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TI TLE Testing of electronic circuits using an active
probe integrated circuit FILELD Apparatus and net hods
WO m08/19$19 ng of el ectronic dircuits usi ng an aT/@42008/000609
probe integrated circuit. BACKGROUND As I ntegrated
TITL ircuit ("IC') devices are becom ng nore conplex, the
ost of testing has escalated to a |evel where it is
CI'BRtihd 8f 86dRfoRid\cikduits RSink BH USHv/pros thidghatb® EifduiOf
"technology limtations and the cost of testing. As a
result, there is a continual effort to reduce the
FIEL tal cost of test devices. These initiatives are
urther fuelled by the continuing drive to reduce the
Cc asppapdtucardpasdodsior HBHag obtlecidnid tiduite fusiagin \Wasiesobe
i over heads fromtesting and packagi ng has gai ned
integeied§i¥9ant attention in recent years, and will
continue to play a major role. Industry and market
data shows that the operation and nai nt enance of test
BACEGIR@UD™M contributes a major portion to the overall
test. cost. rrent. _solutions in place and proposed
o SRR o4 CEHO ST LAvISeR i HCPBHIEE TP QI ghe cost of
testirigiHa§ Yécaftc't8 al189dl Sthefd it & creddlli BRcdR Hethe Tedistr) bBMinltdrms
typically one at a tinme by transmtting test data
of tedhaolagp himitationsand the westoff festinginfes & tesult, éhdre fremehntinual effort to

rotndfhd R ol Y G2 R 8RS i R BuCB B Shimuine
driveits rélRigé 8RBT dpdheia Henat elginatibh oPatyeWhitale dVRiHRads

interference. Miltiple channel solutions for testing
from kestipg pnépapkeging das gaiped pnificany eeniinstin yeqent yorp, end il

_ t ; I . ;
coniBRATRPERRI Y L LANDAKEYAESHES ! 000 oy
mainfsfaiced e g pmentafontriteiss alhgbeportion to thelverallnebt cost.

reliability issues, solutions for parallel test are

limted in parallelism (nunber of sites). Further,

L P EL
Integratecedirsuitprand tased e ePevits Under Tasa[iDUFF) typaaily one at a time by
transmitting test data between the test controller and the test head. Multiple touchdowns
are performed to test a complete wafer. Due to the distance a signal traverses, there is
degradation of signals along with potential noise interference. Multiple channel solutions
for testing multiple devices in paralle] are costly to implement and possess further
reliability issues due to poor signal integrity or potential cross-talk interference. As a
consequence of these higher test costs and reliability issues, solutions for parallel test are

limited in parallelism (number of sites). Further, adoption has generally been limited to

niche markets such as memory test.

The nature of high speed and mixed signal measurements has meant that cost
effective wafer test of high speed devices has been difficult to obtain. One of the most

effective ways of reducing wafer test costs is higher test parallelism. Note that these
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effective wafer test of high speed devices has been
difficult to obtain. One of the nost effective ways of

wa pdercionty waf er test costs s higher test par adRECARN3/000609
Note that theseissues are true whether neasuring

. waf ers, .l ack d j

issucd e G o MRS et 1w PskSEedilsair <5 Shipser

aggre%@tYéxféQ)? BEitaBEd deVi€sMRbweRRaRH & aef dedidat Bither @S0t @fipable of a
ara FISH]Of can do so only at great expense. Signha

high ﬁﬁcletémataﬂehss gesan doostdnfy hf grRateppensei nst runent at i on
and conpl ex probe card architectures all work agai nst
hi gh parallel high speed wafer testing. Today high

S [Bigshi @ﬁ&@ﬂ?&ss&ésﬁ coypitigh $peed &&hﬁdlehﬁatleﬂl hﬂitEdSorﬁlbIBJQ p®be card
site or possib x2 parallelism Alter kﬂxhsone

arch%wwsgéltwr&ragwagtthlglbpg@ﬂ? dugh speed wexer éﬁstmg) ¥ Higdripged
dev1c§§§r%qg}§gag Rst8 i GHES sih \é% t tnoﬁosgﬁ?}; %2 Eérghelﬁﬂ?g\ ternately,

ausi ng unacce package yi €l Toss
somehh@hlfmmﬁed; dpesi p@@)mmﬂwﬁésor%wdreqmnynyeasuremtseﬂt wafer

rOMAn i ndustr [ as s
level é%’f&g%g rporii e R R E’g‘rRﬁS eardd opatien
spee(f é%ﬂg ihahuBed®E bl MehidRy bEsdHadikdtdsgAse dramatically.

hi's ‘presents a major” problemfor industry since these
Iead ti mes can add S|gn|f|cant tinme |n the desi gn to

Hgufacturedc cIe $£ an | rated ﬁ%ﬁ jgn a b

SHEIGAY ‘?'Scsa?ﬁ‘% ?%VGIP?P Of gHaF e‘f“’ ©

cardsftﬁat facifie ﬁlmtps&aéstﬂl@ indPEaseIdrahiticallP. b@'hi@ qm@nﬁs vhgat |y
have a rigid architecture in which each probe is

problgosor insweldy smc&z@esede@cbmmat@anaadépsmﬁqa@t e én e dgsign to

manfeHRS: R an ool bt JOErPE RS DB GRLER clcfor in

curt

theumbtt@ﬂmrle@ttble@ﬁevemupmﬁgﬁ (ATE) and the DUT via the
probes are conditioned or otherw se processed for
transm ssion, as described by Rutten in United States

F’aﬁ&&%ﬁgprzﬁg czﬁﬁ? Ic'aﬁ hwe if 'd ecthm A W B AYRobSis

that t utlo cos ective because
positélinkd e ento aaticyn QJeofﬁcM Oﬂhll dwldeemdemest 4DUIT) f Breeprobes may

d f. th PCIC') | d
be caHRIREIB AR AP SR GHOHEICY S PR S hRER AP RGeeapiayLipment
(AT}E)%PSthe DREr fikkie HE6& drdEshdYorRd ot eﬂlem@& pRRebig M zed

inal fabrication steps in the |IC process. This
transtmssu(umaz descobed gy Ritterf inAditedeitates Paicré 666t The ligpétaion of

this tef:hmqueI 1g:that the solution is not cost effective because different designs of DUT
chips require a different design of the pre-conditioning IC (“PCIC”) leading to

unacceptably high non-recurring engineering (“NRE”) costs.

The PCIC described by Rutten must be customized by final fabrication steps in
the IC process. This customization is the final metal interconnects layers of an IC
fabrication, which requires a large investment in design, tooling, capital and know-how.
This also fixes the utility of the PCIC and restricts its use to specific DUT designs and
specific DUT applications. '
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fabrication, which requires a large investnent in
design, tooling, capital and know how. This also fixes
wa tves/utdit19 ty of the PCIC and restricts its usePmCA2008/000609
speci fic DUT designs and specific DUT applications.In
addition, the contact points in Rutten nust be
custom zed to physically mat ch both the DUT pads as
Werhladasioh e B&hta‘ct pbiits in WhtidnGhust 'b%ﬁﬁoﬁ%ﬂ @&%}hﬁ%ﬂ? Match
pl aces a burden on the econom cs of inplenentation as
both the DIEE padeas welbay the PGAG dTe fmirrastiiraagsrdontact ¢onoeit dtages a
P nt e
burad¥ ort 8 oL St el e e B P Fudferpitenaspriy
knowdédpe Wi ehesDUTMefore &&P@l@lshﬁnﬁeﬂ@laﬁﬁﬁ& doBstpicteliesdifig to
custon1|nt§%fated circuit. Flnalkg% the Rutten
unac 4iaesdn PEQSHIG HPIOdE Gard ke d@ Hreiseq) toprgpure a custom
: rates of the PCIC due to electronic failure of
uﬁq%ﬁ%ﬁ%ﬁﬁﬁ as a result of die cracks and other stress
i nduced failure nodes due to nechanical stresses of

r.be pl aced ov active areas .of the PCIC. Th .
. Gk emermindimonst s v Pt e 0 BerserrEly ey retes

of th@f’Cf@ ahé PGt MALRDIFPPORT ATRBIE o F SRk s £a4 dther stress
board that is located on a probe card. This apparatus

induesdghibys mwdes deaiotménbanidaletgssecot probehplapadabyer aciive areas of
thepgf'rlgtribute signals. No processing is done to anal yse
h-speed signals and convert to | ow speed for
el i mnating high frequency resource requirenents on
the tester. Harane et in | BMJournal of Research

anBheTdpistdoyiaten tPate%lOOS@W 07RA1 desgribes eeretind of tastige a DUT
1
wind g BPAEN A 8R IGREL BGRB8 LA s

emplojaes blgcfuuabdaﬁdmtd 101 prtheosobogyrd andistbuasagmls. Nodrbiesging is
F CMOS and Si Ge Bi,CMOS technolog|§§ " They ﬁp W
donettﬂ aflalywénglarﬁmﬂw@ﬁba?ﬁe CARVeREPRRY-sPeTd rshmmﬁv&

ﬁmﬁﬁﬁ&@éﬁkérééﬁﬁeh% bR meEgpd for nmore rapid testing

out 1 ncurring |gh costs, with high reliability
and ninlnun1d|stort|on of test S|gnals and responses.

f
A R AN R L R T
date&mp&map 90031 Pag & BE1MSC ABLHBE Be Y FsiaftchRHy ih 85hbRe RF

and mixed-signal communications in “Design automation methodology and RF/analog

modeling for RF CMOS and SiGe BiCMOS technologies.” They show that the rapidly

expanding market for electronic components has led to demand for more rapid testing
without incurring high costs, with high reliability and minimum distortion of test signals
and responses. These circuits are for implementation on a PCB positioned on a load
board used for testing packaged components, not on semiconductor devices for testing
devices in wafer form and therefore signal transmission and degradation issues through

PCB still exist.

SUMMARY
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devices in wafer formand therefore signal

transm ssi on and degradat i gn i ssues through PCB still
WOeE20081191BUMVARYAccor di ng to"one enbodi ment, t IFRERCA208/000609

provi ded a probe card, conprising at |east one

LSRR S RS bR LI S b e

one réfroBERRRLRS dcBYS probéGitefiafl dirdgit PARIO) capiHI€o PEARE cAipldito
I's selected to suit a device under test (DUT) and the

one opRIoG P2 Yariegy efpreble emaysusuchithas tahenenranere prabg\arabids sdhected

. . Accordin n er ' e '
o sufy Spyig et AORRCTERR BEReRG 2B BT ned (R e probe amay
and tHOWr, conpri sing a probe body having an active probe

integrated circuit (APIC) incorporated into the probe
body. According to another enbodi nent, there is

?L‘ﬁ%éﬁfé%% 9004@&{%9 gmag?itg%sgme & ;%%g? g ﬁfd%e_f&ot'gﬁ{d;%{é ice

pr oV pr ogranmabl e active pr

undet tostgPUAT) ecbmprising 4 pioBPb&y hpiingy adadiiye pratenfiiegratealdireuit
robe array in.,co nication with the at | east one

(AP@PI"E?WEW& fosthe r bﬁﬁiﬂ'evi ce under test (DUT);

reprogrammi ng the at |east one APIC based on the
characterization of the DUT; and reconfiguring the
prAdrerding tyarotise émbndinteat, dhere écprovided a mmthagtf oftfhenibe/. probe

Accor.di ng t o _anqt her . enbodi nment tive Probe _—
card, CFFBH RS Tt PO (PF P o nal gl praRefegrated cirui
(APIOY; %\f{&'fng ald@nfip&rable PhsbeRtatis chRniuntaib@iveth G4t édst one

signals Troman Autonated Test Equi pnent tester

APIQ;! terizipg sidgniar yndes tese (AVA &dreprogemmige dcatdenst epe APIC

basedgcgrg ﬁlg%aéteﬁgat%‘% otf{i?her ﬁ%g?] gn(? %ec?#%%isr{ﬁgtge ?ﬂ.ogg g’)ra ebased on the

on or lTosses, espon
charagtcginadich éfithe DR or nore DUT's to control signals sent
to an ATE. APIC devices can be used along with
di fferent probing technol ogies, such as cantil ever,

vegtd - COon

cyscaf b A RBGRON ARe OBt FPCREAR ATIC)
devic&?l prel gl?]dmﬂgine)gmm;e Mmb@ paihts tb draaslBTontTéleigna)sdram yn

