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A DEVI CE AND METHOD FOR REPARI NG A

M CRCELECTROVECHANI CAL SYSTEM | NVENTORS: LAKSHM KANTH
WORMNBORIGOAND RAFFI GARABEDI AN ASSI GNEE:  TOUCHDERNMUS2007/073579

TECHNOLOG ES, INC. 1. FIELD OF THE | NVENTI ON [ 0001]

The present invention relates to repairing

m cr oel ectronechani cal systens, including probe cards

for use in sem conductor testing. 2. BACKGROUND [ 0002]

I nt egr aleHEVICE ANB FIFTHOD FORREPARING!A
process Dy patterning and processing sem conductor

waf ers. BMICROHIECGTRONECHANIEGAL SYSTBEM es of
the sane Integrated circuit referred to as a "die." It
may be preferable to test the sem conductor wafers
PEVRANTORS: ﬂAﬁ(SﬁNﬁIﬂANTHWAthI\]Rﬂ%ND RAMRY GARABEDIAN
circuits and packaged for sale. If defects are
det ect edASREGNERe dIOVEHDN @V TH(HNOILQGIBSS NG
wasti ng resources packagi ng a defective part. The
i ndividual die can also be tested after they have been
cut into individual integrated circuits and packaged.
[0003] To test a wafer or an individual die - commonly
call ed the device under test or DUT - a

1. m drlediDe O THECINVIENATON er ned MEMS) probe card
assenbly is used which cones into contact with the

[008d} f ace dfc prérenDTentiPheaclpres berepairid g ganeckicirgmednngiahsystems,
three unique characteristics: (1) an XY array of

inclpdiap vrabgarrds femess i perpicaapstariesting Z direction to
allow contact with the die pad; (2) an electrical
interface to connect the card to a circuit test

» apmM(B) arigid reference plane defined in
* su the probe card can be accurately _
[OO%E]U nted In{égltrat[]eed RIQRE erlreln?é:(%tlrll %%ulk para Nidh proc@ssqoy pa‘t: ermng and

processing semiconductor wafers. Each wafer contains many identical copies of the same
integrated circuit referred to as a “die.” It may be preferable to test the semiconductor
wafers before the die is cut into individual integrated circuits and packaged for sale. If
defects are detected the defective die can be culled before wasting resources packaging a
defective part. The individual die can also be tested after they have been cut into
individual integrated circuits and packaged.

[0003] To test a wafer or an individual die - commonly called the device under
test or DUT — a microelectromechanical (termed MEMS) probe card assembly is used
which comes into contact with the surface of the DUT. The probe card generally
contains three unique characteristics: (1) an XY array of individual probes that move in
the Z direction to allow contact with the die pad; (2) an electrical interface to connect the
card to a circuit test apparatus; and (3) a rigid reference plane defined in such a way that
the probe card can be accurately mounted in the proper location. When the probe card is

brought in contact with the die pad, the Z-direction movement allows for a solid contact
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brought in contact wwth the die pad, the Z-direction
movenent allows for a solid contactwth the probe tip.
wab@ptehe card ultinmately provides an el ectriRel/US2007/073579
interface that allows a circuit test apparatus to be
tenporarily connected to the DUT. This nethod of die
testing is extrenely efficient because many di e can be
tested at the same tinme. To drive this efficiency even
witlfihg Besbe thY. OPRe ?@b@ cHRNUARSEH R8vidbLar BKItAGal i REGRIe that allows
probe cards with an ever-increasi ng nunbers of probes.
a cilcdQQ&} afparteiol Be teiPortayiBeSon@bctid Rc DRST gMisis afcehddsFdic
to test a seniconductor die - cantil ever and
testingliséxarealely Hificent B&aastdnaly dik kcusbe gbed at thorwmatinen@b drive
cantil ever probe. The probe (705) conprises a probe
thisteffpei¢ricy @y en highem giabg ceddemamifactineSire naakanglapgeo bbb agils with
(720), which is nounted to a substrate (725). This
an e¥pr-increasing gempets of grabgs.erred to herein as the probe
card. The entire probe card is generally noved in the
[0094}; 1 ectGwrently dpp Exnss ohprose feeisang ued iR itgsga seyaiconductor die

R b B AR Bl
FIG 7Bl . -
ThedPIRADS asmygn 02 et ﬁ%l@?%vﬂta@gﬂ?nﬁ?? 3 B BisDe base
(728 fich Bl 18 BT/ I CARE AR f e herpin o
the aﬂjqobé’ gld Q‘H@)entiltegﬁol&r QPEistdeRera Y HRRed fifhE ‘Zr-‘&i?é‘cﬁgl? g@eglijcéehd by

ich perfects an electrical contact wth the

arroW%O)%@@s‘iﬂ%‘ﬂe GaRdi£LBRBREE7 17118 tdhe, aozlawirggﬂl_e ?m,tipmumo
are typically alumnum are often coated with a thin
conlcdi@rcoafacaivithitirudic pxd et isahd@ttber FpG ot tlustt&icCR@ ththrobe
and the probe tip nust cut through the coating to
benghap febemient (/83 5¢ baxtls mhdlalbetgrinewdht ario c@tea widsthe dge. 14 an
conpl ete, the probe (705) is noved away fromthe die
indip@i@alemdbet tneve@t@b@al@mohﬁg‘swﬁ]adjc EBTicpgtagtrpagi(ﬁ)a?ﬂ event is called a
position. [0005] The second type of probe is based on
touchdpywp ithspipbeier pgnbs the cortrelmgiewhich gerfergs anelepggcal contact
Witl?ihgégﬁi sg]g élga? zecs£u|6$ gaic’rb(?%qtlrggﬁc’cle.onfhg %{el c%%ta%te Selld%,n WhiEL Ca-:‘lre tgpically

aluminum, are often coated with a thin layer of aluminum oxide, or other protective
coating, and the probe tip must cut through the coating to perfect the electrical connection.
Once testing is complete, the probe (705) is moved away from the die pad and the probe
springs back to its original position.

