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| NVENTI ON The present invention generally relates to integrated cCidyy
arid, in particular, to systens and nethods for facilitating, Wlthl n an

i ntegrated ci radTrMY ANY RITEAKASS FOM P IS IRG Tshass; ofr PRD
integrated circuit. to DESCRI PTION OF THE RELATED ART heretofore,

integrated circuit (1C) dey fed using a
variety of test nethods. ﬁ%‘?%’i&ﬁ;‘?‘@‘%@ﬁ%&ﬁ@g(ﬁ&%@én tested arid
vertified to be defect-free using functional test vectors, such as those
applied to the I1C by the use of automated test equi pnent (ATE), which
stinmulate and verify the IC device t 5 functionality at the pin | evel of
the device. A practical limtation to the utilization of ATE for testing
IC s, however, is that the BAGMGROUNIQH THE(IDIVENDK)Nt hat can be tested
by a particular ATE has, heretofore, been Iimted by the physical

configuration of the ATE. For imst "6 THRENVEREONOf pads of the IC to be
tested may exceed the nunber of test channels provided by an ATE, or t he

nunber of pads excee 20_ca [ the ATE.SUPROT L har such
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As utilized herein, the terns "pad" . usedtorefer coIIectlverto both a
physi cal si tt%syaf/mmwds@?kheés3}5f@ﬁﬂ"@rle&twlaa|an¢raﬁgra@si repitARSHIE ledastel | as
circuitry associated with the physical site for enabling elect) seal

comuni cat i enrrbttestg of papoofthe sntegratedesirc@tand conmponents external to the
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10 DESCRIPTION OF THE RELATED ART
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

15 functionality 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

20  capacity of the 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 electiical

communication between components of the IC and components external to the IC.
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Additionally, performance (imtations of a particular ATE may inpose
certain other testing restrictions. For exanple, the frequency of IC inputs
and outputs nay exceed the nmaxi mum frequency of the ATE, thereby limting
the test frequency of the ICto be tested to the maxi mum frequency of the
ATE. Al though corfiGiéiang, ﬁé?fo%%nau mltaﬁl&&stdf gﬁhél%tmbamqh ognd/or a
hi-gher operating frequency may be acconpli she prOV|d|ng al ATE with an
appropri at el i.n . count nd/or ri.at el oper at | ng
fFoquency | necaiEpn BBttt dob P ERlen e (Rafeibrtrd ahRTE 8N o
oftentimes, cost prohibitive. In |I%ht of the foregoing and/or ot her

defi ci enci esOUtPl!tS i1§iYI@Piéwd theymanenynifiaquenay of the AJE; Beretydingine dlasstestt i | i zi ng
a variety of "stop-gap" testing procedures, including: ( 1 ) connecting an
ATE to | ess frttpen&yldf b€ IC hebpiesed b thmbkint@y freguency pf tenkBEL iigongH ti pl e
pins of an I C device to a single ATE test channel; (3) testing the IC

device 19 MechiiplinPAPAE with E\Jfkﬁtl&jﬁ’tes‘f“cﬂé})nﬁﬁ%ﬁdﬂﬁﬁﬁuél%Bg&@u subset of

t he pins of the“ent C devi ce; testing the d s than

i count Sﬂﬁa’%&%%ﬁﬂ%&ﬁo&wlﬁa@ povitipeel A REGR Wkee DR GRD AL aTE,

anong others. As should be readily apparent, many of these "stop-gap"
testing procwdot @El/ereap appepriatalnhighlopseatiog frequencydw erdeg o elimdinatetibe eby, nmay
| ead to an increase iii nunbers of defective |IC devices being shipped.

Mor eover, t hfoRhatibsa d¥ficlenbict is)oftehthined) ebst@estiigitivempl ement ation, the pin
count 20 and/or frequency of the |IC device to accomopdate exi sti ng ATE i s,

of tent i res, an UNASEARLARL fuERNE AALDE oBB: AGERIAN: |TDBRAI A6 phdiere 1o @

need for inprove ens an ods ress these an

short corlno ngstocggst TIB degerCSOlI;tlllZng a variety of “stop-gap" testing procedures, including: (1)

connecting an ATE to less than all of the pins of an IC device; (2) connecting
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,

15 through design implementation, the pin count and/or frequency of the I1C 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 1C devices being shipped.
Moreover, the practice of limiting, through design implementation, the pin count

20 and/or frequency of the IC 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/or other shortcomings of the prior art.
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SUMVARY OF THE | NVENTI ON Briefly described, the present invention provides
driver tristate testing functionality within integrated circuits. In this
regard, some enbodi ments of the present invention nmay be construed as
providing integrated circuits (1Cs). An enbodi ment of such an integrated
circuit (1C) includes a first (o] | hcating wsh at | east
a portion of the IC. The fir§¥H9§63h§§§ngﬁik%E&gﬂ??ggf driver and a first
receiver, with the first driver being configured to provide a first pad
output signal to Bricrpsissaibeddhe arasant inventing prayidepylsiver fristate sbiger i s
configured to receive a first pad input signal froma conponent external to

the I C and t aupfioNilig within ihteprated oin@ore it tHinfeghrdakorh@embedihfentstoffthe st
receiver digital output signal in response to the first pad input signal.

The 1C al so bf&géﬂgﬁ%nﬁgﬁitng)@g)etc%ﬁgn@draggkav;étnngﬁﬁtc tea%irmgsl g@s). The first

test circuit”is adapte rovide i1 nformati rrespon g to the driver

tristate | eakage current of the first pad.  Angther enbodi nent of an IC
i ncor por at ese'é?g‘?‘i“f’keﬂ“ Bg 'CB |2'8d'ElP¥r€%ﬂd|C§FCE'é?](§B rﬁﬁ‘ﬁ\‘fs]eéétfﬁ ﬁ'd’qcfj\]l C’tq%;“%i‘fa?llyeast a
portion of the 1C. The first pad includes a first driver and a first
recei ver, w edmmueicalingwitdirai least doprirfign ebikilguléd firs ppd endogieorates 2 isst pad
out put signal to a conponent external to the IC. The first receiver is

confi gured t@riveG@id\iefirt detdisdr, pad thepist dﬁ'varbaingfdbﬁn%@eawpmm_ua gt pddnal to
the 1C and to provide, to a conmponent internal to the IC, a first receiver

di gital out Pyt ffsggl?zll té) QCES?QM gxtE&a’ {l}f}hg?cf %%grs??&ei@pﬁt%oﬁhg%h to MEANS

for providing Pﬁ mation afso 1s 1nc ed. E Iments o eI nvention
al so may be construed as, .providi

; Eg met hods for testing ICs. In this regard,
one such enbB@FYERIPTRAIARY siEpEEPM; xoNRPIERy B fR Hie IgAndfp preltidy 19 est
equi prent (ATE) with the IC providing at |east one stinmulus such that the
| C neasutles acomporsnt intermphtodhd Kalecltret reogivendigital otitpat $ignadtin pesgponszrid the
receiving 25 information corresponding to the driver tristale |eakage
current of tfigst bad &pupsignal. The IC also includes a first test circuit internal to the IC. The

first test circuit is adapted to provide information corresponding to the driver tristate
leakage current of the first pad.
Another embodiment of an IC incorporates a first pad electrically
15  communicating with at least a portion of the IC. The first pad includes a {irst driver
and a first receiver, with the first driver being configured to provide a first pad output
signal to a component external to the IC. The first receiver is configured to receive a
first pad input signal from a component external to the IC and to provide, lo a
component internal to the IC, a first receiver digital output signal in response to the
20 first pad input signal. Means for providing information also is included.
Embodiments of the invention also may be construed as providing methods for
testing ICs. In this regard, one such embodiment includes: electrically inlerconnecting
automated test equipment (ATE) with the IC; providing at least one stimulus such that

the IC measures a driver tristate leakage curient of the first pad; and recen ing

25 information corresponding to the driver tristale leakage current of the first pad.
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Comput er -readabl e nedia al so are provided. In this regard, an enbodi nent of
a conput er-readabl e nedi umincludes a conputer programfor facilitating
driver tristate testing of an I C. The conputer-readabl e nedi umi ncl udes:

| ogic configured to enable automated test equi pnment (ATE) to provide at

| east one stinmulus~to HH@C|%,§UCQ1JEEO§JW%J¢&%§It%St.Cir%Uit r%vidqs

i nformation correspdRRTRG I YR D A% 2 Prordie T IR SRS Grreamedgpentpd
first pad; and logic configured to enable the ATE to receive, fromthe
first test cidr@mrutertrerdabiefBedie Hpludes expRHen rgetan fondaqlijatiag dfiverst at e

| eakage current of the first pad. O her features and advantages of the
present i nventistate tedting dfas d0e Thp pampnter-readhioie omeelimh tifclsdas! logiocdnfiguatto upon
exam nation of the foll ow ng drawi ngs and detailed description. It is .

i ntended tha t i r.ei b £ kN

t he scope ofkp ékSﬁgﬁgﬁ%ﬁ?ﬁsﬁﬁﬁ?gﬁg°§§E§@#?§§§e?ﬁ“?ﬂ@hggggﬁﬂgdgé'a*%%@h

BRI EF DESCRI PTI ‘?: THE .SEVERAL ,VI E}AE OF THE DRAW.NGS t5 The %’resent
invention> adh¥idpg Hishtesheifaid REP YA NIQUEIRtBR cyEesPaRrdins i her ST Wistate
reference to the follow ng drawi ngs. The drawi ngs are not necessarily to
scal e, enphadé¢akapnsiresnd obthedystriadrend logicelonfigingd itd enable tiei ADE teecgivenci pl es
of the present invention. FIG 1 is a schematic diagram depicting a
represent ati \fgonh tHeeraestdielit,atié inf@@ndtivnaopesnding tditgd diversaithtetiefidage
circuitry of the prior art. FIG 2 is a schematic diagram depicting an
enbodi ment OEuhgﬁchﬁﬁéﬁéyﬁ&E"‘Of the present invention that incorporates an
integrated circuit and autonmated test equipnent. FIG 3 is a schematic

di agram depi cti ng.representative pad ci.rcuitry that.includes a tristate

i rer and s r ecdDlper Tedtores i afvoies St i iel: i BRH T IL R Br e agpagent o

enbodi nent of a tristate driver. o _
10 one with skill in the art upon examination of the following drawings and detailed

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

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

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
15 The present invention, as defined in the claims, can be better understood with
reference to the following drawings. The drawings are not necessarily to scale,
emphasis instead being placed on clearly illustrating the principles of the present
invention.
FIG. 1 is a schematic diagram depicting a representative integrated circuit:
20  incorporating digital self-test circuitry of the prior art.
FIG. 2 1s a schematic diagram depicting an embodiment of the test system of the
present invention that incorporates an integrated circuit and automated test cquipment.
FIG. 3 is a schematic diagram depicting representative pad circuitry that

includes a trnstate driver and a receiver.



