SYéTEIVB AND METHODS FOR FACI LI TATI NG TESTI NG OF PAD RECEIlI VERS OF
| NTEGRATED Cl RCU TS BACKGROUND OF THE I NVENTION 5 FI ELD OF THE | NVENTI ON
The present i nveSiYSTEMBERANIAMETHEDS FOR BAMILEJATING TESTEINGSORTRADI n

particular, to systens a Cili i wi.thin an integrated
circuit, receiver set-up q&’ﬁ‘gﬁt{)gg&(&f&ﬁﬁégh‘mgﬁ%ﬁg of the
integrated circuit. 10 DESCRI PTI ON OF THE RELATED ART Her et of ore,
integrated circuit (1C) devices have been tested and verified using a

variety of test nethods. For ﬁg@# ' en tested and
verified to be defect-free %gl @WQ%:&IE@WS such as those
applied to the I1C by the use of __automated test equi pnent (ATE), which

stinul ate®nd verify the IC deviFéELPlﬁchﬂWEm at the pin level of the
device. A practical limtation to the utilization of ATE for testing I1C s,

however, is that tTHe presebemveitidn@epemnlly (dateptdiajegtatat cicaits ked tie pheiduly, a
particul ar ATE has, heretofore, been limted by the physical configuration

of the ATE. Hefystems kedhsethoti§for fatiefing fwitislen Qtedrited bfeclif) r@Riveesétagh nay
exceed the nunber of test channels provided by an ATE, or the nunbér of

pads may exc%q/&mglmggg#gggg gépatgrggg%g i&'gg.a%%%gﬁ_ hardware, such as by

exceedi ng the maxi mum nu obes on~a probe card, anong others. As
utilized herein, the term"pad" is used to refer collectively to both a
physical site, which serves as an electrical contact for an IC, as well as
circuitry associated with thegg{%si cal site for enabling electrical

comuni cdfi on bet ween conpoRERCRIBTION OF THERELATBBARTs external to the

IC. 251 20020 1 1 08-8
Heretofore, integrated circuit (IC) devices have been tested and verified using a

variety of test methods. For example, IC devices have been tested and verified to be
defect-free using functional test vectors, such as those applied to the IC by the use of
automated test equipment (ATE), which stimulate and verify the IC device functionality

15  atthe pin level of the device. A practical limitation to the utilization of ATE for testing
IC’s, however, is that the number of IC pins (or pads) that can be tested by a particular
ATE has, heretofore, been limited by the physical configuration of the ATE. For
instance, the number of pads of the IC to be tested may exceed the number of test
channels providéd by an ATE, or the number of pads may exceed the capacity of the

20  ATE support hardware, such as by exceeding the maximum number of brobes ona
probe card, among others. As utilized herein, the term “pad” is used to refer collectively
to both a physical site, which serves as an electrical contact for an IC, as well as circuitry
associated with the physical site for enabling electrical communication between
components of the IC and components external to the IC.
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2 6 FEB 2002 Additionally, performance limtations of a particular ATE may
i npose certain other testing restrictions. For exanple, the frequency of

| C i nputs and out péidditivaylly, prdemdinté Bmiatomiofafpasigulan @y Bxhay epodd Eertditer eby
limting the test frequency of the ICto be tested to the maxi num
frequency of biner wdthng rééthibi@Ha N FePdabiple, Htdfr@fetbfofICHhis AtthlthR0Rlayt est
channel s and/ or a higher operating frequency may be acconpli shed,

provi di ng an ' : i at el i ' QLU .

bt opr i at ol y e e B ARREOREARIE e A8 Ry Gty AEMLLhadlne of e

af orenmenti oned.deficiencies is, oftentines C ohibitiye..In |jght of
t he foregoi'ngﬂ;ﬁ? eotFﬁ‘é‘iPtocfE‘? frerEteEs §9uanyP§thﬁ|‘fg€¢1 Khh‘? cﬁPﬁ&‘m&aP A’ggt est
lo 1 C devices utilizing a variety of "stop-gap" testing procedures,

i ncl udi ng:5 ( 1yith edditenal irst chenngyend/er 4 igheropanting fregiencyhmapiba acempdishdds
device; (2) connecting multiple pins of an IC device to a single ATE test
channel ; (3) presidingpnt AEE Wathdenappopiiatetphigh pinecopasa@torah appreprifdiz.high t h
each pass testing a subset of the pins of the entire I C device; (4) testing
the device abperfing fidgBencyan bflPid dIRSIHEAE @ aférdfhenfiched defitibhdigh is,tJHeﬂgﬁle,
design 15 inpl'enmentation, "the pin count and/or frequency of the |1C device
'hﬂt'wgg ATE, anong others. As should be readily apparent,

to accon’m)datgQst
stop-gap” testing procedures may result in a | oss of test

many of these
coverage and, ther l.ead .to a i ncrease in nunbers of defective IC
devi ces bei ng shi pﬁaéht %%83??859“‘5 Fllé{l Hherdeficienges, 14is knewmip the prerAghtodessi gn
i npl ementation, the pin count and/or frequency of the | C 20 device to
accomodakte el davias ulalizing 8 varisty ehistoregap” desting araseduras finchatimgs t( adonneating | C
design. Therefore, there is a need for inproved systens and net hods which
address t hesa ATH tolebethas hld bf the pinsas an ICidBecq(2 Pdondédting2nultiple pins of an IC .
device to a single ATE test channel; (3) testing the IC device in multiple passes of the
ATE, with each pass testing a subset of the pins of the entire IC device; (4) testing the
device at less than maximum frequency, and; (5) limiting, through design
15  implementation, the pin count and/or frequency of the IC device to accommodate
existing ATE, among others. As should be-readily apparent, many of these “stop-gap”
testing procedures may result in a loss of test coverage and, thereby, may lead to an
increase in numbers of defective IC devices being shipped. Moreover, the practice of
limiting, through design implementation, the pin count and/or frequency of the IC
20 device to accommodate existing ATE is, oftentimes, an unacceptable constraint on IC
design.

Therefore, there is a need for improved systems and methods which address

these and other shortcomings of the prior art.



SUMVARY OF THE | NVENTI ON Briefly described, the present invention provides
receiver set-up and/or hold time testing functionality within integrated
circuits. In this regard, sonme enbodinments of the present invention nay be
construed as providing integr SEMMARTUDF THE BTEENTIONa 5 preferred

enbodi nent, the integrated circuit includes a first pad electrically

communi cati ng. wi t BaLY 8aetindl, RAYArbQf Alvedfh drbvialitclivesi BathdBebdides @
first driver and a first receiver, wwth the first driver being configured
to provide a fifrst.,: b N .component external to the |C
and the fir st‘f“%‘éi"esf‘ggﬁm%g{“ﬁ%ﬁ% 8/?#1%@%5&??%1&?@%6If'nvtg lsar%ga}rgsstonbeaednot?oﬁ%ff?ms

si gnal fromatc rrBonent external to the C. The first receiver 10 also is
configured td® dB% Fegt Invsnton BRY bR SRRStUAT 8% Reviding wnfrgrated cisouits (K sk dadi ver
digital output signal in response to the first pad input signal. A first
test circdit Hefpe §mbpdmﬂin§é§e integrated cirquitdneltfes aofinshpad eectieadlyf i r st t est
circuit is adapted to provide information corresponding to the receiver

setup time arshonuditaingesich stdeashepdrtionof thef1C. tTie first sdd ipalddeskbfirSodmver
enbodi ments of the present invention may be construed as providing systens

for measuri nGnaG! fi8t febdPer2With he A3 Griver BBingcoRfigyrel (I BoFidR " fliSdSngiuter S

of an integrated circuit. In this regard, "a préterred system i'ncludes an

| C and ATE. Tk TE | LQur 0 ectrically interconnect wi.ith the IC
and to provi d%gn aagtbq%%dsxﬁp Og“%ggéxg?rfl Phlée goa?%glel(%st %ﬁeévqr eﬁgcqoﬂﬁggregtt‘?i rst
pad that incorpqorates a fjrst driver, a first 20 receiver, and a first test
circuit. So dB lYeg%Igé“HPa eut sigral fogka compangnt exierpaldp sk JG. CBbe frst receiver
communi cate with the ATE so that, in response to receiving at |east one

st i mul us 1Pr oralsa is eonfigared toeprbvids tto hesmponant internpl tothelES, ai firbireoeivératigital
corresponding to the receiver setup tinme and/or the receiver hold tinme of
the first reamitpikighsl ihRespbilde to3hsBREpATRPEH si@al SA Gfrstitb® cREGS 8RS id Nvent i on

may be construed as providing
provided that is internal to the IC. The first test circuit is adapted to provide
information corresponding to the receiver setup time and/or the receiver hold time of
the first pad.

15 Some embodiments of the present invention may be construed as providing
systems for measuring setup time and/or hold time of one or more of the receivers of
an integrated circuit. In this regard, a preferred system includeé an IC and ATE. The
ATE is configured to electrically interconnect with the IC and to provide at least one
stimulus to the IC. The IC includes a first pad that incorporates a first driver, a first

20  receiver, and a first test circuit. So configured, the first test circuit may electrically
communicate with the ATE so that, in response to receiving at least one stimulus from

the ATE, the first test circuit provides information corresponding to the receiver setup

time and/or the receiver hold time of the first receiver to the ATE.



met hods for testing an IC. In this regard, a preferred nethod includes the
steps of: electrically interconnecting ATE with the IC, providing at | east
one stinulus such 3dm¢ embirbmiealsof dsupresenainventoy iy be cufstivedas progidiggei ver
hold tinme of the first pad; and 5 receiving information corresponding to
the receiver mehods for ERtiANSh IOeld @aSeyaH, Nplcterrdd MBLOA iddRief tHeStepRag: Ot her
enbodi nents of the present invention nay be construed as providing

conputer rea i hi Reef.arre ter readabl.e
modum e ot e rcobBecl TPl e Fo e Bl LB FR R o g
setup tine angég((;) 1o hold time of one or nore o{wlth_e receiyvers of an IC

i ncl udes | ogi' MR PR o e sg P imasad feseiypileld dimg of the §rst A& agdi nul us
to the IC. Additionally, |ogic configured to enable the ATE to receive

i nformati §n desaiwnssHAIRAionsormeponding to dhe rsesivgr setupetime dndthe redeiver Sokl ver
hold tinme of a first receiver of the ICis provided. Other features and
advant ages oftiméef the éisgmpad.i nventi on will beconme apparent to 15 one with
skill in the art upon exam nation of the foll ow ng drawi ngs and detail ed

description. It i the!@mstRiEmbRabs Melprédeinbeaidi By 9@%&%@&5@9@2@?% din

i ncluded herein wthin the scope of the present I'nvention, a

t he appended i SGRI.PTI T SEVERAL, VI OF THE DRAW NGS
20 The preser?ti:3 hl@r%%gmalﬁgihgﬁlaesgﬁ de iﬁr@gé%gﬁ ,tar.pélégfrg&\égr,npgtgﬁreg APB Meem,
understood with .  reference to the foll ow ng drawi ngs. The draw ngs are not

