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| NTEGRATED Cl RCUI TS 10 is 20 25 BACKGROUND OF THE | NVENTI ON FI €18 @8/ R405
I NVENTI ON The present invention generally relates to integrated circuits
apd, in particul SYSTEMS S\l I THUDRHROR I CAITTALNG tatd NG \BE PAD an
integrated circuit, driver clock-to- output delay testing of pads of the
“integrated circuit. DESCR FIROKESS QEINIELGRAT TREAEIH or e, integrated
circuit (1C) devices have been tested and verified using a variety of test
nmet hods. For exanple, |IC devices have been tested and verified to be
defect-free using functional _te ) uch as those applied to the IC
by the use of autonated tesp‘ﬁéﬁéﬁmm%ﬁﬁng?Nwl ate and verify
the IC device functionality at the pin |level of the device. A practical
limtationrto the utilization ofFIEEP ©5THEINVEYTION s, however, is that
the nunber of I1C pins (or pads) that can be tested by a particul ar ATE has,
heretof ore, been |Thd presknbinvichitorp byrferalB refdsiftb e @hicdrtiebits bed A Earti’c::ﬁ’lrar,

i nstance, the number of pads of the ICto be tested nay exceed the nunBer

of test changeysieRt Qkl d8Gnddt P 5&T1'r:tatiﬂ ux%@ﬁn W TRRErpld t, ’Egi%leéﬁﬁiﬁggo-t he

capacity of the” ATE support hardware, as by 8xceedi ng’the nmaxi hrum
nunber of praohes robe car anong .others. As utilized herein, the
term " pad" is&?l etgglta ters{é%?%%)?%qﬁlogél}qxglgqggatefigr%h a physical site, which
serves as an electrical contact for an IC, as well as circuitry associated

wi th the physical site for enabling electrical comunication between

conponents of the I C and conponents external to the IC
10 DESCRIPTION OF THE RELATED ART

Heretofore, in;egrated 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 Ié 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, heretofofe, 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
chénne_ls provided by an ATE, or the number of pads may exceed the capacify 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




| 5 10 z5 20 08/09/2005 Additionally, performance limtations of a
particul ar ATE may inpose certain other testing restrictions. FE&8EXAMRI0N5

the frequency of IC inputs and outputs nay exceed the maxi num frequency of

ot mum 1 cquendy oF ok e RS (RRERRY ofp priulel AP pig bR TR

rexi num frequency of the
ed,

test channel s_and/or._a_higher operating frequenc e acconplis
providing an & \t/ﬁs{nﬁg i %P%p%?’éte’émﬁﬁ’i@ﬁ qﬂe‘{"‘é’lﬁﬂimfl andhoutptis may
appropriately high_ operating frequency in order to elimnate the
af or enent i one&Ged theimearimpm freguengyiod s AER, therebishimpingrtheyiest fieguency of thgfE of
the foregoing and other deficiencies, it is known in the prior art to test
| C devi ces ut {dlieAesied o thamasimumfretisdrop oftp A TR sAlthoughronfgurinesn AT Wit ng:
(1) connecting an ATE to less than all of the pins of an IC device; (2)
connect i ng Muidditidngl Rish ShatneRNadfor £avitee oPa-taﬁ@ '%h&m@‘ﬁ'ﬁa} %étaﬁeaﬂislfkﬁéd, (3)
e

testing the I1C device in nmultiple passes o E, wth each pass

51110, Ul KNATE 0,0k AR sk S S o

device at less t maxi mum

I npl ementation, the _.pin count and/qr .frequency of .the device to . -
accommmodat e  WRTAAR HGIVEREY 1y tocf'ﬁlﬁé{l%t? ﬂa@?@éﬁlﬁm}rﬁé #g%ﬁw igfiepimes,
many of these "stop-gap” testing procedures may result in a |oss of test

coverage and,coptiigplibifivenay | ead to an increase in numbers of defective IC
devi ces being shipped. Mreover, the practice of limting, through design
i npl enent ation, t Ha lightofthefiregoief @id dihie @eficiencial ittikndvin Hhaké glor dtto test
accomodat e existing ATE is, oftentines, an unacceptable constraint on IC
design. 10 IC devices utilizing 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 muitiple 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) lmiting, through desigr‘l
15  implementation, the pin count and/or frequency of the IC device to accommodate
eﬁsﬁng ATE, among others. As should be readily abparent, 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 o
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




Referring nowto FIG 1, a representative prior art integrated circuit 100
incorporating built-in self-test circuitry will be described inOf£R9é2005
detail. As shown in FIG 1, integrated circuit 100 includes a core 110

whi ch i ncor por i . i gital. .S te A6 iot L 14 re 110
electrically gg%ﬁr?jnsihglgtagg %g%%%gﬁ%%%hat ?tc%ugogﬁ%@ (Iég'r%) flggr g%- to plé:o 6
electrically co nicate with.devices external .to the, | r at ed :

08/ 09/ 2005 1 05TBEEEE piebilF providray ot o Sl dored adorut A TR At S RliveE,
(ATE) 118, for exanple. So configured, signals provided froman external
devi ce, e.g., toalEcared 104 b tragranipsyent path which ineluderadill. via a transmi ssion
path which includes pad 116. As is known, digital self-test circuitry 114
is configured to pAevs Rieovinriigiiad pell-tesbagmitryl pd isadonfigetd ngpmividedghational-
circuitry contained within core 110. In order to acconplish such testing,

digital self-pasl &biAUlckting Hﬂogmpéiﬁﬁli coRGHROWALBS creSt 10U 1S order to
generator 120 and a response analyzer 1Z22. Mre specifically, stinmulus

generator 120_ i i St i-de. one .or -t ast 2

Yool ng 1 ogi csPRelne Ptk i bl aele 5 SR5uRY AP OB bR B sty
the logic circuitry are conprised of di&ital data,._i.e., zeros and %nﬁs.
In response t&NERPNZ0iagde responss walyzenkld. JYiore weridigali i rgepgrator 12fien
provides a response signal or signals to the response analyzer 122 which is
abl e to intédsperfigurérbtorpreyidnsre armoysrtestpdieras fardestingdegic cistujing of thetgorha nmay
be provided .externally of the integrated circuit. Thus, the digital self
test circuit rihepsadieit6f phttims plogidedlto the/gid e@litry afd édtfpridedtdfatigian elaby
applying digital test patterns to the logic circuitry of the core and has,

R L e
| ntegrated Citﬁé:nuli:u:[av%c 25 afrgscpio;a!sé gFgAaT O ts%ﬁ%ﬂ's rt]g tl?ef regpo%sg iaﬁél%&'r 1|29q’iv]§:1clg iisr zﬁa'“fciet ry

to interpret the response and provide a test r.esult signal, which may be provided

| 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

15 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 digital logic circuitry.
Digital self-test circuitry, however, is largely unab.le 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.




Digital self-test circuitry, however, is largely unabl e to remedy the
foregoing and/or other deficiencies. Therefore, there is a need8609/2005
i nproved systenms and nethods which address the aforenentioned and/ or other
shortcom ngs of the prior art. 3 08/ 09/ 2005 SUMVARY OF THE | NVENTI ON

Briefly described, the present ‘Q:FIYOG WI—PB’F@?EN%"ONH cl ock-t o- out put
IO

(henceforth call ed clocktoq I'ng” func nality vmthln I nt egrat ed
circuits. In this egar nbodi nents of the pres n tion y be
construed as provi BRI SIPHTEGr AETEPRE I ERTC ey or, EVEE GHaRr R
enbodi nent, the integrated circuit includes a first pad electrically

communi cat i ng(hemqefprth callled Selogk-HoAt) testingflunetionality mﬁ@ﬂﬂmﬁg’@feéébfcmﬁqclﬂ&@és a
first driver and a first receiver, with the first driver being configured

to provide mﬁﬁﬁ,s@maé@uﬂip%mbgﬂal presend itvaiion endy bx temshatd ao ptdedihg,
and the first receiver being configured to receive a first pad input

signal frgm %&gfméar@mm@ Hcesnah a#Qefe&e& Qﬁlbb@mem%é hﬂté%rat'é@‘éﬁhﬁ?ﬁmﬁid%@al s

configured to provid to a conpone i nt ernal first receiver

digital outp n onse. to the first - 1 st
test circui ttftﬁft %a% %B%PSQ}[Yd%WHﬁca?@ etpeﬁl Agst fpié) O{tﬁmp?%th%'llge | r&St £ éét
circuit is adapted to provide informatjon correspondjng tao the dgriv

cl ock-to-q timeuds & Hestidrive aﬂ‘b&dﬁrS‘ELSeCEU’eQSW%ﬁ)éegﬁ% VR APEE SPIEHES rt‘ésent

i nvention may be construed as providing systens for neasuring the driver
cl ock-to-q tipesdoh fratlpadiougut isignel tatkecbmoponent exteimal to Hhes IC.cgpud the frst
preferred systemincludes an I C and ATE. The ATE is configured to

