the str%a%@ﬁiﬁ%g%@ﬂle rgsj;l ctnlp @or@‘-{%uru%sa &b&%ofﬂ@n Qf @9 |§tro‘ﬂ)3- vada_\be Each of the

e set to route Jexed result
SCANQV g iet T ngwcm et fhepnelt ST Kht U7 ORI gplened res
data ingid brSeaBlaa(TBa]IaﬁeI mdyIbe cdnipared diexestedxmsula Hidrédph thx ARE mEmMedl) During a given

strobe ercl cyg of %EQ(%K) ql@ res!llg RS tﬁ&’%&‘é 8@ %re 1%%9!11%@11# the expected
sign de 7t

rrvatirve o Sl g
results g*em’@ﬁaw g detpine et 2TE iR BT 106 BR e FopE PG e rels om
three OQM&e Brestnfa@ b&t@ﬁeﬁcﬁvxsﬂﬂh@ﬁiﬂ&chﬁiﬁn@tﬁkﬁbﬂ&&ﬁﬁdpwawcr L may

[0044]p er ?I%{jn%/ {es% In%ruégs ia ram 1 gt%m %ES%{SQ nrﬁ&qgl‘é&%gl %tl%ctural scan test signals,
accordgge nneqnapleldndmy:ntt ﬁ“ée Q)ﬂ@l"aﬁgpa] WG’F the gatp pﬂgckmratefi@@ gpz]AT E and input to the

DUT tPntrBGhd 16:31tnk; BBtest Q¥rIhto @&ﬁ Shatny 9111&$0 0t eRc RS hifdtheGbtEels] of test results

generated b t he core scan chain.
o L 20 SO Bt B PR bt B 00 i o

Likewias CORE SRt tea tierthetyutpatkiros 28 fitfhwgrusrertluens ogl] ieleerdl] foprt Gaiph Mote that the
changegiﬁ ﬁ@qh %&ﬁdt Qtﬁtesﬂﬁdy‘%m&& Wi e n%@é‘dﬁe J)f‘?r[é drRYKRgn Blﬁlrlﬁiy@&ofﬂa valid/stable

ardwaré _and resultin | ues may bel atc
o short 1B Gt BEES G100 HPBHEB S (L UPRS iy firing ach CLOCK
cycle [Rj0£H @b Asigredged EMIOCKATL imapbit dedwat! fromiGOCKanaiokes 1tg/falhgmq§ge occurs within
the str%blg%w%dg&} Ghd's Iogé’]exrﬁa%dl;nﬁg pre@@fﬁ%ﬁ lthQ Redd? €t & §¥obé‘ @ﬁ&Uv&I SThi¥&¥ncept may be

ocke into t he ATE fo
applieiiq 8429 Shaips ingipdipg Gelbs o g M%B‘Dt % és%%ﬂst & °F‘?“611ﬁ testin g the
[00451DUT Réfe&liﬁgl\ég@l@ RCEIGT & Rdith CEGCKﬂHdﬂ)uted heudNEUNEP0 ghe select input of MUX
320 the guﬁ%l?(g IF]an chams of o*eggn% cmﬁ E%Q&% ﬂﬂ&gf?M[JtXh’go '(%TS%AWT alternatingly

an expected test
according el the hvvan UCIOFECTR P agcpdest oft theanBLP @Sy dapal gouganggwithin the strobe

windoWw! HoBlR: WM RSOV o a0 IR @F R iRy l&’dln;ﬁf 1 @He ASIEGHMRIN aisibglt si@be window period.
This ISOSH&YIH& qFEOév%gQSoP%IB ggnht he e g%(r:r} (}é% Rlete gyat cﬁw%lgohgg&twe strobe windows

the oupms ef thkurcanrljaissa hotle sm:ds ereavfesﬂslhle ﬂ@éﬁéN@UE Glenal. [ D@ing fhe fift strobe window,
the resgft gletgst gegm&@m&rcgre b t@@O) did Be IfeJuQ 8% 1830 EBmbdd ATorQBR IQ.QI)Ghay be applied to the

during eéach data clo test resyl
e g3 950 450 B8 26 s Bt ) BTl B, AU B o
windoBCANQUT1 mhyngsinpua® ol ete.nNiE thetin ABD 3 tﬁEh@HEEOO@F@TSEngHt for core 1 is
shown it gﬁ%%ﬁys ‘t%glg ?ﬁ?dt }ﬂneéjﬁrgt me)ﬁ S AEFe AR B w ChPGK el 8 test segment for

suc at t ge occurs at .or ne
core Orig heTpasPping prEpS tnrao%@nwwwf thyrpifoke yadove dp 8 “WBQQ%E“(S‘“ thjs order may
be reveysddP Ui enﬂahﬁmérﬂﬂjdhthm(fré iR 1©/0 k&esotbkul biderg oftinfer divdionmoitipleging of results in
astmbofmgdo‘e,may §Ohe Wi ndow and the results fromcore 1

aurin gecond portion of the strobe w ndow. Each of

t he SC‘ANQJT lines may be conmected to a single input

channel of the ATE. The tinme-division nultiplexed

result data input on each ATE channel may be conpared

to expected results stored in the ATE nenory. During a

gi ven strobe w ndow (cycle of CLOCK), if the results

fromeither core O or core 1 are not the sane as the

expected results t he ATE may determ ne that a fault S

T o o " o o Y T L
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[0044] FIG 5 is atimng diagramillustrating the
rel ati onshi ps anong several structural scan test
weigsabz32saccordi ng to one enbodi ment. The CLOBKTRISgW6/010233

[0046]nay B@n %U%h‘i@&é vﬁh&@keagﬁ&qﬁ@&aﬁt@s SYhd Hﬁmféﬂ_ﬁaya&dcoinﬁéi’éﬂt to the expected

o contrql the o of te
st E i PO IO o U 8 TE B0y AT FeAT A iy B e enpected
test reqft ata@ B poirt éink the sitabe wintidve it DI ggperstt art @t indiQERECSE@edrmigh that particular
test se%gent %%cagé'éttfpeg st lfeguﬂyhénl[gﬁoﬂ{ éoﬂe@ Lu'e §c§n§£91%& Brtl‘%l exfé&@cpte& ?éSlhtS E'althetathan to each

scan a| n ew se, t he out
other qupipgyap SL P AYolen 1 ST HRIEHHO% BRI ‘&*BP s gt the same test
segmeﬁthﬂltlﬂa sah®h@nrkh athid gy alhangeahnd fault Hasisy asdcpwt v8th alieqrgevimmyly described
gl W Vtvln: { h?eorertlesg Ifers1 ts ggg:gmé)afredtt(rI grre%%‘r( ﬁt chg %anc@lﬂﬁjent this time-

shor
lelSIOtnh@tlt@&fﬂtlé pf cotqqtest sl oering thradE priepe H@d""’bﬁ@hbe Ptypded dyibee simultaneous

testingP&E N Q6keOby ﬁx’oﬂ&n@ Bithul @el@ﬁ&hmt@u@%e@iﬂ@ the SCMINOUTL e ithiab is configured to

be OCK such
altemattehtgei_llllgt{t%ugsgfrom the %%Iés °g@é Il\JI rc%res V\(ﬂﬁ{ll}ﬁ edac {globe thr 0‘%6 Wi ndow
[0047]and FIG. 6 Hlestetvberd emeadimentyf @ altizbic JC pqnﬁz\wé tessigetdptwer nuffiple modes of
structu%l Eéap{%st}ﬂg ﬂgﬂéﬂng it &thnoﬁ@y mBgs SRfliSs, tﬁ&:n‘éﬁﬁﬁto comblne the test

