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Field of the Invention This invention relates to a nethod for producing
contact structures, and nore particularly, to a nmethod for producing a

| arge nunber of contact structures on a sem conduct orjmmmmmm,mmori zonal

direction and renoving the contact sfructures fromth nount ed

on a probe card, IC chip, or other contact nechanismin a*wseasdi cal

di rection. Background of the Invention In testing high density and high

speed el ectrical devices such_as LSl and VLSI ci rﬁ}its hi gh performance
i probe card havMBFHEID FORe PRGPYCING: CONTALT: SIRUGIURESs nust be used. In
ot her applications, contactgppéldchElligihe MRyvereeised for | C packages as IC

| eads. The pregsent .inveption_iIs_directed tpo, a.pgoducti ce of,. such
cont act stru_c&ﬁr“?slf%eﬂ 1R8EETR TR AT ﬁgmfgr‘ogn R/ﬁﬁ"@%iﬁ{, cs?i‘%accotnduct or
waf ers, btirncktnres,sandcmotecpart ehitaslpnctdiz matdwid fprpdadmwainia of
packaged_senj qgs&ﬁg ' [ B uSeECHE s A riithd e Wd as
wel | as asggk?% Iormé){r‘lg _\ega S (%bOPEQE:J%i ng‘%rg#capacklages. T‘%e invfég;lz"t ors of
t hi s appihcathenipanal pdbpeceion rdy reMgipngthe foatacs SfaFtaEas be used

in such apghi ¢dlel QRSF tb SbePabaRtedPRN GAlp¥BbdNOca | 0969 chib,f idred June
19, 1998, entitled "Probe Conazgact,or For ned b)_(L Phot ol.i.t hogr aphy Process"”,
A

U.S. Pat BhPeRpFPREactoMeRbandsn 46 gsVertled A FECtI PR 1908, "entitl ed ,
"Hi gh Performance | ntegr @aettaioutdi ofCthe Baveagdon and U. S. Pat ent

Appl i cation 09/ 42 fiil e 21, . 199 [ gi ng
and Interconwg(tzltigﬁgg;n%oﬁl't”a@{l %}eﬁ?é'[ttygsﬁir_hllns'&?nsse%%%ntéllg%cﬁﬁec ed to a
net hod oflepiogdciavgtc o abSIapndcViliSds shenit sy sachipht darigymansgion .

In the agoygenehed PaLARY APNHreR! nYber! BE AR SRR UYRPRASE a 1
uni que tr\gpe of contact structures as,shown in Fi uggéé.c’éThe exanpl.e of !
9

. sho
Fi gure 1P8h#%€% he HpPhleex | 3RPT HCAL1gNg, (contap 58582 MY B cont act
struct ur asedO fate I aickehgen asprichdeadind t Chel eotersieral |inveorttiaot ide

targets h cont ac j i j r
cont act §??ﬁg?§?e§°3% %rrg%g%rt?r%%' ?%rooueg% %tfg%&gé{ %A&gggghé}%%&c%%%on a
seni condtet dre suBedr atre pestihEcH Sk DAl WiddscFhbed. i PemHeanshirt grat ent i
appl i cat g rsAl bieHdhnt Be BeRdushaqac 8Bt Botlsrs Ma@dured debd ftey aiaye noted!
pat ent applications appear %o be, successful . the nethods .require relatively!
many Iitﬁg‘ﬁpé qu?@)zgglf%g? rﬁ?‘f‘h@%ﬁ?ﬁ'@?ﬁrQei’ﬁcﬁs\yell’ﬁl&&ﬁgﬁ‘&‘f‘f‘o% on the'
subst r at boaTde amdenier I ikeye amt waildec sa ussde igl rfghinfiing leedid of St
producti RO j i | so abl e to achieve contact structures of

gf&llg;g %%S%dg’ga@kag%sa

hi gher r i ity bécaus€ of the sinplified, production process. Summary of i
the InventionTheerdarvantong 9k BhlphpERlicRtine PA¥Se PEOPRRER} i PeD

provi de @yipet Bfﬁdcﬁﬁta{%ltoéu%hagu&d 860Be numri@fs@%mtaqsﬁl :deattD:BM esn by

using relativ Si e .techni qu It d r- obi eci o e ent

i nventi ohe}Po S’Féﬁ%%%ﬁ%&?%&bm o°d‘%(2°. %Osta{"hﬁeafrlg'eéqﬁu& et "{#’ c"géfgtt
struct ur estiim led wo" Brokasi Goatackerer Fexted t hiin #hdtralel hommplanal
manner o duAar usyl f paeeRt ol 1dLOTbs MRSt b3l 240l behSe 1 b AlGEsOb] ect

of the present invention to'\%ow de a nethod for grodu ing a |arge, nunber
of contal sdPd8rueBsities {'Hdgli ReREPERAPCRafREPIBAL S SFITCBAE S rate,

r errgvi ng pfahma@mt,acan@tmust UP@BeﬁtOKpph&cfsuli&Er Mbtwﬂsw eflibeda probe
card or qther contact nechanism. It 1S, urther object, of the present
nventi oS FE PSR dea nithoc ot SRR P e e Rt et
struct ur e€ i Gontamd ditmendiwre!. mafhes ohneestionodsudireated thaansferring
the cont gelerld U gﬁé&&*ﬂrﬁ Neor 44 Ut MBS Sl Gl AMNGER VEak BRE OF

pl at e, renmovi n e contact structures fromthe adhesive tape or plate
to be no@RRAd Rt P obe card or other contact nechanism It is a further

obj ect of the yi{ eggat abBY¥ENHbERA! @atteht! applications, the inventors
have proposed a unique type of contact structures as shown in

Figure 1. The example of Figure 1 shows the application in

AR
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i ", , r .- 9 DEC 200Z 3 provide a nmethod for producing a |arge A@rffC 2002
of contact structures with |low cost and high efficiency. It is a further
obj ect of the present invention to provide a nethod for producing a |arge
nunber of contact structures of high nechanical strength and reliability.
It is a further object of the present,invention to provide a nmethod of
produci ng contact structures to be used in testing and burn-in

sem condugheh WebeE Scpagkagedukshks 36ndrbhﬁto|uh|&@d loh tdlq:wlﬁ&se@irﬁnvent i on,
cont act st uct ur es 1or testi n&él ncl udi.n £ n- m%j $é8r waf er s,
packaged $<§BHCH 1 RIRPEITE % ﬁ’ﬂg ? f 8Mred on
a pl zglnar hsépfﬁc@et of chrouit cb@a{sﬂbsmm azje'rl{w mmmolsth?gtamg 3echarel og%/
esta IS I Nn e sem Co CL.Qr, oau | oNn g ructure
o the orEgahfa et £ PR HEARNEL BRoRRBECRR: o [0EnfOObAGESE z
devi ces sudbetasat€ Readwhaanl pienfully descriibed iJm/dJrhe oai?OYihepptgdtlct ion .