PLeeh 2 ST S Lot s <onprme et v
first regel VES thed®d Phd fifsBleceiver also is configured to provide, to a component internal to
the IC, a first receiver digital output signal in response to the first pad input signal. A
first test circuit 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 eircuit. 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 testcircuit. So configured, the first test circuit may electrically communicate with the
ATE so that, in response to receiving at leest one stimulus from the ATE, the first test
circuit pfovides_ 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 éteps of:




test circuit. So configured, the first test circuit may electrically
comuni cate with the ATE so that, in response to receiving at 0840942805
stimulus fromthe ATE, the first test circuit provides. information
correspondi ng of, 1

he dri Lock~1.0-0 Line of at | . of th
the ATE " Somecinisa ket LSteCafiEA T el oelE: B fine RS euindod g *°

providing methods for testing an IC. In this regard, a preferred nethod
i ncl udes t he tcelssmspsuresghe dyperciockeloet tiptecfiths, firsh pad: cHA merei ViRg IATEIh
the 1C, providing at |east one stinulus such that the I C neasures the
dri ver cl ock- tosespbndieg tf the ldavén aledk-pagtimarnd threeftrst padng | nf or mat i on
corresponding to the driver clock-to-q tine of the first pad. Qher

enbodi ments of the (Eh&@sHodiAMAN bf At PRYe Sntiivh ThSHb&a SomtRvd dk RoviBing
conput er-readable nmedia. In this regard, a preferred conputer readable

medi um ich.l g :£0 r ar facili j i ng
of the. dri ver "SRR RARLE indbi OTp S peBk I Wheicd Bilphld FablTRABMA T
to enable ATE to,provide at |least one stéj ngl ys fo the LC féfgdi t.i onﬂll :

| ogic confi quMBtFh{IBCQURAIBIES 2CABPRTEPTGSTH R (o (Peilitating spersenngofcB dE¥F-HEg ¢ o
the driver clock-to-q tinme of at |east one of the pads of 10 the ICis
provi ded. O hierq fimes of pasls ghdn Hdineludeg dagio tonfigargste sahle Adeletnrovidapat least
becone apparent to one with skill in the art upon exam nation of the

fol |l owi ng dr asengndngltodhiedCl edldditlesallyl pigdi® Bonflgurddstol enabledhe ATHito sdckiveuch
features and advantages be included herein wthin the scope of the present
nvention. aSinffhiaNBH chifledhbdinR ROV BloRR-to-d ik Fl 1DEPORL BT Ui bdds oFHE
SEVERAL VI EWs OF THE DRAW NGS The present invention, as defined in the

cl ai s, ggn t{E gét.gter% Jén erstood with reference to the follow ng draw ngs.
The drawngs Fe-not *hecessari | y to scale, enphasis instead being placed

on clearly illustrati ng the principles of the present 20 .invention.
, 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 necéssarily to scale,
emphasis instead being _placed on clearly illustrating the principles of the present
20 mvention.
FIG. 1 is a schematic diagram depicthlg 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.




FIG 1 is a schematic diagramdepicting a representative integrated circuit
incorporating digital self-test circuitry of the prior art. FIGO&/ §8/2005
schemati c di agram depicting a preferred enbodi nent of the test «circuitry
of the present inv ion. 5 08/09/2005 5. 10 FIG 3 is.a timn i agram
depi cting a repr esgﬁ'aat ISV ting drasgqg depicting f&@feselztamdﬂyerofg? 7O RtRYt 4
is a flowhart depicting preferred functionality of the enbodi nent of FIG
2. FIG 5 is €wsoielagtic di agram depicting a preferred enbodi nent of the.
test circuit of FIG 2. FIG 6 is a schematic diagram of the enbodi nent

shown in FIG 5, detctisrgfloveiaai depabtirer prefdraxirfadctbinatityi ¢f thepingrodivheriti ofn.
FIG 7 is a flowhart depicting the preferred functionality of the

enbodi ment  ofihG 6. FIG 8 is a timng diagram depicting representative
rel ati onships of roundtrip tinme, receiver setup tine, and driver

clock-to-q tine. R 9. 18 I hart depi cti tyi nlﬁH- (o) _
alternative enbodiIAerIe%ht5 Bf? Sct%ﬁ%'aﬁé\gdtla%%nrlc(ﬁeﬁé%g ’},%P,Iék'e’{l,%d %% %Xntléf fﬁg tSSt
schemati c di agram gijéhe enbodi ment shown in FIG 5, depicting detail of
an al ternat i V&BIOEEIF 4 npl enentation. FIG 11 is a schematic di agram of
the enbodi nent shown in FIG 5, depicting detail of an alternative circuit
i mpl ement ati on. FIKEG. 63s p schematiei diggrdinaefr thenethbpiiondnt ghdwimén FEnad,idepictihgt he
enbodi ment shown
detail of a preferred circuit implementation.
FIG. 7 is a flowchart depicting the preferred functionality of the embodiment
10 of FIG. 6.
FIG. 8 is a timing diagram depicting representative relationships of roundtrip
time, receiver setup time, and driver clock-to-q time.
FIG. 9 is a flowchart depicting functionality of an alternative embodiment of
the test circuit of FIG. 2.
15 FIG. 10 is a schematic diagram of the embodiment shown in FIG. 5, depicting
detail of an altemative 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.




20 in FIG 11. FIG 13 is a schematic diagram depicting representative test
circuit configurations that may be inplenented by the present 8/&h?/af05

FIG 14 is a schematic diagramdepicting a represent ative conputer or

processor - based sy m, { hat e ufilized a nt r ol

present 25 invent ﬁﬁi By %%’fg?% CRicHng e eére‘é f?l}lﬁ\l,&{lﬁg %&ﬁﬁrteﬁ |]:Pr’g
preferred functionality facilitated by the control systemof FIG 14_ FIG
16 is a fl owchemrrol gegwmef Ropreferred functionality facilitated by the
control systemof FIG 14 during a test circuit calibration procedure. 5
DETAI LED DESCRI PTI EX:.0F6 As RREbEBRED depBtih) MrdferreRahiactnaktywfacilitatedy byetirade
in detail to the description of the invention as illustrated in the

drawi ngs wi t hcdﬂt&&@sﬂwﬁaﬁtﬁ;l1ad11§ﬁtglarrgstlcrr&ﬁt paksidnyrosaiaut the several
views. 3-0 Uilizing the digital sélf test circuitry of FIG 1 as a point
of conpari,sson, general characteristics of a preferred enbodi nent. of the
test system of t he present |nvent| on wi |l now be described in reference to
the schematic di agramof FlG As depicted in FIG 2, test system 200

i ncorporates an int Q@TMQI)%Q&IP@W i 4 FREFFRRETR EMBOHIM Core 212
incorporates logic 214 and electrically communicates 15 with a pad 216,

whi ch is confi gur elefexenes kallynomt be aeadeuinidetail mmhefdesmtiomg@fcthwinwndeniases,
such as ATE 218, for exanple, external to the integrated circuit. As

nmenti oned herilisib@ddoire theaddthgsSwih 18& Maferdkbindicathg diks rard YbughdutOthe
contact site 220, V\/mch serves as an electrical contact for IC 210, as

wel | as pad Gly&h ¢.222, which cooperates with the contact site to
enabl e el ectrica comrunl cation between conponents
10 - Utlizing the digital self-test circuitry of FIG. 1 as a point of comparison,

general characteristics of a preferred embodiment of the test system of the present
ivention will now be described in reference to the schematic diagram of FIG. 2. As
depicted in FIG. 2, test system 200 incorporates an integrated circuit 210 which
includes a core 212. Core 212 incorporates logic 214 and electrically communicates
15  with a pad 216, which is. configured to allow intercommunication of the logic with
devices, such as ATE 218, for example, external to the integrated circuit. As
mentioned hereinbefore, a ped, 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 commurzjcation between components
20 of the IC and components external to the IC. As is known, pad circnitry may include
one or more of a recerver, 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




20 of the I C and conponents external to the IC. As is known, pad circuitry
may include one or nore of a receiver, for receiving signals plOdd@2d20d05
the pad, and a driver, for providing signhals to external devices.

Additionally, .integrated cjrcuit 210.incorporaties tes ircui.try .224 i ch
Slectrical 1y QutianIEG a8 teredyepoamiaBr RIRGs HoaerSely or RAH I FATER ac
described in 25 detail hereinafter, test circuitry 224 is configured to
provi de sel eceedmare wstegusnerddor testingcinfegraisd eijcuals ol verereespligestions.i & |y
reduces the necessity for specialized external automated test equi pnment
for testing i sl at edted thayi dlthoogh vest icousitrg @M gudepidted an FIG. 2 slsoesidinge
noted that, although test circuitry 224 is depicted in FIG 2 as residing

outside core ghdidaRareotibSindCoutdlge BRGhad D6, VAIOUS beheP bt 8fipcMenB WIRER Ri:Suidly
test circuitry s 224 may be utilized, such as test circuitry arranged

wi thin the. co r Wit hi.n Or .. N . v ]
circuitry smayE‘f)zler(l)ﬁ%1 \#F it“glﬁ}rz%%gﬁ %ngsgwn’rsrtuér#@a e v&%%%?%”ﬁ%{% %%EC%E‘/? %}‘gﬁlﬂ)%&ﬁ%to ﬁdér
than the pad to . be tested, i.e., a pad.other than_pad,216. As menti.Qned
herei n bef or efof MpEance., MogpeNerfhe (4t sEcuitre megibeicopligyed & pommypigate g?f%@ty
of integrated circuits. Otentinmes, however, the full testing capability of
a 10 gi ven AAREEivia apachothyr thet thegupdite b tasteds bst a padsether thie pad/dkd. of
integrated circuit. Additionally, the nunber of pads of an integrated

- circuit may exceedAi kenfivhdiEherinbefoes AT &ypiellly RbvidegineadilAFEo tésharweidy
necessitating the use of an ATE with an increased nunber of tester

channel s or . I | t t4h i : res,
%@g@iér)f ?z%é thfl {l@rgyﬁfh?fbéggﬁl%s AP ERRE & ia*?flﬁﬁgfjﬂ

e.g., testing _ : _so’f anlriftegrated crretit -1
esting of ik A reapt o) el do Wan E3patht Wt cf pREREY Bigrine
performed utilizing conventional ATE, whereby test  capabilify not
typi cal |y proWidiienally, theeusehey of mrdnaf anmregralpd sircpit aRayoexgeesd, therpamihes of
circuitry. So provided, the test circuitry has the ability to provide
t esti ng capabiedtichgnnels of a given ATE, thereby neqessitating the use of an ATE with an
increased number of tester channels or necessitating the use of less thén 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, inay 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 mtegrated circuits
that draws from at least some of the inherent strengths of conventional ATE, eg.,

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

25  providing potentially improved testing performance.