Ils D ar ,LSSD t
modeSélﬁsg 811 [ew&técj %ﬁé rtﬁyﬁa mg%gtlerle\]{légi( 132 ﬁlg&i ti- coré/ {Zﬁ %IG 7 1s a flowchart of
a metioH BEKGTFiguring Wheatest ohdeoualgHiorMIDEIBAE thecembhrtiment bferaﬁ § toprelect @fnong several
structMag’t%Q n‘IoE‘ég a%&(ﬂtétto Qre ex‘hﬁﬁm%ﬁtan ch a' nS Of C o) r eO and

y be
(048151 e AP Pkt MO R LG 1oL e G ERUSTE: of i R ete 520
may barued geusf MUK SCloGRICRANGEITYimal Inghic ermfigungiomititehdstingt dfi @ores 0 and 1 may
be can%d od c%nc%&%? Y de&gﬁela VJHH %ﬁ&r@ &tFIé %%H%ﬁl&cgté'd%%ﬁag ’ﬂ@ %@CANOUT signal

singl e strobe
may awra%whﬁ%vﬁt vétﬁn ﬂlfrhfﬁtgcsv@ ogw&/&fhﬁf% frprp thote e or t i on of
[0049f he txihed MgDEsmgmmsQét th Gw 15vel, Mo b@pitt BARIUBLLE6) Mgy be routed through MUX

550 to(\ﬂi}~I AAD g’;l‘ e ou ut of 101%9{"5% %,h}?be eH.ﬁep t& ﬁlglg 8& 40 cell of the core 0

cores are pr esent
string gf tynepre 1 going ctq@entmaeupptl fhe putgt pt:MEXva’/% éFdWStfttWem FE% §) {Thequtput of MUX
570 mﬁyeiﬁ turSRPHR Dbonthels@fe o£BE MODESEXPCTA Bighal A3@epketdtel in dé&s1$rﬂﬁdck 720 of FIG.

N DT T

select fippyt d5UPE & The CLORRGTIsBenalnast dyesribddiin detail nreyivaslyintigl Govdenioed from the
ATE-@Rdat&d crik @@al‘ s0fUbat 1O tesdYSsutsTfom &t 0 NPt Ge Elﬁl@-ﬁlvisﬁn Etl.lﬁplexed Both

test reg&%gezgatﬂ'&owaut 86@&565 Ffl%gheePe:forr% tbecé)({‘ﬁ\g#}'ll lfne ?wgt\éwt}le strobe window
periodsdf i@ TEM TideRreq mtlent toeh mels wéléct fips am love stmuét@gm,rttmefdmrlswn multiplexed,
scan tgsﬁr[n%e 91?% s&@&é@as%w?t@d i 9109<u7t39 ut in a second portion of

e w ndow. |In other embadi nents this order nmay
(0050he " &/B¢ G8RIVheT e MSBUISHERTS Fead)ihy *rifdeYeh 41§ npfgpncument or serial tst
mode @AY BSseleded RIwiidhdB 18st @dsulds ifioR-cale vi thé other 100 L icqrbseix lrcmgd of the SCANOUT

51gna1 hneS ulketfet%rdgrl)nge a%&ﬁ %%G\é%aﬂ%%#{ﬂ?%e va ﬁqs II;)Q(Q ﬁj Uﬁgm to the select

be w~ndow, ues on t annel
input %MU% 860 ool phiseiset e Pt Exp dhersetd ohansof pitpichore  grteor | 1 be sent through
MUXPSH0 tah D850 @ beebi@e SeNoUT frhts Iaaeoe&En@% e@te@en&d i FIGeT ®nkeision block 740.
Whengtleetégﬁgﬁmtlgte]i st%lﬁl\llsq'oﬂ—v tlth% e con %Iurec? t)<() Qees{: c0{e Exgesntal tes? ﬁllé% as shown in

po nmay ge
block Z1. &ikewise, wh@uﬂ@étQMﬁE%T@@ndtwéwwm?m%w cqyézltrtdé@te%tﬁore 1 in serial test

mode, a@ Stows GORERT770. BRGA MG J@)ﬁtrctl @5d1s fof e MUSKsfshem iR 01d) 6GRK AFfer from the

111ustrztt%51 eér%gqr{gﬁaﬂtﬁ ?rtegztﬁppgﬁteax % L e%gwgls ul Lﬁ) Vevﬁ):ﬂ%%ﬂ&% may select the

TDMhmdicmkt@mWﬂawbbengﬁh%m@medm@véwﬂmhgﬂ both cored fai
the sane test segnent in the sanme manner. This may
elimnate the fault aliasing associated with the
previ ously described concurregnt methodol ogy wherein
core test results are conpared to one another. In one
enmbodi nment, this tinmedivision nultiplexing of core
test results during the ATE strobe w ndow may be
extended to the sinultaneous testing of N cores by
provi di ng out put selection circuitry feeding the
SCANOUT I|ne that |s conflgured to alternate the N

. r - o o o "

concur(r:en m%tho
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a method for configuring the test node sel ector
circuitry of the enbodinent of FIG 6 to sel ect anobng
weeuvmriats2struct ural scan test nodes, accordi ngPCT/USB®6/010233

[0051] ﬁg&gﬁ%@sfratgs%% cglboéInerg gﬁd rﬁlIlt@ @orpICQ:%Iﬁi 418910 skibot between multlple modes of

I's set evel e outc?lut of

struotuRanygtise sléedlwn%@ﬂv ¥ SOver aﬂ?gﬂ‘?“wﬂﬁ@f% G g et ode setction
logic nﬁm ahalog6usly lkdthé Eﬂllﬁ)dﬁﬁﬁtfof BIGt AtvitiDthe outfue frore sityi pagicuddr stage serving as
one cca’% 1%prut tB g s&seiqﬁé}l? éIa Iapg %}I‘a%?ﬁ,%heo(%ﬁpupog %ILId%lg fote n-l mail(provide the

re ar I cate
second74e@e infitf ForS@AmIEk Mmcludingrrate nnﬁgﬁ 9 is iyl t@lehﬁlug‘xptlp%\l}%{eqwq% sfates for the CT

and Sel fRs I:n%ﬁier &)%&H’Ltta 8 pRficut05e8alQr Einbfrefit TNV @Yt ndaS Br &y c61@ lbecore pair. The

n o I I £
CT tng LB A SR BY P P olITAG i MO BB il fRgeteston o
particuBOARI@Ies | severl exdinglesonill putresefted fRbW.560 may be eit her t he

[0052]I NPUf, Jc{ngme nP@anInfﬁ@Ilt oSRAA t6@hdde RE cdrd1E 16 @ﬂ“ﬂin@foﬁéa&ﬂ Me Ay be set to a
core Str

o oo Gt AT Ao B e St e S Rithe B iy e, o
shown tUFIA. & e:pemlondpglm, th&festmvmf@ewblqoﬁﬁlmmm aj %%anals must be set
to 0. ’ﬂ% SElq@ES% el & C%e eQzeISI%I f§§t %yI%Ie Qe K)W7t3 glogcf thé: euﬁut Eom Wb ede for that stage

is at a lowleve

and al?owp@f, W@utm-ﬂ@ %\SIOUB étag%ltﬂ Bass ltIIsoulgIh éhe gslp%rc?lu qﬂ 5, gﬁr I'Itlmately to
SCANDUK 36din, thEHidst W&ble&jf@lﬁip ind@gteios dreiald Eel 51gnalsjtemsabel set to 0 for this
test m%[ﬁ %’29 WR Io ntglrt Igp%reqqla %Iis té/ eCIhef lI')\QA'lnlrIleIt% IIIJ @pg@ﬁmﬂ‘pﬂe&&‘éf stage 1, Sel 1 may

Si g such test results from corei FFIG. 9
also begyiglovy togrpe e f?etrwltﬁfgrmdﬁre rhI‘P BENRYE (T hersfopsn the Hist rop @& thp fakle of F
indicat8RWat GpP &Bﬁg’nalahluit b@seﬂu 0 pLtctivate tHelsbfiaDiaOndarydeah petrn@kiefoeconat .

