;e3eXX\|j 6TnSYSTEMS AND METHODS FOR FACI LI TATI NG TESTI NG OF PAD 5 DRI VERS
OF | NTEGRATED Cl RCU TS BACKGROUND OF THE | NVENTI ON *159159* FI ELD OF THE

| NVENTI ON The present invention generally relates to integrated circuits
‘and, in particular, io to systens and nethods for facilitating, within an
integrated cir CSMSTEMSVSENDMEGIHODSoEORJFAGJéLHyAﬂ‘éHG THESTINGaF BADX he
integrated circuit. cooooz* Her et of or e,

"i nt egrated circuit (1C) devﬁg§%@&ﬁaﬁ§§ﬁ% ied using a 15 20
25 variety of test methods. For exanple, |IC devices have been tested and
verified to be defect-free using functional test vectors, such as th “\“‘“\“\
applied to the I1C by the us t i (ATE), M\‘M%ﬂ@\i\g
stinulate and verify the | C%@@nglﬁirw pin |ev

device. A practical limtation to the utilization of ATE for testingst®s,
however, ¥s that the nunber of FE&IP&F THE PAGENTIONt can be tested by a
particul ar ATE has, heretofore, been |imted by the physical configuration
of the ATE. For i Thtarsent inhentionrgeaeratlfy relatts tointedretetl Circoitbend, 48 tparticubar,
exceed the nunber of test channels provided by an ATE, or the nunber of

pads may excegLehdidigs Etﬁpﬁ‘l%ﬂfoﬂs Por fahﬁltﬁ% SHHR 'ah 1H@éﬁ‘t@f Sircuit Srives cfb)ék—to-
exceedi ng the maxi num nunb of probes on a probe card, am)ng ot hers.

11 2o G M SRS o B SR, P S i Elwﬁwﬂmm .

circuitry associated with the physical site for enabling el

comuni cati on between conponents of the I C and conponents exteré®02%t o the
IC 1 Additionally, performance limtations of a particular ATE may

i rpose ckrtain other testi n@ESQBtIPTIQN&?ETHEcRET@AEE%éRTt he frequency of IC
i nputs and out puts may exceed the maxi num frequency of the ATE, thereby
limting the test Herstsfor)integrited RirchiC(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  at the 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 provided 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 probes on a
probe card, among others. As utilized herein, the term “pad” is used to refer collectively
to both a physical site, which serves as an electrical contact for an IC, as well as circuitry
associated with the physical site for enabling electrical communication between
components of the IC and components external to the IC.

25



to be tested to the maxi num frequency of the ATE. Although configuring an
ATE wth s additional test channels and/or a higher operating frequency my
be acconplished, providing an ATE with an appropriately high pin count

and/ or an appropriately high operating frequency in order to elimnate the

af orenent i oned def A\@iRidaAIBS peorr@driceNinhifRi®ns © St papti AMArDATEWRay lfipddedeitalf
the foregoing and other deficiencies, it is known in the prior art to test

Ln& udi ng: (-4 %%%‘?‘%eﬁ%frﬁg‘éﬁfﬁi Rk °?%mif5%é i ﬁi‘ﬁff’aff%%?@?ﬁﬁﬁ‘%?‘ﬁg“% R
ice;, (2 [ A [ ' C i [ AT
channel ; (%) Peed t nemarie frapRy L ATE, BerbyYutfes e el B ar i Bacn

pass testing a subset of the pins of the entire IC device;_ (4) testing the
devi ce at | est® hetesiedrigthermeximun deequsncyafdhe ATE. |AlHonsh gonfiguriag gh AJES wath |
s inplementation, the pin count and/or frequency of the IC device to
accommodatse eadditional teAf charaiein gndidih arld ghebsopebatinigdfréqueney andyy ba apeomaplishedmny
of these "stop-gap" testing procedures may result in a | oss of test

coverage and, nhORiirdin AT withakh hshroptidt€l 1SS Binl Soubd HREOS aﬁfaﬁgFJp?iﬁieﬁ RighC

devi ces bei ng shipped. Mreover, the practice of limting, through design

i npl enentation, the pDin count and/or fr en of .t I Vi.ce .0
ncbommodat e iR RaaRoR o P b Rimise R UiE pterdiasEs nERIGIS s b olifherc
design. Referring nowto FIG 1, a representative prior art integrated
circuit 100 iRsbPeBibRieng built-in self test circuitry will be described in
greater detail. As shown in FIG 1, integrated circuit 100 includes a core
110 whi ch i ncor porktlight bbthedoreg@ing add ditgr deficiensies, it ésknosyn inuthe pyioriartito t€xr e
110 electrically communicates with pad 116 which a s is configured to

el ectri call y Xbdevives atilifingiatvariele \of Cadpgup’elesidig procédiges, RicR@ligs: €1) cdnnecting
circuit, such as a piece of automated test equipnent (ATE) 118, for

exampl e S0 cankigys s ush A1 oYl bERAC dRARAL) KRRLARL nMIIE Bins©n ICATE

118, may be delivered to the core 110 via a transm ssion path

i ncludes pad L16. .As IS .k di;ai t al | f. test Gi,rcuitr 14 i
conf i gur ed- t SESRSP @ Telh Axttorest el o Senviphlht 1€ deidh it Bt bl oty
contained within core 110. In order_to acconpli such testing, digital
self test cir EE{W!}{'H PIRIISHRE ¢ srlhieéps&eaele%of;g@ﬁw I dgafre (&t GFungdeand
a response anal yzer 122. Mre specifically, stinulus generator 120 is
confi gured t dlepicoviatieleshethon mepxemums tfrgguencys nend; oSk elimiting, | bepughcidesignt ry
of the core. The pattern or patterns provided to the logic circuitry are
conpri sedsof idiplsneitatibas ahe ipiro counteand/arefrequeacyl afnthe. 1A devies po reseorhmotiitte
various patterns, the logic circuitry under test

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 device
20  to accommodate existing ATE is, oftentimes, an unacceptable constraint on IC design.

Referring now to FIG. 1, a representative prior art integrated circuit 100
incorporating built-in self-test circuitry will be described in greater detail. As shown
in FIG. 1, integrated circuit 100 includes a core 110 which incorporates logic 112 and
digital self-test circuitry 114. Core 110 electrically communicates with pad 116 which

25 is configured to electrically communicate with devices external to the integrated



then provides a response signal or signals to the response anal yzer 122
which is able to interpret the response and provide a test result signal,
whi ch nmay be provided externally of the integrated circuit. Thus, the
digital self test circuitry provides for digital, functional testing of the
core by appl ydirgitdsgsht & atpisde ¢fadritemntedttestt dy@ipmgit (ATE) Llig; dor example. t Be
core and has, heretofore, substantially renoved the need for external test

equi pment, i . &neoirlh, éxé&ls f)&vmea\ﬁd#ﬁa%m@kﬂavae%@e @rgd &’PEQHsrﬁé?‘B@%i%ﬁvékﬁm
the integrated CI rcuit for facilitating testing of the digital |ogic

circuitry. D| |ta test cir. | argely unable to
remedy the fd é%%?‘?{aﬁﬁa}aoar{f%ﬁsﬁ’égsl"é@"?ﬁ& enééﬂa Efwﬁﬁad Ifal(??e there is a need
for inmproved systens_and a o, nmet hods whi ch address the af orenenti oned

and/ or ot her shor t£4dif Fgsvmodigifabsqi-test ciequitry 314 isqopiwred ¢ PTe¥ds finctipnal
Briefly described, the present invention provides driver clock-to-output
(hencef or sh dﬂhécbdiigitﬁlaed;tﬁ'tg)oﬁ"lbngibeeirduitgy foontainednwiithing core Hilf. i i egpdet éd
circuits. In this regard, sonme enbodi nents of the present invention may be

construed as REAMpHEIHICA tdslihg Uit AdeMitést Birbisitry 1 T4 $9plcdl iAcdtp6Fads'2dimulus
enbodi nent, the integrated circuit includes a first electrically

comuni cat i ”ggdﬂ%fanr%o B3lre 0B bild tﬁfl%%h Sqelg&aﬁgaﬁmﬂag éﬁle‘f%tﬂ?"fﬁoa

first driver a f|r recelver, belng con |gure
to provide a firs ad out t Si na to a nent. e ternal tot

the T it st r edsrortieBe toproBilb ogs EWOf%teﬁt@@EtF&E S Prtin ogie eyt g e
froma conponent external i otothe IC. The first receiver also is

confi gured t Chsrpattereor peitame prayidedric thadeginsircvigytase cpwprised of digitabdataser
digital output signal in response to the first pad input signal. A first
test cirauoit iazl,3erdssandrones.d@d réspediseits thevaiomslpattemns hihe [16gic Tiveudtiyr widet et
circuit is adapted to provide information corresponding to the driver

clock-to-q tithe slovides afrbgp%s@ﬁ‘énaljorss1§ﬁl’§3toetﬂ@9 BB Mabfzet 122 WIBS&ERL able
i nvention may be construed as providing systens for neasuring the driver

or of or r od sy <P aefirel BfCectbodp dof AR HECH 1oL VR righll, WHich WS prfvided

electrically interco i he 1. t v | east one us
Cothe 1o eatresin el thecinteated ity e e Rl sPis FRRImOPouHes dpr 3
first receiver, and a first s otest circuit. So configured, the first _test
circuit may eligitaly funstiogal deshngnel theecarptty anplying migitel 1trsf patfemns tos hsnkagie o
receiving at |east one stinulus fromthe ATE, the first test circuit

provi des 16 nf @inaitiyoof the corsguinklisn feretofotes suhstamiall)c rendvadothg needdonéxternal

| east one

test equipment, i.e., ATE 118, to provide stimulus to and check responses from the
integrated circuit for facilitating testing of the digital logic circuitry.

Digital self-test circuitry, however, is largely unable to remedy the foregoing
and/or other deficiencies. Therefore, there is a need for improved systems and

20  methods which address the aforementioned and/or other shortcomings of the prior art.



of the pads to the ATE. Sone enbodi nents of the present invention may be
construed as providing 2s nethods for testing an IC. In this regard, a
preferred nmethod includes the steps of: 4 el ectrically interconnecting
ATE with the I1C providing at |east one stinulus such that the | C neasures
the driver clock-to-gq tinme of the first pad; and receiving information
corresponding to the driver clSUMMARY OFRTEHBINVENTIONt pad. O her

enbodi ments of the present invention may be construed as providing 5

conput er - r eadabl e pREh\A. dekdlideldl SthE ePRiEht IRhBOET Hrodided NIV ET clRRAughut
medi um whi ch incorporates a conputer programfor facilitating nmeasuring of

the driver cl - i 3 L& 1 hel | 0gi nf 1.qur {10
enabl ¢ ATE { GOBESbTEEl ok STC eRing kbl WAl iiEied CRAR THAD
configured to enable the ATE to receive information c%rres ondj ng to.&.he
driver clockTEgAe, 19 epbodiments, et thinpresentyigxeriionsmay be qonirged @ providing
provided. OQther features and advantages of the present invention wll
become appar dntegtatedosieuits (I s)ki Inla preferted cambiodiment, theantegeat¢doeirayit inpludes a
foll owi ng drawi ngs and detail ed description. It is intended that all such
features and fastvpdit sle@sicllly tatfimuaRAtiAg et atlehdti dpdrtion D¥ape JOf THeefipk paant
i nvention, as defined in the appended clains. 15 BRI EF DESCRI PTI ON OF THE

SEVERAL VI E"‘%&Edeﬁﬁ ﬁ%@f@gﬁ Ebeﬁfkrt SR&hber! Wt hk qﬁsﬁ]gﬁ}?‘%ﬁ%ﬁggﬁ aE'&“ to

i
claims, can be better Wth Fefetence to 1 W ngs.
The draw ngs are.not .necessarily.to.scal e, enphasi s instead in | aged on
clearly illud¥ouds ﬁgﬁfs'qé’agrq%qtpﬁl&alotp ‘l‘ﬁBmBSB n'?X%?Plgl fongﬁpnﬁoﬂ% E}eeflrs? i's
a schematic diagramdepicting a representative integrated circuit
i ncor por at i ngeesiter paingsenfigured to gqceivigia firgt pad ippat signab frogy  compenen exigrmal
schematic di agram depicting a preferred enbodi nent of the test circuitry of
the present itodentG.oThe Hrst rédeler Alsosis @ohfigimd) tal peayideytal e gontponentanternal to
representative driver clock-to-output (Tck_q) del ay.

the IC, a first receiver digital output signal in response to 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 driver clock-to-q time of the first
pad.