[0005] The second type of probe is based on a torsional design. For example, U.S.
Patent No. 6,426,638 describes a torsion spring design. FIG. § illustrates a torsional
probe design. As the probe tip (81) comes in contact with the DUT contact pad, it moves
flexibly in response to force applied vertically to the tip (81). Vertical movement of the
tip (81) depresses the arm (82) and torsionally flexes the torsion element (83) in the
direction indicated by arrow (90). The torsion clement (83) serves as a torsional spring,

thereby impressing a restoring force on the tip (81).
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probe design. As the probe tip (81) cones in contact
with the DUT contact pad, it noves flexibly in
WO e®ponsest o force applied vertically to the tPQI/US8WP7/073579
Vertical novenent of the tip (81) depresses the arm
(82) and torsionally flexes the torsion elenment (83)
in the direction indicated by arrow (90). The torsion
el enent (83) serves as a torsional spring, thereby

[000BPF €SSiTHs@plo88d, efthd?dhd @FG&naPBr ih@%aﬁthl@ve(r% @6 Hamaged
These probes, either the torsional or the cantilever,

and ARt bEEPMR el aTRYELn ARSI fr&a repitiac ach. Forexsapros
may be fromrepetitive use. For exanple, an individua
indipidableproy mex pepdrencethb andaoitisucidotvan ahdl bysosncadathaged through
beconme danmaged through ordi nary wear and tear. Another
ordipaysiir kid feai. sAndther pdssbpity rehatshelpriobe s dodedtive fmonhie
beginning and it breaks prematurely. And yet another
beginpa; anid|if hrgaksprematuraheApd gefeane et pessibatity hnhdl g peahg card is
t he probes are damaged. d&aardless of the reason for
a

mlslt%ﬂeai%glée priopes ae éﬁliﬂégﬁ Atdigse g thererspp fay the dapage, it is
robe and_brin ntire. be card back
oftei g HEeDI i rep BB Tgeripab (BB il repegrd back int

SerVconventlonal techni ques, the manufacturer of the probe
&&td nust first create a new probe, renove the danaged

(008FE°F o ekt B Sa b AU b AR fochPcd W Bl cRer of
the ﬁrgﬂ)g’@m%qgust Gt él?eafbognev@}él%%g eRGvand agméggd gr%ge %ﬁlct'hb ??obe

hods for constructing probe structur
carPand/ifstdil thedRKCHLDESN BrcREOGr@f FéraRambldN Y. @tPa%‘%Es' mg90 637,
contact by first renoving the spring contact by ei'ther
6,439,821 6852 407 5H1IMIG4Cmd 6820, Zn8dick & béimgh@dssthtifons@tictig probe
| ocal i zed heating that causes the solder to rel ease
struttineess fr. 8. iptent)63.77BaP dntcribe 52 Brefind cdrgaintesa splescantact by
met hod of repairing a damaged probe wire where the
firstdamayied the svemgwoniact by ¢itheogwtingthe spung Porgac) and lﬁ@vmigraestub

until i1t fractures at the base of the wire. é£ %@

or by hecndizedlasting thas crarethe soldpaipaclsasgdh@pprigawdax Retento p23,255
e le, i

also esgr.ii)bes a nllethorgaof repairing a damaged probe wire where the damaged probe

wire is removed by “pulling on the wire until it fractures at the base of the wire.”

[0008] These techniques however, have several drawbacks. For example, it may
take several weeks to build a new probe. Not only does this cause tremendous
inefficiencies by pulling the probe card off the assembly line, but construction of a few
replacement probes after the fact can be very expensive. Also, the newly constructed
probes will likely not have the same characteristics of the original probes because of
variations in manufacturing techniques. This means that the newly replaced probe will
likely perform differently than the other probes on the probe card, resulting in potential
inefficiencies when the repaired probe card is placed back into service. In addition, the

current techniques for removing the damaged probe as described in U.S. Patents
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take several weeks to build a new probe. Not only does
this cause trenendous inefficiencies by pulling the
weembeleas d of f the assenbly |ine, but construrtT/o82001/073579
a few replacenent probes after the fact can be very
expensive. Al so, the newly constructed probes w |
i kely not have the sane characteristics of the
ori gi nal probes because of variations in manufacturing
6, 523%"%@‘6‘3?77 3191 in BB @Nns ?Qﬁﬁ chiGarheoM oth &rGRbIRS %gtlﬁrl&*ﬂ?edlate
likely performdif erently than the other probes
M@pn the probe card, resulting in potenti al
i neffici enci es when t he repai red probe card is placed
[0008Lk | ntWhatds vitazled, therefudeliis b stuctiileend wictiesdt fot sphitingMEMS
for renoving the danaged probe as described in U S.
protiRatagds tht, 1S AR xpSBIv@nthsGandzec@4@. can be cl umsy and can
damage ot her probes in the i medi ate area. [0009] What
I's needed, therefore, is a structure and nethod for
repalrlno NENB pr obe cards t hat is inexpensive, fast
nBLEMMAR: HE NYENTEINTHE | NVENTI ON [ 0010] A

vel deV|ce nd met r a|r|
l‘"ﬂﬁh udi rfy nw%@swe%? tfheﬁ f%rsfe %lﬂn%gﬁl\?fgﬁm}@%rmgs ding probe

cordsorREmae R a@%@%&t&% ' EEIoRt o P mpadipRaf A prS8 frd for
use %v?ﬁlﬂ Qéjny%gﬁf Eoﬁ(\p@.[tgtr ff’)r Fegﬁp% g’orﬁiu%t%p %}afe% g?né&tl%es a substrate, a

ration es connec
S
plur%**@ff’frg?%;?goﬂm TS B4 B, S LT

opcfhitiBEA B S afOMMAPIcA o Afafe an Blebitidhll do¥in&ftioh SRIAEE BRBhostic
probes connected to the substrate, wherein the

confpluteh ahd b YlLu@ilitQ RE Fepldcomaht froBRIednadtEd toehddubk@dte twhadéin the
repl acenent probes are constructed in substantially

plurbhty «faperatram fpactics andtheplwakyof réplacecafennpiobedt &c odnstrdacted in
enbodi nent, the manufacturing process nmay include

substaglallghe smaehnmiufertamty gbewssr dplrefinengntsmfithis embodiment, the
desired structure is fornmed. The plurality of
mangiieteineanasesp el aaclededmeskangy maehinjngyandfelectroplating until the

desired structure is formed. The plurality of operational probes and the plurality of
replacement probes may comprise a torsional probe design or a cantilever probe design.
Also, the plurality of replacement probes may include a release layer. This release layer
may be activated by applying a voltage.

[0011] Also disclosed is a novel probe card that can be repaired. Specifically, a
probe card for use with a diagnostic computer for testing semiconductor wafers, the probe
card comprises a substrate and a plurality of operational probes connected to the substrate,
wherein the plurality of operational probes are adapted to make an electrical connection
with the diagnostic computer, and wherein the plurality of operational probes includes a
sacrificial material that is activated by applying a voltage.

[0012] In another embodiment, yet another novel probe card is disclosed.

