1 4 APR 2005 SYSTEMS AND METHODS FOR FACI LI TATI NG TESTI NG OF PAD RECEI VERS
OF | NTEGRATED CI RCU TS 5 BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| NVENTI ON The i i I es_to integrated Jilﬁcﬁﬁ)@sm%
and, in parti C§I ar, %ofgﬁ@m@wméﬂﬁﬁg&m%? Ng, OBt n an
integrated circuit, receREIEBSLRIDF BNTLOIR AP @Iﬁ%[]zgtl ng of pads of
the integrated circuit. 10 DESCRI PTI ON OF THE RELATE Her et of or e,

integrated circuit (1C) devices have been tested and verified using a
variety of test methods. For exanple, IC devices have been tested and

verified to be defect-freBASKUROUNDt OPNHE Ne¥ENTRONOr S, such as those
applied to the I1C by the use of automated test equi pnent (ATE), which

stinul ate and verify the |C deyigep OMelEaR&ENOMe at the pin level of the
device. A practical limtation to the utilization of ATE for testing I1C s,

however, is that f | I [ .pads at. can be tested by a
particul ar ATE %E?r%glﬁﬁ}) glro 3,gg%%%él?fﬁﬁ%ﬁ%dmﬁémi%ec“ﬁm;%F 0 BFHERIGUr at i on
of the ATE. For. instance, B the_nynber of pads of the IC to be tested may
exceed the KUWSEMSARIRG Odsctf‘ﬁiéfﬁ‘fa‘rt%u% Bithirean biegmtedaimuitreceiver setnper  of
pads may exceed the capacity of the.20 ATE support hardware, such as by
exceedi ng t M/ prahalftimertestingrof padpoitbe sntegratad cpewibe card, anmong ot hers.  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 wth the physical site for enabling electrical

comuni gat i on bet ween compomenkiRbN be T 419, CATHAIERL S external to the
IC 251 S

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 ﬁrobes 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 commumication between
components of the IC and components external to the IC.
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A 4 APR 2005 Additionally, performance limtations of a particular ATE may
i npose certain other testing restrictions. For exanple, the freqqeqcygpgfz[]l[]g:

i nputs and out pu mu requency t he ATE, ther
limting the tes%@]g1 ?Fg%lﬁlé ?%ﬁg %‘ﬂg hn}léh% agtéct“éﬁ p{@é F13¢ TRRQSErFEHRIN
frequency of e t %h confi gurl ng an ATE 5 with additional test
channel s an85118]i' eﬁn}‘% rﬁﬁ‘élfm%e at F’f?@nﬁl?é %gﬁwﬂ%sifﬁgéma@fé@ﬂi)bwghamay
providing an ATE wi th an appropriately high pin count and/or an

appr opr i at eFXFeRd B m@‘p’é‘?ﬂ@t FcReyeefibn & E, theotbgtdimiting eieitedt i@tgencer the
aforenentioned deficiencies is, oftentines, cost prohibitive. In |light of

the foregoi I@toabﬁdesitcharthela‘fabmnmmﬂeqaencwtoflt}& ATBWA1thBu g\ @nBlh@fg 4 ATEO test
10 1C devices utilizing a variety of "stop-gap" testing proce ures,

i ncludi ng: {ikh a@@lﬂﬂﬁﬂttés'ﬂghanﬁgls%ﬁ@ofé’h C%?EISO F%'ﬂggile uéHcy %faﬂjle{&ﬁ ofy; in I1C

device; (2) connecting nultiple pins I ce t est
channel ; (3 C .device. es of t he ATE wth
each pass t ré’?ﬁ?%{gé %géflig%kh aqpﬁ%jrﬁ% IE%OUQ e anEpgeAprigtely ogh t esti ng
the device at |ess than .maxjnum frequency, and; (5) limting, through

desi gn 15 i HSTHIRSHOAPS, mtOFFi.? ﬂl@’@ﬁ?ﬁm%ﬁfbrmmﬂﬁ@ﬂq{@ﬁ@mdﬁs tsheftanGreteyvi ce
to accommobdate existing ATE, am)ng others. As should be readily apparent,
many of the®stpobidgigap” testing procedures may result in a | oss of test
coverage and, thereby, may lead to an increase in nunbers of defective IC

devi ces being shindpghdof e feey6ing aﬁ@@m@f@@cﬁ&@e@fms%mw&e gfawme&esi gn
i npl enentation, the pin count and/or frequency of the | C 20 device to

aceoTTTNal SO it IATE i S B8 Ao RS LSRN Eanlndl | €
address t ha%SET B @gle% El%{l a.ﬁ tecp?nrg or}%n I&fdegnrc]:g (95 Icc?nrnegtgntg m%ln%lcllpufgpoRf a%%(OSS
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.



SUMMARY CF THE | NVENTI ON Briefly described, the present invention provides
recei ver set-up and/or hold tine testing functionality w thin intedraPRd70045
circuits. In this regard, sonme enbodinments of the present invention nay be

construed as providing integ i i I a b5 preferred
enbodi nent, the integrated c%?Wﬁiﬁxa@%ﬁ@ngmad electrically
conmuni cating w Lh ﬁt Iea%t a portion of the IC. The first pad includes a
first driver ang8lgl¥ Opstiopddhe piepent gpveRtieharorides recgiviey aat-upesindfpr bolef i gur ed
to provide a first pad output signal to a conponent external to the IC,
and the firigmetsgapverctivesly votif injegratdd tipcuitse dethieregafd, sohe patodinfts
signal froma conponent external to the IC The first receiver 10 also is

confi gured ¢fthpposetenvdntioa negripanastuddrk @ aalling Ontt At Gircditd {ICSY). Legei ver
digital output signal in response to the first pad input signal. A first

test cirCuifrefln®d enfbodifi@Mi B8 GhttNBledicichihRIRRY a'ﬁ?st%)g? ﬁfgegsnocl{l‘jﬁ first test

circuit is adapted to provide information correspo e receiver

setup tine . iver. .hald ti e.first, .15 Sone

embodi nent s&%ﬁ%‘ 1&%‘%@@%? { oAz @eraon ‘?‘fa%e 8@ @E?]g‘{%f B%‘iimgg“%ﬁ? B%Fﬁidﬁéier syst ens
for neasurin stg%up time and/or_ hold tinme of one or nore of the receivers
of an int L EECRIV R tV1th the fipst driverheing configpesdde peavidya fisstrpadheltpdies an

| C and ATE. The ATE is configured to electrically interconnect with the IC
and to prowigeal & a cempenamhextenial tothe IC tandtthefitsCrecdiver béing baifigdesi @ first
pad that incorporates a first driver, a first 20 receiver, and a first test

circuit. Saeceind h@iustedd ipe sighslStorh @TbmpbhdiidiekteFRY e ¢! MRl Y receiver
comunicate with the ATE so that, in response to receiving at |east one

stimul yg fro8 istBes td fdel &fa & W iees =L nf or mat i.or
correspondi ng 1tSo tﬁ rece vgr e’setaup&éécin%r%trlgtr\&j%?g @\ééer%gresit\l}eecrewﬁﬁ rﬂtﬂ me of
the first rs e&tvs?r Q rthe ATE 351 t4 @PR %UUS %9 enbodi nents, of the
present inventio {1 153PONS T 5 PG At Rad HPLE Fignalg A Tirst test circuit also is

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 I C, providi ng ‘?tAeéfg?§ﬁ5
recei ver

one stinmulus suc he | C asures .a receiver, setup tinme and .
hold time of theg?]itng g[\nbggﬁ?cnésn%ﬂge PECE VG IORUAYRA S8 recst asgBpdinieng t o

the receiver setup tine an% the receiver hold time of the first pad. Qher
enbodi ment sTEFOERETITLIEEAE [on e thif sigarthy Mheferehsetheddnelsdpribe sidpngf:
conputer readable nedia. In this regard, a preferred conputer readable

nmedi um  whiletirirdboinproecanesting A SEputiethe fEogroaidihpat leat ioht stahilng st@ASH | Ng
setup tinme and/or 10 hold tinme of one or nore of the receivers of an IC

i ncl udes | ofje CConsrkiugslb eebelv@r eftaplithe AliEcdHvR O §i§e A tﬂeq%%fa(an&cﬁt I mul us

to the IC. Additionally, logic configured to enable the t0 receive

o T CNBUESSPORSLAG OB ER| HETARLAR AL TR D o Lle s v

hold tinme of a first receiver IS provi and
advant ages sent invention will becone apparent to 15 one with
skill in thtggl%w%g%gtp am nation of the foll owi ng drawi ngs and detail ed
description. It ba] intended that all such features and advantages be

i ncl uded her ei n Ot AURCFIHENESQSSke PReset énypntier mayibewenstiued, as asovddibgned i n

t he appended cl ai ns. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS
20 The preseempuitervwesiiablermedis. Hethisredandna phdereddadomput&rasadabldaatdiem,
understood with reference to the follow ng drawi ngs. The draw ngs are not

necessari | ywhioh scaborateCARHABIST %ﬁ%}d%ﬁ‘@or%hﬁi&ﬁ@g %?é%g%ﬂg:feéﬁ?t?n? gnc(}i/ or

illustrating the principles of the present
schemat,ic 4iA@F; LGl ntative. .in rated ci.rcuit 2
_ 107 :
ncor pofat (ion? At ak S hERERER AP innhR R cahfiEiirlo st 200
FIG 2 is a ﬁghemat lcf’ dil agr am d.(IaTPi cti ntg a_preferred enbodi ment of the
pr esent ATE to provide at least one stimulus to the IC.” Additionally, logic configured 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 bé 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 1s a schematic diagram depicting a representative integrated circuit

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



invention. FIG 3 is a timng diagramdepicting representative receiver
setup (Tsetup) and hold (T,.,,) times. 5 FIG 4 is a flowhart depj CAP$Q@5
| _

‘the functionalit f ed enmbodi ment of _the present invention.

