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nract w,t

to contact structures to establish electrical ¢ , contact targets
such as contact pads or |eads of electronic circui t S devi ces, and nore
particularly, to contact structures tojbe used |n a probe card to test

.seni conductor wafers, seniconductor chips, packawMMﬁwmﬂuwmpuctor devi ces
or printed circuit boards and the |like with an guency

bandw dth, pin pitch and contact performance and refcnadit | i ty. Background of
“the Invention In testing high density and high speed el ectrical devices
such as_ LSI and VLSI circuits, high performance contact structures, such as

_=probe contact aseNBACT €STROCPIURE! PORMEBUSY BE CrOFABRIATION atHoGksyCct ure of

the present invention is not |imted_to_ the ap li,cation of testing and
burn-in of seniconductor waf eﬁéigd—él—é——béf‘—ﬁg‘—l—ﬁw ofi£he LLRZ usi ve of testing and
burn-in of packahde semeemchim or rddatess, tpri ricttady cust rhcvudesand:¢ he
i ke. The cog . Str . t resent..j,nventjion._can_al so be used in
nor e gener%ﬁgéggltlis%at%%és%ﬁfg %Jdlg%él%aa%%l (@ Jléelgd?o?t?%éckggﬁgﬁé,s afd=ot IS

el ectri cal coosnett pads. okoweads, ofoelehérovicenienua tef oexgdeanaeison aridhe
present in i L,Ss iyed i it h tg t sgragongduct or
waf er test?ﬁﬁg.E %%tﬁ%&%g%é ghefgasé}nﬁy%%%%ug%gpesggggesﬁ oB%e tes(%:eg_ga%e in
t he form oPrabeefnEdneRdiast wemicondupting vadediSor seBd conducsps gl nes an

I C tester packadeld BemRRRchReE dr0 davikky bal priabdbetireush BSadaAURMALIC
waf er probeg, 5‘3 aut onmt i cal,l& t est hhe sem €o dugtor fer. Suych_an

exanpl e i st8Fo anW?gguFE‘ 1mPROYAAC AT §ILERFY oRAREY At PesPiy PEE T ARG
test head t6Atwakitciperscomeimsy idnd irelisephitay 2 housi ng and el ectrically
connected to the test systemudgPWel 8o 153l Ef110. The test head 100

and a substrate handl er 400 ar 1 erT as electrically
connected with dfe BRSthse bhigbardensity mandubhdicdr sBpeedndedegtinisraliot or

510. .~ Be¥Red00such Thes SE8T CKICyRE TWaE £FSu s Pe HigH e%e?*'f%rmance

automatically provided to a testréfsmlon of the test héad by the substrate
handl er. CROPRECtesSIHIGFUHRS, t HUIFeni 3DnRERS VEPREAEEORE t St edF ot

prov: ded V\icbhttae&b_x@,glﬁadx?tgw[]a&ed.by T]!g@ %@ﬁt@t?ﬂuﬁtﬁ{dlc‘tﬁi'b Sdﬁtftg‘ie The
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seni conductesttiegt asystamn-im tdfe sewiourductior watersyasndndiehebot pis
signal s are,compared ¥ the £XP8ST 8HadBLENL Y nd e %d@tg'@&iégﬁdh%tciﬁ]e

e
circuits on t%e sem conduct or , Waf er function corége t In Figure
test head F6UiSRE t ¥ iSRG r%%’éc%’a?\db‘é?rqwaafiet@@nr}é)&eed t AreugRP&RCE

interface gefpetafite b0 tteNPrdddir dnvepeidwrdamncel Hoapd d88dwhine hore a
printed circui I C.Clreul ns_upigue to_a }est

t Ilioardlhavitn el ectri S t_[ connect i 8

head s el eJEPEEAL PRBAAFARIOIE, ARcAain &Y TG Isad, | 1€ Rackading opld |,
Figure 2, thbetresileataricl0 domgiagteions | arlpwetoeber fof phéntedveniemde

b ds 150 i d : i
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semi conduct or st system Each™of the printed circuit e
connect or ¥ébht gefegange £ e sFRIMRIRARGHRACI2ERF nFRRFING1 of the

per f ormance boarth Be. cAsefl wherersdifidafdhst 6B UEELt&H 1 dedeelsddipRgR
board 120 to curfatel ycrﬂetern‘i ne the %ont actf osition rel a&i ve to_ the
substrate ﬁQn%&‘@r AFT" " The?t PETLFPRGUESOTh 3@ I8 Y ary S HINBERPLIF “ 5N EE&T pi ns
141, such aysEem cenabctas s agwr POgEtEgstrer dennestedllyo comectedertodna s

121, thr Ougtl%:)%‘tl.%lit%l ﬁé‘ﬂéf r}zéudlf\ﬁo% gn Irr%a{%: 6!1%%:3:': |2warfgg E@f.;%?@fad l:I]oSO I's

pl aced over e substrate handler 4 anically an rrcal

connect ed BYteRetd@Rilyattestatkdiee semicongnater waker.acSushnponerampde | n
the substrakeghandl ¢h #98ura $eim GAHIMEIDEetRiRndRA dr0 that! 83 has

mount ed on a chuch 130. n this exa e, a probe card 170 i rovi ded above
the semi coRdGBELr hRARet 0801RE SR bkS (I RAT e 15t GoSePRFGLEY ng @ade
nunber of plekerdealdst Feniedtedd aBocahki iteger sytdicadists)a bundle of
cables 110. The test head 100 and a substrate handler 400
are mechanically as well as electrically connected with one

another by means of a manipulator 500 and a driver motor 510.