15 Some embodiments of the present invention may be construed as providing
systems for measuring the driver clock-to-q times of pads of an integrated circuit. In
this regard, a preferred system includes 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 receiver, and a first

20  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 driver clock-to-q time of at least one
of the pads to the ATE.

Some embodiments of the present invention may be construed as providing

25  methods for testing an IC. In this regard, a preferred method includes the steps of:



FIG 4 is a flowhart depicting preferred functionality of the enbodi nent
of FIG 2. s FIG S is a schematic diagram depicting a preferred enbodi nent
of the test circuit of FIG 2. FIG 6 is a schematic diagram of the

enbodi ment shown in FIG 5, depicting detail of a preferred circuit

i mpl ement at i oglecthik4lly ihtdrSonmekti B ITENWitll €42 IC); bRYidiRg apleaétene @tnfuliicduichnRAt t Y
of the enbodinent i o of FIG 6. FIG 8 is a timng diagram depicting

representativg el at i . ndt ri-n ot Y : i :
G ver -l ock: e e FLBRE Th gl UL Wi diTRe SR AL, B4 SELVRE Rl |
alternative enbodinept of the test .cijrcuit of. FLG 2, i 5 FIG 10 is a
schematic di a@‘?%f’%‘f‘ﬂ‘%@ t@ﬁ%&%@ﬂ%’(‘%&ﬁﬂleﬁﬁ% é’St B2d-gepi cting detail of an
alternative circuit inplenmentation. FIG 11 is a schematic diagram of the
enbodi ment shown i Qther emtedimenss of ithe) prrsenti invesitioanmay tb@rqﬁ?@ﬁiﬂb@g% prayiding

i npl ementation. FIG 12 is a timng diagramdepicting functionality of the
enbodi ments shesiipiterorehdablfd @edial. Hrlthis degaids aapre€diasdatdmputen ggadadbldempediunig
representative test circuit configurations that nay be inplenented by the

present i nvenghQR inddrforatké ai(:%n@)ugcqs'rob?_ hunCof! f&ﬂftﬁmﬁeﬁsﬁﬂr@%f %he driver clock-

representative conputer or proce ased systemthat may be utilized as a
control system of. the.present .2.s.invent.ion. .6 Fl 155 a fl.owchart
depi cting. pr Pt P PLAAERE A igopdRsiP SPatilied id e blsThto Bpbeditpy o
14. FIG 16 is a flowhart depictjing preferred functionality facilitated by
the control s Eiyps g the Iq Additiogally.legic configured te snatie the Hd Fptootessivee.
5 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT Reference will now be made
in detail to infemcten copesponding to e dniverrdoakrtosas tiel afsat leastdné of theepads of
drawings with like nunmerals indicating |ike parts throughout the

10 the IC is provided.

Other features and advantages of the present invention will become apparent to
one with skill in the art upon examination of the following drawings and detailed
description. It is intended that all such features and advantages be included herein
within the scope of the present invention, as defined in the appended claims.

15
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

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

20  invention.

FIG. 1 is a schematic diagram depicting a representative integrated circuit
incorporating digital self-test circuitry of the prior art.

FIG. 2 is a schematic diagram depicting a preferred embodiment of the test

circuitry of the present invention.



several views. 1 o Uilizing the digital self test circuitry of FIG 1 as a
poi nt of conparison, general characteristics of a preferred enbodi nent of

the test systemof the present invention will now be described in reference
to the schematic diagramof FIG 2. As depicted in FIG 2, test system 200

i ncorporates an i (r:ﬁlggz?afseg tiﬁ}ifé%‘ﬂiiatgrérﬂlodéwtﬁl AP@rU&ﬂ&ti@eC&?{v‘ér eloric- 168 1%?1%12

Jncorporates | ogi and e trically co nicates 15 wth a pad 2

which is conf& urgq to allow intercommunication of the logic with devices,
such as ATE 1898 exanpl e, external to the integrated circuit. As

menti oned hereinbefore, a pad, such as pad 216, .includes a physical or
contact site 220, K éhissefowshars depicens prefeeed fusHipRRlY bty empogimer¥ e |
as pad circuitry 222, which cooperates with the contact site to enable

el ectrical cdif@udi cati on between conponents 2 0 of the IC and conponents
external to the IC. As is known, pad circuitry may include one or nore of a
receiver, sfor receig. B0issd gﬂﬁhﬁatil@_rcﬁﬂgﬂﬁiddfgﬁct}dgea pasferrad éndolimtRrof theltest
providing signals to external devices. Additionally, integrated circuit 210
i ncor porates i jtry 224 which electrically comruni cates, either
directly or icﬁlrg;ﬁl?ggﬂcg'?Wth pad 216. As described in 2 5 detail
hereinafter, test circuitry 224 ig, configured to,.provide sel e TE 7
functionality andFEn8ng Fhﬁﬂgﬁhawgﬁp%OPBHU?E@“PEQHH@EQEEFkﬁﬁidf‘@bm“ng
speci alized external automated test equipnent for testing integrated
circuits of \dstiilofa profefried giranit onplementatiooul d be noted that, although test
circuitry 224 is depicted in FIG 2 as residing outside core 212 and

out si de the pad 2IAG. Vas iadlisvehaftedepictingnihe peefesed furictiohalityrafithe embsdiz@shtmay
be utilized, such as test circuitry arranged within the core or within the
pad, for jpnstzpge.¢ Mreover, the test circuitry may be configured to
comuni cate with the ATE via a pad other than the pad to be tested, i. e.,
a pad ot her than .6, . ioned h j f . i.cal | i des
fho abi 11Ty to teattnsur ddiniuh dbyaBroeaifint AtsRifund uloRhipE or¥aBlbth
however, the full testing capability of i 0.given ATE is usually not
required to ﬁ%@%rﬁmgﬁ%éﬂgP & GF%?Hgﬁé?Ef%HgEircuit. Addi tionally, the
nunber of pads of an integrated circuit nmay _exceed the nunmber of test
channel s of a gi vdAGA?Hs atfesveliayt denicting fuactionplithef as altemative pmbodiment of

i ncreased nunber of tester channels or necessitating the use of |ess than
opti mal test itmgtepracad of #8G. 2. g., testing fewer than all of the pads of an
integrated circuit 1 s sinultaneously, for instance.

15 FIG. 10 is a schematic diagram of the embodiment shown in FIG. 5, depicting
detail of an alternative circuit implementation.
FIG. 11 is a schematic diagram of the embodiment shown in FIG. 5, depicting
detail of an alternative circuit implementation.
FIG. 12 is a timing diagram depicting functionality of the embodiment shown
20 inFIG. 11.
FIG. 13 is a schematic diagram depicting representative test circuit
configurations that may be implemented by the present invention.
FIG. 14 is a schematic diagram depicting a representative computer or

processor-based system that may be utilized as a control system of the present

25  invention.



By providing test circuitry "on-chip," testing of integrated circuits, such
as integrated circuit 210, may be performed utilizing conventional ATE,

Wwhereby test capability not typically provided by the conventional ATE may
be provided by the test circuitry. So provided, the test circuitry has the

ability to provi deFK?SIS RY £ ABABhArt td\fg%tlﬁotﬁ}@fer@dgﬁl\ﬁ@ﬂorﬁﬁfy dRdEtated by the
provide, or is not able to provide, |l e utilizing various capabilifies

that a given Thus, the testing system 200 of the present
i nvention nay&;l:‘grg??ﬁfgg Wﬁél ent and effective testing of integrated

circuits that draws  from.at | east sopne. of the_inherent s of
conventional ATE, ElG. 16 igacflpwehar slepichag Hﬁmﬁt&né%‘?}“ﬁ‘i %Sgﬁlé]’é‘éetﬂ' Siethe

capability and reduced costs while 2 s providing potentially inproved

t esti ng perf oromotsystedn of ﬂﬁ.dﬂidmrm?gmgest@ircuimicalﬂuhtlicvrypmtedME present
invention, testable pin count of an integrated circuit is not necessarily
limted by the ATE, such as by the tester channel configuration of a given
ATE. For instance, the ATE may provide si gnal s, such as scan test signals

and resets, for exa —[Eqﬂ f f%ﬁﬁﬁ (fIHDK Nipder s
test, while |eavi ngﬂc?t er Eg)agggt%clﬁggﬁ?lggfg e Internal tést circuitry.

