A DEVI CE AND METHOD FOR REPARI NG A M CRCELECTROVECHANI CAL SYSTEM

| NVENTORS. LAKSHM KANTH NAMBURI AND RAFFI GARABEDI AN 5ASSI GNEE:
TOUCHDOMN wbGhiwaifaes ES, INC. 1. FIELD OF THE | NVENTI ON ka3t dothesso
present invention relates to repairing mcroel ectronechani cal

systens, 10i ncluding probe cards for use in sem conductor testing. 2.
BACKGROUND [0002]Integrated circuits are nmade in a bulk parall el
process by patterning and processing sem conductor wafers Each wafer
contains many i dentA PHVIOR ANDMETEHONFOR REFURING i rcui t
referred to as a "die.” Tt may be preferable to téest the

sem conduct or waf er MBEEROEHEETREOMECHANIGAL SYSTIEMal i nt egrat ed
circuits and packaged for sale. If defects are detected the defective
die can be culled before wasting resources packagi ng a defective
part. Tge igWMSdLQWNTEENBS@BEH{(AND&RM!}MBEMRN cut
into individual integr ClLrcui n a ...20100031To test a
waf er dr an i ndi vi dggﬁﬁéﬁgETQW@Eﬁ N?ﬁé)ﬁg’;ﬁ’é@ nder test or
DUT - a mcroel ectronechanical (terned MEMS) probe card assenbly 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 nove in the Z direction to all ow contact

with the iep@%gmmterfaceto connect the 25 card
toacircait t n ) arigid reference plane defned

i h t hat AN e

I'n such a yetha ﬁﬂa‘i‘yrﬁémﬁve %Igregdgééitgﬁeggﬁ’ﬁg%x?&rﬁl)l)éctmhfﬁgcdl tEyﬁEetﬁﬁé

proper location. Wen"the probe car rou i'n contact w
die pgyl, inbRAdAEPHIRChIIE foriBy BRMicoadlc@ilestias. a solid contact

2. BACKGROUND

[0002] Integrated circuits are made in a bulk parallel process by patterning and
processing semiconductor wafers. Each wafer contains many identical copies of the same

15  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.

20 [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

25  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



with the probe tip. The probe card ultinmately provides an el ectrical
interface that allows a circuit test apparatus to be tenporarily
connect ed wo Zfve1iddd. This nethod of die testing is extreameyo7/073579
ef ficient because many die can be tested at the sanme tinme. To drive
this efficiency even higher, probe card manufactures are making

| arger probe cards with 5 an ever-increasi ng nunbers of probes.
[0004] Currently two types of probe designs are used to test a

sem condugitBithetirgbe tif: aMhé hro¥SEar@ Rinta@lF hroRwiks ardl&ical Aud@hde Bt allows
illustrate a conventional cantilever probe. The probe (705) conprises
a probe t apir¢uitli€yt apparidenici begerepeeatn tornédtd) jo tha®UA . ffubmethad of {i€20) ,
which is nounted to a substrate (725). This entire structure is
referred todtingds extrenzaly eificiechebasaush anagy dig.camhe testad pt the panpbleme dhodirivs
generally noved in the Z-direction (depicted by arrow 730) causing
the bendi & eéﬁ@ﬁ%cﬁ'twm&lgswrt eropefrdd méwfgwwg e edpEer l?rst))@( Py b
conme ipto_c ct..W } d that is under test. FIG 7B

il ust:?at %%g‘fz%\%cfﬁé\fn%?3‘%E&B§{ﬁ§ﬁoﬁ%‘ cl enent (735) bends whil e being
brought i ont a j | & P gl v to
make cont gg@ﬂm th tcﬁuéygnDELI# t‘g(gﬁlp Eajdc(tﬁfp 6@3 ?gﬁl:liméey%ﬂ?@ i{egp{:%lt}ﬁ%og‘ﬁlg&&] e
15t ouchdowggntildveeardrtoR®nkl, FIGS! WO snd TR ORIt AE torRattionahdaghlep@préet S an
el ectrical contact with the die such that testing can conmence. The
di e cont athe pabs(70hiccipracse prope T@(719), albendingetpment €7 15t apd apoalteddson t h
a thin layer of alum num oxide, or other protective coating, and the
probe ti p(7Aflwhidltis mRpgad e a wastedat/Ray Tlys petire sleucturp és réfeérég fq heggin as

connection. Once testing.is conplete, the probe (705) isS ved away

From he e @& et i AL Pitie CBUapHTRGLY BRURS Dby Catision (ged b5

posi ti on. . ' . S}
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spring degipgintordofracByith the At Mt & [r@ESEANRIG. PRODEstAES e R- thérobdre

probe tip (81) conmes in contact with the DUT contact pad, it noves

f1exibly bordingehorae(736) bandsehdpidingthowght tite adrtyct tvithitiedie. ps (81) .

Vertical novenent of the 25tip (81) depresses the arm (82) and

t or si onal ingividuakmrebe tavelsde siabacwitashwith tHed3V T icontadi@ad {theevénd i called a

i ndicated by arrow (90). . The torsion el enent (83) serves as a

t or si bhal toughdpyg), thepae e disssontgetpad cxkigh perEfcisgneiechicat gpatast p

(81). with the die such that testing can commence. The die contact pads, which are typically
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 1s complete, the probe (705) is moved away from the die pad and the probe

20  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. 8 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

25  tip (81) depresses the arm (82) and torsionally flexes the torsion element (83) in the
direction indicated by arrow (90). The torsion element (83) serves as a torsional spring,

thereby impressing a restoring force on the tip (81).