FIG 5 is a flowhart depicting functionality of an enbodi nent of the test
system of the present invention. FIG 6A is a schematic diagramdepicting a
portion of an integrated circuit that 5 includes an enbodi nent of driver
test circuitry of the present invention. FIG 6B is a schematic diagram
depicting a portion of an integrated circuit incorating an enbodi nent of

the driver test gjd cistlskh@hatid\§iaRfagP@Hictin@EniRQAimélt Gf a8sth@ Riveehemat i c
di agram depicting a portion of anintegrated circuit incorporating an

enbodi nent of th rd verptest cjircuitr, f [ inventiaon, .to FIG
6D is a schemati E](gigalﬁf‘aﬂrﬂw 21 f tc({ lncgm§ f%%c?’tof]}gﬂ?c())? a'i?\'%?Er)\(thgber']gf) é{(ﬁ]%é?srt cuit

i ncorating an enbodi nent of the driver test circuitry of the present

i nvention. Peienmolfithe greseHdealiendi agr am depi cting an al ternative '
enbodi ment of a portion , of an integrated circuit, ATE and a control
system of the prEKgmA ismvsehemetic diag@m 8epicting spdreomof an thilagatadclapi hai ng a
representative conputer or processor 15 based systemthat can be used to

i pl ements an, QUi &Rbo@heht St el il ci?éﬁ?them’tﬂé pkddgntRhRSEIdhL. | nvention.

FIG 9 is a flowhart depicting functionality of an enbodi nent of the
present inventio

i J h . depi j. Cti itv.of
embodi ment of thgrcbrFG Sé ﬁtlsg'é‘%'arg?‘?%‘i’ﬁgﬁgﬁh&épt&‘f“ Fi@g‘%ggdliﬁn&ﬁlg%@gé@%{?‘gncgnw' |

now be made in detail to the description of the invention as illustrated in
the drawi ngdne@rperalipgan subediapent ohtiecdipientyst Giteyitpagfihe presqutapyegtipyr 11 11re
25 several views. As nmentioned briefly hereinbefore it is known to
i ncor poat e bui | t Fith 68 is a(sdhgyhatad Jiagmahf depestingai poctudtt ofyan integraed cintuglgr at ed
circuit. Referring nowto FIG |, a
incorporating an embodiment of the driver test circuitry of the present invention.
10 FIG. 6D is a schematic diagram depicting a portion of an integrated circuit
incorporating an embodiment of the driver test circuitry of the present invention.
FIG. 7 is a schematic diagram depicting an alternative embodiment of a portion
of an integrated circuit, ATE and a control system of the present invention.
FIG. 8 is a schematic diagram depicting a representative computer or processor-
15  based system that can be used to implement an embodiment of the control system of
the present invention.
FIG. 9 is a flowchart depicting functionality of an embodiment of the present
invention.

FIG. 10 is a flowchart depicting functionality of an embodiment of the present

20  invention.

DETAILED DESCRIPTION
Reference will now be made in detail to the description of the invention as
illustrated in the drawings with like numerals ndicating like parts throughout the

25  several views. As mentioned briefly hereinbefore, it is known to incorporate built-in



representative integrated circuit 100 incorporating such built-in self test
circuitry will be described in greater detail. As shown in FIG 1,
integrated circuit 100 includes a core | 10 which 5 incorporates logic 112
and digital self test circuitry 114. Core 110 electrically comrunicates

with pad 116 ich is configured to.electrical.ly,comunica i th_devi ces
external to t(ﬁ@"?‘%f%‘g}eéf%bc“gw ’6’8? g in %ﬁtegémgmtii %%Icg)mcﬂ‘g 0t %ﬁgt\ﬁed’ fest

equi pnent (ATE) 118, for exanple. So configured, signals provided froman
ext ernal devirejgeseatagive imguFated tgcuitd(0 hsomeiratingrsweh bw it inseddesd cirewitiyivalla
transm ssion path which includes pad 116. As is known, digital self test

circuitry | bédescribenfn grenegldéwmiprovi de functional based digital testing of
logic circuitry contained within core 110. In order to acconplish such .,

testing, digital estn6i i 4t ViIING i a stimulus
generator 120 andA% %l{o@@ﬁgrﬂg' g’ﬁg e%éaéeﬁ?@cﬁt Wé)ﬁgélg%eé‘cﬁn(?’?%gw 3}?]?@“ mul us
generator 120 15 is configured (ﬁo, provi de one or nore test patterns for
testing | dgi encOrpEaes logiok! % HW digitd setest guewilry 4 14y Coig tidrslectiiealli ded to
the logic circuitry are conprised of digital data, i.e.) zeros and ones. In
response to thmnmuaidagssvipepadel idswhichés ¢andigoredito electricglly npdlemunaste witken

provi des a response signal or signals to the response anal yzer 122 which is

abl e to inteypyiess &x1EmAlas RV SEgAREd BFQNT, d8chfasl B5ibce FTRMIdmAALDRM squifith&lt MaY
be provided 20 externally of the integrated circuit. Thus, the digital self

test circuitr i [, di gi £ .St 4 f re by
appl yi ng di gl(%(gﬁs ,? \é%’ﬁg ';%){ag }?r]%sgé %&{f}%&%gﬁg@%&%&%ﬁﬁ%&&%fa gteﬁéeplg%%gwgﬁ’d has,
heret of ore, substantially renmpved the need for, external  test equi pnent,

i.e.. ATE 118&-tATBrAb%imey e dehiverrd to dhaerae dhR¥ia o tasassion patipwhiche
integrated circuit for facilitating testing of the digital logic circuitry.
r, Utihozi mglades pdddilé.al self test circuitry of FIG 1 as a point of
conpari son,

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 circilitry 114 typically incorporates a stimulus
generator 120 and a response analyzer 122. More specifically, stimulus generator 120

15  is configured to provide one or more test patterns for testing logic circuitry of the core.

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

20  externally of the integrated circuit. Thus, the digital self-test circuitry provides for
digital, functional testing of the core by applying digital test patterns to the logic
circuitry of the core and has, heretofore, substantially removed the need for external

test equipment, i.e., ATE 118, to provide stimulus to and check responses from the

integrated circuit for facilitating testing of the dhgital logic circuitry.
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general characteristics of an enbodi nent of the drivel- test systemof the
present invention will now be described in reference to the schematic
di.agramof FIG 2. As depicted in FIG 2, driver test system 200
incorporates an integrated circuit 210 which includes a core 212. Core 212
incorporates logic .214 and,electrically co jcates wth.a pad. 216, which
is configured to @f’ﬁ%%ﬁ‘@gﬁgﬁﬁhﬁf’%&f B‘ﬁ'ym%e F%@PE‘“\QI\P{‘FP‘E%‘\HSB%’S, such
as ATE 218, for exanple, external to the integrated circuit. As nentioned
her ei nbef or egenarapabhragteifiicas ! pacmbodmenhel hddsiver tobysystenl ofdhe prsseimct site
220, which serves as an electrical contact for IC 210, as well as pad 10

circuitry 228venMynohiliGRPPBE aésLibdd infrefdiéhce dntiRGEh&hite diggranadt mGebeqsr i cal
comuni cati on between conponents of the I C and conponents external to the

IC. As is k i J j . i . 1. f
B s T T

to external devices. Additional Izy

, integrated circuit 2|0 incorporates
driver tést ia¢lpdesaeqre2dd (RrecH 2iBcparalssilegir 2y 4 apdraisaircat s sompiupicates

directly or indirectly, with pad 216. As described in detail hereinafter,
driver test with apad 2Y6,22ch 5 cwofifigditedldw igecemieirsaltieatod theAlbgic with
functionality and, thereby, potentially reduces the necessity for

speci al i zed g%l Nakh aymﬁ%lgd_f&%ﬁamggyaﬂ%at toftRE it&shieAQirkit €9r at ed
circuits of various configurations. 1t should be noted that, although

driver test circujtr 24 Ji.s _depi.cted in FI.G 2 20 residi .0yt si de core
212 and out si de t}ﬁ%n%gﬁorffél,erﬁ}g%f%ﬁsgg?ﬂes}'d}azr‘sr%a ger?emcgud%f 4P ggﬁma i°Fcui t ry
224 may be utilized, such . as arranging the test circuitry within the core
or within tfenpshsits H0, whigh-seeees awe@e@w,al qombact EdC10e35 Wel anpad be
configured to communicate with the ATE via a pad other than the pad to be

t est ed, 10. e crcpay ZWhsvhidhhaopératts 246 the costactsitt ito meablddeetrinilef or e, ATE
typically provides the ability to test a wide variety of integrated

circuits. OfdoglthhfiBStionRMRME confpdfehtd bt tHeaBtdnAGorpRARS X téral ththe 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 driver test circuitry 224 which
15  electrically communicates, either directly or indirectly, with pad 216. As described in
detail hereinafter, driver 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 driver test circuitry 224 is depicted in F1G, 2 as
20 residing outside core 212 and outside the pad 216, various other arrangements of test
circuitry 224 may be utilized, such as arranging the test circuitry within the core or
within the pad, for instance. Moreover, the test circuitry may be configured to
communicate with the ATE via a pad other than the pad to be tested, 1.e., a pad other

than pad 216.



