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. 25 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.

25



1 A4 APR 2005 Additionally, performance |limtations of a particular ATE
may | npose certain other testing restrictions. For exarrpl e, the ff XqEPRchS

of 1Cinputs and |mefre of the
t hereby |ini t| ng At(aH;etwtﬁ%@( nggnﬁgé%g%ml\%%ﬂs REricge Erla dmPRSeCREAtaXi mum

frequency of e t %h conf| 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 rraFFi?rrumfrequency and; (5) limting, through

desi gn 15 i THSTEHSHOUERY, ne ﬂl@’@ﬁ?ﬁm%ﬁfbrmmﬂﬁ@ﬂq{@ﬁ@maﬁs tsheftdnGnaeyvi ce
to accommpdate existing ATE, anong 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

e S A S 0 5 SO S B L
address t ha%SET E@gle% El%{l a.ﬁ tecp?nrg or}%n I&fdegnrc]:g (95 Icc?nrnegtgntg multiple 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.



2 J 4 APR 2005 SUMVARY OF THE | NVENTI ON Briefly described, the present
invention provides receiver set-up and/or hold time testing func'gi an&PRtmﬂﬁ
within integrated circuits. In this regard, sone enbodi mnents of

present invention may be con r rat ed CII‘CUI'[S (ICs).
In a 5 preferred enbodi mntgbmwgg’@%{%wwl ncludes a first pad
electrically co h gtlr;]ggl h at |east a portion of the IC. The first pad
i ncl udes a firstSHFIYEFSCIiRRe Be Prepet 1pvsaier Brovide rereivsesatiupsmdirihoky  bei ng
configured to pr OVI de a first pad output signal to a conponent external to
the 1C, andimpéesting Senatienality avittieintegratod firguitse dn thos rapenk kvme ambbdistenpad

i nput signal froma conponent external to the IC. The first receiver 10

al so i s condfithepedettanpmoihdeay tteozoastcuwm@@%ﬁx&h@ﬁﬁé%ﬁfad%&cﬁiﬂ@(lb% fn first
receiver digital output signal in response to the rst pad input signal.

A first s esﬁrefdrfc@lé'rﬁbo@irﬁ&xt't%e nﬂéél"éieg%ﬂcﬁlbﬁfcldf sh'ﬁtrﬁ Qﬁ‘lelekﬂlcgfgg |C. The
first test circuit is adapted to provid of mat| o COrfes nding to the
recei ver se { receiv of . the fir pad. 15 Some
embodi nent séo Pﬁl 1 \gletfr?l %eﬁs‘\ié‘lrﬂof%?{“%ag géz EE}?\E‘ESFB%%‘“& dﬁ? BEiFﬁldﬁéier syst ens
for measurin fgﬁup tlrre and/or_ hold time of one or nore of the receivers
of an int L EsCRIVEN (W1t the fipst drivereing configpestde Peavidya fistpadelipges an

| C and ATE. The ATE is configured to electrically interconnect with the IC
and to prowigel & a ceaponauhextegial totheiCtandtthefitsCrecdiver baihg beifisgesi v first
pad that incorporates a first driver, a first 20 receiver, and a first test

circuit. Saeceiné b Gustedd lﬂﬁ@sifghélsﬁorhﬁ%bn@bﬁﬁiﬂlekteﬂﬁly ttheetr rI‘E@'ﬁ'ré’[ receiver
communi cate with the ATE so that, in response to receiving at |east one

stimul yg fro8 istBes drﬁ)t & iees <L nf or mat i.0
correspondi ng 1to tﬁ ece er eset u Oﬁéqn%trlﬁ%géal v @\ééer%gre‘qt\l}eecrewer @ntﬂ me of
the first r %qgﬁt\é?éna n re?ponse E} the first pad input signal. A first 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,



314 APR 2UU5 Sone enbodi ments of the present invention nmay be construed
as providing nethods for testing an IC. In this regard, a preferrqaqbrmji-\hczg%
i ncludes the st egﬁmgfeinbo ]! ecttsr(i)fctgl I Ke int.erconnecting ATE with the IC :
providing at |east one stinulus SuEHFSTHAEVCRRE B3 bretpdisiread 4 nreddinger set up
time and receiver _hold ti of the first pad; and 5 receiving information
correspondi’i’ilﬁthfjgS f%éeﬁnégé‘g&@r I &tigippaprde papfared eretlosdnoladesttbt stept ofre of t he
first pad. Qther enbodinents of the present invention nmay be construed as
provi di ng dewpalr inteentabttmendllavith thetlBi proveding d least prefemntRg seanmet er
readabl e nmedium which incorporates a conputer programfor facilitating

measuri ng stk lQ nﬁéa@ﬁ‘ca(ﬂédélveilQeth@hﬂietdnﬂ‘%e&ﬁvé?'h%lcpﬁm%?ﬁlecﬁrsttﬂbl%' Lgpeivers of
an ICincludes logic configured to enable ATE to provide at | éast one

SLLIU %, | Orekifink ntotidn OAbIAil OB) fie SOV G 10 2rRDL B LD ATE 1O

recei ve infornation correspon e recel Verr setup t e SN t he

recei ver haql I first receiver of the ICis provided. Oher
features aﬁéﬁgésiﬁtﬁ%@%dm the present invention will beconme apparent to

15 one with skill in the art upon exam nation of the follow ng draw ngs and
detailed descriPtheppmbpdimegts; ofithspregent irentipn mayie costtuedes panddiagvant ages
be included herein wthin the scope of the present invention, as defined

in the appewduyditaireidable IBRIEFIDESGREMT| OpkCirrdiHonSiivrRAddaYlEW&Ii@h THE
DRAW NGS 20 The present invention, as defined in the clains, can be better

d t 00d Wihith: i .dr-awi T i t
under st 0od wihith indogfc@4t8018 8oBuiehSrobfirh Wfﬂ&h&‘hﬂ%ﬁur&nﬁ"&%{&% i ygl%zjozar € no

necessarily to scale, enphasis instead being p . .
schematic dCkonchent oP il 8wk AReBER GG MHEdG: Beisontieuiars bl
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.



25 incorporating digital self-test circuitry of the prior art. 4 1 4 APR
2005 FIG 2 is a schematic diagramdepicting a preferred enbodi m?ni ﬂsR tzbﬁ

‘present inventio I.S.a.timng diagram depicting representative
recei ver setup ( ;s%'ti:%%sgﬁ%dlg%co B (ge,pfc)tmgiar% .mgd F’Tﬂéoglﬁﬂqnéoﬁﬂlﬁpmﬁ@wart
depicting the functionality of a preferred enbodi nent of the present

i nvention. F'8Y%A is a schematic di agram depicting a preferred enbodi nent
of the present invention. FIG 5B is a schematic diagramof the enbodi nent
shown in FI G S5AFIG.foisadpnivgidingratetapicting reprqsentive edeiobr @UIR (T, ) and

i nplenentation. FIG 6 is a timng diagramdepicting functi onalslpty of the
enbodi nent lsddWh,.. )itmésl Gs. 5A and 5B. FIG 7 is a schematic di agram
depicting an alternative enbodi mrent of the present invention. 15 FIG 8 is

a timng di agranFegp it i i . i | n. FI G
7. FIG 91is a schemalti cm%i(cglglﬁ g%r#lgg%él Eh%ﬁgétﬁhg%&g? ?pg%f'%%g%?%ent?f t he

present i nyentd.on-; 10 is a schematic diagram depicting a
repr esent at }ﬂvg S%éggingoybased 20 system which nay be utilized as a

controller of t rgsent invention. FIG 11 is a flowhart depicting the
functionality of 8?@%&%%1“@%&36@%@%@@5@6@@%embocihmpshoftba.

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.