Namely, a probe card for use with a diagnostic computer for testing semiconductor
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repl acenent probes may conprise a torsional probe

design or a cantilever probe design. Al so, the
w@bkampalicdy of repl acenment probes may i nclude aPCEUSASB073579

| ayer. This release |ayer may be activated by applying

a voltage. [0011] Al so disclosed is a novel probe card

that can be repaired. Specifically, a probe card for

use with a diagnostic conputer for testing

wafSREbaPAGHE ta‘%ﬁbé’ﬁﬁtﬁeea[rﬁi a pib&uiBy @%e%’bﬁalﬁﬁ@%s'c@ﬁ&c?ed to the
substrate and a plurality of operational probes

sub&Ritd) @detsin the plitelisuWTvhetienal WRsHesbrt ddBptePkdimaké dryeleétrical
operati onal probes are adapted to nake an el ectri cal

conganine etithahe diaghostib eonhpagnasat ivhcedmphetpuraligrd opbtienal probes
the plurality of operational probes includes a
inclgdwsrai relcescabyeratterdinlthe akensd lsy@as aataiated byyapahypig/d ngjtage.
vol tage. [0012] In another enbodi nent, yet another
(00431 el  prévbsthedrfar fesayingc daveated Reohsifyom & pmtz%@rctlérd@closed
for use with a diagnostic conputer for testin
Theg@ﬁh%ﬁam%a ﬁ@fl@g% %B?Ppﬁ?@larfﬁo@ & Enat a&ckudaﬁa plrality of

opeBiidlpeotes AmBRERTS b RER el S ﬁ@gﬁ?an@gtgfgﬁqtr%w%?lewwes
confiSenBE FiElec o agﬁaflﬁﬁs\ff@f‘ﬁ%ﬂ%lh% O rashDyh b ablSing a
volRE Al A0Rbs PLORSS |AGHIAGS 1R :fleap ob@ygggwgwuage "

€ rel ease IS acC y|n
o L8R3 PR A SRS, TSGR AU 40

danREEPErobE BEHAhE ﬁ)ﬁkb@ @A, did RahehBah UEBS @ntldivhadt] thy ﬁ@(fbe card
oper ati onal probes connected to a substrate and t

can [ilithcd cotyried a plpeilia bomplacghah@sobeo oprncsed té He sdbsthgsd
probe and a sacrificial material which is activated by
wheagiplthd plgrafityval dpageiondlipeobustand theggnmtitysefyepldemtdnt probgs are
t he danaged probe, applying the voltage to the damaged
congfrushasl in exlpromitially theesae corroigeprocesané thshineiod may further
sol ution and renovi ng the danmaged probe from the probe
inclygg e steps peyopaeHan paC of the nhgaléméeﬁph@ﬁmemtme q@r feste the

th I I f
sub %%ggég(? 0 H’x]&ﬁtgé s%:;gtga?c glgqj%g q‘g greltltley de?rnage pro %e\)vna%r}temoved

The step of separating the one probe from the plurality of replacement probes may
include mechanically mechanical plucking, mechanical shearing, laser cutting, voltage-
activated etching, sacrificial layer etching and combinations thereof. The plurality of
probes on the probe card used with this method may further comprise a release layer that
is activated by applying a second voltage, and the step of separating the one probe from
the plurality of replacement probes may further include applying the second voltage to
the one probe and exposing the one probe to a second etching solution. Also, the
separation of the one probe from the plurality of replacement probes may be performed
before the probe card is placed into service. Finally, the step of installing the separated

one probe may be performed using a die bonder or other suitable means.
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wherein the plurality of operational probes and the

plurality of replacenent probes are constructed in
weuwsvaré al |y the sane manuf acturing process,PEntsione073579

met hod may further include the steps of separating one

of the plurality of replacenent probes fromthe

substrate, and installing the separated one probe

where the damaged probe was renoved. The step of
[ooagpar at i Qenchif BPRpRIARE dahRBtd PRLPIERAL plove @rd is also

repl acenent probes may i nclude nechanically nechani ca
discidsg€ K Thgmettidg hepiig al dagtaged piode filbaseprobéltirdRehich includes a

vol t ageacti vated etching, sacrificial |ayer etching
plurahiy cf@pbiatiatdl prsbet berireofed td heulpltrateainid tayplahlifyradlvegd ac@ment

the probe card used with this nmethod may further
prolpsrpnicstddo thel sibsteaté agdkewheraat the pluadity vhoputatipnabpobys angl the

a second voltage, and the step of separating the one
plughiysd replagenonepiobe 2k icoystivfted dip behstantplly the obme mpayfacturing

further include applying the second voltage to the one
progssp hEhcmgthad seePHyng ﬁ@ S%Wé optdspEiiing the dapapry eeetiong! probe,

reméﬁi'fe%??aﬁrp%@ 3’E?r5$§mz kD I“ °Bu§3>fs%éeh%a % r%ﬁ}%feoa{ef???he

| B ity BRI
ol iy W e AGRR 8BRS iy B S8EHE Aol BRbY g el steraced
oS G, 154 BroBEOABs I AAREASHERABAE pro vas

mea repairing maged probe

rembl QN fh REALBRRbEHiScrRbPmEASH %ﬁﬁgﬁtym?%i%?%ﬁt probes

repairs a danaged probe from a probe car

comphigésiiRseade Ry thht it MctRfat@RST Hplyenad vHlEReemdananes bed

to a substrate and a plurality of replacenent probes
sepaatiieht ede pbt Mdnsthe plurality o Rehlvdeaicat probirefupthetriatiutios

of operational probes and the plurality of replacenent
applyightbs valtezedo tist oneqtrelst aml cxplsb@titeioak Ipyotiche as atvhing solution.

manuf act uri ng process. The net hod conprising the steps
Alsothei sthprafistgaraiing the odapme droopde aturalitslof prpddsementeprobésimgay be

t he damaged operational probe fromthe probe card,

perfoeped b meghadirel plucking pedhepichlsheying Bseragéingmolnespeyvated
o AE RS LaLS, 00, LR ALL) RO LA, 00 BEORE s o
the 1\4\1410%2 %artdr}se pl%g&r?i%teodse%ce:er. ahileosr‘gea]pl oﬁ%gtgl?in\é\%e separated one probe may
be performed using a die bonder or other suitable means. Finally, the step of removing
the damaged operational probe may be accomplished by mechanical plucking,

mechanical shearing, laser cutting, voltage-activated etching and combinations thereof.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A depicts a novel probe card with both a plurality of operational

probes and a plurality of replacement probes.

[0016] FIG. 1B depicts the plurality of replacement probes and the plurality of

operational probes in higher magnification than in FIG. 1.
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renoved. In refinenments of this enbodi nent, the
plurality of replacenent probes conprises a rel ease
wo 200e01t6b@t i s activated by applying a vol t agePCEHOBR2001€73579
step of separating the one probe fromthe plurality of
repl acenent probes further includes applying the
voltage to the one probe and exposing the one probe to
an etching solution. Also the step of separating the
one probe fromthe plurality of replacenent probes nay
be perforned by mechanical plucking, nechanica
[00377par i NFIAG2Ar & 2B liubgate ¥ bV @entaetdryadiRdbuat@hd Wih a release
sacrificial |ayer etching and conbinations thereof,
layeand may be perforned before the probe card is placed
into service. The step of installing the separated one
probe nmay be perforned using a die bonder or other
suitabl e nmeans. Finally, the step of renoving the
[00d8haged ey 2C &) illysisie amaycldersiwneloprpbe hwsdirpyvith a release
mechani cal plucki ng, nmechani cal shearing, |aser
laW%utting, vol tage-activated etching and conbi nati ons
t hereof. 4. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015]
FIG 1A depicts a novel probe card with both a

AR A e o
basé’édﬂ'taﬂ{lé&)/el e [a ﬁ&@%ﬁft g%é QAgFepnd the plurality of
operationa In er magnification than in
FI G 1.[0017] FIGS 2A & 2B illustrate a novel
cantil ever probe structure with a rel ease | ayer.