WO 2009/ 011696PCT/ US2007/ 073579 [ 0006] These probes, either the
torsional or the cantilever, can becone damaged and nust be repl aced.
The damagewomeyodmaidos om repetitive use. For exanpl e, an powiszociwads7e
probe may experience thousands of touchdowns and becone damaged

t hrough ordinary wear and tear. Another possibility is that the probe
is defective fromthe 5beginning and it breaks prematurely. And yet
anot her possibility is that the probe card is m shandl ed and the

probes ar qoograged. THReYp0UEES SishcPihclitSiohA @S Git chilctdial BERAR dahfagdd
of ten advant ageous to repair the damaged probe and bring the entire

pr obe car endxack bt ndpdacser Vhedrmag® 80 bE Gromappdtitivaugr: doe exzapde, usi ng
conventional techniques, the manufacturer of 10 the probe card nust

first creddeviduahpigbpmelexporienasieousinds 9f inugltowns ekbdcpmmdamaged tiypegh
card and install the new prope on.the probe card, r exanple, U S.
Pat ent s 5OHEHEYgar agd E@B,@Wzﬁer@%@@z@g@a ﬁ%gr??mfgg%qa\f%, e he77g
descri pe t. hods f.0 st t] r.0 st.r uct ur es. . . Patent .
85T 81 o PR e AR} AHRRCakbc By iothatand FOE bard

removing f\Gasidd 49 tﬁ@ﬁ{)lﬁé\star?éfan?ig%{l}eﬁeé‘a%légs R91H h&asSPfor AR LAALAGH s and

| eavi ng a stub, 15or by localize eating that causes the sofder to

rel ease t ffenSddvhmgaeold O .refRaitBOantagdd groBd endbisiy tHe siire PRSe BardBhdkdgioof
repairing a damaged probe wire where the damaged probe wire is

removed bservipul ling on the wire until it fractures at the base of the
wire." [0008] These techni ques however, have several drawbacks. Faor
exanpl e, il#00Fhy t akko §pajet BloboEEBH Ysing conyentipnal taehpiques piec magtacgprof

R T A G
ft t he f ]
arter eﬁréﬁﬂiﬁ@@u g n‘éﬁr’ ﬁ%ﬁﬁgﬂggﬁé@e %ﬁ‘h.s Por e&Qﬁgl{ée{‘ﬁ'fs}’ P%Q@EBII Y5 k5

pr obes w el'y not aracteristics' o e’ orrgrnal

probes begausg0b,45880AK 073 6l Bnd &5, AR dekértE il RRJAR IFUBRstrul il SprgBans
that the newy repiaced probe will Iikely performdifferently than

t he ot hersticnbas R Rakait P7ONB1 Téoschibek & etiddd rdpairip@taspringlcontact by
25i nefficiencies when the repaired probe card is placed back into
servi ce. 1t gawivingdire sprihg contact by either cutting the spring contact and leaving a stub,
15  or by localized heating that causes the solder to release the spring. U.S. Patent 6,523,255
also describes a method of 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
20  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

25  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



current techniques for renoving the danaged probe as described in
U S Patents 6,523,255 and 6,777,319 can be clunsy and can damage
ot her probe® M diwei mredi ate area. [0009] What i s needadr/dshereisre,
is a structure and nmethod for repairing MEVMS probe cards that is

i nexpensive, fast and accurate. 5 3. SUMVARY OF THE | NVENTI ON [ 0010] A
novel device and nmethod for repairing MEMS systens, including probe
cards, for use in sem conductor testing is disclosed. In one

enbodi menk 528258 aties, AL ofcll b SI8mY bl An AbAGRASErGratRIPUhE imh&iate
testing sem conductor wafers conprises a substrate, a 10plurality of
oper at i onadeapr obes connected to the substrate, wherein the plurality
of operational probes are adapted to nmake an el ectrical connection
with the dPéMosti cWodhipoeeded, dredefarepis@rstrbétuse aofl method dorampanting MEDES
connected to th ubstrate, wherein the plurality of operational
probes anBr ﬁéarg‘?@}?falﬁ Mmesppivedptt BB AEHEDr obes are constructed in
substaﬂéially t he same manufacturing process. In refinenents of this
enbodi Trent, the 15 manufacturing process may include masking,

machi ni ngFand PAIARK FIT "ﬁ% W&y desired structure is forned.

The plurality eratrl ona the plurality of replacenent
probes MaYOEMIP! i SEA Aot H&/ieH Rk ndtiiEofRphigAg MEMS §@iints, BERUINRTRER
design. Al'so, the plurality of replacenent probes may include a
rel ease | eards, forTike B semicoadietdrassting sadischaed cihionat@bodimeatpp prpba gard for
vol t age. 20[Q011&Also_disclosed is a novel probe card that can be
repai r ed. uBpEH] § diggosijc connutes i tewing s¢raicondystonpvaiersecogipaigrsosiubgrate, a
conmputer for testing.sem conductor wafers, the probe card conprises a
Subot 15t ePHRAED mpﬁﬁga?rfaé HroBrs eopascitd 9 e subitetre ShErsiaE DUERIEBOL he
substr at e, MRS Dot & PlTiRl Iol¥eilan QRSEALI ONRLBT QAR AT SorBgARt o o
make an e?%c Prcal Cconnecty on mn?% f'ive I'agnosti ¢ conputeﬁ% and
wher ei n t O Rkl b %)eragfty OPEpRLdANRbroBEQRAR AT HRQTbRratP RAGEIN the i al
material that 1s activated by applying a voltage.

plurality of operational probes and the plurality of replacement probes are constructed in

substantially the same manufacturing process. In refinements of this embodiment, the

15  manufacturing process may include masking, machining and electroplating 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 releasc layer
may be activated by applying a voltage.