given ATE is usually not required to test a specific type of integrated
circuit. Additionally, the nunber of pads of an integrated circuit may
exceed the nunber of test channels of a given ATE) thereby necessitating
the use of an ATE with an increased nunber of tester channels or
necessitating the us I b piA-Aal . ti s
testing fewer t haﬁs‘ Sa]ﬁiﬁg) ne??ﬂ%‘%@%@”@%%ﬁ%’ﬁ%% rpé?\ggpiﬁ%%%gﬁ{tggq tr?gtl‘ g}]deeousl Y,
for instance. By providing driver test circuitry "on-chip," the testing of
i ntegrated civegeytod integratedcircnids. i Altenginagseboweveshe full pstingagapsbilitypf 2 nent ed
utilizing conventional ATE, whereby test capability not typically provided
by the convengivean®lE AThsuaily nbterequiead td eekt bypédific dipe véinteé@atedeircsiti try. So
provi ded, the driver test circuitry has the ability to provide testing

capabi | ity t hajdidordllySfe AlRbECSHAOb1 A RYdgdfed QirrCLiitsmﬂEQEx&Qh ehd RuRb&\drde,
while utilizing various capabilities that a given ATE does provide. Thus, t

5 testing_systens 20 f the sent. invent.jon facilitate.efficient and
of f oot vest ot e et SHECFRetY PEN kP elRiwe AT amALE Fifieb cone o
the inherent strengths of conventional ATE, a g., reduced costs, while
provi di ng potnmaseq? pymber{dester chamnealsey nssedsiatingnide usegf igss thagopgmehe dri ver
test circuitry of the present invention, testable pin count 20 of an
integrated cidstipprdcedines, eecesnpfewyr thairall edtilRpadber Al ntegate cRéuiby the
tester channel configuration of a given ATE. For instance, the ATE may

provi de sign . est signals and resets, for exanple, to sone
pads of an iﬁ"i‘&%@?‘g‘ 132??@&?@“‘%%’ nder test, while | eaving other pads to be

et P et Rt T A L5 BB el RS Sho b
pit frequenci.es greater than the test frequency limt of the ATE. As
ment i onedo hesedhrsdhisgeated diecupr2d Semay bevraplementef atilizinggonventiosal AFEof
drivers of integrated circuits. In this regard, certain integrated circuit
out put dri vekhetdbgUest SBapability not typically provided by the conventional ATE may be
provided by the driver test circuitry. So provided, the driver 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,
15  testing systems 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., reduced costs, while providing potentially improved testing
performance.
By utilizing the driver test circuitry of the present invention, testable pin count
20  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 signals,
such as scan test signals and resets, for example, to some pads of an integrated circuit
under test, while leaving other pads to be tested by the driver test circuitry.

Additionally, utihization of the driver test circuitry makes it possible to test the

25 integrated circuits at Irequencies greater than the test frequency limit of the ATE.



typically those connected to bidirectional pins or those which will be
wired to external pullup or pulldown networks, are capable of being placed
in.three logic states, i.e., 0, 5 1) or high inpedance (usually denoted as
"Z'"). Such a driver is shown in the schematic diagramof FIG 3. As shown
in F1G 3, pad cirnguj K i Q : I .. The
driver and recei vé\%qg%’gyog?ggf}ﬁ’cgﬁﬂg’stggggﬁsggqé\)’%ﬁ’gg%&g]gﬁ%ﬁ%ﬁhgggfhgf?ef)}F 306
di sposed t herebetween. Driver 302 has two i.nputs, i.e,, data 308 and enable
310, and one°ipeRIdEHCirgyiss. ipvfisareasberiaininiartcdeiteuitoningg dider cfchler ¢ hat
exhibits the following truth table: Table 1. enabl edat aout put 002017101110
To assure pr typécallyahosecannenediodiidreaiosalgtinoor tbbse whish atiB bd miixedrts ex tehigd e
drivers t 5 typically require an additional test over and above that |
applied to rgguw@ér fitRloNnate@workd, aré chpdbld ¥ietng SRS ifitkidk Iogic Mefek filecal i on
that the driver can be placed in a high inpedance state is usually needed.
When such_a driwver, i s aced in.th i wh ce.state, it .l g _commonly
cai d to.be fr bk uipRIRE sk At Aol 2 SRR RE S okb b B hour 0 rean
there is not current either sourced or sunk by the driver when 20 it is
tristated. Thehsmatindiagrampef FéGghal is left floating, i e., undriven by the
tristated y driver. Therefore, the voltage value on the output Mde is
free to be deter mAsatoWwy im FIG R @ae Birceikly 800 &bcliides tahleiver 362 afdedredéive304. 1 n
real transistor- inplenentations of the tristate driver circuits, finite

| mpedances | R Mri{ G BV 1R eRErE RN odiBidaRBith hifof ffhalt Bl TBEUARESSL At ©
cannot be net. In particular, [|eakage curfents 1nherent 11|l the devices are
an | mpedi ”E”Q,-gﬁe}gﬁge.' ‘fﬁﬁgpgxﬁé RIS SupdtsS SRk b¥s G ERuR Al anfods  ON the

order of nan nef’

10 output 312. Driver 300 is known as a “tristate” driver that exhibits the following

truth table:

Table 1.
enable data oufput
0 0 Z
0 1 Z
1 0 1
1 1 0

To assure proper fabrication and/or operation of tristate drivers, these drivers
15 typically require an additional test over and above that applied to regular two-state
{0, 1} drivers. Specifically, verification that the driver can be placed in a high
impedance state is usually needed. When such a driver is placed in the high
impedance state, it is commonly said to be “tristated.” In the ideal case, an infinite

impedance would mean there is not current either sourced or sunk by the driver when

20 it is tristated. Thus, the output signal is left floating, 1 e., undriven by the tristated

9



of transistor width in deep subm cron |IC processes, but defectively
manuf actured transi stors can have | eakages that are orders of magnitude
greater. Since excessive | eakage could inpair the operation of a system
whi ch uses tristate drivers, an t 0 acceptabl e upper bound on | eakage
typically is i £ s ' 1k TYRI G ted
test equi pmen(t%ngﬁT h‘jergrsoigs %éng&g%gI‘%@eﬁgg%éagr#ﬂgﬁéfogﬁﬁ%hgé;troabr%%)éruﬁgllrr’r%géﬁ?gnent
unit (PMJs) that can be connected to a tristated pad to verify that the

| eakage cur r efpmnogentiexamalip dhedpgiaiedidsyer.i nit. Typical pad driver circuits
are inplemented with one or nore transistors that 15 can pull the pad Lip
to the power suppliy rédl oghsistbt iiplemanidtiomeofdhe tristae trisersiiistios, finiiteat can pul |
the pad down to ground (logic "0"). In CMOS processes, P-type transistors

are usual ly ; iotd :
transistors grﬁ@gﬂéﬁgﬁ&f lﬁg gaétﬂ%omgﬁIoﬁggﬂgﬁﬁﬁgﬂg\ﬁ%}ﬁ%ﬂQﬂlﬁ&g(ngﬁgtlag%aﬁgtu%eh a

tristate driver, iis_sho chematically,in Fl . JAs 20 5170W1 111 FIG 4,
ristate drivER JoBSMALPLJEASEE prfiiprEaCindbefevts Fomndrbietdiosoner
and output, and an N-type transistor 404 coupl ed between output and ground.
The def ect i vedeakaak ayyeenshearsoeal brauigismallap ge anitherorder platangAmmetasdaygr Micron

resulting in either unwanted current being sourced through the pullup

devi ces) or wiwaniisdr eidthéntedpesubhiGonkC phocesigh, Hutdefeulivapmwandivives S) .
Thus, a tristate | eakage test tO typically consists of two portions, r

e., one of verjty 1R ad | I € -anot her
verifying thgHr?%péi???(ﬁ%gglgn(l:%m%égpﬁéeﬁgﬁﬁdg%v%bﬁag\%é%% )eg%%n%gﬁ %’?\éggs é y, for
ICs with pin cqunts that exceed the nunber of available tester channels,
ATE cannot bectioat cod RuBSh it PeLpact SPeuRa e e B Seb ST AFR: fhdo. 5 The
subset of pads which are contacted by the ATE can be tested, but that would
| eave many? otdsesptaidelsprasbeseden laakage tipjcalhicspeci Be ansk tested fordyaingr esent
i nvention

production. Typical automated test equipment (ATE) systems employ nanoammeters

in parametric measurement unit (PMUs) that can be connected to a tristated pad to
verify that the leakage current is within the specified limit.
Typical pad driver circuits are implemented with one or more transistors that
15 can pull the pad up to the power supply (logic "1"), and one or more transistors that
can pull the pad down to ground (logic "0"). In CMOS processes, P-type transistors
are usually used to pull up to the positive power supply, and N-type transistors are
usually used to pull down to ground.
An e-xample of such a tristate driver is shown schematically in FIG. 4. As
20  shown in FIG. 4, tristate driver 400 includes a P-type transistor 402 coupled between
power and output, and an N-type transistor 404 coupled between output and ground.
The defective leakage phenomenon can happen in either direction, resulting in
either unwanted current being sourced through the pullup device(s) or unwanted

current being sunk through the pulldown device(s). Thus, a tristate leakage test



potentially solves this problem In sone enbodinents, this is acconplished
by enbedding a tristate | eakage neasurenent circuit within the driver
circuit to enable verification that a high i npedance state can be achieved
to a certain degree of 10 accuracy. The flowchart of FIG 5 shoms t he
functionalit of]a nﬁ ntation of the ress, | Ye tion ey Eqis
regard, the PRAEYERESHELLHYS ROLRES &8 ST BFY sl oetli ‘BU‘FO % he
order depicted in FIG 5 or in any other of the acconpanylng fl owcharts.
For exanpl e, phllurcdévaerds)iang aasthecyerfpmeihe highumpbdask of Steqwhldpwngigeicessi on
in FIG 5t 5 may occur substantially concurrently. In sone enbodinents,

the functional it YdrByuRe€yr fot IC$ Wah haYeshmes Mad&iceed heShger bNavatlgbled, t he
test system or nethod 200 depicted may be construed a5 begi nning at bl ock