[0020P18] FMGS3BAGuGa2dl d AdveBproBE Bard dBAYER WhiRI the BREL cantilever
probe structure with a release layer. [0019] FIG 3A

probd ik uside F @ Sacifiv elatdfad Bt Barttagesitigatedher e t he
cantil ever probe base contains a release layer that is
vol tage activated. [0020] FIG 3B illustrates a nove
probe card design where the entire cantil ever

[0021] FIG. 3C illustrates a novel probe card design where a damaged probe

has been removed and a replacement probe is being installed.

[0022] FIG. 4A illustrates a novel probe card design where the torsional probe

base contains a release layer that is voltage activated.

[0023] FIG. 4B illustrates a novel probe card design where the damaged torsional

probe has been removed, while maintaining the pivot.

[0024] FIG. 4C illustrates a novel probe card design where a damaged probe

has been removed and a replacement probe is being installed.

[0025] FIG. 5 is a flow chart outlining a novel method for removing a damaged

probe.
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probe is nmade of a sacrificial material that is
vol tage activated. [0021] FIG 3Cillustrates a nove
wWpeebel1was d desi gn where a damaged probe has bRe&nUS2007/073579
renmoved and a repl acenent probe is being installed.
[0022] FIG 4Aillustrates a novel probe card design
where the torsional probe base contains a rel ease
| ayer that is voltage activated. [0023] FIG 4B
illustrates a novel probe card design where the
damaged torsional probe has been renoved, while
[0078] Nt ai I 6tibe flpiweart du@iidd a fib¥el nftthod fbﬂ&%ﬁﬁﬁg?@ d@mnaged
novel probe card design where a damaged probe has been
probeenoved and a repl acenent probe is being install ed.
[0025] FIG 5 is a flowchart outlining a novel nethod
for renoving a danaged probe.[0026] FIG 6 is a flow
chart outlining a novel nethod for reparing a damaged
[0087bbe. [HIGB7[7 ARG arg Alwtragonsrad ajfriog gt paeticohat cotpleys a
prior art probe that enploys a cantil ever design.
canfilgprgicsigNG, 8 is an illustration of a prior art probe
that enploys a torsional design. 5. DETAILED
DESCRI PTI ON [ 0029] A novel device and nethod for
airi M5 systens. i.ncl.udin robe cards for.us
10028 Seri Bt ar RaETon g ol el PlEdnt ef@ds) & 8hiotidesien
illustrates a probe card (100) that contains twenty
single die probe areas (105) allowing it to test
twenty die sinultaneously. Each die probe area (105)
contains a plurality of operational probes ( 110 and
5. 11PDETAM.EDAIPESERIPTIOSt ed t o a di agnostic conputer to
test the rndividual die. During the manufacture of the
[O(HBPEE caX dovadcaiddhiid mpebd poruepditihy MEMB epdtaas ieeltding probe
pr obes
cards for use in semiconductor testing is disclosed. FIG. 1A illustrates a probe card

(100) that contains twenty single die probe areas (105) allowing it to test twenty die
simultaneously. Each die probe area (105) contains a plurality of operational probes (110
and 112) that can be connected to a diagnostic computer to test the individual die.

During the manufacture of the probe card, an additional plurality of replacement probes
(115 and 120) is manufactured. The term operational probe is used to describe probes
that are intended to be used in testing a die, while a replacement probe is a probe that
may later be used to repair any damaged replacement probe. Of course, if a replacement
probe is used to repair a damaged operational probe, then that replacement probe
becomes an operational probe for use in testing the die.

[0030] The manufacture of this novel probe card may be accomplished by several
methods and may include multiple levels of photolithography (or X-ray lithography) with
sacrificial layers. For example, U.S. Patent 5,190,637 describes a method of using
multiple mask exposures which are capable of producing substantially arbitrary three-

dimensional shapes. First, a plating base on a surface of a substrate is provided, and a
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( 115 and 120) is manufactured. The term operationa
probe is used to describe probes that are intended to
wWhe00dsed9é n testing a die, while a repl acenent POr/OR®07/673579
a probe that may |l ater be used to repair any danaged
repl acenent probe. O course, if a replacenent probe
is used to repair a damaged operational probe, then
that replacement probe beconmes an operational probe
phofdRésidt 36t 3 dpBBEd BGhd Bl%nﬂg Ease[ @3 PhothRQishRUbaEH YA § pQﬂctern to
this novel probe card be acconplished by several
radlﬁﬁérht@déncwﬁ %d’{ﬁwtdr&ﬁétldﬁ@olwbl% ipthe dxpyetpatérn (1 e., the mask). The
phot ol i t hography (or X-ray lithography) with
phosaesidt id ehmived anykd Srst Bger efkaopl 8 cclectfoplad ento the Al80nHBKe in
descri bes a nmethod of using multiple mask exposures
the wvai Clomawhbich dpaiiotorosistgrae e nagoseb sTlzmt thatdnyaisddoiof ther y
t hr eedi nensi onal shapes. First, a plating base on a
photsiesis dsereatoved.sHstlayes of scqondary dentel inelactiqedertaithg plating
| ayer is applied to the plating base. The photoresi st
bas¢ &' eoxpscurAuRd Badirdrdsyer of Phﬁd’iﬂé‘ﬁfb Actad, Fbﬁ é@on@% metal is

chog) hOt 9 %EI Csatn-h(%l %ﬂg]ﬂtg&@%té{éd:tv&gt g giggtéﬁ ete uilg | prlrnary
metp2 i Bl o B el R e oAb r @b dpe el i 19 FRES
surfa& B\ glec‘%laﬁwg lg%F%lh[cﬁr&bgkgg Eheqﬁrs%lgfeﬁ%l'f%e a{frﬁﬁé&tmétﬁ. The

rem)ve ayer seconda

pro&k 6t ﬁleQ{lut?% %gac&ﬁh% Jnlaeel&ltﬁ?]aﬁﬂg Paste Je?ea%ﬁ’ ﬁ{tllfﬂ{@desmd

surround first” layer of the primary netal

struS@EOR davdedTI tAér th&h&dLOSEINd $O aphldéntitd ok@Ekil&I in the art, including
differentially etched without substantially etching

thodeRiéschusedrat Y. STeh@hts 6ArB, 300e6,83DASE , BT fedaad 6f 520(798.
secondary netal is machi ned down to a flat surface to
[0081Fel ectlédnghthic pirdcerhdasbrixdpiod 8. Ratent £5i 19616317 athe prabk strhetures
rimary netal. The process of masking, machining and
are 1étd@3r6© by éfmengntdahe biebe epecitreds comnpletet Bothdthsiplwality of
structure is formed. O her nethods woul d be apparent
operahopH dralics apé seplasemgat pipbes muchuapriagtddn dicsemssed
Patents 6,436,802, 6,452,407, 6,297,164 and
ma%l?mmgﬁéeps @Géi’}a Pl PRBe prssdeskoth dicancrisignilprepeg and the

replacerne E[ plro’b:é'é9 rcr)lay e cortlstc]r%c{%d ﬁlesstarrnlél ﬁy%lrr eglmllarly the probe bending

element in a cantilever design, or torsion element in a torsional design, may be
constructed in the same layer.