nmet hod | SO SednQf the steps of: (a) formng a sacrificial layer on a
surface (S)? a s'chon substrate; (b) formng an conductive |ayer pade of

el ectric condAtiReuahtiehe Araingtieon aethods intraduced in thenphgve

pﬂot OL esnrscstédiyefat@hﬁ he g@qa@u@mm@ Ihappéar(obo albegneugcesalmuol Mkl o?/er

t he P otore er, OSI t he . ot.0or esi w t u t VIO et

[ ght ¢ nrbsitods o Sithar medet Il Y, o habRos Rt S Yo egi moF e
contact sdtmottues; 1(1e)a d'eeetbpahgdtlhrecn:drageoon the pubstrediest Iﬁyer whi ch
has open! i ihe il 268 Qinkhe PNYYLSLohpl 2¥ka (dda T 9 Ndok

cont act ruc ures nma ectric conductive nateri al t he oEenlngs by

an el ect rR)'lmCH#FWgOlbr presess( ghigh | hpi Ag schaakiprt §Pe59r‘§"tl$éﬁ/e??n Ayt i

renovi ng e, sacrdbi skahighrer ey jabinitly dediii® of thd Dhgp2062ed
process so tﬂ tl_(the contact structures are separated fromthe silicon

subst r at £¥ 197 BEBYFAG- t he conductive layer fromthe contact structure
by a second etching procesgsumiotherf ddie lemtilee first invention is a
process of pr Qﬂld% conf a Y t tyres each !
bei ng able to ex i-%ﬁ?;ae {]{;I % ?ﬁrce %?n ggtgﬁg éﬁég&%‘ g@%?ﬁ%%ﬁﬁcg%t act :
with a canexide apgset %@dﬁ’épﬁﬁﬁlﬁﬂoﬁs%amecé‘h‘mh%e&%f CPRE2FE! | owi ng

steps of \gf@ict OFds rﬂgyau§ﬁﬁélférhaivéﬁyeéixﬁplél §§éfxﬁ§@u@f a silicon
substrate; (b)_formn L co ducgl;l ye tﬁl er Gtri condugtlve
presen :.nven

material on the- sHtA ion Eo“BREY
a method for producing a large number of contact structures

in a two dimensional mannexr rather than a three dimensional
mannexr on a planar surface of a silicon substrate.

It ie a further object of the present invention to
provide a method for producing a large number of contact
structureg in a two dimensional manner on a s8ilicon
gubgtrate, removing the contact structures from the substrate
to be mounted on a probe card or other contact wmechanism.

It is a ifurther object of the present invention to
provide a method for producing a large number of contact
structurea in a two dimensional manner on a 8ilicon
substrate, transferring the contact structure from the
silicon substrate to an adhesive tape or plate, and removing
the contact structures from the adhesive tape or plate to be
mounted on a probe card or other contact mechanism.

It is a further object of the present invention to



» (c) - formng the contact structures through a photolithography procesg,pEheQ)?
contact structures being in a horizontal directions on the silicon
substrate; (d) renoving the contact structures fromthe silicon substrate
and fromthe conductive layer; (e) aligning and orienting the contact
structures in a predeterm ned directizon; (f) positioning the contact
mechani sm havi ng bondi ng | ocations for nounting the contact structures
t her eon; paidride) #i pekRBdAtfdeasio@IELRE hha LY athimbés Uefurasmteask pl aci ng
the sane on a predeternined position qn the ndi n ad of the contact
mechani sMtEF R ﬁb‘%g%rﬂ% aé’tq'gb‘t &4t S8 ¥ondi ng pad. The second
invention is atprbduct i furteéhodbjecthich the gorssmt sinventies produced
in the hgri al_djr i50 e n red.t pve ot t he
conveni eﬁfe&'g‘l % ne '“St'e‘g’%)dp&oo?es%£é®$%ﬁéﬁ %g 15(}@%2t%gr?&r§r%c gniacgo%éa?éntthe
second i mremdten etth e fuidic mesthansidadd sterenanly iagwl xsfl el sitaps of (a)
formng a sacritfighaly | AYPENOR Bp3Wchacss obna Yt Subskbheien (8B

form ng an conductive |ayer made o0f electric conductive material on_the
sacri fi cPaPViiggerd methosteb girdiqing amhany SEmsttoras &0 (Rgaised the
conducti @ leasrindg dindl b@ph gn asph@tendagkooveafele, pheidifddirdayer and
exposi ng _the photaresist |layer with ultraviolet |ight through the photo ;
mask, th@“ﬁh&% including an i mage of the contact structures; (e) |
devel opi ng t han rhgepoveseht rhotrdriesi stcondpet shruhtbaesopenitestimgt he
surface Qfi JAUAMY BeH-3h)! 2YBemi bohabiBEBEWatbps CWPhERASA LT YIGS Made

of electric conductive material I n the openjngs by ah el eCtroplating
process; PEIPteG iPFaw & hoasid odeyiiges apder Gipst)) e fawhmedifeside tape
Oght he C@'lfaﬁ&tr d%trv].{zlﬁdﬁ ®5Q tsl”i&id(&@@uhﬁtﬁfa&feﬁﬂ:ﬁ@fa tﬂ}ﬁ?tfc?@m&féﬁ;ﬁéﬁwt ur es
adhere to the esiveit gpe,; .an 1) renoving the sacrificlia £r_an
conduct i V&TRPHPR aﬁ?té—\ek@rﬁ%becgr&:‘%sst ot 1"[?‘?%? cg%‘?%ctpg?c}‘ﬁ%{h?%s on

t he adhepirweesme The soptnatedtinoturieofithe grresdist rineention hean aspect
of the sgqad r 14dVEY! 108qhSoR BiREEESNILSPHAYITRI daciPUSCic

mechani sm havi ng the above noted contact structures wth use of a pick and
pl ace medieasiss ANATIRENSyr oducti on process is conprised of the follow ng

steps of: (a) for ey Zisaeri thoeaktibayerths appodheceon§ methdd Ccole

substrate; %bl) fe(é)%rriqngﬁ an ctonductf'_ve | ayer made of electric conductive
mat eri al SOTAHEEE G 11T AC9ER &5 (¢) forming the contact structures
through a phot@)i t Gogmapgy ®r seexd fichelcolayex oy uat trwsfans ngfi ma

hori zont @)y \didgrtd Bt d;ne silicon substrate; (d) transferring the

contact structures fromthe silicon suhstrate to an adhesive tape;, (e)
posi tioni ng t H®ladFEEFMiES afd h&?PH&CFﬁgeco B¥eT s‘f‘?gﬁt u?ts %Jrﬁg?’é%vi ng
t he cont agindiicticte) mest drhiclefaromhe f9aori fediiaily tayeexcont act structures in a

predeterm ned diy %%&lm%g a photoresist layer on the conductive layer;

(d) aligning a photo mask over the photoregist layer and
exposing the photoresist layer with ultraviolet light through
the photo mask, the photo mask including an image of the
contact structures;

(e) developing the image on the photoresist layer which
has openings on the surface of the photoresist layer;

(£) forming the contact structures made of electric
conductive material in the openings by an electroplating
process;

(g) stripping the photoresist layer;

(h) removing the sacrificial layer by a first etching



vvovL,mt ~0 9 DEC 2002 6 (g) positioning a contact mechani sm having, 1309@[:”9002
| ocations for nounting the contact structures thereon; and (h) placi*n he
contact structure on a predeterm ned position on the bonding |ocation of

t he contact nmechani sm and bondi ng the contact structure to the bonding

| ocation. According to the present igvention, the production process is

able to produce a |l arge nunber of contact structures in a horizontal

di recti onpdcddi® s kha@nthebebhoiet BrHdtidrd£lagle Beprrated €xbacbhieque.
Such contact, structures roducgd are renoved fromthe substrate and nounted

on a contHALFRRHEMEF®h 289 probe card in a vertical direction. The
contact struct(i)es remedticed byet hrphrsdie | bygakri dirom ethew eoataand hi gh
ef ficienc nd have_ hi gh chanical . strength and reliability. The contact
structur t%f%%&%}%ygt%%g?ﬁ?h%%*nq HEEPresent i nvention are

advant ageous| yArappherdaspetesinngha fémstodnvensionafier a (pokees o851 and
the 11ke gALUNAY DUbbnedde (RSLAL: o halideSOe RidNa O A0PuLEaNLDO0S
Figure 1%s a schiemat] ¢ di agram show ng a structural_relationship between a
probe car@RGbPRInG eBheatP &phibil, & Spvd RS forge t%ﬁ”@e?%té’a%hsgéna

sem condusligdt MEE£T . cEhOHEES wdAN2 A agentadiemahrgedi agrie shosihsgibasi C
concepts of production nﬁho&l oé thengéf_‘ge“r,]t inventéon in which a | arge
nunber offP BR 121 CUMEF 2L 72 ¥F WG BSRS Uf face of a silicon
substrate and taEnofedmingr edr cadwifiicitadr papersses. aFi gurbac8Ad. are

schemat i 1?&5 Saowing. an exanpl e of production process in the first
enbodi rre(ristﬂo trﬁe@%resent invention for producing the contact_structures.