[ g .
necessarily (OHELLCHPOrALeHALOMIRUtST prograrh 16k fac tping maasyRng seup Hine and/or
illustrating the principles of the present invention. FIG 1 is a
schemat i 80di &gldiimeepprg orrmorg of eherreseiveraof er IC imadudeategic configured to2Rable
incorporating digital self-test circuitry of the prior art. 4 FIG 2 is a
schemati ¢ di adifato ptepide ki legstanp stirhelus e thermion dA ddifibnlly, Idae: @nGigeRd to

enable the ATE to receive information corresponding to the receiver setup time and/or
the receiver hold time of a first receiver of the IC is provided.
Other features and advantages of the present invention will become apparent to
15  one with skill in the art upon examination of the following drawings and detailed

description. It is intended that all such features and advantages be included herein

within the scope of the present invention, as defined in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
20 The present invention, as defined in the claims, can be better understood with
reference to the following drawings. The drawings are not necessarily to scale,
emphasis instead being placed on clearly illustrating the principles of the present
invention.
FIG. 1 is a schematic diagram depicting a representative integrated circuit

25  1incorporating digital self-test circuitry of the prior art.



invention. FIG 3 is a timng diagramdepicting representative receiver
setup (TSep) and hold (Tho,d) tinmes. 5 FIG 4 is a flowhart depicting the
functionality of &I fiex schdmatrbdoigraantepiftingt hyerefered entbodinvanbof dr.préde@@ 5A
is a schematic diagramdepicting a preferred enbodi nent of the present

i nvention. FligyeniBnl s a schematic di agram of the enbodi mrent shown in FIG
5A, 1o depicting detail of a preferred circuit inplenentation. FIG 6 is a

54 Lo depicting detail of a preferre | FIG 6 s a
and 5B, FI G 7 | S ACkehena T §Raa dobiBhe ot ST B R e s o

of the present. jnvention. 15 FIG 8 is a timng diagram depicting
functional i t?‘oﬁﬂ‘hﬂwgﬂg‘ﬁﬁodi ment showmn in FIG 7. FIG 9 is a schematic

di agram depi cting a preferred enbodi ment of the present invention. FIG 10
is a schefatic di dgPafisreBewehanideniciag thastnetianaliy ¢frorrefosisd cowodinene of
system which may be utilized as a controller of the present invention. FIG
11 is a fl owtlapresadépiventiony t he functionality of a preferred enbodi nent of
the present invention. FIG 12 is a flowhart depicting the functionality

gf a preferred entradi SR a Shematie dRERHEApibtEaHreRPred hibBMirsét bPERL | On. 25
present invention.
FIG. 5B is a schematic diagram of the embodiment shown in FIG. 5A,
10  depicting detail of a preferred circuit implementation.
FIG. 6 is a timing -diagram depicting functionality of the embodiment shown
in FIGs. 5A and 5B.
FIG.7isa scﬁematic diagram depicting an alternative embodiment of the
present invention.
15 FIG. 8 is a timing diagram depicting functionality of the embodiment shown
in FIG. 7.
FIG. 9 is a schematic diagram depicting a preferred embodiment of the present
invention.
FIG. 10 is a schematic diagram depicting a representative processor-based
20  system which may be utilized as a controller of the present invention.
FIG. 11 is a flowchart depicting the functionality of a preferred embodiment of
the present invention.
FIG. 12 is a flowchart depicting the functionality of a preferred embodiment of
the present invention during calibration.

25



DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT Reference will now be nade
in detail to the description of the invention as illustrated in the

drawi ngs with |ike mPEAEIED DESCRIPTION DK@ PRELSRRECOBUEBOOINERT Sever al
views. As nentioned briefly hereinbefore, it is known to incorporate

built-in 5 (digital foo: ' ERSVNE i . Clreuit.,
Ref erring now to FRGeraeg i ELARN bddilbinol slgﬂﬁfif{ @fféﬁﬁ?“{%’agﬁzn és
i ncorporating.such huilt-jn self- t circyitry will. e scribed in

gr eat gr det aiglll.?usﬁgteg I’fb&ﬁ 4‘?1"‘”!95@”‘&‘3‘ CEYT aj? EHYQ?FIP% 5}}"? Pi‘@*ptif%’gg 9l a core
110 which incorporates logic 112 and digital self-test circuitry 114. Core
110 el ect ri caP¥¥pral gievsmnmentiensd hriefly baginbeBrait is knpwn o infcorporasel buidt-in -

el ectrically communicate with devices external to the integrated circuit,
such as a pi e(igitd]) self testairenitdyeinto avintegrased cirdiAT Refekfifg nbwrto BX@nplae. So
configured, signals provided froman external device, e.g., ATE 118, may

be delivered teprdsbfta Bitckifled bidoud 100ARSHHSRLRN sRATiIMM &*Pf-te'gm}cugsﬁwﬁﬁd
116. 15 As is known, digital self-test circuitry 114 is configured-to

provi de funct'%@&Iﬁ,ﬁbm&?ﬁ%&&&ﬁ_ testing of logic circuitry contained
. I'nor 0

wWithin core 1 acconplish such testing, digital self-test

circuitry 114 typi cal in rates a, sti.nulus generator 120 and a
responseyanal yz)e/P %ﬁﬁg“y"f%%gep‘l‘?&f%ﬂﬁm’éfWﬂ}Pﬁ desipre dd@whidp i s

configured to _provide one or nore test patterns for testing |ogic 20
circuitry of meerpemtes logind 13 and digitabselpigstatrcnibryplldy iGred 11® elebteichlhyi ¢
circuitry are conprised of digital data, i.e., zeros and ones. In response

to the vard ousonpatnieataswithipad 116 gihichcis contigursd mrvlﬁitdéa@lgtcohiﬁ%i@rt@wiitﬂes a
response signal or signals to the response analyzer 122 which is able to

interpret theddvien eReaBRAhPLAYEARIRikES subE S {;rlﬁgés tt%m%t}ég}egg?@rpgﬁt ost

provi ded externally of the integrated circult.

gg pIC;/lr ﬁ;' E“r éi @gl]%ﬁilggtsfofr%&argf)lg.i rS%'cbnﬁé’tﬁ%ctl,i s?gr}]% s ;;[rg\%%i!ac{' ﬂor%fanter;c?ergﬁrd%vgg,
e.g., ATE 118, may be delivered to the core 110 via a transmission path which
includes pad 116.

15 As is known, digital self-test circuitry 114 is configured to provide functional-
based digital testing of logic circuitry contained within core 110. In order to
accomplish such testing, digital self-test circuitry 114 typically incorporates a
stimulus generator 120 and a response analyzer 122. More specifically, stimulus
generator 120 is configured to provide one or more test patterns for testing logic

20  circuitry of the core. The pattern or patterns provided to the logic circuitry are
comprised of digital data, i.e., zeros and ones. In response to the various patterns, the
logic circuitry under test then provides a response signal or signals to the response
analyzer 122 which is able to interpret the response and provide a test result signal,

which may be provided externally of the integrated circuit. Thus, the digital self-test

25 circuitry provides for digital, functional testing of the core by applying digital test



6 patterns to the logic circuitry of the core and has, heretofore,
substantially renoved the need for external test equipnent, i.e., ATE 118,

to provide stpinHrmstolthe BB GRBERK of tBE P08 hhd, Petcidtord, BitRenahRd réphdvedi t for
facilitating testing of the digital logic circuitry. 5 Uilizing the

digital self- [ j : i1t - ' al
char act er 1 st G2 Top® i SRRl el ectipherh, 22, ATBYIRL o B B8R0 an SBNELY
the present invention wll no e. descri.bed j.n reference to e.schematic
i agr am of |1 Eobores Remhe in il FpRter s itabity 1Sy 606 il oo
incorporates an integrated circuit 210 which includes a core 212. Core 212
i ncor por at es FEHIEY-214 and el ectrically 10 conmunicates with a pad 216,
which is configured to allow intercomunication of the |logic with devices,
such as ATE 218, fDtiliemgtied digitaseHrtestlcircwitry lod FiGt Bay apeaidt oféangparison, As

menti oned herei nbefore, a pad, such as pad 216, includes a physical or

contact site %&Qral‘bﬁérﬁé’teﬁﬁfc&@ﬁa pref@teddn@sddiment o feR Yedbiver 16t shSerdldt théts wel |
as pad circuifry 222, which cooperates with the contact site to enable

el ectri cal Coﬁ%ﬁhﬁé@&s&ﬁf 156 Be d ri%gmoﬁfé}&fbe% ﬁﬁ%ﬁ%%t&ﬁ?%ﬁ%rgﬁp&rﬁ&t S

external to t nown, pad clrcuitry nma or noreé of
a receiver, for receivin Lgnal s. provided to the pad, and a drjver, for
orovi di ng i ghafs GeRioEd FRFHIZ eedives 65 stem PUHBEppoTatss EdgRtePd iRl ¢ 210
i ncorporates receiver test circuitry 224 which electrically communicates,
ei t her di r ect?1P which inplydes glcpre 242 (qsedl 2 igormpasatepipgiteldrandsiecincaligt ai |
hereinafter, receiver test circuitry 224 is configured to provide sel ected

ATE f unctioconaddninjusiogtes itk aelag 2 160vliok issdonfigtied s aBow heeRenemmidayioh of
speci ali zed external automated test equipnent for testing integrated

circuits of VREigys witﬁqewcgé; kAdH ANETE b8 SbP a?né?@, RO 1 HRlinteglatdiough

receiver test circuitry 224°is depicted in F 2 as residing outside core

212 and outsigg.iihe nadiedé he\fa%é%&%, 9 f)eﬂf Such as pad 216, includes a physical or

contact site 220, which serves as an electrical contact for IC 210, as well as pad circuitry
222, which cooperates with the contact site to enable electrical communication between
15  components of the IC and components extemnal to the IC. As is known, pad circuitry
may include one or more of a receiver, for receiving signals provided to the pad, and a
driver, for providing signals to external devices.
Additionally, integrated circuit 210 incorporates receiver test circuitry 224
which e-lectrically communicates, either directly or indirectly, with pad 216. As
20  described in detail hereinafter, receiver test circuitry 224 is configured to provide
selected ATE functionality and, thereby, potentially reduces the necessity for
specialized external automated test equipment for testing integrated circuits of various
configurations. It should be noted that, although receiver test circuitry 224 is depicted
in FIG. 2 as residing outside core 212 and outside the pad 216, various other

25  arrangements of test circuitry 224 may be utilized, such as arranging the test circuitry



25 arrangenents of test circuitry 224 may be utilized, such as arranging
the test circuitry 7 within the core or within the pad, for instance.