[0032] In addition, the replacement probes (115 and 120) may have the same
design as the operational probes. Specifically, FIG. 1B illustrates a single die probe
arca (105) which contains a plurality of operational probes (110 and 112) that can be
connected to a diagnostic computer to test the individual die. Also shown is a plurality of
replacement probes (115 and 120). The design of replacement probes (115) is identical
to the design of operational probes (110), while the design of replacement probes (120) is

identical to that of operational probes (112).
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are built layer by layer until the probe structure is
conplete. Both the plurality of operational probes and
w0 epbatwsent probes may be manufactured in t hePGEE$2007/073579
manuf acturi ng steps. For exanple, the probe base for
both the operational probes and the repl acenent probes
may be constructed in the sane layer. Simlarly the
probe bending elenment in a cantil ever design, or
[0033] Si ON £hGTRNprobd cadli®hah@ahrdeihic36hlad®enProbes may be
constructed in the same layer. [0032] In addition, the
sepdreell AHABB tw BreBSratc. 16 afag b2 28he pHyr b ?\Y&iﬂghﬁe $RIM card into
design as the operational probes. Specifically, FIG
serviid®, il Whish cadeabe probengt atodédfopuadia the faure 1 A3fernafivelly, the
contains a plurality of operational probes ( 110 and
repladeent hwbesaay be sepmtet afeat thocaad o dagedsntoaise oAgrot gt of the
test the individual die. Also shown is a plurality of
replpeguncat pradat mey bp eemeved D5 jeph d suffigient miyabefasipdad tofimplement a
repl acenent probes ( 115) is identical to the design
ICPH- oper ati onal probes ( 110), while the design of

G381 O ST 23 bS5 5 6k ey o
BT % R T 5P S 2 AP T BE iy pshonn

builg {;11}«_5:,02{ g %%s@ét@&idﬂﬁ tTlﬂg g{b{l})‘r@ 2%05?%?9&1&@ taQel%?%;e\éi%?eSi(% fr(g mlsﬁg‘wn in

€ probes are use I n

Lae! |
FIGQ??%@ AIEKE l%»glr LS BB eﬁﬁr%'?@ﬁl&ce%éﬂ?%%gg@l aﬁ?l%o 2?9@%%%&9&om

er the card is placed into use.

the SUBRIrAE 200! FIRG ORE shdVRya &fbageeﬁg)&e(d_zsarasjag licdPtoSUtbsidnha BpYobe
nunber needed to inplenment a repair. [0034] Renoving

(230)heA dagi tlecanienicppiceientprybdi@ 3 aceariel sepdiadd ynathe yithedate

of methods. One such nethod is illustrated in FIG 2A
(23A wanttht elese pryob@26 20Fhe rdeasttayar may kimplpbe a aacrificial layer

substrate (200). The probe (205) contains a rel ease
that|iggtehed 2fted fhe raglacdmosmt prabe Bir@:tugkBas then ¢amisragied.| Byerelease

allows the entire replacenent probe (215) to be )
layeg @ygraéioelgclpd@wacnﬁmal layer that is activated by using a voltage applied to the
layer and an etching solution. See Journal of MicroMechanical Microengineering, 9
(1999) 97-104 entitled In-situ fabrication of sacrificial layers in electrodeposited NiFe
microstructures. It may be advantageous to construct the novel probe card with an
independent electrical connection to the plurality of replacement probes, such that the
voltage can be applied preferentially to the replacement probes; thus preferentially
causing the release layer to etch away in the solution for only the replacement probes.

[0035] The novel probe card with replacement probes has several advantages.

First, because the operational probes and replacement probes are made in substantially
the same manufacturing process, they will have very similar, if not identical, tolerances.
Second, because of the manufacturing process both the replacement and operational

probes will have the same, or nearly the same, material properties. Third, the

replacement probes and the operational probes will have the same design. Fourth, the
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the substrate (200). FIG 2C shows a rel ease | ayer

(225) as applied to a torsional probe (230). Again,
W@ b@enteds e repl acenent probe (230) can be sepeCEHUSW07/073579

fromthe substrate (235) using the rel ease | ayer

(225). The release layer may sinply be a sacrificial

| ayer that is etched after the replacenent probe

structure has been constructed. The rel ease | ayer may
costof thelrBRh4GRNAPRABES isfn‘e%lﬁ%lblelvﬁié%rt%}hﬁ% cbistidefel Wi didRYof the

using a voltage applie o the layer and an etching
opeRBibhidlipdbes SEEth] e thaé n@fdedErepMe aamiagal operational probe is much

M croengi neering, 9 (1999) 97-104 entitled
shotter-teciust alvepleaimennpobe ssadraadly on hnd. aAued findlly, the use of the novel

el ectrodeposited NiFe m crostructures. It may be
prokxdwBhtcagedusoteoeitonst egatsettietimoved cqpt obepaiang awatmiageh

i ndependent el ectrical connection to the plurality of
operagiphal pephens rgsiuedrtes, such that the vol tage can be

applied preferentially to the replacenent probes; thus
lﬂﬂagﬁf er erftyreantly axajipbicgchmgues sppd @ffP%%ié’rOfttgesélaéYﬁn%?-

jn the solution for only the replacenen ropes.. .
UndeB pigagh FRb PR BB Eertk e ne OB b ARG pgiay probe

as,several advantages. First, because the er at j,ona
carc&s (%aggg nto S%BF a@é}ﬁ%ﬁ{l Targﬁe SB\éegal avyeee% o construct PWELIS I

ial [

mac\?ﬁ\nﬂ?ﬁé ﬁw%ﬂ 1R Jhﬁr)lléé?leto ﬁﬁéﬁﬂ?&lﬂ% glt%tf?\;df é ac%%%??ﬁrg)Pest Jﬂgtyare needed.