20 [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 substratc,
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

25  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



[0012] I n anot her enbodi nent, yet another novel probe card is

di scl osed. Nanely, a probe card for use with a diagnostic conputer
for testingoemvaaansuctor wafers conprising a substratrerarsdoodorss?y
plurality of operational probes connected to the substrate, wherein
the plurality of operational probes are adapted to nmake an el ectri cal
connection with the diagnostic conputer, and wherein the plurality of
operational probes includes a release |ayer wherein the release |ayer

i s acti vatefbrdondRiRinglaRgbsiraleQntl a@eiralir] 00dpdlAioRBIlpAsEs botnciedRMhOY A
darmaged probe froma probe card is disclosed. The nethod renoves a

damaged psubbeatt,rvareran preghealidtaofopdnaionalpeditd es: waptditoahalie\sn @fectrical
operational probes connected to a substrate and the plurality of
oper at i onednngetisersthctbergiegrastic edreputnangerherio e phality of eparstionali papbes

mat eri al whjch |s actlvat d by ap Iy| g a volta e, met hod
conpr i sesFHdFtE Kl aft’aﬁé"’ ot lébﬁ‘:"ﬁeﬁg}’t&l%lgy%Pt"ﬁﬁ@et o 10
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repl acenent probes connecte strate, er elnt urality

of oper at RalonfITRHIRS cabdctkd® Plubktedid 4nd 1BE ]f:)lﬁlﬁihk}a@ﬁﬂSEﬁhoﬁHl gk&s,s are

constructed in substantially the same manufacturing process, and the
met hod nagenipristhibe ddbaged ipude ahd e sarifipml mhtegeperiet isagiatd byfapplymg a
plurality of repl acenent probes fromthe substrate, and installing

t he separ aliage. ohlee petbprbeaiprises ldﬁtélfwaaﬁgeﬂ@nwg@hmbmpmmﬁﬂ@doltmost ep

f he fromthe plurality | t_prob
ey T RE otre mtet e %%E%ﬂ%%?‘@agedpq%h‘%%?ﬁ' etehidg ﬁ%}ﬁf@ﬁffne?wﬁ% Bihe

I t f h
aﬁzezoﬁgl %&g@g%é%%%gg%&ggﬁ%ggs UI’ aﬁtl Fetl?anI%FntggftB%’SOI g)S gﬁzn eE= pﬁl’ Occél% card
used W t Neghltdhdreb Apike ra%rw@to@% 1&&&%@%&@@&%&@@% thay@krdibat is

activated by applying a second voltage and the step of separating
the one pwhiteinfticoptuiaiie qloperatiddayprobesraag kiacienty of cphesmemprdbids blaer

i ncl ude applying the second voltage to the one probe and exposing the
one pr obeconstnectesian swltaatialhi theysawd manubscturigpogcesd) endsthp areshtoi:l orydhrthdne
one probe fromthe plurality of replacenment probes na% per f or med
25bef br e mﬁﬂédwhéﬁ@pwfrsepargﬁwO&eéafhe@!%aistépmee@cerm%am g r?lﬁéhest ep of

| nst al | I n :{;tPflger, %hﬁg tl?%gsgﬂgrgtgc? gneni?rgbe whr? tIIeOc{’amagedJ pro‘t?eqwas removed

bonder
The step of Separatmg 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

20  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

25  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.



WD 2009/ 011696PCT/ US2007/ 073579 [0014] A nethod for repairing a
damaged probe froma probe card is also disclosed. The nmethod repairs
a danaged woabe/dira@en a probe card which includes a pl urrdvasgooofzs7o
oper ational probes connected to a substrate and a plurality of

repl acenent probes connected to the substrate and wherein the
plurality of operational probes and the 5 plurality of replacenent
probes are constructed in substantially the sane manufacturing
process. Thei4yret hoda ek Mgitikea 84r2p8d pfobt Geht 4 frybd@rd haldamaged
operational probe, renoving the danaged operational probe fromthe
pr obe car disclesdaMht mrthod mepaot a timeaget prableiftoyn oprobe pdrd edimbritclpdesbes
fromthe substrate, and installing the one probe separated fromthe
pl ur al i t yplfaliteg opeetipnal pEbehecsngied te arshestigieriang 8 @lupléy af feplia¢ment obe
was 10 renoyed. In refinenents of this enbodineni, the plurality, of
Fopl acemoOOB SBRE AR Wbt s i Bralith &) oneitaet mpes e

a Felth i
o ur 41 PRl BBl 0 BB b R AR DA AR bR, e

to the on beneh ' h RIRRE A LhaRarRideh! bod-
Al so the Eliogfosgof %egtarggtgﬁi%ﬁk?}%tet %?\tgﬁg)r o(?)ég f%(r1 og?tn ?Egﬁp%églrog%ﬁdyag o8

r epl acenefdimopin@iBsddigigcd epctationel frotieesin e prsiehan, 6alardfhy 64 &dhe
mechani cal shearing, laser cutting, voltage-activated etching,

sacri fi ci plurdligydiredecshicngprabe foonibi satisiratasandhestalofg thane prabe fpparated
performed before the probe card is placed into service. The step of

ib ns'é al i nﬁomﬁlae @e&a&?yaﬁf%plmglebtrm@&s N{i’lﬁf%@ frandeed ARaFatipsiole wise i
dzﬂaéé%%g%%oa%-o e aTE Tl pubhb o e e T HOLRERTLAIOH ok g
e ( ! y D€ ghllen .
conbi nat | S RACPIRAAC 1 AR i Iy A PLROPS BAE KA B e N0 2

[ 0015] FI G.selpérﬁtiﬁi%ﬂ% ohSprRb YA thdpI0RAHTEh 1 Weidn (Rb ks Furtleb ndluigty  Of
operational probes and a plurality of replacenent probes. 25

[ 0016] FI Gipplnglthp iveltgetdithe pheip@bt bl ebosiepthaceapibe pr algchim w@hitiog.
plurality of operational probes in higher magnification than in FIG
1. Also the step of separating the one probe from the plurality of replacement probes may be

15  performed by mechanical plucking, mechanical shearing, laser cutting, voltage-activated
etching, sacrificial layer etching and combinations thereof, and may be performed before
the probe card is placed into service. The step of installing the 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,

20  mechanical shearing, lascr cutting, voltage-activated ctching and combinations therecof,

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.
25
[0016] FIG. 1B depicts the plurality of replacement probes and the plurality of

operational probes in higher magnification than in FIG. 1.



WD 2009/ 011696PCT/ US2007/ 073579 [0017]FIGS. 2A & 2B illustrate a
novel cantilever probe structure with a release |ayer. 5[0018] FI GS.