[0053]t he i%A eSIIﬁ% r0 ea 10\1?% E%a['l]l tesEtg?(%IerggﬁtléMangew tPeeé”I'ej)(iI lifPef may be set low to
route Sebwl toglernber mpitiplerst oftdierpmeningiditeore in el i-maxtsdet hs%ééfhselect the output of
core j 1o®% toul@ SRR TﬁﬁISQ&ﬁcﬁGd indfe thlif (FEI S@y b M idth©@kimA3&.Sel_j-1 and Os
in the geq) I’ﬂsdg%r °|I°I§%ﬁ fgr ﬁsgquﬁrg ﬁta%e(s) nlgc:)}? tlhéé Sipee] re o§1 utso errIn rre\%I{)us sﬁae@gre blocked by
the uppmynulmele@elt@c@%@dlsnl spiting for thioes stagss tapnearaay Iat éonftrcefma FnEsegied by x in the
wruth tdola€ ot her of the cores is routed to t he SCANQUT si gnal

[0054]ISI Sﬁgq oIr:sfegt% rraéiy?tg &O%EIq%%%H?}gﬁ/II %Eﬁt%l%%estlﬁ ra %)ectlfﬁzgagg corets %mI'CEo %( ctl signal may
be rouefl td\hbseGGnpuvdiitehipgh oolsiplsxet dfeheotrepwhictf indyres tlhelnsh?amlmbered core. For

examp%tﬁkx}g% élgsgre&etIo IIeIgtecIE)reQQ 51% 60 th@ bloGIQ EtPsighal IQa Q@ roufel Io tIlJIJeQIngIIbut of the upper

and ecorre ﬁl ecti.on ITHIX b
multipfser (o e §@geriha eflcluﬁes FPIG6. 7Thwﬂa‘té3cﬁ’“% PSR BI B Ry GimRA o to be time
d1v1sxanﬁﬁlt§%$Eh ECTutpit @ khe ipRvibw\wtagds hEhid i€intiearedimthe @bl pGUE Scby 2 1 in the

0 test cor
columL} %respﬁndkné(%o QT\I}ﬁ %ﬁ&%ﬁéb@&%m&?gﬁy Aﬁs% tﬁgwt I)tIIheIII)\Qé; Kumbered e

hi gh, the
must qe@olﬁqg)io B)eut@éﬁ)p ptg@rcé thethigheraumbezqgcare i‘)y is tngélis Icg’res&og@.?g Sel hne high and
routingRAE the 38lect MW o1 the lIiin&QIiultYpT&er Dottgpe tilbAlding lite 160 tnh@bered core. This is

indica{eﬁ \él IP?ISII&II.IQ g%frl:t[? %qb%m e co \0} I I’:Iqx_:rg%,p%;ﬁdm% yﬁg SgIIh%é %?] télg ?10%} numbered core.
Note cgret Gekinresesbtional nisg bndlite e vetesrprsina IS ERERTE IpryAssia fhs reviprgxample, the

outputI@Mm gﬁga@ priéeh g%%lﬁ(qwn'}é&heelﬁ&eﬂn@ﬂb&edmﬁé aReb18tE@Chnt fheftofthe CT and Sel
mbodi ment s.

| ustr.ates odi ment
S‘attmgoff’r thospiery 29, 6I’p§arl a‘I’Ca CI8PII A TS g I?qﬁlé’t%we en
[0055)ul t indnetherpobbslingdnt, StstearCefiseledting erarpair e’éeqren dori ayedumesit feeping, as shown in
FIGs. %%& Eﬁe‘?&I m&IQMI%lI‘:&O?InIaQ gpegjte ﬂQYI‘D@@IaneQI‘lat Qa@cg Bidre taAER cores concurrently.

test node sel ection )y ction

FIG. laﬁalflefga&awntbad%’é O%masailsrﬁsﬂicmb% high g2y by WIIG?] cqnpgre the results of one of
the cthIIIVﬂUIhe fesubspfany oparcbietudluded ishalfe The pumungf ti@shipeeseliposistit, En_XOR,
may beFII% same a% tl"IIe o%mﬁt%qﬁl%gﬂs? @(Ire %L&giﬁ cox%@s[re S, QlIgBIle%t antl Iﬂrﬁy QUL ng)osﬁe of the

of the st age Including core n-1 may provide the secon

"“core input" for the stage including core n. FIG 9 is

atruth table illustrating the required states for the

CT and Sel lines in order to activate a particul ar

serial or concurrent TDMtest node for any core or

core pair. The CT lines are anal ogous to the

MODESELECT |ine of FIG 3. In order to describe in

det all the sel ect| on of partl cuI ar test nodes, several

o o e F A=~ — g, o,
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shown in FIG 8. Correspondingly, the first row of the
table of FIG 9 indicates that the all CT signals nust
woeosan22e 0. The Sel lines in each stage excepCTmis2006/010233

output fok t'héf‘nst cgf%)&hgﬁhescﬁtputl o@%‘ﬁetopmg&la Ok Jﬂﬁ?coﬁ:‘d tiddsteed ilihd dﬂ%ut of the first core.

ore ge and I ow out
Note (et Ut Do RAOTeE HPBTGHYL R EBel FOIIbF Y ey be radil
extendadnid opHrdtd mmlehlynbbmf%deQJT Agai n, t he first row of the
[0056]t abl ﬁlbgg suF ﬁ ghbogmfe é{%%det J@l@&tortnni? b@lie!mgt%%lto &.{t[glp@li result for one of the

e set I Nce e ou
cores (i P §f§b@ﬁ'§nt°6thb étrOPwnﬂ%e‘?uﬂP% EFPOIF@O&“%OQ}‘WE?"G window, the
test mcmH Edldcfdl- ﬁé@&iﬁtp@tf a r&shif@pentient §@h a bonfpaijsom b3l rizelt B@t edclowd thie@emaining cores

to the zﬁ% "Ijtto %he c Se &%q%}as ?u?p%yciukfcfg tjleof r%vp&ﬁ Bxgofllbtsgobgwr&"% example the result from

each aiichtmn@ are swx Weaeparaisly 2{Red gvrﬂgﬁa{egﬂt@ngltthed"ﬁst &t and heqpesplppsed to provide the
compl@fidni ¥Ahe oiPp@ Fakd Bist MMW@V e SRAR dfesy offiEeofed rdls@@eree This may be

accomﬁbsaldq)]g)/?he]Enl )f(Oﬁ E)lock ggal eg regardatC Eié’ %q./g lltf axfy o%% c%x%ss Ilisagree with

a-par
the firgepre] then th@mm&qql eahSeqf Jthel ﬁrtt@oqe h@ulwpewutrﬁmﬂea tm Eﬁk‘@\d pgftion of the strobe

windol'®his! RB€ahsd eUiENG rﬁ@raefaillure ’ﬁﬁJ tedt nJodETHMy blﬁ)wsﬁ&e ltiag) wo cores to be
to sel ecl L Ee outl{a

cononk Bt oo e o i B B BB 8 S N B s 1 some
embodiménty, th\ ST mbynempdrothe Spiltd of] thegfired cozm tojempetthbreSHs- %ﬁdomnson may detect

errors Feghtldm%mft@rfalm SHUERE cords @9@&1 as MNothRed 1H @'tucl%lln:%x%s fah‘ € the same way. In
out puts from previ ous sta%% are bl oc edpﬁoy og " b
cuss WhFF PP EXprnan P denor il G ona LBty oo G tost fo cac

core paipahras ascribed BORIGL 8)ctad@émmine epiclke s@els) @ahsdiythefailure. tlﬁé 10B illustrates one
emboc%_xﬁéﬁl 5% atnﬁlm Sor Ibqgéélrecl 4 sggcgfeiiwegrpmﬁﬁﬁlé M@&e?of(‘sgﬁlﬁﬁeﬁ 5&h testmg including a