figures 4A-4D Bl JORWRT c 3 aFERARMCEHFR nda¥BrexBApre Bf pedEGETiEN

process idboidiectsBsONfatabDal] nemteied sderDepsedt 1i4yenjion for producing the
contact structures. JFi gur a schematic di,agram show ng a r|2rocess of

e Si
pi cking the cotftlact Jﬁjre.ﬁlgnd TPREFRY « BF HIEs o & B e Buch as
a probe girakolithdybEthy OfRocEBgurEise 6RontalcGHtrectehesabeingi agrans
showi ng §i..LxA5m gloéi’pé&léigﬁqg Qﬁgglﬁingffwgng‘%l&ﬁéepr ocess for picking

t he contact ‘structures -an cin e sane on a substrate such_as a probe
card to mount {Me EBMPNARIsthfcteriadh SREUSEREER afa o ithe e81¥ACaRd 7B

are schemaipgr£L@r 8@ shemi flge aEORDEEL BX@NDALeHf pick and pl ace nechani sm
arid its process, for. pickin he contact structures, and placing the _sane on
a substrate sugﬁ) a%{’agﬂ%%eg’é r‘&r’r%n%ﬁ%té??\ec%%'fﬁ%‘&ts%f‘fﬁ@‘f‘ﬁ?%slﬁnat he
subst r at prédeteanined dipecspentive vi ew showi ng an exanpl e of contact
mechani sm suchas aog%&eﬁ&fqg% hayhiget NRetRBhAGh HAWGIYT BSnREAduUCed by

t he process of the Present nvention. Figures 9A-9F are schematic diragrans
showi ng ehFAT LN QR PRUBE LRI NERR CRRFACE LPRELEBURRS pERBLE.R  t APBugh t he
production pro(gsspDikihg atckeasti onendf othe Dednthetd Besacitpreanaald t he

Pref erred Enbodi nent h . o.9f  FLQ roduces
cont act ﬁg%csh? ye ag%ggi ﬁé %oﬁﬁégg‘%%g\‘/‘le%&r&rgﬁ%#%@f?gmog ﬁg‘rgi %%ﬁfi %F%beam

t her eof vt tde ddm aciorhiadict meshanigessad ajanddndcotibgct cpadagzo on

the printgedegbésrettQ08hd BORAidgepa@nt act pressure also creates a
scrubbing effect at the tjiig‘f()f the .contact _structure against t_h?%?}grface of

contact pad 3280€ HRFUShHEIeGIQR A& 8sPRATUERRRR VIR T Thapds f as
shown in dbgtaes Sér@fturegupeoduabdwinathashorideatal theeprésantre

| nvent i on {gf PLOCUST DY SUCNLHAUUAN SHIF Ghe LBn0E: BREERE Lpgenti on,
as shown TnFrgure 2A “contact structures are produced on a planar surface
of a sililavesupserase ¢f fowming ohtieantdidtemechaniisme. ) Im tie gecond

di mensi ongh RPNEH- tHEGrodubt 1 hidtHoE TBOELMBP sed@So 8 YK driedd Q#.e 2H,

t he contact structures are renoved, fromthe substrate to be nounted on a
printed circui t2hod/EMIRY /i PaGFibt bl cdAVELt FBclianPYRERR®a YEr & cal
directiongiliéon kQObatikhAeee di nensional manner such as shown in Figure 8.
~- 9 DEC 2002

(b} forming an conductive layer made of electric

conductive material on the sacrificial lavyer;



s I'n the second enbodinent, as shown in Figure 2C which is the same-ap DEC 2002
Fi gure 2A, contact structures are produced on a planar surface of a silicon
substrate in a horizontal direction, i.e.) in a two dinensional manner.

Then, as shown in Figure 2D) the contact structures are transferred from

t he substrate to an adhesive nenber, uch as an adhesive tape, adhesive

fil mand adhesive plate (collectively "adhesive tape"). The contact

structures on t(lara Eé'ﬁﬁﬁhg’ea Tp@i&o&re%lrseznﬂ?d?ért@@ﬂﬂfd @ﬂilrmdtetvﬁ)uatyed' ;0N a

printed cirecui i or ot her cont.act chani,smin.a_ve
B action i eld)ralLoptnac dHsts BRh CRERG SHOFSFEmimi SRR PR o b
with use eipasmngktMCpmjmaesmaayem wEtlguxJesra’:\Aﬂletarlegéfdheth

A

sacrifici abntager sguctufresned on a sili con subst rate 40. The sacrificial

| ayer 42 is magg, &Q{reﬁogﬂﬂget}ﬁguﬁé é“fﬂ{' olrels TRk ttfa;;@igbmach
deposi tion proceSs suc em ca position

sacri fi ci hps| aperingsi ent ghecguripset ﬁé Bﬁt EE‘PtgFFEéFGr &a¥Egh t he silicon
subst rate I n t he) | #misicpoenef dd?ﬁdaitOd#Eirh@ﬁu:@é@C&&ﬁe ASE a@ttesavﬂac

pr onot er r 44 i s f%med onth sacrificial La 42 _as sho .n_Figure

3B throug‘ﬁo BFtevﬁnﬂ'f e%ﬁ?levéﬁorm oMP PP e s An"’u:']—':xgr’]fﬁlcgr 5P r’?ﬁt"@ﬁ al for

t he adhesppacpssipoter | ayer 44 includes chromum (Cr) and titanium (Ti)

with a thi cknes )OLE%QgP%ﬁgoPhgn BEB%BIFE E'L‘QQS%' on pronoter |ayer 44 is

to facilitate t uct|ve ayer of Figure 3C on the
silicon substr&ht mbacing apmfhagive rtaper 0146*—1?% Qﬁi‘d'eac"f StRIGHPTR SSf
copper (Cuha®r uppekebuifakksWolth thet bbakaess sekuttlR@sb adberangs ni@ The
conducti ve *x er 46 is to _establish electrical conductivity for an

el ect ropl &f ﬁélﬁ?oﬁégg ‘i APhe later stage. In the next process) a

phot or esi st | ay¢) #8mowihgruke smcrhilcomlucayer dns condiBabiore aiystr a
photo mask 5%9\) Srehing PEOcCENZod phat %ﬁteycatﬂtqeed d k0 ReeepneRd wiid

ultraviole shown i n Figure 3D. hot o mask oWws a two
di mensi onafihegaye ﬁPﬁhéréoﬁF§éFa§FFiuéFG’F‘et§G \ﬁ,ﬁﬂ-éﬁ% BubsE r@&fel oped on
the phot oresi shnbayek Ae&pé& i 5fvveJ1-Je ké@xrdnd npi:beeﬁr:t Apasitioe as well as