25



FIG 12 is a flowhart depicting the functionality of a preferred

embodi ment of the present invention during calibration. 25 5 1 4 APEPR

DETAI LED DESCRI PTI P EMBODI MENT  Reference will now be
in detail to the a@%ﬁ%@ﬁ&gﬁqugﬁfWFMDMBﬁmmthe
drawings with like nunmerals indicating |ike parts throughout the seve
views. As menti ofédersricevilyndve beinridefmdeail id the slesompnnn b tHersedmpion at e
built-in 5 (digital) self test circuitry into an integrated circuit.
Ref erring nolwstreteBlifstheldrawinge prigtskiod Aimatelsiinlieaatind faks %bﬁghjoﬂgthg _

i ncorporating such built-in self-test circuitry will ~ be described in
greater det géderal ASevid) OMB miehti b1l @ brikflyiHab e o309 A el udes . a
| 10 which incorporates Ioéi ¢ 112 and %%e?%rgﬂtgéelfnf%%netgﬁg%q %rﬁ{e'tbll'@ Tig

Core 110 el ggbfi jcates with pad 116 which | fi gured
el ectri carl S Eumn st g GATHR, B0 PuRRC AtbrigotoniodgPat ol r o

such as a piece of .automat eg test _equi pnment. (ATE). 118, for exanple. So

confi gur ed, "EfGAEFEVHIGEHED CHEYM HhineQuperaiiae suelvwil;in selfdest citd@iirg 58]l
be delivered to the core 110 via a transm ssion path which includes p
116. 15 As bedessoied ingrgatemeietaidl f-test circuitry 114 is configured to
provi de functional - based digital testing of logic circuitry contained

within core | 10Aslshown deFIEol, imegared dishit 306 hchest hR8re ﬂio%ﬁigﬂl sel f-t
circuitry 114 typically incorporates a stinulus generator 120 and a

response anﬁlbb{@%fatészl%gicmﬁ%ﬁggtafl -%glf‘—ltésyar&titirﬂgi%z?oggg?rei%ﬁ{cﬁéZ 0is

configured to provi de one or e test patter i Yc 20

g: : gﬂ: H% géoerﬁﬁﬁnﬁgtregwit-ﬁhp%dpﬁ%tw lich Psrcoggtgﬁreeé o elBctnoal yegorﬁrgulgigaete lwoig:: ©

devices external to the integrated circuit, such as a piece of automated test equipment
(ATE) 118, for example. 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
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conprised of digital data, i.e., zeros and ones. In response to the various
patterns, the logic circuitry under test then provides a responsé Isimlzm}ﬁ
or signals to the response, analyzer 122 which is able to interpret the
response and@af5¢ByiGeeacsie sircHEy of thejoghand haswhireteforaysubstaptialiyi edved
externally of the integrated circuit. Thus, the digital self-test 25

circui try ptlmiadsof enterdalgiestakpipineme tiieqel E § €% ttd pepvode dtieulaotoeandychagpl yi ng
digital test 6 1 4 APR 2005 patterns to the logic circuitry of the core

and has, herapohas gonsthesheptatal disculteobmeditdthe BeRE Jreke &xligrnpgk t est
equi pnent, i.e., ATE 118, to provide stinmulus to and chec responses from

the integratggyighrcuit for facilitating testing of the digital |ogic
circuitry. s Uilizing the digital self-test circuitry of FIG 1 as a point

Ceceiver tast sy Sum b eERTALLIELR] R Bhefiks Tl o S tederhoed i n

reference to the schematic diagramof FIG 2. As depicted in FIG 2,
recei ver te8ENYYPRFRACENS ¢S RIGr Bisteaied smbrdingné gf thesacaiyar dest systam of thisi ch
i ncludes a core 212. Core 212 incorporates logic 214 and electrically 10

communi cat egraseithineenpiad vAllGowibs ddscrilseddonéfegmeeth the selidnoic diagram of FIG.
i nt erconmuni cation of the logic with devices, such as ATE 218, for

exanpl e, externalepided REFIGILEBEEVEestGl oM 200 iMSorPHatl AapedeReraiibghore, a
pad, such as pad 216, includes a physical or contact site 220, which

serves as ag Ui iheRliCPIBoN ! Pord £122h00pBRudiiblic 334 BRA RLECHN 1Y 222,

whi ch cooperates w e contact site't i cation
bet ween. 15 conponents af, the and .conpopents external to the IC. As is
known, pad 8?%@%9"’%?5 ‘Wh}/a P%#fﬁi@’%%sggnﬁ%ﬁgﬂ?égw BéEryamunicgtion ke vi ng
signals provided to the pad, and a_driver, for providing signals to
external dethedesic vwidudeviensatuch as A& ferexempla extenmdtd the dntperatetes

receiver test circuitry 224
circuit. As mentioned hereinbefore, a pad, 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 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



which electrically communicates, either directly or indirectly, with pad
216. As 20 described in detail hereinafter, receiver test circuitr '
AR s

configured i €] . d ATE_functionality and, thereby, potenti
reduces thegvﬁﬂelg{e@éictg% @%ﬁﬁég‘? A Fozré?is%é%?e POVEt tBFrERsbetrquelsy magbiepnent

for testing iqiegr ted circuits of various configurations. It should be
not ed t hat, “d &4 ‘??Stﬁ R Eate Paistthe AdEwie ppad pther thadelpd padad beitestdd, G 2 as
resi ding outside core 212 and outside the pad 216, various other 25

ar r angenent se of packethertherpad 216.224 nmay be utilized, such as arranging the
test circuitry 7 1 4 APR 2005 wthin the core or within the pad, for

i nstance. Mor eovas mdrienédhdreiabefod, NS AR08 HrREds I adl;; ni,cat e
with the ATE via a pad other than the pg? taoﬁge tesst edjﬁghfﬁéﬁ? a g%l ot her

than pad 2bariclofMRlA0PE0RsCUIRALARE hoithel ¥R Al Rlovdes Lhe abi ity

to test a wide 5 variety of i1ntegrated circur ver, the
full testi il f iven ATE is ysually not required to test a
b og i nl% gé%é encfl)?g?ngrﬁ&fq tes%d‘iﬂeﬂ!%‘ﬁﬁ}iﬂ’q?ﬁmieﬁéﬁmt of pads of

specific t

an integrated circuit may exceed the nunber of test channels of a given
ATE, ther etjggq'iﬁfi b fhfftl}%@?q REPIIR intagrael onictt nmy excextthasedbatgber of
tester channels or necessitating the use of |ess than optimal 10 testing

pr ocedur es, tess channelseafts giyert AWE; theheby rkéssidtidghae padst £f ARR Wit Sor at ed
circuit simultaneously, for instance. By providing receiver test circuitry

"on-chip, " ihdreadedsiuiitgr of tehtel AHRALISEr ﬁéc!egstfia%iﬁ%fhei}%gaf%%m{h%g,%ﬁat pd circuit

2 10, may be inplenented utilizing convention ere 85t

capabi ity tYHd r Qi e conventjonal .ATE may  be 15
Provi dod by ene B aRlse P APt ) M UE R G2 ipairacarvier ¢ est

circuitry idity to provide testing capability that a given ATE
does not p?@}ﬂ%’%m&ﬁ% flgr }%fan?fbl e |

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



to provide, while utilizing various capabilities that a given ATE does
provide. Thus, the testing system 200 of the present invention n@g&t If‘gtR 2005

facilitate effici fLeqk] esting of integrated circuits
draws from gltr&% g%ﬁ%? g%??gv}g{e 1tg ‘ﬁ}éﬁé/ ﬁ%@r%aﬁjts t%?? geﬁbefiﬁjé’ tg? rSBVELIV S Bhal  ATE,

e.g., reduc osts, while providin otentially inproved testing

per f or manceg%gi%oﬂlf’iﬁ)(’i%hﬁﬁmﬂrﬁ%ﬂ%%E@F%@E@%@’ECUB}Y@ék%srlpp@ﬂslbtf%@ tp¥tdbent
invention, testable pin count of an integrated circuit is not necessarily
limted by tHREAFPECIEmtdeqpgncissereatershar thettem freuoopfinguofthe ATHf a gi ven
ATE. For instance, the ATE may provide 25 signals, such as scan test

si gnal s and resets mdntioneXherpinbefore tisopresepaiisrcafiormciliiegratios Srud 4 APR
2005 circuit under test, while leaving other pads to be tested by the

recel vers t esineqiTT eyhdd: hiddintd @A) lating bf s g? Rl Blka LRCLISER, e ! es!