2 6 MAR 2002 3 190 to contact with contact targets such as circuit 6 MAR 2002
termnals or contact pads in the ICcircuit on the seniconductor wafer 300
under test. Electrical termnals or contact receptacles of the probe card
170 are electrically connected to the contact pins 14|l provided on the frog
ring 130. The contact pins 141 are al s% connected to the contact termnals
. 121 of the performance board 120 with Coaxi al cables 124 where each contact
termnal 121 is connected to the printed circuit board 150 of the test head
100. Further, the printed circuit boards 150 are connected to the
" sem conduct r test systemthrough the cable 110 havi ng several hundreds of

i nner cabl ﬁ&@ﬂcpﬁﬁé‘%ranﬂgﬁﬁﬁﬁ $Pe S obesE8dt Ak r utomatgmaklyt he
surface (C(iiﬁoﬁlﬂidécﬁrtgffas):e@ft pbeisesnCcefdthé Of c @ Ea B8, ¢hd Reibatitpke 180
to apply tg{:ﬁ ie%gal s to the sem conductor wafer 300 and receive the
resul t ant "rﬁfjlt ignals fromthe wafer 300. The resultant output signals
fromthe sem corthuctbe wafstr Bé€Odunder, tedse aemiconpacedrwiwdféhetexpset ed
data gener gt e c te ysi & de her the IC
circuits o?r: e‘B%éasle%gco g:‘:’t&gr%(au\/\/a?g?hwgésgrf%rﬁég?opiqfﬁg% gur eY3 tllé a
bot t om vi ewesflqondystatie teftd sSyRyesf. FTbarJéeﬁuUFarnt utrxtaignal s peobe

card 170 h%ea%eﬁa@%dua&ma\ﬁyrcunae&i eeau wcoénoé@P@s%a 7t
call ed needles or cantil evers Ere nount ed. Wen the chuck 180 m)untr ng the

sem conduc SEMIGIRIUCHRY HFES XY\ RHY FﬁaFF@ErFEeé tt%etlrl?p§e5rqur@uctor
gggtllTﬁver&;Js&Ofﬁs;]&aﬁl tm? (XS symollwmﬁ:c(wtta@%ttgygeéﬁ) ggztraﬁl 7

e ends of. the cantileve are con to . wres are
further corrt&PeFf &F rseéwjt% PGSt )tqf SEREF™IRS i eﬁ&’tﬁﬁ-
card 170. The trmsrrcsscnmtbr nes artheconsmuiethductopl uwakery durelteicdnodes
197 which fctié_}régé gpnt act the pogo pins 141 of Figure 2. Typically, the
probe card I's structured by a nultilayer of polyimde substrates having
ground pl anes, PgoWEFigLends, tbﬁgﬁaﬁtth@@@n’r%%r Ithee substrate hapdler As

is well 400 , 24:% MR KneMbought hQnarintQQEEc@f tbapon@tdl 140
transm ssion Irnes IS dgsr gned to have a cha(rgrrsl tze(§ |c i npedance such_as

50 ohnms by GRSHAHIRP tRE & RFTHeF BB r REE ichi dictr BEF IR Y ant
and nagnet |cnr|@ﬁrmaina_lrdyhmlmc_i;reeb@d:tyrimde;rcnduotannestaodsca:pmqueams of
the si gnal paths WLLAID L1cpLoier At bl Misnc il il Holleo it

i npedance fa |nes esta frequency transtfi

bandwi dt h tama rmaxmf@tromo f dn Egspm 29 ctrhereim%t |1headsileadyn§tlaxd@sasamel |

as high cunrglfe RRAMSeHDEGE S &Y éi"ﬁcd?fz"ﬁ@a:‘édguiﬁﬁt ¥h3¥ht @ ddbiia
transi ent stat'e. For renovi ngﬁéor ;ﬁ@ca acr ors 19 d 195 are provided on

the probe && FhetRwERerheiy dlb’rréﬁ\)es AFr hgq FePcoORAUGHRE; ¢
of the prohestargydiiini s Baohnoifn thegpmrintdd ehptwdtn bbardsnitat s o4 t he