2C & 2D il

wosheEte9e novel torsional probe structure WHRAT/ZS2008l083B3%E

| ayer. [0019]FIG 3A illustrates a novel probe card design where the
cantil ever probe base contains a release |layer that is voltage

acti vat ed.
where t he

10 [0020]FIG 3B illustrates a novel probe card design
entire cantilever probe is nmade of a sacrificial nmaterial

that is voltage activated. [0021]FIG 3C illustrates a novel probe
card desi gn where a damaged probe 15 has been renoved and a

repl acenerdf0i5 obe | BlGfi2Agki2Bstladttatzc novelo22filEyvaEproba stridtustwitht aarslease
novel probe card design where the torsional probe base contains a

rel ease

&y@% that is voltage activated. 20[0023]FIG 4B illustrates

a novel probe card design where the damaged torsiona

5

[0018] FIGS. 2C & 2D illustrate a novel torsional probe structure with a release
layer.
[0019] FIG. 3A illustrates a novel probe card design where the cantilever probe

base contains a release layer that is voltage activated.

10

[0020] FIG. 3B illustrates a novel probe card design where the entire cantilever

probe is made of a sacrificial material that is voltage activated.

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

15  has been removed and a replacement probe is being installed.

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

base contains a release layer that is voltage activated.

20

[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.

25

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

probe.



probe has been renoved, while maintaining the pivot. [0024] FIG 4C
Il lustrates a novel probe card design where a damaged probe has been
renoved an@oeosspl@cenent probe is being installed. 25 BOOZE)FIGS7H
is a flowchart outlining a novel nmethod for renoving a damaged
probe. WD 2009/ 011696PCT/ US2007/ 073579 [0026]FIG 6 is a flow chart
outlining a novel nmethod for reparing a damaged probe. 5[0027] FI GS.
7A 8z 7B are illustrations of a prior art probe that enploys a
cantilever design. [0028]FIG 8 is an illustration of a prior art
probe that enploys a torsional design. 10 5. DETAI LED DESCRI PTI ON

[ 0029] A nd0@26]ldevi clGarfds aBvwelHait outlinigp ainpiel gnelEriBosigpdrings:, damagédudi ng
pr obe

probe.
5 [0027] FIGS. 7A & 7B are illustrations of a prior art probe that employs a
cantilever design.
[0028] FIG. 8 is an illustration of a prior art probe that employs a torsional design.

10
5. DETAILED DESCRIPTION

[0029] A novel device and method for repairing MEMS systems, including probe
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
15  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
20  may later be used to repair any damaged replacement probe. Of course, if a replacement
probe is used fo 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
25  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



cards for use in sem conductor testing is disclosed. FIG IA
illustrates a probe card (100) that contains twenty single die probe
areas (105woatsaiasg it to test twenty die 15si nul t anedf9Vys200Z8T3374i e
probe area (105) contains a plurality of operational probes (110 and
112) that can be connected to a diagnostic conputer to test the

i ndi vidual die. During the manufacture of the probe card, an
additional plurality of replacenent probes (115 and 120) is

nmanuf act upladoresikidaytee israppliei tatheoplatingmob eTHephuisedist 18 ce@sed inkepaeniies
that are intended to be used in testing a die, while a replacenent
probe is wdptionée ehdar tiephateyesishdigsolyablais det qxaoseépatimn Y tgamﬁédi‘he
repl acenent praobe. O course, if a replacenent probe is used t

repair a PRAIIGEY inEsEICNE] HHA ﬁrﬁ?lsb% of Pt IStoRISEUS: ?da?,"é?rﬁﬁtpl%‘ﬂlél?ése in

mant act oe 25 (ot SRR B RatEt b ek SE L bhEiery ever
et ode. apeh Ry ERNIES T el B bREk Ot ALIABAREAA Plaid oY

| it hography) wth 253acr icial” Tayers. For exanple

5, 190, 637h4i8 tEédveemddufBimiQte Bfst §eMd thrinhd?) thefBSKhesehaRlaryaEeriifil Ch
are capabl e of producing substantially arbitrary three-dinmensional

shapes. Feltosén soathytlitadan by dﬁ“ﬁamtmhy etchadrwidomat aibstanttlllp stchalgehd grimary
provi ded, and a photoresist layer is applied to the plating base.
The phot ome]. sAnd @eemscb@daﬁe tpasacendary wetabidimpchived dovr terdiat t he

phot or esi st _di ss t he expose attern ., the k). The
phot or esi & aF%tOrae?ﬂ\{?\? e%slﬁgt whigh ?’gﬂosqsaig% rspley et ghe prgnage g at ed
onto e platin se in.the ar Qt si.s as been
ot 10 B R AT e ST L0

layer of GREARIATYIER! @thér?neﬂloﬁg%Qﬂllﬁ%ﬁﬂaraﬁtt@oﬁehﬁﬂfeh@ﬁ{h'agrtbﬁél‘ﬁdﬁlg

cover and surround the first |ayer of e primary netal

secondar ythe®idicldstd LOSePatsis 6,336,802, 62180408 6cHol7f164 end 6,800,y78t ched
wi t hout substantially etching the pri mary netal. And t he exposed

surface ofi0@3i¢ secdiweythe peteds desribedini Uh8 P atan, 190,637, tlicairolsstfuatwesst o
a sel ected hei qht whi ch ex;i)oses the first layer of the primary netal.
The 10 pre&uidtlerer hrdwrigtil heervsi sayctaieds @?@é'@tﬁoﬁpt&tth%@u@aﬁ’ e

d til the.d d st t f t hod | d
el oratgnd) ot R ERlepam e s iy Ao ieg e SubE T | aseq i o

U.S. Pat eﬁ&lﬁlf?(ﬁtlﬁ“ﬁ’l% s§e%§ F& eﬁg&pl% e pﬁjbg %Zsejfgflbo%pﬁile %pé‘ggonzd?grobes and the

replacement probes may be constructed in the same layer. Similarly the probe bending
element in a cantilever design, or torsion element in a torsional design, may be
constructed in the same layer.