circuitry makes 1t possible to tes I'nt egr at circurts at frequencies

greater tha t - [.m f..the ATE,. t.ioned_ .
her ei nbef orgr,ﬂtfét?ﬁg egl?&eogiel{r%tgﬂ?%%ﬁﬁkégr%%%%ﬂlﬁﬂ QQEFEE’@I%V‘[@T&E%QSGMSOW e
(T,,,,P) angt{.o,l; hold tijnme (Tt]ol g%_l testing of pads of integrated circuits
and, in pr&PRr FURPUIBE ‘et Zed pgrern, itheieas “Eagetyer suphgne aeferstadhe i n part,
with the use of "on- chip" conponents. As utilized herein, the term
"receiver sébeigepph@ringwhich det typicallyt intet tiertadid baforela captorevdidakiedgatrer
typically nust be valid before a capture clock edge for the data to be

correctly cthptdamead beandedthecaparred) ahd GecieMe Fredeiver Rl Bme” ebBESo iR fikie tine
10 interval during which data typically nust be valid after a capture cl ock

edge for t haterfatiarih® WIS @I, %ﬁdamy‘%ﬂggpf )‘v’/rﬂid Mprg c%@@fél Qio@g%&%zf?{ [, data to

be correctly captured, the data typi nmust be prior to

arising ed f n ical l. must remai:n at that val ue for
Th. 1d aft er%% g)s?é%ﬁe%{%g%tgﬁeg M%eag?cﬁ%ﬁlﬂgng)ééaﬁaég E’EPHEF]“R‘F‘;E‘P‘E”@@: B8 or to
the rising c?aqgteyp?gallyr]r?us% g %flid %o?ei“segpr;\r}/c;r%g 2ri%%;[gaed\églo??henc?gckbaer}ld(:t?;gf:aﬂlryed

must remain at that value for T, 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  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 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.



15 instead of the desired data value. Additionally, if the data changes
Ibess t han ‘(Ij'h. 1d after the rising edge of tlhe cl ock, ahnewI dgta ¢ad u@m%
e captured inst ' at,a yval ue. A graphical depiction o
Ts,tup and T,,,, ???esﬁ%‘?%%gtn@t{ ﬁ%}}?ﬁ? h??,ﬁlU\‘H@PQFW ag‘ﬁé’[ﬁ’@@é‘@ﬁ@ﬁﬁmelm@d a
signals 302 iang 304% ar egsgom transitioning between logic "0" and 20 |ogic
"T" A cl ock 'SFQHAI 4% %) 1 Preseridnyeatian, Inhisregard, the famdiofhnded hetheg shown
inrelation to the clock and data signals. It should be noted that TWJIP is
measur ed f r offfLO¥S blogksymay ocqur outof theiordgr vibpicted i B1@ . aF hasafub ) &id | oned
froma first logic value to a valid second |ogic value, and T2 bei ng where
the clock edgecksshewsiingiccditbniia RiGas wiagdinf feTbecl2 sty cBnourrbd gg; ng
where the data has transitioned fromthe second logic value to a E val i d

third. | ogi ¢ iwabuecnBolinkent 8008verTnGall ElAL Gl B dcsBONS L

functionality and operation of a preferred I nplenentati®o

i nvention. | i - | tions. noted jn t various bl ocks may
occur out Ofnﬂ%tf?]&ét! %%gcrgéﬁggibgg gggtﬁ{r%ﬁﬁf %Pg‘ﬂl?mﬁ& bf@i]éﬁgf &herejgitiah v algrssios hown
i n successi ggri n F ffgr 4 may, in fact, occur substantially concurrently or,
5 in sone efbouk ARES huidFe ¢9RPLsRRAR rMerespgeificallys X6hayand XTE), Gorrdspontieo
enbodi ment or . nmet hod depicted nmay be construed as begi nning at bl ock 402
wher e i ni ti ARTIYRAE tigne mesiods SOT applymemsigaiito a bad soceivesthadyr kahethe MaLe

specifically, XT,,,,p and XTh..1d correspond to variable tinme periods for
appl yi ng a segods oftXT,a,, pAd XITe g ehd efili26a07ths S8tent TGkl ' of
XT,,,,p and XT,,,, are utilized by the presgnter% nverl%%llbfgﬁorf%r?grﬁggrﬂé?m ning o

actual Tg,t a&ll@l”ﬁsatTaﬂéq‘m%%#g@?)a@?&efﬁﬁé X&Eﬁ@esdalg%g%{tbed her ei nafter.

Proceeding to bl ock 404, ecei ver 15 provi tH an i nput data signal
E)II’:);A\-(I)-'I’A‘r 'I[\?), aind e P?Oéeg&hg t(')' 1"0019 E105:7‘, tLg gelc(e:iv'c'e} i’s}nrév?&edawgtlhgg il?p%rt Idac‘)tg siogfnaIXT, P
(DATAy,), i.e., alogic “0” or a logic “1,” for a time period of XT,,,,, 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-
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continuing through a period XTh.1d after firing of a capture clock. After
determ ning an output data signal of the receiver (DATAour) corregp i 5
to DATA, (bl ock ]_EF4O ,_a determnation _may be nmade as to whether D

is equal to DATAr N NtgHgY LtiEzsf108 R4 fdiee, 2SPmMENTAf Reiimtial wabgifor" |, " a
determnation_is made as to whether DATAQUT is a logic "I". If it is
det er mi ned tRAEw BRTAS N1 B P AbAndbatas neteqDATAOUITAY he It shvokidssoi@ythpr aceed to
bl ock 410, where XT,,,UP may be set to a different value than that

previously establilshést. XThgmesfBeartilizthehapt@aRS ; BATAS! Hfaﬂis%%thCk 404 and
20 proceed as described herenbefore until DATArN equal's DATAQUT. So

rovi ded, theatafor | t 4 -he .vi ewe S.
p ATALQL mﬂés%Qﬂ%dffR%r#?Q%%o[dﬁgéé #9813 c%lés(?anq%ﬂe adPﬁg%%tﬁeMI ar |

establishing the actual T,,,.p Iver under test.

XTh. 1d . £nbl y. e whil.e .adjusti XT,,,p until DATArN
equal s DATA rt@ﬁ)t%ﬁgmgogse%&ggﬁgéﬁs%g}%@ tlldmfh@ewgioﬁw%f“es ,d,pt,OL%e Yauupt i ng
in DATAIN = DATAQUT' 10 1 4 APR 2005 The aforenentioned utilization of
XT. tup assureses a0 T Asl = PaTifeut-oAdKTional R itrsbeuldtts HoredahBATRAI N t hat
is not equal to DATAQUT' It should be noted that an initial value for

XT~, , up may sbmeunitadmechts, [t meshd deerinined PAdAo defchiniigTegual to DATAQUT

S

In these enbodi nents, XTh.1ld nay be held constant while af'ﬁusting XT,,,p 5

until DATArN doeRdretine®dak tdINA QI nceli r o the
value of XT,,,p resullnfgi ng in DATArIhceﬁh%??,&egjm%e\agggﬁ%‘i&gﬁa‘ﬁ?g‘?&?{& shoul d be

ot or mi i ng AR SRR Hae R aeerd o elPY 2 il R drtbirnrieda na
R T U G e T RO
bl ock 414, XTh.1d may be set to a different value than that previously
est abl i shed Yabedbaciryeviously setrblished. Proseedivgiofelncli 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
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provided with DATA.. for a tinme period of XT,,,,p prior to and conti nuing
through a period XTh.1d after firing of the capture clock. A detqrgnmg?ﬁs

then i s mad to AQUTLS equal, .t o DATAIN (bl ocks 418 an

If it is del?h é?fﬁﬁ PHd I]\I‘\ﬂlggg%ébgﬁ%&%@“wgf ﬁ%lalfgpﬂﬁf Vﬂ%ﬁ@éﬂ’ﬁtmgﬁghm%éss may
proceed back t.o, bl ock 414, e XTh.1ld may be set to a different val ue

t han previ oésﬁr@&@sdpﬁ%il‘?tsﬁﬁéﬂl%&&ép%f?&s; Tgneorrgspordsde thrayalvee Xt o bl ock
416 and proceed as described herenbefore until DATA,,, equals DATAQUT. So

provi ded, t ksulifngrizibhlAqneldAfethod steps 414 - 420 may be viewed as
establishing the actual Th.1d of the receiver under test. In particular,