h
eotst | SPRGERSS, ¥ pRATBICUIA. c GR0FE oy TR DR e SR %n'svﬁbﬁé”?msk

50 har dennétede)cafitactt mmﬂ% wikhnphes off plaot piheki sandmtreEcg

1 netude” mﬁehatﬁlwcresn{e rBALAEHSHE) pr 500 (RY YC%??YEeHE‘t@@C%é‘t &),
SU-8 and oto sensitive po yimde_ The exposed part of the resist can be
di ssol ved Qnd°M§He&t&R§y° l‘eavi ng a photoresist |ayer 48 of Figure 3E

havi ng an openr(ag Aféﬂa.’méoprreaacmbmeml leygtr eodE a s sartfagevi ey show ng
t he photoresist %str% %f Fi gure 3F wherein the opening A having the
shape of A 1c‘?8nt 5c struct'ure 30 is shown. In the photolithography process
in the foregoiiy) i fisredugdof anheconiiughiveitlagen| geadmpssih| & g]tﬁflteklpose t he

phot or esi etmh%%&vféSm\ertfef}ﬁri A EiHeO B alkQAMiQH - NAY®raS IS known in the
art. Further, is also possible to directly vvrltethelmaﬁe of . the

contact struct dFé onfPRBLBHOt R sCANRAGE 488hTUEkHEEPNg FRECPEBt orRsi st
48 with apdbtmhthg:apeiyeqiﬂmdmamh@(ﬁmm |dtghictsmers dbeimsein) .a The
cont act or . nat.er.i S i um num (AZ), rhodium
(Rh), pal Pgd'llzo %Ié lg?lt]ruér%:}sjto(}lm @7\) or Sth 1%%1 tsg'&gtrag’le josi t ed

(el ectropl at ed)(d)ntrhpsspeming mhgfcqn@qﬁt@fcmuesugteﬂ ﬁyern wige ti ¥ romt he
cont act Stsﬁg)%ttlfraqzé(%@%ﬁlw{édﬂ,é:l%@ 3G It can be beneficial for the

contact material to be djfferent fromtha,t of the conductiye Ia%rgr 46 to
differentiate e€dhiPrethaeatrgr the) AdhasgiieoARA oPR¥I NG thie | CPRE}REcri bed
later. Thetexritudedt edﬁaqrémm:@ tHee aoidan siruiures améfeﬁ@ufe 3G can

be taken out in the d|n Iana zi.n roce of Fi

next process, H@ a§8P §ki§%F§ﬁ§ Eggrhna r s s?t tml%% ng
process aﬁﬁﬁamﬂ1qnvFﬁgure 3I - 9 CEC 2002 to Typically, the resist

| ayer 48 is renmoved by wet chem cal processing. Oher exanples are

acet one-based stripping and plasma Oz stripping. In Figure 3J, the
sacrifical layer 42 is etched away so that the contact structure 30 is
separated fromthe silicon substrate 40. Another etching process is
conducted so that the adhesion pronoter |ayer 44 and the conductive |ayer
46 are renoved fromthe contact structure 30 as shown in Figure 3K. The
etching condition can be selected to etch the |ayers 44 and 46 but not to
etch the contact structure 30. In other words, to etch the conductive |ayer
46 without etching the contact structure 30, as noted above, the conductive
naterral used for the contact structure 30 nust be drfferent frontthe

. e 4 1 o o o, o ~r~N "



"»I'n the process shown in Figure 48, the sacrificial layer 42 is etcrLeg PEEVZUUZ
so that the contact structure 30 on the adhesive tape 90 is separate rom
the silicon substrate 40. Another etching process is conducted so that the
adhesi on pronoter |ayer 44 and the conductive |ayer 46 axe renoved fromthe
contact structure 30 as shown in Figye 4C. As noted above, in order to

etch the conductive |ayer 46 w thout etching the contact structure 30, the

conductive mat gg)al Bﬁ@élf)ﬁﬁ.néheacwr&f‘afcts'fﬁé@hﬂﬁ@sﬁo Hassindge wbrddiaignt
fromthe npateri.al ? t he concluctr:gjreﬁet gj AIthou h the oductlo rocess

in Fi gur esCFR &én?mf\ﬂf b ulrﬁ Sar uction
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3 nfact

t he cont aP¥er W21 t rrebha pHERES nebfchpidiss mmy SUs
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i s advant Rgebaged 53 |a<§’d1 tedre Hekeo dngdddngy Peér’prt@cﬂéé’di by the second
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and pl ace nmechani_sm 6q an ure ront view o i ck and pl ace
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a bondi nggﬁac%:atr?g %r?ot Ll—%e Eseselﬁ% th g %%gﬁpcto%?ht he plwyk and pl ace

mechani sm 60 | FiG0FsE sgB-8P 2¥¢ r chematder dipgRampPs flravingpikaeic
transfer aa»ﬂcplpa@e sthepeodietiont mechvle B3 he pbbsent aimventiioml 1w

novenents he transfe changs Y. dLre cond transfer
Tochant smp oo plALEs arer ohatp caet: AeTudkbegs' 2k, Bekil on

nmobi | e ar mlaﬁatro Salrlf@nmmfe@rﬂlslmort [sahstaadiee ande clemsivad memﬁm:HnY
direction og.nqaq:zgrl e H3 to allow novenents of the nobile arms 65 and
66 in an § rection. Thus, the transfer mechani sms 71 and 72 are freely
moveabl e in t hE1BUERP PAtlearrofSheRathe §1RUramd PRI AN ARARED . | n

Fi gures 64rapgodidetiitn @'I@lée%@dlﬁl aﬁe freebanémidGnénit tHErt N Ghriiasn @

hori zont al,/ ver |caI onverqéer 68 f rc%%gzl Vi n% cont.act structures 30 and
converti n rlt ﬁé‘ BHPLS ‘t“n"é‘% A5% stfréf tﬁﬁﬁ?am sm 71 includes a
auction arm 73 Hﬂmq@ﬁﬂoﬂ@s amctscbﬁm(apuckdapgrams oshowing sam téxampké ease
(place Op%rfagerQ)JcQH%akaEtisBO{nttfl?e SRUAH b hheSof Cnd e Spehi on

force is cre for exarrp e negat|ve pressure such acuum The

sucti on armvERtHRFed I Far"li‘tﬁlr"é-’bt'-'r}'tﬁt - RS Th) . Sl mlarly, the
transfer rrecharpls;ﬂﬂé  Nghude scheiicoNd Pigitah® &hewingr Eorp?cbcﬁéérélaﬁ (pick
operati Oné’rﬁ gansucthon rel ease éﬁ%ace oper at| 2&2} oper at| ons DEC 2002 13
for the c Flig: FPRE3ss. R L A L Fﬁg‘ezodfr@ctlon
As shown igulfstgrartes sﬁkl‘arech%pmzbrermdm and 75, having, for exanple CCD

i mge sensors, are respectively attached to the transfer nmechanism 71 and
73 to acquire image data to accurately control the novenents of the
transfer nmechanism 71 and 72. In operation, the adhesive tape 90 having the
contact structures 30 and the substrate 20 having the bonding | ocations 32
"are respectively positioned on the pick and place nechani sm 60.