Mor eover, t hewitififs theCdor€ ot \tzrtyinrms/ghe fordasthn@umestebeercthamasntiealivy walytbet he ATE

via a pad other than the pad to be tested, i.e., a pad other than pad 216.
As mentioned REkeiBRS Qfmufitie Wi GRIADE Ba8\adSthek BfanadhE bid % dedediES! @
wide 5 variety of integrated circuits. Otentinmes, however, the full

testing capahility .of a Y TE is usually not required to test a
specific typé-emaﬁéﬂt"é‘?ﬁéktag addRyi ¢ Additional ly, the nunber of pads of
an integrated circuit may exceed the nunber of test chanpels of a given
ATE, thereby necedbsmgptiGngd hawinbstoresAHR typteallyinravides thFﬁEW@é@e‘BStrﬂN‘r%ér of
tester channels or necessitating the use of less than optinmal to testing
procedur es, eagety dfestegnatpdfoaweits. t Bientahds, bdweves thafis] eftimgcapabibyr aftaed
circuit simultaneously, for instance. By providing receiver test circuitry

"on-chip, " thevéneSTE Musvhlly AbEgdteidoist & Updostic ﬁu@hirﬂégrhteﬁeﬁélﬂted circuit
210, may be inplenmented utilizing conventional E, whereby test

capability n d&iﬂ'&iaﬂ?l ¥ nREBY &ﬁgdp)‘f & d?é’c?&'i'ci,ugtgfgéy fégcgem REnbEP of

provi ded by the receiver test circurtry. So provi e recelver test

Goes ot pr ovrtgrengps et avengy T Wegby pihltng AR el ARG a) gus

capabilities that a given ATE does provide._ Thus the testing system 200
of the preseMCIPasodaumber Qfdsstffréhmeﬁ)%@r@eé?ssitwr@rthe usroldessdhan Qpiihalest | ng of
integrated circuits that draws fromat |east sone of the inherent strengths
of 20 conventéstinglprokedyres.eg. , testeghfewelr thas 4 of thieipads pf mvinthigrgedirent i al | y

i nproved testing performance. By utilizing the receiver test circuitry of
the present isieRineOusly,fesigh®. pPin  count of an integrated circuit is not

necessarily limted by the ATE, such as by the
By providing receiver test circuitry “on-chip,” the testing of integrated circuits,
such as integrated circuit 210, may be implemented utilizing conventional ATE,
whereby test capability not typically provided by the conventional ATE may be
15  provided by the receiver test circuitry. So provided, the receiver test circuitry has the
ability to provide testing capability that a given ATE does not provide, or is not able
to provide, while utilizing various capabilities that a given ATE does provide. Thus,
the testing system 200 of the present invention may facilitate efficient and effective
testing of integrated circuits that draws from at least some of the inherent strengths of
20 conventional ATE, e.g., reduced costs, while providing potentially improved testing
performance.
By utilizing the receiver test circuifry of the present invention, testable pin
count of an integrated circuit is not necessarily limited by the ATE, such as by the

tester channel configuration of a given ATE. For instance, the ATE may provide

25  signals, such as scan test signals and resets, for example, to some pads of an integrated



tester channel configuration of a given ATE. For instance, the ATE may

provi de 25 signals, such as scan test signals and resets, for exanple, to
some pads of aircihintedzt adsgavhil leavimgibtherpade to besbted biyitherekeiaen tag circhiery. pads
to be tested by the receiver test circuitry. Additionally, utilization of

the receiver tegfiidnhlly Wil dPéase téceﬂexst%stmn%uftpy thisds ﬁ&fsmbue%%&rta{eed
circuits at frequencies greater than the test frequency limt of the ATE.

?Z . ”ﬁg“ g“teldrrer&%% géeé §p§1§1 &}‘Qﬁuﬁ{) f%eg?éatér’h*({aeltﬂﬁk%h r@@enc%%ﬁtsofrtfg@%grﬁer

integrated circuits and, enbodi pents, facilitates such
testlgng at | east ﬁﬁ%’éﬂone@\}’%ﬁ"’; géﬁRstenBH‘VC’&q‘ﬁ ac REFAVE setadp
utilized herein, the term"receiver set-up tine" refers to the tine
interval dari figedBi.gharionhald simed(Thay) fesdng ofpadapf thtepsited eirenitsapduine cl ock
edge for the data to be correctly captured, and the term"receiver hold
tinme" refers bpeeféral dnbuirhénts, heilitadds sdeli iesdngVat Rhstdapart,twith thelusy offtigi- be
valid after a capture clock edge for the data to be correctly captured.

More speci ficglj gy cothPénctlal Ad RillZe8 heR(H, ﬂfettlebfn GFHEEHE t-u% l?i‘ﬁqe”‘il@fe thyipd cal I'y

must be valid f setup prior to a rising edge of typlcally

must remain a Iue fo ver

changes Tess. FRRereLpitfaPhis Mty B Pe valit bs@r% ﬁgape?r&c'ﬁocl&eﬁge for
previ ous dat a val ue may be captured 15 instead of the desired data val ue.
Addi ti onal |y, therdaiafe by spreethataghycd. e8¢ ﬂ%ehtﬁ’ﬁn Trescierdrald fimef pefersite thefimeige of
the cl ock, a new data value nmay be captured instead of the desired data
val ue. A gcrapin'tcraal dieipg othiicndasé typseadly pnushtie Talod aftdr e cpptesecioadedge 61 e 3,
wherein representative data signals 302 and 304 are shown transitioning

bet ween | ogi cdat@to Bé\brredfly eaigtufed More Apddifacillysfodidata 886 carslyl capaiedd, efecd,
with TSeiup and Tho,d being shown in relation to the clock and data

signals. It SBQH@ %gl%/@ﬂs?ge Lhad foF = ddr%o mmgc%g cloEk a.tnp u%iﬁcauy

T, being where t a has transiti from g|c va

valid must remain at that value for T, afterwards. If, however, the data changes less than

Tsewp Prior to the rising edge of the clock, the previous data value may be captured
15  instead of the desired data value. Additionally, if the data changes less than T, after
the rising edge of the clock, a new data value may be captured instead of the desired
data value.
A graphical depiction of T, and T, is presented in FIG. 3, wherein
representative data signals 302 and 304 are shown transitioning between logic “0” and
20 logic “1.” A clock signal 306 also is depicted, with T, and T, being shown in

relation to the clock and data signals. It should be noted that T, is measured from

setup
T, to T, i.e., T, being where the data has transitioned from a first logic value to a valid
second logic value, and T, being where the clock edge is rising. T, is measured from

T, to T;, i.e.,, Ty being where the data has transitioned from the second logic value to a

25  valid third logic value.



second | ogic value, and T2 being where the clock edge is rising. Tho,d is
measured from T2 to T3, i.e., T3 being where the data has transitioned
fromthe second | oTheflyathiet $8FIG. 4 2howathedutidtiondlilye@d @peatioe of 8 pldiared
flowchart of FIG 4 shows the functionality and operation of a preferred

| npl enent at i Oﬁn\}géméﬂ%i(ﬁf S50 brels U $ifenBlbn. M‘th}is"ijte arﬁ%g%ctibﬂ;?n&t@@%ih‘éns

noted in the rious ocks may occur out o e order depicted in FIG

For exanple, two ocks shawn i cession in.F Voo lnof , occur
substanti al | yv%iﬁjﬁlég}‘orcgﬁmay% P ogprlt%gc? ergg?%éf?ﬁ%k&gfl ﬁ&tﬁgmplee\’/ggése or der .
As shown in FIG,K 4, the enbodi nent &r met ho degi cted may, be construed as
begi nni ng at PPHEISPITD INERCESSI 1iFAD- § aved Rl OCokT SURiFNEHY conmvEieatly Pe
established. Mdre specifically, XTSetup and XTho,d correspond to variable
time peri dds icomgmpibodigents,dn theakvarse erdpdAs gosinvisrFIGn dethe embodinimeé ot | ne
periods of XTsetup and XTho,d are utilized by the present invention for

det ermi ni ng l@emol dapicttdenaifbeadddsthiiud, 28 befinhiig ap Blbck A0L vitREe Rftixleskies Red
herei nafter. Proceeding to block 404, the receiver is provided with an

i nput data sigmal Al " a O Or | Qg & T L. i me
period of XT s%?ﬁ’ﬁ’ agg%ﬁr“' %Qg%%blﬁgg%tll\drﬁ?%% ?lcl) 'g 'Eéi“"pg&rllg{g T ﬁjoe%) ngft{)er
firing of a capt .clock.. After.determnin n_out put .dat tgnal of the
Fecel ver ( DATRBISHIE 65 PELis don g uiee Brpa 109 padoeeBMaa et Thele ot 1 on
may be nmade as to whether DATAQUT is_equal .to DATA,,, (block 408). For
exanpl e, if Drerieds of XTg.4 axdikTmqare ufiliged byt the paespefninyentiondar determynifget her
DATAQUT is a logic "1". If it is determned that DATArN is not equal to

DATAQUT, 1ohe achuaddqgsandiely, jof tioeeed receivdras desttibed heremaftdTSeh, p nay be set to
a different value than that previously established. Thereafter, the

process may ret ur npoBeddikiCis Hdtk 4Ackhe RedRivae eOstoRiled Q8GN dnligputRtLliplef or e
unti'l DATA.,, equals DATAQUT. So provided, the aforenentioned nethod steps
404 - 410 mayherXi £ued 135.i6shall d RBIY, 1 RF a%%é‘k?ério-ﬁ%?t)&'ﬂemp prior to and

continuing through a period XT,,,, after firing of a capture clock. After determining

an output data signal of the receiver (DATAqy;) corresponding to DATA, (block.