510, where ages{/g?lszfnngﬂeA%tE' %L S‘oe wdedl Eoo%' g e r?st%t@?eal(g%e cga%lép{s Qﬁit%'&a%ézo 20

measures a d St are age curren

i nformation corresponding to the driver tristate | eakage current of the
first padi sTPeE‘&S\?te‘éfPaE@‘KM’ ¢ catasipd By thed TE ¢ badesiash beldhatronld davg ed
by ATE chat is electrically interconnected to at | east some of the pads of
the | C. Ref emangether padsnowveshesl, mekleg noddteced 8&ectahiThh pdspatateensionenbodi nent
of an 1C of the present invention. As shown in FIG GA, a had 600 of an

i ntegrated cpientidlly SoWed WIS pRsHId 2 1S S8t @rhbsdihRntsLlSs I a@@(mu@%eeb&e (02.
and had circuitry aSSOC|ated with the contact site, e. g.) pad circuitry

thai o ect ri EAPRY b R S Rafin st SRE Lo B8 s G Gl e

@08. Driver 606 is confi ured to receive a data signal 610 fromthe IC core
and a dri ver veiiigstien $hayadnelsimpedagin staie cancbe ahaevedylo ¢ certan degiiee 6f j s
electrically 5 interconnected to a receiver 614 with an optional resistor
616 bei ngp cosgzuestyt her ebet ween. Receiver 614 is configured to receive an
i nput, such as via |lead 618,
The flowchart of FIG. 5 shows the functionality of an implementation of the

present invention. In this regard, the functions noted in the various blocks may occur

out of the order depicted in FIG. 5 or in any other of the accompanying flowcharts.

For example, functionality associated with two blocks shown in succession in FIG. 5

15  may occur substantially concurrently. In some embodiments, the functionality may
occur in the reverse order.

As shown in FIG. 5, the test system or method 200 depicted may be construed
as beginning at block 510, where at least one stimulus is provided to the IC such that
the IC measures a driver tristate leakage current of a first pad. In block 520,

20  information corresponding to the driver tristate leakage current of the first pad is
received. By way of example, the information can be received by ATE that is
electrically interconnected to at least some of the pads of the IC.

Reference will now be made to FIG. 6A, which depicts an embodiment of an IC

of the present invention. As shown in FIG. 6A, a pad 600 of an integrated circuit

25 includes both a contact site, e.g., contact site 602, and pad circuitry associated with the



and is configured to provide an output, such as via |lead 620, to the IC
core of the integrated circuit. FIG 6A also depicts an enbodi nent of
driver test circuitry 630 of the present t o invention. Mre specifically,
driver test circuitry 630 is configured to comunicate with the driver

out put/receiver in |cte by, .a d,634 na/

recei ver out i)‘li’t“"““aﬁ i e%‘ rcu (}/04 gggwig%%’ 'ﬁqbdesaa %r(li\?ei %8 mce?a&grl ver
test circuitry 630 is confrgured to verify that driver 606 can

tristated. Refistate dyveroibat sleptricaleEmmppicHes VaREBYIFRIpRL SBE 68%.%19 ag Byt
circuitry 630 will 15 be described in greater detail. As depicted in FIG
6B, driver tRad 608.r Duiiver §0Gi38RonBglred mrecivaa datapignat 610 freak-thedC coiandui t .
More specifically, a small transistor (either p type transistor 650 or:

n-type transysiQle, aﬁg@é hl (et &ﬁtn%ﬂrd r@PPRSEr §0tFaltd rssen@cttﬁéiangri ver's

| eakage current, e resu trng voltage is conpared to a eference 652,

with the result of th ari s n red.in scan re ter- 654
for later’ ob‘élé"rr?fé{’c“ieﬁtﬁ “ieég[h Hbaﬁropgg%aﬁéeﬁ‘ ﬁlkggée T ?%‘ f t he
driver's pullup devrce(s) the driver's output is initialized to a "1" by

setting enabtherehntovegat Retejver 614+is Tonfiguradie reedivesan inpaasuch asplie lgad 6R§pt at
"1" while the enable signal is set to "0." A pulldown type transistor 65G

i s acti vat edaifdis dohRgired tgprabide ahlogtphq sicli hedatiend 629, gathe ICTbiesofithé ype type
transistor is sized such that its on-resistance is |less than the off

resi stance o r p-type 2s driver transistor-(S), as quantified by

t he trlstate{‘%yﬁg%g”%ﬁrrent specrflcatlon Thus if 12 the p-type driver
is truly in the edance st ate, ul. Id nsi stor (65Q
w1176 ou 1 EIEHA BB SEPRS R GET a6 e veed st 635 o e Besiib over
the p-type driver is not in the high inpedance state, or if a defect is
present tthat inyeniies Mmﬁe@spnﬁealﬂ)eémagéesttcnewtrtvrﬁé0|lkgmtﬁgw tochowrmuIriedtsi st or
will be insufFcient to pull the output node down. Therefore, an incorrect
logic "1" valith thé drivdp@ufumpdceniepimpht) degivef by arrows 632 and 634, and/or with the

receiver output, depicted by arrow 636. As will be described later, driver test circuitry
630 is configured to verify that driver 606 can be tristated.
Referring now to FIG. 6B, another embodiment of driver test circuitry 630 will
15  be described in greater detail. As depicted in FIG. 6B, driver test circuitry 630 is
based on a simple ratioed-logic circuit. More specifically, a small transistor (either p-
type transistor 650 or n-type transistor 656) is activated to oppose the tristated driver's
leakage current, and the resulting voltage is compared to a reference 652, with the
result of the comparison being captured in a scan register 654 for later observation.
20 To test the tristate leakage current of the driver's pullup device(s), the driver’s

LL]”

output is initialized to a by setting enable and data to “*1.” Then, the driver's data
input is kept at ““1”” while the enable signal is set to ““0.” A pulldown type transistor
656 is activated by a test signal (“lkg_dn”) tied to its gate. This n-type type transistor

is sized such that ils on-resistance 1s less than the off-resistance of the large p-type

25 dniver transistor(s), as quantified by the tristate leakage current specification. Thus, if



node. To test the tristate | eakage current of the driver's pulldown
device(s), the driver's output is initialized to "0" by setting enable to
"1" and data to "0." Then, the driver's data input is kept at "0" while the
enable signal is set to "0." A pullup p- type 1 otransistor 658 is

activated by{lteg)ﬁtsylpe RN gl 15(1)1 ulgm t%%ﬁ]cgs_lp lﬁ“)af]al hlge—ttheo (@l q]cfo?un tlranssgs?fl

This p-type tor £S5 0R- res han
the off resistance of ge n-type driver tran5|storis) as qguantified
by the tristHté) weléiaageffwv &PL'%H@(HWR%&P%W a lpgles 0} 46 hpweyery Yisd-ype ver
is truly in the high inpedance state, the I kg _up pullup transistor (6S0)

wi | | be suffddvernt ndbtanphié highlimpeddnge statep deiftaalefeck Ggiresenflthat cdlised dxcessivever ,
the n-type driver is not in the high inpedance state, or if a defect is

present that CheRILERS] YE mﬁanssm,qm,m itk P! umh% af stor
g‘%r?' P for

wll be |nsu ent to e out put node up. ere an | ncon~ect

logic "0" valu | ed on the oyt put nod
i mpl ementat | B?f@)algt ’B B%ac’%ra"d'i"i“&?ﬂlo&’é’sﬁ Valﬂ‘ng'ﬁnbteﬁa‘?‘H%qfol“itE? 8Y®bri ver
20 circuit is used as the conparator so as not to incur any additional area

penalty. FI@od®C is a schematic di agram depicting such an i npl enent ati on.
1In this configuration, the scan register 654 associated with the receiver

is used to capturEolidie theagiciakelealtge Ruirent I MigdrdReh ptiRERIY 8dvide(Pi Gl | y | eas
its own scan register (as per |EEE standard | 149.1 ), aII t he pads can be

tested simul Elﬁ\ﬂﬁ%%"\( i Yut id thitial SRl o «& &:‘Etﬁn é?lldﬁlecﬂ) [‘?“%& t!l g)e‘g{"’ f%em%

driver tristate | eakage current 1s above speC| tie ue( as coglfied
by the size of the |l.c and t.he transi stors, which can be | ogg
Y test TS atpiaps ket h e n e SRt S sthiol P Bt ddPe
allow the failure threshold to be changed whi ch al | ows adjustnent of 5 the
preset t10 stisansisierioddge activateshby thgiinverss dfiartest signs! (g upld teetlltowte ggtea range
of val ues of

This p-type transistor is sized such that its on-resistance is less than the off-resistance

of the large n-type driver transistor(s), as quantified by the tristate leakage current
specification. Thus, if the n-type driver is truly in the high impedance state, the
lkg_up pullup transistor (650) will be sufficient to pull the output node to a logic “1 .”
15 If, however, the n-type driver is not in the high impedance state, or if a defect is
present that causes excessive leakage, then the lkg_up pullup transistor will be
insufficient to pull the outpul node up. Therefore, an incorrect logic “0” value will be
sampled on the output node.
In some implementations, the receiver circuit associated with the tristate driver
20  circuit is used as the comparator so as not to incur any additional area penalty. FIG.
6C is a schematic diagram depicting such an implementation. In this configuration,
the scan register 654 associated with the receiver is used lo capture the receiver

output. Since each receiver typically has its own scan register (as per IEEE standard

1149.1), all the pads can be tested simultaneously.
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defective tristate | eakage currents to be neasured. This can be done by
addi ng additional pairs of Ikg-up and | kg do transistors, such as in
parallel to the original set or in series with the original set.