Preferably, the adhesive tape 90 and the substrate are placed on XYZ stages
(not shown), respectively, to be able to adjust the positions in X, Y and z
directions. As shown in Figure 6A, the transfer mechanism 71 picks the
contact structure 30 fromthe adhesive tape 90 by the suction force of the
suctl on arm 76 and pI aces t he sane on the converter 68 After pI acr ng the

N T o a o, o ”~ - o e



"+ 9 DEC 2002 15 . soldering, and mcro welding. Figures 9A-9F are SQD?”E%ECZNH
di agrans showi ng exanpl es of - shape of contact structures to be pr d

t hrough the production process of the present invention. Figures 9A-9F
nmerely show exanpl es and are not exhaustive, and thus, other shapes of
contact structures are also feasible.; when nounted on a contact nmechanism
such as a probe card nmade of printed circuit board, and pressed agai nst the

contact target slguebsassmoahactsaom OBcﬁeﬁlaﬁliﬁoraiilagﬂmwvaéhowlngbGan est ed,

t he contact st uct es,i 9A—9F xhibit co ta r|ng
effects afRfaERAS ‘Hfiu?écgcr SaSFfé'lﬁ YA hst gurﬁa%geg%/ t

cont act tpligklmg e ndongaon Bmenmaugets rmtchlphagyng)f th@ntme mC(a di ng
to the present inventi e pr c | pr&q;{% '

| ar ge nurrBEE %F cont SC ﬂst%‘Ectgr géy&gé n%aglﬁcli)zo alm% | rectlon on t :ct;; licon
subst r at esbyugsiumrgsr enathecpybsitmate .t echni que. Such cont act structures
produced are r@ffggr%g f‘?ﬂ”&ﬁ&‘%ﬁ‘é‘%%t geﬁ@maegcr@iagf&nmr?om AlotHRGhani sm

such as a probe vertical direction. ontact stTuctures
pr oduced Qgﬁamﬁéepr%‘seﬁﬂcknﬁ?ﬁ i Bhagee “le(ﬁbaéﬁsstm aﬁﬂ hidd® PFPEERRACYESNd have

BI ghhrrech?mbr;ah SteHE0éBneast I eltirdiithirey. A phatpag dhelcsames opr agluced
y the ne

t he sent invention are dvanta sly,a
testing a® ?gmtfﬁﬁauctgg‘f’gwaFgr,apaBE% 2d (f_%‘fél c?tﬁr?eburrf >4:|1')ne(llzlouc nq:a urn in
testing. Akrbotylresnionp &her elubstgatenbodi nent is specifically il I ust rated
and descri bed tbgé‘a&@ g i3 bl RS s2RREGGRARAGW A owBY aﬁdb&hfﬁtlborbsf and

vari ations of resent invention are possible in |7 ght of e above
teachlngscaﬁﬁaﬁFtWPﬁhFﬁésﬁuPVFBmPBfat?@?%ﬂﬁﬁnﬂﬁﬂp & IR T OTHE@SRT ti ng

the spiri btéﬂéch%@ngeédﬁe@aebyf th8epiey&ds i ©f.che p&daiarzaewéﬁiﬁm
Clainms: 1. A nmethod du0| contactdstructure$b L ncl udi ng, t he steps
of: forming a g&@PFFlC?%F Pamail S d4aPFaRE PO PRSP LB S  at e
form ng ashapeuctf ve:dra;emt (46):un:a(cle‘esf b edter i produdedt | Veromghr itdie on t he
sacrifici 4 | 'on(.48) on the conductive
| ayer (46?Eo %xgn %g%§° e%%ﬁbﬁgg%e? %%®§r§hdéﬂﬂaaﬂ {t layer (48) and
exposi ng the AbseqiDegs 4 RELMeRbugh t he
photo mask (50‘Eachhe>fpft¢fe0 d&ﬁ-}ﬁc(tS@)\:riumtlu:t@sngsoa@fl IPEmmi 1 herabrtenst

structures devel opi ng e_on p r i ch

has openi ﬁ&g‘% tt rPer :‘é%ebgf h?‘ghn of"ég?st ay er 4@‘?1@% fgéﬁ') t%h

cont act showdizonéal( Bepmmeberest ei;m tihe condacti sbructure is pressed
against contact pad 320 on the printed circuit board 300.

The contact pressure also creates a scrubbing effect at the
tip of the contact structure against the surface of contact
pad 320. The contact structures may take various shapes such
as shown in Figures SA-9SF.

Figure 2 shows a basic idea of the present invention for
producing such contact atructures. In the present invention,
as shown in Figure 2A, contact structures are produced on a
planar surface of a silicon substrate in a horizontal
direction, i.e., in a two dimensional manner. Then, in the
first embodiment, as shown in Figure 2B, the contact
structures are removed from the substrate to be mounted on a
printed circuit board, IC chip, or other contact mechanism in
a vertical direction, i.e., in a three dimensional mannex

guch as shown in Figure 8,



"~ material in the openings by a deposition process; stripping the photgoDESi 3002
| ayer (48); renoving the sacrificial layer (42) by a first etching process

so that the contact structures (30) are separated fromthe silicon

substrate (40); and renoving the conductive |ayer (46) fromthe contact

structures (30) by a second etching gyocess. 2. A nethod for producing

contact structures as clained in claim1, wherein in the aligning and

ei<posi ng Step,Iﬁkﬁl@MIﬁ:Biei&)ﬁddﬂ@htﬁ Ssmﬁbwﬁmﬂ)nigx(rzhe)zd whé)é:hoisd by an
el ectron heamor X-rays thro t he ot 0. nas o) : 0]

bt oduc ng-RonFslte 38 NLPiFEZBs EPAFREd PrEUTarRTL ATRepEriEERs R R i gni ng
and expogpranat eputiecehatior esi siliager WBtratali dact by bepdgedtby an

el ectron -ray, of |aser, Li.ghks ' | t ct
structur e@%ﬁﬁ%’ey%béni ! ?IL%F,R lFrgtg h%é&%gf%f?%gu%%é%g%? gllgn'stg r%ugﬁgglgs as

cl ai med i¥n dHigune 28, thei aentach Stryckyres anktagnsferraefrem £6Pmi ng an
adhesi on Kyt fe | B¥ehn( 4dheRatteemee, saridH iLd adn | aaREs{4Q) tapd,t he

conductive, layer (46). 5. A method for_ producjng.contact stpuciures as
cl ai med 13088810 3| aRds 2Bhes Ve WRERER N (tq‘?gléc‘gétv Yy cf)ﬁ%%w&

nmaterial d@pethe cahbictoneatnyetridiuries i f ehentadhemhvisherspechiriec

CondUCt'YEEmoved therefrom to be mounted on a printed cixrcuit board,
IC chip, or other contact mechanism in a vertical direction,
i,e,, in a three dimensional manner such as shown in Figure
8 with use of a pick and place mechanism.

Figures 3A-3L are schematic diagrams showing an example
of production process for producing the contact structure in
the first embodiment of the present invention. In Figure 3A,
a sacrificial layer 42 is formed on a silicon substrate 40.
The sacrificial layer 42 is made, for example, of silicon
dioxide (5i0,) through a deposition process such as a
chemical vapor deposition (CVD). The sacrificial layer 42 is
to separate the contact structure from the silicon substrate
in the later atage of the production process.

An adhesion promoter layer 44 is formed on the
sacrificial layer 42 as shown in Figure 3B through, for
example, an evaporation process. An example of material for
the adhesion promoter layer 44 includes chromium (Cr) and
titanium (Ti) with a thickness of 200-1,000 angstrom. The
adhesion promoter layer 44 is to facilitate the adhesion of
conductive layer 46 of Figure 3C on the silicon substrate 40.
The conductive layer 46 is made, for example, of copper (Cu)
or nickel (Ni), with a thickness of 1,000-5,000 angstrom.
The conductive layer 46 is to establish electrical
conductivity for an electroplating process in the later
stage.