0] | - eed an | Lreguenc rocess,| ng,.
AuoareloRerb BABmEREep QRIS T Bt PRI S ugflaq g or more
DUTSPKEH 18hEulce 85 eleitateVsignal degradation or losses, and to translate response

signals from one or more DUT’s to control signals sent to an ATE. APIC devices can be

used along with different probing technologies, such as cantilever, vertical, MEMs and
non-contact probes. The other advantage of using APIC devices is that it be used to
supply high-frequency signals to a DUT. The majority of high-speed and high-frequency
processing is performed by the APIC to facilitate the use of slow speed and less costly
test equipment. Further improvements in performance and high frequency signal
integrity can be realized using an APIC device in combination with an enhanced probe
needle configuration such as a Ground-Signal combination, Ground-Signal-Ground
combination or Ground-Signal-Signal-Ground combination. Other embodiments include

(but are not limited to): 1) forming the probe needle and APIC into a single monolithic
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test equi pment. Further inproverrents i n performance

and high frequency signal integrity can be realized
waosigoar APl C device in 00|5rb| nati on wi th an aTAOL™A8/000609

probe needl e confi gurati on such as a G ound-Si gnal

circui ogﬁ(ﬁ gf\tgﬁ}%gfn %f %iﬂaéll &@%MO gﬂ%d gtl |on e@n}%@oz{n APIC into |

thepﬁapgggd[@nts i nclude (but are not limted to) 1)
form ng the probe needle and APIC into a single
monolithiccircuit; 2) direct attachnment of an APIC to

; %@Wi ng an APIC into the probe
BRIE%‘:ee ?@ﬁl#&ﬁﬁ%@g&ﬁﬁl OF DRAW NGS These and ot her
f eltiess &)1 othérl fedreree well bedotneapp@rappareiitrfeomm theefollokingwestgiption
description in which reference is made to the aﬁlended
c

in Wlmhawquasce 1§ Fedelfoatherigaended dragyingsy & Wg%a@r for the purpose of
illusul%élyﬁtlsl%ﬁ%(}l %g’nggﬁi/en@&ijtoqeq%wlvg%@*ﬁ Qx? eid€ i n any

erern PRI(RART IS
S cfﬂéirrma ,ilabeilied FRIORI AR Py o fschematic dzagparn luepﬂmﬁ&iof a probe head

tlone ove a DUT i reparatioon for. testin
positOR RS AR Bk PHReraR PN R B AR PE L CPRIER AT i s

SCE"I@mi‘B'lﬁbéileaQ"R@CBROARQ“Oﬁ\é@ﬁEnhéH&Qﬁaérﬁﬁtof%blﬁeﬁﬂbna?'tc%t tem.
| abel Il ed PRIOR ART, is a bottomview of a probe hea

halGng, bbdquaﬁRIM fsor bqtm *alcm of@ poehe head baving geveral
rob (%n é’&ﬁ o S 1 nt t ts %[ﬁ.schema_tlc
R R g§ ’]’5?888 RE&E™ AT pl%" ?’b? ustrative
PWIRSESs a §chBinbli @¥RErapd @D%Srobgh@d wih 5 SordllehtAQ Y& puPbses,
singl e DUT probe card. Fl 3c is a diagramof a nulti
cantilpVAr ppse card. FIG 3d is a di agram showi ng nul tiple

AR ? s Qlﬁ]h e through 3g are

di I%alg}r t%ﬁ?%ﬁﬁ bin% ﬁ‘g:l };B{aﬂ ter nat e conpani on ground
| i FI€S 3¢ I {xdiag@am @faamhltODkITCbra@’mal of a first

enbodi ment of a prohe card. FIG 4b is a FI ock di agram

of F1§. éée%ﬁéla%é}%ag npitiple APEb desting a single®Ude s a
bl o) 3dHABLAM PhreRid FhhdsIMARE APREL with afteBERRSmp3Aitn

ground lines.

FIG. 4a is a block diagram of a first embodiment of a probe card.

FIG. 4b is a block diagram of a second embodiment of a probe card.

FIG. 4c is a block diagram of a third embodiment of a probe card.

FIG. 4d is a block diagram showing components of an IC for translating control
signals to and from advanced testing equipment and stimulus and response signals to and
from a DUT.

FIG. 5a through 5f are diagrams of examples of architectures for the mutual
positioning of the probe and IC for contacting the DUT.

FIG. 6a is a schematic diagram of a chip having inlet/outlet ports and an IC used
for translating control signals to and from advanced testing equipment and stimulus and
response signals to and from a DUT.

FIG. 6b is a side view of the chip shown in FIG. 6a.
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FIG 4d is a bl ock di agram show ng conponents of an IC
for translating control sirgnal s to and from advanced

wa Bes/1g7%equi prent and stirul us and response S@NEAXR0%/@0609
and froma DUT. FIG 5a through 5f are diagrans of
exanpl es of architectures for the nutual positioning

of G- 9s ip Epeviaw @f e ahi shogmiaditnfat he DUT. FIG 6a is
a ' ' - G ' i nl et/ outl et

oo SR bE S A0 B oo B R O, ol st gnal s

t BIGr6@d if & side atbwaoCthd chipshown iefLG.gent and sti nmul us

and_ response signal and froma DUT...F.G 6p.is a

Fite il R e & BRI B s Seilisist sl o
serialit @B RE clo€ tFMk RirsllPWRlet ResF 1 G 6a. FIG 6d is a

ottomview of the chip showmn in FIG 6d. FIG 6e is a

sFH& 6giewsule vi¢ve of theghptebewniin FEG®f. 6d. FIG 6f is a

dj f.. APL.C chj h i, d ial,l '
o P bR A e
well a4 B&eflizh®sH andFdeGeri@lizatidon Furfdtidfs Vios¥toQhe tid@uitkidRr fBOWN

in FIG 6f. FIG 6h is a diagramof an APIC chip that

pFUyi désa pidaniey ofdbe chip shewiein BKE 08s wel | as

S d.zat | -gerial zat NS close to

tEéé'géjrl%%i’?rgﬁeﬁgggvggs : Hﬁwlﬁ@fc A&gcgﬁ?ﬁ%gw\'li'ew of the
CRi®. slhewpetspettive. viéh of EFhfenobihid APEC prid probe wiithelivisional

~of a nmonolithic APIC and probe. FIG 6k is a

signal EpesEBEi ve view of a nonolithic APIC and probe with

digYes 54199 RberShARTL vRHPSESSbAGithic! APTCCank prébd

perspective view of a nonolithic APIC and probe. FIG

6 G sora ipepappative eiew e odnditihio R ICt dnd pretie) Witladiyisional
. probe with divisional signal processing. FIG 7ais a
signalrAeRIEifBc di agr am showi ng the conponents of a chip

desG9ned afsBherh iR sROwHBitAe EsRPdRNEASF.a chip designed for

interpreting data from a DUT.

FIG. 7b is a diagram of an APIC which includes a source measurement unit
(SMU).

FIG. 8a is a schematic diagram of a plurality of chips that are severally in
hardwired communication with advanced testing equipment via a bus.

FIG. 8b is a schematic diagram of a plurality of chips that are sequentially in
communication with advanced testing equipment and, optionally, each other.

FIG. 8¢ is a schematic diagram of a plurality of chips that are in communication
with advanced testing equipment via a bus and with each other serially.

FIG. 8d is a schematic diagram of a plurality of chips that are severally in wireless
communication with advanced testing equipment and, optionally, each other.

FIG. 9a is a diagram illustrating the transformation at an IC of a low frequency
signal from advance testing equipment transformed to a high frequency signal for

communication to a DUT.
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FIG 7b is a diagram of an APIC which includes a
source neasurenent unit (SMJ). FIG 8a is a schematic

walicagremtoof a plurality of Tchi ps that are sever@/CA20081000609
har dwi red conmuni cation with advanced testing

G B e o ek b o Sy i ST
an IC @3{%{%{@;& al g%r%gw%ﬁbg SF {HeG 2R ald B e AREnced

i ) _ _ c I's a schemati c di agram
testingodquipnpdntir al i ty of chips that are in comunication with

OUNEDEEs pidprapt Merbng s ign oot siend i Clif BfiGproed

by theRCUhalthd Xe@s fhdbh BR bl RbmRiiRi@RM_H Fhd adviaflool te@ing BFuipment.
conmuni cation with advanced testing equi pnent and,

OFIG.dfdllhsrrates Alshtypeshefisigrrl Eansformiaions eing;thgrmctive probe IC in
) i .l ustrating,the.transfor ion at an IC of a | ow
exther](ar)é{fagﬂgﬁyrgggﬁgfCb%)g%crgvga\rpgﬁée testing equi pnent
t FRASMGNRFAtdsehesdyueitial pedoranaye 6f @rabstioarone DUT within a
communi cation to a DUT.FIG 9b is a diagram

seriespf hi¥{Fati ng a hi gh frequency signal from DUT

UERDSHOMIRY 2 BtotBh1 16t doRafet i@ WeddRtltERShorIhaT. T Or
a7 aRrosp St e

conmruni cati o the sane data'to t anced testing
efgLG preanllustiatesSsinfidtansows, phrallge] perfoinanst patestsgnacirgDUT

. frequency signal froma DUT interpreted by the IC and
using ¢/ EeRiSt s from the test communicated to the advanced

X3¢ A RTR Rl k&R, piailbll gasbFRARS of Rt b RRSradDUT

signal transtormations Using the active probe ICin
using advdneed {ative prabes that tar besadigored @bpeedsdei ver node. FI G

1111 trates th equent i erf nce of ..on t

o Gk ThovS b oS Ra oD fesfi O O ehalei 80 BrebeS
PIRAG OLPEholwRla prOH3881ahE Prtaldd GitERg bBteveRS DUMusthg Bdtike probes.
FIG 13a illustrates simultaneous, parallel

p&IG ol hehewes agPpressstalivemnasiel ef msingderrantdeyeg PEAS ve
Bﬁagﬁ%ﬁl&g‘a 1%?@%1{11'5%&121%%2{1/%?%@ lg’f#_l(tdg)1 %9.%equgﬁtfya(6}fﬂ) fora
single cantilever probe.
FIG. 18 shows a representative model of a balanced cantilever probe.
FIG. 19 shows a graph illustrating insertion loss (dB) vs. frequency (GHz) for a
balanced cantilever probe.
FIG. 20 shows a graph illustrating an improved insertion loss (dB) vs. frequency
(GHz) for a single cantilever probe.
FIG. 21 shows a graph illustrating an improved insertion loss (dB) vs. frequency
(GHz) for a balanced cantilever probe.
FIG. 22a is a perspective view a probe configurations using a cobra probe with
two grounds.
FIG. 22b is a perspective view a probe configurations using a vertical probe with

grounded guards.
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usi ng advanced active probes that can be configured as
needed. FIG 14 shows a protocol for sequenti al

wa mes/img7oof DUT using acti vl probes. FIG 15 SHOIWSAZ08/000609
protocol for parallel testing of several DUT using

active probes. FIG,K 16 shows representative, npde f
SFLG 26 & eprechivaYie iobabe pambSuTHIons GRS & VEigprove and

. ) . . I

o pl B8 T4 o ESRREARY) Ko BOABEI( Gt
r El6}. @24 s apérvpectivel glevwod pmbb adufigretiona msing @werticpl poke and
FI 19 .shows a .qr illLustrating insertion |oss (dB

two grgud gy Ly e ERee LA A s AR T8 By o

Fi16. 239 shRWVS GRowdHdadiBnall dipsdl IGrouRd catTigubd@iof wth cobra probes.

insertion loss (dB) vs. frequency (GHz) for a single

cBKi.i23bwhowpr heundrpignalsSignal Herpynd ceprfigyration| with Yeatigahg

an i nmproved insertion |l oss (dB) vs. frequency (GHz)

Yor a bal anced cantilever probe. FIG 22ais a

per spective view a probe configurations using a cobra

probe with two grounds. FIG 22b is a perspective view
DETAéLEDdBESGBFRTI@ﬁati ons using a vertical probe with

9 rfﬁ? Hgagssgﬂ%reﬁﬁv Fhdfes t%%%éus?x%b ‘E&%Qg&ﬁﬂe&ﬁrevfo? Ws@infr Obe
confrgurations using a vertical probe and two ground
electrptiad ekd cdss aldaini partion 4r intagratej aprcpigx@GY Eftag eohicepises vobered to as
w ,gro%gdg and touch pads. FIG 22d is a perspective view
acliVg PHI9§Be configurations using a vertical probe and two
ground guard isolation with dielectric between grounds
and touch pads. FIG 23a shows a
GTbepdnSplgs af bShdmaiprarasemanddbe friethadzare anpligpblp fargseking

robes.. Fl 23h .sho .G.ound- S | -.Signal - G.ound
and R PR T O S PO BT 1 o BBk o B st
applideESis e LONF Theial b &rtdesériadinetSkVes), ehé@h@y, loicapdreietric,
o a{)r_obe card architecture for testi 9. .
digital signal processing, and analog circuitry and digital devices. The process and

probe

apparatus discussed herein is illustrated using as an example a probe card having an
active probe for RF wafer testing, using RF as high frequency signals. It will be
recognized by those of ordinary skill in the art that the principles apply to several other
applications, such as to test, for example, high-speed digital circuits, networking circuits,
microprocessors, high-frequency circuits, high precision analog, storage devices, and

mixed signal circuits.