Addi tionally, each set can i nclude uni que control signals (kg up 2 and | kg
d~~ 2, for exarrpl of each
pair of I'kg up I@ tF ktﬂgg ransI{aLs"{tzgi)?i deﬁtlﬂhz ‘%‘éﬁq‘udr}@ﬁeé “téﬂ%% léﬂ‘%sf&ﬁhﬁ?

wei ght ed such that turning on _vari orrbl natigns can allow a w de vari ety
of current tHP‘é‘SeH’o‘%PGC'ﬁ'@Qé’Gl“éfFé’rﬂssmg#SW %la?rﬂll%op'ihfj kg deeng dhs Keop par al | el
transistors are used, and the sizes of each pair are a factor of two
great er thanthestosewhwhsapbedoggrdds t st failuse. Plad quriept siezsdernentsognit eAisi nk
| ~tA, then the following eight t 5 pairs of neasurenent thresholds can be

achi eved: | kge ghikidedtd alyw! k8 rfred dsh6Ritto bRcRapel dRRRATI oWl ahfBIment of
operati on001+1 ~t AO10+2 ~t AO11+3 Lt Alt | 0+4 ~t ALUL+5 1t A110+6 |t A111+7 Et Al

kg upJ3l kg _ . up- rrent -t ld 00of f.; Illal o tio

o01- 1 EdkstEreb et s ey Bt Tunikevel gBsive & Pangl o ToRnSl |
shoul d be understood that the positive current threshol ds represent the
p-type transHsfedive(isytatelenlinge shaents fo/ky msaired. nthis ean kendonediycrdding negat i ve
current thresholds represent tile n-type transistors) in the pad driver
circuit sinkaddjtions paind of kg ghand It g adrswailiist@b.each hbai pavdlle) oo drigheal ot
nmeasurenent (sourcing or sinking) can be nade at any given tine and that
the control g} gnaliss &Rf] tlﬁ@@n%ﬁeﬂ%@t 5&5@@01%?@“5&“%& é'b‘?lllﬁclhﬂle Iulﬂgllé cofipftive
state. For exarrple If any one or nore of the three ntrol signals
is active, i t thr of t he | control signals
shoul d be of F‘g""ius ?lgg “pséta"ficlkggl“ 2, ai@%&" gqﬁl 8? pin count, it is
overwhel mngly likely that there are occurrences of the sane pad
driver cil®cuit ty\de.ubddhe geingiof eaghepair @%{j&&%l’s@ndﬁhé_fbﬂéﬁémmﬁ aYEPE MwAUean
make use of that fact to assess the accuracy of the tristate

and specifically weighted such that turning on various combinations can allow a wide

variety of current threshold measurements. For example, if three pairs of paraliel
transistors are used, and the sizes of each pair are a factor of two greater than the
previous pair, and the first pair is sized to source/sink 1 pA, then the following eight

15  pairs of measurement thresholds can be achieved:

lkg dn 3 tkgdn_2 lkg_dn_1 current_threshold
0 0 0 off: normal operation
0 0 | +1 pA
0 1 0 +2 pA
0 1 1 +3 pA
1 0 0 +4 pA
I 0 I +5 pA
I 1 0 +6 pA
I ! l +7 HA
lkg up 3 tkg up_2 lkg up 1 current_threshold
0 0 0 off: normal operation |




| eakage nmeasurenment circuit. |If one signal connected to a given pad driver
circuit type is contacted by the ATE, the nanoammeier in the PMJ of the ATE
can be used I S to accurately neasure the current sourcing and sinking
abilities of the Ikg up and | kg_dn transistors, respectively These val ues
will be larg cny i %IIL;\;GI or—al—other e"pi es—oef—thts—pad- L'pc, SUbj ect
only to thelvariati‘on of the 1C ppocess whi ch tgnds to bbuéﬁall in any
given area of the ®rcuit.| Thus, for a grloup of Dad drive?pdircuits of a
given type {hat aré® near epch othér in tHe circult, the|ngagurenent of one
?0 ATE-cont acted menber can be used to rgliably dnfer t e4lg]ues for the

ot her 15 on- contjact ed nbers, gt hereby all owi pg the /fall results
fromthe scan regi gters sanpling fjhe pad jvol tageg of no ntacted pads tg
represent ag¢tual cyrrent specification vglues. In FIG H enbodi ment 7Q0

of the present invention ifs depicted that| can be 5 used rbHAanenent t he
aforenentioped functionalijfty. As shown il FIG 7, systein ?00 i ncorporates
an integrated circuit 710 which includes multiple pads. In particular,
integrated circuit 710 includes pads 1 through 6 (712, 714, 716, 718, 720,

and 722, respecti r | arious
recei ver test ci r}:,tES:h%Q']d b-sglr}gl %%tﬁ‘ tqﬁ ﬁ%@ﬁrﬂ éuflae fﬁléés%@é?&{r fth (750),
Test 4 (76U), Test 5 7 70) nd Test 6 t o (780) The vari Qus driver test
circuits el ePtYREEAS(s %WH?EQ@%dW?TWOPWé?&CWb@BF thrensgaliee suireat vari ety

of configurations. For instance, circuitry 730 conmuni cates directly with
pad 712 via tlnwhshlsss;bresrcnpatem-wse tiaihsistar(s) imphe pehd@edr eircuipsinking3@rremay be
two unidirectional paths); circuitry 740 conmuni cates with each of pads 714

and 716 by uttishb@ldndsot Yeaddairitises o1y dirithse dhmbeANEbrdd (JoREMRES NRiY g/)dﬁhrPUi try
750 and circuitry 760 15 each electrically comunicate with pad 718 via

transm ssi 2oB ﬁﬁta éz}tzag% V%f?{?é?xt thife aB&*ﬁB?ﬁate bG8t siGAdIE Hr il othd b i I MAGR €S

wi th pads 72 ransm ssi o

held in their inactive state. For example, if any one or more of the three lkg dn
control signals is active, i.e., set to “1”, then all three of the lkg_up control signals
should be off, i.e., set to “0”.

10 When an IC has a high pin count, it is overwhelmingly likely that there are
many occurrences of the same pad driver circuit type used for different signals. The
present invention can make use of that fact to assess the accuracy of the tristate
leakage measurement circuit. If one signal connected to a given pad driver circuit
type is contacted by the ATE, the nanoammeter in the PMU of the ATE can be used

15 to accurately measure the current sourcing and sinking abilities of the kg up and
lkg_dn transistors, respectively. These values will be largely identical for all other
copies of this pad type, subject only to the variation of the IC process, which tends to
be small in any given area of the circuit. Thus, for a group of pad driver circuits of a
given type that are near each other in the circuit, the measurement 6f one

20 ATE-contacted member can be used to reliably infer the values lor the other



path 772 and 774 respectively; and circuitry 780 al so comruni cates with
pads 720 and 722 al beit, via transm ssion path 782 and 784 respectively.
Thus, an integrated circuit nmay incorporate various pad types as well as
various configurations of zo interconnunication bet ween the vari ous pads
and various driver ustrative l.e, and no

t he purpose 61""1%’%”?‘5@ "6%"1)%?1 %%?"eVgA"FQ' L rp@ﬁ%/ﬁ'lrrg@']ﬁgﬁog};h]?d P &' ?
utilize one driver test circuit to test mul ti pl e pads ut|I|S|ng one
driver test eimplimg thepadaeottagagiof npn-eopaeisd pads|tp k@n@sﬁﬁéﬂctsﬂc,cwrsm
configuration is represented schematically in FIG 7 by Pad 2 and Pad 3.
whi ch arc bo@paﬁﬁaﬁ@dvhmegG Test 2. As anot her exanple) one or nore of
t he pads may not conmunicate with ATE either directly, or indirectly via

one or nore of the, gyEVver, eﬁ‘ﬁ%d%&ﬁ:‘?b@ ﬁft}éﬁ)recs@f?lv‘{ﬂvél io! lg;dg];lat g l?al%gl?rbe

electrically communi catés wt test circuitry o Inte circurt 710

by ut|I|Z|ngavar|ety of tr nsm ssi o ath5conf| ur at.i For ex | e,
ci rcui t ryS 7305dRritnmiengnd shegd 9‘?‘?”13%0')3% U‘f%?“f‘}‘ﬁ'ns’sf'ﬁ O “%g@hﬁ%/étemp 712
and transm ssion path 792; circuitry 740 comruni cates with the ATE via