In the next process, a photoresist layer 48 is formed on
the conductive layer 46 over which a photo mask 50 is



- material for the contact structures (30). 6. A nethod for produci ng- doEEc002
structures as clained in claim4, wherein the adhesi on pronoter |ayer (44)

is made of chromum (Cr) or titanium(Ti). 7. A nmethod for producing a

contact nechani sm havi ng contact structures each of which is able to

exhibit a spring force for .9 .DEC4-00,~ is establishing electrical

contact with a contact target includi'ng the - steps of: formng a

sacrifi C'ﬁfebi‘#él (é?igﬁadatéuraéaeﬂ eéea ﬁithcﬁmtﬁabﬁbla’te((l’?@) htgwun ng a
conductive | ayer de of electrl ductive terlab
sacrifici®aP %?é‘?“ (h’?) Flﬁﬁ’ﬁﬁ ndPthe & ﬂt G rURe eris0 (8 ?Wf’hr%uﬁh'o

Shotolith@gméﬁhyoﬁaDCEQSQetbe chataohtattustnnesutéﬁ)obwhmghlW1a1hbeazontal
irection,on c strat 40 In C ugtures
(30) fr onTHE gP?écSﬂ gﬁﬁ 58%8%5ﬁ6§ %5Y fth%oga E?gekPéyérg 46) ;

al i gni ng tinel art erpqsugwﬁe acoweddt astmmm*es Kishores s tprasdeter weeed
directi Onf?g @: Pgosét hei’ftQGBSQQE%E aeehga' sE8khayi 08 DRd "¢he

| ocati ons e contact structures nmountijn t he cont act
structur eEh%ﬁo%‘ﬂ%l%%n&PN@rleécé?}{ o’%i&e(seatquaneortwns of the mask 50

harden (cure) after the exposure. Examples of photoresist
material include Novolak (M-Cresol-formaldehyde), PMMA (Poly
Methyl Methacrylate), SU-8 and photo sensitive polyimide.
The exposed part of the resist can be dissoclved and washed
away, leaving a photoresist layer 48 of Figure 3E having an
opening A (development process). Figure 3E is a top view
showing the photoresist layer 48 of Figure 3F wherein the
opening A having the shape of the contact structure 30 is
shown.

In the photolithography process in the foregoing,
instead of the UV light, it is also possible to expose the
photoresist layer 48 with an electron beam or X-rays as is
known in the art. Further, it is alsc possible to directly
write the image of the contact structure on the photoresist
layer 48 by exposing the photoresist 48 with a direct write
electron beam, X-ray or light source (lasex).

The contactor material such as copper (Cu), nickel (Ni),
aluminum (Al), rhodium (Rh), palladium (Pd), tungsten (W) ox
other metal is depcsited (electroplated) in the opening A of
the photoresist layer 48 to form the contact structure 30 as
shown in Figure 3G. It can be beneficial for the c¢ontact
material to be different from that of the conductive layer 46
to differentiate etching characteristics from one another as
will be described later. The over plated portion of the
contact structure 30 in Figure 3G can be taken out in the
grinding (planarizing) process of Figure 3H.

In the next proceas, the photoresist layer 48 is removed
in a resist stripping process as shown in Figure 3I.



- selecting at | east one of the contact structures (30) and placing t
on a predeterm ned position on the bonding pad of the contact necha
A nmet hod for producing a contact nmechanismas clained in claim7, wherein

F 00

t he photolithography process includes the steps of photoresist coating,

maski ng,
deposi ti

adhesi on

exposure, photoresi st stripEbng and conductive materi al
on. ~ DEC 20D2 19 9. A net

onoter | aye 44) bet th ificial | (42
conducti v LPE?EFEFQG¥,BF%EréﬁﬁggggﬁgpFE%D%%%EFB%E gfﬁﬂﬁggéﬁﬁglﬁﬁggﬁﬁ
chrom um pCapmar of idtanippindli ) .In Fighreetlod ther sprrdddicngla layetrad

mechani s
mat eri al
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as cl ai megypicgl aim Eher Kdaign Blafelrt ber isnadendivegl tie wéepchenfieati ng an

he

el ect ropl &romgtperoeddd coni |Subistratiee 4bondusnotker agberhing. PARoFeERod & or
pr oduci 197688L8ELaS €S tneNJdHlidbd horShobsr ;)fl.'a?rfgg " 49aR4C kirfd

| ayer (42

(42);

on a surface of a silicon substrate (40

ag shown in Figure 3K.

The etching condition can be selected to etch the layers
44 and 46 but not te etch the contact structure 30. In other
worde, to etch the conductive layer 46 without etching the
contact structure 30, as noted above, the conductive material
used for the contact structure 30 must be different £rom the
material of the conductive layer. Finally, the contact
structure 30 is separated from any other materials as shown
in the perspective view of Figure 3L. Although the
productien process in Figures 3A-3L shows only one contact
structure, in an actual production process, as shown in
Figures 2AR-2D, a large number of contact structures are
produced at the same time.

Figures 4A-4D are schematic diagrams showing an example
of production process for producing the contact structures in
the second embodiment of the present invention. In the
second embodiment, an adhesive tape is incorporated in the
production process to transfer the contact structures from
the silicon substrate to the adhesive tape. Figuxes 4A-4D
only show a latter part of the production process in which
the adhesive tape is involved.

Figure 4A shows a process which is equivalent to the
process shown in Fiqure 31 where the photoresist layer 48 is
removed in the resist stripping process. Then, also in
Figure 4A, an adhesive tape 90 is placed on an upper surface
of the contact structure 30 so that the contact structure 30
adhere to the adhesive tape 90. As noted above with
reference to Figure 2D, within the context of the present

ci al

rmng a conductive

| ayer (46Fonddetaveclaxeri4s agrigemovednhren the HFPRtRrts AEMUGTUIES 3%

yer



. formng a photoresist |ayer (48) on the conductive |ayer (46); alrgB
phot o mask (50) over the photoresist |ayer (48) and exposing the

phot or esi

t he photo nmask including an i mage of the contact structures (30);

st layer (48) with ultraviolet Iight through the photo mask

REC 2002
(50),

.- =S

Vv, ~C Zooz 20 devel opi ng the inmage ony he photoresist |ayer (48) which has
on the surface of the photorésist layer (48); formng the contact

structureg (;%Qx)tl@?xde %eela%?ferél%epoﬂgﬁét ioge {B¢phAed 'd%hteh:e eppaENgSE

depositio ocess; stripping the photoresist layﬁyggﬁﬁgi pl aC|ng an
taéssss(lm) mémb@w@ euﬁba%% an pgbegive fabp edhfR P S aces of

openi ngs

adhesi ve

the cont aghgasthectiyn@s (30) adhere to the adhesive tape (90);

t he sacri
process s

claim 11,
i s expose

ficial

by a

and renovi ng

ot hatlt FBeCRRPSERS I FLELEASF AP SEm Akt 17 N} (YR 1 con

subst r at e4@4Q)s éﬁbhéﬂn&ﬁhpdsbomthXhharmpmﬁaﬂ@cﬁtsﬁcﬂureres & dileened in
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| ayer
13. A

met hod f oRnptdeaciefrlcion aprocessctiar e;@na%mc,tl 0::5] Fha’él she Adhe®i@®Rin in

the align

ROt RAAd N4 5t 8RA R RIBHRIASIV layer 46 are removed
from the contact structure 30 as shown in Figure 4C.