5A is a schenmati 1(7:51% 2a§ra§rr%ﬁ%§%¢cc%fl%r ma‘%ﬁﬁllngrarpéﬁfeg SUPREAteIH T p@respRtes ent
invention. FIG .5B is a schematic diagram of the enbodi ment shown in FIG
5A, 10 depiné’fﬂilth%"det ail of a preferred circuit inplenentation. FIG 6 is a
timng diagram dePi cting functionality of the enbodi mrent shown in FIGs. 5A
and 5B. FIG 7 i5lG Sendimamidliatiran dapictiepiaptismyatve aktieenatip(@, enhgdi ment
of the present invention. 15 FIG 8 is a timng di agram depi ctlpng

functi onal i hold 6T, t)henenbodi nrent shown in FIG 7. FIG 9 is a schematic

di agram depi cting a preferred enbodi nent of the present invention. FIG 10

s a schemalic dFROUATIRINER:AGRiA L IR ALLY SAR0RSPLARARE 0

system which may be utilized as a contr 0 e ‘presen

11 is a flog icting the functionality of a preferred enbodi nent of
t he presentﬁgﬁ%%?tﬁgﬁ%ﬁ@*ﬁ 12 is a flowhart depicting the functionality

of a preferred eﬁia) inent of th resent invention during calibration. 25
5 1 4p APR 2005 .%A 1s & schematic lag,pram depicting a preferred embodi?nent of the

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 15 2 timing aiagram depicting functionality of the embodiment shown
in FIGs. 5A and 5B.
FIG. 7isa soﬁematic 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 1s 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.
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DETAI LED DESCRI PTI ON OF A PREFERRED EMBCDI MENT Reference will now be made
in detail to the description of the invention as illustrated in tlhg APR %305

drawings with ik Lnd] ing |like parts throughout the severa
views. As menti onéagﬁmﬁﬁjjggﬁq%@‘gpgﬁﬂ{%fﬁRWM ODIENGOT at e
built-in 5 (digital) self test circuitry into an integrated circuit.

Ref erri ng now t o Beffience widl raspbeswadt at latail imthe geatrigtion iof thaiihveb®@n as

i ncorporating such built-in self-test circuitry will be described in
greater det alustraitd is iovdraivingshvidth llke mhe el ah@ehtis108Idartd Ao ARl vges a core
| 10 which incorporates logic 112 and digital séelf-test circuitry 114,

Co 110 el esl=fd / i i: : i is configured to
re el esterd1 Gy ADmepiibRMal Hf?b&l?%le%lﬁ%f&@fjl]t %sgiglow t%iqxrléos ofa eé)alglg—

el ectrically communicate with devies externa e ttcuit,

such as pi test equi nt . 118, for_exanple. So
cont i gur o SEGHZIPHOOREESY LTk SRABPE oyt dlibeae ow §ROTE 126, ey
be delivered to the core 118 via a transm ssion path which includes pad
116. 15 As OTRADRHYE Witgraiar caey 19Qmcorporatingsugh huilf-in selfoest cigenied wib
provi de functional - based digital testing of logic circuitry contai ned

wi t hi n cor eb$ dasgribedyinogrgater deail.acconpl i sh such testing, digital self-test
circuitry 114 typically incorporates a stimulus generator 120 and a

response anal yzeAskB@wn MpFEG spestfriataldintuit 300 MehiiRs a @8RENRLWE; 420 s
configured to provide one or nore test patterns for testing logic 20

onti o3 : e . hadl oo
circuitry ofnchip@rfi6¥Bgicine a‘ﬂgf&éﬁa‘g Fél?-té%f"&}cﬁl"itgf I PA{% g(\;%rgelg R%?e(ghé%%uylogl (r:esponse

circuitry are conpriSed of dat a,

response si ATRRAEHES Bl o M s shfitt fn dripenommmmeneretiun! o o
provi ded. exPEHIRRERIFISN ¢ e PiAGEGHHE B cricbs & PiePh g8 futbmateditgitabipmehe -t est
25 circuitr rovides for digital, functional testing of the core by
appl yi ng di éﬁr B} 118e &ar egample. So configured, signals provided from an external device,
e.g., ATE 118, may be delivered to the core 110 via a transmission path whicﬁ
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 tesf 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



1 4 APR 2005 patterns to the logic circuitry of the core and has,

heret of ore, substantially renoved the need for external test equi ﬂn’enAF,’R 2005
i.e., ATE 118, to provide stinulus to and check responses fromthe

i nt egrat ed ERIEDS {0 tglogigeireyitnyof Hip ossnchipsoheretedorg; syibstantialgiemoved
circuitry. s Utilizing the digital self-test circuitry of FIG 1 as a point
of conpari sdre neegdopexa¢meliastagtipmest.iies AFE alfrteherviddstaniiodiomiatchefk t he
receiver test systemof the present invention will now be described in
reference t gespbeses Cloaniieiittegiaggr dmuafforfalitatthg tdfindaTioed @itk FLG 2,
receiver test system 200 incorporates an integrated circurt 210 which
includes a eRr@tel2. Core 212 incorporates |logic 214 and electrically 10
comuni cates with a pad 216, which is configured to all ow

interco ni cati Qn..Qf he. l.09i i fh_devic uch as ATE 218, for

exanpl e,rrngt er naﬁﬂ%h%"%ﬁemi%ﬁ‘ﬁ%gﬁ{_gag “l Ciu‘?et@ﬁPfﬁGAi PSR FOREP i Wbef ore, a
pad, such as pad 216, includes a physical or contact site 220, which
serves as aRewirelchpraciristerpizcrrefesed embodimens of thslrpceaeer fest stereof they 222,
whi ch cooperates with the contact site to enable electrical comunication
bet ween 15 puasputrieversionfwitimew @ descritainpoeferense exthe setedmdtie didp@arhGf FAS. i S
known, pad circuitry may include one or nore of a receiver, for receiving

signal s proyi dadidptetédia FIaN 2, Rbelver tedish e, 2009hcRpStited hf IntShaRal cich?
external devices. Additionall y, integrated circuit 210 incorporates

receiver te ILE G hC L] nj,cates,. eifher
directly or §?%g{hﬁ(’g{é¥1 Flgl?ie%mg?%e\ggg' gfgé fﬁé&b%hlﬁ%ggﬁééh fiﬂctl BIZePté'icfiﬁy
herei nafter, receiver test cj itry 224 is configured to provide sel ected
ATE f untd § RIS Yiihepab 6. st rarigurra Al Hirucoamuaieion phr
speci ali zed external automated test equi pnent for testing integrated
circuits of hedpgisuith doygasgticher o 218 farrramplo extaorbth thedntegratedhough
receiver test circuitry 224 is depicted in FIG 2 as residing outside core
212 and out sirdet.t henpatgor@dGerensdreivas milherch 36pat 266 geieket s phfsidad si
circuitry 224 may be utilized, such as arranging the test circuitry

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 JC and components external 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