20 [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
area (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

25  to the design of operational probes (110), while the design of replacement probes (120) is

identical to that of operational probes (112).



[ 0031] Usi ng the process described in U S. Patent 5,190,637, the probe
structures are built |layer by layer until the probe structure is
conpl ete. BotzhKhwmopl urality of 15 operational probes ad/usepl7azsment
probes may be manufactured in the sane manufacturing steps. For
exanpl e, the probe base for both the operational probes and the

repl acenent probes may be constructed in the sane layer. Simlarly
the probe bending elenent in a cantilever design, or torsion el enent
in a torsi[oedd] desiAfier thiyrobecacdizshanyficteked, thetréydacsmort prabyeemay be
20[0032] In addition, the replacenent probes (115 and 120) nmay have
the same shogiatpd feosn tﬂqevaéqséuwra@n dlhispraydegionSpeeri t plrgink yhe fEPIE catdiinto
illustrates a single die probe area élOS whj ch contains. a pIurallty
of oper at FEYi&S: B tsé§a~°(eiliﬁoprabﬁ§ age sgre Ffatm%%h%@h%nﬁg@p@w% the

di agnosti ¢ the i dua

p ural 11,5 SRR obheme Bt wpedier He iRy o foog S theS P, gl e e |
br obes (1161 AT Pk b reltOR) b oS AT 1 E%o@?‘iﬂ%’f 2

i denti cal réhgirt hat of operational probes (112). WO

2009/01169 PCT/ US2007/ 073579 100331After the probe card is
manuf act uf@iBd] t he riepieverteateplacabes proby nbe bs epanatigitcdfbhyamutitber s@af er
substrate. This may be done prior to Ela0|ng the probe card into
servi ce, matheds d?necsaslemﬂhed pﬁrlliwél@tedrue Ki.gledA f:@mlftys@pfphe 208) i shayrme.

s bl acedtiibiorabeaite G0N d$ 1%%(23@ Dlarae Bt BPOBLY. dypIBEn
PR T M e et A
of met hodge (MRS ‘éfdi‘)) n?f(f'@@ sh&wh Mél'@d%é 8‘%223') ok Oﬁheaﬁ) a (OrG&Al tnloﬁé’ er
probe (205) 1s showmn built upon a subst . The probe
cont ai ns @30¢!|Aas theantire ré[ﬂl&)nenﬁﬁros&gﬁﬂ) daﬂ be separated from the substrate
(235) using the release layer (225). The relecase layer may simply be a sacrificial layer
that is etched after the replacement probe structure has been constructed. The release
15  layer may also include a sacrificial 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
20  voltage can be applicd 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.
25  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

10



10FIG 2B, the release layer allows the entire repl acenent probe
(215) to be separated fromthe substrate (200). FIG 2C shows a

rel ease | ayer20§922tp6 as applied to a torsional probe (23@r/ustgainrss’d he
entire replacenent probe (230) can be separated fromthe substrate
(235) using the release layer (225). The rel ease |ayer may sinply be
a sacrificial layer that is etched after the replacenent probe
structure has been constructed. The rel ease 15l ayer nmay al so i ncl ude
a sacrifi cosaforliayreplatdnd@int probeads hapdipidit Wenubeynge aonsahitadidompgitié eftthd o
the | ayer and an etching solution. See Journal of M croMechani cal

M cr oengi peesationgl prebes.] 89 the ZimkOrwedadttp rdpeid aldamegad opkrabieiat atobe s oéch
sacrificial layers in electrodeposited NiFe mcrostructures. It may

be advant ﬁ'{j’@ég cape agerlpgement rrake i ey op Gardd Anddfmaly Hhe pse i thsgomealent
electrical connection to t .pluralit f repl acenent .probes, ch
Char 't he bobe LG R e Bt BBt Plon s FTEM i £ ditised ot
bes: t f i i th I I t tch i
Phe sof ut DHtaRae R Rt e L b [ 0038] The novel - peabe

card w t h (g acennfrepflp RRsIabe SechfySdsahnffl AR MY theld dd¥hntaft@Cause
t he operational probes and replacenment probes are nade in

subst ant i Bhder ctihent savhmiquasnihe agiacemmy ppsledesmstridialafisr the obigingal prebey
simlar, if not identical, tolerances. 25 Second, because of the
manuf act ugdrdis phaced s¥e sdsoch Thiecandphesceeralweckn ity wpsirust basasse thy obes

wi |l have the sanme, or nearly the sane, naterial properties. Third,
the repl aP&TRHEE pREeshanegd f%@%ta@fog%tﬁ dredpw prriasemicniiprobep thapare Héecégme

desig Faour.th, the ost for the replacenen rohes 1 s negligible
when They OlFbty riFepdRae b brt ErbE RS TR A Ll init rRPd e
Fifth, th j ' damge ' ' ch
hor ter DaRSas BE ot i Gy e oI Aok e Rl Ay PRI
the use oOfardsheAlsn)yedupih Bplatkinbnt REObIYIGHa ¥PhitcehdnuficRFihg BRE&4SE the
time and cost in repairing a damaged 5Soperational probe is reduced.
[ 0036] Curmgoducys hvggivasktions betsho o emtaahpopertits d@ithamdanbgddhestes and
advant ages. Under current techniques, the replacenent probe is

const r uct &e repfacementipeobsy Thesganatesiad saasignyicang tgetdbepperiommencs of tiece.