20 that a given ATE does not provide, or is not able to provide, while
utilizing various capabilities that a given ATE does provide. T8509YI2005
testing system 200 of the present invention nmay facilitate efficient and
effective testing of integrated circuits that draws fromat |east sone of
the inherent strenByhsiliging teat eineiion af taT presentginventine desiabe P ee of an
current, and tine neasurenent capability and reduced costs, while 25
provi di ng pot @edgratd yirtuipisawe tetadsdrilyp ginped fogrthe iCEE, 08 89bP dSeByr chanhelzi ng
test circuitry of the present invention, testable pin count of an
integrated CiggipiohrationMla BEESITELT FYr Idstihb & dhdW T naf Toviad Glnals, Riehi ze
tester channel configuratfon of a given ATE. For insfance, the ATE may
provi de signals, .such can.test signals and r . .

i 1 SR apt BRI o o0 Pl BF B Gl Rl

sone pads of &
to be tested by the internal test circuityr Addi ti onal | .utilizatiﬂg of
t

: T y P
this test i rigdh vhile heaveng otherpdsity pe testedi stheptemas ics) F%?LBHY‘C ydggiopa
frequencies greater than the test frequency limt of the ATE. As nentioned
her ei nbef or e, nitlizetign @$ahis festv eintuitoy nizkes lif passéhde doi tessr the|integratesl gircwitFckt q)
del ay testing of pads of integrated circuits and, in preferred enbodi nents,

zo . facilit tR@esdiedgresst thad thetbst RAGEndylindiabf theATPB. t he use of "on-chi p”
conponents. As utilized herein, the terns "clock-to-output” and/or

"clock-to-q" referst glemg%gd ﬁ@%?jﬂﬁ%f@%/er él%iﬁ,ﬂé’%&gljéveeﬁg%yﬂtafaﬁﬁta?csCd:ﬁ%#cl%&i@-?o- nd a

correspondi ng change 1n e outpu conponent. For the

pur pose of descri bj est ci.rcyitry of e present, i.nvention, .the terns -

"cl ock-t o- ouﬁiﬂﬁb da?ag'l ing of d’,aHS Qﬁd?@gaiegc??@‘tsﬁqq’ o gftFHS(?tegjr]i’?H%enuSSed

in is regard to a driveré_s) of an IC. A graphical depiction of Tck _q.is
; 0

pr esent ed?i n fmilijateg sughde plelsresiornaat Wit thegeeaofsianeie” Sompensats304sar e

shown transitioning between logic "0" and logic "1." A clock signal 306
al so i s depi atiiged hértin, Tekemmbéilodg-deoutmat andior Bdlatk-tvAg’t wfdrhe thed trok delag
data signals. It should be.noted that Tck ,q is neasured fromTi to T2,

i.e., Ti bei petwkdn WM Jrac16dk0SIEe 8 Q cofredpotting dhbRge ROBE birgat signal (“q”)
.edge-triggered conponents; falling for
of a component. For the purpose of describing test circuitry of the present invention,
the terms “clock-to-output,” “clock-to-q,” and/or “Tex_q” Will, most often, be used in
15  regard to a dover(s) of an IC.
A graphical depiction of Tk q is presénted in FIG. 3, whefein representative
data signals 302 and 304 are shown transitioning between logic “0” and logic “1.” A
clock signal 306 also is depicted, with Tek_q being denoted in relation to the clock and
data signals. It should be noted that T q is measured from T1 to Tz, ie., T1 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.




negati ve edge-triggered conponents) and has been received by a conponent,
and T2 being where the data has transitioned froma first |ogi ®@8408¢ 2005
valid second logic value. The exact anal og voltage val ue that

di stinguishes the first valjd logic value_ fromthe second valid | ogic

val ue is desi gn- deBERABIE, WhuROW Dechadselp FEredt whish iat flowchapsderiodnsothet . 9
08/ 09/ 2005 5 10 Reference will now be made to FIG 4, which is a flowhart
depi cti ng t hefunchomalitpnékifrgfentd anpleskatation of i presant adveotiorof In Hes pegasént
invention. In this regard, the functions noted in the various bl ocks may

occur out of {Hedumitidas neRRE R atifuFHiszksdnay &cut Butfdremcdiaed depRie MGG, 4
figures depicted herein). For exanple, two bl ocks shown in succession in

FIG 4 may, ip,f ial. . t o .
ot s, | {0 i AlweREELF LR itk Bbitled SRRGHY. IRl el b1 o i,

enbodi nent s,

met hod depi cted may be strued as egi nni ng at . hl ock 402 ere, test
circuit ryFH| s WS??F%}Bdmi Ef T ﬁa‘f“aft”omaﬁ“can ‘@Q‘Faﬁ“gﬁa’&ti”?‘l?’u?qmm?q{ bPbcll 40ME g
stimulus is provided to the test circuitry. Thereafter, such as depicted

in bl ock 406,cmbadynaris,ipihersvensepdati ng to the driver clock-to-q delay of a
pad of the integrated circuit is received. In FIG 5, a preferred

enbodi ment of the Aseshowai inciiG. 4pthetehtbodiinginlor anethal depictabmbpbe chsstsBWs 1 i
FIG 5, a pad 500 of an integrated circuit includes both a contact site,

e.d., contacthesinhfioiR BlockAd? oGl A5 8RGAA ' t: Site,
15 e.g., pad glgl’ cuigt ry 0504. %ﬁ?f:ﬁ:eftr%;yc%%%lsﬁcl udegsfﬁglﬁg% %o\r}grﬂ%%ﬁﬁgfémé
8

o fver 506 | dn ERERAMSCELERH et SO W ke i g AR SO 48058 e

a driver enablﬁ sl‘%@ |. 512 fromthe |.C core. Driver 506 also is
el ectricaPly hlog TERIER corrgsperding fo thegriyer plock-to-q delay of a pad of the

infegrated circuit is received.
In FIG. 5, a preferred embodiment of the test circuit of the invention is
presented. As shown in FIG. 5, a pad 500 of an integrated circuit includes both a
contact site, e.g., contact site 502, and pad circuitfy associated with the contact site,
15  eg, pad circuitry 504. Circuitfy 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  Treceive 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
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an optional resistor 516 being coupl ed therebetween. Receiver 514 is
configured to 20 receive an input, such as via |ead 518, and i s 0®N0DIR0R5

to provide an output, such as via lead 520, to the IC core of the
integrated ciggiit |G .5 0 depicts . a preferred enhodi ment of test
irout try. 530 8 rEest gy Bl Gt By Bty imay Mt o
comuni cate with one or nore of the driver input (depicted by arrow 532),
the receiver $Gepyttifigdgione eameye af thewfsgnyntiasd inmit@)ypytput(®ut put  ( depi ct ed
by arrow 536), and the driver enable (depicted by arrow 10 08/ 09/ 2005 538).
Test circuitry 530RéeSmumgrdvytr Ei:.tQ) af prefelict alnghod ahett mif mést giréigy GBOWEIN be
clock-to-q tine by utilizing one or nore of the aforenentioned

i nput () / out pdbséPed Mekrestes BEANOVAS Befibad if. FIE. B, %fﬁ%i;eﬁgd%hﬂ?ﬁr}t ?_I?{&stt gst

circuitry 530 will be described in greater detail. epi cte

a preferred ' . esf.. [ ity 530 incl udes a tiner 602.

Pr ef er abl 3 , ﬁﬁr%gr 3683 ‘P@L%é%"‘f%we %%%%dls %?e%bliyfh?%ﬂ/g@clé@&ﬂ@rﬁ%eeggﬁ%i ¥ lat
incorporates a rjing oscillator and a digital counter (bhoth not shown).
Timer 602 i s QUEMEGIEE! G5l ipcarperates i BRg grscilagen aush p shgital rreuntse dbethpaetneen
a start event_and a stop event. So provided, the interval between a rising
edge of a clsbewnksi Gimer 6623 gdaptaddptcovnicthe nuasber af civdlagenofhas badue befween
correspondi ng pad (a stop 10 event) can be neasured. Additionally, test

circuitry, 53@ statbushesnd afstopeddnop So0kotided, R iAGHAT batlen i WEhE @HeS8P 4t hat
is adapted to self invert the data of the flip-flop so that a rising edge

of the cl ockck !l Lt 11 R=1 LOR... As
depi cred i n Erx SiFRLRS B WERT SR ARk S SHhita Skl Bad [ Bop