As noted above, in order to etch the conductive layer 46
without etching the contaet structure 30, the conductive
material used for the contact structure 30 must be different
from the material of the conductive layer. Although the
production process in Figures 4A-4C shows only one contact
structure, in an actual production process, a large number of
contact structures are produced at the same time. Thus, a
large number of contact structures 30 are transferred to the
adhesive tape 90 and separated from the silicon substrate and
other materials as shown in the top view of Figure 4D.

Figure 5,is a schematic diagram showing a process of
picking the contact structures produced by the first
embodiment of the present invention and placing the same on
a substrate such as a probe card. A container 52 stores the
contact structures 30 which have been produced by the process
of Figures 3A-3L and provides the contact structures to a
pick and place mechanism 55. Either the container 52 or the
pick and place mechanism 55 may include an alignment
capability so that the pick and place mechanism 55 grabs the
contact structure in the same position and orientation. A
probe card 20 having bonding pads 32 is place on an X-Y table
57. The X-Y table 57 is able to fine adjust the position of
the probe card 20 in X and Y directions as well as a vertical
direction so that the pick and place mechanism 55 can place
the contact structures 30 accurately on the c¢corresponding
bonding pads 32.



- layer- (48) is directly exposed by an el ectron beam X-ray or | aser= 19 @ﬁp 2002
define the image of the contact structures thereon. 14. A nmethod for
produci ng contact structures as clained in any one of clains 11 to 13,
further including a step of form ng an .- ~ DEC 2002 21 adhesi on pronoter
| ayer (44) between the sacrificial Iqxpr (42) and the conductive |ayer
(46). 15. A method for producing contact structures as clainmed in any one
of claims 11 t@ibhreshes®i anﬁhesssaaféf is@:ihehlalta)cerd:i(d@r)arhas shdeinfy samhicon
di oxi de. 16. A.nmet hpd fo cont u r S Lged &0 _any
one of cl &FAMPLE B rgllﬁ" ‘g é’??’l ‘\‘/eg}r}ét é.?clsgl ?%rgeg%e £
conduct i vpikdhieg 4 dcm'cdldtf eate:nxctﬁmﬁﬁ t3r®e fe:loa'cttrhec acihedliors ieapmt Qi al

for the c re 0 7 dy § 0L, 9K O.

structuregggggé %HE%ﬁ H %FEE 2)’i‘4‘:’l( aﬁé?gngghééa ea%ér:(a%Jr é#} er (44)
is made ofrhehrpamlwnr(ct:rplmetmeqlnaummpﬁ Figurp @etifod ntgﬁrmm

cont act mag;E '1'e$.im fEVeRE Qe Sgﬁyﬁwﬁﬁése%%da‘céwlsp cheadEodid

exhi bi t ring force for establishing e]ectrlcal contact with a contact
target, i e Nth &L EBESPEPS R YIRS S r FHRIEA Gpaﬁéra(EQP By
surface obfatsid pidk b iplaice (MEBhanism 60 and Figure 6B is a front

view of the pick and place mechanism for picking the contact
structure 30 on the adhesive tape S0 and placing the contact
structure on bonding locations 32 of the substrate 20 so that
the contact structures 30 be bonded to the bonding locations
32 by a bonding machine (not shown).

In this example, the pick and place mechanism 60 is
comprised of a first transfer mechanism 71 to pick, transfer
and place the contact structures 30, a mobile arm 65 to allow
movements of the transfer mechanism 71 in a Y direction, a
second transfer mechanism 72 to pick, transfer and place the
contact structures 30, a mobile arm 66 to allow movements of
the transfer mechanism 72 in the Y direction, and rails 62
and 63 to allow movements of the mobile arms 65 and 66 in an
X direction. Thus, the transfer mechanisms 71 and 72 are
freely moveable in the X and Y directions on the pick and
place mechaniém 60. In Figures 6A and 6B, the pick and place
mechanism 60 further includes a horizontal/vertical converter
68 for receiving contact structures 30 and converting the
direction of the same.

The transfer mechanism 71 includes a suction arm 73 that
performs suction (pick operation) and suction release (place
operating) operations for the contact structures 30, The
suction force is created, for example, by a negative pressure
guch as vacuum. The suction arm 73 moves in a Z direction
{(up~-down direction). Similarly, the transfer mechanism 72
includes a suction arm 76 that performs suction (pick
operation) and suction release (place operating) operations



-formng a conductive |ayer (46) made of electric conductive rrateri.a? BECtmz
sacrificial layer (42); - 9 DEC 2002 22 forming the contact stritictures

(30) through a photolithography process, the contact structures (30) being
in a horizontal direction on the silicon substrate (40); transferring the
contact structures (30) fromthe silihqon substrate (40) to an adhesive tape |,
(90); positioning the adhesive tape (13 havi ng the contact the contact '
structur e%o&SQhea&dadt%ratvimdd&femtmt Gthel Gustdon Hhm tmmm in

orienting hec ntact structure redeterm dir t|o '
posi ti oni FG< £S5 W0 hadts A %&l%frr?ﬁ %g’t d;%’(ff) motinting |
t he cont aexndst nﬁ:turm\rir@@) tflereoaxampllepl ECDnglmhgecommom,ruoames ;

30 t h f
Cont act ESRERELVELY BERIHNSS RORub Ex RAELE Ine BAERLER, $573nd 73 o
| ocat i on. aL"Q,ulAermth& ﬂetapt@cﬁmurgaf@bomoaa@trqilceéhanm@ﬁﬁmgnéswﬁré%mn

claim 18, furthen |“[ggl,#éqi F1StHER o;f form ng an adhesi on pronoter |ayer
(44) bet Ween the sacri Iayer (42) and the co duqtlve Iayer 46 t he

adhesi on pronot}&r IR{FAL ’(‘ZFH/) ngdRea=ver t&RfoAPu & 1§ (T|)
structures 30 and the substrate 20 hav1ng the bonding

locationa 32 ‘are respectively positioned on the pick and
place mechanism 60. Preferably, the adhesive tape 90 and the
substrate are placed on XYZ stages (not shown), respectively.
to be able to adjust the positions in X, Y and Z directions.
As shown in Figure 6A, the transfer mechanism 71 picks the
contact structure 30 from the adhesive tape 90 by the suction
force of the suction arm 76 and places the same on the
converter 68. After placing the predetermined number of
contact structures 30 on the converter 68, the contact
gtructures 30 in the horizontal direction are converted their
orientation to the vertical direction.

The transfer wechanism 72 then picks the contact
structure in the converter 68 by the suction forxce of the
gsuction arm 76. By the operation of the converter 68, the
contact structure 30 is in the vertical direction as shown in
Figure 6B. The transfer mechanism 72 places the contact
structure 30 on the bonding position 32 on the substrate 20.
The contact structure 30 is bonded to the bonding location 32
through a bonding process in a known manner.

Figures 7A and 7B are schematic diagrams showing another
example of process for picking the contact structures from
the adhesive tape 90 and placing the same on the substrate.
The pick and place mechanism of Figure 7 is advantageously
applied to the contact structures produced by the second
embodiment of the present invention. Figure 7A is a front
view of the pick and place mechanism 80 showing the first
half process of the pick and place operation. Figure 7B is
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In thisg example, the pick and place mechanism 80 is
comprised of a transfer mechanism 84 to pick and place the
contact structures 30, mocbile arms 86 and 87 to allow
movements of the transfer mechanism 84 in X, Y and Z
directions, tables 81 and B2 whose positions are adjustable
in X, Y and Z directions, and a monitor camera 78 having, for
example, a CCD image sensor therein. The transfer mechanism
84 includes a suction arm 85 that performs suction (pick
operation) and suction release (place operating) operations
for the contact structures 30. The suction force is created,
for example, by a negative pressure such as vacuum. The
suction arm 85 rotates in a predetermined angle such as 90
degrees.