Thi s n take several weeks.to construct becayse_ the nachiping mnust
bo. ohbngetiblG L BT HATEY t e UP MR PRCem By 6 ESere st OBPE nosded.
10 Qbvio | 73 ki u f .
ropl acemaet s REERBs Aol 05 TRE B AL DRARETBRME S { ifecerd e
machi nes QfdindiilyeantFLRkdr ek GleGisAldnelenR bR e e Foriod sRetuill BALSENT
repl acenent™ probes in a separate manufacturing process iIntroduces

| ar ge varioabthees. Bt Weansetdiehdobds atd bl Ophe baresmadufidi@ing)dedsaghse
pr obes and
misalignments are common to all the probes on the probe card. Because the

20  misalignment is common, cach 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

25  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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t he repl acement probe. These material variations can affect the
performance of the 15repl acenent probe vis-a-vis the undanaged
probes. FiW@2080/011d9€ t ol er ances of the repl acenent pr oPET/UHOA7/0%RFY
fromthat of the undanaged probes. \When a probe card is originally
manuf actured there are m salignnents between the various structures
that are constructed. But because all the probes are built in the
sanme manufacturing process those msalignnents are common to all the
probes on [00&7] pr obeNowrdovddeoda serditi ca0bamicpaitcd ghdisrlosci s Pebenads areach
probe w | Eer_f orm substantially the sanme and the Aor obe card can be
adj ust ed highlydptriggte strupturenibatiay@ sqveishespmetimesghpnpands) ahisdividyel probes,
repl acemenb robes are cogstruct din a se a[ate manuf a Iurin?
process t Hi V%Wiqaf PgPe Ry Baverpn aepgideptleefice] eangectionde e 6REMIE o ¢ he
undamaged S; r i L. perf

ai 1 or ont PIRES NeAGH Bt Prch B8 SERTR o eyl 8 e

per f or srangfecifiall P RFGEREIAFIGY 3ANAEEEPLAP LR (1006 s sh&W 8 With 2 EBRilever
probl em of " non-uni form al i gnment™ wi t h danaged probes is especially
cruci al i proBe {306% i THE ol (Q0F cdft@ing B ratkdse iyt QU Y thst i§ MadeofPcionthge Of
alignnment: the base, the pivot and the tip. WO

2009/ 011 696PaT?d kigRiGoRA! 078579 ThE0Z¥] dovetaiahpusicripedbmve alek alfvaloumah be
repaired is disclosed. Probe cards are hi hi|0>f/} intricate structures

that haveciMirsrMecharisatdMicrasaginersing ehd Syt -1 0rantitlediarsirs fabisationier ei n
i agnost1 CEBBELTs PR ER AR TON R Ei et ADeT easen Bin fo e
intrigat jSic . Lid £ ' |G 3A
o ofs SRRl T R RS SRS B

The probectfdRSoinRMt Wil that ikl fEBLcAANAndePditent dledirida’ coMREQioRE tofits
vol tage activated sacrificial material. This type of material is

descr i bedvaiday probSetheabiapean b appliod pifaemivtie hathe dahaged probe; thus

M croengi neering, 9 (1999) 97-104 entitled In-situ fabrication of
sacri fi ciprefcraialhscauping teoelcard dyyssiotateh avaFen theselvtion. uGnartbsrclopbein a
probe is found to pe 10 damaged, a voltage is, applied to. the damage

pr obe andeitlie aypBike i%n%gﬁ gr sz&crg@awtdlcﬁ%ﬂ_@tseTﬁtﬁ% $3puth Bhystratgsaen
vari ol pBBRE e hei3s SR BENFRE nefoLE i R BPARETA R s
damaged peeffcial sl Oh&! ROl pRRUN Rioldfnbes %&%er#ﬂ'g sg)gﬁgsg Bheh

avvayintesoutlon. ce the release Is et

probe is damevathikd ORsbhiensyBs bietrtble fo'16ave 3R prbbaisdd (320 Sntadt suckhat
enbodi mrent where the entire cantilever probe (310) is constructed of

a vol t agethaopiacahed psder(d F5) bhsd plaet temakik a gt dedttieal damagh tp tialpeotics
renoved then a r%pl acenent probe (315) can be installed. Also, it may
be pref erdl Geg BIG. éQDfeTlnfmm&méS ds gpolly madeef gold ok othhahickllie

repl acenment .probe (315) has | ace tq make ood el ectri_cal
connedl | R IRESISE én&m%@g%@ aeahed aygy In t@ﬁgmﬁ?saa}@t ﬁ%iarﬂ(ogzd} A
generally, e I hi ghl,y.,2 onduct | er i.al nd
mout - not* et sl Gy Blan g sp Ao B FRE Bl S aok B B el o
be pref erabbendiste TRALHIVERhIeVacBDRE] etHinPhtelia. OF | aser cut a portion

of the damaged probe”before  using the voltage-activated etching
mat eri al . [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
25  (400) mounted to a substrate (405), wherein the probe base confains 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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[0038]Simlar to the cantilever probe design just described, FIGS.
4A- 4C illustrate a torsional probe design that can be repaired. FIG
4A depi ct sWQ 208¥HiIg@ghal probe 25(400) nounted to a substREAVE2(MOBIS79
wherein the probe base contains a release |ayer (410). The rel ease

| ayer (410) is nmade of a voltage activated sacrificial 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-situ
fabri cati O990Y 9% ek dntitled &t-situglylaicariomoslaecfidddeposintcbaidiidposited NiFe

m crostructures. Wen a probe is found to be damaged, a voltage is

appl i ed t iarpgrugtiiesgeVieoberokads foned terbgidampged; tepltags owppted to tam
etching solution. G n that. the probe card has j ndependent

el ect rigca areacﬁﬁﬁé%heiaaﬁ etpég\?etléﬂ\?ﬁf’i?ﬂﬂﬁ?f t9rgsiching; s ﬂ%lo a@e%@me@éobe
5applied pr . i | . r.obe; h ferenti

causi ng. BB ] Bdsicny bt Ep RBRAR 1 WFid e 1SR b

el ease | oy BRA:ENANy 1d BE IAAIRIRTHLD AL rebRertBIPURRi AR layer ¢

substrate. y al so” be pref chanically shear or pluc

or | aseretebway Rakd doditiodf OnbethdasTegedh dselewbe ity RnmigtdprobdR
vol tage-activated etching material. 10[0039]FIG 4B illustrates the