7 1 4 APR 2005 within the core or within the pad, for instance. Moreover,
the test circuitry may be configured to comrunicate with the ATE yllpAq)Rp?gh5

e €. . ed L.€e., ap ot her than pad 216. As
R e L T R A
5 variety of ifnte ated circuits. Otentines, _however, the full testing
capabi | ity BfHBUG PenmamEicade wathdhe H Totia p gadpihedthao thepdd ta bepenéd,i ¢ type
of integrated circuit. Additionally, the nunber of pads of an integrated
circuit maylexepediothhethauphé2l®f test channels of a given ATE, thereby
necessitating the use of an ATE with an increased nunber of tester

channel s or neceasinteationg ﬁé}@inb%ré?h’ﬂ]ﬁ%ic;ahf ﬁre&zg&éggﬁéo?ﬁigﬂ} t%%%gt dide |

procedures, e.g., testing fewer than all o a I'ntegra

clrout s si chpoeaNskteq btk BIRNGRC Bt Yl 08 Legeluer st ol roul try

"on-chip," the testing of Integrated circuits, & circuit

' - utilizing conventignal ATE, whereby test
gaégbi Imli%/y ‘6‘%@&%@@%‘%@1 ypnro(g@qq&gagb%,tels%s;)@ \r¥ra Sriateemre degpitbe 15
provi ded by c?e receiver test circuitry. So provided, the receiver test
circuitry h’é‘i lflﬂ%ﬁfyaf:hel umpber 6T prdsvatiae ittegmtedircain atiy! dxcyedt thahumbed ofen ATE
does not provide, or is not able to provide, while utilizing various
capabi | i ti estchanneds ofi g EE desehyrmvéstitatinfthe use 118 ATBHifHaSySt em 200 f
of the present invention nay facilitate efficient and effective testing o

i nt egr at ed inéreqset mandbaabf @E@MEhahhOFbRhede8@B NS BT8R FiE gﬂ-aﬁ%%ﬁg}gg str ﬂ]gt hs
of 20 conventional ATE, e.g., reduced costs, 1 1'e providing*p ntially

i i : byl 02 h i test circuitry of
the. pr eaent s g dro R R B Pl Wy b B et et ¢ 1 & ot
necessari | 3&11'11{-11 'teggsgl}p’\yfgt he, ATE, such as by the tester channel

configuration o hiBRPESC- For i nstance, the ATE may provide

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 circuitry 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



25 signals, such as scan test signals and resets, for exanple, to sone pads
of an integrated 8 ,1 4 APR 2005 <circuit under test, while |eavi
' M P8

pads to be tgst; -£Ge] t cireuitry. ditionally, ul
of the recei verlﬁlg%%tég?%}{jlﬁtq %‘}{%ﬂ%gls?atdsﬁ%ﬁes%eﬁ{% fydhe E?FWFW@Sty‘FWPE@’r- at ed
circuits at ,frequencies. great than the test frequency |imt of the ATE,
As ment i oneédﬁlglr gﬁﬁ%é?@ygt}or{ ‘ﬁ@%ﬁ FESERt CFhUERtomakesd pesiiets tegdks ver
set-up 5tipe (T,,,,P) and/or hold tinme (Thold) testing of pads of

i ntegrat ed EIFFEREH STEHE atiffequencisseyreaser tharbibditest fegyercadiniit bfthe A T”RICh
testing, at least in part, with the use of "on- chip" conponents. As

utilized herein, Ashecrtioned herembifoes, tisepresymt trivertion REBli&ed Rctihe seE-iuHE
interval during which data typically nmust be valid before a capture clock

Prge, 10% o Dmedald) RelDFhAOHRRN(TLY) RARSLEPthds BAthuldigicl Bt s R! Vel 1oL

time" refers to the tinme 10 interval durin ata typically nust be

valid after,as t - . data to be correctl apt ured.
More speci cha% i éﬁ?%rdﬁjggrﬁg f%gﬁ%é&%g?ﬁr g:g & aigeﬁftd?galf[’ ‘Fﬁé?hedg Q%t%i cally
nmust be valjd for T. . .p prior.to.a rising edge of the clock and typically
must remai n°HP f‘?{ﬁPéq?BFSuéi{sf‘Hihzfﬁhi’@maﬂ%eetre%r Erseiver set-ppwienadrefershte thiat a
changes less than T,.tup ﬁ_ri or to the rising edge of the clock, the

previ ous dat@eveirivel duyngoahich getartppically innsttteadlidbefdre a destiveadodkaddae ¥al ue.
Additionally, if the data changes |l ess than Th.1d after the rising edge of

the clock, theretw tdataonadtliecapayedyand dp tofd drecaisteRild e hereflas hegn. dat a
val ue. A graphical depiction of Ts,tup and T,,,,, is presented in FIG 3,

betveen | g e+ "arA 3R A Bty e PR A AR PR M@ TR e e

between logic "0" an 20 | si gnal I ct ed,

withT,,,,p [ o] in_relatiop to the clock and data
signals. | tdagﬂ%u‘%r%c%%cﬁ £ %%“‘E%Ea?%‘ ‘i@“ﬁ)@a@)ﬁﬂa@ tp gBﬁPHQ‘EﬂWB‘P‘T‘FE’ sithee, | T,
bei ng where,the data has transjtioned froma first logic value to a valid
second | ogi %at%/E’PEFé"hYafﬁbft %V%‘&f % TohehTiPriin @ Tsingcadge @f thej odoaki asdrigpicall i s
nmeasured from . ‘
must remain at that value for Ty, afterwards. If, however, the data changes less than

Tenp PIIOY to the rising edge of the clock, the previous data value may be captured
15 mstead 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 caphired 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 Teenp and T, being shown in
relation to the clock and data signals. It should be noted that Tenp 18 measured from
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,t0 T, i.e,, T, being where the data has transitioned from the second logic value to a

25  valid third logic value.



T2 to T31 i.e., T3 being where the data has transitioned fromthe second
logic value to a 25 valid third logic value. 9 1 4 APR 2005 Th¢ £ hwhagg
of FIG 4 shows t j i nd ati on .of preferred

i mpl enent ati on of'bﬁgbl‘ggﬁedgfe)@lﬁléesﬁ??’%ﬁjgef{"ﬂcq%ﬁgtyr aPgratiop f p predetreshs

noted in the1 :{%Birguts béfogks may .occur out of the order depicted in FIG 4.
For exanpl e, "G BEGUKY 18R BUERCHt ArsnEer s bt bis eaur] e fanatiens notad fratte, occur
substantially concurrently or, 5 in sonme enbodinents, in the reverse order.
As shown i n YEighs Blockswar ppedionent the ordemgeiiontd de PGt & dF srasahglc onst r ued as
begi nni ng at bl ock 402 where initial values for XT,,,UP and XTIl,,Id are

est abl i shed.binaksshsprai fuccedsion, inX¥TG, 4 nlyaiciad] bedkd sELRERP R duPre ?@5% abl e
time periods for applying a signal to a pad receiver under test. T I me

periods ef XTsomeprmdodimehis, in a8y didd Arh&?q%sgéﬁgg%% RI&SE %e ig;gl‘éggngt@i ﬁop?g,fegr

determining o actual T,,t,p and Th.1d of t recei ve

herei nafter. i : I 4 .the recejver i rovided with an

i nput dat a si ég?%g‘}:&ﬁ%ggfﬁ{? %)t}% Cgﬁﬁléu%g aﬁbF%le“@g'agbloﬁi; 4Q5IW recinstial valpey fog ti ne
period of TE‘F‘E r to arlg, continuing through a period XTh.1d after
~firing of a‘tape by R C5hg lé]i‘eclzlel\/féferﬁpﬁﬁlﬁgaﬂ}aﬁghmpdeﬂ‘@otda:osrb@maﬂ tof the
recei ver (DATAour) corresponding to DATA, (block 15 406), a determ nation
may be nmade VAg2hle liiearchiors fNPpOvng ssiguplad a pad PATAEN & 6k THOShe FOr
exanple, if DATAFNis a logic "l," a determ nation is nmade as to whet her

DATAQUT i s gethiodyiaf XT,,, ahd XT, isSe @eliR0MHyREHBal RALAL N .oqual to
DATAQUT, the process uﬁay progeed to blrﬂg(r:tk 510, \}\ﬁ?r éagﬁfqe%%%%g €he set to

a diffegent amahup, t Bﬁ@Tlm}d BPEhe%%@Yéc%H%th @&Eﬁl?%f }Zegglg%,@Ther eafter, the

process may return to bl'ock 404 an procee Cribed herenbefore

until. DATArN equ rovided, the  aforenentioned nethod steps
404 - 410 may be%fcg\?\/@érég%% ré)gggg‘?’it hIHG Ve PEtided with an input gatatstgmal ecei ver

under test.(ﬁRT%arti cullar, XIh.1d . fnbly has been held constant while
) e, a logic or a logic “1,”for a time period of X T prior to and

continuting through a period XT,,, after firing of a capture clock. After.determining
an output data signal of the receiver (DATAyy) corresponding to DATA,, (block‘

15 406), a determination may be made as to whether DATAyyr is equal to DATA,, (block
408). For example, if DATA,, is a logic “1,” a determination is made as to whether
DATAqyr is a logic “17. If it is determined that DATA,, is not equal to DATA ., 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 DATAqyr So provided, the
aforementioned method steps 404 — 410 may be viewed as establishing the actual T,

of the receiver under test. In particular, XT 014 preferanty NS been held constant while

adjusting XT,, until DATA, equals DATAoyy, thus T, corresponds to the value of

X T, resulting in DATA,, = DATA

ouT-

10



adjusting XT,,,p until DATArN equals DATAQur, thus T,,,p corresponds to the
value of XT,,,Up resulting in DATAIN = DATAQUT' 10 1 4 APR 2005 ﬂih?‘g 2005
af orement i oned ut'llli zation .ofFéT..tup, assunes that the initial value |R
XT,,,UP results i %a%l?ﬁ%ﬁ%ofl ptiizatigs of dua) assemeanacLT initie! whoeulbod be
noted that an_initial value for XT~,,up may be utilized that results in a
DATA, , that XSedeslltstna DEFAQUMR i3 nottdqesiao Eibaj, re bt shou . rdedmy: e hel d
constant while adjusting XT,,,p 5 until DATArN does not equal DATAQUT.