Si nce the, ex ri,od of a high-f.requency rin i.llator pically is
unknown folSV g‘?\eglt)g%tnebnet lingﬁlslu?dg u‘%}i‘é‘&fmzﬁg” Fﬁ‘r“i‘lgﬁ%%ﬁdﬂ?lﬂ‘ﬁ%‘caegﬁ"h?? 1692( dad el |
as voltage and tenperature fluctuations, the test circuitry preferably
accounts f or 1} ASCEISEHRYACRO06 {hat isadapted. to BRI dnvesthp datacd dhepflipsflepl sip $hat

calibrating the interval neasured by the timer in reference to a signal of
known i nt er valsingredghiof theadlagk will bause rat @ansitiomn@a gher @ dutput of the flip-flop. As

depicted in FIG. 6, the g output is provided to driver 506 via path 532.
Since the exacf period of a high-frequency ring oscillator typically is unknown
15  and potentially subject to variation from ‘process drift as well as voliage 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 -meé,sured 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 1s provided to the driver as depicted in block

25 704. Thereafter, a driver output corresponding to the provided signal is received
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by the tinmer may be expressed as a percentage of the reference interval so
that the 20 measured interval may be determined with a relativelGBA0gK2005
degree of accuracy. Operation of the enbodi ment depicted in FIG 6 wl|

now be descri bed .i el.atjo he flowchart of FIG_ 7. In this regard,
the et hod. detrebardi i Pl 7084 e Fuer et rerfe abrac i iy o Ssaan troo
where the tiner (e.g., timer 602 of FIG 6) is started. Concurrently
therewith, a Snysralienabaitheimesss deterreeciby vamtiag thiapinthes of hightTeRRNYTIMD4,
Thereafter, a driver output corresponding to the provided signal is

recei ved 11 08#0@t@0PR&iodshdlapskd. 7Gtpiladlyy thitanle $P8ratet measurinednt advelite bushess t he
start of the tinmer and receipt of the driver signal at the tiner is

det er mi ned bYdﬁﬁéte;ﬂiiﬁgbleE TOMRRE iffertil G- (drRe USN6XilTAiRd pelSds bb@ieh two
periods elapsed. Simlarly, but in a separate msasuremsn%J event, such as

depicted iy b 710 knteryal in .t f-pscillator Fiods_bet yween
o e s oyt bod PR W Riplibal 3 Bodk 702 thost SGmBRideB SntBal
af orenenti oned i nterval.s re gonpared in order to determ ne the actual
driver clock- %fs-camaéweayn oxde &%g?tﬁ@llﬁeﬁrwmaé HﬂE&%fLﬁl%fg('tPrﬂ deiex, Sinse ticeasiods)

of the clock is a precisely known quantity (since it is produced by the
ATE). For i nsieassred fihanithpesacandy) ef Weeologk ag & pufciselydknomwmequantity (sirseéi st by
the tinmer of the driver output can be divided by the clock period. Thus,
the 10 det erprotestdibyt dievATE)S Fotpinsatas the ikepal bemicanatf of ke kinarngl ock
period. Alternative enbodinments of test circuitry of the present invention
may  det er mi e piehe GnRE br R divkY | 6Y 39 1 Lihd s, 4R
extracting frorﬁillgt hateti me t he (glri vgﬁgf%ﬂ%%?ggggrgfa%%@ém |S’(:%PI Y,
the "roypdtryp tine" refers to the cunulative tine taken to. drive data
from a I ainc i Rl ahisrd S £ b ot teifRvadistiniothen  om t he
pad through a recejver into a capturing flip-flop._ The relationships

bet ween roundt ri p AlsRatveT sebadimentsyof visst elrerikyt of the raRert @pvention emair
set-up (TSETTJP), and receiver hold (Tuoi n) tines are depicted in the
tinming di agr dateahineRirer 8locko-qbywidterntinimtethe rrdmdtripntide? and ekiesatingaffdner .

that time the driver clock-to-q delay. More specifically, the “roundtrip time” refers to
the cumulative time taken to drive data from a launching flip-flop, through a driver to
15  a pad, and then from the pad through a receiver into a capturing ﬂip;ﬂop. The
relationships between roundtrip time (Trounotrep), driver clock-to-q (Tck_q), receiver
set-up (TseTur), and receiver hold (Thoip) times are depicted in the timing diagram of
FIG. 8, which will be described in detail hereinafier.
A representative method for accomplishing the aforementioned functionality is
20 Vdepicted 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,
roundirip 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.
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A representative nethod for acconplishing the aforenmentioned functionality
i's 20 depicted in FIG 9. In FIG 9, the nmethod may be construdBA89/2005
begi nning at bl ock 902 where test circuitry is provided internal to an
integrated circuit. In block 904 a stinulus is provided to the test
circuitry. Ther eaf tS6reraksyjipnagiye faphadiments of gheotert gomitry o6ty eion whidf a
pad is determned. In block 908 the receiver set-up time corresponding to
the recei ver ofaytbeupbztdi © destrerine meckiveAddiupi tmas lof paiin olflanclC, 9% ndwebe25
roundtrip tinme and receiver set-up tinme are utilized to determ ne the

cl ock-to-q deldascﬁbécﬂhﬂ&fzﬁﬁl(?%géncﬁﬁgﬂ&wa@én&Wp Bédiion seAla. ment s of t inged est
circuitry of the invention, ich my be utili det efmi ne recei ver
setup tines of,,pads of an | G, de ' [ 4i.n il - Rendi ng
U. S. Patent Aggl"i—crat"r‘crr*ser’i ‘}ﬂﬁ%& %ng on 16 dliggll tg(%giel?oc:%& ik
10001144-1; Ator cket No.: 5 .0501 Y. which is co nly assi gned
Lo Agi | ent® TeRHUGP R WhiSth s Sobnumon ! ase Bueseioah PAHt irELaslagiee igh degribes
enbodi nents. That application is incorporated by reference hereininits
entirety. Ref&Veiahginthese ¢ltFngtive xmbodimenter nThity epplidatidi nisnincofpotatet by
circuitry 530 includes a launch flip-flop 1002 and a capture flip-flop

1004. Launch felférgncellorid iR dnsirety0 adapted to receive a clock signal 1006
and, in response thereto, provide an inverted data signal to the input of

driver 506. For expéfpirihe ddbe 16 FI6L R a?falfeHa}Hvé 'eﬂ&o@lﬁg%&iéf teBY QYLEEH 550

i nverter 1008. Thus, thé rising edge of the |aunch ¢ si gnal causes a

t iti : t I h flip-f t lip-f 1004
el octri cal |y B Bl dip o' ¥z Bttt el i Letingh o B BB
capture flip-flop.1004 js negative-edge triggered (see input 1010), so
that a fal% i ffaRaddo seerga @P@& klgaﬁlaHﬁ@sandh@ Easperfedhenciop Proade amaavertsd

capture the output data signal of the receiver 514. :
data signal to the input of driver 506. For example, the Q output of flip-flop 1002 is

provided to inverter 1008. Thus, the rising edge of the launch clock signal causes a
transition on the Q output of the launch flip-flop.
Capture flip-flop 1004 electrically communicates with the output of receiver
.15 514. 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 depictéd in FIG. 10 will now be described in
relation to the timing diagram of FIG. 8, which depicts representative data signals 802
20 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). Thereafler, 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 felation to the data signal), Tenp may be determined.

25 Subsequently, second rising edge 814 of the clock causes another transition of the
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Operation of the enbodi nent depicted in FIG 10 will now be described in
relation to the tinming diagramof FIG 8, which depicts represet&f09€ 2005

signals 802 20 and 804, and cl ock S|gnal 806 (which acts as both a launch
and capture clock) the first r|S|n 810 t he
cl ock causes a traﬁ??ﬁ?gﬁ%HFmFﬁngQ@%IO@Pﬂélﬁﬁﬁhgﬁyéﬁéﬁt g%ﬁéﬁ%@#éﬁﬂ g af he
falling edge 812 of the clock enables the data to be captured. By

anal yzi ng t he initiple vain¢ ffor dsce. bet, WSSt hdMpiesiprgifdle XIQmawunthEmd$a¢H1ng
edge 812 (in relation to the data signal), Tsetup nmay be determ ned. 25

Subsequent | y, vagstdadintd périvgl €doppBide afsiglae t€la0pdd eruBes nadatbal Thamsid i on
of the 13 08/ 09/2005 The enbodi nents of FIGs. 10 and 11 each nay be

utilized by estadd bt sr.}l%l @ﬂtlﬁzécpfoﬁéetg&uaﬁl the %étézlil setuplé?tﬁe aﬁT@&E\}b? €.g.,

XTsetup, More speC|f|ca XTsetup corresponds vari‘able tinme period

for applyipg a sig 0 ad .recei ver_under. t est .