XT,,,p 20 pref er @bkarehrasyitasm H@hﬂd@ﬂﬁﬂ@@k%ﬁdhedé?ﬁﬂté@ .Te'?&r@grl' 1d until
DATAI N equal s DATAQUT, thus Th.1d corresponds to the val ue of XTh. 1d

resulting i : e or Lon utjlization of XTh. 1d

assunes ?hate th ﬁ%&ﬁ‘}e%t £ %D{ét[})]fg%\%%lE I&tel;q?‘%lrﬂ%xfﬁﬁgwl g%-gf?'sgf%"na %E%g&(pﬁf%nt hat is not
equal to DATAQUT' .It s.hou’d bg tﬁot ed that an 25 initial value for XThoid
may be uti| IS EASIOHEIGIRAES PR (OREARE o &€ ic8niBgsle 108, and pa ciropiy 2005
DATACQUT, In these enbodiments, XT,,t,p is held constant while adjusting

XTh. 1d unt i PSSERFiEANHbES caBlacksiigas- 2 DRaROURitrT Aidd , CiFbuitg 50drinds@snrds to t he
val ue of XThold resulting in DATAr N# DATAOQUT' Reference will now be - -made

to FIG 5A dubirci96degpictictriallprofmetunichids vaibodicobnatt 9fe J02EsiRhAS 8P lead
invention. As shown in FIG 5A, a pad 500 of an integrated circuit

i ncl udes bo$®B.apE oA et is SbRaurd & recG S agh s 'Eﬁsl%oﬁomggglcp%ﬂFgl&{Ig“i try

associated with the contact site, e.g., pad Circuitry ry 504
i ncludeg, a gQ¥d \L8hhi t i Y £Q icates with the contact site
502, such asgtf ﬁeagggg%gﬁzlﬁ%@g%ggg&{esﬁ&%&@%‘ﬁe&e%@é@ve a data
signal 510 fromthe I? core.‘ang A‘? . ) ) ,

mmterconnected fo 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 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
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10 driver enable signal 512 fromthe IC core. Driver 506 also is
electrically : nterccﬁnnect ed to a receiver 514 with ?n opt ijonal r &y SAPR 2005
516 bei ng coupl r en, ei ver 514 is configured to recelve an

i nput , suchqglgf@?a54F'eZﬁﬁ§§%ﬁF@?Pdg{ ISROMRES i Teacive e fvevh dlocksigoait Fdt . such
as via |l ead 5%0 to the IC core of the integrated circuit. is FIG 5A also
depi cts a pPRPdRrElOBIRbRICHR RIOGHe depered datesigndito chd inpyt G3Bivef 50d he
present invention. Mre specifically, receiver test circuitry 530 is

confi gured F6r exammieriihe & eutpittdf fipdlogrides piorfiet 1o daRie &6 biargow 532,
and with the receiver output, depicted by arrow 534. Receiver test

circui try 586ingedgenf ibgunedhtcdprsiitalenihies rhRGRINVES i | pU,, 43t a
signal, i.e., alogic "0" or alogic "I," for a tni me pg?%%&oéfqgﬁfa%‘%btup +
XThol d as dggeflbped hereinbefore. Additionally, receiver test circuitry 530
is configured to determ ne or capture an output data signal of the

recei ver corresp i -1 t input data signal. Referring nowto FIG
513, a preferred%gﬁ%‘g%m?eﬁ?p g& ?lggté]lc CHRREEpiey Withthe owpwt afirkdeitee

descri bed i 4gréat er eth{PIt. As depicted in FIG 513, a preferred 25
enbodi nent  oF* r SEEPRFLIPT 541 adanted/toggeeive tapties clockaigmahs4d dngk f op 540
and a capture 12 .1 4 APR 2005 flip-flop 542. Launch flip-flop 540 is
adapt ed to TEREIS thegetpaeapbire tieomitpetidytadigind 4f 8 Geceiver B¢ PPRRG drivgl et o,
provi de an inverted data signal to the input of driver 506. “For exanple,

t he Q out pultaumdh ddd qapfur@plobédmip b eMEIRE By Qnl; A hus, the
ri sing edge of the launch cl ockﬁsi gnal causes 1{1}%;[?'{&12{2%1'11?%%?%1%51 Ort?ﬂe Q out put

i R A B R
receive a capl Y. &l R6K.s/.a0al, c?écg(saa?éj l’cnoivxlr’]n and/or are controllable.
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



response thereto, capture the output data signal of the receiver 514.
Firing of the |aunch and capture clocks may be controlled by an {nt hG05
tinming genenatQles s dive07@ter fal LAt - .Appropriate gdevic (;33”% not
depicted in FIG SB)I,V provided that "~ ﬁmnﬁﬁﬁgétgiggﬁgg%cﬁ?ﬁ@z%gﬁé“‘% cks
are known angd/or. -ake nt | abl e. rati on of the enbodi ment depicted in
FIG 5B wil P9 rlm%\?iv@g' erg"cc%' ."@éaf %Oﬁ%gvé’ﬁi? FERVES GAfeSBRati/Ag Tgmatedfm e FI G 6,
whi ch depicts rgpresent ative data signals 602 and 604, |aunch clock signal
606, and captdif EN¥FTGERLS SRl 7 BbBomaBe Kheows. iDviver &6 6lso ieletiscdlly st ri si ng
edge 6 10 of the launch clock causes a transition of the data. The capture
clock then inertonredieddo g receivesi7id, witlyen 6ot rdsheorcaptbetrg @hprl i s

provi ded. By analyzing the tinme difference between the rising edge 610 and

the rising edgdebilsdn(iReceivel Ald i9RokBodrbetPRtayvs i ) Vi e
determ ned. Subsequently, second riig%ng edgev614“%#’1)’tsﬁéleil Savdé\)(l:%ﬁﬁllgtk

causes anot : [ . . fLe he.2Q tinme difference
bet ween thegﬁlg}cﬁgﬁ%ﬁg?%%%kgﬁgﬁtcﬁgsﬁi Ssuf-l:- Egg 21 gl%ac%?ﬁ, Fﬂa&begg “ats ?fidtg‘éd to
determ ne T|, I&-dlt s ould be noted that the clock-to-q delay (TcQ of the
| aunch flip- ‘%%Toﬁ SKBUld be taken into consideration when deterni ni ng
actual T,,t,p and Th.1d. Reference will now be nmade to FIG 7, which
depicts an al t er REE5IVE teb RHEHINFEAP ingonfiguresite semmuninaenwitbthe dsvedéputt ed i n
FIG 7, a pad 700 of an 25 integrated circuit includes contact site 702
and pad ci réspietegbyedow(i32caid with I@AredSvdr otitpABRIPEHS] by nedwides. Reediiarer 706
that electrically conmmunicates with the contact site 702, such as by |ead

708. Driover tedifircufirycT87 inghitleds ta@néleaR-N moiﬁ{cﬁaéeiggs}@' if-Hap I C core
and a driver enable signal 712 from t@ﬁe@q C core. |v§rllz%lgg 721;?%%‘:&2011

el ectrical | y;n_4 : pver /44, wth an optional resistor
716 be: ng c%lgp$%¢%§§%g§%%§% V\I:aeg%l?e Eggogkéfﬁnab%gh alm\gl’ gbﬁfﬁoﬁﬁggﬁrﬁ% fre :"'ve an