Using RF as an illustrative example of its application, the signal integrity issues,
costly RF instrumentation and complex probe card architectures that all work against
high parallel RF wafer test capability using prior art probe cards are overcome, thus
providing greatly reduced RF wafer test costs. This solution allows quality measurements
of important RF parameters such as frequency, power levels and noise figure at wafer

level with high parallelism. In addition to RF applications, it will be recognized that the
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el ectronic devices, and in particular integrated

circuits (1C. This concept is referred to as "active
wroobes17 The principl es of? both the appar at usPCandA10h&000609

nmet hod are applicable for probing and thereby testing

I f ol I I
teachlpﬁ‘dgiev e%ﬁ% i%%ﬁ ?r?gg?alls(gﬁge ussleé]?p ru gahglg: t(? gttheln s(:)lggnalllnrlrgI g.r?ddICt °
tcdn“gglégl|zer/deser|alizer (SerDes), nenory, |ogic,

anetric, digital signal processing, and anal og
CIrCUItry and digital devices. The process and

ar at. i,scussed,.herein illustrated.usin n
oAb e B RS PR gf s el R oG eSicado B b 1o
and 2 V"ﬁflﬁfrat‘i\%sérﬁtf&hmétﬁé Bﬂth@%ﬁﬁ&aﬁb Ghil tHeRWeRREH bl WM rRferérice to
Il be recognized by those of ordinary skill in the
qu’iﬂmmughdﬁ the principles apply to several other
appl i cations, such as to test, for exanple, high- speed
digital circuits, networking circuits,
DG O iUl G QFSE Ghe tYPediT-ald Qe8 BaY syBitdnt Haisg a prdbie. card 10
pr.eci si on anal o storage devi ces, and m xed si g

compisipg atess headsli0R dhathaga P& substae 1 G atléCebQé @ﬁil @ péiirail%of

conta&%% dt€ A8 Prondrlihic QH %\I’l i 1%%:@'%% éu%% S§lghaldare
trunentati on an e Car arC ite Ures

receivict by sabstrator(d fagalal‘tﬁ cbnntghlep &lcéiil dsebtoRiativadse eqtllpmbnt (ATE)

110 of AT VibdRA e Gt Pt g e oD A H LSRR EREL i
prems}_(m shakp REI98 palvePysnd lS%bét?aYe GRS TR0 $mfbrl ERQB leRRtrical

paraneters such as frequency, power |evels and
comnnmic@eom iGrntast pointsalid8machesselaotadHram gesiljzat aliet:telicalémondnctmg
rec o

contaftfigane ekt APREET U €€ rodftiotb al e e SRR 18Ree oo

array betoHid® Poin® 04NRYa BUINAIG dontBataahbrbbe E£8 0N BOLER into contact
There wll first be given a discussion of the prior

with QYT Wisteach ef entast poipts 108 contpgts thecoaregponding ¢Q1il§6tct Beintsel 14,
d
thus SIRRSAFRLAREL b RARLR St phopl Vol RPufi5ET 118
illustrates one type of advanced test systenihaV|ng a
robe card 10 c risin est. head 10 t .h a
PEROE af Sratinds a8 ggpaéﬁ“t & e%m& Hegt gﬁiﬁtraie‘ii @3 dp have
limitatiBAL ﬁﬁ[%os%iﬂég‘th% s%g’gm dicifi VipRE bR BroMelddr I A Baf8 Sifints

Clrcul Signa S are
108 in a specific array to mirror the corresponding contact points 114 of a specific design

of DUT 116. Thus prior art probe card 10 is limited to testing only one layout of DUT
116. Significant routing of signals is required on the probe board for transmission via the
IC, as illustrated in FIG. 2, leading to signal distortions requiring further treatment of the

signals. Tests necessarily are conducted sequentially or with a low degree of parallelism.

FIG. 1b shows a complete system that includes ATE 110, computer unit (115) for
controlling the ATE 110 and test control unit (111). The test controls signals and test data
is delivered to and from the ATE 110 and DUT 117 through the lead lines and the probe
card. The DUT 117 is located on a controllable wafer stand (117).
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recei ved by substrate 104 froma test controller such
as automatic test equipment (ATE) 110 as illustrated
wovioas/imaty | i nes 112 which My include digital ,Pdi/gh008/000609

frequency, high precision anal og, RF and power paths.

Substrate 104 and IC 106 simlarly are in electrical

communi cation. Contact points 108 nay be sel ected from

r et

S S S G e
of contachpeintsr] OB ey @raituatedat distal efidsd@a tod cantidenen psobed 424)n a

s AR SRR IRR 5 GAS.D g B i
128 toGReloreiore I@@O@@ﬁbﬁﬁb@%ﬂl g contact points 114, thus

establishing electrical comunicati on between probe
card 10 and DUT 116 Prior art nethods and apparatus

: R%l 3gve Bak b ofl'fChD tﬁ%%oq" delic lllﬁ‘istrlat%ﬁ b? land?,

i ons i osed e systemarc r|or

describéd byoR oo 1ﬁaﬂﬂteﬂ$tﬁa§Pﬂaﬁt6am7 4591 Rusted ﬁSsdnBesaa &p&msfenf:
array to mrror the correspondi n contact points 114

comprfinga w@é icpdcl (iasylyeh @ﬁnt@ﬁwmsalo PR SlepFicHlly eanpegpd i
precoffihigish kBl [, AR feOBCATLY pftfeal BB ol Gpi 10
and ICDI@Ibmdaha cohfigrationaofd @i lﬁ)éleach are dedipmed Pecifisally for testing one
illustrated.in FJG 2, 0 S 0
type spgbomeia o biiveisal oy oot BERK | [F il S gifitebbb N i to
be tesﬁ@ CLEIREdnk YC 206 niRNBUEIcR %&?@éﬁ%ﬂ ‘IC abék Xhé?frrec\{ﬁﬁer}eéesll EVf the
degree of parallelism FIG shows a conpl ete system

configukaionion geometsy ATEOth 10 cormspmd terthtumeplf(c ardigtectups of the

ATE 110. and test con
seiecighBfiolre. s s regiaind Bp S lng SRl QVRE Hsniidrdye
the debi@n R UC fl06 Grd diforfiddd &ﬂe@aﬁﬁﬁte@aﬁmbéﬂoﬁtegt@ugh the | ead
| irnes and the probe card. The DUT 117 is located on a

control | able wafer stand ( 117).Referring to FIG 2,

Br[gﬁg he r1g %g haﬁl%axfé?geeéhgt zicﬁ&%%gﬁﬁ s%%‘f'hﬁﬁ a%%t% Qrgfjm@thod

tact®poln are
for tes;ﬂﬂ'ngthT ) md SorkZich theamits lfdnedeeélopmeﬂmf th2dompdreatsrcan at
nals are comTunl ated to ﬁnd from probes 124 al ong

amonwpgpﬁgtgszgo%s,wewggqemtxp@sg BUdr11%re 1 C 106 on probe

card 10. An illustrative exanple of the type of device

illustrated by FIG 1 and 2 is described by Rutten in

URiefeedn@toa]F J€5 3Rad probe Garaém() cfﬁgestiﬁgtmléiﬁ 1d6$es @ blusaldy of
risin card.

probe 35 & & BEFHLE O oV PEo S BBy s G2 L Thgrgmay be
multiple probes for each APIC 204 or muitiple APICs 204 for each probe 202 or a one to
one relationship. Each probe 202 is immediately adjacent to corresponding APIC 204 so
as to minimize signal wire lengths extending between them. Thus there is minimum
distortion of signals between APIC 204 and corresponding probe 202 and therefore
minimum distortion of the signal transmitted to or from DUT 116. Each APIC 204 may

be designed so as to provide for conducting a specific test on DUT 116, or may be

designed to conduct one or more tests from among several tests.
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preconditioning integrated circuit 106. The geonetry

or physical |ayout of proﬁle card 10 and I C 106 and the
wamos/igurat i on of | C 106 each are desi gned sperdTicsmbs/§00609

for testing one type and geonetry or physical |ayout

a diff nty
TG gt oy PR AR & skdties 2% Bl yab i SR,
recogniZe8 tHER YtHeE fiipes 6f ﬁlﬁﬂ@&h@}nb@ﬁseﬁhﬁc}()wﬁoﬂ@ﬂ balld, @iici@kprings, and
ometry or both to correspond to the speC|f|c
other egqctrmatléeﬂmues resienteqniactseas WRliTasiog-confags profes. Further, it

it PR PO 5L M a9t

substraieI(o éfntﬁ?ostee’S)tZQO ]S]ICNG 20h ek dlistated aﬁ:sjdt paakimateayd 2t haf each
accr rom n t

probe FE5 11 Y asvecenpef drat AHIE LR Yo PLR GG Aeate

to prob%!@rzcmgﬁﬁa%ﬁn(‘fqﬁ B&nd Mchbé@gelwe}'\ﬁ@ 564 nﬁﬁ/ begyer al
ifferent types of DUT 116. Referring to FIG 3a, a

commmticﬂ:o@ndarraﬂeclrﬁlm ﬁmmﬂlmgbmemmsﬂnas 230 phdy S‘E\:lstrﬁﬁﬁ 238.

ARG SpE a8 Raos Tobiedlean s Alnicatt s RS ok S
compoB &Rt (fftkhowPrkithteddt 4 GPRsiaEs oPGbstrate 2¢8Ch probe 202

or a one to one relationship. Each probe 202 is
i mredi at el y adj acent to correspondl ng API C 204 so as

oL B BB ol SROLAS B RS RAGRERIRE ey may
be recdtflpVRarby \RINGAR 4h b e ERDRARANATIE 0o bg b%ﬂ&nglﬂﬁkm

therefore m ninumdi stortion of the signal transmtted
to or from DUT 116. Each APIC 204 may be designed so

%bQﬁQS\ﬁlapeb ag%efgﬂﬁj(gﬁﬁ‘kﬂgv}?eréﬂ ¢ddel ard 50 h3 Mhty of

e designed to conduc one or nore test
probesz(nmnanWI@séaévecr ekt dredDSTHIG 3a illustrates use of

cantil ever probes 202 and substrate 220. It will be
recogni zed that other types of probes may be used such

apIs Bl dBtistiAfs lafiothB SHIRAIMMERAPher&A Prétie@rd Bdekdstal gladalidy of

conducting resilient contacts as well as non-contact

APICy2(dtrad. prébast2021itg test monel tharbeng RYdgiiiozed API C 204 may be
nount ed directly to the probe card 100 wi t hout
substrate (or "interposer") 220. APIC 204 as

| FIGISdriath @thepdn® sidwiRp el il APe0 204 16tk agagle DU @ot
202. 1t will be recoénl 212% that APIC 2(%4 may »

shown) Jdl&t 86 —ahg shpwfARIEstwils altesnatecempapion @ob%b@eszﬁfﬁ 3&s
111ustrat|esI & %&1&%&%&)& ﬂ)ZFxl/l@l ?m%f%dgr&ﬁfd%sbﬁfb tﬁlﬁl‘ﬁtraég Iagu?gq)e probe

202 Wlth dual grounds 225, and FIG. 3g illustrates a dual probe 202 with dual grounds
225. These types of configuration at the probe end 202 are known as GS, GSG and
GSSG, respectively.