XTset up i SEU'[I | i ze%%vﬁy 8@?’8%?‘% tﬁa IPGeLveR dpayabe PERidRd ‘Hftf’taﬂe’nBlgd‘iart%@giﬂ@ler
By way of exaHI))I e, the recel ver my be provi ded with an input data signal
(DATAN), i ATAaY ke-» orlogie “R” Ppgilesier’ly” fasra Himei pasog e B saf PHCFstetand
prior to and continuing through a perlod XThol d after firing of a capture
clock. After cetianmgrihroggh arpesiot fiuagafter Siignef a ofiptuivecloec eAfter d¢tEATAmgr )
corresponding to DATAIN, a determ nation may be made as to whether DATAoUT

is equal to DATAldgut ke sBXATRIFGhe | decdADATA B B8ir&spohding Btod BXAST natl on
is made as to V\,he?her DAT%ﬁuT is a fogl c "l. "O ) it fsgodel%l%rr?] ned t

DATAIN i's noty %{d@:}l ¢ es@égﬁ%g aggggqguﬁhgﬁgr B%Tﬁo{i'r 10 %cha? tB fﬁﬁ%."%‘ﬂe

t han that previ he process
10 example, f DATAW is a logic “1,” a determination is made as to whether DATAour is

alogic “1.” If it is determined that DATAzy is not equal to DATAout, XTsewp may be
set to a different value than that previously éstabl‘ished. The process may the be
recursively applied until DATAy equals DATAour. Thus Tsewp corresponds to the
value of XTsewp resulting in DATAn = DATAoUT. Tsenp may then be subtracted from
15  Trounpmre to determine Tk q.
The aforementioned utilization of XTsewp assumes thai the imitial value for
XTsenp Tesults in a DATA that is not equal to DATAour. It should be noted that an
initial value for XTeetwp mayr be utilized that results in a DATA that is equal to
-~ DATAour. In these embodiments, XThqa may be held constant while adjusting
20 XTsemp unﬁl DATA does not equal DATAcur. Thus, ngtup would correspond to the
value of XTserup resultiﬁg in DATAw # 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  Thereafler, the ATE clock pulse width is established, preferably starting at a minimum
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recursively applied until DATA equal s DATAouT. Thus Tsetup corresponds to
the value of XTsetup resulting in DATAIN = DATAou. Tenp may thé&8/H@9/2005
subtracted from TROUNDTRIP to deternmine TCK Q The af orerrent i oned
utilization of ssunes that the jinitial.value for ults
" o DATAIN ¢ M < Rafd eela i O RISATRGLARE IR bin A s Siobede Erse B and
initial value for XTsetup be utilized that results in a DATAIN that is
equal to DATmlﬂloclqnspmﬂﬁ@de isaliernihetcontertehd]the rrigrenee el scapBig flzmflomis | e
adjusting XTsetup until DATAIN does not equal DATAouT. Thus, Tsetup woul d
correspond t osdahged \vat wadod déiEaminafion €suhidengs it Elfeiifdr Nh# 1A Aatar hasl hespe
enbodi nents, the clock-to-q conponent of a roundtrip time neasurenent nmay

be determ nedsd%&s!&f&lﬁﬁcaﬁéﬁﬁe@f ARE' @& Iﬁﬂ&ewﬂ@gnﬁfy b%@eh@%ﬂ&lﬂfﬁkreﬁéerd%ﬂtﬂ the
type. In these enbodi'nents, the reference pad iS5 to be contacted by the

h f h ck
S o IR oA S s U R LA D e,
scanned into the lauynching flip-flgop of the reference p nd the cl léols
pul sed. Ther e%PiEE olmew é%mceﬁ@%wsqhng fe therandirtetyrg el dhe mieeres pad; pR\T p

I's scanned out and a determination is nmade as to whether the new data has
been successhay thendeptsad éomeAsTiEe ciropducpts cfelovkdbhy mept-bie tigwopd dlm fefdrence
i ncreased until the new data is successfully received, with the cl ock

pul se wi dth fpadstTHeIfbRaRANGh®prbeest BEv tHe eloek ﬂﬁWuddﬁl@nﬂQ&ptﬁﬁﬁQﬂéwng
to the round trip tinme of the reference pad. ATE nmay then be used to
measur.e COMPGRENSy SptHeAH-idd Hay thefi B rfeatdd Br Alpali MEd&AER" #F Rilizing the

10 test circuitry described herein, this pad may be uncontacted by ATE. Once the
roundtrip time of the pad under test i1s determined utilizing the test circuitry, the stored
reference value for receiver set-up time may be subtracted from the measured
roundtrip time of the pad underr test. The resulting value corresponds to the driver
clock-to-q time for the pad under test.

15 It should be noted that the aforementioned method presumes 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 Tserup 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 aspt_ects of the invention, including test
circuitry implementation and calibration will now be described in greater detatl. 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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pad; The af orenentioned process of varying the clock pul se width and
capturing new data in a capture flip-flop may then be repeated OfSf08/2405
under test. By utilizing the test circuitry described herein, this pad may

be uncont acte ATE., Once the, roundtrip . ti of. e u r tesi. is
det er ni ned ut ﬁ?li)éz(i]ﬁlﬁﬁtdﬁse Haggt ?cfhf%'{ﬁ?‘t y,dfll‘?'e gic‘)"r ebljtl%r eﬁzger@ggvﬁ’l‘ ehf%?r
recei ver set-up tipme nmay be subtracted fromthe neasured roundtrip tine of
the pad under T$SB8¢tIvelshe Thesimtagrated ¢arwikalse inesperaigs vegoushissideirapts, such as
clock-to-q tine for the pad under test. It should be noted that the

af or ement i onedestett 0330 rlestuPéB3 40 eTas0B i 33N Tyt &f (1360 c Eest &r (1820)- ana Téns
across different pads. Due to the relatively sinplistic design and snall

nunber of conpesent Thé Rupbikerst dirchitPbralkichIBF 8MRNnRLS viith tHel rEsREt dson
is deened well-founded. It also should be noted that, based at l[east In

part upon {4 he; fe{H%” Ikl . term.naty of Ts B, vary
fromthe net hléldzg og& ggér@lﬁ %‘gg oﬁsg?%qr%&?aﬁig,scgrc@}ép? %)jl}gggt eu-rgﬁ;%getgr‘ij‘gng%é‘rwgﬁl
consi dered wel | hin the scope  of_the present invention. Referring now
to FIG 13, V&4 %&éﬁ@&f@lsalpgtm@ I%?«;Ze@ﬂ iadﬁ?feeﬁﬁfé irgpkemgniatien, path 1337 may
inpl ementation and calibration will now be described in greater detail. As
“shown i n FI G beltwo unidirestionalquthshtsandinitrynit3 40 80Gumoidates viifhveaoh obpadsridd# padat es
an integrated circuit 1310 which includes nultiple pads. In particular,
i ntegrated cil3d6iby iiliftd MOS0 3difls 1841 uale 3 3paeEpectivbIyO vigkhify (1350 dnd
1314, 1316, 1318, 1320 and 1322 respectively). The integrated circuit al so
i ncor por at es JRGiHAUE3GPSchCiIEGH LS i i %) %%gﬁ i 0).
Test 3 (1350), i (13609, ey %Oﬁt{%h}g?ea‘%?#%%tﬂ%@% 1% .és’r‘ﬁ’ef’%tg‘gi ous
test cirgyit ri,cal Ly comyuni.cate w.th their. respective S Lo, a
variety oF conp? anaas reboRRi Hb RSl bl sttt S BEE e a A D 1522
directly with. pad 1312 via transm ssion Lgath 1332 (in a preferred
i npl enent at | 5 PHSRUSEI Baly 112 oRe AT Teeractivelm pdt KEuity 4380 t #l§o 1340
communi cates with each of pads 1314 and |

communricates with pads 1320 and 1322, albeit, via transmission path 1382 and 1384

respectively. Thus, an integrated circuit may incorporate various pad types as well as
various configurations of intercommunication between the various pads and various
15.  test circuits. |
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
fransmission path 1332, pad 1312 and transmission path 1392; circuitry 1340
communicates with the ATE vfa fransmission path 1342, pad 1314 and transmission

25  path 1394; circuitry 1350 communicates with the ATE via transmission path 1352,
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1316 by utilizing transm ssion paths 1342 and 1344 respectively; circuitry
1350 and circuitry 1360 each electrically comunicate with pad 0489vi2005

transm ssion paths 10 1352 and 1362 respectively; circuitry 1370 '
ia transmi.ssion path 1372 and 1374

conmuni cates w ds, 1320.and 132 .
respectively; p%\ciwg:i rgf?'r@utimtntsﬂf“%é’@d’ i%g%(‘fgﬁﬂ‘ﬁ‘ﬁ(i I8P esmppunirates yaithy s b Bl ia
1322, albeit, via transm ssion path 1382 and 1384 respectively. Thus, an
i ntegrated ci FRRFMIsSHey Nale dBper aee 1S ond padmisses path B8PS, agcuitrsr I Bids
configurations of interconmunication between the various pads and vari ous
15 test circuedmmudicaten withl the tATR visetransatipfien pahd 30} pddor322hedpneeseic
limtation, an integrated circuit may be configured to utilize one test

circuit to tesdrhnsboki phe cRBEify ©80- conthihicZelyinP e Wa$t vl 4 Erk!:h{issri& bat

multiple pads of |ike type. Such a configuration is represeﬁte

schemati cal | yi4 . 2. an , .ch are both_tested. by Test

2. 20 As ghom}qjgphgﬁsgjﬁ%&wﬁ%éw éﬂ‘ggs ?gc é%loéﬁﬁﬁuWHf g%m&f?ﬂﬂ}’ Yt est
circuitry of Jinte tbed circuit 1310 by utilizing a variety of transm ssion
path confi gLPeaet“iag]rr?g Y R sxFpnd 408 {(desenbed imdetal kespineffarbat es with the ATE

via transmssion path 1332, pad 1312 and transmi ssion path 1392; circuitry
1340 comuni cat esAsvideberitied Berginbefard, r hes pressitomvpatidn 184Raptpd ctol Bibditand
transm ssion 25 path 1394; circuitry 1350 comuni cates with the ATE via

transni ssi on apiintutdB &t equlpéitGRncRPalinabr 1etid s andglataans s ;ﬁﬂtﬂiggé%aﬂd?w

circuitry 1360 comruni cates with the ATE via ransm ssi on pa pad

Sou8 and v sk sshORRghY JORE pEldR Unbioh Sy GOTIMMERT S i idind 6 ATE

via transm ssion path 1374, and transnrt ssi on 1

circuitry_ 1380,.co nicates, with, the ATE via transpm ssi on th 5 1382, pad
1322 and¥? r aReHT % [ Y ef e miegssed Rﬁ%ﬁléi 5}48?"? %BC%EWW%?@% nistaf thay
be enabl ed b}/ control system 1400 (described in detail hereinafter). As
descri bed helst Sy EEy My dgnnessmoreiess girreits incombanation with AXE; pigt AR