I nput, suc hanai?wé:/ﬁtéad c&a%éa %gngl%b the mput 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
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and is configured to provide an output, such as via lead 720, to the IC
core of the integrated circuit. Receiver test circuitry 730 isidﬁfﬂ%’?ﬁg

to communi c i jver-d nput,.. depicted b row 732, and with
recei ver out% %ﬁste,wa%@%%{}(faengmr?ﬁ ° rtkt’eo%%a?ﬂberﬁéte& tS%P eﬂ%{f?r@gffe R5tvesi ey 730

i ncludes a I@&mch fli -flog 740 and a capture flip-flop 742. Launch
flip-flop 74008 eé%f‘a%fzeﬁldtt ¢ Figigiegac &14cmay ke stitizesl to Aawrming, T,in It dspidise
thereto, provide an inverted data signal to the input of driver 706. For
exanpl e, t h&cgotpdithutthotloth-tpq delagdTZA0f tre lpurekifipdicbehbmdektfienid®. Thus,
the rising edge of the launch clock signal causes a transition on the Q

out put of t hendidermidn ¥herpddtbrogininkmcaPtyr enfilti p-flop 742 electrically

comuni cates with the output of recei ver T 714 Pr ef er abl y, capture

flip-flop 742 i s megahi- V8o tei falli ed .of the
cl ock enabl es the cap%%?ﬁgwﬁ??g(-}f?’o%g%sggp S&ggﬁﬁ%&%&? Jllntfalm %r{r%%&t mgﬁ'tdé“gsi gnal
of the recej 4.. ati.on of ..t he odi ment,_depicted in FIG 7 will
now be descr?%dég{?r ?ejr%t ?ﬁ% HpRlgne tStl?Ih%nqe?rgﬁ‘l%Wé‘OHi"ﬁBrnﬁ Ryrdespribedgn grgdtern
depicts represxﬁnt ative data signals 802 and 804, and |aunch cl ock signal
806. As shoflfidiin A8isaowg in Fi{g %, amseferpd pmbodimyat ¥00ofdhe presentlimenthn cl ock
causes a transition of the data. Thereafter, the falling edge 812 of the
| aunch cl ockncerpashtesart ieegizttd cirouib®l Coaiich ietudeBynuaislk yads) dntdagridul 478

di fference between the rising edge 8 10 and the falling edge 812 (in

rel ation tojdfthga@atacst 9[@1n)cludegﬁad-gsleﬂﬁﬂ?lgg'@’l(2?% 9}%;%@‘ ggg%zoc%glasfgggug EE)![ Y

second rising edge 814 of the launch clo

A S D R T e e
should be noted fhat the cloc -to-% é}lO%I ay ch(% of the |launch flip-flop
shoul d be t Sc8IVer igstpircults, such as Test 1 (930), Test 2 (94D), Test 3 (950), Test 4 (960),

Test 5 (970) and Test 6 (980). The various receiver test circuits electrically
communicate with their respective pads in a variety of coﬁﬁguraﬁons. 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
varlous 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.,
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consi deration when determ ning actual Tsetup and Th.1d. 5 Referring nowto
FIG 9, various aspects of the present invention, including repﬁiz}/e%%ﬁ; 2%5

circuitry i : i and cali.bration will now be described in gr
detail. As s %\Aﬂl{ﬂ%irbtrll]%%%\%eé,tesémﬁ?uég rFE e HBls dedwet ligoppof Stdhes pr esent

invention incorporates an integrated circuit 910 which includes multiple
pads. In paF??@ Tapon iSirpRIggnsdeg hempiceilly 19 FOG| hby dé s apathad b, #hicaugh 6
(912, 914, 916, 918, 920 and 922 10 respectively). As depicted in FIG 7,
t he integrabPed testeéby TestiZo i ncorporates various receiver test circuits,
such as Test 1 (930), Test 2 (940), Test 3 (950), Test 4 (960), Test 5

(970) and Test 6 As3BOWn iTFeGVArAPESOS 8REI lhpyits electrically
communi cate with their respective pads in%gﬂkrl[é%?g}u&icgfes% ts&%rsg‘flf%ﬁl‘@ For

i nstances g&f i i.rectly wth pad 912 via.
transni ssi on {I)lat étggggiigtnga 1%{?%1?%%‘%?‘? gr et?”r?%ﬁ%ﬂ%ﬂ’ﬁ%f’ﬁ%@ Geafiguemsnay be
two uni di rep{)}i %ﬁl Paths) . 9§i rcuitry 940 communicates with each of pads
914 and 916 by Ut 1’Zi ANSHERTS Rt Es Y tgaa TR vep transmissiapmeth DYZ) v ;
circuitry 950 d circuitry 960 each electrically comunicate with pad 918
via transni B4 %& Pk RS TESS 108 Rptln B92; rodrs pist S MDetommmiicates Wity (R7QTE QYgYUNI cat es
w th pads 920 and 922 via transm-.ssion path 972 and 974 respectively; and
circuitry 20a380ssadrspeth At midcidesdwiahbnRads paglcpga.ggiragg{ gahbeit, via

n

transni ssi on pat h‘ 982 and 984 respectively. Thus, an integrated circuit
" or Communi cat 1 on bet veen the uar aunSen e A% LA TR tlhiertoeny
i vt o ZR Y D S SATERIN RS el a8 ik 15 oo
LTI o G BB Rl UG Basminieh e b o ki e
Such a path 974, pad 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 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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configuration is represented schematically in FIG 9 by Pad 2 and Pad 3,
which are both tested by Test 2. As shown in FIG 9, ATE 902 el efty ixpal WUS

comuni cat es camttd) sthemt i LLir fintegrated circuit 910 by
utilizing a \(;arti etsg %%1’ ﬁfl%%;c'r%ﬁ@g:s%n%poe{? %r%cclcl)lﬁ?l?%g{%ﬁ”&ﬁ@? IEgCEnREpr e,

circuitry 93 el e ith the ATE via transm ssion path 932, pad 912
and transm sg{l@g@gwg%f% )é\i:np Ut ?VAt?ﬁ%n}&QﬁWﬁJ‘rﬁli ¥ cespwierieadable ATddivma
transm ssi on, at hb942' ad 914 and transm ssion path 994; circuitry 950
comuni cat es” Wit Hh°Y RBIAPENGS DY idhehins SR Gionpaetut®b 2y stpmd aflatas) dr device,
transm ssion path 10 997; circuitry 960 comunicates with the ATE via
transni ssi onSYshh agempusadastizystam ptdt&ﬂﬁﬁb@&hi@[hgb?ﬁst%rr@ 8Bothed g}@&h{ hi¥e 970
comuni cates with the ATE via transm ssion path 974, pad 922 "an ,
transni ssi oncapattthdBBinsandionk GO he Yn980: i J he AIE. via
transni ssi on path 982, pad 922 and transrh&gg%gg{r%h%g%)ﬁ&gygwfa’é’ﬁ?rgir?éﬂcfey,
vari ous funcdddasxabit - enapl ontr.ol, 1000 (described in detail
hereinafter). 15 Asggleéggg?gglgﬁﬁe?etﬁ%B@?{%&eofﬁlflﬁgom%rﬁ OmPEHEiTeatabls
adapted to fagch/| it automat ed test equipnent functionality for testing
i nt egr at ed crﬁg%lhh ?aﬁpﬁ LA IEAPIGA AP CORGH SORD SammRmEete brafagatpoes ent

i nvention ngF be cgpstrued as providing receiver test systens for testing
i ntegrated ¢TAPERAT & NVpgraMSigE BYer bycen inyonmastien enthahié imatisticf exebltton €Cei ver
test system may include one or nore receiver test circuits in conbination
20 wi th ATE,SY#eg, appaTEuQ@0 doficd:l G 9, and a suitable control system which
may be inplenmented by control 1000 of FIG 9, for exanple. The control

system may be i rifHeastRipued rédiabR MR cas gé}ﬂ%@éﬁwﬁé "R o ﬁg{i‘ggﬁ?,ra&

conbination thereof. In a preferred enbodi nent, however,

systemis i Ece0BR! 84488 ~ kage, ~which can be adaptable to run
on different EI at f or rr%ﬁe}rﬁﬂop;%%l}”\agﬁcﬁa r@%eggéhg%mgfso@ﬁ%?"%m@é§E%tPTBed