FIG. 4a-4d are block diagrams illustrating four embodiments of probe card 100
comprising different type of probes 202. It will be recognized that the examples shown
are for illustrative purposes, showing several among the architectures available, and are

non-limiting. For example, as shown, probe card 100 may have a probe needle 202, a
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comuni cation by electrical comruni cati on between
substrate 220 and substrate 218. Alternatively,

wos20s19ae 220 may be in elléctrical communi C atRQINCADSIE0609
vias 128 with conponents (not shown) situated at an

. [ ace of subs e 218, Pr.obes 202 may be .
wirele38 Rithe ?gﬁée@%@? %@%@ pof Eﬂq?lf&iv f‘ﬁé’fﬁe??&a GPBRation. whigh,
may oyt be GRithicd WhdtivRyprdbt b@4.i ng t he probes

el ectronmechani cally or by bending them FIG 3b

illustrates anot her enbodi ment wherein probe card 100

h j b 202 d API Cs. 204 t t
o RG FygRb et B ofthE DS b B0 spBbiRo? B litinent of
combinhgsmi of ppoted®2cadd cbBesgoading AR 24 dripréfe WP1da8 204

and_prohes 202 to test nore than one 116. FIG 3d
correspending substrates SHORFYIRE ARIC PPt-eAaprabanical supraert AQ. dypically
epoxyXefifl! @cideld cddipdved QIQ)WQ »o2 qub:gfrat'e 2%? %I'l"g&/ DS PéNél Nted at
al ternate conpani on ground [ nes. G "3e’rll'ustrates
a proxamsferegti €19 06p@b2 Q02 s Hllustrated (rgF16. Gaowikin22&hatit4bsugfort

i l.]ustrat i ngl e probe 202 with dual grounds 225,
206 a3 iy ed ind o 5P ST e BaTeal wipare P Seil Bozaied P st
i FSHSIET TReRe s THERagl UL L R0 e R Ao
206 ap] gdistph erhi2 B of bl X02di ladil@nda-bd,| nrebe 202 in gitdaderd so that distal

i ts of probe card 100 conpri Si di e
end 2P RO LR, £ 201 SRR R D0 DRAET o
illustr@ted B bptForShRsebBARICE 204 islih Ushtadtdsy EorRMuARESSHh wh DU N1 6
several anong the architectures available, and are

througothe ppqpfantagnac222 uatngica, cagls oEABYR 20 nmb@ﬁ@arzag gib on
. . an
comaJRURF1E EDBHOPR, "85l B Y AP L 305 e 08 o RFor

a substfatect2Orfay nat-comyct Bting of DUANL16A AlferRdtivielie aeR 220 may be
5a-5f _jl| st{ates si x .of the various poss

Fl G i ble
locateg onjsyhidrat o2 taifagiliple qomupwHeriondetwesh &t 0rred HUT 116.
. . | I . N
o iSRG, 18, SALRIG oS0 1 G, o4 PLAL 5 o
transttedh betiveath AJEpidOrand ZU6T 11 ¢ psiog bhtgneqed®2Q sitaated on satiofes

c Il e t substrate 2Q8. APIC 204 can
substii 2Dt PP 5P ot RefeSe b e ihen DsnAIC 204
at distal éndST1R@IPEOHD 0B HES a 28ntad¥ 20D BFoFBHERTHE DU PP R urpose of
electrical communication. FIG. 5g illustrates another embodiment in which substrate 220
at distal end 212 of probe 202 has a contact 202B for contacting DUT 116 for purpose of

electrical communication.

FIG. 6a through 6i are schematic diagrams of different embodiments of probes
having inlet/outlet ports and an IC used for translating control signals to and from

advanced testing equipment and stimulus and response signals to and from a DUT.

Referring to FIG. 6a through 6c, substrate 220 has a tester interface 214, a DUT
interface 216, and an APIC 204 that may be a signal test processor 224. Thus, DUT
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206 as illustrated in FIG 5b, on nechanical support
206 as illustrated in FI G, _5d, adjacent nechani cal

Wos2pp 179206 as illustrated3in FIG 5c, or betRaI@0A2008/000609
mechani cal support 206 and a distal end 212 of probe

.20 -&d, .probe 202 js si hat .
interff§8 216 P ARYC208% e P EnAeited RamptaRAir Foramamatione
stimul@® Oﬁ)ﬂ@iarm&,rlﬁ%}l WRcPW gkl 1 FdeveaPId 23 LAt IS TAR 6.

option whereby APIC 204 Ts in contactless
Testercipterfiaes 2kt isder elimrmumeAtionid cohiroludgnalsHeudrsas low fequenyae

.Si On.. -of JAPIL C 204 . 2
R O T e
ATE Pl@%l¢omypnhallp nsing afden@idonaéctidns bbb R Wirdld6s digals transmitted

. nhon-cont act testing_ of DUT 116. Alternatively,
using g HRgHeNsiss oplighty, Signgl issterroerssen 234 trastermosizaals 219

s b AT BTN 00 BELIRERIFEPR OB B

transfomosigrialsy? 8are&iMedifi@m BlIHAa6 so siprals 2 Ehfomittah@aistiet weAME
TE 110 and 116. usi nt ennae 222 situated on

110, 155 SrdvspoBaps Tisrdeding o 3o Bvomnic. Sieeels 514 mad Lt may b

1owfr€d#'\% i SR OBy radiB L&y AW HréBioA hilh Pledlsida B2

.0 p?% e ZOg(ﬂihas gaclorﬁggct Ebfgﬁzor go’ntlg,ch:?i ngSIDUT 116

digitak or purpose of electrical conmunication. FIG 5g
illustrates another enbodi nent in which substrate 220
at distal end 212 of probe 202 has a contact 202B for

C DU Rikdrit@e LG mbi befa@ranfhDASHEMS ploBE L02C 8h substrate 220 as
communi cation. FIG 6a through 6i are schematic

shownyindg 5 i, Wiredifor eleetsionl eomprpuminetinns obt hyrishefshesswiptigns.
i / . b, f At |
a8 R 24e 890 b oA el 3 LEAPRAR. et

sighals"to m a sting ul

substrate @26 tukitng |sukleabadlsroe fhen arass fndlis tb haodkilledn the BRT.
Referring to FIG 6a through 6c, substrate 220 has a
tester interface 214, a DUT interface 216, and an APIC

2 gt o i BLSERSR Hf o oy

high speedmrobest@Riréowith e pharalityatfimat/aftles pona Andsin(ICarsed for

xanpl hi f requenc signal s 218. bet ween API C 204
tmnslaiw&%h%%ﬁw@ %%%%Vrafls%ﬂte%% SABIRTAE gfh B ETbn
resporRt sipRls t® knd FrEMADYT (1S BCHn@ar to0Watl il BAHEIIGH FRGa6LBrough 6c.
Intheg;rg tal or a conbination of digital and anal og

Adinzent shoyvbistKige d ARi G, 204nggal iR otiated probe 202d is
I I cal usi ardw re nnection .by.
creategviﬁ?)glf {ehgs%oé? 8% é}es‘&%lggzndsl Asneone ocfomany ownﬁ\flgpfgj fibricfion
techniques. These techniques can be used to add a microfabricated probe tip structure
202d during manufacture, or to create a microfabricated probe tip structure using
subtractive processes. Probe tip 202d has a modified probe contact created out of the

body of the APIC 204.

FIG. 6f and 6g are diagrams of a further embodiment of APIC chip having
substrate 220 and APIC 204, providing serialization and de-serialization function close to

the circuit under test. In this embodiment APIC 204 has electrical communication
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using radio frequencies or light. Signal test

processor 224 transforns signals 219 received from ATE
walsi w1 gnal s 218 for trdffsmi ssion to DUT 1ICIVEA2008/000609

probe 202, and transforns signals 218 received from

16 to .signal 9 for transm ssion.to AT :
channls 2198 oy o Betatiel ToushPed Sntin Eveie 1Baing Fie g To side
while SheDBITS] 18 k&icA0d séddl higyspo&d 1y F1REOHROSYoa NP2 show

frequency, radio frequenpg, | ow precision, high ,
multiple sighali dbannetFos interifafingawith BIE i Ht.er f ace 216 nay be an
antenna, a MEMS probe 202C on substrate 220 as shown
in FIG 6b, wired for electrical conmunication, or a
h¥ibG 6h £1d 6iAeSE a@ins @ anothér eibbdirhae oy APACIZG4 201 pFBViding
be in "flip chip" orientation and electrically.
memQry HTHeg @elcg@nwwlk%ﬁt@nglz@tleg ppdydestrindizating fuactimm Jesedp the

S 1 s j ' I Fl G
o[BS 2L Wl A OB R LBl Dobes 46 T
interfivang thg ATH el sitedhile gie BYTad6pideltas sérialibighrspsediidd. I this

lurality of inlet/outlet ports and an | C used for

embodiment p Sepeneab ¢ tagirodidgrmemonytestmatiems af high spreddo DUT 116.
This e R R A AP A TP RT S0 B RS BTttty ledifle
can b&effildaded flonbthe tdstertlhie. Emin@2Maesthe steovany itestifg Block tvithintithe
&s, n integrally incorporated probe 202d is created
APIC é&éthe body of the APIC 204 using one of many known
MEMS fabrication techni ques. These techni ques can be
used to add a mcrofabricated probe tip structure 202d
difG G shews & aenspeative giewt of amentlghis ARIET widgivobeabiet can be
robe tip. structure using subtr ive pr sse r obe
consuB 88 Rt 1Bt SR oBt BongfibisctieBr datzan i ease
the probetip ity aref arld R &intéital WitHihe MP1ENH0&GsiAg BlefHeABIARBing
.. of a further enbodi ment of APIC chip having substrate
high vephigne prirenm rredigion ip theuredusgion and sienal proesssiagid
de-serialization function close to the circuit under
test. In this enbodi nent API C 204 has el ectrica
c Fh@Lek shatwis mP@EﬂNeﬁwQ\? 98a hﬁiho{]ftllﬂid {I\_lélei %%Bp@gb lel\ﬁy cI|?Wsi0nal
. Sspeed signals for, _interfacing the A ] si de ile
signal ffgoqseite Fhehgi aréah%%fisbss@ﬁr%ﬂmﬁﬂg% caf|staetiqn; gfdle proBe, probe
. . . for
arm, élnggﬁfcg%lgﬁeéﬁﬂ fﬁ:g%?%s ﬁfg figatd &BAtEs SHARLIGRAMIGHS APIE in
which the APIC element 204A is the back end interfacing to ATE equipment while the

APIC element 204B is the front end used for processing signals at the tip end. This
enables very high fidelity signal processing with virtually no signal loss and noise. The
advantage of the APIC concept with monolithic construction enables various probe
shapes to be created out of the same base APIC substrate. An example embodiment of
divisional processing may be a pre-amplifier at APIC 204B while APIC 204A may
contain digital signal processing. This can be used for a variety of applications including

RF, Memory, and SerDes etc.
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FIG 6h and 6i are diagrans of another enbodi nent of
API C 204 chip providing nenory testing functions as
womhs/1ms7oseri al i zation and de-serialization f URCIWEA2908/000609
close to the circuit under test. In this case APIC 204

has multiple parallel .l ow.speed.sig for . .
i ﬁé@rn?lasiipwa S pRectie ity o GEORAIPIE LB fdhPreae i ggtraight
lever B33 of ®ld n;?hb@éiﬁ@ oBRESbrloliiBSbody? Thidi s 8RQdh @mtheq_en%th of
conmpone 220a provides nenory test pattérns at hig
the arspesadetapeabidTtofidimiFe iU E patbe dlsmiagebaspé eul the tadmolagy of the
DUTi nteract with the APIC 204 chip and the nenory testing
can be off |loaded fromthe tester 110. Item 224a is
the nenory testing block within the APIC 204 IC. FIG

6] shows a perspective view of a nmonolithic APIC and
pridGeomtshows @ parspectivervsew ate senokithivgARMKowmd nrebhwitgues

...out, of one nonalidt.hic_pi of silj,con. In this case

aivisiPiy sFrafRRe R SRl el d P egr al i th the
API C processing el enents enabling high volune extrene
precision in the production and signal processing.

FIFEG. Bktharghsmastisar a ptadifer ppesprefuctionshHPit hilk aggien to
e P SBR B Rl S G0l 585100l Sy

probexapd Becansg ofahel ‘RHIE pf the esiolithietlement whicH v ensier guandle

creates a_two | evel processing APIC in which the APIC
than igd peog Repdles he back end interfacing to ATE

equi pnent while the APIC el enment 204B is the front end

used for processing signals at the tip end. This

erfabingthe venigty loif ginbédidehistthatsay he engendered st wijl bg tegognized

irtually. no,signal |o and noi,se. advan e of
that e ke st DR FPRUGHOM oA SSRLRT S B dpseiaes
descriiRHePdR pRIVIRR aA0ANGSes @ sdiRr bR RH0® bileaPWhérB EheSAPET IC can
base APIC substrate. An exanple enbodi ment of

be degigned toovrdimige e pegichiag applicaen.a pre-anplifier at APIC
204B while APIC 204A may contain digital signal
processing. This can be used for a variety of

appiG. 686 shdie thad BadeREs anMppticationaiieh WhdrDes @pparatlsGan
6 1 shows a perspective view of a monolithic APIC and
provige eBeaniiach O¥CTsIFTERRehTiqurs  Indhiseas. thee/ept gk seedSeppes
. . | j s RN : b
sonf 5 RRS5 4015, PEIC TR B Dty s b Ol o,
effectacingestdiasat amdahbATECThieleodypdimient bEAPIC 204 can be used to
condition, amplify or even provide a local Serialization or De-serialization function to
enable low speed ATE 110 to be used by sending the lower speed signals through the

probe card and thus to ATE 110.