Speci air of cores
mode &y 8’&1?%‘ & for@ag%n%wcuﬁarylm@teﬁ Sardstribed oS MIABEr o iSFfTiRd R3fr of cores are
concuﬂ'rd'ﬁﬂy gaess deadtitied pr 8XEB). of t he stage which includes the
[0057],[ hi g hﬁ’Go Iﬁel% a ggv%g%g gr g‘f’ﬁg‘%ﬁ sgl)éﬁigg L Est doﬁe a [e?ung g%lluﬁl%gre&@ &onﬁgured to
select besweeh auligle antorlesiof pivetusk scatHestingy pesprdivg F°t qnﬁ) F*@b@é}meetf At fyfgek 1000, the test
vector§£n@gﬁth$ .klﬁE mhy Welc b&d@&e&ﬁf 1Be (ﬁ:sue-c[hdstsmoﬂé | Fb‘{\ﬁ(afnble veluds [Battsca@ bhain elements
ered core to F

that co 1) ﬂile rﬁxét )Pieémgm fﬁst eﬁult ou tuts lﬂriay ? soem othef eel{l/boglﬂnsen%?%lals generated by the
ATE 1ifdyjbg serc t dirgpeli ecmtred s result meltlplaxme A@ﬁhowp @ bl@k Wodhelappfﬁpftaﬁé’ configured

test vdeRlsUHY bE QlokgS E}@J]@lé §dn E]ﬁmts BemSlorts drenefSUT. t Wﬂerﬂh&h@& vectors have been

unbered core. t o e | owner
loade B15°T MYEt sy%eén FIS%Céaest%ay%ﬁ [ﬂpﬁlgcg‘ip tleeh]%ItJ'E fo edtgcugftheT tﬁsé, as m%mated in block
1020. hAtgh@dionrlark @930dif @' DIVEOOb(ylrrstettdSﬂ male jist sslegal ﬂlespﬂdnmflﬂg t&@efesults on cach

SCANldIﬁQmer&H ea@ﬁ]g)rJ & ltHelljiﬁ" rh bb Qangigﬁeds(ﬂhgﬁfE hlﬂﬁ%l Eacﬁ)gycfe B€the data clock for
upper._mul tipl exer A_wgelncum

compaiiBAPEhH éesulfﬂﬂsgﬂg the AT S 8°0PS, mPi’Fe 2% PRI bleplg1040. I it i
deternfineB it d@cidiod Hlock N€30GIRE ehiture ifoeSis sdlkdied gheh onet Hiteof e keorhpiari@n of the results
on eacfh%%AE\IB%T 1 %ﬁgm %Q@Sg ﬁlgy &eq;aﬁsferk@ 'ioethg R&ﬁ d&l‘l ?%fcﬁr&ycle of the data clock, as

tiona case and Its correspon I Ng | ne
indicaigg gt o5t 1035 I At 4780 1Bt expoarren Ebnplle may h“epeﬁ%‘f“ﬁé: s m0de Ifit is
deternfited Q€ 8ecfRioh Blockt 003D i@t ndnPohduénn gmaehe sklested) theviodaaited te0klts on each

SC rLﬁ" herll (I)rc k%d g‘rﬁgulatr Igc%ra Sl{;tovr;ag tetstlé]c? ma be ansferre(! tp%l? A’f‘]’:ngmfl %ach cycle of the
ose’ stages may” appear. as don' tC , Sen

data 01991( 5 mChcateh et tlqcky 1 460+ Bbtlne cas§ @%@] is mﬁieah‘%?tnﬁ@r bl@%@@i tﬁé‘mrmme whether
the reduldSdr&8n ﬁl@ 1251858 € UeNGte@ MM P Bislis &V the O4sE SheltQF préRMNELIE FePbtked on the next

stj.ng, hown in FIGs. 8 and 9, the test node
°°fe°§‘§?‘§ﬁfg’ S/goper ate in a TDM node that tests nore

[0058F hanFIGAd2 slowe s bk diagree of bye, enfobdiment GAa ichrhptst syitemsl 18 that includes a
mlcroﬁ'gmggy L) gouﬁé‘d t&la @ag&? @f@éﬂén &)'mb&iéht& thro\ﬂéﬂ aQJﬁs Me beo. Uﬁ@ﬁ)processor 1150

to conpare the results of one of the cores with the

results of each other core included in the IC. The

out put of the this consensus circuit, En_XOR may be

the sane as the output of the first core when all

cores are in agreenent and nmay be the opposite of

t heout put of the first core when the out put of one or

nore of the other cores disagrees with the output of

t he flrst core. Note that although the illustrated

Y T
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to the result of the core that was output during the
first portion of the strobe wi ndow. For exanple the
woeaswsi226 om each addi ti onal core may be separ aC€iU$2006/010233

may p&REd. e mr(tp%esgcﬁ%ﬁu Jtayf ihdRId: BJ@nbf)thn&It of':zpt(eﬁ n@ﬁhdsefea@r as described above.

result used rowdethg ({n@ rrel ? of
Other RSP 2 P R o1 Bl G SmigPD Uty R s P #ain memry
1104 isltonpleyt t ®us bﬁhgeﬂ 100Btrotigh aaoorybus BIGE cndayerephies éantroli@R 108 © cdupled to bus
brldge‘r’llsli)?j 91}0@%11 ﬁtdA togk fl?@aggethpP(Ell o@vmel%ZAl lfllﬁ’])(re Qf)upieﬁ'@o bus bridge 1102

res lsa ree Wt first core, then'th
rough s 0BT V41 Qoo BT iFHes 11doPay fes b poideddy ?iﬁﬁtt‘m"date an electrical
interfackitd 63 ctrhﬁors eamndr mr tévivas 0f18ttheught MORIBAIS A dasnvl 120hi Iahthis example,
mlcroprocessorcl'rilébsls cou k1ed t? Rus br1? Q%‘?}u&fﬁ Qbi’g bt 11Jﬂn§ to ag %étloﬁg? E?cache 1128. In

e concurrently
some qx@s«tleemeﬂaemwromropqs@r §Q0psiy énclpfle e drvigetated Lh cacke (B4 ISI}PW“)
oosops uf f Bed weiage for pr&vu-iE:DM Rferfice®etv@s Widrops@tssor 1130, mEiA®emory 1104, graphics

contro é}tlg(?fi ngndtgﬁci%e% attac EP%%X eﬁqyp %een.l%lt%gergt%§ lils rtecséva(I frc&ng gne of the devices

sul'ts 1 'son
connegigsltebus badge 3103, buebmﬂgt 1199 identifiny threrzétaf the ?R@ramn (@ay2 eefticplpredevice or, in

the ca&%f‘ RS b8S1 11 kilat tﬁestaﬂga%toﬂ@@ﬁﬁls i 1 4)MHuE Bh(@é t108 Qﬁl@§ﬂl£ é?ﬁe}attcbnr’to the targeted

dev1cef IBfl%ﬁ (ge }]gg]g%ﬁexiapy téaaaet?s ag ﬂgqrraettglg? ﬁ-ﬁe%trofo%gl ﬁ%eﬂ%% éhe source device or bus to
the prgyocoMiselidyy thegarget poat ot hue Ineghe dubpdimentshbus (bn@epwmna&%mrtgrated with the
microftSced65§5d. bed for Fi G 8) to determnm ne whi ch core(s)
caused the failure. FIG 10B jillustrates brid
100607t ER PR igeog e d® PRCISGEM BB o o i spoondany bus bridee
1116 st weeidrarLAdditignblcfust che Bty O fAn Sdputiaitput @htrdlea(nottsbetn), rpgher external from or
mtegrét&c\lvfthdée?(gldﬁy %d&d% W? 1(1‘1]%' QLOI becﬁ)xgh)gcﬁd %tﬁmccgﬁﬁdgr s?srtgnl YIOO to provide