Thus, T.P woultihl valne EspORg,, oayt teentil k@ ehdtesudd in a DATES Ut RGqhgl :DATAr N #
DATAQUT. Additionally, it should be noted that, in sone enbgdi ments, Th. 1d

may be det ermhmad, PrinQhest QnileHEALH] | ack. to FLG 4,
once it is deter(r%luﬁed t hat DATAr N i’swlg‘ﬁ%g?y ?%hgﬁk%gﬁ%%%ﬁgﬁﬁfg%ﬁ“my
proceed to , , y reset to.the 10 previously

est abl i shedq*!nﬁlftbiﬁg%%ifai ueﬁ&ﬁéq%}l%‘quﬁg‘ﬂ%ﬁimwﬁﬁ gereseencktg the walng af ent
val ue than t)?_ﬁt previously established. Proceeding to block 416, the
receiver is - proVtHERNaIPABATA DA Tgva Alddisiopdh, dicshofld¥E nofedohat iror t o and
continuing through a period XTh.1d after firing of the capture clock. A

det er mi nat i eamelarbadmerdslel, gsmayobe ddrentined PATAOIH Enp@aT_t 0- DATAIN (bl ocks
418 and 420). If it is determned that 15 DATAIN is not equal to DATAOUT,

the process may [ReFeeRd Hagkto FIQ}.W,Qﬁé‘eiffﬂsAdetéi‘ﬁ%LegrﬁéﬁfT[?Ai mtrlﬁ)eéqxpﬁtc?et to a

different value than previously established. T er, process may
return to blocks416 rib her e fore until DATA, ,,
equal s DATAQUT. Aep tph?g’??%éﬁf?%?ﬁé&%?%ﬁi@s% ?g%é"gleﬁgﬁw aPebsrese4o thegoo nay
be viewed as establishi t he actual Th.1d of_ the receiver under test. In
particular, pfﬁ’f?‘fszy %a%gﬂsgg%’t‘%tmlya{’ﬁs ABgE?FkH‘élﬂde@méﬂaé(rhe sghiiol aedifdiens t i ng
XT1.1d until DATAIN equal s DATAQUT, thus Th.1d corresponds to the val ue of
XTh. 1d resu|v9}uﬁdhqrhthmp\ylmuslmp\mbj§h'ed. Proceeding to block 416, the receiver is

provided with DATA, for a time period of XT, e prior to and continuing through a
period XT,, after firing of the capture clock. A determination then is made as to
whether DATAy; is equal to DATA,, (blocks 418 and 420). Irf it is determined that -
15 DATAy is not equal to DATAqy;, the process may proceed back to block 414, where
XTyqq may be set to a different value than previously established. Thereafter, the
process may return to block 416 and proceed as described hereinbefore until DATAy
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,,,, until DATA,, equals
DATAqyr, thus Ty, corresponds to the value of XT,,, resulting in DATA, =
DATA ;.
The aforementioned utilization of XT, , assumes that the initial value for

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

25  1nitial value for XT,,,, may be utilized that results in a DATA, that is equal to

11



The aforementioned utilization of XTh.1ld assunmes that the initial value for
XTh.1d results in a DATArN that is not equal to DATAQUT" It shoul ‘PeAP]?tZﬁﬁ{i
a

that an 25 i al utilize hat results in

DATAN t hat P smié%?ﬁil h\t{ﬁleﬁel{@’g% }% %Bngvls B%?K@iﬁml “E%é%@“é%m%ﬂ
XT,,t,pis const ant V\g adj usting XTh. 1d until DATArN does not equal
DATAQUT. Th %FP&S Rra8 plﬁ%aéom Thye: Tl eRETSPODGSHB e vatesef XTpg i n
DATAr N# DATAOUT' Reference will now be made to FIG 5A, which depicts a
preferred SrenbodiinghTaf, A BaTgresent invention. As shown in FIG 5A a pad
500 of an integrated circuit includes both a contact site, e.g., contact

site 502, and pa®efiregddivillyhovabsRaH@tErEMSAN wiHilg: @e@@cﬁ&%re‘f‘ & €.9., pad
circuitry 504. Grcuitry 504 includes a driver ectrl cal | y

communi oAt esnbhiihd6r GRAAck: i LfI0%; BUGN BHEYA S e R L Ver 500 1

configured to receive ata si 5 fa(rmlo driver

enabl e sign 512 . Driver 506 aI so.is electricall
i nter conngcfné%gr?tgdﬁup& Qc&gﬁcgﬁtg‘ %ﬁopﬁcéﬁt%ﬁﬁ SRAlRCE Hts YL opndyegl %@il%/tg’

coupl ed therebetween. Receiver 514 is configured to receive an input, such
as via | eadassegated yigh the contaet sigr e 8. pad provird604nComipyt5)4sudhdas via | ead
520, to the IC core of the integrated circuit. is FIG 5A also depicts a
preferred edbodisPrbatelectrambly comniwesdataiwigiibepnfadOsief502! iR 85 SsHa
invention. More specifically, receiver test circuitry 530 i s confi gured to

comuni cat esg8.t Dritees it ¥eisi hudbto reb8 R £ 18 s %ﬁﬁa% 106 e 108 Whh g3t he

recei ver output, depicted by arrow 534. Rec Iver test cCi rcwtry

confi gured gQydr axm@@lg}qmes Gl ¥elc X%r%h @sgg;g?%% a

logic "0" or alo or a |ne perl XThoId as

descri bed her ei nbef orﬁ Addltlggf % recei ver test ci rcwth 530 is
configured FOTHESFiTH A2 EFcebap FRERHRLA! Tepttar 3iGgpring exu recei ver

correspondi ng
therebetween. Receiver 514 is configured to receive an 1nput such as via lead 518,

and 1s configured to provide an output, such as via lead 520, to the IC core of the

integrated circuit.

15 FIG. SA also depicts a pfeférred 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, Le., alogic “0” or a logic “1,” for a time period of

20 XT,p, + XT,0q as described herc?inbefore. 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 preferréd 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



[ [ [ ferred enbodi nment
to the input data signal. Referring nowto FIG 513, a pre
of recei vgr test circuitry 530 will be described in greater detaflj rzg/ng

i i eferred . enbodi ment of receiver test circui
530 1 nol udes " TRoneh Pt PUEPRLASEE s Ao Apiecriee o suneh aloseH Epeios4 o
flip-flop 542, .Launch ﬁgi -flop 540 is adapted to receive a Igupch f ?c e
si gnal 544 ARG, TiTTPPRISIHREE. Previds & mypided dasa signalrv érd ieguidatdrivei gl to
input of driver 506. For exanple, the Qoutput of flip-flop 540 |sk - anal
provi ded t oFPheerntRle, Ba& outhusof flipdlopridsiingroetie tofnvieher 5@4%5,’3%2‘3 si g
causes a transition on the Q output of the launch 5 flip-flop. pture

e . . . 514,
i p-flop 5ugingleelge pf talliyncheiotirnGal €W 4 Balsifontd AVG SlmlaGShy e,
fCalp'ltoure 1I‘OI ip-flop 542 is adapted to receive a capture (9 ctE si'gha %% and,

i i i | of the receiver 514.
in responsgig-hepeto, capture the output data signa \
Firing g? thgi Igunch and capture clocks may be controlled by an internal

im . St or other appropriate device(s) (not
depi cred 1n FI G BRI ARG PREA rghubr e REEshbermear el obks
gfglﬁngmnla o) re controllable. eration of the enbodi ment depicted in
FIG 5B wil?%o Iﬁléfeofgiggiqpo’%@iﬁﬁdﬂm tieesive vcapere tlavksignd] 548 @m of Fl G 6|,
whi ch depicts representative data signals 602 and 604, |aunch clock signa

] ] f i irst rising
d_caistRense dheseik, eipgiathsogputAstastigns of the Fbdaived 5145rERR drigie
gggé gnlocol]? the |l aunch cl ock causes a transition of the data. T%e capture