In a manner substantially similar to that for RF or SerDes interfacing, APIC 204
can be designed to interface to high speed signals used for memory systems such as static
or dynamic RAM. Such devices have very high demands on speed of signals from testers.
In this case, at least one APIC 204 can provide very high speed signals and level testing
within DUT 116. This application area can also benefit from an APIC 204 providing
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DUT. FIG 6m shows a perspective view of a nonolithic
APl C and probe with divisiagnal signal processing with
wooss/t@iht | ever arm Probd® FI G 6] through GMOROA280%000609
mat hod for mass producti on of APICs. In addition to

enha ced SI roce he_nonol i t hi
some SIGHETICE ceBRoT RS A5k SEERES faRoHo fouebledper speed
testmE?&ﬁ’éJéﬁné’cf oﬁthﬁlowﬁ‘ﬁﬁqHIG 619£n& &e monolithic el enent
I's easier to handle than individual probe

needl es. Fromthe variety of enbodi nents that can be

SRR el gt SERER 6 iR aBel BRGNS
paranfetii'@bting JRvREH A Weuld §sctddrBe PPIE€ipRoraRY] Edditioning and

advant ages to several application areas where the APIC
sensingpQyegh SBpply dney farentdy, @pramﬁhz@@atlmxsthr@mdép low frequencies by

the hrgggt:ldn% %tf ltl?e rol’)ze! (%‘rc\il\%tédr ﬁqﬁh g)gedssh %H%t 1%? l’ﬂlag %Bﬁlgzaﬁ&l an

cati o ar ea us” tan

APICaxiMaiah afstie wgmlmpeedlparhmehm tegting . using dohmsl A@Be, the
very Ié%h speed. SerDes, signals are caonditioned by the

infrashpperldWFsed TRBliSmS Atge ﬂlﬁ@%@aqka@qﬁi lepoedT Geing: Adabe
T
oG I SRR Akl AT

Convpmtmmaﬂye oalyl speahliZse pratiei caadsiand smglemted dxnaaabnszam berutilized.

f abl e | eed ATE 110.to be us by. .
with &G0 o Binfeieh Sl G S e e B dpe il
mann@fd diDss Eh@ APIE Iéjc‘an bk RedghENG %cl%ébp%ﬁﬁém% Irﬁeés&a%h@ lor

to that for RF or SerDes Interfacing, APIC 204 can

conditiesingnéu examplavétisisdighospeed tram@demr@rfat whichdhe hl@h 8peed
uch as static,or nam c RAM Such
para“g%?fﬁ @%es 1?@“\‘/‘@[{58&?"’#1‘?3&5 %&'n%’ﬁ&dsm fho ﬁ%eed of signals
fromtesters. In this case, at |east one APIC 204 can
rovi de very high speed signals and | evel testing
FIG. slmvrs amgther gmbodiiest ABHF W%&thl ip thia Fesg inelRdesiasuisenef i t

meas? Q@I\ﬁﬁ? a%l?‘é gs't 1%81??5 F;‘éH“ ﬁ&bfxtohr iNch SITDT y

emboﬂnﬁ&d $I€I$I 244@ i$ ﬂlcb@ofh’ﬁéd with oﬁutparté‘df CMHCI 204FHas pﬁhlldiﬂgl both
61 . mlarly, different enbadi nents of APIC 204 can
hlghqg éped:ésapg ASveripterigienes frgmndong signal runs.

While the discussion shows the advantages of using APIC technique on wafers or
ICs, an application area that would benefit is that of advanced packaging. In advanced
packaging multiple ICs are combined together to form a module or composite IC. These
packaging techniques are limited to low speed testing. APIC can be used for high speed
testing of these devices. Applications include System in Package (SIP) of various kinds
with active or passive substrates as well as packaging techniques which redistribute
signals such as Redistributed Chip Package (RCP) or chip on substrate or laminate
packaging. Strip testing of multiple ICs is another application. In this case appropriate

embodiments of APIC 204 can be used to test in-process or final packaged parts at both
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paranetric testing of devices. This would include the
API C provi di ng, condltlonlqg and sensing power supply

wd t0&s1910ur rent | y, par anet it testi ng i s |im tRad/€A200%000609
frequenC|es by the limtations of the probe card and

ATE, s t t t hi. tl
nigh 550 BRE e SO AP L ate i RBel BVt Ry
curreht$y MehilgBlemal ATE infrastructure. These limtations

also limt packaged test or Strip Testing. As an
application of the APIC, SI gnal testing for package or

S argleF Shittels 58 BRI REbe SRR B Ak p PBRY can
be utilized. Wth APIC 204, multiple high speed

paranmetric testi n%qcan be carried qut. In_a sim.]lar
methhentaggously BPICr204 ipoeramamable, ap allusirated i gxangples shown in

FI. kRS BRGERR 4 TR TS o AL o
prograininchblet ARIh2@h Fs@ewqdaroaﬂammtsthar # APIC Doutdn ctotntam 31gna1

oht ai n_ usi n I eed thod FIG 7b shows anot her
Processp® andyendit aﬁs it tw@slga@@ym*e%a@scaavs%lu L yaous

& Rbid i Iy on the
P PN ?ﬁ“%@t e e

convq:rmoo@gpn@nag, Iﬁlgﬁhpf]ﬁd segalzagrallofg oxPligh spedd rrte?m;sy interface
condfipfiney Sfige Sishar P iR o PR PDE dieE ShEfE hene

contralNPRIRIREVOTiaWEd ATEARLadLshi® on waf ers or | Cs,
an application area that would benefit is that of

advanced packaglng In advanced packaging multiple ICs

ar A E T Ed HUELRREL ol OF A7 BRI 01, JEOIBOSLY ©

hese” packagi ng A ques are

measSRBRAL LES{SMY) 2401 1ﬁsteﬁhoﬁrﬁcdm1ﬁiﬂat6ﬂ2441$l'@b/n&ﬁm T FIGgh
of these devices 25)’? i cations jnclude Systemin .
showpsehempiically pseriss of APil6 384 Kdspendgntiy Mygompenieatiopaish HdE
I
B e e
with M(H(hl@e HIGC?Q slarwscdiep eoof ABESE(D@hlecomrmhrﬂmtmatveth ATE 110 via

Stri St | of multiple |Cs_is another.
bus ﬁ@ ) %é iar ot s éi%%évsapwdmaie aghiop B9 TRERRICAlipns
s1gnaﬁ°il@a%@&vééﬁ0\ﬂq@s‘éﬁ@ﬂlet&1“ﬁ E?dbe ArdNigeess or final

packaged parts at bot hhi gh speed and nmedi um and/ or | ow

speed, thus providing greater coverage than is

CURLEN o Igyto %Yél '}aa ts)utg:"strate 220 may include tester interface 214, DUT
interface 216, APIC 204 programmed for signal conditioning 224, a memory 240, a
controller 242, a comparator 244 and A/D — D/A switching capability 246.

Preferably, substrate 220 has the components illustrated schematically in FIG. 7a.
ATE 110 sends signals to program individual APIC 204 to conduct a specific test or tests.
Each probe 202 is in communication with a different corresponding APIC 204. Each
corresponding APIC 204 can be individually programmed to conduct a specific test or

tests, and so several tests on one or more DUT 116 can be performed in parallel using
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A further option is that conponents may be constructed

as chip-in-chip. Advantageogusly, APIC 204 is
wQroogt@amtvabl e, as illustrat ég i n exanpl es showcCT/QAF6DER00609

7a, 7b, 8a, 8b, 8c and 8d. FIG 7a shows schematically

t f bl API C 204.. _Fl d
sevelalSroBRL ALY dith CKREPCaR R & BRAP BRI e RO ARIGI 0470
conﬁ%hféqﬁsﬁah&ﬁm%(& 16QHdidel K112, & 1R PR Rbguett) Bﬂgﬁalcgréﬁeﬂa@r an I/O

whi ch can carry out” vari ous processes such as
cell, pbsvéme etberdfiupetim. A@ﬁhmnedrrnmgﬂﬁaﬂ:l%cagmbgnangar@ﬁwr APIC 204

o o FBES N SL haRRE A0S e AL B ©

progiaui§dvieral APQ@ 2090 perfdint evbrl dml:reﬂt 4l InYonle D m&@wﬂr 116.
but can be controlled to be active via the ATE
interface signals 219. FIG 7b shows anot her
e u
PR O R LGPt i e

throwddise bﬁtmt head BDGovetause of @1 plar &hoywsensC hethatprioahit ATEE 110
series of IQABQEC %04 i ndependently in communication with

condpgted {eft5 qp o 4R SeyEBeE- bus 250. FIG 8b shows a
series of APIC 204 connected in series with ATE 110.
FIG 8c shows a series of APIC 204 in conmuni cation
vvi WhilaTke haprivy af the dis26Gianittrein ldlasoeibedh highlspeed WwAréd sigukhls,

I terf for ¢ a al s
the a3ty & it L Ao b r it AFSREnel At B Sabedbe
implEab@ed Wit a Wirfibss A TR intSR%! FRS, %d?sggwgrﬁ)évdélkféh wd&rigst er

interface 214, DUT interface 216, APIC 204 progranmed

connﬁ@ronsbegwgﬁn I@@]ﬁl@letfi\m et apisthe éTrEembcy cardshowing

r rator .24
comf ol finsSlera 108 1f QMR RE REcREni P OB Birse 200
comlhaﬁlchﬂikﬁlsmbe s&afbser thisllﬁikﬂﬁit el vetinpowatr dad bk Yento bldeide
7a. ATE 110 sends signals to ram i ndi vi dual API C
powerda AR COAand fmxa%glé ?Qpn@@@g t‘b& Rizpewer qap b cprypied to DC

po 37 A5 P SEETBA 54 S0t 0 SRS AR e

signal matiegrityuthiub ynabiiag mmrapbltoaummfdﬂ API@ 28 edich compasd with
tes and so several tests on one or nore DUT 116 can

hardﬁ’geﬁ%é‘?’:@&‘ﬂﬂ%ﬁd in parallel usingseveral probes 202. For

exanpl e, ATE 110 may program one specific APIC 204 to

configure its function as a | ow noise anplifier, a

hi §Hfuftherpdeantygesiognms wien&PICR04 improgradimed to analyze the

response from DUT 116. Referring to FIG. 9a through 9¢, when substrate 220 having
features illustrated in FIG. 7a is used, substrate 220 may be programmed to compare
incoming (FIG. 9a) and outgoing signals (FIG. 9b) from DUT 116, data from DUT 116
against standard data, or other analytical functions. APIC 204 analyzes the data from
DUT 116 and conveys the result from the analysis to ATE 110. Thus there is no need to
transmit all data from DUT 116 to ATE 110, with consequent saving of transmission time
and signal bandwidth. For example, a test conducted on DUT 116 may result in a simple

pass/fail decision. In this case, APIC 204 transmits this result to ATE 110, as illustrated
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cell, or sonme other function. At the sane tine, ATE

110 can program anot her APIC 204 to configure its
wdwngticom differently. In tifis manner, ATE 110PQTHgA2008/000609

sequence and program several APIC 204 to perform

in FIGEYG Fpag ot WFTTSOLY nhuiry apis e BSLUIE time Savings

for Amﬁrrqblf@kctﬁﬁyéﬁrﬁrofaedeégratt@@%qdeh&ag9h use of test head
00 over use of all prior art systenms. In the prior

art ATE 110 conducted tests on DUT 116 |n sequence.