15  406), a determination may be made as to whether DATAy; is equal to DATA (block

408). For example, if DATA, is a logic “1,” a determination is made as to whether

DATAy; 1s a logic “17. If it is determined that DATA is not equal to DATAqyr, the

process may proceed to block 410, where XT,,,, may be set to a different value than
that previously established. Thereafter, the process may return to block 404 and

20 proceed as described hereinbefore until DATA, equals DATA ;. So provided, the

aforementioned method steps 404 — 410 may be viewed as establishing the actual T,

etup

of the receiver under test. In particular, XTyq gty 1S been held constant while

adjusting XT,,,, until DATAy, equals DATAyy, thus T, corresponds to the value of

setup

XT,

setup

resulting in DATA,, = DATAqyr-

10



of the receiver under test. In particular, XTho,d prefenmhly has been held
constant while adjusting XTsetup until DATAI, equals DATAQUT, thus Tse, up

corresponds to theryadfyRnhtione®@BRtiSESUKT] NGstuindATAN mith A Torl0 The

setu]

af orementioned utilization of XT5elUp assun®s that the initial value for

XTsetup resul{s i if}%sl%lgpﬁgép}éf@g&hﬁsﬁ‘Egl?aqngcsbé%ﬂ o 119huia bt 308N Re

noted that an i il that results in a
DATAIN that is.equal to_ [PATAOUT. In these enbadi , ho,d nmay be held
const ant ahi | BT R ers BT e et AR TATNR A0S ot DaO AT AR ACLT
Thus, TSetup would correspond to the value of XTSehlp resulting in DATA N
# DATAoUT. AdapdPemallnyheseembrdiments) X Trateay hertpld constans while adibefeiemhss,
Tho,d nay be determned prior to determ ning Tsetup Referring back to FIG

4, once it i sumtid DATAQeded iateqRADATAL . dhus|T,) owolldéaelpontihe therabesst may
proceed to block 412, where XTSehlp nmay be reset to the 10 previously

Val o than t Harpr S e AL e PAT G o CUROfIEH SO B pbpqRnd o o o1

val ue than that*Preévi odsly est3a e rocee

receiver is rovi ded.w t h DATA, ,. for a.tipne.peri.od of. etup prior to and
conti nui ng t FPBEATERTIRENT. duski, be qptermingd REiGETA SISFPIRE Bapt ur 6 cl ock. A
determnation then is made as to whether DATAQOUT is _equal to DATA N

(bl ocks 418 and 4XRpferring bagk fosFlge thepnfieribig deteamined AP NAivds el qual to
DATAQUT, the process may proceed back to bl ock 414, where XTho,d nay be
set to a di f lRATALY teypzodekamap peoceadi®l blodst B wibsteeXT,, [ meayetaf eeat fo tHee
process may return to block 416 and proceed as descri bed herei nbefore until

DATA,  eqyal $rbAdNIEstabi3hed Ritidl9dlue! Re bRICRUIAERT] OBRY LEBENBQ dffeRat 414 -
420 may be viewed ‘as establishing the actual Thol"d of the receiver under

Lot P i AR S Bkl BERBRUPIE poaeb el L o
the value of pgxt}gééj wgtﬁ ?J%’I"A,r,: g%’ori antir[gé-géi(')\(li of XTewp Prior to and continuing through a
period XT,, after firing of the capture clock. A determination then is made as to
whether DATA oy is equal to DATA, (blocks 418 and 420). If it is determined that
15 DATA is not equal to DATAyy, the process may proceed back to block 414, where
X T, may be set to a different value than previously established. Thereafter, the
process may return to block 416 and proceed as described hereinbefore until DATA,,
equals DATA ;- So provided, the aforementioned method steps 414 — 420 may be
viewed as establishing the actual T, of the receiver under test. In particular, XT,,,
20  preferably has been held constant while adjusting XT,,4 until DATA,, equals
DATAgyy thus T, corresponds to the value of XT, , resulting in DATA, =
DATAgy;-
The aforementioned utilization of XT,,, assumes that the initial value for

XT, ., results in a DATA,, that is not equal to DATA ;. It should be noted that an

25  Initial value for XT, 4 may be utilized that results in a DATA, that is equal to

11



DATAoOUT. The aforenentioned utilization of XTho,d assunmes that the initial
value for XThoid results in a DATAIN that is not equal to DATAQUT. It

shoul d be not @Amﬁ; BthedDerhBidiindhts VAT UE i 104d XTriPand WIRY aBfis r%krr,zog%hhat
results in a DATA Nthat is equal to Zi~ 7 DATAoUT. In these enbodfl

XTSelUP 1o nebshrenabanionthidi adhuot nigo M., Sropid bo (RATRCN doeS, no!

equal DATAQUT correspBtds td t'te val‘ue o regul ting
in DATA,, # DATAoUT Reference will now be nade to FIG 5A, which depicts a
preferred 5 efSBlngdno¥AnkPplésent invention. As shown in FIG 5A a pad
500 of an integrated circuit includes both a contact site, e.g., contact
site 502, and pad ®eferericemill nawsreonadestd RIGt hAL whicbalepatsta mefeerede. 9., pad
circuitry 504. Grcuitry 504 includes a driver 506 that electrically

communi cates enbbdiireat 60the prkserttiiheention., Asybdwign PIG.1528d pa8680 oPaaver 506 is
configured to receive a data signal 510 fromthe I1C core and a 1o driver

enabl e si gnal Jfét Oatfa& Qﬁ%ﬁxpﬁlcfugesc@c;tﬁ a chhialfdite Qg hg+xﬁ90t site 802 Cagﬂj"! éﬁg lelr¥uitry

i nt erconnect e a recel ver with an op’[ | resi stor el ng

f h
e via I ead suRocueh bR GRS aRE ¢ oA B ey U5 S | Sad

520, to the I1C core of the .integrated circuit. 15 FIG 5A al so depicts a
preferred enb@dVsHeRp et ek@E@ﬁU}épomwpweteﬁ wthtthsf cogectsite SPhsugh askntead

invention. More specifically, receiver test circuitry 530 is configured to
communi cat e W@t Pheerdhlbugcorifigurrd, to deqpivet adhtdyigaal iSA W ffed2 thedGccons &id 4 he
receiver output, depicted by arrow 534. Receiver test ci rcuitry 530 i's

confi gur egh t odfiveR\¢haldde bighal 5S12EERE MRITONGrE) PHversU6talshiik lestrRany , , a
logic "0" or alogic "1," for a time period of
interconnected to a receiver 514 with an optional resistor 516 being coupled
therebetween. Receiver 514 is configured to receive an input, such as via lead 518,
and is configured to provide an output, such as via lead 520, to the IC core of the
integrated circuit.

15 FIG. 5A also depicts a preferred embodiment of receiver test circuitry 530 of
the present invention. More specifically, receiver test circuitry 530 is configured to
communicate with the driver input, depicted by arrow 532, and with the receiver
output, depicted by arrow 534. Receiver test circuitry 530 is configured to provide the
receiver with an input data si.gnal, i.e., alogic “0” or a logic “1,” for a time period of

20 XT,y, + XT,q as described herginbefore. Additionally, receiver test circuitry 530 is
conﬁgureci to determine or capture an output data signal of the receiver corresponding
to the input data signal.

Referring now to FIG. 5B, a preferred embodiment of receiver test circuitry

530 will be described in greater detail. As depicted in FIG. 5B, a preferred

25  embodiment of receiver test circuitry 530 includes a launch flip-flop 540 and a capture

12



20 XTe,,P + XTho,d as descri bed hereinbefore. Additionally, receiver test
circuitry 530 is configured to determ ne or capture an output data signal

of the recei v@p 35u8S PRI Gip-fidp 406is hBPHEd Bat&iw ORdhch E6éies; g{m@l f@o;vet 0

FIG 5B, a preferred enmbodi nent of receiver test circuitry 530 w

descri bed in _greater t.all |, C: ¥yl : . ferr.
enbodi nent of* gcri’el(r:‘ éigs\?ggseettgéltetocﬁog gﬁ%‘&‘@%‘% dnag Sl‘?%%ag I?%ml%éﬁé]{tr??fl fl?%-sﬁgbp 540
and a capture, 12 flip-flop 542. launc i p-flop 540 is apted to receive
2 | aunch: cl odier sxgnRlp, 4R b ,Ofifhp'lﬁ@Bgéhé%PrPH’élFEfcb‘,nVﬁ??f\ﬂ%gep@ﬁs’ith?/er ted

data signal to the input of driver 506. For exanple, the Q output of
flip-flop 540ising qolgevf thedaunshictpelsignel Guses amansitionton the souiputed gee lotnahhe

| aunch cl ock signal causes a transition on the Q output of the launch 5
flip-flops Cdppop. flip-flop 542 electrically communicates with the output
of receiver 514. Capture flip-flop 542 is adapted to receive a capture

clock signal 548 angrut Rip-f169 PPSRoHREMPLAnmEARALE BihiiFe QPRI rERIA ST gnal

of the receiver 5147 Firing of the launch and capture c s may be

cppr opri at e 9401 Cpufe ARcRce S PR BBt Sl El R el S S B

di fferences between the cl ocks are known and/qr are_control| able. Operation
of the enbodiésBARsedBFIEtos eaPtusg thy eutpuiplaly signal givthsaecsiiss Pil hefiring ofths ation to
the timng diagramof FIG 6, which depicts representative data signals 602
and 604, | autmimck kot &apsirgckick$0@y bardnitelfpdiyanchtsoial Simgmggers@Bor, &8 shown in
FIG 6, 15 the first rising edge 610 of the | aunch clock causes a

transitiof Okxfehfal th3fefor dther spRIpHate ddvisels) (h@ilepiRtediif BUG. $B)Y providedithg edge
612 of the capture clock is provided. By analyzing the tine difference

between the i NereRAGR HiMMERMME LBG dré liGy? 9200l e chifbliabf) ation to the
e é u

data signal), TSetup may eterm ne bsequently, second rising
Operation of the embodiment depicted in FIG. 5B will now be described in

relation to the timing diagram of FIG. 6, which depicts representative data signals 602
and 604, launch clock signal 606, and capture clock signal 608. As shown in FIG. 6,