Additionally, utilization qf this tesf citcu kes p ible t.o test
the integrated ci r%?f%egc%ltwl rqé’éﬂjgﬁ ‘ieé :‘ ¥l?'f'a CHB "P%é’? %ﬁer 8&’&8&18@1 as
limt of the ATE. As nentioned herei nbef ore, the present invention
facilitates dipstetedimpihe qungsrwthq)lk@@uwralsemdlmjmgf lilg et tthrongloyit athed
circuits and, in preferred enbodinents, 1 o facilitates such testing, at

| east in parts;evwhtﬁew&e use of "on-chip" conmponents. As utilized herein,
the ternms "clock-to-output” and/or "clock-to-q" refer to the tine delay

bet ween rgcei pt ofyglighgake Qﬁ%ﬁl 2R H-tBst CRFuRBP R HIBY 1CARAYSoiht of REmPUEFH,
signal ("qg' ~ of a conponent or the purpose of descrlblng t est C|rCU|try

O ke P e Uenb A Sk i Ao £l BB R the st SYRBKS SO0 prol) O

"Tck_qg" will

gr aphi cal dep| ct| on o sent ed | n einre nt t| ve
Gt nst gnal < IBARZRO YL bE desiolhd i BHERTFOR lha mgrﬁlﬁgm°?%‘%§§r1d‘g
logic "1." A clock signal 306 also is depicted, with Tck bei ng denoted in
relation to tdepictedoirk Fiad 2¢desh systgmaPQ0 ingorporsiss carhantegreted eirmit FEK _Vhirh
measured fromTl to Tz, i.e., Ti being a o where the clock edge is rising
(for positivendudesa carg@dRedCareri@nincdrporafeal lbgio @ 1#emdnalerdtically communicates
edge-triggered conponents) and has been received by a conponent, and Tz

bei ng whese tWich d3fad 2185 whid il ddrdipekdf to0illow integbmndiicatioal sfethk Qogicwaith d

second | ogic

devices, such as ATE 218, for example, external to the integrated 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 components
20  of the IC and components external to the IC. As is known, pad circnitry 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 test circuitry 224 which

electrically communicates, either directly or indirectly, with pad 216. As described in

25  detail hereinafter, test circuitry 224 is configured to provide selected ATE



val ue. The exact anal og vol tage val ue that distinguishes the first valid

| ogic value fromthe second valid |logic value is design-dependent, but is
chosen here to be at the 25 50% point. 9 Ref erence will now be made to
FIG 4, which is a flowhart depicting the functionality of a preferred

i mpl ement at i ofin@forfali®; BAESBEDY, YA relifices thé needsitd fort fRclalired ieRfgnal
noted in the various bl ocks may occur out of the order depicted in FIG 4
(or in flow I e%ga L) . .

bl ocks shown e84 181 aftiphiealt REneRR Bl APbRL M of BhicBY I0Rh furalithy.
concurrently or, in so nbodiments, in the reverse.order. shown i n
Fre ' Sthe R B ROLD, b AT Eb Hot e sy e S dFan HE Fog RFGEat
bl ock 402 where test circuitry is provided internal to an integrate'd .
circuit. In biugde aorg 213 andiowtsidssthepad2d6i vastbus otharamapgemeits ofiteast gircuitry
Thereafter, such as depicted i o in block 406, information corresponding to
the drives cl2dkmaypbelutiikay sadh s Reckithithyh@ringed witie thectdre ot wittin tige padjed.
In FIG 5, a preferred enbodiment of the test circuit of the invention is
present ed.  Agosfigcd. "MdrEbver, th8 tepirciify doRkigfHealE Sofnfriidte | es
both a cont acto Ql:gt e? e.g.r, vco’nt act gllrte g%,yadgng |01§glr Ci rcﬁ@ﬁ%@%%ﬁa@gd
wi th the cont site. .15 e.qQ. ad circuitry 504. .C.rcuitr i ncl udes a
G ver 506 HaLE Ak B4 ey e i € ke gt Lo 2 e BT b b 208500 such
as by lead 508. Driver 506 js configured to receive a data signal 510 from
the 1C core and a 4% meationsthbereinbeigrs| ABE syrisally prewides the plilityDio test 2 suigde
also is electrically interconnected to a receiver 514 wth an optional

resi st or 516 vagetygoft buggratdd tdmendh e tQftantimeRe beweeanr, Biedfullstestimd icepabilityt of 2 0
receive an input, such as via lead 518, and is configured to provide an

out put, such gafenviATH @ahisbAB; nbO rédirell GoCREE aOdpetiiR typeeaf aiteghatedr Eivéndit.
FIG S also depicts a preferred enbodi nent of test circuitry 530. Mre
specifically, I j r%- ' | ne
o “mor e of { HuldRinadtyy B b SI IRR oPn SRR Gkl ) BRARE St of
(depicted by ,arrow 534) .. 25.the i ver out put epi cted by.arr 36), and
the driver eﬁ%t%lcgl ikt 2 SV éﬂﬁoﬁ?ﬁgy ’%%e@)sﬁg‘f%sﬁwcﬁecéftaf‘y‘gﬁ(gg“?é‘ an

configured t?ngrgacsiellir}u%gb%rdgil tei‘agtrerzir rclziherllr?negshgr %Lée\égigaﬁcggoﬁ]ié-lgs%- gf less than optimal
testing procedures, e.g., testing fewer than all of the pads of an integrated circuit
15  simultaneously, for instance.

By providing test circuitry “on-chip,” testing of integrated circuits, such as
integrated circuit 210, may be performed utilizing conventional ATE, whereby test
capability not typically provided by the conventional ATE may be provided by the test
circuitry. So provided, the test circuitry has the ability to provide testing capability

20 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 conventional ATE, e.g.,

accurate voltage, current, and time measurement capability and reduced costs, while

25  providing potentially improved testing performance.



time by utilizing one or nore of the aforenentioned input(s)/output(s).
Referring nowto FIG 6, a preferred enbodi nent of test circuitry 530 wll
be described in greater detail. As depicted in FIG 6, a preferred

enbodi ment of test s circuitry 530 includes a tinmer 602. Preferably, tiner

602 is a high-spe r a S i ng
oscillator and a gilg?t!tﬂg? %gisﬁtcglr%hltfbig?ﬂ%é(;?reg%rg\%ﬁﬁwnﬁoﬁn%?ﬁ%ggIb?g'&gglgp?ggﬁ

count the nunher of oscil.lations that start .even

ctop event | B BicE s At FREapOR) B byt AT gt bk oy Eiler i
signal 603 (a start event) and a change of state of a corresponding pad (a
stop to eveneyniigiatinn abagiveadA TR dFen waanes, the &HE mayqupyidy stzels, serlugss a
flip-flop 604 and an associated inverter 606 that is adapted to self invert
the data of sdaa tebti gigrfaloandsresetsaforaxampiando ecige palls bhen citegritedi ditcutaurier a
transition on the gq output of the flip-flop. As depicted in FIG 6, the ¢

out put i ss pr g, dediet Eaﬂﬁ% \oetfer P48s ¥d Be %ie’ﬂ Bthe itetfa® tésh&réﬁ'iﬁ'?t ARTHiOkhIRf, a
hi gh-frequency ring oscillator typically |s unknown 15 and potential | y “Subj

ect Lo varl ifudohom BISET Al il bosasmx%tt@a VL GEIRE AL o

fluctuations T reuit accounts for S€ po

vari ations his may be acconplished by calibr he i nterval neasured
by the ti nergF‘ﬂl“?‘&eérgé‘?%"é’ﬂE‘@ edesh AgAugicy H%‘\t/\,ﬁ?h"r‘?t& In this manner,

the interval neasured by the tiner may be expressed as a percentage of the
ref erence i nt er valAssoentiomed theecigbeforep Hwupresknt nneantioh facilitakes dtetes chioketd-qui t h
a relatively high degree of accuracy. Qperation of the enbodi nent depicted

in FIG 6 w (TyQpdehy tdaiy bDpddd Bf integtatedncireuitshind, linVrbietred ddmbddamerits, | N
this regard, the nethod depicted in FIG 7 may be construed as begi nni ng at

bl lock 702, whegAithiae sﬁéﬂr?efstlﬁg gna’ea§t' H‘;ﬂarp QAP theFhde of¥orl-ehin® %deg)gnents

Concurrently therewith rovided to the drive epicte

bl ock 2 s 704 ter, a dri [Q | ng Lo ¢ r Qv

ol onal is 1 eluiadRgh, Gripih o ofl GIRAPRLAS i SR B Bt e
start of the tinmer and receipt of th drlver si gnal at the tiner

det er ni ned byetzéfaamt:ﬁ@tpﬁ #ﬂfﬁﬁw@ﬁ |CQFFCF uer&;mz? Hgthssoemta%%@l b8r ods
el apsed. Simlarly, but in a separate neasurenent event, such as depicted
in bl ock 7109f 2 hemponent.y pr the pwpess off deserthing aﬁ%plreeﬁy@ﬂéhdopmﬁnnvmog,
successive clock cycles is determ ned. In block 712, these aforenentioned

i nterval s arthetempatdock-to-outget;” t'‘codetey, T amd/drh‘qc@gt will, rostwdftencboaked én q
del ay, since the period (neasured in units of seconds) of the clock is a

preci selq kn@ggkdngrudaey(sj SfAfRit is produced by the ATE). For instance,
the interval tween start of the tiner and
A graphical depiction of Tek_q is presented in FIG. 3, wherein representative
data signals 302 and 304 are shown transitioning between logic “0” and logic “1.” A
clock signal 306 also is depicted, with Tex_q being denoted in relation to the clock and
data signals. It should be noted that Tek_q is measured from T) to T, i.e., Ti being
20  where the clock edge is rising (for positive edge-triggered components; falling for
negative edge-triggered components) and has been received by a component, and T>
being where the data has transitioned from a first logic value to a valid second logic
value. The exact analog voltage value that distinguishes the first valid logic value

from the second valid logic value is design-dependent, but is chosen here to be at the

25  50% point.



receipt by the tinmer of the driver output can be divided by the clock
period. Thus, the i o determned interval is expressed as a percentage of
t he known cl ock period. Alternative enbodiments of test circuitry of the
present invention may deternine driver clock-to-q by deternining the

"roundtrip time" apgk.pxtL %h% fg@?ﬁ&ﬁ%&)?& Fgé.”E, LRRNOL! Y Bbwehif 'frebf%ﬁglédtﬁlsay-

More specifically, the "roun refers to the cunmulative ti taken
to drive data.froma | aunchi lip-flop,. through a driver.to. 5.a pad
and then frornHBTY hi StgATed PhamsaRtioh o6 e el iiGiiehy g Rissreedie
rel ati onshi ps between roundtrip time (TROUrn~), driver clock-to-q %TcK Q,
recei ver set -thp fyrrterumted imthevareys/pcksonay popMoput ¢fjthe prdss depietedapifdEed i n
the timng diagramof FIG 8, which will be described in detail

her ei naf t er. (Ar irefiovectents aifiotier figules depioteddresiny | Fatdxampld) ewvabtocksehdéwarigd
functionality is 2 o depicted in FIG 9. In FIG 9, the nethod may be
construedsas fgsiohNa BiG.bYOm4y, IRP fm,gbecdresﬁfbsf&hﬁ&lw chb)curfenBY 0¥, Ciﬁgse%mgo

internal to an integrated circuit. In block 904 a st’inmulus 1s” provi
the test circul,try. Thereafter h as depicted in block 906, roundtrip
time of a pafr?bSOdﬁ’Bf%F’ﬁPﬁléeJeV?fﬁe§1Uc%5'k 908 the receiver set-up tine
corresponding to the recejver_ of the pad is determned. Additionally, in

bl ock 910, the a <% $hava Iy BG. idnthesabodiment,rmethed depigtedgay be %ﬂnsmy%aSt 0

determne the clock-to-q delay. 12  Several alternative enbodinents of the
test circuit rbegmhingat blackeH2i wirere test arcuntayisiprovitied internaltto anéntegratedecircuit.
receiver setup times of pads of an IC, will now be described in detail.