. . s ‘ ' Kis
k then lasndhi areldzapeargclockd Sy Be eQafo1REDy0h ihiEF BRI Sl G
(p:)lrg\(ii ded. By anal yzipng the ti rrjg di fferencg%%ét ween ?’h@?l Si %r %ge 610 and

i Si 8Eae i i t at.a signal T...,p may be
determ ned. - Supneneant e SRR vl E%%ex@s%ﬁgtr ﬁleqagsorf)fiaﬁm;ﬂt?grkeme

it f th ata., Thereafter, B
botveen t ne e SHEBBR baSh BelTodiE'urs kv wige spdommyiabls. ut 11 | zed t o

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), ngmp may be determined. Subsequently, second rising
edge 614 of the launch clock causes another tfansition of the data. Thereafter, the

20 time difference between the rising edge 612 and the rising edge 614 may be utilized to
determine T, . It should be noted that the clock-to-q delay (Tcq) of the launch flip-
flop should be taken into consideration when qleterminiﬁg actual T, and T,

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



determne Tl,,1d- It should be noted that the clock-to-q delay (TcQ of the
llaunch flip- flop should be taken into consideration when determ iynQAPR 2605

tual T,,t iR v .11 he. pade, to FIG . 7, which _
oLl T s Tl Ehchesae pRche, T BESI  1,

depicts an alternative enbodi nent 0O prese

FIG 7, a VA f ran i nt egr at circuit_includes contact site 702
and pad ci nglkfa(ra& O%O e ?@%llstcroy? gBWE%%refeWeWtaZ%é‘Sﬁl il R dromys 1§ or¢ ver 706
that electrically co icates Wi th the contact site 702, such as by |ead
708. Driver? %d}"%erc?@ngg{égﬂ&”ébﬂ?oﬁ@@db?I@Cafedéliravesﬂ@ﬁa]so?slﬂe&rioerﬂ}t he I1C core -
and a driver enable signal 712 fromthe IC core. Driver 706 also is

el ectri cal | yiercpnecedrinectesdver G14, wie en uptional fesiswdrt 6aBingRloupRal resi stor
716 being coupled 5 therebetween. Receiver 714 is configured to receive an

i nput, suchtiegebeivaeche ®bcdiks 71408 oh B G QL 8dat ' tRYt, such
as via lead 720, to the I1C core of t%e i nt eg;r at edpglf’?'{é%}?%ﬁaé%giﬁg’r t est

circuitry 7 i L Qm%mi j_t riv i npu depi cted
by arrow 73%@:I ig%gﬁﬁ tkﬁgﬁggrédgeaﬁver ohﬁ%g%?? W&el%ciz edgcbgleg{jrct%gp@%h? Recei ver
10 test ci rﬁjgét%éd??qlijf ncl udes a launch flip-flop 740 and a capture
flip-flop 7 & feh ‘lip-flop 740 is adapted to receive a clock signal
744 and, in respqQnse thereto, provide an inverted data signal to the input
of driver 706. FBFCRYipIt&Ircyily 780 dueqniiguesd tp lcpmmunicate Wb thesdrpveoiipmed t o
inverter 746. Thus, the rising edge of the launch clock signal causes a
transition éwpitthebReoawpiil, afd witk theavodherfdutyutf depjrtedlSy Gagl Tne. Reidivdr op
742 electrically communicates with the output of receiver 714. Preferably,

capt ur eLdf | i psfdiepitAd230 Bcheead avBcledgensy Vﬂgﬁ{(ﬁéjcap%ﬁe:f{i}&tﬂo?ghil LLfgedge
e

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

\?M! ?Inalnmc/)vf bteﬂlg)e%((g:ﬁra?ﬁjel\é%la%&éé to FREVEL icR)Qk%Igntapﬂdean 99& rrggﬂlgnsg ﬁPeire%,epQ'o*!fi e Fl_ G 7
an inverted data signal to the input of driver 706. For example, 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-eage tﬁggered, so that a falling edge
of the clock enables the captufe flip-flop 742 to capture the output data signal of the
receiver 714,

Operation of the embediment 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 Ty, may be determined. Subsequently, second rising edge 814 of the launch clock

14



20 relation to the timng diagramof FIG 8, which depicts representative
data signals 802 and 804, and |aunch clock signal 806. As shownfiin ﬂfﬁ;?%mfg
the first ri.gj .. of he .l aunch ock causes a transition o e
data. Ther eé;? ]!tlsré%rg 2 S&ﬁ% t?%’l%%%&%@g%at%lljghed?gf‘lfaﬁ’ethe Flﬁi?rﬁjé%erépﬁfc@@t‘éﬁedb‘lhés t he
data to be E@Pturgd. By analyzing the time difference between the rising
edge 8 10 add'PRESSEIS HY Bagemg edeg § i may ke nbhzadgodhermatedl,si ghaiguld 25
Tsetup may be det enni ned. Subsequently, second rising edge 814 of the

| aunch cl oclee1atea thatARRCIR0I0%-( dalag €3 anbtHedrurtch dlisiflobGhowifl Behaedah.
Thereafter, the time difference between the falling edge 812 and the rising
edge 814 nayoisdarbiid wheh daemehipnicnal TH ladd 71 f, should be noted that the
clock-to-q delay (TcQ of the launch flip-flop should be taken into

consi dert i on whetahghBlhb G HRbLIRBEUD PR Theddy, 2 B3 BERIAG, now O
T

FIG 9, various aspects of the present Invention, inc RER A r test

circuitry i 1on _and calibratio L1 1. now be described in greater
detail. hs Shounr et rr ErpRAER s il elbrioRatl repobAeseheedn ds e
invention i ncgr porgt es. an_integrated circuit 910 which includes nultiple
pads. In paffREuPsshownin Efpat eprefered embodioenind)0nfabe prdentintdntiongh 6
(912, 914, 916, 918, 920 and 922 10 respectively). As depicted in FIG 7,
t he i nt egr atredrpiratcuian inddgsaied nranpilakkish weohidey snultisle @b¥E! IntatcuGirl CUi t S,
such as Test 1 (930), Test 2 (940), Test 3 (950), Test 4 (960), Test 5

(970) and Taéprfiel 28Ot 9THRCHAES SAS 1M BERI ng;r@m_sgmcfgf@hg,%ﬂa Glgobcal Iy

comuni cate with their respective pads I r% ari‘ety” of “configurations. For
instancg, gd ' ircat directly with.pad 912 via .
transni ssi on S%at ngé'é?g?%ﬁ&g%g :ggéf@rﬁl}eeﬁ’jl&f%ﬁ}el%Wtaatlgcbw,cmﬁafaﬁe%‘?@oﬁﬁy be
two unidir e%:t ieona€ t]pat hsg ; %rsﬁji tr y?]3940 conmuni cates wth each of pads
914 and 916 B Vet °F) HIHYStSPEhaT SE L 6% Pal #5 26240) aest 34920)s TegsddPoVel v;
circuitry 950 and circuit r%/ 960 each electrically communicate with pad 918
via transni $&5tar{op@kans o £3R9) o8 ke rarspeaedeiet yest cirquitaietacyric@ll9 cormuni cat es
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



w th pads 920 and 922 via transm ssion path 972 and 974 respectively; and
circuitry 20 980 al so comuni cates with pads 920 and 922, al beit{j yi
T AR o5

transm ssiony; 984 respectively. Thus, an integrate
may i ncor por(EIIfEl gltﬂ af’?l%%%ﬂ%éa%? et todest guliiplgpadued WestyponSigur at i ons of

i ntercomuni cati on between the various pads and various receiver test
circuits. ASOHREYPIUSTIERIFY S shsshpnaticadldn HEE. 9 by Padie apdPROSewRich arc
limtation, an integrated 25 circuit may be configured to utilize one
recei ver te§t3thcti3$t@<ﬂlgr"fb$j2test multiple pads, e.g., 15 11 4 APR 2005
utilizing one receiver test circuit to test nultiple pads of like type.