t ransmi ssi onipatjoraié@an paagri‘tledctmdt 1 rlawbich sxilades pat IhplePads.dinpedictitay, 750
comuni cates with the ATE via transm ssion path 752, pad 718 and

transm ssi onjg rbtea%ﬁcui@mlomcmés PR CORULNI @A 257, Y6 the, A avi 322,
transmi ssion path 762, pad 718 and transmission path 796; circuitry 770

communi cates W (ﬂ B@ %Z‘?‘% g
transm ssi onmps %’ F "i'?{EdA’tE?rF{:egl%{}&m %lgééﬂ ﬂf%a4é0§1B3M ftl%p Lﬁé"ts
transm ssion path 782 722 andtrans ign gth Z? A(ggltlo all\6/
various funcfidmasTesy! &&P)bgesé%ﬂﬂoédr%:* 6Py best 32?(@ et @ (d95an BesdiSi n
detail hereinafter). 15 As described hereinbefore, the present invention is
adapt ed e f §680)i Tht @adodsoirbiee thst @site gleciically cdrumanicateavith thefrgespeevd ng
integrated circuits. In this regard,
pads in a variety of configurations. For instance, circuitry 730 communicates directly
with pad 712 via transmission path 732 (in an implementation, path 732 may be two
unidirectional paths); circuitry 740 communicates with each of pads 714 and 716 by
utilizing transmission paths 742 and 744 respectively; circuitry 750 and circuitry 760
15  each electrically communicate with pad 718 via transmission paths 752 and 762
respectively; circuitry 770 communicates with pads 720 and 722 via transmission
path 772 and 774 respectively, and circuitry 780 also communicates with pads 720
and 722 albeit, via transmission path 782 and 784 respectively. Thus, an integrated
circuit may incorporate various pad types as well as various configurations of
20  intercommunication between the various pads and various driver test circuits.
As an illustrative example, and not for the purpose of limitation, an integrated
circuit may be configured to utilize one driver test circuit to test multiple pads, e.g.,

utilizing one driver test circuit to test multiple pads of like type. Such a configuration

1s represented schematically in FIG. 7 by Pad 2 and Pad 3. which are both tested by



sonme enbodi nents of the present invention may be construed as providing
driver test systens for testing integrated circuits. Mre speciFcally, sone
enbodi ments of the driver test system nmay include one or nore driver test
circuits in conbination with 20 ATE, e.g., ATE 702 of FIG 7, and a

sui tabl e contraol, system which may be rnpl nted by control .system 810,
Tor oxampl o 1&iich AS BERPRGRAEPLT GHF ARG OHE s b PRGEHELEoh SHaYTiaeis i
software, firnlware, or a conbinatron thereof. In sone enbodi nents,

however, theAddheitlar dopetivser irgliienthy wiseomeed mose af dofdrivar @stpaskiige, whi ch can
be adaptable to run on different platforns and opcratrng systens as shall

25 be described fwstdnewnhRIFEGN7, ATE FO2 kiecttcally camnrihats W (hefest he control
system i~ which conprises an ordered |isting of executable instructions

foaC i) lelllelltli | ogi . ' - - e | ny

comut er - cadli ey Ll e ik OB AN g S ARG TR RSB  uct i on
execution system apparatus, or, device,_such as a conputer-based system
pr ocessor 3 coRPHIST NSy Forpxagple A HNG AN commpnicatesith dheA TERda
instructions fromthe instntction execution system apparatus, or device,
and execut e trhmsmissibnpathi 138spac¥12 drel tcowtessiongfath A9% citocitmyest#0, a

"conput er--readabl e nedi unt can be any neans that can contain, store,

conmuni cat e, cHHARARALR vAlth the S OfaltrdnBRiRIAP V40 hadl 984 BYd RhndnlisGOnect i on
with the instruction execution system apparatus, or device. 1o The

conputer-rea & ,medi um for. ex , t..1.s not 1im 0, ;an
el ot oni c. - PRana ol 7 fpSRal B SIBNE A1 b Bl 952, Bua
sem - conduct or system apparat us, device propagati on pedium_ More

2]

speci fic exanpt add ransmjpsiek path JOPRrquitEY ?6‘3?15011 HENcHEH WEbe AddatRe medi um
woul d i nclude the follow ng: an electrical connection (electronic) having
one or moe wanssissian petht7Z63] pad difartdetranimisticnketh 204; ragmatyi 770, a random
access nenory (RAM (nmagnetic), a read-only
communicates with the ATE via transmission path 774, pad 722 and transmission
path 798; and circuitry 780 communicates with the ATE via transmission path 782,
pad 722 and transmission path 798. Additionally, various functionality may be
enabled by control system 810 (described in detail hereinafter).
15 As described hereinbefore, the present invention is adapted to facilitate
automated test equipment functionality for testing integrated circuits. In this regard,
some embodiments of the present invention may be construed as providing driver test
systems for testing integrated circuits. More specifically, some embodiments of the
driver test system may include one or more driver test circuits in combination with
20 ATE, e.g., ATE 702 of FIG. 7, and a suitable control system, which may be
implemented by control system 810, for example. Such a conlrol system may be
implemented in hardware, software, firmware, or a combination thereol. In some
embodiments, however, the control system is implemented as a software package,

which can be adaptable to run on different platforms and operating systems as shall

25 Dbe described further herein. In particular, an embodiment of the control system,



menory (ROM (magnetic), an erasable, programuable, read-only nmenory ( EPROM
or Flash nenory) (magnetic), an optical fiber (optical), and a po>- tabl e
conpact disk read-oily nenory (CDROV) (optical). Note that the

conput er -r eadabl e medi um coul d even be paper or another suitable nedium

which th 1 i [ 2 t . b t |
capturod. vi A1k Shansesed sty vl R PR a B e BEREE moai um

then conpiled, interpreted, or othel-w se processed in a suitable manner,
i f necessary, loginal fthaionst ondd embodieddnpoy eompeirpreadalfe Gedgin foruse batoesn a
typical conputer or processor-based system 800 which may facilitate

functional it oRfectiBg wathdid mktr@ffoh%rb&mn(s%gﬁr hifReatld) odaéaté, shal & naf ter)
of 25 the hrescnt invention. A5 silo\~'1]I I'G 8, the corrputer systiem

general |y COTRLERRT.ohka oylch ARERRRLC8A2 AN yy@leme%%»ﬁeﬂ%te\a@ i Blh g 2 N0

system 816. onbi nat’i e and
nonvol atil e nenpry el enents, such as random access nenory read only
menory. The b‘ﬂ%‘@éel:/%}o"Bf'?"h@‘@é'&t%‘c?‘%F’F%f‘P'&)ﬁ)é“%{ﬁcPPB&‘taé‘sf ?loﬁLﬁv ntd, 8l 4
over a local interface 818, such as a bus(es). The system al so includes an
i nput devi cese)<ec8|2®tlmrinlstamionﬂ, plutthelenited o t1§2 docilxantyd 'Eempilitarmgadabidevi ces
may include, but are not limted to, a serial port, a scanner, or a | ocal

access net Wolked@RNE&! bdkhy lﬁéﬁi%ﬁllmz&%ar‘?f:orﬁhhﬁpﬂbred%hﬁﬁﬁwﬁﬁ}’pio'ﬂﬁéd%@@v but are
not limted to, a video dISp| ay, a Uni versal Serla Bus, or a prlnter port.

General ly, trtus ) fr\i may Au bnurrber of g t[ﬁln g atf orns g
operating to 39%3 1€ PRGREATR JRt Y51 yscﬂfé?g?ﬁrﬁ?f OHIE elﬁ’ é'é%lr?f] FRVER on, the
functions of which shall be described hereinafter, resides in nmenory 814
and i s executsEdeByanMHEly, gEdedeR 8| 2. The flowchart of FIG 9 shows the
functionality and operation of an inplementation of the control system 810
depi ct ed1o n FI G T8e computer-readable medium can be, for example, but is not limited to, an

electronic, magnetic, optical, electro-magnetic, infrared, or semi-conductor system,
apparatus, device, or propagation medium. More specific examples (a
non-exhaustive list) of the computer-readable medium would include the following:
an electrical connection (electronic) having one or more wires, a portable computer
15  diskette (magnetic), a random access memory (RAM) (magnetic), a read-only
memory (ROM)(magnetic), an erasable, programmable, read-only memory (EPROM
or Flash memory) (magnetic), an optical fiber (optical), and a portable compact disk
read-only memory (CDROM) (optical). Note that the computer-readable medium
could even be paper or another suitable medium upon which the program is printed,
20  as the program can be electronically captured, via for instance, optical scanning of
the paper or other medium, then compiled, interpreted, or otherwise processed in a
suitable manner, if necessary, and then stored in a computer memory.
FIG. 8 illustrates a typical computer or processor-based system 800 which may
lactlitate functionality of the control system 810 (described in dctail hereinalter) of

25 the present invention. As shown in FIG. 8, the compuler system generally comprises