as descri sel ected pair
operatispal egppers fopf keyBeFLARF et |1;‘/22taé% o aaﬂ()‘a%%fdfé SdnRp3le) Pertsy An external cache
unit (ot @ow@)may [a@@@&ouﬁ&ﬁo CeU tus11a1 T bt afctopdtessr MBS0 Andbuk bridge 1102 in

other ?S:mg)lrc])?l nts d@ 1evslt ’| tﬁm eix%glaltncgchg gx%%"ﬁn &uﬁidw {)Js gn&:gg ! f()Zlagﬂ cache control logic

for thg tertelml uaaehle reeddw tlfeer@tﬁdn gto buscaiden h’g92t d-2ofrehee Hgdds photp in a backside
conﬁgﬁtatl(kﬁl t@ﬁkzro%t%@&gsor ie 1 RabeyRAUO t&hands fﬁﬁy Ke"%%)aAt-EEroﬂin)dchﬁocessor 1150,
mtegrveéil 1{1}%8 o e?ge é 02 E gridsﬁi? Léf \21%%& ensutmiog'rg egsgro ﬁrt elye mtf:%qgede Onto a semiconductor
substrmwi:thtpftlemomgce@br test result outputs may be set. In

[0061@“Ot Reh ﬁmll (RS 2 SEARAES with %ﬁp'ﬁtcaeign Bbﬁgltalﬁ@ aATsEeréHaMld from which
e set_to direct

. contr test res
micro eSO PP GRIAED S0Pt SHBTBE | By PR e Random
Accest 3oty C Foreganigey alpbiatityoaikdeksiofi SORAMe(Sswimnah HRAY) of Rambus DRAM
(RD g}p,;eeataglg the DUF Wien then test vectors have been
one more _system cl ock cycles may be a
00624 o 1 Rl PPt O IRAQEAB e HEEi:of e SRR i PO o network
interfak® 240ds, AlleotCdleBdtdds) atidi® ededs] B3d pr ﬂcfpp}T Dt aives or dréatcodtBdrs, SCSI (Small

Compgtlg.rgﬁlstlg%a\%gjﬁecg)lt a?%)éers% Jﬂg e l:ag‘dSOfSn‘&l?SS{, Esgé &Stljflqg ?mlti% tisglélgﬁlative of various

_ ‘ rom core of t y
types phpgirhprak dewigps sachiap @ madem. ¢ éﬂ“P‘htj‘fde it vagey o defp aqapigitiop s such as GPIB
orﬁda&ggkgﬁammﬁgnparison wi th expect ed results using the
[0063,A;FEi \graa osvgogéoﬁlera? Vldegﬁ% (r:]ong?lggt( n% F {gi)gt%léd }ngé"eg on !1 display 1126.
Graphice nentrplice 08 mriorl emiody ¢ sipiselteeaghios dsesteratny getgially kgfowp fipgthe art to render three-
dlmerl‘s?l@lfﬁp@aﬁd sﬁ‘@d'thr&fthat &8 vk &%Uﬁf\re§ sﬁlgedaﬁg Bnd%mATME mlaﬂldﬂﬁ‘l ffos. OGBaphlcs controller
o) ns ed . to t uri ng

1108 {0 PEORE bp Rt oL AP Bt G 6 ik crnatp apd B tneet inerfce
withir tus brifrige 1102 sethdrébe otainp@ess $omein menidnel 167 EA dﬂi}cabé graphics bus accommodates
rapid [%g“fe_tlaq’ H@g fobh M H&horﬁpl@@ Fdr cer{afn o'pectatﬁi)ﬁg E[raﬁﬂlc@ %Qm@ﬁer 1108 may further be

deci sion block 1030 that non-concurrent node is

sel ected, then one bit of the results on each SCANOUT

line fromthe particular core that was tested may be

transferred to the ATE during each cycle of the data

clock, as indicated at block 1060. In this case a

check is made at deci sion bl ock 1070 to determ ne

whet her the results are fromthe |ast core to be

tested and |f thls |s not the case, the t est

o o o, g, o o o " ~t Y~ s
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1104 is coupled to bus bridge 1102 through a nenory
bus 1106, and a graphics controller 1108 is coupled to
wousoslwzxdge 1102 t hrough an AGP bus 1110. Sevepal/uBEi06/010233
confi ?e\ﬁ' t& Eeﬁer;t; ﬂ‘(gf%rétgc%lztﬁnﬁgtgné:&umms L PlOb Yfe R@P glgﬁacl: %@gus bridge 1102 may

hr oug A secondary bus CS
thus lﬁ“é'ifle gfngt&nﬁléy B rSWPIa B‘ah tAgP BRRShAHATIRns wglf @g P, éﬂ"OI target and initiator
transactivin@ r Diafley 1106 BRKy Adctrény dsphly SﬁbnOﬁhwhSA\uﬁ@V bictes cdnlbkQresented. A suitable

o 24BN ELSEGL B8 PO i By ERSPLE
[0064) hy odb‘ﬁ nefedibey whils the1 4GP, RRH atlfblsénor@m Bises) hayeobegy pgg@ as examples in the

aboveldegBiptioh an GikRir Bt RELS meytt»essubahht&d Al Gkiea) MGEmRRSE n&tQDthzmﬂér‘mputer system
1100 Im@t? lc?lél qae %@Pé(l)cgstsﬁ c%gep% er § stex%ai%cﬁtfdm% a%%ttl?nalomxc)opro[:ecs)sc?)?s .., mslcroprocessor

1 ISOa{ﬁhgwlbm@d@g@glr compaeygnt oﬁﬁc‘pmputtm proiey 119004 Migspragshsersl150a may be similar to
mlcroﬁl‘aEHsJopi 15er Mdrd GBiicuning nﬁ'@éﬁr&c%‘éoralftoa GRest oh Qiemichl cb;sysof Mdeddbrocessor 1150

in one € %ﬁ%%l%né gﬁg%o%% eg?poB:] %lglgyibfdénne%edq%uﬁ H%ggfl !L(%d/ﬁi an 1ndependsent bus or may
share ica@ hesi 1l 24e.glthtnhgomggetggtl 1% FodthernppremitopoeesgoelQ§a maygbe coupled to an optional

Lzcaafarltz'sgtﬂnﬁetrt&@vch&@&ts, in the case of PCl bus 1114,
jhat fhe tar us 1 Bus br&g%e 110

14
19065} JRPPR BB AP ARG R PR GEIB. Bggneode o cmbodiment
of a t3t melig@eldelod 2s Ggernbadabdvy istshawns |Qilice smtgdimegera boseible Andaamtérndated. In one
embofnltt o&gxkutHss?geerncﬁE@ Skl Sx%cegﬁtél xﬁﬁesolrfllﬁy 51212% tlbl@C and 1212D. Each

protocol uséd the target device or bus. In
proce.gﬁtg 66c}emtb§ a n&ﬂ}gcober limd@groieisegorrfﬁl%;r Bléltl Che élg\fl(gt @& rwytnﬁ:lude a test mode
selectbrn® d&scﬁbeﬁpﬁme%&r priceSsthg do@06 Gpuplad taddesbéctve inemory 1214A-1214D via a

memOPJ o%htg)illg}g 1 2)\ n&lgﬁlg a%ﬁu&g@ @I{hf% Séa‘éhElré@zch%s Iogé’ssnl?gc' nog)eu S212A-1212D.