Such a confi gur dtsishowhsn FeRr €Sent ed2 sehenmi t 0. Fl by, Pad.2 and
Pad 3, which are both tested by Test 2. %FJ%E%W#QEF(Y%%}%%ECI%WW

el ectrical | ¥ GespmtBk j L .circuitry. 5 of integrated circuit
910 by utilizing a vgﬁlg?@mo@y ?@Qﬁ%%??é?%x OEE‘FHS%ISHPP gethgonBaarationsy

exanpl e, ci i 0 c icates with the ATE via transm ssion path 932,
pad 912 andF #J%xtr?s 163%”8 I%Sm;%ﬂ CggIUIcates With (heo BE vimwmansimissi@spath §32,t he ATE

Vi a transMésq;é@Qar&ath 942, pad 914 and transmi ssion path 994; circuitry
950 conmun? i FansERss Loty PA2;toitghisryl B conmrmiaibat&SRith gada 9 &;Aand
transm ssion path 10 997; circuitry 960 comruni cates with the ATE via

transmi ssi omansHtEFi@EPath P42, i 14and tﬁah@:ﬂ&@ibﬁ@hmrpgqawcﬁgg;g gi rcuitry 970
comunicates with the ATE via transmission path 974, pa 3_2 and

transm ssi crnpathicHeSwitanEe ATECHA b SELRLC w th the ATE via
transni ssi on path 982, pad 922 anda%{gfrlgﬁgﬁ‘lﬁgm onb %dqmﬁ?’fs?’@ﬁé’laﬂ&,

o ornatl arp LU TSR AR, B £ Rl henevos O
o at o RS8N Rl O S e R e e e |
Invention may pe conghyued as provi SLJﬁ%g’é o oo i '
; try 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 heréinafter).
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 recejver test circuits in combination
20 with ATE, e.g., ATE 900 of FIG. 9, and a suitable contro] 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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test systens for testing integrated circuits. Mre specifically, sone
enbodi nents of the receiver test system may include one or nore 1e,cqqpﬁe9005

test circuit gontfbl GPSBNA] t E 900 of FIG an
suitabl e control sj%st em cﬁ:&gﬁ—{ﬁn\é\és %’ dﬁ 13%%%1? e‘?ﬂ‘eﬁ‘)}a@%‘i‘ﬁnﬁptxq@oﬁ"@r of |:| G

9, for exanp 1 tem | emented i n hardware,
software, fi r%gl@gtllggﬁglcgo%xﬁ % ot %@?@Qﬁle IR0y copipateeTeasdblenaiiiment |

however, the contEJ systemis inplenmented as a software package, which
can be adapt SBIVSS PHOF HreopReciionraiiesm instragticoraxsciiod sgprematpiagatsy oF @BEcL5 as
shal | be descrl bed further herein. In particular, a preferred enbodi nent of

the 16 1 4 APRD 219@50rrm@tmb@$ed$ysmmnprmms@hcolaamrng%@§teﬁﬂ095@&%{ sﬂétetk)d §al Ng of
executabl e instructions for inplementing |ogical functions, can be embodied

in any conputarferchaliabiseudtiza @ HindSetoY eRiculith 1
i nstruction execution system apparatus, or devi ce %%b ratug Or dev1ce

conput er - basgd «x¥stte Me RERCEDSO I e r pther systemthat s
can fetch the instructions f?gér)n Qg@%ﬁlg rtuct gﬁ %@%’?yﬁ SRR apqdable

appar at us, by and execute the instructions. In the context of this
docurrent a%c%rﬁr%lut% grrl by any s t %ﬁte‘iﬁ‘f‘l?ﬁ?taéhﬁt% CAPNIRCEFSs Prdpagatean cont ai n,
store, n’TT:;\{PI cate, propagate or transport the programfor use by or in
connect i on WARRPSThECHRegtAmdor Bye texerdnicomectisy stitarthe appactiinisec@iondevi ce. 10
The conputer readabl e nmedium can be, for exanple, but is not limted to, an
el ectroni c, Sisigmetpparatoptor davice.el ect ro- magnetic, infrared, or

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

speci fi aoexanpl eﬁﬂe&omtﬁxémskllﬂﬁmrhlcgﬁ))e %r gﬁgzﬂgtqgogr%gt erloé a%ﬁt%l e medi um
[

woul d include the follow ng: an electrical ° conne i %’)anhaw ng
access ﬁnﬁi"’?ﬁi ﬁa@nﬁe’*f‘ﬁi%ﬁap%am#éiﬁaa%ﬁfg‘?eﬂém#r}sa@%? SARET) | an
erasabl e, Blga{rglﬁgacpelwfde &5 propaga 1Xn medmun. %?5%\1/3'0%0 eilar%?)?es (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 wﬁich the program is printed, as the program
20 can be electronically captured, via for instance, optical scanning 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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menory) (magnetic), an optical fiber (optical), and a portable conpact disk
read-only nenory (CDROM (optical). Note that the corrputer-reada]bheAdeZ[}\gm

coul d even bE00RAFEG. Or AGRRENLEL Bith L@b] Cgﬁg on which the programis
printed, as the program 20 can 'be el@cth% onl 5?"1””3?&83{1@& Y GPHPFigss a

i nstance, oprh&RlorS| er, or other nedium then conpiled,
i nt erpret edl%or ot hgﬁ%@ggggf%%&g%g@ﬁ% D ANQRCFABES Y AN S. | Hereing s sar y .
and then st ed i 8,40 ut er ry. FIG 10 illustrates a typical
conput er or% %%ré’ssogﬁr%agpk@oa ycélf"g’lr)’ﬁ‘W&f vatjile fracidovbbtiée femeoty @a@akhky of
the control system 1010 (described in detail hereinafter) of 25 the
present i nvéHth &FangeTd ag¢rss sisynomayr tredenp ay@dnasTiee $iopdske 1080 acs
controller 17 1 4 APR 2005 1000 of F1 . G 9. As shown in FIG 1 t he

conput er 5 sy $nsémcgersendl daga Tomphites 10 1RReLSRRE] 1;1%0@%110 SHBMr Y 1014 with
an operating system 1016. Herein, the nenory é any conbi nation

of Vol at | e s nomheal i &I BRI &l FEENSc @qgap 2% ;@ggﬁggﬁh@;@@ rermory

or read only nenory he processor accep

fron1nennry1@2j45 nterface 1018, such as a_bus(es). The
system al so i nclu %§5%§0¢5%84m35??85?3?0Egﬁguéﬁﬁqﬁﬁh6WFéGPad@ﬂﬁ B 1022.
- Exanpl es of |n8ut de i nclude, but are not limted to, a seria

i C
port, a sc&rfert °bf Y%a]e ¥eats Iﬁ%@i(scoﬁmqmnk%@mpbstolfontpuﬁwﬁﬂseﬁa f “out put
devices may, include, but are not limted to, a video display, a Un| ver sal
Serial Bus, in6fudg, bitiam not ligitqziotof a videndispldyya Unme?saiﬂéﬁﬁ@ﬁgﬁxré n%py of a
nunber of dlfferent platforns and operating systens, includi ngﬂ ut not

i mtedd o, peie- Gﬁmllﬁltm@&ﬂ‘t’bmlﬂﬂéﬁfﬂ}ﬂwi‘ 8n§ﬁlb@f}§1§3_ %eieélév\{ ﬁgm\/\gmlgrgnwl t he

operating systens. The control system
functions ofpaphti Raldl ik resides in_nenory 1014
and i s execli ed rit:)gg;sytghe Splrnolc?gggg {‘{fgﬁglml%ﬁ%ﬁ*g@f’%mdwex oF UpPE™, Bun  shows
the functi Oﬁalﬂll@“ cﬁ‘rw:n%% %’f’%noperat%g%gfgtgglrsr %(ljle control system 1010 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 ofw 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
exe;uted 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 tested is electrically interconnected
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i npl enentation of the control system 10 10 depicted in FIG 10. In this
regard, each block of the flowhart represents a nodul e segment @r4 ptPR 7085

of code Whi GRhCOTR! PSQSSAE tOhl1obPY ?12??‘?&&1[‘: %%%oh?ﬁ}ﬁéyﬁ%‘ t§ Q]?q l{CO {é)r'P(?JF%e%I so

i npl enenting the specified | ogical nction or ns.

be noted th ibrg T'?%ed‘?"ﬁ%ﬁﬁ?%fﬂgﬁgﬁ%%%gﬁéﬁgggu% org . the functions noted in

t he various bfocks nay occu 41 ipfognatan  For
exanpl e, two . bl ocks. shown _.in syccession in FIG | | may, in fact, be
execut ed subSiHIRP4PT VP&&EEQ ARUAE Plgcthip@rentinebpnéerstipayosemending so the
executed in the reverse order dependi ng upon the functionality involved. As
depi ct ed i nimgIEpnEetion pethe gty and by dCesmbnmethesndlhk pyofflodanehdiosy) 25
preferably begins at block I |I 10 where an ICto be tested is electrically
|l e

i nt er cormecpredided id udeRR@Mmneis) suthAT by bBIRGREEHaDint tBe B ALK hldkRrardr Of i
data corresponding to the ICto be tested may be received. Such'profile

data may | niHpUtiea Wik dRidiQr ab hdoBfsd B2 bALAGIR QlhallELALERE 40 the type

of IC and/or electrical continuity information corr spondl ng to the

i nterconnecy he. | C...anong.ot hers. The profile data ma
Ibe 5 provi d%ﬂc??%%%tu%ﬁb@g%%ﬁ%%rsﬂléﬁn%% ‘%{fcrbrg?‘ﬂ‘zmﬁrr%ﬁ’lggge ‘%aﬁa’tlﬂe f or myof
an operator_ _input at a work station or as a response to a test initiation
si gnal del iwlggbﬁfot HEOCEWP%&W%E?OCE‘?@S&P{QW 1Hy4 pherealredath dy evahistahce.