15 As depicted in FIG 9, the control system 8l 0 (or nethod) may be
construed as begi nning at block 910 where an IC to be tested is
el-ectrically interconnected with ATE. Proceeding to block 912, profile data
corresponding to the 1C to be tested may be received. Such profile data may

| ude, but t ted t |.at he, t f 1C
and or el ect rf BERank e mabort B RbioaArL ol PShOrR A L5 hane

i nterconnection of the ATE and the 1C, anong others. The profile data may
be provi ded i memaryes dusayrbnaer eombinatioref wjatde and npirvlatde hamory Rlsnfeotsm of
an operator input at a work station or as a response to a test initiation

si gnal del i veqigH aé fanlibM RB&sIerh&@Flor GéddeaHly mentdyy.t TRe frbessbP8 11 AgkFBCe.
After receiving the profile data, if applicable, the process preferably

proceeds to bl %{ﬁlctl% St aMﬂ?algf Q]emgl%t @ék P4 i\{e?‘lal“lgé %Bilfg% %1 311% Gg" }:gn(af):ggtn : :

made as to whé proc B1"o¢k

provi ded, by the ATE, vmth approprlate signals to facilitate drlver
testing. At blscwsigmealsq weudgsaminpyt F'*é‘ﬁ%ﬁ(%e@ 0 apdam oxdpubdeyiRe(sh®2. with the
data being received in any suitable manner, e.g., intermttently throughout
the testing cycl e‘?,xamplafdfénputelsvicngniaasfndbmmbcloarpheitléaditezAto,Ialsentdd p820a where
driver data is evaluated and, then, in block 922, a determ nation may be

made as to wWiednher, ofrb%dil a&%gsnea«wénd é&m&&%ﬁc'%%l&mﬂﬁnﬁévnc&rﬁay
functioning as desired. it is determned that the driver is not

oot rosul ts T BCCHT ”‘ PEURHEE R viosg i, ﬁfmaeraﬁﬁ%gsfﬁusséﬁa%@ﬁe?héhe

af orenenti oned process st eps 910 -922. Thereafter, if the determ nation
once again i ortadiEnerly, ti‘rﬁeSYFtﬁB’e@PEéﬂEbla symberiaf diterppitplatiorasiand ioneratiag
desired, the process may proceed to block 928 where the integrated circuit
may be rejJ ec spdlems.f Throwrnod systért 8il 8 ofl Htegiradenenhveditatn, tHedfunetiomgroditvdithci r cui t
is functioning as t 5 desired, the process may proceed to block 924 where
the process QRM| b&£ddEcABEEhereinafter, resides in memory 814 and is executed by the
processor 812.
The flowchart of FIG. 9 shows the funbtiona]ity and operation of an
implementation of the control system 810 depicted in FIG. 8.
15 As depicted in FIG. 9, the control system 810 (or method) may be
construed as beginning at block 910 where an IC to be tested is electrically
interconnected with ATE. Proceeding to block 912, profile data corresponding to
the IC to be tested may be received. Such profile data may include, but is not
limited to, information relating to the type of IC and/or electrical continuity
20 information corresponding to the interconnection of the ATE and the IC, among
others. The profile data may be provided in numerous manners, such as by being
provided in the form of an operator input at a work station or as a response to a

test initiation signal delivered to the analog test circuitry by the ATE, for

instance. After receiving the profile data, if applicable, the process preferably



As is known, when ATE is used to test an integrated circuit, the ATE should
be calibrated to ensure that it is providing accurate neasurenents. As the
present invention provides ai |east selected ATE functionality, calibration
of the driver test circuitry also should be perfornmed. Typical prior art
solutions T orpBAERELIE P RGe!BOURS i KdvafiflddPLa! ) ABhRYRTONRIMERYs US] g
ext er nal refeprences for calibration; designing test circuitry to be self
calibrating; designing.test circuitry to be invariant to process, voltage,
alld tenperat'Qr “% NG MAYPERCCES| i brating the test circuitry at all. In
regard to self calibrating test circuitry, such a technique potentially
causes the di sadvdaiitbderk Hif6, thedCamdemnigsttihpravided, by theh®&TEestthcircuitry to a
si ze where use of such 25 circuitry within an integrated circuit is no:

| onger pr aCt'%%l'oprlalﬂe siggats todfatiitAe i Geriteing At Bfbck M18SlesiCdat£1dirkdevdd0 be
invariant to PVT, providing such invar rance is effectively riot possible.
For instapce, r | C 1.0 S, heen ¢ ke any PVT

vari anceagasiﬁllgﬁgﬁégg%[g?gg\gw@eaoﬁ%a %ér?{\e%lkg lg ?g] a'&cﬁ iﬂflll)lgr% nf‘/r,’ elgl’/ﬁ S

t echni due al so may c%use the size of the circuitry to increase to a point
where its usdniesmiftentlytbrapshaul theitedting cwwer@gaékatq%n@m brep so@PlEtedhiAi ng to
calibrate test circuitry, obviously, such a technique may result in test
circuitry prddodi 920, wieccdnatr dataes endstevhach tireayinl tdack 922, adeienaimagse i n t he
nunber of inproperly functioning integrated circuits being shipped or may

cause an i ncrgasbe hiddé RetoWRAIRST (RS i@ PRIl ik dsSREt PR ASbreRtsCHeatfdiohidgC Ui t S
which are rejected frombeing shipped. 10 Since it is preferable to

cal i brat  on Rl o G gfshHbd o4 e B BB? BRLbIIER UBhed, PEptThet t of
the purpose of limtatign. As shown in FIG 10, a nethod 1000 for ,
cal i brat tthg dP?X/%fPCF%is‘P%é‘?Crkc({?iGth}Fr‘bl’l@f‘%?t sashlfs Y ibey erifiedh syelk as oy ppedinge
desi gnated pads of an integrated circuit to be tested are connected to ATE.
Preferably, whésasbsomie efithe aforementioned process steps 910 -922. Thereafter, if the
determination once again is made that the integrated circuit is not functioning as
desired, the process may proceed to block 928 where the integrated circuit may be
rejected. If, however, it is determined that the integrated circuit is functioning as
15 desired, the process may proceed to block 924 where the process may terminate.
Aé is known, when ATE is used to test an integrated circuit, the ATE should
be calibrated to ensure that it is providing accurate measurements. As the present
invention provides at least selected ATE functionality, calibration of the driver test
circuitry also should be performed. Typical prior art solutions for addressing the
20  issues of calibration haveincluded: using external references for calibration;
designing test circuitry to be self-calibrating; designing test circuitry to be invariant to
process, voltage, and temperature (PVT); and not calibrating the test circuitry at all.
In regard to self-calibrating test circuitry, such a technique potentially causes the

disadvantage of increasing the size of the test circuitry to a size wherc use of such

25 circuitry within an integrated circuit is no longer practical. In regaid to designing the



15 design, e.g., a pad) is used nmultiple tinmes within an IC, identical
driver test circuitry can be associated with each instance of that circuit
desi gn. Wien so configured, connecting of the pads to the ATE,- such as
depicted in block 1010, preferably includes nerely connecting the ATE to
one or nore tkﬁ%ﬁ.@ﬂﬁ@%o%fg ihRiahl foPN T, Fq@ﬁgg?%“ﬁ" R&rdhdd fé‘reﬁ@%ti\lél‘%é’tlncﬁs

ofthe repeated circuit design are assune e nearly 20 identical in
their defect-fr. ectrical, behavior, neasurenments made on th

ATE- connect e‘lfsf"ﬁg‘t glr?(fé"%?“cfﬁéer?e}f’ﬁ)éﬁiattya'geli S@ﬁ'“r?én;ﬁmﬁi’e%g%ﬁﬁlﬁc %‘He%‘éﬂ elate to
the measurenents nade at other instances of that circuit design. 1t should
be noted, howewase easiiycharpeiezabiemd piediciablel Adibtienidly, Bis teplenipioelko ingy
assunmed to have identical defect-lice electrical behavior, only one !

non- connect ida@sddd sizk ofdedcifvanty foyiperenrad alpoint wherdlits Lisezietho 1ahgdaough
addi ti onal ones of the pads may be utilized for added error detection and

compar i san. EEaREPH Ml OdleRBl b At o WRlbLRNEHGHH, i oA

Wth both A n approprira river test circuitry’now en
measurenents can be obtai ned. Thus, as depicted in blocks 1014 and 1 Ol G
the process !FHEIGHFSRAY KUl {relgs! GICUHBCRIPGY @gmecw&ga%l@tﬁéﬂvgl WRY I52d R vi ng
driver test circuitry nmeasurenents, respectively. At block 1 O18, a

det er m nat i an inergasdesn rigckennalsertod imheiphdy fillttBoWNE imegratadenienits tieing shipped he
driver test circuitry data appropriately correspond, thereby indicating

proper cal i b atdyadued aif Heredid ¥ahe h@Sbecd MfrdidryYundtfonifiOWeatehted brcdif

determ ned that 't he neasurenents do not correspond, the process may proceed
to bl ock 102q .V\{nerereteh%gﬁroi vgli- tsleStetfi rcuitry measurements nmay be adj usted
to match t hoSE BT HEFENL" 8BPar NEETr om t he” ATE. Thereafter, the process
may proceed back to bl ock 1014 and proceed as described hereinbefore until
the driv8r test &‘P%ﬁtﬂ%ve%ﬁwgf"éeﬁ'reéif%(ﬁb?eéfp“r"f%lﬁé\Wf g PreseRt ed. Once
appropriate calibration has been achieved, the process

invention, the following calibration method is provided for the purpose of illustration,

and not for the purpose of limitation. As shown in FIG. 10, a method 1000 for
calibrating driver test circuitry preferably begins at block 1010 where designated pads
of an integrated circuit to be tested are connected to ATE. Preferably, when a circuit

15  design, e.g., a pad, is used multiple times within an IC, identical driver test circuitry
can be associated with each instance of that circuit design. When so configured,
connecting of the pads to the ATE, such as depicted in block 1010, preferably
includes merely connecting the ATE to one or more instances of the circuit design.
Since different instances of the repeated circuit design are assumed to be nearly