ave very-"sim I C erances.
f : i t:
O o o R POy RS b i ery

expé}{sixfé,eﬁﬁlle)éoﬁﬁl@niﬁgﬁﬁd talBd BE nAlchREOOE T ink om FRiduéing bBRr probe
repl acenent probes and the operational probes will

cardsavdsd, peoduiaing reisdcdient pRBES M, a dch@arsharfudictidvg process
repl acenent probes is negligible when they are
intredaesy hayetaediaadborigtseaiehomatdnal ppeedits ohthk updatesd probes and
Fifth, the tine needed to repair a danaged operationa
the epbisemint prolesh Bieoe meteribbaiatienscanapbfcacbapatiomrapie of the
al ready on hand. And finally, the use of the novel
replpgesisat pfobe vied-msdhe wislamaged probent Fipelba theetotermces ofethand

cost in repairing_a damag operatignal. prqhe is i
fepl?@‘&%?@éalfObFWBl{sYa%ﬁ%W@F 953 fgean apiesd perbimi B8 2 uphcerd i

. of fer any of ese advant ages. .
orlglnaflly manu}lac?ureé Hlere are mlsahgnglents between the various structures that are

constructed. But because all the probes are built in the same manufacturing process those
misalignments are common to all the probes on the probe card. Because the
misalignment is common, each probe will perform substantially the same and the probe
card can be adjusted to correct for the misalignments. However, when the replacement
probes are constructed in a separate manufacturing process they will not have the
misalignments that are common to the undamaged probes. Thus the replacement probes
will perform differently than the undamaged probes. A variation in probe performance is
generally unacceptable and inefficient. The problem of non-uniform alignment with
damaged probes is especially crucial in a torsional probe design which requires three

points of alignment: the base, the pivot and the tip.
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Under current techniques, the replacenent probe is
constructed after the original probe card is placed
WO pi0d/0swpe/i ce. This can take several weeks to BPONES200T073579
because the machi ni ng nust be changed to accommobdat e
the few repl acenent probes that are needed. Cbviously,
nmonopol i zi ng the machining to construct a few
repl acenent probes is very expensive, tinme consuni ng
(00800 t akeSow Ao tRGHROBERrPThhr EdnR bHAFBIRE GHMBIJAY RS ards are
probe cards. Al so, producing replacenent probes in a
higlfl ¢ pafiadte stimsut athat hdvR G etdr i8S Betirids tashsaeds) lo@ ir@ievidual probes,
vari ati ons between the material properties of the
whautid @acig@dbpmab ésvandintend eplecbecaimantonpeaive. to Bhikgmostic
material variations can affect the performance of the
compefsiradexts anopel poebevdasd thatiss thheintmatansigetirg rsabsdosed.
Finally, the tol erances of the replacenment probes wl|
Speqigicglly reserring i FI6]. 3he pielsaradabsisito b&Y) ishemnnagvig ppantilever
card is originally manufactured there

probg @85). ghheanele (588 Ipneralesss bysr G thgl@ﬁe}ﬁ 8wde gt valtage
i N e G e T S AT
of N RERRR e B ik Bl s oL AR P GutR s BBl fion o
R A o T

dam¥B&d] atdaﬁa%egfr%la gl@&ﬁ@&hé’&% 156 &gQﬁ%\ﬂéiﬁE &4htdedhosed to an

Separate utacturing process they not have the

ctchiASRILhEHHTRRIG &n thAdthe ?E&)G%@fﬂm_iﬁ&pteﬂ&nu BId ARALDNRERBES o its
Thus the replacenment probes will performdifferently

varibiaprobée thenddtaggesh Herppasd plforattially it® theldanfagebgrobe; thus
performance is generally unacceptable and inefficient.

preftivatipltyodduemgolic rbmsahyEno rtchl awgymetic solitttond @megdd release is
probes is especially crucial in a torsional probe

etchgd givgp thbdahagedquiobeis rertheed fpon Atessubstragd. i Glamsmtillusthages an
base, the pivot and the tip.[0037] Now a novel probe

embogirgent Feractip cpiérecapdr Y@ droby @1 Qdh sausiructod gba vekigagsctivated
are highly intricafe structures that have severa

sacreécéﬂé{u% y. Onse aggd PYOREISACHIONE B}eg @égplacernent probe (315)

can be installed. Also, it may be preferable to leave the probe pad (320) intact such that
the replacement probe (315) has a place to make a good electrical connection to the probe
card (see FIG. 3C). The probe pad (320) is generally made of gold, or other highly
conductive material, and would not be etched away in the process just described. It may
also be preferable to mechanically shear or pluck, or laser cut a portion of the damaged
probe before using the voltage-activated etching material.

[0038] Similar to the cantilever probe design just described, FIGS. 4A- 4C
illustrate a torsional probe design that can be repaired. FIG. 4A depicts a torsional probe
(400) mounted to a substrate (405), wherein the probe base contains a release layer (410).
The release layer (410) is made of a voltage activated sacrificial material. This type of

material is described above. See also Journal of MicroMechanical Microengineering, 9
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wherei n each probe may have an independent electrica
connection to a diagnostic conputer. Next, a novel

wWEe@be1was d that uses this intricate structureP¢BUS2007/073579
di scl osed. Specifically referring to FIG 3A, a probe
card substrate (300) is shown with a cantilever probe
(305). The probe (305) contains a release |ayer (310)
that is nade of a voltage activated sacrificial

(199@9@@0&' entitled Ho-EMPEL AL Sh@fidid l&ﬁf‘e%:[n' DEG-ABkRed NiFe
See al so Journal of M croMechani cal "M croengi neeri ng,

mickbstrhO@Rds. IWhER4 pestieiis Freld kd1bs i@l 4 Geltdgens &plied to the
sacrificial layers in electrodeposited N Fe

danmmige padt nud therpesbe Whisom e ppscdie an stchoigrsdlution b &idanhgrets probe
a voltage is applied to the damage probe and the probe

card lsastindapeedenoslectricd cannestiohs togtssalriots probeGthealtapatant e
Frobe card has i ndependent electrical connections to

appliedsprggar¢rsigdy to Bisalgmaghpropey thasgeretl@awt@@y &pl[tﬂlli&‘fdje release layer to
preferentially to the damaged prob

etchyverydp dhg Mqltrogl Qngsithiyretages 1.8@#@5@ éWFl?éﬂé? d%ﬁ?@é@ﬁ()%y
i 5y i fgmgo% GRS R R b o

{ {
lsch AT e oEBRER MRV R Sl SOl kB Ry
matSAgrificial nmaterial. Chce t he danaged probe is
renoved then a replacenent probe (315) can be

[0039pt al | 994G ABSRustiales TRYsuBS-RE gﬁ&r tﬁpgfob% ?46 EI’M?béelilieremoved.

probe pad (320) intact such t repl a enent probe

The(ﬁa&) pibets485)ak ageintRt ARkl & @e ?be%'p@@ ddabcicmpngest i on
to the probe card (see FIG 3C). The probe pad (320)

repla&eng@in prodk (42 Iyhdea placg @ Makod gatdngecthitaybbiynhecomdtsctht yobe
material, and woul d not be etched away in the process
card. UatF1Ge4C nirbddcendnt pepe & instalhed q@r thikeretizl ppdi(420).
mechani cal |y shear or pluck, or laser cut a portion of
[0k dandy6dS shoteou efraatieod for rgnaevieg ¥ dhmagpd-naehd. ViEtsed probe
etching material. [0038] Simlar to the cantilever
cardyy b hegadiagmagtivated gaertidia avpterml Ganampacturedi(P9Q)end atagedinto

I h El 4A
servé%&,%b?ﬁ a%uq: OEI]%B% géic’rldg@%‘tg %tde(s:grl e %vr{her%? I1rernec(g to FIGS. 3A - 4C.