1302 of FIG. 13, and a suitable control system, which may be implemented by control
system 1400 of FIGs. 13 and 14, for example.
Control system 1400 may be implemented in hardware, software, firmware, or
15  a combination thereof. In a preferred embodiment, however, the control system is
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
cxecutable 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 ﬁom the mstruction 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,
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automat ed test equi pment functionality' for testing integrated circuits. In
tthis regard, some enbodi nents of the present invention may be OS89 dad s
provi ding test 10 systens for testing integrated circuits. Mre
specifically, sone enbodi nents of the test system may include one or nore
test circuits PREEGHETRIGPRIGCT Hanspart the grogriay for usghy opn gquaection willy fhey
suitabl e control system which nay be inplenented by control system 1400
of FIGs. 13 amepirugior gecetioingysiem, @praratos, ogylsvieen 1400 may be inpl enented in
har dware, software, firmvare, or 15 a conbination thereof. In a preferred

embodi nent, howevefhe thepaentdadhbls yisddeuh ican b/l erBApledhdss aoSBnite@kE an
package, which can be adaptable to run on different platforns and

operating SYSERR®oAS o) CLl )| er i 0. ) i a
preferred embodi rr%lﬁt’ %fa ﬁ%éﬁg, g%ﬁ%?’o%lbgﬁltnfg%&&hf%ﬁﬁéﬁn%r ?eggsoggﬁﬁ%%%ﬁ{eegl’
f functions, can

listi f t.abl.e .inst ti . il ti.ng | ogical
be embodi €4 | P2 05 08mSh PEPRRLR B oY o PoviDG SEATRIE (2 ot GURHIE: on
with an instrg&ti on. execution sg/ste appar at us{ or device, such as a

conput er - baselsts pétthencoppyicrsedable onedinmi Wauldspstuse, therfolewing: #pstledirieaiat

can fetch the instructions fromthe instruction execution system
appar at us, orcawedtom, (dendrosicg chaving loae i arshuotec twirms a partdbie compurex tdidfettehi s
docunent, a "conputer-readabl e medi unf can be any neans that can contain,

store;, 18 08/@izAO8, £AMIYRI 46848 mdPicH) TAAM) @daghéd)SPRall-onliEmRHOSS @(@M?r

use by or in connection with the instructi'on €xecution system dpparatus,
or device. T t £agabl 9'! 4 a f t is t
limted to, ;t%a%g e ’t%%nigc, ngg é@c, gif) icr}g c}'gréllye§{6r oﬁa@%@@? qrnfltaﬁnl?ed,
or sem -c¢qonductor system. . 5 apparatus, device, or propagation pedium More
speci fi cggxaﬁﬁ?lﬁgry? ?%‘r%@xﬁ%ﬁgg?*\}gqef ERPPC%I%’ W@E‘Hﬁab @mﬁaééa]égg@drﬁﬂy um
woul d include the foll ow ng}: an el ectrical connection (el ectronic) having
one or nore ey (6DRON fpsiceldnpietethatibs kemputer-teadghle medjum gouldeembe

access nmenory (RAW (magnetic), a read-only nmenory (ROM
paper or another suitable medium upon which the program is printed, as the program

can be electronically captured, via for instance, optical scanning of the papei' or other
medium, then compiled, interpreted, or otherwise processed in a suitable manner, if
15  necessary, 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 detaji 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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(magnetic), an erasable, programmble, read-only nenory (EPROM or Flash 10
menmory) (magnetic), an optical fiber (optical), and a portable &SvRR{ 280X
read-only nenory (CDROV) (optical). Note that the conputer-readabl e nmedi um
could even be paper or another suitable_ nmediumupon which the.Jor Oﬂéam IS
printed, as tbepprdryicspmayancinde, bubarmehlisdieryo.capder euplay 4 Upberahstitlce,
optical scanning of the paper or other mnmedium then conpiled, interpreted,
or otherw se BuQGasATE intercs Wirtaphistermporier Genefally, shineysiswanyy ranany héa
stored in a conputer nenory. FIG 14 illustrates a typical conputer or

processor - basghsarsiredTidehe PlatBms hAG iopblafihe si4aat,  iatlatingy bof néthiémiredts, ol
system 1400 (described in detail hereinafter) of the present invention. As

I & xS RO G B AR ARAANAL) YRR NTOR R BecEsens. 1412

perating sys the 20 meénory 10

14 may be any_conbi nation of vol atile and _nonvol ati | nor |

such as randomaeetEd syelasr 1AQSr of BisdPTSFAY IREHHPY. &?rﬁngoﬁéés@%ﬁ%ﬁ be
accepts instructions and data from nenory 1414 over a_|ocal interface
1418, such asdexciibesitesdinafictresidgsinanemdryd 4l b endisexeored by thedrecessps 2.

devi ce(s) 1420 and/or one or nore output device(s) 1422. Exanpl es of input

devi ces may i ncl udehe PukchRHEAKIG. 15 Ehows theofuneticalityednd2dpepaiion, ofa srefemedr
an ATE interface, or a |ocal access network connection. Exanples of 19

08/ 09/ 2005 out il JEH S IR sylem ity BbRIATh MITTILE A Rpicted G

displalyl, a Univers eria anTElzit:) rtface, ?r a printer port. 4
Ge : ' '
Conr oy sy e T e T i bR R oo e

Uni xTM Sun Sol ari sTM or W ndows NITM operating systens. 5 _The cont
system 1400 of ICHe bertestedhis @WWGNFTQOHEEQ*%‘&%F SHE- oF TORRTHRS %@P&( Eﬂg{ 2

described hereinafter, resides in menory 1414 and is executed by the
processor 14i2ofileThata édrrespimatitg tf thElIG. tolle testodvnaytie feasived. ofueh piplidmdata
operation of a preferred inplenentation of the control system 1400 depicted
in FIG 14. Ag.AdaRinflee®ul s BbGlimited to, information relating to the type of IC and/or
electrical continuity information corresponding to the interconnection of the ATE and
the IC, among others. The profile data may be provided in numerous manners, such

15  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 proceeds to block
1514 where the data is evaluated, i.e., a determination is made as fo whether testing
may proceed.

20 At block 1516, the IC 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., intermittently throughout 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

20




15, the control system (or nethod) nmay be construed as begining at bl ock
1510 where 10 an ICto be tested is electrically interconnecte®8d@%/20K05

"Proceeding to block 1512, profile data corresponding to the 1C to be tested
may be received. Such profile data my include, but is not_limted to,
i-nformation ré&fat pefdurgionme asyfseirest thaPraness sray Bpeset 9 Blerk dork ?\’hﬁﬁeﬁ@e test

i nformati on corresponding to the interconnection of the ATE and the |IC
anong ot hers. réenbs prayf be @exficd swaly adsebyprepwitihgdati keas Lavereoess thepafnmentiongsh
1-5 as by being provided in the formof an operator input at a work station

or as a respopsRessiferd 1HS- 15221 Théresfts] Tnad detemimeli®doti@ dgam RnAideghtest
circuitry by the ATE, for instance. After receiving the profile data, if

appl | cabl e, _thie, Q08P RPliSHiRE APLILIRAOBES AR eLOmbl BKecdl Bilo RIS Wie dt 2

i s evaluated, 1. etermmnation | whet her testing may

proceed. 20 bl ock 1516 | C under . test i rovided,. by t.he ATE. with
appropri ate Ai(r‘ B}‘Hl%g rﬁ&“?@'cﬁﬁ?‘g?‘éert 3§ fehgmi dStBFtotg‘ﬁ iQﬁg{ncﬁ{%[ng %geéirfé\’n
recei ved, such as by the ATE, wth the data being received in any suitable
manner, e.g., thepresess magprqoged orljoghbiAd whase theguegasgmay érBunaée. af t er
testing has been conpleted. At block 1520, where test data is eval uated
and, then, in bl oclAslisZRowa, erhte ATiBBtused taneyt deintapracdsir¢wt, WreARErshotld | C,
.25 and its associ ated conponents, are functioning as desired. If it is

determ ned t hgd c41112a129 tBLARE 3RASt 5 pR vtEng Acduratk SnélRtireliént | ABIHE pAsent

desired, the process,may proceed to block 1526 where the test results may

e voL L5, Sk PRl D8t 10 RUBR, AR AR LISl
lr)r:aggkt ggtgg m%%clwid %gtpe]; o?x%teé.or'lll“yrf)gf]ca? %rigre ?ul'trs% u’tiotnrs]efcnp 21 c({:rggs?ng e sgu%(s:eo?’d to
calibration have included: 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
‘15 circuitry to a size where use of such circuitry within an integrated circuit is no longer
practical. In regard to designing the test circuitry to be invariant to PVT, providing
such ‘invariance is effectively not possible. For instance, heretofore, a typical solution
has been to make any PVT variance easily characterizable and predictable.
Additionally, this technique also may cause the size of the circuitry to increase to a
20  point ﬁhere its use is no longer practical. In regard to deliberately failing to calibrate
test circuitry, obviously, such a technique may result in test circuitry producing
inaccurate results which may lead to an increase in the number of improperly

functioning integrated circuits being shipped or may cause an increase in the number

of properly functioni‘ng integrated circuits which are rejected from being shipped.
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IC may be rejected. If, however, it is determned that the ICis
f.unctioning as desired, the process may proceed to bl ock 1524 WHof@IYRHOS5