Further et bk BA1! 6¥Bhunatol bR EEA Sl BRI 2L %00 e

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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[ [ dered listing of
1 4 APR 2005 control system which conprises an or _
executabl e instructions for inplenenting |ogical functions, can HejeppRdI(gY

| [ ' th an
i uk0en-ofgadap! &s ARSI KM FI® UER [l gonnectjon wit.
: Es?%ctciogﬁ executi.on sygt em apparat us, Jé%p?fee\}'lsgse?m @Bgﬁllg_golgpnses a

- I, Ni her systemthat s
ter-ba t taining system or ot

can fet ch tﬁﬁg‘féﬁi%@?%f*éﬁg?f?e?%%&tlﬁiﬂfﬁwﬁaﬁt F%’{ﬁl_géﬁ(@é@}in%fhzlgl?gmhxet o

devi and execute the instructions. ] _
document . a el s e ometono salibueraimorobiit: thabroaRmGest ai .
store cbrmuni cate, propagate or transport the programfor use by or in 10
connecti on WHEthas Radem eeease rieowre pecatliooty msmsf;enrh@iﬂﬁggsgéymlz%gﬁq)@%l ;:e. 10
The conputer readabl e nmedium can be, for exanple, but is not limte o0,

| ect ronbc, irrigneoBsandaiatd o, mehest 1004 RENElJck) intddfb 21 65, O as
geren'-conduct or system apparatus, device, or propagation’imedi um More

i fi ; { I onmputer-re dable-med!um
wbald 1t ude the Tl T carentAehiCan bl devRle 1020 R BebTa5meS navi ng

: onput er. di skette 15 %_m.agnetic),' a random
access momoiyt Ry Mg BBk AR M oGl B st (mavy fo.(ritincaaren, an
~erasable, programuable, read-only nenory (EPROM or Flash nenory) .

(magnetic), °% n%erfﬁLﬂca’f?Oaéﬁs I{e@}ﬁ?fﬂ(&é}ﬂ??ﬁ@ndEaaqnpﬁdsa)ﬁbetpu?de)aer @etsr s élguayfn o um
d- onl menor CDROM (optical). Note that the conpu - (
::gﬁl dogvgn B@Iu%gbgﬂrmotdmﬁéﬂao, 8 viidea kil splaye 8 Ui R0 S M Eﬂ, Bpgp LREramis
printed, as the program 20 can be electronically captured, via for

i nstance, opért.cEnaeRANhBGyQEmiAS, RARLY 0?4 n%ﬁ'a@f %f %g%%‘eg?nblaﬁg%%wi | ed,

interpreted, or otherw se processed in“a suitab sary,

id R i tr.atesat_yrical
t . .
comput e or g SRR Eﬁ%?ﬁ%‘%%kﬂ%&gl if@sﬁ :|I]51ta‘e’€;‘f bt Mofian ity of
j i t ai ereinafter) o
the control S&Xﬁéﬁ' Brj\gi]h%ogvg N i oY ct:)p%gat{n% s?fgtel%ls. The 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 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 tested is electrically interconnected
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25 the present invention, and thereby nay be enpl oyed as a controller,
e.g., controller 17 1 4 APR 2005 1000 of F1 . G 9. As shown in FlG AR 2005

e, conput ehisyiet BITPARRSALLY bIGOKPE | 280 Me REACBRINon 20 A TRIBL Y, 1014

Wi th an operating system 1016. Herein, nor

conbi nati on - nanval atil e ry. elenments, such as random
access neno P{%Eré)‘ré‘}%:@éeg%édg nﬁ%@g ﬁé‘#@? @ i 414 lﬁl?@gg’s%% 1 %n%?“%?@é%ﬁp‘fl rmation

i nstructi onsei%nd dg{la frorﬁ)geng/ry 1014 over. a local interface 1018, such as
a bus(es). CHEEVIPRRMPLIC &~ PREPLEELSH SoRputitaiarEatien cangpoadids antheut put
device(s) 1022. Exanples of input devices may include, but are not limted

to, a seriaiiggprnecion seharerk awt tha ICozabngcthess The prafilk daannschd on.
Exanpl es of output devices may include, but are not linmted to, a video

di spl ay,5 a pruvidedsahuferdualmdiusss, aichas pyibeingprdld@Dintthe IR Operdidt S
system may ran any of a number of different platfornms and operating

systens, i nppudhnOwolkbiatiorlak At Sdndedo Bt WG od-L - TM. Sun
Sol ar sSTM oferW ndows NTTM operatri%gnsygtae%%%o%%ﬁwy%eﬁ%%e%m 010 of the

present inv i -he. i.0 whi ch shall be describ erejnafter,
resides in 8{%%1;%? C&%ﬁﬂ%%%@’?@ﬂ@é@“% ‘gﬁ%r rﬁ?%‘élggé%‘?prfgﬁez‘?at%?)f The

fl owchart of F"C?Ia | .| shows tlpe functiopality and operation of a preferred
i mpl ement at fRACAPLet the PESTES IFICERPAY BACesss 1o blgskild 14 where the data inevalustadni s
regard, each block of the flowhart represents a nodul e segnment or portion
of code whith, toepiIRisaisoroienasie agbe whetherisstaly may psiceact i ons f or

i npl ementing the specified logical function or functions. It should al so

be notead that inAsblekall&rthall vads?fesk mﬁ@mm,a@itﬁamﬁj%&t@?}dﬁa& noted in
t he various bl ocks may occur out of the order depicted in G 11. For

eI it A R T e T P
block 1118, test data is received, such as by the 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
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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executed in the reverse order depending upon the functionality involved. As
depicted in FIG 11, the control systemfunctionality (or nethod)j 45 APR 2005

preferably hegintisn@roh@c idast aher | s.electrically
i nt er connect ed 118n%20 APR 2005 Seviée% h AT%ﬁﬁ%rtlglf:I;eﬁetglé%%b%a%%g%? fﬁ’é Bofile

L STt U B 7L g 5 155

data may include,” but '“t he type

of 1 C and/or._el ec ntinu ormati on_corresponding to the

i nt er connect'{°0R° IIf Iﬁ tlﬂ*f’%agﬁﬂ’chﬁl@d ‘%Slgémgrf@“@ilﬁ‘éh*@ to%ﬁéelﬁcdﬁbm@ngiat a may
be 5 provi ded i n numerous manners, such as by being provided in the form of
an operat or designimg te§t CHCWABY kO Be HIVRGANIGP Peosess, velsmonael temparathes (PVD);tandt i on
signal delivered to the analog test circuitry by the ATE, for instance.