15  the first rising edge 610 of the launch clock causes a transition of the data. The
capture clock then is fired, e.g., rising edge 612 of the capture clock is provided. By
analyzing the time difference between the rising edge 610 and the rising edge 612 (in
relation to the data signal), Ts;mp may be determined. Subsequently, second rising
edge 614 of the launch clock causes another transition of the data. Thereafter, the

20  time difference between the rising edge 612 and the rising edge 614 may be utilized to
determine T,y. It should be noted that the clock-to-q delay (T¢) of the launch flip-

flop should be taken into consideration when determining actual T, and T,

etup
Reference will now be made to FIG. 7, which depicts an alternative

embodiment of the present invention. As depicted in FIG. 7, a pad 700 of an

25  integrated circuit includes contact site 702 and pad circuitry 704. Circuitry 704

13



edge 614 of the launch clock causes another transition of the data.
Thereafter, the 20 tinme difference between the rising edge 612 and the
ri sing edge 6idiudeya Bevert/iObitha dlecticatly cemmiunea®soyith the tcostacisitd 702, suoh edl
that the clock-to-gq delay (TcQ of the launch flip- flop should be taken

i nto consi der gy jead 708.eDristet FOGTs Bbifpuaed toatecelned Uia aipdail Nl FoReher®pse Wil |
now be made to FIG 7, which depicts an alternative enbodi nent of the

present i ”Ve”%}{cpe{‘driv“e? eHgHE 91%12&17732 fﬁnﬁheﬁg c%ré?aﬁri@@(%afo”i&e?e%tdcgh grat ed

circuit includes contact si and pad circuitry rcurtry 704 13

i ncludes a driver 706 at _electrically conmuni cates_.wth the contact site
702, such as mfﬁfc‘?né‘g?fe(%g%a. r%?’i"%ﬂ“?%thiago Sﬂf‘{idﬁsfl%tar?ﬁél?eé’&%FW? dat a
signal 710 fromthe IC core and a drjver enable signal 712 fromthe IC
core. DriVer thowbawesn. Reeqivasi/lf snganfigufedtta recsivigaatiapnty vich ap siadpak 18714,
with an optional resistor 716 being coupled 5 therebetween. Receiver 714 is
confi gur ed t oandds eonfeguaed forprovide smotitpas sweheasleatbad T80, toaimdlG sore ofifdegur ed to
provi de an output, such as via lead 720, to the 1C core of the integrated
circuit. Recejnyegfaté@gicuq;ﬂ_ rcuitry 730 is configured to conmunicate with the
driver input, epicted by arrow 732, and with the receiver output,

depi cted by arrow : LV ek I | J a_].aunch
flip-flop 740 and %@béég/g ur ‘Z&ﬁ?’?tﬁf ?%bo%ec%ggﬁ%guwn%{ﬁ?ﬁﬁggﬂf {&gt)hutgggn?%ﬂ %ﬁ%}pt ed
to receive a ¢lock, signal .744 gnd,, .Ln response ther.et provi de n .
i nverted dat a9@igeLPY %Bovg ﬁéz’iaﬁ dvithy ea?ﬁ'ev& oyipy! FE)‘Ftea;’é’é(r?'HIO@’, &%(ﬁ‘@eﬁ(ﬁf put
of flip- flop 740 is provided to inverter 746. Thus, the risi %gz edge of the
| aunch clidck tstgirarirycdQdedudestalawnshiflipdlopy40rad @ ceptupriilipefion . | Taumch
flip-flop. 15 Capture flip-flop 742 electrically comunicates with the
out put of reciipvtop 740%i4 addptef terradeive a claglt sipeal f74# pand | iapespdRse thersty pidwide edge
triggered, so that a falling edge of the clock enables the capture
f1ip-flop 74%ntiavé&adtdatLsi bl ke Rifiut datAve 7082FoP ExdnfiSle, the Q output of flip-

flop 740 is provided to inverter 746. Thus, the rising edge of the launch clock signal

causes a transition on the Q output of the launch flip-flop.

15 Capture flip-flop 742 electrically communicates with the output of receiver

714. Preferably, capture flip-flop 742 is negative-edge tﬁggered, so that a falling edge

of the clock enables the capture flip-flop 742 to capture the output data signal of the

receiver 714.

Operation of the embodiment depicted in FIG. 7 will now be described in
20 relation to the timing diagram of FIG. 8, which depicts representative data signals 802

and 804, and launch clock signal 806. As shown in FIG. 8, the first rising edge 810 of

the launch clock causes a transition of the data. 'Thefeafter, the falling edge 812 of the

launch clock enables the data to be captured. By analyzing the time difference

between the rising edge 810 and the falling edge 812 (in relation to the data signal),

25 T, may be determined. Subsequently, second rising edge 814 of the launch clock

14



receiver 714. Operation of the enbodi nent depicted in FIG 7 wll now be
described in 20 relation to the timng diagramof FIG 8, which depicts

represent at i veauwdet anogliegrahsti@0ar thaddta8 Thereafiet, theuingddicieatlke betgrah t1306. As
shown in FIG 8, the first rising edge 810 of the launch clock causes a

transition of filg aﬁg&@.lth@tmisﬁ;ﬁgedg%@%hﬁlylHelrtaili_%&gﬁ; flmfife the %tlsﬁb’ﬂﬁh

cl ock enables the data to be captured. By analyzing the tinme 8ffference

bet ween the rijsj I 1 in relation to the
data signal), bé}é@g%'gg??lg%ﬁgﬁggl %e@%?)ndeﬁgge %gg%etzlﬁg%éﬂ {;{ouge%eotﬁgenr‘ingq ng
edge 814 of the Iq%un.ch Cll ock 14.cause ,Ianot transition of the data.
Thereafter, tHESt FFé*OBiV‘f?BFSWE&l%%%@@i teire®2%f bt | ng edge 812 and t he
rising edge 814 may be utilized to determne T,,0d. It should be noted
that the c ock-t o-RefgemgnowiodilGof, varous asneets of Higprésdenpinyhutidng insdndiag en
into consideration when determ ning actual TSt,.p and Thold 5 Referring

now to FI G Oreceiser test sirasifrg dinplenfentation pné salftirationveillicwbe Herelibel #ireater
receiver test circuitry inplenentation and calibration will now be

described in @taRt 8% shokat RIFIG. _é\,saﬁ@fé\ﬂ&dieﬂbeh&enQ90%%@@?&5&%%}1@&1‘ ment

900 of the present invention incorporates an integrated circuit 0 which

i ncl udes mul ti : ryt & G UL i ht.egrated .circui,t 910 jngl udes
pads | thr Ouglh@%‘ﬁ?rgﬁeg,%nélitﬁgf@%%:?r%@&g?0 §’Effﬂdﬂ§u§e§énqlgp{6é’§6%cﬁﬁ RAZHGHAT, Ag
depicted in FIG 7,.the, integrated ¢ircuit alsq incorporates various

recei ver testMERRALH ‘EIEC,‘“@% %%‘ie?@é s }.Lﬁ’(@lﬁh)G (Otds142910 39, 92fand 922 950) ,
Test 4 (960), Test 5 (970) and Test 6 (980). The various receiver test

ci rcuits 18 edesneetaraly). AsodapintedintiIGui the iftegrated esputalsy mcpepdsatesvaaionar i ety
of configurations. For instance, <circuitry 930 comrunicates directly with
pad 912 via trecatearitess tiocuisasueh 98 TedtiIn930)] Fegnabaoy, Testizpbeygesat jogp), path

932 may be two unidirectional paths); circuitry 940 conminicates wth each
of pads 914 argh HlHoPndiTédt6758E. THRNEbETeMIvR U TANR Mitically
communicate with their respective pads in a variety of configurations. For instance,
circuitry 930 communicates directly with pad 912 via transmission path 932 (ina
15 preferred implementation, path 932 may be two unidirectional paths); circuitry 940
communicates with each of pads 914 and 916 by utilizing transmission paths 942 and
944 respectively; circuitry 950 and circuitry 960 each electrically communicate with
pad 918 via transmission paths 952 and 962 respectively; circuitry 970 communicates
with pads 920 and 922 via transmission path 972 and 974 respectively; and circuitry
20 980 also communicates with pads 920 and 922, albeit, via transmission path 982 and
984 respectively. Thus, an integrated circuit may incorporate various pad types as
well as various configurations of intercommunication between the various pads and
various receiver test circuits.