Once the probe card is in service, the user may identify a deficiency in the probe card
(510). This may be identified by experiencing too many false positives for a certain die
probe area. In other words, a particular spot on the probe card is constantly registering a
faulty DUT. Or the user may periodically remove the card from the assembly line and
perform planarity testing, diagnostic testing and visual inspection. By whatever means
the inefficiency is identified, the damaged probe will also be identified (515). Then a
voltage is applied to damaged probe (520) and the damaged probe is exposed to an
etching solution (525). The damaged probe is then removed from the probe card
substrate (530). At this point, the probe card may be repaired (535). One such method

for repairing the probe card is described next.
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(400) nounted to a substrate (405), wherein the probe
base contains a release |ayer (410). The rel ease | ayer

W@ 200011686 made of a vol tage activated sacrifi cP@l/US2007/073579
material. This type of material is described above.
See al so Journal of M croMechani cal M croengi neering,
9(1999) 97-104 entitled In-situfabrication of
sacrificial layers in electrodeposited N Fe

[00QH LT OSt IRIGEMIE oW 11G a6, RIABB0d forfrOpiighd Qdaﬁﬁa%é@%@ﬁﬁonal
a voltage is applied to the damage probe and the probe

probeSis AR s@K PRiseh prob@bar@ i ihi thg op&htidriaPprobéd MRINTcplRadmdrie
probe card has i ndependent el ectrical connections to
probdsss manufactarcdr(60®snd pheecd 0ltd ageice &0 e Sagps pebe card has been
preferentially to the damage probe; thus
des@rbefl @bevet wah roferenesstiodgGEheA + 2D e Onec Hhayeoba airéisoh saweng, the
in the solution. Once the release is etched away, the
useighiralgadeniip bdefigicranpvleipiope pard el GuBismasebe identyfegd by
al so be preferable to nechani cally shear or pluck, or
eXPETISIZAR MNP &HES RAYIHTS fH e GHAMGHR DI BESah &t Bthar werdig?

he vol _act | d et chi i al . FIG 4B
partiqufis SO0 PaBe Proe CaIas Fo RS R et Byt TISE) OF S usdmay
b Th i (415), is. left i £
perigRERIL BRI s SAEABIORE a8y Bl it e Pp kg phaoa Ak
. 5 . o t i L
L ST Y e
the ngrﬁe%aed'o?el‘aﬁ§ﬁaﬁ ks sﬁgulpgt?somqu&tf@@g (6 lgﬁo)l"hetﬂ 804Qhab Grobe

charts out a netho renoving a maged probe.

mudrbE $dmoRdRERBE ICREEld B bppdrbit t 8hd S08kiIRGT th¥ akt@kht the damaged
sacrificial material is manufactured (500) and pl aced

opctafibfal$RsBA 188y HERMovedue Anpsyitadlemems dinbagdingéfnnot limited to
described with reference to FIGS. 3A - 4C. Once the
meghrnba ptarkihg, snacharsenl vhaneingt laeer ustting nenjtapelectiviatod cching,
deficiency in the probe card (510). This may be
sacriifgaaltlivfer etthing aad wembentpaythtisof (fddy Nawdkat plasdanmaged
for a certain die probe area. In other words, a )
operséippil puoberhas heen HOVEG apepldecreiyt @rabs reushbe Hstallpd. First, a

registering a fault .. O_the user may, .periodicall
replﬁ@%&% ProRg %%ﬂ; P%}yﬁe%% dBongy bg %QOIalyﬁhﬁled by separatirlg the

replacement probe from the substrate prior to placing the card into service (630) and
storing the replacement probe for later use (635). Or the replacement probe may be
separated from the substrate after the card has been placed into service (640). It would be
apparent to one of skill in the art that the replacement probe may be separated from the
substrate in either step 630 or 640 by any suitable means, including but not limited to
mechanical plucking, mechanical shearing, laser cutting, voltage-activated etching,
sacrificial layer etching and combinations thereof (645). Now the replacement probe
may be installed where the damaged operational probe was removed (650). This may be
directly on the probe pad. Various suitable means of installing the replacement probe are
apparent to those skilled in the art, including but not limited to die bonding. See e.g.

Model 860 Eagle Omni Bonder by Semiconductor Equipment Corporation.
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performplanarity testing, diagnostic testing and
vi sual inspection. By whatever neans the inefficiency
WO 20006ewdé fi ed, the damaged probe will al so bePCT/US2007/073579
identified (515). Then a voltage is applied to damaged
probe (520) and the danmaged probe is exposed to an
etching solution (525). The damaged probe is then
renoved fromthe probe card substrate (530). At this
[00!2191 nt, the BE ’Race kAt foYe REndtARA e GedladBlent HHBc SHEN
method for repairing the probe card is described
possietthd O04#Ad brdBefcerdris Rgtddaywniake tér&ain the dperiohsidofeinces and
repairing a damaged operati onal probe is disclosed.
spedificaions arepnelies Halfitheiréfladchenopebaprobo ahrdonedethcanidrance and
repl acenent probes is manufactured (600) and pl aced
spedificaioperthé pwb¢ 608)is pl8ushbazk prtobervoar(6hadf beethe probe card is
~descri bed above with reference to FIGS. | A- 2D. Once
adjusted (ppObwhishmepyi isclude splagingethe rapdacgment pypbry luatil e talpragcees
a deficiency in the probe card (610). This may be
and jspeshiafipBY2I8yEx per i enci ng too nany fal se positives

f a certain die probe area. | n other. words,
100438 ¢ 7o T P et B Tshiods e MR L pn RGPy reforence to
regi stering,a. fault . t he user riodically
sovdriis o BB R e L PR o R Bl B8 AR
. . . . > : L eual '

v ERTEL RbRES i ShBENE R LN M Bt n
fouwﬁgtcnaﬁﬂn_@.dMdréb?veﬂ%@wcm5 b QRAdL RSt AREnS AN Rl RPing
be i"dentified (615). Then the darfaged probe nust Dbe
claifn€ MRYEGhe CBBBYimdnts WO §hebigicaidPlotdtstri@lyd8x ehsisK? | Hnillips v.