secon ncor O r at
Addﬂamtlw Profratinef tmia |1%lﬁétl?t2§P ingydq nmfeqeot%lb usede @nfcmlqn@?te between the
proce(sﬁi@tno&e@ QWA 12€18. h@sr &Xﬁlﬁé Ndcedind MbdRr 12|lm ﬁ@l‘u&fs ﬁﬁiel\ﬁl_cé kblglc 1218A for
commumca trlllﬁd fa"vlrtly gl%(lzjeﬁsmr% nf?%?l , thréa\c/:? }I, élco%g%‘l}g Of 8?" I 1ulf|:g:§t916\é\%it%1hﬂror(]:essing node
1212@# apd a thzréyweréapfd logiy d%ﬂ@u@e cotlmlzlcamet vfith ryetyaapthes pgocessing agde (not shown).

slnutagdprpatsag Inate ROIE Seluddb i ¥h RN 1986, 181 kid 1NGL pHBRW) node 1212C

B3 S B T B8, 4T et e S Gt e i 12101

1218kg ntybtﬁl $le ntrgeessitk ederiatZDvie Foppled heomminiraatith @abiwitneynphigutput devices

(e.g., 8RR £60A- 92068/ P&d@%ﬁam&lé&lﬁg@?@m %Ctﬂt@déé@f&%l% qb1gL0 gjtl%r fuggessmg nodes
ext er na be 1ntegrated into bus bridge

t he
may corpgpest atéﬂé%ﬁ%%s i STHBUWATIOR a backsi de
[0066F ONf iPpaiesgitg @ndes 012M2ACt20PD opEsedt 4 béket-Hatedi Bnkn ddre thtet-pratessing node
commlugtca%@ﬂ: hﬁ tﬂel;g'éel{?%b& uneﬁ@ Hl@rhﬁﬁ R.i {A}ﬁlgﬂé {'&1 95 QR G Eu&?‘eg{lonal lines (e.g., lines

1150, |nte rated into a cartri q slo
12244 g psefe i Rerfes APRPEETHREYED 24 e Fde G#laB ey lines 1224B are
used 10 Midafbma pSekats GOm Grteéssing ﬁddbSIlQBtt@pMd:eﬁihgtnh@a 1212A). Other sets of lines 1224C-
r
12241—\?\}{8 [lﬁ%]&) {0%?&%2)??(8% 9(9\?%11 (r) h H)gflfgg Eﬂs) r%’ogersé%'glﬁsnjat%c% 1?15??% &F]r{eglly, each set
of linqgl 244 ey %’@é"sﬂﬁ? orms@datslr inppagric oy merg eledtlipes correspondingip ths data lines, and one

or mofSRtbiiroMB RPN YicalidOfle HFYof bitedt UQ@ cDRAMd( Dy @R infay RP&PE@IAA in a cache coherent
0]

fashog‘&%%\wtgycanoﬁ%%tw%ea §¥0f)ﬁﬁ% odes Ohgl IN%Onon c%w%iséﬁpﬁ%]oﬁﬁ%xgwﬁlgn between a
processia o il a0 OGS (PGbufuNETe st LI AF R ERiseensiuction such s the PCL bus

or ISA lbhS FhdheinbR, BF 18k ¥Ry b@Bﬁéra% mrnb@tbﬁ&att ARV 6% S¥EPchain structure
twor k nterface C 0 accela%ators audi o

betwef&rh%/(g gevmﬁsaas Froypm- fI 16 B(B I‘ Eac(]ﬁit tQ E%ﬁa&?mla?d] 1 one processing node to another
may pg® Ittreugh breros moiSGEirm¢duradoties Chorprrngie, Systecmmisthiritddryfparcesying node 1212A
to pro@gﬁ% fdag 191% Jna@l p%gnﬂ&ygh%ﬂﬁeg f’)roceg‘én@ Ao@é IIMQB Iog‘stogéséﬂgcr%de 1212C. Any
Is illustrative of various types of periphera

devi ces, such as a nodem a gpund card, and a variety

of data acquisition cards such as GPIB or field bus

interface cards. [0063] G aphics controller 1108 is

provided to control the rendering of text and imges

on a display 1126. G aphics controller 1108 nmay enbody

a typical graphics accelerator generally known in the

art to render threedlnen3|onal data structures that

- Y Y 1. " £ 2 . - o
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1108 may therefore be a master of AGP bus 1110 in that
it can request and receive access to a target
wonverizee W thin bus bridge 1102 to thereby oBC®&iUs2006/010233

sultab?ecr&ﬁfn§ alﬁ&xﬂﬂfﬁfnﬁ‘y BERRdAr bt}éﬂ%dﬁﬂ@@ﬂ%&%ﬁﬁht& Eﬁféfﬂ' 1569 ilHe more or fewer
rgrﬁc_}g tgsﬁ lleq] retrij ?g(ﬁ 3of data from mai n nenory

mowffﬁﬁo 8 Reob YL ERRd3: gr aphi cs control ler 1108

[0067hray fGendrdllesthdyadio friay br tedsntitted geore path@e BIOimgs pothe Gges 1224 between nodes.

Abit ¥u§1@1ﬂ§y%€ttﬂe9ﬁﬁg Slrfallli}@:éd&t@ thg- élg'& 'S fg;[;' 16n er’eé}grﬁﬁn% Hobk lglt:s bllﬂg' packets may

(g e 1102 may thus include functionalit 0 sup

i R KPR o PR PRSP JB Tt PPt PGt and espons
packetsdiogedspanidg ioprdbesatddomppaasact i ons. Di spl ay 1126 is any

[0068’EI ec tPFoQ&(lsjlﬁg 1%'(1&9!2 lépﬁﬁ m"!'&{hg(i/}l tﬁ‘%‘%ﬁlﬁg gdng{%_}le} &4 Knte?%ﬁ: 1 Og?c, may include

presented.” A suita 6l es a ca
one oy racg;e {nij:t'j)@roecsw B)'oadlgé_ sHeiil%ﬂg, zdprgqevglg gode encglgqs as,lea(st ql_lwc)o,processor and may
optioI€ inclp@06k¢mdri confrolled Foe dorhdicatinghiithea ﬁl&ﬁbrﬁﬁa, otlBElo,glc @B desired. More

partlc!ﬂé@ ge(cg E¥o§é51 A&R 19.?2" -12?% 0 usrﬁ:ﬂlflas eeoran;pre ccipleb of rrncroprocessor 1150.

SCr p I on, bus "af ¢
External, igéptfpoe (ypig elaragwld@sth@r ledrfaCP ﬂogICSlzf&Jereﬂle nfesleezta weH a¢ the memory controller
1216.conput er system 1100 nay be a mul tiprocessi ng conputer

yst i ncl n diti o M Cr.Qpr ocessor s
oosof S, SRS ST Ok TR b SRR RRGRE et i el o momory
1214‘%’&‘}@ ey inglydstopher MbERAMBY SCIPW@@@MMS) $h8l@enowmedR AMds (SDRAMs), static

kRAMSétén 8¢ addResd TR0 QEEES Wstehl 260 is MMi®d Rabid &E&hé{eé ¥214A-1214D. Each

Cro 1150 be an identical
proceiing PORISEA 0D THE0 MR B e BOUPR R o D et e maed t
which]i&@siesnid}4 &2 1dDnmd dewd td whibhu protgssiggedel 1702A12 IRDamnmemory request for a

partlcﬂllﬂ(i@cﬂc%g gl%ﬁﬁl bpfdﬁte@ Mn g&yem%gdﬂﬁl&t (&Fgolte%cy]&&{]'fo}l\@d zl?ldress within the computer
rocessor 115 nmore, m croprocessor 100a