As an illustrative example, and not for the purpose of limitation, an integrated

25  circuit may be configured to utilize one receiver test circuit to test multiple pads, e.g.,

15



944 respectively; circuitry 950 and circuitry 960 each electrically

comuni cate with pad 918 via transm ssion paths 952 and 962 respectively;
circuitry 97QuFRMEBHGadeBr tedt tifcRe@Sed 201BME pAdLofMile thp@NSHEhsSi on path 972
and 974 respectively; and circuitry 20 980 al So comuni cates with pads 920
and 922, 2! belhigiefiol IHOSIANL0NBRNR % B0, o BOSad S3RERRY ¥Shitcp TS, an
i nt egrat ed ci Teurt may i ncor porate various pad types as well’ as various
configurati orLs of ig&)er_[co ni cati on between the various pads and various
recei ver testP leGAPE Te8Z-an i1l ustrative exanpl e, and not for the purpose
of limtation, an integrated 25 circuit may be configured to utilize one
recei ver test cirdhdhoms indde. PATE 508 elpatitrally cgmmuniostegowith thp fr§t eifalitry
receiver test circuit to test multiple pads of like type. Such a

confi gur ati ornfiisegraedesenit 040 bg hdlirhpaalatiytyi of tfah&aisSioh paffambnfigavadoiRad 3,
which are both tested by Test 2. As shown in FIG 9, ATE 902 electrically
conmmuni cat es pyrkRarhpi8, diRBitrFITCetinimunicate®vith ThEATENEE trindntisibn SkA 9B,
utilizing a variety of transm ssion path configurations. For exanple,

circuitry 93 I i : I .S o pad 912
and transm s%agﬁqggﬁ%&%gﬁs%*% E"ﬁtlh? %%&&J&@ %%hgrgp%lzbt%@ﬁﬁ%egiﬁé’%i a
transm ssi on path, 942, d_ 914 d transm.ssion p 994 cjrcuitry 950
comuni cat es YANERISEIRA PATP4Z; Bad Sﬁ‘h@rﬁ{ ‘§%‘156’tﬂssﬁ%§’tﬂ?ﬂ§§% sty 8 0and

transm ssion path 10 997; circuitry 960 comunicates with the ATE via

t ransm ssi on commiund@ees witlithe YETE siiadransaumsitngatho®S aadt 999 and wansoussianypagly
comuni cates with the ATE via transm ssion path 974, pad 922 and

transm sspon 993f ¢irA%By 960cbnemnigicates Withdhe ATEHA tréfdngiSsivh pith 96D padPESVI a
transm ssion path 982, pad 922 and transm ssion path 998. Additionally,

various funct,@pahihisioR aﬁa@gsnamu%g%bm eaﬂﬁl?ﬁﬂcaég’%(tﬂ@gw AE tahdhnidgba! |

hereinafter). 15 As descfi bed herei nbefore, e present iInvention iIs

adapted to f %%{hl §7t4?£)ae"d 922 and transmission path 998; and circuitry 980 communicates with

the ATE via transmission path 982, pad 922 and transmission path 998. Additionally,
various functionality may be enabled by control 1000 (described in detail hereinafter).
15 As described hereinbefore, the present invention is adapted to facilitate
automated test equipment functionality for testing integrated circuits. In this regard,
some embodiments of the present invention may be construed as providing receiver
test systems for testing integrated circuits. More specifically, some embodiments of
the receiver test system may include one or more receiver test circuits in combination
20  with ATE, e.g., ATE 900 of FIG. 9, and a suitable control system, which may be
implemented by control 1000 of FIG. 9, for example. The control system may be
implemented in hardware, software, firmware, or a combination thereof. Ina
preferred embodiment, however, the control system is implemented as a software
package, which can be adaptable to run on different platforms and operating systems

25  as shall be described further herein. In particular, a preferred embodiment of the
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automat ed test equipnment functionality for testing integrated circuits. In
this regard, sone enbodinments of the present invention may be construed as
provi di ng recebmedl syst@] whith cemBrifedrantoeddred Ustindt cf@kaduesbl€ infstudtions fdr e
specifically, sonme enbodi nents of the receiver test system may include one
or nore recei - £1 ' kN .C ' ' O ALY 00 of
FIG 9, and ayrgglleﬁngﬁﬁq%é:{%%tmr %iﬁdécg/hss t %ﬁm%ﬂc@%&@ aﬁ%k&in ﬁrﬁ%ﬁl?oelg “@iﬁlgg nt r ol
1000 of FIG f or exanple. .The .control system b i mpl enented i.n

nar dwar e, - sof LG PY P PHRIREcog T B RTHEReR Sovap agnem) FPaTasy o vty
enbodi nent, however, the control systemis inplenmented as a_software
package, whi cBUIAS ASOTHYEGSLARAASYEISTy DIPCETFOHFITFARMSSYHER PLPHET SETHWaY at i ng
systens 25 as shall be described further herein. In particular, a preferred
enbodi ment 5 of carhfetchltbe tstructiins ipst thminsiictdn ewmeptiomsestean appatetuecridesiceng of
executabl e instructions for inplenenting |ogical functions, can be

enbodi ed i n agyd equmdiies meeedidhl. elnme cortextfodithiv 96cuier®fa tddnpRtReeddaBR W t h
an instruction execution system apparatus, or device, such as a

conput er - base , T i t : mthat 5
can et ch 1 ho IOEY o bRy FRael o g Ao plan s ol B, BRpa S of

apparatus, or _device, and execute the instructi.ons..In the context of this
docunent . a » EGTHAT R PIOBHIHIOE ISP IRCORRTFIRR Wi B TECHILEX M ont ai .

store, conmmuni cate, propagate or transport the programfor use by or in
connecti on wi $¥stathe@ppastus artdesiseexecuti on system apparatus, or device. 10
The conputer readable nmediumcan be, for exanple, but is not limted to, an
el ectroniny magnet The capputeradeadableemediommag e} for exanyfle dyue i natdimited to, an

sem - conduct or system apparatus, device, or propagation nedium More

speci fic exanpk&tori@ nipede bpHed]] eléttrolihggnetiof infBRACHMRH RbndhrastaRtemedi um
woul d include the follow ng: an electrical connection (electronic) having

one or nore V‘Qﬂp%?atus"f‘dg\%é, %P b%pggmﬂtn%diﬂhs If\%r'é%peciﬁc examples (a non-exhaustive

list) of the computer-readable medium would include the following: an electrical
connection (electronic) having one or more wires, a portable computer diskette
15  (magnetic), a random access memory (RAM) (magnetic), a read-only memory (ROM)
(magnetic), an erasable, programmable, read-only memory (EPROM or Flash
memory) (magnetic), an optical fiber (optical), and a portable compact disk read-only
memory (CDROM) (optical). Note that the computer-readable medium could even be
paper or another suitable medium upon which the program is printed, as the program
20  can be electronically captured, via for instance, optical scg\nning of the paper or other
medium, then compiled, interpreted, or otherwise processéd in a suitable manner, if
necessary, and then stored in a computer memory.
FIG. 10 illustrates a typical computer or processor-based system which may
facilitate functionality of the control system 1010 (described in detail hereinafter) of

25  the present invention, and thereby may be employed as a controller, e.g., controller
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15 (magnetic), a random access nmenory (RAM (magnetic), a read-only nenory
(ROM (magnetic), an erasable, programmable, read-only nmenory (EPROM or

Fllash  nmenor y)oosonsr@let 9.C As skew® Bt FIERI10f ihe@bmpaRt keidnh geadtdllpchapiiblae
conpact disk read-only nenory (CDROM (optical). Note that the

conput er - r eaﬂ%r%e%s&@ﬂhﬁ%&%l%&ncgg%1E"%/iwgﬁxgﬁ:gra‘?i%ﬁ]%%tfsﬁ%IE.Ui f@einegedi um

upon which t programis print as t gra can be elecfronically
captured, via for _ipstance, optical. scanning. .of the or ot her nmedium
t hen conpi | ed™*PAPe #é’f‘@’d,eﬁ&@f‘ﬁ’é‘? ge Bpggg%ﬁﬁgnqnﬁgﬁ%&ff‘?‘&myee HRfer |, i f
necessary, and then stored in a conputer nmenory. FIG 10 illustrates a

typi cal conpuiueh a»FangPHASSEss MK @ L3608 WBMETY . nBie Prpersser kdgaccepts
functionality of the control system 1010 (described in detail hereinafter)
of 25 the priastertionnmehdatofromanembheldéyoveny Idsal mpfaoy ¢l such asont rol | er,
e.g., controller 17 1000 of FIG 9. As shown in FIG 10, the conputer

system gener asgesy OTRY 4y Aso RIcRFIRS 89 InphiPdedicns) 1D20RABGY odfplifdWiddis)an
operating system1016. Herein, the nendory 1014 ‘may be any cConbi nation of

vol atil e and v%aE' : CES: ry or
read only rrerr@ré;z'. eb%rggce séyeﬁée%gﬁﬁé@gﬁfig’q%?lans oﬁzi?g%glﬁg’%a%glah%rom
menory 1014 over a logal ,interface . 1018, such, as us(es),. .The system
50 ) nol udes R ot oTResy RSP Sroe ko Eadup UL peyiceTen

Exanpl es of input devices may include, but are not limted to, a serial
port, a scarinelude,dut areingt imitad ¢ 95vidret disnliy, edimiversaldieriaERusner eprivsterout put
devices may include, but are not [imted to, a video display, a Universal

Serial Bus, qiora (Gererdllyt thiosypten magemesm ofia midibed of iffeeent phatforme aady of a
nunber of different platfornms and operating systens, including, but not

limted to, W%e%%sx&érﬂb‘,’iﬁ%dikﬂ@j But Mot Rifted R0 EPLUKTM D) dopemiELY

operating systems. The control System 1010 of the present ‘i nvention, the

functions of g ehgDahabss 4395 bhBSHn DS RRR R contSPLARS 1810 of the

present invention, the functions of which shall be described hereinafter, resides in

memory 1014 and is executed by the processor 1012,

15 The flowchart of FIG. 11 shows the functionality and operation of a preferred
implementation of the control system 1010 depicted in FIG. 10. In this regard, each
block of the flowchart represents a module segment or portion of code which
comprises one or more executable instructions for implementing the specified logical
function or functions. It should also be noted that in some alternative

20  implementations the functions noted in the various blocks may occur out of the order
depicted in FIG. 11. For example, two blocks shown in succession in FIG. 11 may, in
fact, be executed substantially concurrently where the blocks may sometimes be
executed in the reverse order depending upon the functionality involved.