In operation, the adhesive tape 90 having the contact
structures 30 and the substrate 20 having the bonding
locations 32 are positioned on the respective tables 81 and
82 on the pick and place mechanism 80, As shown in Figure
7A, the transfer mechanism 80 picks the contact structure 30
from the adhesive tape 90 by suction force of the suction arm
85. After picking the contact structure 30, the suction arm
85 rotates by 90 degrees, for example, ag shown in Figure 7B.
Thus, the orientation of the contact structure 30 is changed
from the horizontal direction to the vertical direction. The
transfer mechanism 80 then places the contact structurxe 30 on
the bonding location 32 on the substrate 20. The contact
structure 30 is bonded to the bonding location 32 through a
bonding proceés in a known manner.

Figure 8 is a perspective view showing an example of
contact mechanism such as a contact probe having the contact
structures produced in the present invention. Each of the
contact astructures 30 is attached to the surface of the
bonding pad by bonding. Examples of bonding technology
include brazing, ultrasonic welding, conductive adhesive,
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Although only a preferred embodiment is specifically

illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention
are possible in light of the above teachings and within the
purview of the appended claims without departing the spirit
and intended scope of the invention.
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-1 -} oP1l yt 10%fsrining! 2 pHbeodesist layer (48) on the conductive layer (46);
aligning a photo mask (50) over the photoresist layer (48) and
exposing the photoresist layer (48) with ultraviolet light through
the photo mask (50), the photo mask (50) including an image of
the contact structures (30);
developing the image on the photoresist layer (48) which has
openings on the surface of the photoresist layer (48);
forming the contact structures (30) made of electric conductive
material in the openings by a deposition process;
stripping the photoresist layer (48);
removing the sacrificial layer (42) by a first etching process so
that the contact structures (30) are separated from the silicon
substrate (40); and

removing the conductive layer (46) from the contact structures

(30) by a second etching process.

2. A method for producing contact structures as claimed in claim 1,

wherein in the aligning and exposing step, the photoresist layer
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1000 " ! 109008 () - .acccccccoPl0! 109%<& () - MD310%&' ()-!19%0%<& ()- 1000
1000 (48) is d1rectly exposed by an electron beam, X-ray or laser light

to define the image of the contact structures (30) thereon.

4. A method for producing contact structures as claimed in any one
of claims 1 to 3, further including a step of forming an adhesion
promoter layer (44) between the sacrificial layer (42) and the

conductive layer (46).

5. A method for producing contact structures as claimed in any one
of claims 1 to 4, wherein the electric conductive material for the
conductive layer (46) is different from the electric conductive

material for the contact structures (30).

6. A method for producing contact structures as claimed in claim 4,
wherein the adhesion promoter layer (44) is made of chromium

(Cr) or titanium (Ti).

7. A method for producing a contact mechanism having contact

structures each of which is able to exhibit a spring force for
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steps of:

forming a sacrificial layer (42) on a surface of a silicon substrate
(40);

forming a conductive layer (46) made of electric conductive
material on the sacrificial layer (42);

forming the contact structures (30) through a photolithography
process, the contact structures (30) being in a horizontal
direction on the silicon substrate (40);

removing the contact structures (30) from the silicon substrate
(40) and from the conductive layer (46);

aligning and orienting the contact structures (30) in a
predetermined direction,;

positioning either the contact mechanism having bonding
locations (32) or the contact structures (30) for mounting the
contact structures on the bonding locations (32); and

selecting at least one of the contact structures (30) and placing
the same on a predetermined position on the bonding pad of the

contact mechanism.

8. A method for producing a contact mechanism as claimed in claim
7, wherein the photolithography process includes the steps of
photoresist coating, masking, exposure, photoresist stripping and

conductive material deposition.
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9. A method for producing a contact mechanism as claimed in claim
7 or claim 8, further including the step of forming an adhesion
promoter layer (44) between the sacrificial layer (42) and the
conductive layer (46), the adhesion promoter layer (44) being

made of chromium (Cr) or titanium (Ti).

10. A method for producing a contact mechanism as claimed in any
one of claims 7 to 9, wherein conductive material deposition step
in the photolithography process is an electroplating process

utilizing the conductive layer.

11. A method for producing contact structures, including the steps
of:
forming sacrificial layer (42) on a surface of a silicon substrate
(40);
forming a conductive layer (46) made of electric conductive
material on the sacrificial layer (42);
forming a photoresist layer (48) on the conductive layer (46);
aligning a photo mask (50) over the photoresist layer (48) and
exposing the photoresist layer (48) with ultraviolet light through
the photo mask (50), the photo mask including an image of the

contact structures (30);
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12.

13.

14.

developing the image on the photoresist layer (48) which has
openings on the surface of the photoresist layer (48);

forming the contact structures (30) made of electric conductive
material in the openings by a deposition process;

stripping the photoresist layer (48);

placing an adhesive tape (90) on the contact structures (30) so
that upper surfaces of the contact structures (30) adhere to the
adhesive tape (90); and

removing the sacrificial layer (42) and the conductive layer (46) by
an etching process so that the contact structures (30) are

separated from the silicon substrate (40).

A method for producing contact structures as claimed in claim
11, wherein in the aligning and exposing step, the photoresist
layer is exposed by an electron beam or X-rays through the photo

mask (50).

A method for producing contact structures as claimed in claim
11, wherein in the aligning and exposing step, the photoresist
layer (48) is directly exposed by an electron beam, X-ray or laser

light to define the image of the contact structures thereon.

A method for producing contact structures as claimed in any one

of claims 11 to 13, further including a step of forming an
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A method for producing contact structures as claimed in any one
of claims 11 to 14, wherein the sacrificial layer (42) is made of

silicon dioxide.

A method for producing contact structures as claimed in any one
of claim 11, wherein the electric conductive material for the
conductive layer (46) is different from the electric conductive

material for the contact structures (30).

A method for producing contact structures as defined in claim
14, wherein the adhesion promoter layer (44) is made of

chromium (Cr) or titanium (Ti).

A method for producing a contact mechanism having contact
structures each of which is able to exhibit a spring force for
establishing electrical contact with a contact target, including the
steps of:

forming a sacrificial layer (42) on a surface of a silicon substrate
(40);

forming a conductive layer (46) made of electric conductive

material on the sacrificial layer (42);
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19.

20.

direction on the silicon substrate (40);

transferring the contact structures (30) from the silicon substrate
(40) to an adhesive tape (90);

positioning the adhesive tape (90) having the contact the contact
structures (30) and removing the contact structures (30)
therefrom,;

orienting the contact structures (30) in a predetermined
direction;

positioning a contact mechanism having bonding locations (32)
for mounting the contact structures (30) thereon; and

placing the contact structures (30) on a predetermined position
on the bonding location (32) of the contact mechanism and

bonding the contact structures to the bonding location.

A method for producing a contact mechanism as claimed in claim
18, further including a step of forming an adhesion promoter
layer (44) between the sacrificial layer (42) and the conductive
layer (46), the adhesion promoter layer (44) being made of

chromium (Cr) or titanium (Ti).

A method for producing a contact mechanism as claimed in claim

18 or claim 19, wherein the contact structures (30) are made of
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21. A method for producing a contact mechanism as claimed in any
one of claims 18 to 20, wherein the electric conductive material

for the conductive layer (46) is different from the electric

conductive material for the contact structures (30).