subst r at ercomeed frhe the Dibstrstel 0O jnak alko be preferaio toadechitieal yr shbe op pinok, or
(415) is left intact as well as the probe pad (420) such that the
r epl acemnelgsershiohorfions)the damagesd probe befgrasing the wiac-astevated jctehing
connection ta the probe card. In FIG 4C a repl acenent probe is
i nst al | ed™8f"¢he probe pad (420). [00401FIG 5 charts out a method

for r ﬁ{m vi [6'(9}9i1i ??g?fgﬁdérlr% Elﬁgﬁatf:s!: fhg §1§bstr§t]p Bﬁé)egtﬁe é%?ggﬁoy%}ﬁg)e%?leem\é%& age

activat ed ‘sac erial i'S nmanut ac e aced’'i'nto

service (PR5prob 9&(ﬂkﬂﬁ@Eﬁiﬂﬁ&qSH%Hapﬁﬁ$nﬂﬁ§ﬁ&bﬁﬁ?mkﬁQMuﬁﬁference to
FIGS. 3A - 4C ce the probe card is in service, the user may

identify @pLiedmet prodY (423) hiver Picehe naks 8l gddlldlcirichhésintaionbe theestei f i ed
by experiencing too many false positives for a certain die probe
area. | n orhemn Kor 4S 2 replgpamentqudlaris getlcden thhergbephd(28).d i s
constantly registering a . .
%0040? FIG.S charts out a method for removing a damaged probe. First, a probe
15 card with the voltage activated sacrificial material is manufactured (500) and placed into
service (505). Such a probe card has been described with reference 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
20 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). Thena
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

25  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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20 faulty DOT. O the user may periodically renmove the card fromthe
assenbly line and performplanarity testing, diagnostic testing and
vi sual i nsp&c0¥dn169By what ever nmeans the inefficiency iRCH/GRMTINISEY,
t he danaged probe will also be identified (515). Then a voltage is
applied to damaged probe (520) and the danaged probe is exposed to an
etching solution (525). The damaged probe is then renoved fromthe
probe card 25substrate (530). At this point, the probe card may be
repaired ({8¢4). OneRafucingmewhiodld.dy a megedfomgpdifieg pdotgcd apdatiaal
descri bed next. WO 2009/ 011696PCT/ US2007/ 073579 [0041] Referring now
to FI G 6prohe ifetispdnsed. ﬁlrﬁ,@aapbqwgdaltamg@hwép ¢mdlre;pjm§@nﬁ s

?LBFLSZﬁSmo %{%%@gﬁfa Bl ana plote oy ard Bk asesh 4 ot uf G?ses@en
(605) . S%Bab%q x?ei ﬁﬁﬁ gefggfcqu?g}geiic bb%incgpn l%’]é”ctahuger éﬁnc de

FI GS. 1A- e car I's 1n servi ce

identify gedaldufd ﬁamfywaeﬁa&ogw% pfeCaldqb D). ThidiSa Wdaﬁlﬂe%g“ fied

by experiencing too nany fal sé positives for 'a cert di e probe

area. |n eipadenciiy 86 mady BMelyositih-ey fos P Bdrta@ndit PRbLP bRBETICah &l Wdids, a
constantly registering a faulty DUT. O the user may periodi caIIy
renove t hpartarda spotom thdnprohs s i oonbtamtly registepeg 4 Gulty PIUANh D1 thy utee stayng,
di agnostic testing and visual inspection. By whatever neans the

i neffici emrgpdlcglly tf@mvpftheédrd from thecasgrapidy Bee Wé}ea“@%nlanarﬁy gsbnghoul d

al so be identi 6153) . Then t he robe tb rem
(620) .1ty ¢ Rl il Taeh Y SR or B BEFGoay g ifid,
darmaagsl ORET kL 0ol 0T oY SRSIJ AIPKEobE AR SUHHARE EANT robe

sheari ”91 m'uﬁfb% FerRdNe i(B). WQlduRDSs %ﬁghﬂeﬂﬁb %ﬁe &f s‘k'ﬂl iﬁghe é@ﬁ{at fuk thﬁjigehayer
et chi ng and conbi nations thereof 22). Now that the damaged

150per at i gpradtiopslghsbelras; raemotv@lbvag suikableptas SaEoding bodiet mitd te
installed. First, a replacenent probe nust be provided (625). This
may be acweshphicsliiderking, veganial shgaritgelasephtiogmoifegpraivecd ciohinghe
substrate prlor to placing the card into _service 4630) and storing
the repI atierHaEl @feéﬁ’é'h]fﬂérdmll gqrabingfioas (I@eﬁgf (628). Noywe thapihie dempss: probe
e substrate ter th has e aced
"0 o Bor VPR oBH arot et BBt b A RN PPG TOE R 1Fh ot he
art that IteBl%cén?é?l ﬁl%%gﬁﬁgt bQ:rp(?QsﬁdéWZB? ﬁ%&ﬂe%cgrﬁﬁﬁhém separating 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
20  apparent to one of skill in the art that the replacement probe may be scparatcd 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
25  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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substrate in either step 630 or 640 by any suitable neans, including
but not limted to nechani cal plucking, nechanical shearing, |aser
cutting, voot2epaIESEi vated etching, sacrificial |ayer eGIWS20078M579
conbi nati ons thereof (645). Now the replacenent probe may be
install ed where the damaged operational probe was renoved (650). This
may be 25directly on the probe pad. Various suitabl e neans of
installing the replacenent probe are apparent to those skilled in the
art, inclyad4xy but Owdthk rapldcedert@rabicés insaliéd) the rGeecement profedald 860
Eagl e Omi Bonder by Sem conductor Equi pment Corporation. WO

2009/ 011 6pamily thseno? pospe57d i§ ©eradjoaneketdadain dsl epcraiendl tqleraiss and
installed, the replacenent probe and possibly the entire probe card

i s t est edSReSHELDS agsrpgi(PYhE t%@?&ﬁ?%mprobef{)@baﬁ@ééméﬁdhe tolerance and
specificatioQS r