process may termnate. As is known, when ATE is used to test an integrated

re that rovidin

circuit, the ATE shoul d.. be calibrat 0, €ens i Lt 1S g
accurate neasur emefts® g Hr?{ér%;eetgé:ﬁﬁgmfen@gﬁ?stjﬁlﬁc%%\c/’lfgléasp I%Stegﬁl refolaEct ed
ATE functionality, calibration of the test circuitry also should be
performed. Tygrloaing prederreg ¢alibmtion insihod wpraddedoios thgpyrpese; of dligstragen, and
calibration have included: designing test circuitry to be self-calibrating;
desi gni ng t esnot for theuptrpysetad lhrititionardashtownoindlGc é6,53 predirtedgugtheth d600 for
tenperature (PVT); and not <calibrating the test circuitry at all. In

regard to sel éalﬂ)aéthigrt@ﬁtidih@uiu@sﬁre&iﬂﬂjdbé%ﬁ’s atHI6dk 6100 \8KdIBidesignabat sadkioflahy

causes the di sadvantage of increasing the size of the test <circuitry to a

Size Wher e USg; Qa8 Girchil "6 Ubd fokrcl! ;ﬁ{gid&nﬁ&téd’{oeghaé.sqirgfegagﬁi},twﬁei Q%i%ctﬂﬂger

practical. In regard to designing t test circurtr nvariant to
PVT, providing .such invariance s effectivel.y .not ssi ble, For.instance,
er et of or o, OREiEh o+ B apte Fofsed S fiple Aies Syt R[S POATAGH 1R Girc Rl Ry
characterizable and predictable. Additionally, this technique also may
cause the si z3sematethavity qagh imstance of ithit csebdesiena Wiksh e capldgused, conigrdings no
| onger practical. In regard to deliberately failing to calibrate test

circuitry, obofithephys testhebARE} achrdsqiepictalyinrideck 1610) frefstably includes ywerely
produci ng . i naccurate results which may |l ead to an increase in the nunber

of i mproper | yeonhdtiak tROIANGE kbRYbALRRNe Hstdnbid §f B! AuittebRRd GhcdBiYfefediiSe
an increase in the nunber of properly functioning integrated circuits
whi ch argqrejifeleds bF ﬁmrgféa?e% C?H:H.lpt%glgn %rle aSSsullgedl & bZeOid%étic%? O RPect-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 cifcuit 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, measuretnents may be taken by either or both
of the ATE and the test circnitry. Thus, as depicted in blocks 1614 and 1616, the

20 | process includes the sfcps 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 circuifry measurements may be adjusted to match those
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.Since it is preferable to calibrate the test circuitry of the present
i'nvention, the following preferred calibration method i s provi dé$/£02/2005
purpose of illustration, and not for the purpose of linmtation. As shown
in FIG 16, a preferred neth 16Q0 f alibrating test circuit
breferably beBERErERems oRina T A é%?esf%aﬁ % 15 PEOSSFS HAY PW@%%@%@
circuit to be tested are connected to ATE. Preferably, when a circuit.

desi gn, e.g.,Placlhadtl4 sands adoensit iapl described reimbafosn Wil itlkenfestc alircrisnt
circuitry is associated with each instance of that circuit design. Wen so
configured, coemaedmends acf agfreprimaely datibtdiel. AUnce appropaiatedeqlibedtizg has béedck
1610, preferably includes nerely connecting the ATE to one or nore

i nstances of idpfeved théhioclRThB endDbithGsWepfRiIGRbIodkNhaNCes of the repeat ed
circuit design are assuned to be identical in their defect-free electrical

dosign iy be. aseurbtraRe: Farkpiod R RGN B IR Uirieh

instances of _that.circuit design. It ei’s‘goul_d be noted, however, that since
each i dent i cdleS§THRiCEn dbiSgt uitﬁgpeglt%@ﬁ austixe ABtP Hmitihe miveaion fodhs precise
defect-free el ectrical behavior, only one non- connective pad of each pad
type need be fomny idissthsedi t Modifleatiolth bi onsbtianseareoposstide pmdght refythbeabove
utilized for added error detection and conparison. Proceeding to bl ock
1612, test citeahingsy The anisddigent O eMbdiinknA THs@Rskd RewedRPHWRRY tldsen bagt
circuitry now enabl ed, neasurenents nay be taken by either or both of the

ATE and he eakibed s frbile kW8 iAAEBY o b AEK St MLl BB e

process includes the steps recel vi ng nts and recelving test
circuitry, neasurenent.s,.respectively.. At block. 1618,. a detern nation. nay
e mde 48 T BPRlR ARBloy ol RSy Situn e SiraRG ke ¢ Baro R be y
data appropriately  correspond, thereby indicating proper calibration of
the test cirEWeREgn In yaroysgebediments aud withvarpinegdificationsras are awitpddadhe s do

not correspond, the process may proceed to block 1620 where the test
circuitry nepsticelaenss coymphtaid) Adl sctht modidicationsharke vaitiods, 08¢ 20hn 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.

15
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5 10 15 neasurenents obtained fromthe ATE. Thereafter, the process may
proceed back to block 1614 and proceed as described herein bef &% @8¢i2005
the test circuitry nmeasurenents are appropriately calibrated. Once
appropriate calibration has been achieved, the process may end, such as
depicted in block 1622. The foregoidjgchescription has been presented for
purposes.of illustration and description. It is not intended to be

exhaustiye o 1 Ou bidilol i GtV SNt A ileli® (R 9€ hatid WOk pad 0Sed,

Modi fications or variations are possible in light of the above teachings.

The "enbogli ngAk, ALy %e%?%g es%%%ﬁg{ﬁ&ﬁ&g LOMBNS the IMRRSTSPAS BAVIiENd.

descri bed to provi ration of the principles of the

i nvention aé‘gecéi{.resrtcoﬁtﬁ%ﬁh:tg?éceiﬁééyhi'g&étfﬂo&”a Lol e¥ma RGN eC @R@to0f or di nary

skill in the ar 0 et invention in various enbodi nents and with

various [rodj ::)iaﬁe?‘;'lgi@aﬁ siptial H 1 séo%}ﬂctﬂ?egeté,gaih%ﬂmﬂ)@&ﬁﬂrﬁiﬁgar use contenpl at ed.

Al'l such Icatfons®and varrations, are wthin the scope of the
invention as deter . ed. cl.ai. LT vihekdacet ed in
accordaﬁ%e mﬁth‘ﬁﬁ%kaﬁg%%¥ﬁ&%%mgﬁﬁgﬁgFﬂ§§eg?gﬁ?g?rIQ and legally entitled.
23 08/ 09/ 2005 CLA 1. n&ﬁp P Ahrk HieF ab&doG rcuit (10,
the IC Héving apﬁpggﬁgééﬁmtém%on ?%J%ggﬂggﬁ% gignal interfaceof%r

conponent s ext tQ.t IC, the first pad having 3 a receiver

confi guP}ed tf"ée‘?{edgegljlir\s/té’%%ag?gnal froma conponent external to the IC and to

4 provide a digital.si. . 4 & D cicefldly wRlcR@thecsor i sing: 5
el ectricall y i nter col ﬁegﬁa}{aygéjrﬁgl%g@ég t‘% glgt equci pmeé%%l (ATE) with the IC 6
providiqg a%dleast one stimulus such that the | C neasures driver clock-to-q

7 time of thE first pad; and

i 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 stimmlus 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 I, wherein the IC has a plurality of pads, and

2z, wherein electrically inferconnecting 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 conésponding to the driver clock-to-q times of more than the

5  subset of pads can be determined.
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a receiving information corresponding to the driver clock-to-q tinme of the
first 9 pad. a 2. The nethod of claim1, wherein providing at |G3509428£05
stimulus conprises: providing the at |east one stimulus fromthe ATE. 1 3.
The nethod of claim1, wherein providing at |east one stimulus conprises: 2
enabl ing, a §irstrfldefod bdaifl1, Wh&eih GrovRlinglaPMhsti bnedlimalut paitiprisesgnal to the
driver of 3 the fast pad; and 4 evaluating an output of a receiver of the
first pagd corre | thRdHide aR ofilpBiNiddnaloh tehRivéd ofste firsd p-f1op. 1
4. The arrgt hod o%ﬂég){ﬁg%%%%p%%ﬁ the IC htgs a plurality of pads, and 2
wherein gl e%atdri cally interconnecting automated test equipnment (ATE) with
the 3 IC conprises electrically interconnecting the ATE to a subset of the
plurality of pa : c t ook i I patahicng the otfpet dri ver
cl ock-to%/q ti mgﬁ%}#lﬂ%%e@%lkgﬁ Eeﬁ%&%'mgﬁ%‘g&qﬁ‘gf@g?ds cgn be dedtﬁerm' ned. 24
08/ 09/ 2005 15 .They method of claim1, wherein providing at |east one
stimulus conpri'ses: 2enabling a tinmer of the IC to provide an output signal
to the driver ofy ni@%ﬁxfhntéf‘%gém &gﬁ&kﬁiﬁ%ﬂfefbﬁtpu Bl foGhd &SRRl a driver

[ si gnal ;

out put correspondi ng t e output and 6 determ ning an interval
bet ween proy| @glz“i@,ep t signal to the driver and 7 - receiving the
driver out p’)rﬁ(f‘e%l . heb%#hod of claim1, wherein providing at |east one
stinmulus conprises: 2 determining a roundtrip tine of the first pad; 3
determ ning a receiver setup tinme of the first receiver of the first pad;

and 4 eval at i ngyl ek Pusishih | WhddifTrodihe bl Yeast 650G &gt | M 10

det er m ne
2 determining a roundirip 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.