As depicted in FIG. 11, the control system functionality (or method)

25  preferably begins at block 1110 where an IC to be tes.ted is electrically interconnected
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menory 1014 and is executed by the processor 1012. 15 The flowchart of FIG
11 shows the functionality and operation of a preferred inplenentation of
the control systhedTHORcaating todslotinl ARGprofle ddth coidsponidigatslihe@8ab be Bseek of
the flowhart represents a nodul e segnent or portion of code which

conpri ses onenfl IRERHRNE GUERBITild Hath Hé?txh@lﬂ@e foaﬁs'ngphﬂif@md iy éhon _
specified logical function or functions. ouI d also be’note in

sone al t er nat ti oted in the v

b1 ocke may oct iy RS FRERICHSR e ‘éﬁﬁf nﬁnortcoqrresm@rrgeto%ﬁ%

bl ocks shown in successi 1 i fact be executed

subst ant i al | y{SRMCFRM ?{}hﬁ\ﬁ%g%ea“tdﬁé Hf?%‘?@’gr%l}e%o%? Phpdide data maydsut ed in
the reverse order depending upon the functionality involved. As depicted in
FIG 11, the p®videdlin symemsns manoers.cuel bt Yy being pratvivded)in 8% forrafofembpsratoegi ns

at bl ock 1110 where an ICto be tested is electrically interconnected 18

Wi th ATE. Prompeditagvérk shitionlor 44 fespaisefto heesdﬁﬁt&?atmrsigieﬁp@élWeM tbéhd he 1C to
be tested may be received. Such profile data may inc but is not

limted to, isapapst ouitrydyathe ATH ?orHHﬂaﬁc)ép%f%fr réchv?r?%{h‘érpr@ﬁlg hial fl

continuity information correspondl ng toth I nt erconnéction o the ATE and
the I C, anong ovi ded .i n, nunmer ous
nmanner s, suchapg)thggg]é’btg?ﬁ%cgs R{o‘f%gx bﬁﬂ?ﬁbffmw HE e e sieNplatedy o

wor k station or response to a test initjation signal delivered to the
anal og test c‘*rer’c%&&lt?‘wwloﬁl%nﬂﬁas foovhstheritesting mayrRraseedecei vi ng the profile
data, if applicable, the process preferably proceeds to block 1114 where
t he data l0s eval uaAébllOCk 1E16, the Ifeursientestis iprovidss!, bptte AFE} withvapgrbpmiatt est i ng
may proceed. 10 At block 1116, the | C under test is provided, by the ATE,

Wi t h appropr i sigmals i faititate feeit @rqbdtingpdihrag eeM@r TL,S Sl 1TY,, ﬁ#%taﬂ&%erﬁ@e' ver
TSClup and ThA d, for instance. At block 1118, test data is received, such

as by the ATEblocYIQ 118 ket dlas B BRIV, 5RAS5 b5 hd ATE, with the data being received in
any suitable manner, e.g., intermittently throughout the testing cycle, or after testing
has been completed. At block 1120, where receiver data is evaluated and, then, in
15  block 1122, a determination may be made as to whether the receiver, and its
associated components, are functioning as desired. Ifit is determined that the receiver
is not functioning as desired, the process may proceed to block 1126 where the test
results may be verified, such as by repeating at least some of the aforementioned
process steps 1110 — 1122. Thereafter, if the determination once again is made that
20  the integrated circuit is not functioning as desired, the process may proceed to block
1128 where the integrated circuit may be rejected. If, however, it is determined that
the integrated circuit is functioning as desired, the process may proceed to block 1124
where the process may terminate.
-As 1s known, when ATE is used to test an integrated circuit, the ATE should

25  be calibrated to ensure that it is providing accurate measurements. As the present
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any suitable manner, e.g., intermttently throughout the testing cycle, or
after testing has been conpleted. At block 1120, where receiver data is
eval uat ed andjnvtiieom, pronidébatiitastseldctRPATE fomsdtienalityatadlibrativay e reaelgeasstt o
whet her the receiver, and its associated conponents, are functioning as

desired. If itirdustrf8lkesndul@be bdtddrmiehe THpRal pHedr artl IR FornEtiiegsthfthed S
desired, the process may proceed to block 1126 where the test results nmay

be verified, i : : Of - f Qfre L:oned
rocess st epsHETG! SRERE iRl dRRBh QIR IE RBIRIRBRIAEST |
made that 20 the int egtrat ed ci ijcuit 1S not functhoni nlg as dg%ilr?ﬂg ‘hed
process may plEEOMRE 8! BICHIER 1o PE 3variaRt @ PIeRssS NPURgat i omerAT e ;;'S’baé1
rejected. If, however, it is determned that the integrated circuit is
functioni iy aBotdekbreting therest pireitisy 8t athyIngegrrd sesalbcalibsetingltesi#ircyjyy suahhe
process may termnate. As is known, when ATE is used to test an integrated
circuit, the #kkhsihoepaent2ilylvausea thebdisddeantage efiacreasihg e size dfshgtestvi di ng
accurate nmeasurenents. As the present 19 invention provides at |east

sel ected ATE ¢y @edizd Where abd &f sakh eﬁc\ﬁfq Khfhir 8¢ RitegRhtel 8Fbuit BinodBhidrY
al so should be perforned. Typical prior art solutions for addressing the

LSFH2. 1 DR B SO0 55 SR PO e

sel f-calibrat dés I'nvari an proce

vol tage, and tepperature (PVI);.and 5 nqt gal,jbrati the test .circuitry at
o1 TR ¢ egar hehgaRbeea B e POSIbIE: Fatinbiegec, Biretplors, € BiGH gudtion

potentially causes the di sadvantage of increasing the size of the test
circuitryla o kasdiegetomnalkecanydV b iaanch easily sharagigrigatle awd predictableyr at ed
circuit is no longer practical. Inregard to designing the test circuitry
to be invari antditiond?] thipreolnigualso e baisa vies dizefthe sirafifre ¢é Incedage wod

possi bl e. For instance, heretofore, a typical solution | o has been to nake

T a8 EBSELY SIS R gt glkel ookl s oo
test circuitry, obviously, such a technique may result in test circuitry producing
inaccurate results which may lead to an increase in the number of improperly

15 functioning integrated circuits being shipped or may cause an increase in the number
of properly functioning integrated circuits which are rejected from being shipped.

Since, it 1s preferable to calibrate the receiver test circuitry of the present

invention, the following preferred calibr-ation method is provided for the purpose of
illustration, and not for the purpose of limitation. As shown in FIG. 12, a preferred

20  method 1200 for calibrating receiver test circuitry preferably begins at block 1210
where designated pads of an integrated circuit to be tested are connected to ATE.
Preferably, when a circuit design, e.g., a pad, is used multiple times within an IC,
identical receiver test circuitry is associated with each instance of that circuit design. |

When so configured, connecting of the pads to the ATE, such as depicted in block

25 1210, preferably includes merely connecting the ATE to one or more instances of the

20



point where its use is no longer practical. In regard to deliberately
failing to calibrate test circuitry, obviously, such a technique may
result in tesdircitdesph.r $inks afBGEMGnsthitas SEiha kehenRAl L Sit WhishaBYsdnfadot 0 an
increase in the nunber of inproperly 15 functioning integrated circuits

bei ng shi ppedoe%erﬂm{l iEﬁHeQi? d@f@cé—ﬂ%?%ﬁﬁczj] %eﬁMorn ﬁggﬁ{remgr];t% Rla3P &l Itﬁ/e Ang

functioning integrated circuits are rejec rom bel ng shippe

Since, it is preferable to |ibrate the receiver test circuitry of the
oresent | nverfOreFIed AeaRts ¢fdRe AR daeienaey Beisoima FOSPTRARIYES pr ovi ded

for the purpose of illustration, and not for the purpose of limtation. As
shown in FI Gmeasuregepisanaseras @thep mstanceroef thargdrchip degign.i Bisheuldge netedi ver test
circuitry preferably begins at block 1210 where desi gnated pads of an

i nt egrat ed cihoswevtr, that becd exhademicel iastaneaifele bloclAkRssuriclodaadidentivdien a
circuit design, e.g., a pad, is used nmultiple tinmes within an IC

i dentical regej BT Kelhb b J L ol iHgt fi..t hat
eQRieéerret B18btrichl Kehh¥ioY, dnfy GfSRH AnBEctWe ﬂﬂﬁ %@@&g sﬂ&ta ﬁ%ee e

circuit design. Wen so configured,” connecting of 'the pa he ATE,

The ATE Lo ot ars APQBE e ohelthes B RHlE by bR L RGeSO P

i nstances of the repeated circuit design are assuned to be identical in
their defect -af’?]E%mB%és@f‘ri cal behavior, neasurenents made on the ATE-
connected instance of the circuit design may be assuned to correlate to the
measur ement s nmade Paecegdingto blosk dAt2gecsiver hest cictuityis endbledgWith bothASTE d be
noted, 5 however, that since each identical instance of the block is

assuned to hauétiedppidpeiate reckdt@atst kiregitrg|ndet enabRY, Medsavin®ints, didhyasone,
non- connective pad of each pad type need be wutilized, although addi ti onal

ones of the pady, Mesr Beardie) h&Ede fakEn 9? RS- RF HBfh d&*%c%*["Eoﬂ%g éﬁé‘%&%m@&i son.

Proceeding to bl 6Ck 1212, receiver test circuitry i s enab th both ATE
igcﬁngst _?ge?gg&ﬂ%.i %ﬁs, 2§ %%%Feh i %IsotcksC ifl(:dfuaitntdrl&lg,o e %po%gés%géluggsatﬁg rst%rrjrg (r)]} S
receiving ATE measurements and receiving receiver test circuitry measurements,
respectively. At block 1218, a determination may be made as to whether the ATE
15  measurement data and the receiver test circuitry data appropriately correspond,
thereby indicating proper calibration of the receiver test circuitry. If, however, it is
determined that the measurements do not correspond, the process may proceed to
block 1220 where the receiver test circuitry measurements may be adjusted to match
those measurements obtained from the ATE. Thereafter, the process may proceed
20  back to block 1214 and proceed as described hereinbefore until the reéeiver test
circuitry measurements are appropriately calibrated. Once appropriate calibration has
been achieved, the process may end, such as depicted in block 1222.
The foregoing description has been presented for purposes of illustration and

description. It is not intended to be exhaustive or to limit the invention to the precise