jorit dIS 1on her cri bed
highe eVl Fables §hatbts (eI e BE AR it e
transﬁnﬁ;si&ﬂ el QhdEgSHh @1 frodh ETE 810 t6abYTARL G124 06 siovae
Ienented with a wreless ATE interface. FIG _ 8d
examghfé\wéSIan@lrtra@ﬁ@ggamqnsérsmaeAé’I@oWee fecsivepaodessnding sigppls
fromﬂ:ﬂ"f:l?@fb ;ﬁrg 1t156 ATE probe card, show ng
onmmuni cations signals 219a. It wll be recognized
that not only wreless connunrcatrons can be sent over

this Ilnk but, as 1, po can_bhe sent to provide
pdiller 11 shoxs homatically tehipe seveb LS e veiae te5ting caviypent

whlclﬁ’ be %?é}x Ref ATk %Qng APRE t& WRAdd dhhAlel s?gQiﬂl &Qﬁlerswn/
rna and external Th| provi des very high
condm@nh@nlon and signal integrity, thus enabling nore
applications for APIC 204 when conpared with hardw red
techniques. A further advantage accrues when APl C 204
| SFIRY. 99 KREWEShe (o8l 1B BoddBtiAELERASE DD Bling bior
Referring to an 9a t hrough d§§ when subst?ggeé% art
testingzpaiipgnend aTQﬂt%@crrirsaubftargt:@mlupwd Pn@ne pavéry fer & 11 6 at any

substrate 0 CO nconi.n
one P88 Birfork Hhanl e (B DA QALATIE oled S RRIed BOATOSy A
consélbacefif e {dkind kG t&gabmhm&ig’ﬂfﬁﬂad‘sﬁ data, or other

anal ytical functions. APIC 204 anal yzes the data from
DUT 116 and conveys the result fromthe analysis to

i I
ok et b ANGERe 1B ROCPERibriiRy bf AARR rholfh 208 Zafh having
APIG: zram $or shaulbanebusypazaiiel tsé;t'grgajf sbamaViddT h 16F©pt1c&mﬂymre test can
onduc 116 in a sinple

| t
be cq g@r arlﬁev ?351?%.11 - |OF SEYET res% seadusiud o1 aysgpeRUT
116, bmeﬂveraﬁﬁagistcaﬁ Be Adrut on%g\f/érgl ryﬁtrrl%qg P&gﬁaﬁ 9c,

‘I'nstead of the plurality ata that to this
result, resulting in tine savings

FIG. 14 shows one protocol for conventional sequential testing of several DUT
116 using active probes 202. FIG. 15 shows one protocol for simultaneous, parallel

testing of several DUT 116 using a plurality of active probes 202.

Referring to FIG. 16, a single cantilever probe 300 is illustrated. Cantilever probe
300 typically comprises a supporting arm 302 and a contacting needle 304. Supporting
arm 302 is attached at a base end 306 to the test unit structure. Contacting needle 304 is
attached at a distal end 308 of supporting arm 302, and extends to a probe end 310 used

to contact a DUT. This is the baseline case that represents the current means by which
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for ATE 110 functions and nore rapid test sequencing..

FIG 10a shows exanples of_ signal transformations
wQEosIg9ARl C 204 in transm s&l on node, sendi ng POTOs3088/000609

fromATE 110 to DUT 116. FIG 10b shows exanpl es of

waefy gffeBeing [ oA s SR ghARE b i Bl 167 epfeReta o the
probeSftRIMIrs Ghe rﬁet ligdldgy A ﬁﬁgler&nﬁ’[ﬁevé%‘f@deaj ooMaJei&ayt%hgm:
testi n%@(;e prent whi may be high speed ATE

impedgasica gt ; thlsﬁmvaltYedrémabﬁ@e@usquﬁal soslmwewstamWSO Q and

termi%é%tﬂ% 'b¥ #19 Acp 1th a@re&%%a%%.l%w;)[ l1Jcs |1% gaegs a.néir fdol pefiaéncFl edi in

indus@§b m’femce RTlesérﬁpoaﬁﬁss Jaid thtcBéseh€ aﬁ@:bf@rbo@ﬂ €&n@®fvhich
very few DUT 116 at any_one tine an if nore than gne

has Vﬁréfsgooriénﬁb%%@ncssﬂ@ﬁathﬁgs A essnauef Lrhyagisetoisanily to
ot o OOFEMSIGE L HEEHIIO 8, H RSO . i
1mpe¢)inn:e aha'tcﬁyng)fs aaasslue evithrtodting }ﬁmspeedielgnhaubmg staifl4zd 288 probe
card o KRR . ASUFTh 881 0 babis DEBIAER OB BIP<SE0RIFES v 1%ent
technlt%.@s Ha SRUE bﬁibe@@@tlssus‘éant 128 cﬁﬂﬁﬂj&%lg digRAY 18&Wat &

or several tests can be conducted on severa
frequmlcﬁes andphc ghdradterisiic Gnpddhnsé dows ronmaphchodedirefl 60 ohms. This

can b P Tp e | i b Geds a0 p R & Re oty atybe
needfe Q¥ hﬁghrﬁéqlhmm a RASAMLIEbT tneSdbi@ 2theSBURE 3hd B8 wWhiltD

usin urality of active probes 202. Referring to
respery g tha probg ne¢dlgl e cantil ever probe 300 is illustrated.

Cantil ever probe 300 typically conprises a supporting

arm 302 and a contacting needl e 304. Supporting arm

30151ﬂr6vaﬁérﬁ§&&daeaha(& Haaelueing a3Rburidoretut® picirhatd b the signal
tructure, Contacting needle 304 |s attached at a
probegrsHIusaierdindd- 4F. A ppanen sailever3pmbe dad icoraedithat eande

modeg %ea Blishcad Qraﬂﬁ'ﬁlgs&ﬁ’ 1iHORE] délh\QIL{rm -gb Er?er%ibétwé%n wafer and

I ne case t represents t rent
a probtcartiwdthe characteridizi inpedert ef balanaeg prahiet 20tis Bﬁ@meslf it is

FIG 16 is resentatiyve of the prohe .
drivel 5 g OURE ML EPEeT PGS o SR g Lin [ PEvdh Igibbe
resistaREE PO, therd18 bR HhfovShbift with respect to the single probe case as can be

seen in the simulation shown in FIG. 19. The signal return probe proximate to the signal
probe does not necessarily have to touch DUT 116, it may instead be connected by way

of a small gap 324 or with a dielectric 326, as shown in FIG. 22.

Different types of probe needles can be used. For instance, improved
performance at high frequencies can be realized by the use of vertical 328 or “cobra” type
336 probes, normally with a grounded guard 332, as illustrated in F1G. 22a, 22b, 22¢ and
22d. Similarly, micromachined probe needles and membrane probe needles could be

used to improve performance.
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i npedance of 300 W It is typically driven by a source

Wi th source resistance 50 Wand term nated by a | oad
wontopsriioozd resi stance 50 Which is the standarai/CA2008/000609

inpedance used in industry to interface RF conponents.

mat ches .t he edan e of coax |ine which has.
v oGS GBBReGh g FoUarey plabt Srecertaich & badneddinesor
‘doqufe g&beéﬂﬁnh&ra@é&gﬁmi ar to that of a co-planar wave
gui whi ch al so has good hi gh frequency
characterlstlcs Thus, |npedance mat ching i s an issue
h.test S

| hi al dar.d. t
or BR300 2Pk UART bR e o R i il i o
charAdehiik GhaPedanbe 683000 RN Bh%ﬁs dwl bdur€awitR Rburk € ERIBLMYESO0 Q
If a single probe 300 is use has consi derabl e

and @rrgmgled by sdoad with depdfresisfarge300<L2 alNgte that the sguses and leed ¢
resoIRELRNER AP ARy B S ST 30 A T &

hmnahgs | H’iglnﬁsme,tthé soigce iptipedandeeedldebesi0 Niagh tﬁdlewmip}eﬂance
a msmtch of |npedance at the saqurce and

coulgipe ﬁOQ Os pldstlaites cpsreeaprtspghiguevhere |%P69éhé?%§leégg injgrface
w1thw8b eeﬁ@%ﬁ%@fli’?}fédgﬁ&%%dé KbI fé Iﬂﬁt%cf%ttﬁe eHQr?cg of the

probe as ustrated in FI'G ance
probe alatdlé Gudlnid cane 6 (P2 Refarrihg torBHG.1204t 1sccdmerbed ﬁn‘dﬁl Se@Haghere

a bal.anced. transnission |line del i ver [
is g 5% VBT Sriee HAshah O g spurcpge oad i€ Bom -0 a3
u,lqbggacterlstlc I npedance of bal anced probe 320 is 200
If it is driven by a source with source resistance
50 VVand t er mi nat ed by aload with Ioad resi stance 50
1S, an ta . the S|n
RS, IR PR TRt hob VR pt ied B R
Refdf'hffg tollIG. 2Inea t5d] ghival cﬁxﬁnwaa pRobeeasphcdelébdnd sirfulafed w1th a
si gnal probe does not necessarily have to touch DUT

chara%nsuctmm‘»}amﬁ gf 2l deiyan b pe@ltage spayceorithisaien esigiapce
200 %\lderrer?r%&tgd dee\g %d%&? % 280 VNG (fd ‘éleps?o%rce and

typ robe nee can be use
loadiresi§tames arel aqpalav elk ghardctrizao nﬁpeﬁanbn @hhé pﬂfba em:ﬁhaSthmasl non-

he realized by the use of vert %& g
ity Eardpaance BE HAES opGHNGE I BRISH A e 599 mprdahis
coull!be¥db At pab lgﬂerjzc!a% g?cbed %%&eﬁagq&lzl&s d%}g‘xédat() |n¥terface

m cronachi ned probe nee es an rane pro need
withcopriotle beedle and the impedance of the APIC is matched to the 1mpedance of the
probe needle (in this case 200 Q). Referring to FIG. 21, the insertion loss at 5 GHz is

improved in using matched line to source and load is from -4 dB to -0.1 dB.

The combination of parallel operation of several tests and more rapid collection
and reporting of data from testing DUT is a new massively parallel distributed test
paradigm. In combination, the ability to perform multiple tests simultaneously using
multiple probes 202 and associated multiple APIC 204, and the ability of APIC 204 to
interpret the data from DUT 116 and transmit results from the tests to ATE 110 result in

considerable time savings in testing each DUT 116.
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used to inprove performance. This approach al so works

for multiple probe situatig s such as bal anced Iines
wQpz008/dutsl ' probes as illustrated in FIG 23.PCT/CA2008/000609

Referring to FIG 20, a single cantil ever probe was

nodel ed and sinulated wwth a characteristic inpedance

of 300 Wand driven by a source with soxirce

r el faHRGGAvAREe N ARE axtcﬁﬁéstﬁ}ei BRis®Medin PRA sws &&t b%@g

resi stance 3000 W Note that the source and
throyghgimartzatieon o Kleveé@m and prodediencshsts aeerar lalsger numhqxexf ghipe 220

and é)ons%cjaﬁ%ntplregl?ﬁlon%tf CBQQ })erttgét d1sa9\9aq1|tc+gg of g1t gbar? ysﬁe&n% AS

nce e source |npe ance cou

illustraredl in FgE d aikaBatahey @qbiee SEQWF aTdh gg taprdingasetraanopend IC
achj eved where an APIC i s deS| to interface with a

106 snegticathe B testing &thw@S}%@.{ﬁEé 6f1n|10ﬁetraﬁp|bec4u§e paahdmele 202
v in bR EIRRE B 023 QU BRI FTS (L petifefindlf

substrite 220 nsmydre donswert foo testing seviergd dittkesre nypes of DEITY16. Test head

200 @t Cg}lﬁlfya&e @ﬁl%t ﬁ(g %c?xf%n \%ﬁil:]tggdlg 1§fléifur maqqg’ggl%atlb e, a%ld 5each
of wﬁﬁﬁﬁd G é@&ﬁhﬂ@ép!ﬁﬁte‘ PIBLRved coxﬁﬁfc?ﬁervbﬁg gﬁrﬁll&ltg‘ts én

allanced cantil ever probe was nodel ed
DUTsl 1r6u Pabssl 202 oh test bérdr200merdssarily havpestaticlearshg@oent \Wati s

cnatffs R T TS PPl Ao Bl SRRt 11Ee 200 W

Note that the source and | oad resistances are equal to
the characteristic i npedance of the probe but that
vaagesnl i miti ng. For instance, the source

h
R S R L g ORI
RF of\BtHer neasleamgitenid tsourcitigeircaity taisitds ¢ the phide melelddeey agl the
t he |npedan e g%dY e APIC ijs matched to the inpedance

probgs grepfdy ertest epKirenreed ntrgtpte R cppanents épr
exanﬁ;ﬁe %’n%hc%}ranh t?)*?Glb: @§§Jl{s {:fohﬁ i %}:F rg'_sliélsﬂc?h eIHBf é’aggrehl%nt

usi ng matched |1 ne to ource an
functiGnsirighi on Tieproberbard aMithrthobctiva lpﬂbHe&irclﬁteenuai dnﬂp Ddf, digital and

sever re La id col on and reporting
pow g T peel Gt BTG (BUM TS ERed RALOTs Gyer satal e
confiﬁuﬁitfoh@ whRflet @éb‘lm? ahaddimer tektrbai;&mi!;rﬁ adicRAs up Rfatdbist k4
to performnultiple tests sinultaneously using
parallelism. The active probes can be used with many different traditional probe card
technologies. Together, these features enable more rapid testing of DUT, up to at least

ten-fold.