Syste“h’a)%h - glemers Gpaler { %‘6‘%tn2]t§Bt°P‘6’?‘F3 fo thememeiorieg bikes carFepRoRdipe to the address.
In othtrovord, tbambrsoryl dadBollef PAGS |2 18D liddespOnsib\Vibrt edsulthgGhat E3ch memory access to the
corresﬁdhgl‘.'ng em&?ﬁ@fiﬂ rﬁ‘gﬁﬂD ggcu PEQ%!J c%flergh}/ ?atslﬁm' élg{a%d‘rygdéﬁrollers 1216A-1216D

I ncl ude an e est node se
may igeude (Pl ciEiv dor @teéwwo ﬂann@s 1@ oL 4R ntAddigignglly, memory controllers
1216pted 6D hibeineivd reg0dst EGes ﬂi @Guing Iﬁ:nmnee@ed@sodi ment, conputer
[0070 gi;%ﬂﬁ&ghﬁg@@ ?ég ﬁnaﬁ ?ns@lgegag \S/alﬁlgtg op gqférs f(g/'rzr%c%fe}ing ]15a2 :lizts from the link
and fosfipifcringRacketsrio by Eppatedapery the linkg tiihe Fomnmet §yster may greplpscamy suitable flow

controBAebhiyn foﬁ@dnéhﬂ@in@pa%l@:&t FoRA RS intmt Qﬁboaﬁlelﬂeeﬁ@lf ihdyede logic 1218 stores a

count op tge numb iaa&ﬁ) &fgi%‘%stﬁr gllt in ﬂgﬁ%:?lye% gig ? ?% g Fxgiro?' the 1rsxlpto wthlc}{ that interface
logic i§ QM@M 121.16112@40131 bk desd noti tiahgnit agrckat m@sqdm:mewmg interface logic has a free

buffer¥ GEHS hAakbt. nﬂﬂzﬁreé’egf;{n%’%uf;eg £2eq B%qgitl é Qﬁlkelt Sowakdl t‘ﬂ@ gée?&iu{égnterface logic
nodes 1212A-1 % n gde interface %IC used

sl RTRTE AR G BTGB S AOB0SE (Y HdURe PPpniors: Hih o meshanim

may bf-gferrektanpd "equppriosdSsitryg node 1212A includes interface

[0071i 09' go 4184 25671{ 1&2@%&‘%‘%@1} éuﬂ %eVi’/d & RE0 ?&%?an{ﬁ% iﬂ@ge%h:es 1220A-1220B

12B, interface Ogl C or communi cat
may “ﬁ}uS% By pERIieETIE, an%ilf?a coalmtlﬁs peen m‘@vqhéleeé‘ew@eg jmgy be coupled (e.g.,
networkAi8&Gicé eitids o MItbnisy alfurtigmuve.t 1O yeeztcesal’BQWhHZOB mQG Qﬁﬁlﬂeﬂﬁdeo accelerators,

e t | r r node
o RS9 00Nl STyl GRS, S0P g
and telﬁvleeefééiﬁ gy eaa@ ap weeety iorisfaserwisition faéisﬁ‘&éés el |ocﬁe1c2bps @ferface cards.

Itis noleﬁll&H%he ﬁﬁd"lﬂ-)%ﬁ&e.l gt?ﬂﬂa t&fr@ﬁ@g@&i}dﬂ @evﬁ@gﬁ%%tgﬂh%ao ib@@h(}igﬁ&us herein.

i nterfac 0gi,C « r Ssing.. :
00721, deATffcg]ﬁ g % e 4 egf’clf g°%o?ﬁ*rﬁ¥1° & é WA 8 FW%’Inig’fhifh the various
stages @f the ingiyetion mopqgtmgdmﬂl@e eonlstegheir tggksy lostractid® 28)comP@@Bralups are captured

a dai sy chain configuration) via interface |ogic

1218L. Ot her processing nodes nmay conmuni cate with

other /O devices in a simlmr fashion. [0066]

Processi ng nodes 1212A-1212D i npl enment a packet - based

link for inter-processing node conmunication. In the

present enbodi nent, the link is inplenented as sets of

unidirectional lines (e.g., lines 1224A are used to

transmt packets from processi ng node 1212A to

proce33|ng node 12128 and I|nes 1224B are used to

I A PPN A NN 2

o L o, r S



or nore control lines indicating the type of packet
bei ng conveyed. The link may be operated in a cache
woahwriezd2sf ashi on for comuni cati on bet ween pr BCEAS2006/010233
by mW%lerQé‘nts (Ehcﬁl afl Q:letgrg Q)? En%ﬂg) afc@ﬁh{gotg fé:l)(fck Q@mgﬁnﬁéttﬁeoaock cycle. For

between a processi ng nqode ‘a I/ O device (or_a bus
examplg. i gEOY Slekent PAYSAHHE 2 ¥3 ueé‘a%%ﬁtt? Bryneopiiling ?%% ofdhs clogleyignal
[00733s t MNemBiGhs tigiony antl SAdifitsipns willibedome aEpaent tb kesd dkitlkd fimye art once the
above d;@sclg&?er ﬁgu;ﬁg a g)?erc%té:? Sf;tl ISQ%LP%\EA(ET.E% tﬁe%ﬁggfélcggllg%g énQe eted to embrace all such
V“mWﬁﬁﬁ%ﬁ@@ﬁ%ﬁ%¥ a packet to be transnitted fron1one
[0074pr OCGSStﬁcb\@@ deofiRdtie tRednfel ofRYuciiAB &sﬁlﬁf d OdiscRRE i@Ventive devices and
techm{c{?eg glal lpctaﬁpllmd:3 g) oﬁselff'grgngggﬁorﬁcél ?]né g&@%@iptleoco%? sgck:heass Sfunctéon testing or BIST.
node 1212D may pass through either processing node
Indus#hid1ABli@kilir ocessi ng node 1212C. Anysuitabl e routing
gg%%%‘kg%hnm¥§mﬂ%§%ea H%%ggﬁwggggg%gggéé?fgrgggssing
nodes than the enbodi nent shown in FIG 13. [0067]
CGenerally, the packets may be transmtted as one or
nore bit tinmes on the lines 1224 between nodes. A bit
time may be the rising or falling edge of the clock
signal on the corresponding clock Iines. The packets
may i ncl ude command packets for initiating
transactions, probe packets for nmintaining cache
coherency, and response packets fromresponding to
probes and conmands. [0068] Processing nodes
1212A-1212D, in addition to a nmenory controller and
interface logic, may include one or nore
m croprocessors. Broadly speaking, a processing node
i ncl udes at | east one m croprocessor and may
optionally include a nenory controller for
communi cating with a nenory and other |ogic as
desired. More particularly, each processing node
1212A-1212D may i ncl ude one or nore copies of
m croprocessor 1150. External interface unit my
include the interface logic 1218 within the node, as
well as the nmenory controller 1216. [0069] Menories
1214A-1214D may include any suitable nenory devices.
For exanple, a nenory 1214A-1214D may incl ude one or
nor e RAMBUS DRAMs ( RDRAMs), synchronous DRAMs
(SDRAME), static RAM etc. The address space of
conputer system 400 is divided anobng nenories
1214A-1214D. Each processi ng node 1212A-1212D may
include a nmenory map used to determ ne which addresses
are mapped to which nenories 1214A-1214D, and hence to
whi ch 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
the conputer systemis the nmenory controller
1216A- 1216D coupled to the nenory storing bytes
corresponding to the address. In other words, the
menory controller 1216A-1216D is responsi ble for
ensuring that each nmenory access to the correspondi ng
menory 1214A-1214D occurs in a cache coherent fashion.
Menory controllers 1216A-1216D may i nclude contro
circuitry for interfacing to nenories 1214A-1214D
Additionally, nmenory controllers 1216A-1216D may
i ncl ude request queues for queuing nenory requests.
[0070] Interface |ogic 1218At4218L may i nclude a
variety of buffers for receiving packets fromthe Iink
and for buffering packets to be transmtted upon the
link. The conputer system may enploy any suitable fl ow
control nmechanismfor transmtting packets. For
exanpl e, in one enbodi nent, each interface |ogic 1218
stores a count of the number of each type of buffer