20  identical in their defect-free electrical behavior, measurements made on the
ATE-connected instance of the circuit design may be assumed to correlale 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-Iree electrical behavior, only one non-connective pad of cach pad type need be



15 may end, such as depicted in block 1022. The foregoing description has
been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limt the invention to the precise forns
di scl osed. Moddifications or variations are possible in |ight of the above
teachi ngs. The,enmbadi nment. of,. enbodi s _di Lo h ver, . were chosen
and o descr 1 BEAL G BPE R BB s PR R 00 TR e
invention and its practical application to thereby enable one of ordinary
skill in the 28f€OPHaREIN j ze the invention in various enbodi nents and with
various nodifications as are suited to the particular use contenplated. Al
such nodi fi cat i onsPracmtdingrto dldcknd] 2 adroventdsheircuitheis coaipged.oithibeeh AMEemtdi on
as determ ned by the appended clains when mer,~reted in 25 accordance with

the breadth tgq é{\ﬂir&ﬁ}ia@@a{va&@st%ﬁ&ﬁiw n@Rkna6188) th¥as@Rirenl & e obtaifdd™ M5 1. A
met hod for testing an integrated cifcuit (1C), the IC having a first pad 2

configured as.a signal interfac r onents external .to the IC, .the
Forat onas oty s WbiaranBloc LA ek PO Teiger s Es <P o arceiiniim

conponent internal to the IC and 4 to provide a signal in response thereto,
sai d nmet hod ddrpniegsurgments endraceivang diyver taskeicconoweimgeraettamaipectivedg t At
equi pnent (ATE) with the IC, 6 providing at |east one stinulus such that

t he | C nmeasumngstka 0dB] ¥ @éterntinstidi @ay bt arkagetoouidtissrthoA TENGedsufenienpdsta and s
receiving information corresponding to the driver tristate |eakage current

of the 9 TirghqRayriver fest &p&liﬁfg%{’QQp%gﬂ&l@iy”@oﬁesﬁmw ﬁkféb%ﬁgﬂk@gﬁq@é%l east

one stinmulus conprises: z pro ng at "l east” one sti e ATE
t 3. The method of claim1l, whereir royi di ng at ast. o i mul us

compr 1 ses: 2 caiarignpl g ive i Gshitnh 16 Yool fine 8 Rined Bl han 5
determ ni ng whet her an output of the driver corresponds to a first val ue.
4. The md6hodnespurehghihdp nohherrespand.Hhe pocesssnay pdeged o blockfl0p@ udieredthel

wherein 2 electrically interconnecting automated test equi pnent (ATE) with

t he |1 C conpr idsieér Bstadireaitry edsusenentemap b editstedtothstciliost teasisumsrts of t he
plurality of pads. z~ 5. The method of claim3) wherein determning

conpri ses: 2 Br.aviididg e ATESTHRHREO W frbaRsia) Bloceds bRRUbLIQE RIkagEC " 1"
at the driver;
proceed as described hereinbefore until the driver test circuitry measurements are
appropriately calibrated. Once appropriate calibration has been achieved, the process
15 may end, such as depicted in block 1022.

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
forms disclosed. Modifications or variations are possible in light of the above
teachings. The embodiment or embodiments discussed, however, were chosen and

20  described to provide the best illustration of the principles of the invention and its
practical application to thereby enable one of ordinary skill in the art to utilize the
invention in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations, arc within the

scope of the invention as determined by the appended claims when mterpreted in

25  accordance with the breadth to which they are fairly and legally entitled



4 tristating the driver; 5 receiving the output of the driver at the first
pul | down transi stor; and determ ni ng whet her an output of the first
pul l down transistor is a logic "Q 7 such that if the output of the first
pul | down transistor is a logic "t),"” the tristate | eakage 8 current of the
driver is not excessive. t b. The nethod of claim5) wherein the first
pul | down transi stor has an ona resiskﬂﬁ%gsless than that of the off

resi stance of the driver. 1 7. The nethod of claim 3, wherein determning
conprises:, 2 provi,di N | {r h St O ; i i a logic "0O"
at the drilverl;' 4 f\ (rjrlhéslgoa |°ntlﬁgtihgﬁ)ﬁ]rt%gve?d,c"%n?g@é?’\?ilgga‘,t'l%gau%%ttpggt of the
driver at .the first, pullup.transistor: and d 1| whet.her an out put
of the first cufuli FH el it GREP? Eothaop@ll exerief Ol Wbt PR EIng B OV B
the first

| i .is.,al i "1." th Jd | k
e ot ot RSN S feRlive 2aiditat §nd goma el inRhal §neARARE° 2 o

the first pullup transistor has an on-resistance.?2 |ess than that of the
of f =r esi st"an(‘,‘éprgf'd?ﬁ@g‘ﬂ‘?l'\féﬁpf’“sﬁéhem"l' sgid mFH‘:SB FETHBEEof cl ai m 1, further

conprising: 2 calibrating the information using th E. t 10. The nethod
of claimP) wher eflffHRHY HhierspBpecte ppmated iy ﬂwgnqng&&g bve%teﬂég: with 2
multiple transistors;, and 3 further conprising: 4 determnjng a range
wi t hi n whitch t he HPYiiag aklpastonesimplus puch thapthe Hemeaspres p griver BP1a% j t erati vel y
enploying the nultiple frapsistors. t t I . The nmethod of claim 10) wherein
at | east §or‘r§°"5“fgef'l‘f'é°“?ﬂf“t‘ﬁfﬂﬁ'é’af"’r sistors are 2 comunicatively coupled to
each other in at |east one of parallel and series. 1 12. An integrated
circuit (PO conprEfeyRg nfopmationicomespondingde the drives fmstaie ledeq svreaof S wit h at
| east a portion of said IC) said 3 first pad having a first driver and a
first rec® vBP!Pdaid first driver being configured to 4 provide a first pad
out put signal to a conponent external to said IC) said first receiver 5
bei ng configured to receive a fcrst pad input signal froma conponent
external to said 6 IC and _to provide, to . a conponent internal to said I1C) a
first reckivér digremghodof dam i wheringroviding gt daashone stimplysfomprisest pad i nput
signal; and s a firg% tﬁst circuit intgrn I Lﬁ%said | C and being adapted to
provi de i hf or mat iRYIgng B pleasHINg gLy irpm the er tristate | eakage current
of the first pad. 25 t 13.- The I1C of claim 12, wherein said first test
circuit is configured to receive at 2 (east one stimnulus from automated
said.first test

t est ' t E hethat) i t her et
Cirourt ol ovides TRemeTSf GHEN Y. PSRRPENHICY 1P ART GIIEORRIT | 1 ot 4 pad.

2 configuring the driver in a tristated condition; and
3 determining whether an output of the driver corresponds to a first value.
1 4. The method of claim 1, wherein the IC has a plurality of pads, and wherein

2 electrically interconnecting automated test equipment (ATE) with the IC comprises

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



t 14. The IC ofclaimlZ, wherein said first test circuit has a first
pul | down transistor 2 electrical |y comrunicating with said driver, said
fi-rst pulldown transistor being 3 configured to receive an output fromsaid
driver. 15. The I1C of claim12) wherein said first test circuit has a first
pul lup transistor 2 electrically comunicating with said driver, said first
putl up transi sfor bEiemptindebelimgd mdrcingletegniningsorprisesit put from said dri ver.
1 16. An integrated circuit (I1C conprising: 2 a first pad electrically
comuni cat i hg w t h mevidispsfirstpubldewn wansisfor;sai d 1 C, said 3 first pad having a
first driver and a first receiver, said first driver being configured to 4
provide a first padnmtingatiogé ¢riat the drieericonponent external to said IC, said
first receiver 5 being configured to receive a f rst pad input signal from
a conponent4 ext er natistdting theeiddivés; | C and to provide, to a conponent internal
to said IC) a first receiver digital output 7 signal in response to said
first pad input si g&aivingaletbubpunefthsddver atpiredfitstpulidpwinrtfansistat, ar@in  cor r espondi ng
to the driver tristate | eakage 9 current of the first pad. zc~ i | 7. The
1C of cl aimg 16, wheeteintinifgivhethieean suthairof piedivst gullkigwh maasiswatis Dlogic M@l udes: 2
means for providing a data signal to said driver; and 3 neans for receiving
an out put of Ssablthalif e butpit of the fifst WFdo@MirhnbistdrBRFIggit NO|” theitddtatd leakagak age
currents of drivers of an integrated 2 circuit, sald systemconprising: 3
aut onat ed tgestcufigitioptie Biivet ATo) exzesdfvegured to el ectrically interconnect wth
4 an IC and to provide at |east one stinmulus to the IC, and 5 an integrated
circuit (1C 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 provideija &.fir The pafoddficRith SSwiisiélh the @irst phlfiownl kranststdrdhad dnfot 1 ecei ver
being configured to receive a 8 first pad input signal fromsaid ATE and to
provi de) te a resiiEmesRSithanhat 6Mak off @eststinte &F the@rivar. fi rst recei ver digital
out put signal in response to said first pad input signal, said to first
test circuit being configured to electrically comrunicate with said AT)r
such that, t t in response to receiving said at |east one stimulus from
sai d ATE, gai d.fi r She hebkdd oficlaith B wheZeipdedarmitirgs dotbfisesnt i on, corresponding to
the driver tristate | eakage current of said first 13 pad, to said ATE. 1
19. The system of proeiding 4 8rst phipedansigat d |1 C has a plurality of pads) said
ATE is 2 configured to electrically interconnect wwth a subset of said
plurality of pads) inpudngaslogic 30°5at teeinivers configured to neasure the tristate
Leakage cturent of each driver of each of 4 said plurality of pads while
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