Since APIC devices are placed very close to the DUT the high speed/RF signals
to and from the DUT can be converted to low speed/DC signals from and to the ATE.
This enables the use of economical, low speed testers for high-speed and high frequency

tests since the APIC can perform the high speed/RF data conversion and processing.
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mul ti ple probes 202 and associated nultiple APIC 204,

and the ability of APIC 204 to interpret the data from
WCDR9s/1m679and transmit results fromthe tests tRCTATAR004@0609

result in considerable tlne savings in testing each

16, A furth adyan e of the tur
ARIGE Pleehof riie e AR Gofe b PafEh il gl nterference.
The AR Jrbviatd DeorFfputBYSt AR ARG st EIHeBiechQbé ATEVRE the DUT.
| arger nunmber of chips 220 and consequent reduction of

Optiopaldy, gligital or anglog qhadn@&@maﬁt:%@vv@ﬁn P da%RICs@ﬁin@ﬁrﬁlstead
of RPat]gs) eilmuﬁaﬁé Elgﬁaq%ekﬂdgt o% f gapa n%%}rﬁ&i‘ T géﬁorga?@' gxgjor

comp®héts bf t@@ﬂda}é ﬁr@éesﬁlﬁg hhdl gnaﬂ?sii‘lcaiﬁid ;gaﬁfoﬂﬁew tHb]A"JPICI and S0
contrast, because each probe 202 is in_contact

only & Lipited dlata §ignak me&fl%tozwonagumpata%b?ty@@atherﬁ Fr epd éPI@ HEHS

t
oSSRl B PSRN TR S o

and pﬁﬁﬂ]ehamnactmlnmf ahulnyle PIBRIegic29fhr pemtlhl toftingh b oimjorscost
|nd|V|duaIf ran'rmbl‘g]t and

advangfgavan aBle s Tic T B anal S5V aoEetsgon i ayar aeforiest
time. REFTAY bEhverQat Sighils B ATE. 1o BIORES (H# €arPPe ﬁlﬁi%}st&ﬁﬂﬂy #e0

necessarily have a spatial arrangenent that enablés
DUTg amd vice versa. 1A Buther advantage reqqués feem asingalee ABYY ploser1g the

prov AR A M R e Lo PP U R U eng g F e T e

mark 6 Degitaliafials @i¥eal of BealSS barChd kel ffrGHbreradvirtes vE8BbnoBf
the probe card very near the probes greatly sinplifies

APIG fog cv@ﬁ@urahﬂetyt pregATBEhikity and erbanged corirakot Mg disuisesor

advm&%dsgmgg&!e on silicon and SiGe circuits performthe
necéessary sourcing and neasurenent functions right on
the probe card. Wth the active probe architecture

onI DC, dlglta nd power signals_need to be ted
oAPICS Thepge 133/1¢ i A TS ARNC AT iptiercearAPIC may be

specﬁl@}p Ii{:sgéf{eattb fHatch tﬁé BRIt 5@ iinBEdARE o AR EY, r(.t}lf‘csrfeed to the

par a Ism such as up to at |east x64 parallelism
APICl' r&whompv@npe olaghiggaeanipgovide ﬂor\mgdrﬁcrmhynpipf/émﬂé mi insertion

di ti onal obe tec Toget her, these
toss g b raliasmst B0slis A ety or DUT. up to
| east ten-fold. Since APIC devices are placed very

close to the DUT the hlgh speed/RF signal s
In this patent document, the word "comprising" is used in its non-limiting sense to

mean that items following the word are included, but items not specifically mentioned are
not excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires

that there be one and only one of the elements.

The following claims are to understood to include what is specifically illustrated and
described above, what is conceptually equivalent, and what can be obviously substituted.
Those skilled in the art will appreciate that various adaptations and modifications of the
described embodiments can be configured without departing from the scope of the claims.



to and fromthe DUT can be converted to | ow speed/ DC

signals fromand to the ATE. This enabl es the use of
weenosiovimal , | ow speed test&ts for hi gh- speed PITIC A100$1000609

frequency tests since the APIC can performthe high

The DR Setientghaer G e GEDARIY BORERRFa A 9pulna peaken
as lirhiBhg {He%\?e%@n IT'ibeto'BE P60 HES wRhHARE | éo%gi 8Pthe followmg

conversion of signals between the ATE an

clain@pthe omahtign mdy bé pratticed otheathey acspecifieilly ﬂumamienhd described.
bet ween ATE and API C devices instead of RF to
el i m nate signal degradation, fan out and noise
interference. Optionally, mgjor conponents of test
data processing and anal ysis can be perfornmed by the
APIC, and so only a limted data signal needs to be
comuni cat ed between the ATE and APIC, thus reducing
the signal information content. This nmakes it possible
to use slow speed testers and parallel connection of
multiple APIC devices for parallel testing, a major
cost advantage over single device test per touch down,
and reduction in overall wafer test tinme. APICs
convert the signals fromATE to a format that can be
under st ood by the DUTs and vice versa. A further
advant age accrues fromusing the APIC closer to the
probe head tip so as to provide higher reliability
than current solutions available in the market.
Digital signals instead of anal og can be used for nore
advanced versions of APIC for configurability,
progranmmabi | ity and enhanced control of APIC devices
for advanced solutions. APICs may al so be used to
mat ch i npedances. For instance, an APIC may be
specially designed to match the characteristic
i npedance of an RF probe need to the APIC. Such
I npedance mat chi ng can provide for significant
i nprovenent in insertion loss resulting in inproved
signal fidelity and integrity. In this patent
docunent, the word "conprising” is used inits
non-limting sense to nean that itens follow ng the
word are included, but itens not specifically
mentioned are not excluded. A reference to an el enent
by the indefinite article "a" does not exclude the
possibility that nore than one of the elenent is
present, unless the context clearly requires
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that there be one and only one of the el enents. The
followng clains are to understood to include what is
wepesidimal |y illustrated &id descri bed above,PCWi@A2008000609
conceptual Il y equival ent, and what can be obviously
substituted. Those skilled in the art will appreciate
that various adaptations and nodifications of the
What B8686HicBgd enbodi ments can be configured w thout
departing fromthe scope of the clains. The illustrated
enbodi nents have been set forth only as exanples and
1 sgpulg noé(pe taﬁen as limting the invention. It is
-t o BROUH S OB ™ Bhat , within the scope of the
f 8 le@tbRGreptiriimabRectiy/siabé Gle bRt @AY eshabldr
~ than as specifically illustrated and described. What is
being epuplesbig gng:or morpohy yiyéety af probe ampys, sichghatihe praeyimerge

r : A [

provegfR BricREIER b SuPE bYE: B Fel (OF] BIEA SEIEH broiirida o

suit thefonp pedbe adfay ayd theddUM. t hat t he one or nore probe array
is selected to suit a device under test (DUT) and the
APIC is programmed to suit the one probe array and the

» L ai .

2 fhepioe B JAI £ PR ORGP o R Sh Rl Amore

than ofib®FF.obe card of claim1 or 2, wherein the APIC is
integrally formed with the probe. 4. The probe card of
claim 3, wherein nore than one APIC is integrally

3. fanEnehvdichil §iaiRl OHEL, wiitedin HRAAPIC R iRREMRAY fGhedivith the
probe provides nultilevel processing capability. 5.

probeThe probe card of claim1, 2 or 3, wherein a
correspondi ng probe in the probe array is imediately
adj acent to the APIC. 6. The probe card of any of

4.  ClTakFeobk cafil SFUIAImS3, Whekdih @for€ (AR lons IAPIC S inkep@ally forBed with
control signal channel, wherein, in_operation: the _

the prpbeisachuibptayn eresgtion the prokemrrevideymyitileyved procpasingmapability.
the DUT and transmts a test response signal fromthe
DUT to the APIC, and the control signal channe

5. t Taepotesanl eftuddinol, 2sorgy athefdimacarréspendiag ptobelin the prabe

e
array ESE}mmediately adjacent to the APIC.

6. The probe card of any of claims 1 through 5, further comprising at least one
control signal channel, wherein, in operation:

the probe array transmits a test signal from the APIC to the DUT and transmits a
test response signal from the DUT to the APIC; and

the control signal channel transmits a control signal from a test controller to the

APIC, and transmits a control response signal from the APIC to the test controller.

7. The probe card of claim 6, wherein the APIC is configured to convert the control
signal from the test controller to a higher frequency test signal.
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APIC, and transmits a control response signal fromthe
APIC to the test controllar. 7. The probe card of
w(cioas/mIb79 wherein the APIC fs configured to cOCRCA200$1€00609
control signal fromthe test controller to a higher
f reguency te signal- 8, Th r . card | ai .
8 TRORERE R Fod O Sher S ol B S fRL g aflePorsCbigna
are seec@8 #onds growplcofdisithg! SORF dighaRUinaler s irdld, digiaf s1ﬁﬁfs and
signal s, analog signals, digital signals, and the
the copispk signal apdyHgicontael TesRONELHENZ RIE Ségrpﬁg%@éﬂ@ ggqueggbelow an
j,gnal s having a frequency bel ow an RF signal. 9. The

RF&%ﬂdbe card of any of clainms 6 through 8, wherein the
control signal channel is a wireless channel. 10. The

probe card of_  any _of . cl ains hrough 9, wherein. the .
. P abe PrbRcrghatany bE Caimb B baveE Bithsromirol spgnal phannel is
a wirddsQBBarm@f d of any of clains 6 through 10, further

conprising: at |least one tester interface associated

with at | east one APIC and at | east one control signal

channel ; at, | east .one i nterface .associated w th
10. ¢ HBOBbe s 410 af SPERSD REERbI TG OY PRrelF ite
autonfkeQtdtieg@blnénconnecting the signal test processor to
at | east one probe for communication of high frequency
signal s between the signal test processor APIC and
sai .1 t es Ny f ' l.gured to
1 e ol SRS S Eb Rk 8P ot RORHE S LG
f RERER DAY tested MtprTaRi asdoribtedwith aple@stiont APIC A atliegit bat
and a conbination of digital and anal og signals al ong
contrelisignabettapssl; si gnal channel . 12. The probe card of any
Ofat feh @B D%{)T H&%ﬁ%‘% ciaiSk &b el METRLG AR A14oreSAPIC, the
recontigurabl e by bending one or nore probes, by
DUT asterfikeichgtrivally conneotieg thesipnsl ©st frycassnty anigashode probe for

repositioni one or.no robes. .13.. The probe d
commypicaion Bf Migh JreReney shmalhieteen 1 sigad! e REcprabAP Yy Aoy

said [FOFPr i ses one or nore probes.

the tester interface being configured to transmit one of low frequency, high
frequency, radio frequency, low precision, high precision, DC, digital and a combination

of digital and analog signals along the control signal channel.

12.  The probe card of any of claims 1 through 11, wherein the probe array is
reconfigurable by bending one or more probes, by actuating one or more probes or by

removing and repositioning one or more probes.

13.  The probe card of any of claims 1 through 12, wherein the probe array comprises

one or more probes.