Co- pendi ng U.Ipbldokt404] a Afiflulifsail ipeovide todthe Bt circiifry.e Therafier( A@hl Srdepiisk et
10001144.-1; ttorney Docket No.: 5 050109-1810) which is commonly

éési gned,}o iR ta06EfiF | 1%% i L@lq 88
al t er nat ilve égnbod(??rrenf s.&?lltla g)'rn:c%gg °Z‘r9%a. n ﬁﬁé ?‘?Z@ﬁ%‘%@t%g lﬁg?aigcplﬁfc}%%i on
i's incorporated bé3 Ref e now,to FIG 10, an alternative enbodi nent of

r.nn
test circuitryo83FhEeiid 8’88@’6‘3 |l aunch flip-flop 1002 and a capture
flip-flop 1004. Launch flip-flop 1002 is adapted to receive a c]ock signal
1006 and, in respéﬁs@qh?-}r%tRS‘?fCEP‘@)\E‘Wd&H‘thQ"éF}tee&’sﬂ&trﬁ“’éi‘ﬁn’i‘F IMYERWRN jif oyt
of driver 506. For exanple, the Q output of flip-flop 1002 is provided to
i nverter 100®resgnigd, Ahehowniimdledfea phdtIN8 dfaamuitegratod lcirsiri nindludesubeth @
transition on the Q output of the launch flip-flop. Capture flip-flop 1004
el ectri cal | y conaunsites alggScontdch sitd1 502 udndusadodircuiteye nssetiated with the contact site,
15 e.g., pad circuitry 504, Circuitry 504 includes a driver 506 that electrically
communicates with the contact site 502, such as by lead 508. Driver 506 is
configured to receive a data signal 510 from the IC core and a driver enable signal 512
from the IC core. Driver 506 also is electrically interconnected to a receiver 514 with
an optional resistor 516 being coupled therebetween. Receiver 514 is configured to
20  receive an input, such as via lead 518, and is configured to provide an output, such as
via lead 520, to the IC core of the integrated circuit.
FIG. 5 also depicts a preferred embodiment of test circuitry 530. More
specifically, test circuitry 530 may be configured to communicate with one or more of

the driver input (depicted by arrow 532), the receiver output (depicted by arrow 534),

25  the driver output (depicted by arrow 536), and the driver enable (depicted by arrow

10



15 514. Preferably, capture flip-flop 1004 is negative-edge triggered (see
i nput 1010), so that a falling edge of the clock enables the capture
flip-flop 1004 to capture the output data signal of the receiver 514.
‘Operation of the embodiment depicted in FIG 10 will now be described in 20
25 rel ation ts@s%“%&ﬂ é{}cﬂarﬁsmsa&rgfguﬁcﬁol ﬁcil%ﬂ%fd&téﬁﬂﬁiﬁ%%é BRVESSBERKSE

data signals 802 and 804, "and cl ock si gnal 806 (which acts as both a | aunch

and capture clock)... shown_in_Fl the first risi e 810 of the
cl ock causes%gletcp%ﬂtéﬁp%ﬁn%?r PRE %‘?ngfa[rﬁr@eﬁltéot?ﬁ@ﬁn%u\}és:)@gt.puﬁﬁgr eafter, the
falling edge 812 of the clock enables the data to be captured, By analyzing
the tinme differendefpamngaonw ihElG.Giapyelasd onipdanent ofdest giicniy éw&)l%z:
(inrelation to the data signal), Tsec"P may be determ ned. Subsequently,
second ri si ngesutiped St 4eredtert fietaid] oAk depiotedsinalflét. era prefiersdd emhodiinen ef 18st
The enbodi nents of FIGS. 10 and 11 each may be utilized by establishing an

initial val ugit®itry 530tiHBludes DtimeX6OEPPrtaBlys et 60Z & 4 HighXsheed tifhe interval
corresponds to a variable tinme period for applying a signal to a pad

recei ver und esf . - ' ' f. : ' ti 4 1 ni ng
t he act ual Tgé%ﬁ%?gtoip lr;fr"ﬁg ﬂ?)dégﬁ ?cg-géila\?%rg nsféééﬁ\%\l/a‘l@o%?n gxéah%?‘gf c%ﬁrétm? c(gtlh\r?é&
may be provided wth an input data signal (DATArri), .i.€., logic."0" or a
oy oo b T ShROuh i e 60758 adpisd o kot e of pcilfors i G Pedtasn
period XTno~a after firing of a capture clock. After determ ning an output
dat a si gnal efstarheventaaid\eestop Brao U prayidess pamtiteryak betmagmaNising edge of a
determ nation may be nmade as to whet her DATAouT is equal to DATAn~. For io0
exanmpl e, if DWERrsignal $03 (4 e@itceveht) and aleiampsiofatdte of ascorfesisonding padviektopr
DATAouT is a logic "1." If it is determ ned that DATA is not equal to

DATAOU~T 3 o XTEyentP cdfi¥e BRaggbd.! Adtral19! @B cikcith? 580 Ak 1adata RIpEHbP 684 Yand
establ i shed. The process nmay the be recursively applied until DATAna equal s

DATAo~rr. - Th = ] . I ' [

DATACTT = DR atsopiar s&%,ggﬁ&smate‘%%géﬁgﬁg‘?%%@%“?&“@%?ngggf%%’ 8 fhat
determne Tcx Q. The aforenentioned utilizatjon of XTS~~, S s, that the
initial valu@% 89§8§~Q{o‘ben§§5ﬂ $aRse A HRRANQN G ei%OWBP‘p%ﬁgléﬁﬁ?’tﬂ"P- As
DATAov-r. It should be noted that an injitial value for XTsetup may be
utilized thatepietediin FIG6,dhoapaput ispravided teduwer 30§ via path 532.

Since the exact period of a high-frequency ring oscillator typically is unknown
15 and potentially subject to variation from process drift as well as voltage and
temperature fluctuations, the test circuitry preferably accounts for these potential
variations. This may be accomplished by calibrating the interval measured by the
timer in reference to a signal of known interval. In this manner, the interval measured
by the timer may be expressed as a percentage of the reference interval so that the

20  measured interval may be determined with a relatively high degree of accuracy.
Operation of the embodiment depicted in FIG. 6 will now be described in
relation to the flowchart of FIG. 7. In this regard, the method depicted in FIG. 7 may
be construed as beginning at block 702 where the timer (e.g., timer 602 of FIG. 6) is
started. Concurrently therewith, a signal is provided to the driver as depicted in block

25  704. Thereafter, a driver output corresponding to the provided signal is received

11



DATAoOUT. In these enbodi nents, XTno~a may be held constant while adj usting
2 0 XTsecup until DATAna does not equal DATAouT. Thus, Ts~c"P would
correspond to the value of XTs~c"p resulting in DATA $ DATAouT. In sone
enbodi ments, the clock-to-q conponent of a roundtrip tinme neasurenent may

be determ neckbmckhzowemuﬁecmo@tﬁ@fn@éﬁﬂ%nﬁ@e@l E s@R JfIR liineAndCictEi tbfmeoe
I'n these enbodi nents, the reference pad is to be contacted by the ATE. 2

Thereafter, the ATE ul se e f
at a mni mum Byt S\%‘.“%‘tﬁﬁ%%{)i}%{ t7e |§Pnf edsnb >§‘§°§1§EE‘%% rﬁ.\mlﬁ%fﬁ E«ﬁlfe%%&yn%g
flip-flop of the reference pad, and the clock is pul sed. Thereafter g
contents of tas6illetararcsiods clapged Sipilenly Hutilp.a $epaTaies MeasFAREntoFHen, RICh as
determ nation is made as to whether the new data has been successfully
capt ured. ATHepicvek ipubleek Wildt Hherdpteberl sinqteemsi of loycillator gwsiods thetweert hwos
new data is successfully received, with the clock pulse width first

cor r espondi NGuk&eskive cERt d»yrces% deRWniREA [6B6ES PPN Ghee dferehfdatiomedHitérvals
time of the reference pad.” ATE may then be used to nmeasure conmponent s of

clock: 10-0 | 3 BB B AL BECHAEEIRDERABhveT HEARISE RURD! glﬁgeﬂ,eg;e%ass

of varying t cap urirng new data’in

flip-flop may then be repeated f ad under test. utilizing the,
est ci reul ¢ gPeaRBEd i uaLthaF StomaDitap GIpchds ey Riath s A i
the roundtrip tinme of the pad under test is deternmined utilizing the test

circuitry, thsoduceddry thef A& ceFaraingtanter the datarval rbesween ptarti ofetheatimise and

subtracted fromthe neasured roundtrip tine of the pad under test. The
resul ting valreesipidsy the st itoe dtieer diutpot caw be divideal by thersbockqreriblle Thad, theder
test. 1 s It should be noted that the aforenentioned nethod presunes the

consi st engy eterRifidMatersdllis &Fbr&ds% a@E b@&@ntggé Bﬁﬁh@ RhowAEfockPedolo the
relatively S|npllst|c deS|gn and sna “nunber of conponents’involved in

typi cal receiver Eﬁérggg %"gﬁ t&oqeslts%lgc%ﬁgd?tv@e-;&%dn& {ma{.nsa

shoul d be noted tha in par he ¢ one Mz
the determnagion.of TSE~ rom,t.he nmethodol.o

her ei n. Thes?em%gnﬁrﬁég% ggégeéﬁr@‘@%él?edeﬁ”@ﬂg%@%% ?‘Pﬂeg&f“}‘féngc‘cﬁﬁ@ of
the present invention. Referring nowto FIG 13, various aspects of the

i nvention, i ﬁhataunm@etclmer@lqclsdptqc;clmpMeneme&tﬁC@Hmha “roamdisi temenrqﬁf:rlsno now

be described in greater detail. As shown in FIG 13, a preferred enbodi nent
1300 of the ithwenhilative nocer takemtoedrivenda®a froimd bgnehieg fop-flop) thra@hG ddtiverhto
i ncludes nultiple pads. In particular, integrated circuit
15 a pad, and then from the pad through a receiver into a capturing flip-flop. The
relationships between roundtrip time (TrounpTrr), driver clock-to-q (Tck_q), receiver
set-up (Tsetur), and receiver hold (TuoLp) times are depicted in the timing diagram of
FIG. 8, which will be described in detail hereinafter.
A representative method for accomplishing the aforementioned functionality is
20  depicted in FIG. 9. In FIG. 9, the method may be construed as beginning at block 902
where test circuitry is provided internal to an integrated circuit. In block 904 a
stimulus is provided to the test circuitry. Thereafter, such as depicted in block 906,
roundtrip time of a pad is determined. In block 908 the receiver set-up time

corresponding to the receiver of the pad is determined. Additionally, in block 910, the

25  roundtrip time and receiver set-up time are utilized to determine the clock-to-q delay.