After rebei wioheplibhasingrtoé idsecictattay atidil. Iﬁp@alr@abdeefrcaﬂlbﬁttﬂrg(@é“e@%ﬁcﬂfr?f §icabl y
proceeds to block 1114 where the data is evaluated, i.€., a detérmnation

is made as taecoMARiURgIotdnBSlY BA1sERIhe RIAE ¢/ C under
test is provi ded(ﬂ:E b?ot he %’E SWl th h app?%%ar e;c'%}el&trgél%gr%‘;t{ﬁ %%%%Fﬂ{en tate

receiver te i Thol instance. At

bl ock 1118, %%r!é@t ctigtH g%ﬁeé%%ﬁ%v\ggﬁc%m{:%ﬁ%%‘”b mtaﬁ’em%g@te PTGt I8 80 donesr bei ng
received in % 1s i tablqe Enner 9 intermttently throughout the
testing cycPESTEY- af {&R G Orerigginer & eB%"éW“é@hﬁ?I@ﬂéW“W“bP‘d&"kpﬁ!Eﬁng wher e
receiver data is evaluated and, then, in 15 block 1122, a determ nation
may be madeS¥d inBangnee ieaffoctieely moepaseible. ei?mtmsttmcaslmnetbﬁhe,ch ypitADRAR G, ar e
functioning as desired. If it is determned that the receiver 1is not

funct i ont nghasbabtesd nedte anhBVATachsce ¢Blly Piasaadbe RdqrkdiddiR. where the
test results may be verified, such as by repeating at |east sone of the

af orement | op@ditidaREAES t&dh8R%e lalsh Hay caliddhe SRS eR] &f&%ﬁr}t f i%cr;]r%fisel toa

determ nation once again is nade thdat 20 the i ntegrate I'rcui

functioni NOp&it 88l iRmse (NS RLB& S5 Bcd R Lgrr(e)gca?g go &81‘361‘3'(&5 failing to calibrate

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



1128 where the integrated circuit may be rejected. If, however, it is
determ ned that the integrated circuit is functioning as desi req,gg,t&gR 2005
process mycix%xﬁ.%%%dnt g bl ocﬁ 1124 where the process may term nate. i's
known, when e Bls BYICF G ERT IRFARGES Of Fhgrerragsd st depig awEswheltad 25
be calibrated to.epsure that it is providing accurate nmeasurenments. As the
present 19 ReidontipRnghew defeqyEpe Flopirisaldwhadsr, aesbeasiensehetiondh ARE -
functionality, calibration of the receiver test circuitry also should be
per formed. cPyppécted inplahes oftht crohittesomrsmbpbe ackil@ESH BErEIRL 1o igsues of
calibration have included: designing test circuitry to be self-calibrating;

desi gni ng tesbuentedts hide 4@ e ihddviet 8Pthat QrddiiRess, VALLRYE
tenperature (PVT); and s not calibrating thre test%ci rtc%btlr%%%ar%o all. In

d IPrati {; - Ci i h, .a techni tentiall
regard 0 $RbfeveakiabEidb BOH 1@§ﬁtlc%!sfn§féh§t{1gf the %Pocgfxsa ?Sﬁg&ﬁgﬁ]gf\;@ﬁ %ﬁligﬁl:,s t)c/) a

causes the di sadvantage of increasin € Srze

si ze where of such.cjrcuitry within an integrated circuit is no |onger
practical . dlléfle%F §ar %C%aid%%a&ﬂrﬂ@mf RBC PYIsEORAeriAYR Radyofiegcihpad trpangedhie t o
PVT, provi di,gg such invariance is effectively not possible. For instance,
her et of or e Uti4iZ¢d; 3itheuehsaidifiqrahone afdke paslsmaydbemstiized fiyr 403d vracd dugsionasi | y
characterizable and predictable. Additionally, this technique al so may

cause the shdeompatidoe. circuitry to increase to a point where its use is no
| onger practical. In regard to deliberately failing to calibrate test

. . , bvi . t i ol to i tr, 6 i
circuitry, obvi Qysde¢dingus Blck IQQQ,WGQH%HE?%{ gg%%tls L& tyyih IBSH’I[“I&IZ]\énunb or

produci ng inaccurate results which may to"an 1 ncrease in

ro results y Teadfo ah Therease i
A R e L e R S
whi ch i ect f bei hi d.. Si ot f ble t

cal i brat e PN HeciST FERIRIESESE PF et Py SHhenai&opl eLEmA Tihwkibe erveivenisst

follow ng preferred calibration nethod is dprovi ded for the purpose of
circuitry. Thus, as depicted in blocks 1214 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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illustration, and not for the purpose of limtation. As showmn in FIG 12, a
preferred 20 method 1200 for calibrating receiver test circuitry h Aeﬁ 2005
e

r ef er abl j bl ock,.1210 wher e,.desi gnat ed. pads of an integrat
Ei rcuit tg E%gfﬁlg‘g%ggh%?‘ég%%ﬁﬁ%?feedn Ogl“ﬂﬁ*ﬁﬁ glsﬁﬂﬂsé%g@mey?n Wﬁ&d@smgwhit

design, e.g., a pad, is used nultiple times within an IC, identical

recei ver t eélf’scé‘ibF’@EH Eﬁoqueéll%%@bél%g@t@wftthe paetipiensf thedevantionhad itsi r cui t
design. \Wen so configured, connecting of the pads to the ATE, such as
depi ct ed i npceX appligapion @ therabyemalbleyne nt buditesy siileh yhecanteaatlizeghd he ATE
to one or nore instances of the 20 1 4 APR 2005 circuit design. Since

di fferent i nstatices ‘m‘riomhlembe@machn@i\ﬁiﬁwiridﬁ@%c@?ﬁ@ﬁi@n@%&f@%ﬁté@toqge
identical in their defect-free electrical behavior, neasurenents made on

the ATE-s copnechmeuidwhidhtfiarl. aueh hitdidcaliGnl 4 RN:BE BRSYIRA L0

correlate to the neasurenents made at other 1 nstances 0 Tui t

design. It I e , howev t hat since .each identical .instance
of the bl oci&?’g Ogé}%ul%%t@g aﬁg\%nflﬂlgﬁtrb%]%ﬁ aPP&B‘?f‘gicfﬁ@w @) [BIPERAIN pehavi or,
only one non-chnectL e gﬁ%}ﬁé eagp pad type need be wutilized, although
addi ti onal B¥8LIAGFe P e badthyo pRik they sisdairiyand degally eptided. det ecti on  and
conparison. Proceeding to block 1212, receiver test-circuitry is enabl ed.
Wth both ATE 10 and the appropriate receiver test circuitry now enabl ed,
measurenents, such as T,,,p and Th.1d, for exanple, may be taken by either
or both of the ATE and the receiver test «circuitry. Thus, as depicted in
bl ocks 1214 and 1216, the process includes the steps of receiving ATE
measurenents and receiving receiver test circuitry neasurenents,
respectively. At block 1218, a determ nation may be made as to whether the
ATE 15 neasurenent data and the receiver test circuitry data appropriately
correspond, thereby indicating proper calibration of the receiver test

circuitry. If, however, it is
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determ ned that the measurenents do not correspond, the process may proceed
to block 1220 where the receiver test circuitry nmeasurenents nay be

adj usted to match those measurenents obtained fromthe ATE. Thdr &aAPRr2005
the process may proceed 20 back to bl ock 1214 and proceed as descri bed
hereiribefore until the receiver test g itry neasurenents are
appropriately calibrated. Once appropriate calibration has been achieved,

t he process; may . depi.cted in . bl ock 1222. The foregoing

descri pti on. has %er}g%thg(?g%etn o4 a%d?te {?Feéio%‘@é“tcffc)i (15 thedG kavingrafirst pad
descripti on., étS@ no in%jende,d to be exhaustive or to limt the invention
to the preci®d® CPRTFHCURSE FIgRRIdNteNBeR for campomsntoexterar] tatthols thay frst
possible in light of the above 21 1 4 APR 2005 teachings. The enbodi nent
or enmbodi metfddAyingAEssayer (fdthksaafigudrte ratedsansign fidess compehdhoe:REQY] de t he
best illustration of the principles of the invention and its practical

appl i catsi orfottee Ihendtoyprovidblaeliging sighaldn déspanse tkield, siifl nidt ki1 ze
the invention in various enbodi nents and‘@\?vi th var i’(s)uls m%?ﬁognaérgbn% as are

‘suited to the 5 qediitaly idferatnBeQRR RIRhALE Lt ér?{lﬁprﬁaﬁgAgﬂggiQW%té@%Es and

variations, are within the scope of the Invention a Y the
appended cliainms 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 ir}‘g1 ratagcii c'ércui.t (lIC%&‘ZlO), the 1C having a first pad
(216, 500) confifgured ey " Fosegrarmulvg fch fhad hedC merensameseiesttsempaimd o t he
IC, the fi rsa ad having a receiver (514) configured to receive a signal
froma confBA&FeEk peldiune of the firstdadiangnd to provide a digital signal in
response thereto, said nmethod conprising:

10 rece1ving 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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electrically interconnecting automated test equipnment (ATE) (218) with the
| C, providing at | east one stinulus such that the I C neasures a fac iﬁeﬁ
setup tine and receiver hold tinme of the first pad; and 10 rece i%@ 005
i nformation corresponding to the receiver setup tinme and the receiver hold
time of the first pad. 2. The nethod of claim1l, wherein providing at | east
one sti mul ust conpFhesmsthod efialelrh Agwherkirr atabfihg pfitdt oRp-FA QY 10 1 G rbal ©
provi de an output signal to the 15 receiver of the first pad; and

det er ni ni ng aarudpitpighablb thOiGcERELHMBE ﬁe@Fﬁ@é&ﬁﬁﬁééag to the output signal of
the first flip-flop. 3. The nethod of claim1l, wherein the IC has a

plurality of padsyaaiMaRPBRAEHSEHI Al ik daer connect ng aut omat od

test equi pnent (ATE) with the IC rises  erectricall y interconnecting

the ATE to a sub f_t.he, plurality o ds, 23 .1 4 APR 2005 4. The

met hod of claim g?&ﬁ% Eehlendag%%?‘iltr?d%ée ’rfiﬁsf]g‘[p“ﬂ‘i’l? BIEFRIESHto thadirstelack provi de
an out put si na# tg the receiver of the first pad conprises: providing a
first C|80k8%n6 4%t o the first flip-flop; inverting the data output of the
first flip-flop in response to the first clock 5 signal; and providing the
dat a out put of t meovifingithd datpofitpopof the firwt flipflop vethefroteiverffor Sfirst LR
interval prior to through a second tine interval after a second clock

signal . 5. Titervabpiiadoolirongiak Secbud Whey ifichvAaher MddbAPcRB Gghput of the
receiver 10 conpri ses:

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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enabling a second flip-flop (542) to capture the output of the receiver in
response to the second clock signal. 6. The nethod of claim 4, gnﬁrﬁj,w 9005
providing the data output of the first flip-flop 15 to the recei J
conprises: varying the first time interval and holding the second tine

i nterval cofst anf\l iRipgrpted gissuelr (FEh2hQ) cohwrisiegei ver setup tine; and varying
the second tinme interval and holding the first time interval constant

whi | e det er mi ni nyiishpad @¢@i508) elpatichllyicnmmuBBa®d with 4 1ARR RO 7f saiin
integrated circuit (1C (210) conprising: a first pad (216, 500)

el ectri cal | I, caifustipedhangg svitshdater ($83 bndia ABE feb@erqh 149 adah fikGiriveai d first
pad having a first driver (506) and a first receiver (514), said first

driver bei pgngontigged exlpiovidpadirstghad authirstgnap@dc cdkHpbidnt Skteal to kQg @
conponent external to said 5 1C, said first receiver being configured to

receive a fiQ,stidfad récejvet bengnalight0m ReeitOMMBEM inSXsBhitdoh @ Said 1 C and
to provide, to a conponent internal to said IC, a irst receiver digital

out put si gn@mpoRckteIRANS salll Ihwdfb povidRad o BRPbnSE BRGhal tolgh /e i rst test
circuit (224, 530) internal to said IC and being adapted to prdvide

i nfor mat i onfigorEasRMSIaGh® sidAgl he5B8bYEko E ; 2haf.Agq r ecei ver hold
time of the 10 fi rs'gltgpad.t%)s.sélahe1 ICﬁof ccl)ai WPBWEE@%‘%E?% first test

circuit has a figghtddticRedit 924,({36?)“%&1@&&& ﬁ%d.ld%{)g&%g&oé}% %%tpgon W th said

receiver, said first flip flop being contigure it a si gnal

to said fi riﬁfon‘h@‘&&j ?6‘?1%?_509&11 t(g %h%? ce}sx{eg%n.}p%r% Xnadl thd rreiccg}g/erth%lc{ tri]rglg &gcﬂe a 15

second tinme I nterva ter c a
10 first pad.

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.
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9. An integrated circuit (1C (210) conprising: a first pad (216 500)
electrically communicating with at |east a portion of said i{

pad having a first driver (506) and a first receiver (514), sald |rs
driver 20 being configured to provide a first pad output signal to a
conponent external to said IC, said first receiver being configured to
receive a fifst PatysteAp(R00}faymagastningweaeiverengndmt amkiheredliveér Qokirfe | C and
to provide, to a conponent internal to said IC, a first receiver digital
out put si gnafrepmvereqﬁenmegratedamdui&(Icst(zn@dsduﬁl@}é&en%&ﬂ 1s1n ind means f or

providing information corresponding to the receiver se |rre and 25 the
receiver hold ti mmosftddhestlhfipinerath TR 248 tem (200) for
measuring receiver setup ti Pnﬁandtaﬁleé)‘rs(ece|C\:/c@i?@ﬁl?eggg)‘31]69“10'Al %YE%‘? & s of

an i nt egratwh%h(lgtag.atéggavﬁe%?%ﬁs ST EhegTPLS! g automated test

equi pnent ( ATE) ntigure erconnect wth an IC
and to {OVI de at ast ne s ggg;lus to the IC and 5 an integrated circuit

(10 having a fl?% ?%5 o S avigg A dirstipad (2 142 §0Wasaia firs pad hewing dr i ver
(506), a fi recel ver %514 and a first test circuit (224, 530), said
first driv tﬁ'éYfﬁ Snt Qﬁﬁf@@l%(%@n@éfmtﬁmstrcma(dmmaﬁ)gl,tsaﬁi@:@al to said
ATE, said first receiver being configured to receive a first pad input

si gnal fromdtsur deingEonfighredto providedelrst gadanenRRMEN shidl £TRMaid Grspai d 1C a
first receiver digital output signal in 10 response to said first pad input

signal , saidcdiverdeitasinfighreduh redeBienriSORd ig ggntapfrox%l s%F&A*rg%gy%

comuni cate with said ATE such that, in resp to recervin

| east one sirbidbUs afdo ﬁ@ﬁtqné;l;ﬁ?]tosﬁaﬁéjﬁ' rfsrst r%?%%ercl 3}]@%{ o

information, corr espo di ng t e recerver préng é’éel ver
hol d ti f receiver. id first pad, to said ATE.
15 C}Esp%ﬂkéjto éa{dsﬁrst pad iaput 51gnafl sa% fd rst test cxrcuzt 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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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 ICf 3 @Eﬁ%@@ed
that is adapted to provide information corresponding to the recéi Eup
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 portion of the IC. The fLA?ET@?gjfncludes a first driver (506) and
a first receiver (514), with the Tirst driver being configured to provide
a first pad output signal to a conponent external to the IC, and the first
recei ver being configured to receive a first pad input signal froma
conponent internal to the IC. The first receiver 15 also is configured to

pr ovisle, t OS¥STHAISNEND MRIHOPE HORHECHGTATING nggillgﬁ% Wi papo! ! !

out put signal in response to the first pad inp ITSt test
circuit (224, 530) aRESCEIYERSOFKINTEGRATEDIGIRCUEISto 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.

Systems and mBiHamgrakddaroaitdCrs PvtRE thad @s Ka@ttiGo PARIe information

corresponding to the receiver setup time and/or the receiver hold time of pad of the

10 IC. A preferred IC (210) includes a first pad (216, 500) electrically communicating
with at least a portion of the IC. The first pad includes a first driver (5 06) and a first
receiver (514), with the first driver being configured to provide a first pad output
signal to a component external to the IC, and the first receiver being configured to
receive a first pad input signal from a componeﬁt internal to the IC. The first receiver

15 also is configured to provide, to a component internal to the IC, a first receiver digital
output signal in response to the first pad input signal. A first test circuit (224, 530)
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. Systems and methods also are provided.

20 |
Figure 5A
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