3R P R s dcat PR FETE B LR PR B e

meets t he® A6
into servige . i r.d..l j-ust ed. i ch
may in'%lu!:l &¥§§$§%¥ﬁ%&?ﬁg&#%% aégﬂgﬁﬁgggé é%éﬂﬁgir&%hgﬂ?g g?%ﬁ?@% and
speci fi caiddupscifiéRion®ire Me®043] Havi ng descri bed the methods and
structures in detail and by reference to several preferred

enbodi ment[8043her eofHaviirig desdribel eheapgbodannd sthaturenidideiaid ahd by sefermte to
vari ations are possible w thout departing fromthe scope of the

i nvent i onseye®] preferied emhediment dicragiviihyilldhecapparentivbat sxpdiffcationsend
applicants expressly do not intend that the follow ng. clai "and the
enbodi rren‘(as”aflanstq’i‘épéﬁg@i Withoyt siparting foen e soope |0§th@cs@s@p@%%f§d in‘the
Phil | jps AHW Cor p. . 415 F.3d 1303, 1323 (Fed..Cir. 05) .(en

panc) | 6IpP RGN Meichyer od SpRitais TR {ooy g nE L R e g e
for testignaeH£MeIMebAMHRLEHS spdcifalbPRD SRRy COMREsRE PIbniliips v.

AHW Corp., 415 F.3d 1303, 1323 (Fed. Cir. 2005) (en banc).
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5a substrate; a plurality of operational probes connected to the
substrate, wherein the plurality of operational probes are adapted to
make an el ectrical connection with the diagnostic conputer; a
plurality of replacenment probes connected to the substrate 1&Wherei n

the plurali W20 ational probes and.the plurality BfVPEH7AGEAENt

probes are constructed in substantially the same manufacturing

process 2. The probe card of claim1l wherein the manufacturing
process is selected froma 15group consisting of: masking, machining,
el ectropl ati ng nbi nati ons thereof 3. The probe card of claim!]
wherein the’ pl of operational probes and the plurality of

repl acenent probes conprise a torsional probe design. 20 4. The probe

card of clai m 1AWhedchf thiie Mt abdehdstiO boriRBE- 3 1AL sﬂi%@&rﬂf%f&ae

plurality of repl'acenent probes conprise a cantilever probe design.
5. The probe cathd padbe cdrdicomprisst@er ein the plurality of replacenent
probes conprises 25a release layer. 6. The probe card of claim5b
wherei Pt he rel ease2isaipbiptej s activated by applying a voltage. 7. A

met hod for repairin ed probe froma probe card, erein the
brobe. 5 card conpr FERE TRy Pighes Gaa Bt B Gl ShE6 Rt od
to a substrate and gRIM & dnbMdtidhh &:66Ys 2RSABRLG BL2RES, Gongfted to the
substrate, wherein ?Iﬁe 11[t)!s’lrur Frl tlyaor oBeratng:gnal pro 1es and the
plurality of repl acesmsitiopmathese digogenrshputet ed i n substantially the
sanme manufacturing process, the nethod conpri si ngilthe st eps of

a plurality of replacement probes connected to the substrate,

10 wherein the plurality of operational probes and the plurality of
replacement probes are constructed in substantially the same

manufacturing process

2. The probe card of claim 1 wherein the manufacturing process is selected from a
15 group consisting of; masking, machining, ¢lectroplating and combinations

thereof.

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

plurality of replaccment probes comprisc a torsional probe design.

20
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
25 arelease layer.
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10(a)identifying the damaged probe; (b) renoving the danaged probe
fromthe probe card; (c) separating one of the plurality of

repl acenment probes fromthe substrate; and (d) installing the one

pr obe separwibedviomsst ep (c) where the danmaged 15probe »emsuszecmovsd i n
step (b). 8. The nethod of claim7 wherein the plurality of

repl acenent probes conprises a release |layer that is activated by
applying a voltage, wherein step (c) of the nethod further conprises:
20(c) (1) applying the voltage to the one probe; and (c)(2) exposing
t he one probeb.t Bheaprolest aatd ofgplagro Suhiesin th@reléhbedayer isrotivetdd bylapplping a
wherei n met hod of separation of step (c) is selected froma group
consi sting of nRif4&hi cal pl ucki ng, nechani cal shearing, | aser
cutting, 25voltage-activated etching, sacrificial |layer etching and
conbi nati ons thereof 10. The nmethod of claim7 wherein step (c) of

t he nmethod i s7.pgLd I i rvice.
11. The net ho?:l %fm c%%rgﬁ&rﬁgﬁﬁ%ﬁagg&?g& ﬁ%%r?%e&%%ﬁ%gh frﬁse%pl)@e@f or med
using & di e Sbofatitompiiges apheality bhadratibnat habéen cénword & ssubiatemtifod of
renoval of step (b) is selected froma group consisting of nmechani cal
pl ucki ng, mechaireliy cEreplagimeyt pobesepnnsoted foribg subgtate yherginthodureldty

etching and conli nations therepf. 10..
9 nc}%Operat'ionalsprobes ando tfhe pIiIirahty of replacement probes are constructed in

substantially the same manufacturing process, the method comprising the steps

of:
10 (a)  identifying the damaged probe;
(b)  removing the damaged probe from the probe card;
(c)  separating one of the plurality of replacement probes from the
substrate; and
(d)  installing the one probe separated in step (c) where the damaged
15 probe was removed in step (b).

8. The method of claim 7 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:

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

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

9. The method of claim 7 wherein method of separation of step (¢) is selected from
a group consisting of mechanical plucking, mechanical shearing, laser cutting,

25 voltage-activated etching, sacrificial layer etching and combinations thereof.
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10. The method of claim 7 wherein step (c) of the method is performed before the

probe card is placed into service.

11. The method of claim 7 wherein step (d) of the method is performed using a die

5 bonder.

12. The method of claim 7 wherein the method of removal of step (b) is selected
from a group consisting of mechanical plucking, mechanical shearing, laser

cutting, voltage-activated etching and combinations thereof,

10
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