12



16 1310 includes pads 1 through 6 (1312,

respectively). The integrated circuit al so incorporates various test

circuits,

such as Test 1 (1330), Test 2 (1340), Test 3 (1350), Test 4

(1360), Test 5 (1370) and Test 6 (1380). The various test circuits

electrically comugicale ik Qﬁiﬂo.dglgéﬂgg)ggp{eete%gﬁcatry e%gqlaefﬂ{deﬁfi§n§m£%chpa

configurations. Fof I nstance, cCircul

1312 via transmi ssion.path 1332 (in a.preferred i npl enentati on, th 1332
may be two unf@y ci‘tﬂl}% | toy t?fé‘)‘ge CPGE rt*?ﬂ%ﬁ’ﬁsﬁnﬁﬁﬁlﬁi a’irbgew“{gﬁ% of

comruni ca 1 rect

pads 1314 and 1316 by utilizing transm ssion paths 1342 and 1344
respecti vel y; described inrdetail3 S00-pemtling HobiiRatant Yepbicatznhsesiabee-rical |y filed

comuni cate with pad 1318 via transm ssion and 1362
respectively;oircuitry 1370(AgilentMekee Nl t H0paLisi41B2Attantty1Bd2keti No.:
transm ssion path 1372 and 1374 respecti¢ely; f 1try 1380 al so

comuni catges
and 1384 respectively.

a&tdlbg.qggé) %@’ ﬁ%nﬁﬁ&ﬁg a@&igﬁé& to Weeht' PAHIbRBIRNaRE dbsdrifs

an |1 ntegrat

and not for the purpose of limtation, an integrated circuit may be
confi gured t orefarencederedmen Heeptirgy cuit to test nultiple pads, e.g.,
utilizing one test circuit to test multiple pads of like type. Such a

configuration is rRefeesenhes tocFKhal0,cal hijernativel @nbadinient RAde? crmhitPad 38,

whi ch are both tested by Test 2. a o As shown in FIG 13, ATE 1302

el ectrical |y ipenfsa Rahes flip-f6p 1062 &RBA cpinire Hip-Mopafooy N aghcht fig-Rég TOGZ is
1310 by utilizing a variety of transm ssion path configurations. For

exanpl e,
dﬁ)

1332, pa

the ATE via t
1 394; circuit

S TSI IS AR RO B
SR et 3%, 0 B MR R R i,

|7 pad 1318 and transm ssion path 1397; circuitry 1360 communicates with

the ATE via tRravided éainysrieni 908 38hus, theirising edge of thelsynchs slogk signahcauses a

circuitry 1370 comruni cates with the ATE via transm ssion path 1374, pad

1322 and t r artsansg®nam tha ChoulB@yf thebuneh fip-floyy 1380 conmuni cates with the

ATE via transm ssion path

15

20

25

Capture flip-flop 1004 electrically communicates with the output of receiver
514. Preferably, capture flip-flop 1004 is negative-edge triggered (see input 1010), so
that a falling edge of the clock enables the capture flip-flop 1004 to capture the output
data signal of the receiver 514.

Operation of the embodiment depicted in FIG. 10 will now be described in
relation to the timing diagram of FIG. 8, which depicts representative data signals 802
and 804, and clock signal 806 (which acts as both a launch and capture clock). As
shown in FIG. 8, the first rising edge 810 of the clock causes a transition of the data
(the launch event). Thereafter, the falling edge 812 of the 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), Tsewp may be determined.

Subsequently, second rising edge 814 of the clock causes another transition of the

13

1314, 1316, 1318, 1320 and 1322

circulrt may I ncorporate vari ous

Pa0 YPes 29 Mkl B Yt HanBRL! S ARRS, el SREEMLLS PRI
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s 1382, pad 1322 and transm ssion path 1398. Additionally, various
functionality nmay be enabl ed by control system 1400 (described in detail
hereinafter). As described hereinbefore, the present invention is adapted
to facilitate autorrated test equi pnent functionality for testing integrated

circuits. In this S04Es SFPRI T8NLE 19feabh Snd) RSN zek YL AARKIRY alP e

construed as provi g| ng test o systens for testing integrated circuits.

More speci fical.l odi nentg..of t t est s, i ncl ude on

nore test cir Hﬁ?%iqui?len?%g?’ﬁ&t F&n W P ATEY R S %%lﬁn@?“*’o‘forﬁséon‘i%% ahd
a suitable control system which may be il enmented by control system | 400
of FIGS. 13 awifiable tlﬂ@rpmnfqreappb@m ﬂoﬂlgrga}stpeafrp&dt@cpem usder figstenkhr dang n
har dwar e, software, firmvare, or i s a conbination thereof. In a preferred
enbodi ment, hpaodest, X Tdae i€ atilizad fos deternining thaptmakEeacbfabe paddctivar.e

package, which can be adaptable to run on different platforns and operating

systems as; shal | bgydescpf %ﬁt@r&e%cém&hay bkprodded Qchaﬁn nﬂntﬁrcﬁtftaeéirgﬁﬁl
enbodi ment of the control system whi ch corrprl ses an ordered |st| ng of

executable in ons f Lemenii I n odj ed
inany 2 o coﬁ%‘éﬁ%”)’r e%td?tﬁ?%lc di%rf #Oglr use lflgcglrnf’gﬁgrté%&r)\ngc i*BR I%F%retgb d

i nstruction execution system apparat u r. device, suc ..
conput er - bas eePIEREINGFITNER AR X St %gngﬁtaeqﬂpt\gp °pﬂ‘;ﬁe r‘g@Vs@"éﬁWIHHtg
can fetch the instructions fromthe instruction execution system

appar atus, oramieutme, data chignad caft thet teseivies t(PUCEAours . carrespdrslingy rto e A TOANE Hi s
docunent, a "conputer-readable nmedium can be any neans that can contain,

store, 18  cCqdbith&psre mayr B agalecalo iliiteed ODA TR T ik Ogfuamtd MATIGN. byFer
in connection with the |nstruct| on execution system apparatus, or device.

The conputer geadab E%Qﬂ)g'fcbq » § QbteXAARLR s Hide zissto Wetﬁér'ﬂ.&?ﬁo{rp is an
et c opt| ca

el ectronic, magn ectro-magnetic, | nfrared

seni - conduct of . s sk.em ratu

specific exand }é Ig ght %Qﬁtg}gﬁeééha?ﬁ&fﬁ%ls Pﬂ “(%ﬁgﬁ)moéﬁdg pegp Fﬂ?éﬁtfm
woul d i nclude the foI | owi ng: an electrical conne ectronic) vi_ng
one or nore wietde,a diffssentaralye plopreyiously; gsta %r?hﬁfﬂetﬁ@) Proéiestsaﬁ’&bﬁ s ess
menory ( RAM (rragnetl c), a read-only nmenory (ROVM (nmgnetic), an erasable,
pr ogr ammabl e, repman’ebmgplnérmmy DAPROVamalsFDAd A auTo FiisoFsmp chrmjpend&po then
optical fiber (optical), and a portable conpact disk read-only nenory

(CDROM (opt i eahg of XiBl., fedalting e DATTHIN =eEDATRAAAD ITeenpathiytthere bel bubteacesd Hem
paper or another suitable medi um upon which the programis printed, as the

program is  Tgrounprre to determine Tcxk Q.

The aforementioned utilization of XTsenp assumes that the initial value for
XTsep results in a DATAN that is not equal to DATAour. It should be noted that an
initial value for XTsewp may be utilized that results in a DATAw that is equal to
DATAour. In these embodiments, XTho¢ may be held constant while adjusting
20  XTsewp until DATAN does not equal DATAour. Thus, Tsewp would correspond to the
value of XTsewp resulting in DATAN = DATAour.
In some embodiments, the clock-to-q component of a roundtrip time
measurement may be determined with the use of a reference pad of an identical circuit
type. In these embodiments, the reference pad is to be contacted by the ATE.

25  Thereafter, the ATE clock pulse width is established, preferably starting at a minimum

15



can be electronically captured, via for instance, optical scanning of the
paper or other medium then conpiled, interpreted, or otherw se processed
in a suitable manner, if i s necessary, and then stored in a conputer

menory. FIG 14 illustrates a typical conputer or processor-based system

whi ch may fagjji. aIt\eszlHé‘?stih@H%Ed:hm)édQBtotﬂﬂﬁ 188Rhg] ﬂxﬁyfﬁipe& t%éQ@feféiﬁ%ﬁi’aH%@ in

detail hereinafter) of the present invention. own in FIG 14

conmput er syst erally,c Y, 4 wi th
an oper at i g BYErEhi s [ERBHTETHE BN 9’%%2%@%9?% b
conbi nati on of voI atile and nonvol atile ne eI enents, such as random
access menor yeymedeay é‘PFF  AElRPRRatiqn, ds dP@fg'gégé? vhetberfhenew ‘?%tl}aﬁcl?qeéns
and data fromnenory 1414 over a local interface 1418, such as a bus(es).
The syst em alsgccdssiullydestumade ATE mbrok puimjwichlbmagéas)seqmaﬁy\éﬂcmasorhentikthenr e
out put devices) 1422. Exanples of input devices may include, but are not
limted te, aeweddtals sltc&es@@t'll&nreétl\sdaamrme alRcK phisk i gthffaetecRfesporidiigito the
access network connection. Exanpl es of out put devices may include, but

are not |i mt uk&pf e ﬁ?ff&’t@hﬁ%n 4o Ltﬂ.!f ﬁtﬁfnﬁﬁ’k fle! (ﬁJthglféferé?l@e'%I ATE
interface, r|n er por neraly, 1SS emmay run any-o

nunber of d| ffer pl atforns and eratin te i ncludin but not
i m ted to, R LRt TR STRPOTSHY A Ao P R AL fop Rference
operating systems s The control system 1400 of the present invention, the

functi ons of padi diresiferemeptiorpsproress @f iyarengtietcdock nudssi widsh ard pantwning new 4
and is executed by the processor 1412. The flowchart of FIG 15 shows the
functional it \dasnis Deeptarei flip-fifp mayp thehdse regedtap fenepddairidentest. Bipaititiaitigrthe
system 1400 depicted in FIG 14. As depicted in FIG 15, the control system
(or nethed) AEY GRURPNHebdRyd AferbiRg ithis shd@mal! B kintdntdbted 8H CATEO %cEQhEO

be tested is electrically interconnected with ATE. Proceeding to bl ock

1512, fil h

Such’ profil e?a%ﬁﬁ%y | GEREHEA Bl ted W gocberiled it B PR ECBR i g
to the type of .IC and/or | ectr.ical contan nfo ITB.tI n.correspondi n
the i nt er conAEfEIsNGR Yalug Har Aseelvsigsstip tige b Bpcte T@%‘on}I?f ?‘Te@S‘HS a

may be provided in numerous manners, such 15 as by being provided in the
formof an opetndtap timpef the pad wWodet testat T resnlting velveeprerssendsotogtheedsiver
initiation signal delivered to the analog test circuitry by the ATE, for
i nstance. Af ichckrteaptimierdgr thagapuodleritestdat a, if applicable, the process
preferably proceeds to block 1514 where the data is evaluated, i.e., a
determ nasi on i s mTRg®HuIGbE Aotel el dic 4fofdnhdilioled mthHodeRebumes the consistency of
receiver set-up time across different pads. Due to the relatively simplistic design and
small number of components involved in typical receiver design, this assumption is
deemed well-founded. It also should be noted that, based at least in part upon the
components utilized, the determination of Tsgrur may vary from the methodology
20 employed herein. These various other methods are considered well within the scope
of the present invention.
Referring now to FIG. 13, various aspects of the invention, including test
circuitry implementation and calibration will now be described in greater detail. As

shown in FIG. 13, a preferred embodiment 1300 of the invention incorporates an

25 integrated circuit 1310 which includes multiple pads. In particular, integrated circuit
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a o At block 1516, the I C under test is provided, by the ATE, with
appropriate signals to facilitate testing. At block 1518, test data is
received, such as by the ATE, with the data being received in any suitable
manner, e.g., intermttently throughout the testing cycle, or after testing

has been conpl giednciflesd!pags ﬂ%u%h%f f131251 15Rf 213 1%, ey g/al 8zh agny 132N,
e