i 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;

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

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

» 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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5 driver clock-to-q tinme. 1 7. The nmethod of claim3, wherein enabling a
first flip-flop of the ICto provide 2 an output signal to theocﬁlfﬁl@??-_@f@5
the first pad conprises: 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 firsy cl mhet @Bk ARG, ME RdwH M@rahie adrthopletgftie 16f the first
flip-flop to the driver. 1 8. The nethod of claim5, wherein determ ning an
i nterval between providing the 2 output signal to the driver and receiving
the driver output further conprises: 3 conparing the interval to a known

interval ,sugh that. | i b & ~to-q 4 tinme can be determ ned. 25
N S R

08/ 09/ 2065 claim8, wherein the known interval is a

clock cycle of t Eﬁ&ﬁﬂ{,ﬁﬁ $tth Gl 1ERA borlibiOdf ainidy s8d ng: 2 a
first pa% el ectr?ggi%d%%%ll cating V\nl?éth at Ieas? a portion of said IC
said 3 firgt DAyl b k YlRtiva@ndicddd drivbr beBgRbiBredsai d first
driver béinén%g%ﬁﬁgﬁ §3g§gnté1%§g§%%§££yfirst pad output signal to a

component, - ext erfale L8, £3 | oty iy Qi 1Co sdxefimgrecstve i gured to
de aﬁcli}t Ip%(% ﬂ{l}g.lst I!s%;}aé cﬁz}%(l)ﬁrgoﬁéﬁ eXtéihdl hd/

receive A fPIStef a conmponent external to said 6 IC

o L POV ol ARS8 £ oo b e ver
1ot Lost e TOTL Resfl b @3l Dopimiedit amar o
020, 1,8, kSl ppdtiRighianc 1111 oSt iUt 1s
cau PTen, (ATE) 2k b ASRAIRG ool By oot iiansieinst i o

IC of cl gi m. 0. MIRE &) Be Seobid 8lq e ufiti@yhd. has a first flip-flop

‘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

2 second time interval after a clock signal.

1 13. The IC of claim 10, wherein said first test circuit has a tumer configured to
2 provide an output signal to said first driver of said first pad and receive a driver output

'3 comesponding to said output signal.
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2 electrically communicating with said driver, said first flip flq? ggiq?
configured to 3 provide a data signal to said first driver for &B£PP12005
time interval prior to through a 4 second tinme interval after a clock
signal. 1 13. The I1C of claim 10, wherein said first test circuit has a

timer confi qur edrhorc ¢ PRV deherih R Mt ted iclidbdd is bonfig@ibditofdetesbinelai ver of
said first pad and receive a driver output 3 corresponding to said out put

signal . 26 Q@dﬂ?’&{paﬂ%f Tnelffst phil Qetefmifé a edcdiven sidp tinl of @ik firss sdcelvdriof st t est

circuit is configured to determne a 2 roundtrip tine of the first pad,

determ ng a g LEQI METand GhdtRitd thdButiris fife bid it recao@isway timé fo dhtehhinef i r st pad,
and evaluate theroundtrip tine and the receiver setup tine to determne 4
the driver Q&Qﬁ#@#éﬁéL%J'mEa 1 15. An integrated circuit (1C conprising: 2
a first pad electrical 5 comunicating with at |east a portion of said IC
said 3 first pad having a first driver and a first receiver, said first
driver being configured to 4 provide a first pad output signal to a

conmponent, externg| . i : id-fhy.st receiver s being configured to
L exk Hﬁéﬁrﬁé’ﬂc c C)ﬁ:@ifn ridihg:

receive a first pad rnput sigha oma conponent external to said 6 IC

and. 10, PLOVI de.  § BiPoSORANSRY i Bicie &0 36 b forian bf o 10, ece! ver
S1 gha

di gital out put I'n response to said first pad input signal; -and 8

means f°§a§§a&gg§i G A0 AR O § Rt REROARDfirk ot cwiguiadas k- 0- i e

of 9the of claim 15, wherein said nmeans for providing

| nformatjon, i ipd Wb Bsd 1CS b Adst deteivehe driver of
L LIPS TSI 41 Qg o 1 .

the first p . val uating an output of a receiver of the
first pad coupeaRapbag ity Bh Rt hhANRm 2 SdnfpondH exthiGalas sald ai m
16, -further conprising: 2means for determ ning an interval between
providing t f@mﬂf%%&vi@é, @2 borhyRnldd $nternal 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 evaluating 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 kmown interval such that actual driver

s clock-to-q time can be determined.
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3 driver and receiving the driver output; and 4 neans for conparing the
irnterval to a known interval such that actual driver 5 clock-t &8/ @8de0dn
be determ ned. 27 08/ 09/2005 1 18. A system for measuring driver clock-to-q
time of drivers of an integrated 2 circuit, said system conprising: 3

autormateq tggt egul EineC@Vel GIEER- Qm@! FClivis 3k lay ihtedrte€onnect wi t h
4 an IC gndq?b pgg&\%&%g’}gﬁ &%astgcone sti rrul%s to the IC and 5 an integrated

circuit (1C).havin [ .Qad, said first pad having a first driver, 6 a
first rec%ei ég?u%snaggsﬁf%rcs@r%se t circuit,-said first driver being configured

to provide a 7 first pag bRtk (?t@)n&,%hﬁélﬂe@@i JecfiERly intcndebt®ith r ecei ver
S TI

bei ng confi gureda 0 recelv r'st pad i nput signal fromsaid ATE and

to provide, gﬂ%ﬁ}aﬁxxdqgggagﬂgﬁti?ajs{%@%ﬂluétgtl%qbgan.dg IC, a first receiver digital

out put sign r onse 1o salrd tirst pad input signal, said 10 first

Such that. 11 FHOPRRERERIO BB Chel R ol R TR R T s 1 om
o the afi verva e Bl i B UL B BRI QbR P ot
of pads, /ol preoyan S HTATE SR KRive g el feolipe . P 0RT 1Y
veaur e Fnott POLPPR el i BRCATRARM AL Hae b SRR BUER G BT et
i e A e AT ks ol e

program_.f or .f aci.l i i i : BRAHMaLid et acH iae and t he
R e c

recei ver ho integrated circuit (1C, the IC

having g fi {nsrgspgx%g tmgei%né LEST 1d28She Gkt fhom SREATE, 58 fiRAthst circuit

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

13 of said first pad, to said ATE.

i 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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4 being configured as a signal interface for conponents external to the IC,
the first pad s having a receiver configured to receive a si 9”%8;697‘2’1‘)05
component external to the IC 6 and to provide a digital signal 1n response
thereto, the first test circuit being internal to 7 the IC and being
adapted to provide information corresponding to at |east gtr:l? of the 8
recei ver setdlp t Aneompyier todable medipm, hayBIeqd COMRITTPIegREn (o, BCUIaBER; ver | sai d
conputer 9 readabl e medi um conprising: 10 | ogjc, confi (r:]ur,ed t o enable

aut omat ed t@@ﬂ@s'@q&iOBﬂ@rr@ce(vms}uptIanfp?lbgihaé%&t‘fqulé%flme P4 TSHEE Of Al us to the
| C such that the first test circuit provides information_ 12 correspondi ng
to the dfivdptematetarous (8) thedC bavingretipt pask and  frgtest gt Be BigyiPad conf i gur ed
to enable the ATE to receive, fromthe first test circujt, the 14

i nf or mat “on beipg cenfigured pysigns! infeelfeeg fox compopentsextegiahtothe JC, ge frfi@ad  r st

driver. 29 08/09/2005 ABSTRACT OF THE DI SCLOSURE SYSTEMS AND METHODS FOR
FAC! LI TATI NGavdimRsEeeier cpufigard torrejrrRssigrel frmramproricrmal t3hallr ef erred
integrated circuit (1C includes a first pad electrically  comrunicating
with at Eeastd ta ppoideiacigitalfsignhldn regpongthidereioy e fiph@stichauithgwg gerliet dri ver
and a first receiver, with the first driver being configured to provide a
first pad ouwpqtangbg‘n@mmwmo@m&mmon@;@trespm?n&team@t pes ofdhel the first
recei ver being configured to receive a first pad input signalfroma
conponeng excayyaktup dintehand 118; refdieer fhioldstime @éé’iﬂvngt regfiveh spid ©BWPEHuUred to
provide, to a conponent internal to the IC, a first receiver digital

out put sp gneerdable medinnoeeswrisiog:t he first pad input signal. A first test
circuit also is provided that is internal to the |IC. The first test
circuitits adaptiesic eafigred fogaabloaitomad tatt eaHprost (A shereride Bideashe dri ver
clock-to-q tinme of the first pad. Systens, nethods and canputer-readabl e
nedi a also encestypied dedhe ACGsuch 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 cormesponding to the driver clock-to-q time of the first driver.
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ABSTRACT OF THE DISCLOSURE

SYSTEMS AND METHODS FOR FACILITATING .TESTING OF PAD
DRIVERS OF INTEGRATED CIRCUITS

A vpreferred infegrated circuit (IC) includes a first pad eIectrif:alIy
communicating with at least a portion of the IC. The first pad includes a first 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, and the ﬁrst receiver being configured to

receive a first pad input signal from a component extemal to the IC. The first receiver

. also is configured to provide, to a component internal to the IC, a first receiver digital

oufput signal in résponse 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. Systems,

methods and computer-readable media also are provided.

FIG.5
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