After receiving the profile data, if applicable, the process preferably
proceeds t o-%] deerminatigthis meadete telwhethesteetingd may prbceed.. ., a deterninati on
is made as to whether testing may proceed. 10 At block 1116, the |C under

test isicprovi dedAtblockhe 16Tk IQAder aRPIsQRbVidEE byShIRAIES wih dppfdpiatedt €
receiver testing, such as receiver T,,,,p and Thold, for inStance. At

bl ock 1118, sif@8§ tofRbMitdS rdc8RRE ¥Shg, SHH hsTRcdiVer e ﬁIJ":T o,",“‘f&#‘iﬁ*%&é?' a bei ng
received in —any suitable manner, 'e.g., interm ttent 1 't hr oughout e
'; gite: Cgr Cég lgﬁl'li gf %%g%sgg%tégss%:%g?eq, Egﬁn ?s?t?ynthg %%, E";;Ei%:l‘ldthc %Elta%le?ncgkreg'ejiggd inWIﬂler ©
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
assoclated components, are functioning as desired. If it 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 is 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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15 bl ock 1122, a determ nation may be made as to whether the receiver, and
its associated conmponents, are functioning as desired. If it is detiedPRnt)s

that the redgiasion plrcsm@@tatﬁéa@@eléafyd@gr@%u% 5518y, ALoceed
to block 1126 where the test results nay bghélﬁg qfathg%tﬂ%{sjg’gh “4S$°Y erﬂgsgeati ng

b oot ok SEOLAERL G0 PLORSRS 3 BRe A% 56005 e o o

Thereafter, I f the deter |on once
circuit is not fuI? oni n as d SII’ the process ma)é proceed to bl ock
1128 where tHET R (@gl:bléatt]é’a Y‘?H’ﬁ S‘l&émrgéF%@Efé‘éiﬁfYItP chelusoldbrating; i s

determned that the integrated circuit is functioning as desired, the
process may dﬁ?‘é@@édeﬁtéffﬁiﬂ ko ba pwarigiide srachss, pwwsmdmmpbmmvw) aAd is
known, when ATE is used to test an integrated circuit, the ATE should 25

be cal i bbat edt tadibeatggrtbe tdsatirduttry s gl dukﬁgaﬁ@tmwa%ﬁat ASHCRER ssucﬁs t he
present 19 -1 4 APR 2G05 invention provi des at | east sel ected ATE

funct i onal i ytecheadueliorintiany efusb{ie/d@a8Y MRz oul d be
performed. Typi cg:} g’;| or a)r/t sol utel ons for cergéss:irrf%t'h%:ﬁ&e%l ssuegE

cal i bration haye. i ﬁlsﬁg%ﬁeredg (gghglg61llé{3§1%sé’)i %Ll BCUI tr grq; felé%gtl 123%3!)1;;%{' ating;

designing test circuitry e 1nvarl
t enperat ure and s n[{e calibrating the test circuitry at all. In

regard to ngaptlg%h B Fegefhig designing;t st FPuitsfotbe igvartsahin B p@v'eihmg ally

causes the disadvantage of increasing the size of the test <circuitry to a
si ze where @@ ipFarsanen iscsifestively potpashibie. doriimttage stieeetofire, ClbybicaBsohgtidnonger
practical. In regard to designing the test circuitry to be invariant to

PVT, provi dhagbeesuc maknuay PEToiriagoedasity tharadtyile #RStEALAbIFOr i nstance,
heretofore, a typical solution 10 has been to make any PVT variance easily

characteriz Alaliﬁlo&haﬂ}(] gh@@édﬁhﬁ{%%lso A ORR ISl X o r il c?rctu?fﬁwgy 1%&%& el 33 ey

" 0
cause the size of t clrcultry to I'ncrease to a ere L?Se is no

Conger Bt achybncldl 9% FAgdalL et L Lol Lo Lo saliprte Lot

produci ng test circuitry, obvious}y, 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 rhay cause an increase in the number
of properly functioning integrated circuits which are rejected from being shipped.

Since, it is 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
whefe 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



i naccurate results which may |lead to an increase in the nunber of

i nproperly 15 functioning integrated circuits being shipped or nqy4c§M§qwap
integrated circuits whic

i ncrease in.; nunbeg. of, properly functionin

are reject gﬁ} C’P {r%éjr??lﬁgi EEB’CS Hlll%?)rg@t mS‘éi"f?éQ?ﬂ}etrei’%a?eﬁir‘éfc@ﬂﬁﬁi@ntaw asalhbt &t e t he
receiver tﬁft circuitry of the present invention, the follow ng preferred
cal i brat i orPSnigtHisa! indhiyr gofegties elecirigel hebirpios enwburcirichsshadatanahe Aamd not
for the purpose of limtation. As shown in FIG 12, a preferred 20 nethod
1200 for caonbicitd mgtanecel thecirtas testgm oy be wsqureties abkylaegims at bl ock
1210 where designated pads of an integrated circuit to be tested are

connect ed tmeadliementreidy aliyer iMiBeRoLbEMFduidRSGN T s%ogld’beano?éaéj’ I's used
multiple tines within an IC, identical receiver gest circultry rs

associ at ed huleDe 8GR RS E?d?]ﬁigergtf f Iﬁ%nﬁé LEML Elo%gtslsie gpwe%\?%%y%g%ecr%gfalagur ed,

connecting of thée pads tot , such as 8ep|

pr ef er abl ydi%%_grdes]e reic% connec mg the ATE to one or nore instances of
the 20 1 4 KPR 605 ‘“ihta‘”(‘j’é’s‘?lé;}ﬁf) ShoRseoner e Ragk ofieach patciape oeedi e
repeated ci r,g,u%f{i design are assunmed to be identical in their defect-free

el ectrical "H8R iaBP‘?uH%b@éj@F%ﬁ@§ ofdleRepasy nodyebeATitized donredt @ erromdternion of
the circuit design may be assuned to correlate to the neasurenents nade at
ot her i nst andesmpéritohat circuit design. It should be noted, 5 however, that
since each identical instance of the block is assuned to have identi cal

defect-free el e@réée@dﬂngh@BMQQJZPL@I:MV&Q@&@E@&&?Q%%#@? ng bﬁ{w‘i@gh pad

type need be utilized, although additional one e pa

utiliz f [Weln nd co ison. Proceeding to bl ock
1212, *Fece e O e e e B e Bl BB s dhes T
appropri at ceiyer test circuitry now enabl ed, neasurenents, such as
T it T, 167 2Bl i 5 1Y 8 Ahecis DoYE &5 T Foamitibe Recetvet st ATE

and the receiver test circui t_r}!;.ﬂ Thus, as depicted in blocks 1214 and
1216, the PFEREY¥s Thps |ag derictagdn qolys 1314 and 1216, the process includes the steps of

receiving ATE measurements and receiving receiver test circuitry measurements,
respectively. Atblock 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
thos¢ 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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recei ving ATE neasurenents and receiving receiver test circuitry
measurenents, respectively. At bl ock 1218, a determ nation nmay e 3 %
t o whet her ata and the receiver test C|rCU|try at a
appropri at eﬁ%ﬁé@;rgeig%%ﬁgo %b‘:ﬁ}ﬁiwg};{f FISGUssed perveen MsFeatiosen a1fd t he
receiver test C|r uitry, If homever it is determned that the

measur ement S°K¥5 R F’E@WF@éﬁ%ﬁﬁtﬂﬂﬁ@“ﬁﬁU@EhgpﬁﬂypbﬁQﬁé@dnmeObmodhslzzo
where the receiver test circuitry measurenents may be adjusted to match

t hose neasupevEralspphtagionael terabm enhldle ATE of Flidraepfitiinin thewet RralBssharay
proceed 20 back to block 1214 and proceed as described hereiribefore until

the recei veinveastn ircvarioub tinjoMBRsi LUBAHSy AR s RN BRkoaL & a&%&ﬁédﬂﬂb@%@d-
Once appropriate calibration has been achieved, the process may end, suc