In block 1522, a determ nation may made as to whether the IC, z s and
its associate orx n . Lani - |5 . ik term.ned
that the 20 rRengenEy Bl Shbar Y, ARuPSale Brishb bt tSuiE B AS
bl ock 1526 where the test results may be verjified, such as_by repeating at
least some of 1ehd @Padlereris onidd)ohatadds iWefest feigo0). fissos (b aad kst 6 1
the determ nation once again is made that the ICis not functioning as
desired, the (@B80ksThermsriqrscestatrcuis bleotrically 28mmivaicate wWith sheiCrespgctive pads
rejected. If, however, it is determined that the ICis functioning as
desired, tshe @roGeRSy SEonARORESHS. ! Porih@aicelSiZchitt) €330 édiembhiears 8ird&Yy with
termnate. As is known, when ATE is used to test an integrated circuit, the

ATE should b {Br . t 4t 1 Vi
measur enent S?paﬁi%l%e@]%‘ﬁ%g%ﬁ%sﬁf&ﬁ eaﬁl% ilg};\}jf glPoa %gegfegtl éégg%ﬂ%m?%gldl%ﬁmay
functionality, calihration of the .test circuitry to also should

bor for med. | Ty Gk upiesioRa ot iRy 0 Rrmtueg iR AL et i 14 and
cal i bration have included: designing test circuitry to be self calibrating;
desi gni ng t est316i byuiilizipg trangraissionpathsnt3420andr Biddsrespegtivelsgeircuatiy 1350 and
tenperature (PVT); and not calibrating the test circuitry at all. In regard
to self cali btifithg 1866 eachi elevtricalyy comedunicatecoiithi gadel @ eiat tradsinissien pethst he
di sadvant age of increasing the size of the test I5 CrCUtry to a size

where usaqof BIsRhafdl 1382 fekpectivElyi Biré\ﬁtr%l B8O cBi@thrfiddiivith ipad€ 232 @ RAE 322
practical. In regard to designing the test circuitry to be invariant to

PVT, providi ;@?Sﬁﬁﬂs 'iQ%‘]gﬁEL Ath© IEZ?é e%ﬁfcf:ﬁé@'d %8&vé3£;§h18' @ircxﬁ%&eilg% ?‘Pl%‘é’

her et of or e, ypica Ion een make an varra easi
characterizabl e and predictahl dditionally, this techni 0
Cause t he of KomyuRipges By 320 25 lbelt, via Brgirissian A B2 nd TI84 | s
no | onger practical. In regard to deliberately failing to calibrate test
circuitry, obesregtvely. Jhus an integryiediciscuiipay girgrporats vedeys pad typeg asywell as
produci ng inaccurate results which may lead to an increase in the nunber of
i nproperly f watibusconfiguratiaryr aff mtercommunicstidre betgvesh ithpeariars pady and useions
i ncrease in the nunber of properly functioning integrated circuits which
are rejeated tbgt@inchid.ng shi pped. 21
As an illustrative example, and not for the purpose of limitation, an integrated
circuit may be configured to utilize one test circuit to test multiple pads, e.g., utilizing
one test circuit to test multiple pads of like type. Such a configuration is represented
schematically in FIG. 13 by Pad 2 and Pad 3, which are both tested by Test 2.

20 As shown in FIG. 13, ATE 1302 electrically communicates with the test
circuitry of integrated circuit 1310 by utilizing a variety of transmission path
configurations. For example, circuitry 1330 communicates with the ATE via
transmission path 1332, pad 1312 and transmission path 1392; circuitry 1340

communicates with the ATE via transmission path 1342, pad 1314 and transmission

25  path 1394; circuitry 1350 communicates with the ATE via transmission path 1352,
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Since it is preferable to calibrate the test circuitry of the present
invention, the followng preferred calibration nmethod is provided for the
purpose of illustration, and not for the purpose of limtation. As shown in
FIG 16, a preferred nmethod 1600 for calibrating test circuitry preferably
begi ns at bl Wﬂ%ﬁ i t p . | 1y bt £ W be
tested are cgj%ﬁelé?%gnto %Egsgirlg?glra |79?9§7h‘gj?{ lg@g??{éﬁﬁ% essi gﬁﬁ ﬂéé’ﬁE gﬁ
pad, is used nmultiple ti i t hi I C, ,identi.cal test .CihLCUL.try I

associ at ed vvitfaﬁsr&fg T R& aié&’o?ac{]h]g{l8cia?%uﬁr?nsa’é§ﬁ“ﬁh.pa§%é§b§b C&%H%fygii’gé?,
connecting of the pads to the ATE, such as depicted in block 1610,
preferably i sempusscates with the AdEcviardegpnsmassiorepath 1844, pad hdieand yeasipissiops
the circuit design. Since different i o instances of the repeated circuit
desi gn are agathmt8o8;carddecirelétryilG8D dommbricatesefitic thd ARFE efie ttanimiskion path
behavi or, measurements made on the ATE-connected instance of the circuit
desi gn may b%%%ﬁﬁ?ﬁﬂz%ﬁ%ﬁﬁhﬁéﬁoﬁ;Shthh@w?@b?d&i@&ﬁ'll&,svifﬁ% f%cti&ﬁﬁfy ma

instances of that circuit design. It should be noted; however, that “sinte

each identical instapnce of .the bl S assuned .0, have.identi cal
defect-free Z’F@B@?‘iﬁy cB@ﬁ%\W@?{n lg‘&md%sﬁggﬁ%ﬂl ‘?“%@B‘Fﬁ‘é@?‘?@e pad of each pad
type need be utilized, although additiqgnal ones of the pads may be utilized
for added error dévedessivednberenhpiors.stis Pressate iAo dspidspked) ga ofacigate
circuitry is enabled. Wth both ATE and the appropriate test circuitry now
enabl ed, neasutcemtert testrequiprmentafuactidnality firdestog integhated cirbwitsATIE thicdreghed,
test circuitry. Thus, as depicted in blocks 161 ~4 and 1616, the a o
process incl ggme déibodiineAs Of tHe pAiskhtn thvenfiolBASH be NEtkGued ds e eidingd gedtest
circuitry neasurenents, respectively. At block 1618, a determ nation nay be
made as . d . tanSh LG E i a
appr opr i S0 el Srhags Lo et BRTU el C M BEAROAG SPAE i dHEbE AL 2.
circuitry. 1f, however, .it i.s determ ned t.hat the asyur ement 0_not

cor r espond, (4T By inglya5 pRELERSHE et it i SoBRRHAE VAR ATE 80 ATE
circuitry neasurenents may be adjusted to match_ those, 22 measur enent s

obt ai ned f r o?9het RiEE 137RR4 a suitable confpol sysiems Whighymay be daplepicatediy emgrok

1614 and proceed as described hereinbefore until the test circuitry

measur enent s sgstemdp0 opFIGs. 4B yand dBj for gkemipleOnce appropriate calibration has
been achi eved, the process may end, such as depicted in block 1622. 5 The

f oregoi ng descr i piGonrohgztdne @ 0P haydetiaplémentpd irphadwaet softvas] finhware, and
description. It is not intended to be exhaustive or to limt the invention

to the pieci geohiinfiod Setedgedn MidrdPbhmBodinkht, MRIvievel, 18 BhfoPSREnPlie 1 n
i ght of the above
implemented as a software package, which can be adaptable to run on different
platforms and operating systems as shall be described further herein. In particular, a
preferred embodiment of the control system, which comprises an ordered listing of
executable instructions for implementing logical functions, can be embodied in any
20  computer-readable medium for use by or in connection with an instruction execution
system, apparatus, or device, such as a computer-based system, processor-containing
system, or other system that can fetch the instructions from the instruction execution

system, apparatus, or device, and execute the instructions. In the context of this

document, a “computer-readable medium” can be any means that can contain, store,

18



t eachi ngs. The enbodi nent or enbodi nents di scussed, however, were chosen

and described to provide the best illustration of the principles of the
invention and its to practical application to thereby enabl e one of
ordinary skill in the art to utilize the invention in various enbodi nents

and with vari 6%%-{1{]91@&%,' [ﬁx‘gg%@f@o . ar%@@rtsth'é égo%}'aﬁl‘i’_f&hﬁe Bk i H&Iﬂ{ec%ﬁ with the

.cont enpl at ed. such I cationS and ations, are within the scope
of the inventi on cﬁs det er.m ne% by the tagpegige.d clainms when interpreted in
accordance wi PRIBGHONSFEAHOR SYSCh A3 HE T £F8Fai rly and legal |y entitl ed.
15 23 CLAIMS i 1. A nethod for testing an_integrated circuit (Iﬁz% the IC
having a first padThe egnpytgireadatde mediym an benfosexaaple; But EdmatdipaitRdto, an
external to the IC, the first pad having a a receiver configured to receive
a signal fr onelectnomiqanagntetiexoptical| electrd-hmgheicannfrired 4op semi-cendacthr giysigin,
signal in response thereto, said nethod conprising: s electrically

i nt er connect i HHamis) a8 ok ?ﬁpa@ﬂiﬂrﬁﬁ@d‘iﬁn{ Alete Yekifictdr@mbfes (& nBhRxhaisfFeat

| east one stinulus such that thée I C neasures driver clock-to-q time of the

first pad; a Vi i roat i on. co j Ot driyer .

ol ock-{ oo 11807 oF TF ey PR iBByfiP HRIE RS e BSAE. ¥ el
providing at |east, one _stinmulus conprises: 2 providing the at |east_one

Sti mul us f r orfOPREFHRE(electEgmct laving g8 o mdta| FAreS, duROFEhle FATBRER rﬁ’éﬁ‘&fte

| east one stinmulus conprises: z enabling a first flip-flop of the ICto
provi de an ounmagnetsd)gmedndpm achessanémery (RAM) (thegretic) ta rpadionlynemopRQMDI ng
an output of a receiver of the first pad corresponding to the output s

si gnal of thqnidghetic)f | dnp-etdsalle, Iprédgraniieabl&;t bexd-cily Cindindiyl , (EPROMI ort BRshC
has a plurality of pads) and a wherein electrically interconnecting

aut omat ed yt e%exﬁgf#z Q%ﬁ%etﬁﬁ‘-gﬁ)oggf-cﬁlhﬁﬁé}ehﬁtéé 5 %@H%?ﬁﬁle%hﬁ?aﬁ- &8k kdad-only

i nterconnecting t toa subset of t urality of pads such that
i nfonmation corres i to th i,ver clock-fq- ' of;. oI nthe s
subset of _paddeaV RN GedaD. Virt that RO R b R R E S Wi bET
providing at | east one stimylus conprises: .z enabling a tjney of the ICto
provi de an o3k OsAnginar spiatle aedpymy apop vhigh thejpragram 15 pynted, a5 g Programe
timer to receive a driver output corresponding to the output s signal; and
s det er ni ni nganbejahectronigally captured, piader distapceptisak ssanning ¢ the papet heother ver
and receiving the driver output. 6. The nmethod of claim1, wherein
provi di ng at rh&Haimn, deg Smpiledpntapraved, e utharwike! moeessedin a suitatsde mannet, € of
the first pad; 3 determining a receiver setup tine of the first receiver of
the fwst ;padinedéidary, and then stored in a computer memory.
FIG. 14 illustrates a typical computer or processor-based system which may
facilitate functionality of the control system 1400 (described in detail hereinafter) of
the present invention. As shown in FIG. 14, the computer system generally comprises
a processor 1412 and a memory 1414 with an operating system 1416. Herein, the
20 memory 1014 may be any combination of volatile and nonvolatile memory elements,
such as random access memory or read only memory. The processor 1412 accepts
instructions and data from memory 1414 over a local interface 1418, such as a bus(es).
The system also includes one or more input device(s) 1420 and/or one or more output

device(s) 1422. Examples of input devices may include, but are not limited to, a serial