the art that the danaged operational probe nmay be
AHWeTmYed1 DY . 3@MB0os Ui R23liFed. dans)s) (86 batb)ng but not

limted to nmechani cal plucking, nmechanical shearing,

| aser cutting, voltage-activated etching, sacrificial

| ayer etching and conbi nations thereof (622). Now t hat

t he danaged operational probe has been renoved, a

repl acenent probe nust be installed. First, a

repl acenent probe nust be provided (625). This may be

acconpl i shed by separating the replacenent probe from

the substrate prior to placing the card into service

(630) and
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storing the replacenent probe for l|ater use (635). O
the repl acenent probe may be separated fromthe

waowshtmde after the card has been placed i nt oPGED$100E073579

(640). It would be apparent to one of skill in the art
that the replacenent probe may be separated fromthe
substrate in either step 630 or 640 by any suitable
nmeans, including but not limted to nmechani cal

. Pl yekAgs nmechani cal shearing, |aser cutting,

volTage-activated etching, sacrificial |ayer etching
and conbi nati ons thereof (645). Now the repl acenent

A ORE B cap@ fdriaé aJlﬂheaddlagh%&@c iR ﬁ%g?egtl@%’ﬁxﬁéérﬂﬂéﬂor wafers,
probe was removed (650). This may be directly on the

pr othe ppékd. caMBEdraptssigydi t abl e nmeans of installing the

repl acenent probe are apparent to those skilled in the
art, incluudstrge;but not [imted to die bonding. See

e.g. Model 860 Eagle Omi Bonder by Sem conduct or

Equi prentpl@atiposfatpcohiond p4tjes Coenceted to i subgretatwhpronehe
is installed, the replacenent probe and possibly the
entire plesbtycdogeiagonalprabes ars adaried temels an elhetrical
operational tol erances. and specifications are net

(655). |9PNRgEop srththe AAROSHE GBEPBCBbe card neets the

oo B, S A PR B R P
el aconthtopseorff FroRelop SRR 6 o
speci f | Crg‘é]lg@ en%l bg?(tire cggsgélt%lcdkﬁlguﬂ(} n?igﬁf P{etﬁgﬁget he

met hods ures in ai erence to

sever al rﬁ&ﬁlff&& Gahgdi ments t hereof, |t wll be
apparent that no |f| cations and vari at| ons are

possi bl e wi thout departing fromthe scope of the
invention defined in the foll ow ng clainms. Mreover,
t2heThRpplobe amid D ekpn dsshercit shamdbnifaéterias ploatsstihelected from a
followng clains "and the enbodinents in the

spegiofip catdisvimgtod: toasksdg, nwhyingpeletterdatug, dhdRohinbirdapeny .
AHW Cor p., 415 F.3d 1303, 1323 (Fed. G r. 2005) (en
bandépre®f. CLAIMS 1. A probe card for use with a

di agnostic conmputer for testing sem conductor wafers,

3. The probe card of claim 1 wherein the plurality of operational probes and the

plurality of replacement probes comprise a torsional probe design.

4. The probe card of claim 1 wherein the plurality of operational probes and the

plurality of replacement probes comprise a cantilever probe design.

5. The probe card of claim 1 wherein the plurality of replacement probes comprises

a release layer.
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the probe card conprising: a substrate; a plurality of
oper ati onal probes connected to the substrate, wherein

wo b@plue@al ity of operational probes are adaptRdr/Ug2007/073579

make an el ectrical connection with the diagnostic
conmputer; a plurality of replacenent probes connected
to the substrate, wherein the plurality of operational
probes and the plurality of replacenent probes are

GONFhE Piobe darddf e s tsaihdraih e Feh:%_s@@?@r SRR faRG B dppGying a
process 2. The probe card of claim1l wherein the
manydlagkuri ng process is selected froma group

consi sting of: masking, machining, electroplating and
conbi nations thereof. 3. The probe card of claim1l
wherein the plurality of operational probes and the

Pl uAgiroleycand farept atbmethignosiobesnpdenpior Betirg scorisoromator wafers,
probe design. 4. The probe card of claim1l wherein the

pl uthgiprebe cerd enpeprasingsnal probes and the plurality of

repl acenent probes conprise a cantilever probe design.

5. The probBE™®@rd of claim 1 wherein the plurality of

ARSI R HIETA R R
oL v S A Bty DD SRRl
serm condugtatiohif e akffot WepaRLI COmPrisi ng: 2

the plurality of operational probes comprising a sacrificial material that is

activated by applying a voltage.

8. A probe card for use with a diagnostic computer for testing semiconductor wafers,
the probe card comprising:
a substrate;
a plurality of operational probes connected to the substrate, wherein the
plurality of operational probes are adapted to make an electrical
connection with the diagnostic computer;
the plurality of operational probes comprising a release layer wherein the

release layer is activated by applying a voltage.

9. A method for removing a damaged probe from a probe card, wherein the probe
card comprises a plurality of operational probes connected to a substrate and the
plurality of operational probes comprises the damaged probe and a sacrificial
material that is activated by applying a voltage, the method comprising:

(a) identifying the damaged probe;
(b) applying the voltage to the damaged probe;
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a plurality of operational probes connected to the
substrate, wherein the plurality of operational probes
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di agnostic conmputer; the plurality of operational
probes conprising a sacrificial material that is
activated by applying a voltage. 8. A probe card for
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operati gnal probes connected to a substrate and the
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substrate, yhensilinghee Mlcisrabd §dpamied in step (¢) where the damaged

probe was removed in step (d).

11. The method of claim 10 wherein the plurality of replacement probes comprises a
release layer that is activated by applying a second voltage, wherein step (¢) of
the method further comprises:

(e)(1) applying the second voltage to the one probe; and

(e)(2) exposing the one probe to a second etching solution.

12. The method of claim 10 wherein method of separation of step (e) is selected from
a group consisting of mechanical plucking, mechanical shearing, laser cutting,

voltage-activated etching, sacrificial layer etching and combinations thereof.

13. The method of claim 10 wherein step (¢) of the method is performed before the

probe card is placed into service.

18



10

15

20

25
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the steps of: (e) separating one of the plurality of
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and the plurality of replacement probes are
construqted isBparating one of the plurality of replacement probes from the
substrate; and

(d)  installing the one probe separated in step (c) where the damaged

probe was removed in step (b).

16. The method of claim 15 wherein the plurality of replacement probes comprises a
release layer that is activated by applying a voltage, wherein step (c) of the
method further comprises:

(c)(1) applying the voltage to the one probe; and

(c)(2) exposing the one probe to an etching solution.

17. The method of claim 15 wherein method of separation of step (c) is selected from
a group consisting of mechanical plucking, mechanical shearing, laser cutting,

voltage-activated etching, sacrificial layer etching and combinations thereof.
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