14.  The probe card of claim 13, wherein at least one of the probes is associated with

more than one APIC.
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14. The probe card of claim 13, wherein at |east one
of the probes is associated with nore than one
WOXRNE1 0579 The probe card of’ any of clainms 1 tmCUgk0081900609
conprising nore than one API'C, wherein each APIC is
programed to conduct at |east one specific test on
the DUT. 16. The probe card of claim 13 or 14, wherein
15.  ERROpRHEREd 0T 2B BT @ﬁm@s paﬁéﬁgheme EoRp@RRe mbeds thhk ahe APIC
robe, cobra probe, solde , mcrospring, and
wheremeesich IAGHE is progeammed conldectpt bbs;t opaspecafic wahonghe aléT s
1 through 16, wherein at |east one probe is a
noncont act probe. 18. The probe card of claim 17,
16. WIRE fiobe chd JTeE@ABtcral, Wheleh cxORBfdbe eSombfadagfiRferiobe,
the associated APIC, the antenna configured to
vertica gwohsn Fetie erakie: $01dgs bakks r@mppag,rﬂnd gfresihentpontacti g, The
probe card of any of clains 1 through 18, wherein the
APIC is positioned at a proximate end of the
17. a%heptobt edrdufabe of elathhsi drowghdl 6 whetein atdsst bmd @dbe is a non-
rohe, or at a position between the proxi mte end and
C°m3$ i stal end of the associated probe. 20. The probe
card of any of clainms 1 through 19, wherein the
control signal channel is one of an electrica
18.  chaepebe card d¥elamalin@iherepr the noi-ghntactrobetomiitises a irgenna
robe .c f,any of clains t hrough 20,. wherein the
on thef¥sSieiestd API ahe Bafiraion s fo bahutiee E iy chFaa g0y of
the DWWEMS probe wired for electrical conmuni cati on, and
conbi nations thereof. 22. The probe card of any of
claims 1 through 21, wherein the Al ICis in aflip
c f| f
19. %Q Rféo% ?ﬁiu&%hk %g ﬁlaﬁi’gso }‘rpﬂr}?u hg g&{h%feg rg t}}% %lﬁg: 1&%{)%tloned at a
prox1rﬁé]ﬁmidil bﬁaiela@@cvutédprabe lacistil edd&f ﬂid’HSﬁooPé?d:cCprZBe ofhea
probe card of claim23, wherein t? | east one APIC
positiprs betieg fhelpERMaisRd NG 415 Gifalgndiot dhe 4%%%%6%9@ 6t her
API C. 25. A probe for testing a device under test
(DUT), conprising: a probe body having an active probe
20. i Mhegrodeedrdodfranyiof claAf$ Cihrouglotd) evhetesl thertbotrol signal channel

is one of an electrical channel, an RF channel, or a light channel.

21.  The probe card of any of claims 1 through 20, wherein the control signal channel
comprises a wire, an antenna, a MEMS probe wired for electrical communication, and

combinations thereof.

22. The probe card of any of claims 1 through 21, wherein the APIC is in a flip chip

configuration. -

23.  The probe card of any of claims 1 through 22, comprising at least one APIC in

communication with at least one other APIC.
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the probe body. 26. The probe of claim25, wherein the

probe is one of a cantilever probe, vertical probe,
wOmwbs/a9probe, sol der bal |, 4%i crospring, and a RGIZCA30€$1000609

contact. 27. The probe of claim25 or 26, wherein the

probe bhod nor.e than.one | C inc orated jnto
2. DB Bradg sty Iaa B, ekt et B e AN ISt
commRhR4HSE Vithak fdabtRlotiRE AP¢6Si Ng capabi lity. 28. A probe
card, conprising: at |east one probe of claim?25, 26
or 27, and at |east one control signal channel for
transp tting a control .si.gn oma test controller
25 GPRE s g dlick Sat S DU SRR Sbe
t aPASHE Body dal@§lan Sc@Veprobé Medrited Sttt (APICY ehdokpbratbdlinto
transmts a test response signal fromthe DUT to the
the pralg bodyand t he control signal channel transmits a
control signal froma test controller to the APIC, and
transmts a control response signal fromthe APIC to
26. t Maetpaste ofehimdS] eheredbthe phubeps olxeofatattitdvecprabenvaical
wherein the APIC is configured tq covert the contro
probesvﬁﬂﬁ%lprowow% ball. guicrospripg.Gof @resibient cAntatler frequency
test signal. 30. The probe card of claim28 or 29,

wherein the test signal and the test response signa
27.  arlhe pedtectfethimrddmnrl 6gwhersinctbe prabeibody bhs meFe thamomd APIC

: anal si.gnal digital, K signals,. and the cont.rol .

incorgrlied FHAG HTF HIRBE bt P Pl PRSEIieD o Profe PraYifhamultilevel

procebiiyd Epability. equency bel ow an RF signal.31. The probe
card of claim 27, 28 or 29, conprising a reconf

gurabl e array of probes. 32. The probe card of claim

3 erei.n the.probe array is reconfigurable by -
28. béﬁaﬁﬁgcgﬁe“%?P P& probes, by actuating one or nore

prapleas ok plobelofENINTG, 2616r 2E@A@&I ti oni ng one or nore
probes. 33. The_ probe card of ang.of claims 28 through
32t lepgtrong epntee) signak ehegnel for transmitting a control signal from a test

controller to the APIC, wherein, in operation:

the probe transmits a test signal from the APIC to the DUT and transmits a
test response signal from the DUT to the APIC; and

the control signal channel transmits a control signal from a test controller

to the APIC, and transmits a control response signal from the APIC to the test controller.

29.  The probe card of claim 28, wherein the APIC is configured to covert the control
signal from the test controller to a higher frequency test signal.

30.  The probe card of claim 28 or 29, wherein the test signal and the test response
signal are selected from a group consisting of: RF signals, analog signals, digital signals,
and the control signal and the control response signal are signals having a frequency

below an RF signal.
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at | east one tester interface associated with at | east
one APIC and at |east one,control signal channel; at

wd mest19%eme DUT i nterface asSociated with the DT/@AI08/000609
the at least one APIC, the DUT interface electrically

st IR EPE PR P RRCRR Sqeun g eb ity °

probefet ween the signal test processor APIC and said DUT;
the tester interface being configured to transmt one
of |low frequency, high frequency, radio frequency, |ow

2. DIREp AR R ALl 8l ey pening
one o1CA6iepRbbes] By adtuatingrone lor mdde probes @rnhemoaing anfl repositivhing

clainms 28 through 33, wherein the control signal
one olIRARFEPLSSs one of an el ectri cal channel, an RF

channel, or a light channel. 35. The probe card of any
of clainms 28 through 34, wherein the control signal

33. cHhapaibecardorfiangof alans 2§ thaoughriZe fimther eorvBiidsngsr obe
wired for electrical co ni cation, an nbi nati ons
R he BT THET 5 OO LR U LRGP P SPLC R0 Sgeast ORe

contrd1 RIgpHOthadre]; Wherein the probe card is in a flip chip
contiguration. 37. A nethod of form ng a probe card,

cenjenstone PUHmntgfasp gssofiatadrviti tiedd) R apd tigra tnasitiing APIC, the
DUT BifrfieG ahianrany PoRRedig By et ishnaticet iERa T ke g fo
comnlu@aitioR BEhBRIfequaita saehR beRideg tihe €1l Ct prdessot ABIC and

_ DUT); reprogrammi ng the at | east one APIC based on
said QWE characteri zation of the DUT: and reconfiguring the

pr.ob [ ri ' .

S el i eREB e Pt e R R e B IRE Bhuchll Yl
frequérity| RadRofreddeycyl, dovwrptbcisidnh highpredigon, IDC hiigipdl abé a aombination
of digital and analog signals along the control signal channel.

34.  The probe card of any of claims 28 through 33, wherein the control signal channel

is one of an electrical channel, an RF channel, or a light channel.

35.  The probe card of any of claims 28 through 34, wherein the control signal channel
comprises a wire, an antenna, a MEMS probe wired for electrical communication, and

combinations thereof.

36.  The probe card of any of claims 28 through 35, wherein the probe card is in a flip

chip configuration.

37. A method of forming a probe card, comprising the steps of:

providing a programmable active probe integrated circuit (APIC);
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39. The nethod of claim 38, wherein nore than one APIC
is integrally formed with probe in the probe array

wosHosIinmt , i n operation, tsﬁe probe provi des MRATCA®OL000609
pr ocessi ng capability. 40. The nethod of claim 37,

wher ej.n ast .one probe in .t be array is
PEY T PRI Py S AT ab i D R gt [ ons
APIC;ret hod of any of clainms 37 through 40, further
conpr|5|ng the steps of: providing at |east one
cdrﬂrﬁtwﬂzsﬁlggméfﬁvmqﬁametest Rk t ting a control signal
Har ?:%Fxrxmm% e n#fea%ﬁgp&%f?#lgﬁs 49 tlhe cflar ten%a%on oft e DUT;
and through at | east one probe in the probe array fron1the
APIC to the DUT in response to the contro
t FesARbguring fae aropegtray agsd nadhechpmaterizatiough thagm“éast
one probe in the probe array fromthe DUT to the APIC
in response to the test signal; and transmtting a
38. c@ht nethoded plara & 7swhain dtheastigie AREC santpgally Sorgrediwith a
nnel, fromthe APIC to the test controller. 42. The
P“meﬂéﬁﬁéﬁoQﬁaQﬂWaln14l wherein transmitting the test
signal conprises converting the control signal from
the test controller to a higher frequency test
39. silpe aiethﬁé of ﬂaemriiét whedreof motezthan dnel ABIC thdntegtally étpmned with a

st one.of the

probe i} R b AsTBn (AR 0BG i 4 Wiph i FeF G B gissing
capabfy.ected froma group consisting of: RF S|gnals

anal og signals, digital signals, and the contro

signal and the control response signal are signals

h fr y F .S 4
40. %YKIE ﬁ%ﬂ%fd f%?alilr%% ﬂ?ﬁ?ﬁ’\{hg N %@st on g?(gale d fhé, Cpoﬁls £ u:)b
prov1ddﬂenme@liwe19radﬁyerﬁwmelﬁlﬁs bendi ng one or nore pr obes

or renoving and repositioning one or nore probes. 45.

The nmet hod of any of clains 37 through 44, wherein the

41, PTREGAIJdDE ah{'dP Eliaﬁﬁscﬁ’?ﬂ&o&gh AW RraRRE e&ﬁﬁrising the steps of:

providing at least one control signal channel;

transmitting a control signal through the control signal channel from a test
controller to the APIC;

transmitting a test signal through at least one probe in the probe array from the
APIC to the DUT in response to the control signal;

transmitting a test response signal through at least one probe in the probe array
from the DUT to the APIC in response to the test signal; and

transmitting a control response signal through the control signal channel from the

APIC to the test controller.

42.  The method of claim 41, wherein transmitting the test signal comprises converting

the control signal from the test controller to a higher frequency test signal.
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46. The nethod of claim45, wherein at | east one of

the probes is associated with nore than one APIC 47.
woTtes/mitod of any of clai A8 37 through 46, WRITECAR008/000609

nore than one APIC is provided, each APIC being

ra d top.conduct at | east one specific test on,
43. [ FBpamod claim R oNh TSR HBE B leas oniAEEiSS! signal

and the 360 rApORL sl g%a%ﬁfse@tr&x?sﬁii{tin%\éesﬁgrﬁ[ &oted/ 86 LCitbup
probe, cobra probe, solder ball, mcrospring, and a

consistipg joff'i RInsigoalataaslog sigdalsTdigitahestigrats, afd tha goutfol signiahandihe
contrthr oul%rge 48,a V\,hesr ei a{/i I & etuoncegt;)eliobe gﬁ an ncont act
Propensestenaliig Sigpls5aVine A AP I 8p BF gk
non- cont act probe conprises an antenna on the
associ ated APIC, the antenna configured to conmmunicate
44.  wihp methadmfaay opelains b throughpdr wherein repenfigaring dheprobey
array S gy bl G0k Mhobet PR Mib g ¥ebduitdhing one apmore
probes di stal end of the associated probe, or at a position
bet ween the proxi mate end and the distal end of the
associ at ed probe.52. The nethod of any of clainms 37
t i I whbfithe SRSy
- ormgn eogihfra}qggrag{hhégniggh? an %I’:“@Eannele?) or aayicgﬁit%ﬁges
one ociarewbbes53. The net hod of any of clains 37 through
52, wherein the control signal channel conprises a
wire, an antenna, a MEMS probe wired for electrical

46. COBEAUIERE 6 fAlimadd wherdl R3tdsPBfe b118E BRIbes Réissobitied with
nmet hod of any of clains 37 through 53, wherein the

more ARpEngARIG. a flip chip configuration.

47.  The method of any of claims 37 through 46, wherein more than one APIC is
provided, each APIC being programmed to conduct at least one specific test on the DUT.

48. The method of claim 46 or 47, wherein each probe is one of a cantilever probe,

vertical probe, cobra probe, solder ball, microspring, and a resilient contact.

49.  The method of any of claims 37 through 48, wherein at least one probe is a non-

contact probe.

50.  The method of claim 49, wherein the non-contact probe comprises an antenna on
the associated APIC, the antenna configured to communicate with a contact point of the
DUT.

51.  The method of any of claims 37 through 50, wherein the APIC is positioned at a
proximate end of the associated probe, a distal end of the associated probe, or at a

position between the proximate end and the distal end of the associated probe.
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52.  The method of any of claims 37 through 51, wherein the control signal channel is

one of an electrical channel, an RF channel, or a light channel.

53.  The method of any of claims 37 through 52, wherein the control signal channel
comprises a wire, an antenna, a MEMS probe wired for electrical communication, and

combinations thereof.

54.  The method of any of claims 37 through 53, wherein the APIC is in a flip chip
configuration.