25  port, a scanner, an ATE interface or a local access network connection. Examples of
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4 evaluating the roundtrip time and the receiver setup tirae to determ ne
the s driver clock-to-g tine. i 7. The nethod of claim3) wherein enabling
a first flip-flop of the 1Cto provide an output signal to the driver of
the first pad conprises: 3 providing a first clock signal to the first
flip-flop; s ] ri.l : t. Qf: f [ | 4; ¥ 5e
to the Trrst SRS bhg AR, Sl M ikl b 4 el difiney, AROeh 2P BARY
flip-flop to the drjyer.. i.8. The nmethod of claimb5,.wherein determ ni an
nt orval bet vk BrAYE dNFEREHeT> BUDKEPOS: GRENSTED:(HE HrTh M SBaPhing
the driver output further conprises: 3 conparing the interval to a known

i nterval sucHumher ofclifferentiplatforme jané lepewmtins systems, Swhidbes, dutt diokilieiged b
1 9. The nethod of claim8) wherein the known interval is a clock cycle
of the IC i HBUXM, i[ihexMailadx™,rSun SolatiM coMindswaqNT apdératig spsieins.
electrically communicating with at |least a portion of said IC, said first

pad having a frief adnufdl iy@EmaNboRof itieShros @ ShY@Hions tielnfctishs 6f Wiith SRAINGe

configured to 4 provi a first pad output signal to a component external

to said IC, said.fi,nst.receiver, 5 heing configured to recejve a fir ad
ot si gnal Eraihed e ass e Rar o P B PRt W3 Prdsnr £
conponent internal_to_ said IC)_a first receiver digital output signal in
response to the fithsflomeh I(%ilérﬁépwsé%ﬁﬁl%o%l%éﬁn@ @Beratpn ofi atpreigtrednal
to said I C and being adapted to provide information s corresponding to the
driver cl ock-implandntatonadf théeomtrolstystomd1400 depictdthin FIG.of4. cAaidapicted it n
said first test circuit is configured to receive at a |l east one stinulus

from aut onat 6d, feSdonfeLiéyR RN {or (MetEdd)SHENbE berstrubd a§ Begifihgeaat BlddRersaDavherai d
first test circuit provides a data signal to said first driver of said

first pady, i 43¢ Q;gi% thétedPls ﬁhiﬁé fRerdIREGED widl ATE! g‘}éc tBiSbgl }51@5 a

first flip-flop z ectrica nicating wth sai river, 173t

flip flop being.configured to a, pr.ovj atg sigpal to sai i rst,driver
fora tirst erue i ieomdtes T HR i e e3led nthf seeivad”| Siebraficiads o
clock signal. 13, The I C of claim 10, wherein said first test circuit has a
timer confi giaygincide, bubis get dmnitrg fayiinfqrgatien relating dof the Sype)of i apd/og i d
first pad and receive a driver output 3 corresponding to said output

signal. 26 electrical Torsinuity afformation ¢Qrresphrding to theiidter¢ongectiansef the ACLE and s
configured to determne a roundtrip tinme of the first pad, determne a
recei ver set dife IC,nenaig éthersf iThetprofikedat® magfbeSprotided it aunieashs mathees; audiat e
the roundtrip time and the receiver setup tinme to determne 4 the driver

cl ock-1014 tia8By beingProvifed P B8 FRHEET £l Sethtbr Inb{ atGOWBIK sthtih orhstal resfonRad
electrically communicating with at |east a portion of said IC, said a first

pad having a.f] driver.. £ I -] i ver hej

Pont i gur od ¢ 45 3 16} s 00 BivdrbPlo (e RANE oot SRl bivhe AT Br B,

to said IC, saLd fir.st receiver.s heinqg.confjgured to recgive a first. pad

nput i gnal ARehReseiCmIan BRI dater i aPPlicabiea g PLoGess BIRETARY Hrasretiulo itk

conponent internal to said |C, a first receiver digital_ output_ signal .in

response to Jdaid whersstheglatp isnpialuatedyigl,;a datermingtionnis mage py Wy Whether testing

i nformati on cornesponding to the driver clock-to-q tine of the first pad. |
p g q p

16. The | C ofmaylpgoened5, wherein said neans for providing infornmation
i ncludes z neans for providing an output signal to the driver of the first

pad; and2g neans farpieseli 5e, the I8Mumier Rekt i9brovideRic dyvie ATE! Bethf dppSdpriags
corresponding to 4 the output signal. i 17. The I1C of claim 16, further

conprising: & : ] Nj L t r.QMml Al h
out put signa g%[%l@ '? ﬁé’&?ﬁt&%ﬁt&%@r{%n P?lé)ggil\'é ?%’S‘E%{ﬁdé“%?iﬂé%?o%dgtsgﬁ Qg gﬁﬂ’t‘: ATE,
with the data being received in any suitable manner, e.g., intermittently thronghout the
testing cycle, or after testing has been completed. At block 1520, where test data is

evaluated and, then, in block 1522, a determination may be made as to whether the IC,

25  and its associated components, are functioning as desired. If it is determined that the
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4 nmeans for conparing the interval to a known interval such that actual
driver s clock-to-gq tinme can be determ ned. 27 - 1 18. A systemfor
nmeasuring driver clock-to-q tine of drivers of an integrated z circuit,
sai d system conprising: a automated test equi pment (ATE) configured to

el ectrically jd{&fGHMEhi ésmeéﬂed,%@ﬁx‘(ﬂ)céﬁ REPMod&dab Ul@&sltﬂgrk@hé"r%'tl@%’{éé?

Jothe IC and s an integrated circuit” (1C) having a first pad, said first

d havi fi dri . fi i Ve ' ' i
Cara irar ar BP mebnlS uemfed ish oo Faioklhe B oot pdrhd i mifelRhned o

said ATE, said first receiver being configured to receive a s first pad

i nput si gnal PIOgRESsSigRs TR 'aﬁéz%o'rg‘fﬂi%ft%fe}f ths detrmibAL nce dgdindamads that g
s IC, a first receiver digital output signal in response to said first pad
i nput si gnal ) thedCdstnot fiinctoningss desiragyitte frecasy may-pyocced to bloekdS2Rivetedre yhe
commenmi cate with said ATE such that, | i in response to receiving said at

| east one ssti MUaY telrefbeal ¥, Adevérditds Hétbshink@ Hat B TCHistfuRetiondyg sedesired,
i nformation, conmsponding to the driver clock-to-gq tinme of said first driver

is of said fi t i =9 i 8, wherein
said I C has a{hb%ltpﬁé)"gegis Pﬁgg?&ﬁg%‘s&f Elgg!cé%%.gﬁ?% tgé/@ltgﬁgglsg%%ﬂgﬁ]} ic?)?ae'ect rically
interconnect with a suhset of sai Lurality of pads, and said s stemis
configured to nmeasdheiStOVEs Whep %g&uﬁe&t&%ﬁtﬁﬁIBthﬁ?ﬁ?iéWftva?esAié A4
said 4 subset of pads while said ATE is electrically interconnected with
sai d subset obe palthratedgo ensuge that itAs quayidingr aqcueateblcasureienit hAy ithgy present
conputer programfor facilitating 2 nmeasuring of the receiver setup tine
and the receiin@entionl probvidee adleastebiciedr ATBffundtionality) egibaitich of theuest circhitry
the 1C having a f rst pad and a first test circuit, the first pad 4 being
confi gured asaigy $henad!bd péresrhiac ﬁ%icﬂ%ﬁ%ﬁluﬁ&ﬁ@'T&aéddréﬁsixltgetﬂeqssﬁégeof
r

first pad s having a receiver configured to receive a signa om a
conmponent ext . 1 h .angd _t. ' Loitial sl gnal §n. se
Chereto. ¢ he FBgidraeSpctiact B8l e Rhp trted b ol dehBRAGRE S
to provide infornmtion corresponding to at | east 8ne of the 2%{/%?-& ver
setup time antFUHEY rthPQeH“VPB‘feH fq ppEogsss:¢ Keltage, and, eomegatire (BYA)icapd Rt s

readabl e medi um conprising: to logic configured to enabl e automated test
equi pment  ( ATElibrasingrtheiterd cincuitiyagitall. i Inoregart fonselfeplibmtingdtestCirydny, tsiegh at he
first test circuit provides information iz corresponding to the driver

cl ock-to-q titeechmfud hpetdntiaHy chusesethe disddvamtdgegof inaredsingitisd size efiahé aesthe
ATE to receive, fromthe first test circuit, the i4 information

correspong@i NGcitcitk e & Eiz¥ Shetd Q6o ArcH clrbhiryGhithii @nfihteBiatddl diveit is 43 longer

AL AL, ALH A&S. AT . A9SL. A9l @ . A9. A5S . A&Sf . A9S A @ .AsS .AsS . A9, A @.

vl on i o et o Qeafl 4 plifhi ey GAMEY BERKRIER: o PV, providing

calcalcalcalcall caUl c:alc:alc alcal cal 2V . d . .

TXVADG) xon! s ittt £t EM P el bERIE Eofitptatce. hrrsofors & gymisd! egiepcay
' KR] | $) us; id I

C] Ca] G Ca] CaEaped 8] EARE At PO CH Pape Ry CHpTEIeElTeR) 6] COPURIDH cal

a] ca] ca] ca] cal - ?K

#} y! % %} " ] SuaddifasdbRothisedindjuesalsal maly cjaved the] stz efilheadicaitnajcniceabe &d ea) ¢

a)J ca] ca] ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcal]&a&b&l &&&

CEUETT T REY ( (ol wherd i8NISE is no longer practical. In regard to deliberately failing to calibrate

+\ +k+mrq+++$, k, m | w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

000811 112] 2b855aas o] SoRaa s S Ty ST A a) et €57 Clpely pfdiing ¢,

| cal cal cal calgal el e al sl aheal sk Waai 3hoabaale 3 ool SRk oat SRBRTLATET

[=)
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sl 1(())%. ((&) ( § _s- z};ﬁ%%pt(ezl v§1‘th eac 0inst ce ofﬂ;tﬁat c1(1)'cu1t(3e51gn. %Cn gg configured, connecting

of the pads to the ATE, such as depicted in block 1610, preferably includes merely
connecting the ATE to one or more instances of the circuit design. Since different

10  instances of the repeated circuit design are assumed to be identical in their defect-free
electrical behavior, measurements made on the ATE-connected instance of the circuit
design may be assumed to correlate to the measurements made at other instances of
that circuit design. It should be noted, however, that since each identical instance of
the block is assumed to have identical defect-free electrical behavior, only one non-

15  connective pad of each pad type need be utilized, although additional ones of the pads
may be utilized for added error detection and comparison.