25  forms disclosed. Modifications or variations are possible in light of the above
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and Tho,d, for exanple, may be taken by either or both of the ATE and the
receiver test <circuitry. Thus, as depicted in blocks 1214 and 1216, the

process i ncl ugashihfe Biecdisbodliment@e einbbbighehlslisrRBsd] BEREtes, vasrd che®aiaing
receiver test circuitry measurenents, respectively. At block 1218, a

deterni nati ondégwba@tormgﬁd@aaet&swm;twon}o@ﬁleﬁlﬁqcﬂgﬁe ﬁélfrﬁz’éﬁt'ﬂ%n%i and the

receiver test circuitry data appropriately correspond, thereby Indicating

proper calibration,of ceiver test circuitry, .| owever.,...it i s

det er mi ned t h& ac& aég%elacg ﬁ(r)ﬁef‘\r?etﬁfe lggﬁgnaﬁ%? Lot roé%%ﬁ'ds,klli Wetlﬂﬁ\réﬁé%lgh%@epr oceed
to block 1220 where the receiver test circuitry nmeasurenents may be

adj ust ed to nmEVERION RyeEoREHRbRdARaRE s WithivaEauS meﬁ»ftca@onw.arem@,yeéa@ ther |

the process nmay proceed 20 back to block 1214 and proceed as descri bed

her ei nbef oF e pattitilat ise contempleded. t &8 suchonpdifications med yeri given} ae sithin the
appropriately calibrated. Once appropriate calibration has been achieved,
the process ngypeobfthednedtias aslépediine bythelapsénded SRimd Rich Mtepeitédin
description has been presented for purposes of illustration and

descri ption. Adeotdanitith MeERth §d3w9r°eh?ﬂ€f3'?dx‘§fa!iﬁfax?d 1ebBl1Y bdltfedt N€ i nvention
to the precise 25 fornms disclosed. Mdifications or-vdriations are
possible in light of the above 21 teachings. The enbodi nent or enbodi nents
di scussed, however, were chosen and described to provide the best
illustration of the principles of the invention and its practical
application to thereby enable one of ordinary skill in the art to utilize
the invention in various enbodi nents and with various nodifications as are
suited to the 5 particular use contenplated. Al such nodifications and
variations, are within the scope of the invention as determ ned by the
appended cl ains when interpreted in accordance with the breadth to which
they are fairly and legally entitled. 22 CLAI M
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1. Anethod for testing an integrated circuit (1C (210), the IC having a
first pad (216, 500) configured as a signal interface for conponents
‘external to the IC, the first pad having a receiver (514) configured to
receive a signal froma conmponent external 5 to the IC and to provide a
digital signal in response thereto, saCHAf@®iShod conprising: electrically
i nterconnecting automated test equi pnent (ATE) (218) with the 1C

providing atjleasjp fagod rdrrfwtmg afl tﬂﬁte%@ta:atciﬂchﬁ A (ﬁﬁ??ﬂh@% IRvIgGSir¥GFadset up
time and receiver hold tinme of the first pad; and 10 receiving information

correspondi ngy 1%2%6%?%%&%?’ fa %ﬁ?rlﬁ\i ??t%%lgﬁ%r 3P Qorhp&mése&‘?éﬂ{ﬂt? Rl W TsPf the

first pad. 2 eln providing at [east ’ one
stimulus conprjses: enabli a first flip-flop.(54 of the 1Ct rovi de
oh out put o BitbRevRie & fEevaSTafbibtediio Faive AR Hhm B HRRE: oG an
out put of the receiver corresponding to the output signal of the first
flip-flops 3totnEC ard tegerowide @|digitpl signglia r@spﬁn&eﬁgerp@, pald methad gommnrisingsf

pads, and wherein 20 electrically interconnecting automated test equi pnent
(‘ATE) with the | Clegripaliysiatercamnecting anddrhated teseequipment (ATY) (218) with tho a '
subset of the plurality of pads. 111111 1111 10! illl i 11111111111 M S

23 4. The neldiod of claim2, wherein enabling a first flip-flop of the IC
to provide an output signal to the receiver of the first pad conprises:

providing a first q i ; i i - 1 d at a
out put of the fi rglt%lvgi |%)a?tflgdgg&?eﬁ\ﬁrrﬁedggso%ggﬁ%wgg %k%g{escﬁr}égé%ﬁgmmﬁng
and receiver hold time of the first pad; and

10 receiving information corresponding to the receiver setup time and the

receiver hold time of the first pad.

2, The method of claim 1, wherein providing at least one stimulus comprises:
enabling a first flip-flop (540) of the IC to provide an output signal to the
15  receiver of the first pad; and
determining an output of the receiver corresponding to the output signal of the

first flip-flop.

3. The method of claim 1, wherein the IC has a plurality of pads, and wherein
20 electrically interconnecting automated test equipment (ATE) with the IC comprises

electrically interconnecting the ATE to a subset of the plurality of pads.

A
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5 signal; and providing the data output of the first flip-flop to the

receiver for a first time interval prior to through a second tine interval
after a second clock signal. 5. The nethod of claim4, wherein determning
an output of the receiver 10 conprises: enabling a second flip-flop (542)

to capture the outpyt of.the.receiver i.n response 1o the cond cl oc
signal . 6. ThgL net ‘8’8?1’%“’1%?}?‘&’, ﬁw@é‘?‘é‘f‘ﬁn?}ﬁlﬂ&iadﬁ?rﬁbh’tphf«iolﬂ%fﬁegﬁlt%ﬂfw t he
first flip-flop 15 to the receiver conprises: varying the first tine
interval and RBIYDNGSIERR te dhcgreriysiad the kst pad compitsesint  whi | e det er ni ni ng
the receiver setup tine; and varying the second tine interval and hol ding

the first tinme interoafingardustaleck sigral o thefiest fiipiflog; t he recei ver hold tine.
201 1111121211212 22 2 it qiiigp b, 24 7. An integrated

circuit (1C) (210) isvenig the dgta oatgut b8 thefast Hig¥op iR poreas khd £t Lck
communi cating with at | east a portion of said C, said first pad having a

first driver gphg)and a first receiver (514), said first driver being
configured to provide a first pad output signal to a conmponent external to

said 5 1C, said first .recaiv bei ntigured to receive a figyst.pad
i nput signal from ﬁ&(l:(g)lﬁ%glr?ecr%a %‘ﬁ?@%ﬁﬁe ﬁrg?ﬂlgl— H@téﬁﬁe"%’%&’&?ifﬁé{mg% a |
conponent internal top said IC, a first recejver digital output signal in
response to tHYCRlRIorta thrp segpphtime injpryabafier asecandplock signalt (224, 530)
internal to said I C and being adapted to provide information correspondi ng
to the receiver setup tinme and the receiver hold tinme of the
5. The method of claim 4, wherein determining an output of the receiver
10  comprises:

enabling a second flip-flop (542) to capture the output of the receiver in

response to the second clock signal.

6. The method of claim 4, wherein providing the data output of the first flip-flop
15  to the receiver comprises:
varying the first time interval and holding the second time interval constant
while determining the receiver setup time; and
varying the second time interval and holding the first time interval constant
while determining the receiver hold time.

20

LT
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lo first pad. 8. The IC of claim7, wherein said first test circuit has a
first flip-flop (540) electrically communicating with said receiver, said
first flip flop being configured to provide a data signal to said first

receiver for first.ti | nter hor to.through a 15 second tine
i nterval afte?’ a cﬁ%gﬁegg%%dn%fcsltgﬁb,&gfq)rcl?ré] Yated circuit (1S (210)
conprising: a first d 0 electrical.ly. co nicating.w t.h .at | east
Soport s on ot “sai d TR gl SpO e alth LGt SOT RISty iR o
first receiver (514), sajd.first driver 20 being confiqured to provide a
first pad outB{ltsa‘giA}‘QSﬁQF‘ﬂﬂad‘% ac%'ﬁ’p‘g’h"éﬁéo@inéraﬁ%ﬁ r?"c?“’seémg'P’@?‘dg’éﬁtdr‘Y‘?rr st
recei ver being configured to receive a first pad input signal froma
conponent ext Bpgsonfigued faprpvide s drst BadousRyt gignalite 2 somprpsaimal i Bidhal to
said IC, a first receiver digital output signal in response to said first
pad input 5i ghalsaid &irg respixercboingrcoptigirpdiioraceiveracinienad dpput signad figovadi ng to t he
receiver setup time and 25 the receiver hold tine of the first pad.
111111111111 1compopent eatemal tojsaid(IC|and taprpviNg, $ a pgmpongnt iptemnpbtosmid(800) f or
measuring receiver setup tinme and the receiver hold tinme of receivers of
an i nt egr at edfist recaiver digita)) outiit Signalsmredpangs toghe fishpad isputgignalpamihat ed t est
equi pnent (ATE) (218) configured to electrically interconnect wth an IC
and to provi de at dfasisest oinenitq 22438 0)kintemal toesaldIC and eihg adaptadite groxided circui t
(1® having a first pad (216, 500), said first pad having a first driver
(506), a fir sinfor@aton@tredpoiding antie feckiverdetub@izie M titdredeiter Réld thd(f thesai d

first driver being configured to provide a first pad output signal to said
ATE, sai di§ i ridstpagecei ver being configured to receive a first pad input
signal fromsaid ATE and to

8. The IC of claim 7, wherein said first test circuit has a first flip-flop (540)

electrically communicating with said receiver, said first flip flop being configured to

provide a data signal to said first receiver for a first time interval prior to through a

15 second time interval after a clock signal.

9. An integrated circuit (IC) (210) comprising:

a first pad (216, 500) electrically communicating with at least a portion of said
IC, said ﬁrét pad having a first driver (506) and a first receiver (514), said first driver

20  being configured to provide a first pad output signal to a component external to said

IC, said first receiver being configured to receive a first pad input signal from a
component external to said IC and to prbvide, to a component internal to said IC, a
first receiver digital output signal in response to said first pad input signal; and

means for providing information corresponding to the receiver setup time and

25 the receiver hold time of the first pad.
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provide, to a conponent internal to said IC a first receiver digital
output signal in 10 response to said first pad input signal, said first
test circuit being configured to electrically comunicate with said ATE
such that, in response to receiving said at |east one stinulus fromsaid

ATE, id fi test ci ' rovides information, cqrresponding to the
recei \S;glr se!t lrjf) 'tie Sgﬁé%ﬁzgd)rfgﬁléﬁ\%sélfmﬁ61"%?“@Fr%t”Bfm%eei’i“a thq reggiver ol iy  of

id first pad, to said ATE. i!lIl1J 111111 il|! 11111 I I!'Il MS 26
said fi P of receivers of an integrated circuit (IC) (210), said system comprising;

automated test equipment (ATE) (218) configured to electrically interconnect
with an IC and to provide at least one stimulus to the IC; and
5 an integrated circuit (IC) having a first pad (216, 500), said first pad having a
first driver (506), a first receiver (514) and a first test circuit (224, 530), said first
driver being configured to provide a first pad output signal to said ATE, said first
receiver being configured to receive a first pad input signal from said ATE and to
provide, to a component internal to said IC, a first receiver digital output signal in
10 response to said first pad input signal, said first test circuit being configured to
electrically communicate with said ATE such that, in response to receiving said at
least one stimulus from said ATE, said first test circuit provides information,
corresponding to the receiver setup time and the receiver hold time of said first

receiver of said first pad, to said ATE.
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