as depl of edpiufiobhol: AR ITRE LaraaenRaifEREr Bl ARAR BesnRresent ed for

pur poses of | lustration and description

exhaustive venti o t he eci.se forns di_scl osed.
Modi fi cat | og{é’p%(r%flt/}%ﬂlg “%ﬁs ;C]’F‘%“BH’&@]PH?%@ ‘?HPeﬁﬁﬁf‘élr&JmB’fs Whi® igisaRretedin g 4 APR
2005 teachlng The ginggt or .enbodi nrents di scussed, however, were
chosen and & E%“B%H” JIpPrsaitdo Prhichyhey arefpinlyand deasHy sntitlere princi pl es of
the invention and its practical application to thereby enabl e 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 particul ar use
contenpl ated. Al such nodifications and variations, are within the scope
of the invention as determ ned by the appended clainms when interpreted in
accordance with the breadth to which they are fairly and legally entitled.
22 1 4 APR 2005 CLAIMS |. A nethod for testing an integrated circuit (10
(210), the IC having a first pad
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(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 conponent external 5 to the IC and to provide a digital s;i@néﬂgi?rﬂ%
response thereto, said nethod conprising: electrically interconnecting

aut omat ed test equi pment (ATE) (218) @'Lh%gm | C; providing at | east one
stinmulus such that the IC neasures a recéiver setup tine and receiver hold
time of theyfirs : 0 recejiving i.nforpation corresponding to the
recei ver se%'up t%‘%&gﬁ%?‘?ﬁ%&mﬁ@%waﬁﬁt Iﬁuiti(@ (@10 He IG hayingyafitst pad The
met hod of Cdﬁbn?lo]of) wher ei rovi ding at | east one stinmulus conprises:

enabl i ng a Yirst ¥FrP -%‘FB%E‘%)%E@?&]GWG{@%E foccemppnents eicranl toubeld, tisd fimal to
the 15 receiver of the first pad; and determ ning an output of the

recei ver . coMIdEyBIEHR et ey ©She) cudigutedsd gemiveof sigihe frof 4 S6mpbricar E4t@Ral 3. The
met hod of claim11, wherein the IC has a plurality of pads, and wherein 20

el ectri dal Itp tht@ambioneoridag digitad sighsidn r&pbn @AMERIE B ke 1€
conprises electrically interconnecting the ATE to a Is%-s%%d %&fxﬁq}ﬁﬁe&

‘plurality of pa@eeﬁ&l?ﬁn&rﬁﬁﬁe&ﬁ%@u@omi@@te@ﬁ%@%ﬁﬁ é%tl%{)jp@p &ﬁ@ﬁﬁei n

enabling a first flip-flop of the IC to provi o the
recei ver oficthe first pad conprises: providing a first clock signal to the
first flip-ffop; inverting the data output of the first flip-flop in ,
response to the fnimr,i?t cl ch 5 signal ; ﬁnd providing the data output of the
first flip-flop B8 FHe 7 &E& erstppilussuch that the leemeasyrasrasgteiperisomupttiond hr ough
a second ti md= i nter a]I after a second cl ock signal.

and recerver 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 comian'ses

electrically interconnecting the ATE to a subset of the plurality of pads.
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5. The nethod of claim4, wherein determ ning an output of the receiver 10
conprises: enabling a second flip-flop (542) to capture the outpgt %k tﬂﬁ
receiver in response to the second clock signal. 6. The nethod" # i 5,
wherein providing the data output of the first flip-flop 15 to the
receiver conprises: varying the first tine interval and hol ding the second
tine interva conbteanethodbf tlaind@t whereni exgblifea fieg Eliy-Eiop SE I ﬂorﬁ;)viggd
varying the second tine interval and holding the first tinme interval
constant  whinleaitsietsmai toithgrdcbiger 6C@E Yiest ph@bsinpdig®: 20 24 .1 4 APR 2005 7.
An integrated circuit (1C (210) conprising: a first pad (216, 500)

el ectrically comypiigas NGWiL rtion of said IC said first
pad having a fi p];ﬂg dlr ?{\%er (8506 %ﬁg&li@ﬁer@?ﬂ‘rﬁ cﬁecfp\mr (514), said first

driver being confjquredt rqvi.d irst pad output signal to a
conponent ext er ngf&%ngg}eﬁgy ?%’Utso it@3 ’%ﬁsfﬁip“ﬁ%@ir\?@l?onﬁ%FQfge§WﬁiC§hr ed to
receive a first pad input signal froma conponent external to said IC and
to provide, 1825 %dmponent internal to said IC, a first receiver digital
output signal in response to the first pad input signal; and a first test
circuit (224, 53@roviAmgithedata outpat of thCfian dipdopgo ddapieiebrifor PRAVHER

i nformati on corresponding to the receiver setup tinme and the receiver hold
time of theint&al prictiopladuglBa sddoad kimedhtetVadhfbr/a sebbsd BloBk S@hg, first test
circuit has a first flip-flop (540) electrically communicating with said
receiver, said first flip flop being configured to provide a data signa
to said first receiver for a first time interval prior to through a

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.

0. The method of claim 4, wherein providing the data outpﬁt 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
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15 second tine interval after a clock signal. 9. An integrated circuit (I1CQ
(210) conprising: a first pad (216, 500) electrically comruni caii@g 'tnﬂ -at
| east a portion of said IC said first pad having a first driver’( )Zgihd
a first receiver (514), said first driver 20 being configured to provide a
first pad o6t putABiijegirted sirgnicdrpB@h@monexisisgnal to said 1 C, said first

recei ver being configured to receive a first pad input signal froma
conmponent ext er nafirst pad(@i @ 500 dedritably gpmwivdeatitgowizh stdeponpdittion sitseidnal to
said IC, a first receiver digital output signal in response to said first
pad input si@mald;firsipdd heamsa fiot dpveosab) agd 4 AifsoreBRivérqh] O ORIESRORMIENY t O the
receiver setup time and 25 the receiver hold tinme of the first pad. 25 A 4
APR 2005 10beig syndigern (2A0OYidE arfirsrpas vt s igraC®iawemps Sdnd BxikinABo ang t he
receiver hold tine of receivers of an integrated circuit (1C (210), said
syst em cONpIT, shid dirst actevonb el cdigued i ROEN a idTFd ihgd8ensoRdd gured to
electrically interconnect wth an IC and to provide at | east one stinulus

to the IC abonetiexichiab@r AT £idh6 piokide) ok BRYbRG uedrhdl 3§ s (216, 500),
said first pad having a first driver (506), a first receiver (514) and a

first test gist@bdiler(dZ2dl Jsign@Pih Jesh I 9o oured to
provide a fi rSst <5a% bz%t pﬂ?ﬁgi Eggr?al t%sﬁglgs?goﬁl‘%grg{gg?gﬁﬁb? I]tR%Irletlacei ver being
configured to r i ofoks i i fir sai JE and to

g eLGsMEstRirbikif @94,%@2 {nfepid: éog%a%?ﬁllaanfdib(r%gﬂg a;ﬁg;%ef’to IO ¢ al

provi de, to a conponent internal to sal erv

out put si gngkorh2ikl j irst..pad Jnput .signal, salid first

test circuit 0belgtrl1g Ccog%?é% 8‘5?‘2&5 glgégégﬂ'gg%eﬁpc%% ?fldctg%?ﬁ?ﬁ' OZC{ W‘? ﬁ%tg%i d ATE
such thgf, i;&ujgltslgacasponse to receiving said at |east one stinmulus fromsaid
ATE, said fir test circuit provides information, corresponding to the

receiver setup tinme and the receiver hold tinme of said first receiver of
said first pad, to said ATE

[

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 ﬁrs:t pad having a first driver (5 (_)6) and a first receiver (514), said first driver

20  being configured to provide a first pad output si.gna] 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.

25



26 1 4 APR 2005 ABSTRACT 5 SYSTEMS AND METHODS FOR FACI LI TATI NG TESTI NG OF
PAD RECEI VERS OF | NTEGRATED CI RCU TS An integrated circuit lC\.'l p‘ﬁpR/izgl?jd
that is adapted to provide information corresponding to the recelver setup
time and/or the receiver hold tinme of pad of the 10 IC. A preferred IC
(210) includes a first pad (216, 500) electrically conmunicating wth at

| east a portiPon éfsyska {)2@.0) audasnigng praelvenetupdtac and ihestcaivdrweld (:506) and
a first receiver (514), with the first driver being configured to provide

a first padobuscpuers osfiagdtabgmtmda:imairrrpmqmoxeegi@éﬂ@émE&n@ﬁﬁn .C, and the first
recei ver being configured to receive a first pad input signal froma

conponent i nt er nabtofateldfiest kuipiigr (ATS) (2:1 %f&igl BhireliZo %ie%@iciexlzyr/ % ?nrgf;n%);rpte dto

provide, to a conponent internal to tHhe I'rst recerv

t put si [ - ' . pad_j ' . Afirst test
cirou (320 4 AR LNl LRI 1o the' 10 The first

test cirguit is adapt e% @o. Er.o&tgg i nf (%I’ mation corresponding to the
recei ver’ setup thE EAYFOFIYHE &Y19e A Isginad 2 He 560), saith firftipad hayiaga
Systens and_net hods _al so _are provided. 20 Figure 5A 27 _
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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