T L o o, " N T | o " L
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transmts a nmessage to the sending interface logic to
i ndicate that the buffer has been freed. Such a
worelsanzaem may be referred to as a "coupon- basedi/US2006/010233
WHASHS CERIMEN®S 1] 1/ O devices 1220A-1220B may be any
suitable 1/0O devices. For exanple, 1/0O devices
1220A- 1220B may i ncl ude devices for comunicate with
aniot herArcciorgraitdircgty simprisingo whi ch t he devi ces may be

CoURl -8R drfoel coredIfg0or k interface cards or nodems).
Furthermore, I/ 0O devices 1220A-1220B may i ncl ude vi deo

aceR et grdype counlsd fodhelir ey of legie @°"8% £ 1 oppy di sk dri ves
orwldreinvie scaandstiatdwere &,coffightd oSnal | Conput er Syst ens

Interf el cards, sound cards,

and a \a}glrg% Sec‘?&%géa%&g%h gglg@fcﬁt io§1|9 .‘lp%%es’c.ar ds such as GPI B

or fi el ¥eHESancErn the alughly g8losit ore gmplpnesslyad t he

term " ldufpuidesnit@eresutidgla frb1e the luAlity PL IdgRRekatb adl@iddeest atifment (ATE)
i ntended to cggcugynggnymus herein. [0072] As used

herein, the terns “clock cycle" or "cycle" refer to an

i nt er vahegsfn tp jopiputispan\igst tepplitdaia, e pdap tpst hordyereds eopfigurpd to time-division
i nstructi on ANGERISOMY hP bie tdbi 1Sl GANRLILIE oh RREnt bAGK Soan test result

I nstructions d co ed val ues .are capturedby nmenor

el arrent s (=dieh Haw SRgT bF Ldfte G s Rl PLR g et the ATE

cl ock si gnaldudefa stiphegvindne ofthotkE-cycl e. For exanple, a

menory el ement nmay capture a val ue according to the

rising qr . falling edge of the clock signal. [0073 i

Nufrer outs'e (et P’g% a%‘ﬁ‘d“"ﬁﬂcﬂ*‘f‘? dPTPETFROmRIYe OB g hardware functions
other thqmpleerpbidlityt of logle ores andkiihe foarttest hardvvee. art once t he above

di sclosure is fully appreciated. It is intended that

the following clains be jnterpreted to enbrace al | )

sulch vate Bfegied cighiesdesdsdrip glaimiZoyferein (b7 Ape ATt Fefggpprdware functions
compriie 3 Ccdommedlcatiohs tdafrotl@ndn@st merhors kontclledr bl vihexsini dagh, oft the logic cores is a
proces%r%er.osed i nventive devices and techniques may be

applied to other forns of concurrent testing of

mul tiple cores such as function testing or BIST.

| ndust rinaknteafdl tifaibaslrécldd id Elhifm 21 WheeH | B scdiBdst GedWafead doffigured to test

e on e L e o AT st Sl el g o
plurality of logic cores; and scan t est har dwar e
COUPI edrnt fudziRd Blcuil Alrdctidl iélailn QOWiferehO IS scalVRB( RirdwateB configured to
preveng gl? gest{ng a{e ﬁxgeabrg ?nu\c,)\li% rél?rld\%/%e %?crtlanlbs %élea cf];ig%thelz %ggtfe;sltj {Seél?tgattg Ergtiﬁ the plurality of
logicqowst on the plurality of |ogic cores sinultaneously;
and output scan test result data fromthe plurality of
| ogic cores to automated test equi pnment (ATE)
cdncur FERENSS: CORAET8I n to output scan test result data,
t h@u_sinasmazt tess fatdtan plwalitg of Isgicoref tappried within b bingbe idliegrated druit;
mékéc{ltﬂlltgg&aﬁ ;EFL‘I?M\ tht: Bﬁraﬁt?gﬂoéicec%}e i gllt&léougéta@d such that an
of the t ata

el emen scan test tesu a fromeach of the
ploYPEfing Sranoipst resft datacieme dhe ipliraliyer efogic Gpresaly apiapRied test equipment (ATE)
channelcoficarrdntte ATE during a strobe w ndow of the ATE

ZW}%—%S slallato% Btﬁltl egom%lrisreg ltlllmte-dgri?éioﬁe%lltlt ngnl I’axecslca%l rTs]t ]r'ésult data such that an
further conprising one or nore hardwar e functl ons

ot her teleamntrfibe s5anpshresultydaty from eagh ef thegrusality-pf ipgic heresgergppent on an input
test hah@watshe BIE diN: 4 BbRGAiRLRDr B ATRIIt as recited in
claim2, wherein the one or nore hardware functions

conprise a comuni cations controller and/or nenory

cdnt r olThe methegay regitdrie plaimefawherat the igegtatyd) ciccuit Girtbe cpigpriges one or more

hardwitt @nBFoRO bthérGh# - the plurality of logic cores, and wherein the one or more hardware functions
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4. The integrated circuit as recited in claim 2,
wherein the scan test hardware is configured to test
woOhersazs28r nore hardware functions and the pl BCaUSR0N6/010233

comp@sfe d &Qinfﬁm@é?i&%sqoﬁﬂrm Lane %ﬁ!}rg-cog{roll;h fnd! PR abedr the logic cores is a

circuit as recited in claim?2, wherein the scan test
Procef i *Nare is configured to prevent the testing the one

or nore hardware functions fromaffecting the scan

t eét r lxﬁeth@@&s@eéit@@ﬁ]ciaﬁ?@mh%ﬂldetiMegQJtedl S Crurif &)ﬁxpris@s one or more

A nmet hod, conprising: I nputting scan test data to a
hardwgte fingtiqng othesthap e pluraliiyof losie 6oFfsy fhe migthed frfiencogPE§ingesting the one or more
hardwiata théngtiond &d the ipluRlitybf logiX &¢dd impneousigan t est on t he

plurality of |ogic cores sinmultaneously; and

outputting scan test result data fromthe plurality of

| O%;i c cHeasthpdasyepitedriniclaipn f,éﬁé}?l’&l@d{}@i 1|nj?md c('rg(ri'tg)lrﬂler comprises one or more
hardw@f@ Tidfidn€ Bthdr than \WRENLAIR, Fadeth dateh, it hdtidg fGMBAYonFiRSg preventing testing the

tine-division multinlexing the s test. resylt data
one ol LMo e B b UG S R ol B B

each of the plurality of logic cores is present on an

I njput  chanrR@tent Qnlph@ngATE during a strobe w ndow of the
s recited in claim®6, wherein the

ATE, 7. The neth

iﬁ?%ﬁ?%f%%G%W?5ﬁggH$dPPher conpri ses one or nore

h aar dwieg wddr testdPUErroupdrdiethe AR and dompyipingr al ity of | ogic
cores, AR MALRIN af B&PREnVr R § -Bar dwar e

functi onsconpri se a comrunications controller and/or
menory controller, and wherein each of the |ogic cores
is a processor core. 8. The nethod as recited in claim
6, wherein the integrated circuit further conprises
one or nore hardware functions other than the
plurality of |logic cores, the nethod further
conprising testing the one or nore hardware functions
and the plurality of logic cores simultaneously. 9.
The nmethod as recited in claim®6, wherein the
integrated circuit further conprises one or nore
hardware functions other than the plurality of logic
cores, the nmethod further conprising preventing
testing the one or nore hardware functions from
affecting the scan test result data fromthe plurality
of logic cores. 10. A test system conprising:

aut omat ed test equi pnment (ATE); and a devi ce under
test (DUT) coupled to the ATE, and conprising: an
integrated circuit as recited in any of clains 1-5.
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