Proceeding to block 1612, test circuitry is enabled. With both ATE and the
appropriate test circuitry now enabled, measurements may be taken by either or both
of the ATE and the test circuitry. Thus, as depicted in blocks 1614 and 1616, the

20  process includes the steps of receiving ATE measurements and receiving test circuitry
measurements, respectively. At block 1618, a determination may be made as to
whether the ATE measurement data and the 6 test circuitry data appropriately
correspond, thereby indicating proper calibration of the test circuitry. If, however, it is
determined that the measurements do not correspond, the process may proceed to

25  block 1620 where the test circuitry measurements may be adjusted to match those

22



108t 10% & ()-510% & ()-3 110% & ()-1"110% & ()- 9@ #10% & ()--s! 10% & () - ?K
bC 1010%& ()-Y ! 109%& ()-M 10%& ()- 10" 10" 10"Y=109 & ()-&3: #10% & () -
#1y!1 19| " dEbC 10t|10%& ()-9! 109& ()- L! 109& ()-3" ! 109& ()-

#1098 () -t 109%& ()-| """ SH###JEDC

10s#109%&" () - ! % 9 %glELC
100" 10%& 8 ’g%z‘%t}f?ﬁge}‘}é éﬂta’?‘fg‘%)’? )@é&%‘%& %rf%pq{% &8‘(1%{%?%)1%‘%@%@

&&&&] &xnmbC 10S10Q%&: 10 10

_510!,/& ()-F71 0)@( t’)(lng@Q&& p(r?ceggo(g& (lfsc]ngpg&geqelqbeggﬁbentﬂ the test circuitry
10109&' ()-Y 109& ()-f#109& ()-109& ()-10%&k ()-10%& ()-1""""F(}((dEmC
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+\ +k+dEnbC  achieved, the process may end, such as depicted in block 1622.

1099: 109& () -1 7s! 109%&' () - @109& () - 3F10%& ()-0109& ()-L.10%& () - k+mrn+o+p+q

I;I(S)Scygc( )1 _géoi/&l 0 -Tﬂeoﬁ?:ég}{i@&%pﬁbﬁ 29 bd&h pRYIGIPIE furpSses of illustration and

1091008 ) S b &g;’ég ORIEP S e RS 19 B0 e iy gn 19 preise

000B1dEbC 100s! 10%& L. #109& () y,s!10%& ()-L*s! 109 ()-

(s!109%&' () - &fm:[m/qg}'xs{c osg:ld 1@@@1@&2 X J¥auRtiops Age possible 1n light of the above
10=t 10%&' ()-99#10%& ()-17 !10%& ()- @10%& ()-310%& ()-b223d334j 4dEYNC 10
t! 109 ()-  teachings. The embodiment or embodiments discussed, however, were chosen and

described to provide the best illustration of the principles of the invention and its

10  practical application to thereby enable one of ordinary skill in the art to utilize the
invention in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations, are within the
scope of the invention as determined by the appended claims when interpreted in
accordance with the breadth to which they are fairly and legally entitled.
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37 1109&' ()-5!109%& ()-2 !'109%& ()-0s!10%& ()-LI.#10%& ()-@s!'10%& ()-:OC QR
S T:::L; bC 10! 109 ()-! 10%& () - S164M3 ) - 10 10
101 =t 109&' () -9 910%&' ()-L;;; W<<8=dEbC 10! 10%4&’ () - y10%&' (

109448 ()1Y! L0%HRA (rhethiod] fooasting an insgued yirgui—d@h she rbeymg) rst pad

10%4&' ()-!110%4& ()-!10%4& ()-f!10%4& ()-9! 10%4& () -
#1098 (3 - 2configir@ioierighal interface for components external to the IC, the first pad having
10yO0! 10944& () - . #10%4&' () -y, ! 10%& () -yL*! 109%H& () -3(! 109%4& () -f &10%& () - Ab
AABBBB B! BdaMNceive cofiguidiHo receive a signal from a component extemnal to the IC and to
10H=s10%& () -910%H& () -yl 7s! 10%H& () - y@s! 10%4& () - y3s! 10%14&' () - ! B BBCnCCC
dEYNC 104 Y4pro@ide &digjtal signal in response thereto, said method comprising:

B0 & ()- 110% & ()- 1109 & ()-L110% & ()-f10% & () - C- DDD<E\ EEdJEYNC 10
ys109% &' ¥ ) - L10%ekéctrically interconnecting automated test equipment (ATE) with the IC;
#10% & ()- '10% & ()-M10% & ()-10% & () - EERFFFGGGIEYNC 10
T*M 10% & () - 3( rdvidifigat Jeast ohd Simwlug uchkil GRE BC (measuids BEYEr&ldck-t04q109% & () - GG
NHHH#1 zI dEYNC 10

| 7L! 10%&' (m&hf thOfits€pad) and: 1096 & ()-010%W & ()-L. #10% & ()-,M10% & () -zl 111
[1.JvJIbC 10109%&' ()-MLO%&' ()-S'10%& ()- 10" 10"

10" =10% &, () - &9#adeMing ifforrdatipiiiChorespoicing to the driver clock-to-q time of the first

9 pad.

1 2. The method of claim 1, wherein providing at least one stimulus comprises:

2 providing the at least one stimulus from the ATE.

1 3. The method of claim 1, wherein providing at least one stimulus comprises:

2 enabling a first flip-flop of the IC to provide an output signal to the driver of

3 the first pad; and
4 evaluating an output of a receiver of the first pad corresponding to the output

5  signal of the first flip-flop.

1 4. The method of claim 1, wherein the IC has a plurality of pads, and

2 wherein electrically interconnecting automated test equipment (ATE) with the
3 IC comprises electrically interconnecting the ATE to a subset of the plurality of pads
4  such that information corresponding to the driver clock-to-q times of more than the

5  subset of pads can be determined.
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10 L*@O¥& ()- enablinga timer of the IC to provide an output signal to the driver of the first

(11098 ()- %! 10%& () - S##109%& ()-!s! 10%& ()-s! 10%& ()- WLXXX4YYYdEYNC 10
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10! * F@*H0%e c&' ( pndbling tlgogimen) oSSR ¢ )drivgrooutput 1@rresponding Yo Ug aapeg’ () -
JLLI[\h\k\dEb@ 10! F109%&' () - 10%&' ()-sY10%& ()-10%& ()-Y-10%& ()-
F@109&' 5 ) -sigoak pus] | | EAAED@ 10! ! 109&' () - 10%&' () - ys! 10%&' () - Ls! 109%&' () -
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1 6. The method of claim 1, wherein providing at least one stimulus comprises:

2 determining a roundtrip time of the first pad;

3 determining a receiver setup time of the first receiver of the first pad; and

4 evaluating the roundtrip time and the receiver setup time to determine the

5  driver clock-to-q time.

1 7. The method of claim 3, wherein enabling a first flip-flop of the IC to provide

2 an output signal to the driver of the first pad comprises:

3 providing a first clock signal to the first flip-flop;

4 inverting the data output of the first flip-flop in response to the first clock
5  signal; and

6 providing the data output of the first flip-flop to the driver.

1 8. The method of claim 5, wherein determining an interval between providing the

2 output signal to the driver and receiving the driver output further comprises:
3 comparing the interval to a known interval such that actual driver clock-to-q

4  time can be determined.
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10=10%&' &) - PmRideQfRst (phd SutpiitsignaII6 a icothjustient external to said IC, said first receiver

1001 10%&' ()-M 109& ()-s !'10%& ()-Fs!109& ()- S#10%&' ()- !109%& () -

t st t uf uuadEbéing Edhfigured to receive a first pad input signal from a component external to said

109%& ()-! '109%& ()- '10%& ()-f !'10%& ()-9L! 109 ()-#109& ()-uvyvv W wwdEbC
100" ! 109& ( JC andtfo0pfyide, ty a kofiforieht interdal 4id IC, a first receiver digital output

(s!10%&' ()-%0% () - wxQXxxxxxxdYNC 10 10 10

10=10%&' @) - sigwl @PAkspohseXtd tHelfididiad JputsigndlDaad () -3 ! 109& () - xMyyy7zzzdEYNC 10
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9  comresponding to the driver clock-to-q time of the first pad.

1 11.  The IC of claim 10, wherein said first test circuit is configured to receive at
2  least one stimulus from automated test equipment (ATE) such that, in response

3 thereto, said first test circuit provides a data signal to said first driver of said first pad.

1 12, The IC of claim 10, wherein said first test circuit has a first flip-flop
2 electrically communicating with said driver, said first flip flop being configured to
3 provide a data signal to said first driver for a first time interval prior to through a

4  second time interval after a clock signal.
1 13. The IC of claim 10, wherein said first test circuit has a timer configured to

2 provide an output signal to said first driver of said first pad and receive a driver outpnt

3 corresponding to said output signal.
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10 1 15.  Anintegrated circuit (IC) comprising:
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bC 10, 552 10%Z&’ (g firsSpaliéietichlly Ebtrinhica&ng with 7l 296 & postio 08 5 Y& &sald) - )
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10Z=10%Z&’ ( Jirst pddHAV S a (Arst ldbiectARda first receiver, said first driver being configured to
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10##10%&4 () proddid 0 Fist pad duitphid Sind] Yo 4 chfifiiert extBmhl 1o $@d (Q, sald GRek rdcpiveHCAEDC

5 being configured to receive a:ﬁrst pad input signal from a component external to said
6 IC and to provide, to a component internal to said IC, a first receiver digital output
7  signal in response to said first pad input signal; and

8 means for providing information corresponding to the driver clock-to-q time of

9 the first pad.

1 16. The IC of claim 15, wherein said means for providing information includes
2 means for providing an output signal to the driver of the first pad; and
3 means for evalnating an output of a receiver of the first pad corresponding to

4  the output signal.

1 17.  TheIC of claim 16, further comprising:

2 means for determining an interval between providing the output signal to the
3 driver and receiving the driver output; and

4 means for comparing the interval to a known interval such that actual driver

5 clock-to-q time can be determined.
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& () - Mp1@% WRIC hnd thPrdvideQt least Ondefiihi396 th&IC;)and VK@ 10! 10 U
5 an integrated circuit (IC) having a first pad, said first pad having a first driver,
6 a first receiver and a first test circuit, said first driver being configured to provide a
7  first pad output signal to said ATE, said first receiver being configured to receive a
8 first pad input signal from said ATE and to provide, to a component internal to said
9 IC, a first receiver digital output signal in response to said first pad input signal, said
10  first test circuit being configured to electrically communicate with said ATE such that,
11 inresponse to receiving said at least one stimulus from said ATE, said first test circuit

12  provides information, corresponding to the driver clock-to-q time of said first driver

13 of said first pad, to said ATE.

1 19.  The system of claim 18, wherein said IC has a plurality of pads, said ATE is
2 configured to electrically interconnect with a subset of said plurality of pads, and said
3 system is configured to measure the driver clock-to-q time of more drivers of than said

4  subset of pads while said ATE is electrically interconnected with said subset of pads.
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7  the IC and being adapted to provide information corresponding to at least one of the
8  receciver setup time and the receiver hold time of the first receiver, said computer
5 readable medium comprising:
10 logic configured to enable automated test equipment (ATE) to provide at least
11 one stimulus to the IC such that the first test circuit provides information
12 corresponding to the driver clock-to-q time of the first driver; and
13 logic configured to enable the ATE to receive, from the first test circuit, the

14 information corresponding to the driver clock-to-q time of the first driver.
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