hi gh ”eq”e%%e"c‘if&oa@gﬁ k@g&?@ec %&Ld:{)ﬂ%n ?r&aa(&t Qzﬂﬁe‘l SO 2 £

shown in FiY gures €SI m SSi i he on probe card
170 ext end®f the Heriowmanerlcboar: m@ stAr bEeraPetange 138t disedourniyed 196,

the wire 194 apgdet B 1RAMNM X Béaﬂi' e.L\QGU é@oﬁwrﬁgl%t&ééérégﬂe e
the wire 194 and needle 190 are not %ce mat ched th se portions

function aSoRtaGtdRasition rF?]l?ethY%rF Fi gir@® 4C
.ZOngause _czfrd%wmgerlialol hlagngt hagget ilaamhereoﬂ%omwbt\qsﬂhhg 100, i§ucetli C&@d
-30mMm  si icant |imt [ rom the jinductor
testing a qorrgt]eu%%% perf%gﬁﬁ\r%%n Sogevr ce %8eF°P§§ICt D ?ors
which lim tlzlhe theepgincyodenali dahlea R4.probe card 170 reside in the
power and groun‘i‘\é"esﬁr%vﬁ% Bl hPeFQQUEﬁé éQsE”HeéE 1'ofo Hﬁe\ﬂq]%\‘@d | d g can
gh currents

provrde | arge enou devi ce under

seriously Ithe tsubstepes ab?’é‘ﬁ?ﬁrﬁrbéﬂewﬁﬂﬁlh“‘Fﬁhﬁé‘étcﬁllé}’t I@é‘dd@\?‘r%é:r%ﬁr

because th%o?ﬁfécﬂise&OBBGCﬁl%i wubs t 134 eandaneeéet-e th%dgqr BHEP | MH k-t d\8e
power (Figure 4D e 194 and dle 190

for groundiGRR as Vi 'angnsf:gﬁaggg%gfaggg‘l%ﬁ}f%?vﬂ Q]Urabfleé“ﬁ‘tccin"ﬁieu‘:tor
i nduct or s, wmmrm sipeebecrmersemd filsowmowmntsst | ausa ycheskr iéed. Ivbrigdoler,
the capaci Y %npllgé aang)rjo%% @: ?‘dp'i%ﬂ' ggdproszded above the semiconductor

wafer 300 to be tested. The probe card 170 has a large
number of probe contactors (such as cantilevers or needles)



' ~2 6 MAC Cpl 5 between the power line and the ground line to s?cgrﬂ EZU
proper performance of the device under test by filtering out the ndiSe 6 02
surge pul ses on the power lines . The capacitors 193 have a relatively

| arge val ue such as 10.F and can be di sconnected fromthe power |ines by
switches if necessary. The capacitors 195 have a relatively small

.capaci tance val ue such as O Ol~, F and f3 xedly connected close to the DUT.
These capacitors serve the function as high frequency decoupling on the

power lines. In other words, the capacitors |limt the high frequency

" performance of the probe cqni}act or. Accordi nglg, t he nost w dely used. probe
cont act or s B0 R SPTHFGFe VaEE FPRLEEE EBTEREST FetlidR FiFaithl fierpnals

appr oxi mat edy EHOMEL Wadd is it ufd icieniit @ ede SeefHorRRIB N duet &F

devi ces. Ir[}(& e igdustr%/t it is considered that the frequency bandw dth
conpar abl e t#HA%Est 8P s capability, which is currently on the order of

| GHz or higher, Bléttbicakossmainyals diheontactl veaeptaEleshef, thé pisobe
desired in [ S ; [ apab of ing al e
number of SRdohictss GottgiBaing EBhlelRearERILhe oMY 1l FATE

in a paral lmto¥ided omn tthe forashgdngedB ot.hr Thghpomtach pims cohl eate anbdo
technol Ogy’céﬁ?e@ié’@etsﬁrtﬁlléir@oﬂé’gé £QRMAGHIES 1%,1%@%@%0%1%&&%8 3

are manual |y made, resulting I n_Inconsistent quality. Su i'nconsi st ent

qual ity i ndIwRrES YA Mk Foaxigl spbdes: iefuehrye maricRatofiaicrinat ces
ang_ r esit ﬁt @.@E,is?:c@nrle:c&:tté?ﬁ t@l&‘h%”b%r_@ﬁglbdpbﬂbeugzﬁnb@ir?r $50 aﬂ@tt’ﬂ@é rféaét or
maKl n e .conta er ce unr | a e S.a (e er.a re an undader
Wbt chot he. dTOt. S0Rhact AL 1 né Dee PEOMHES: F AL HRASES alsOhavee

di fferent tecomezeted etexplensean catdustod lusst wayderen lehnaurgh Mthe cable
tenperature,, d a&oﬂﬁ%\éé’{’éitigﬂﬂﬁr&ﬁs.r8?‘3&%@9 gsggﬁ ich adversely

af fects the ‘contac e, contact resistance an Wi dt h. Sunmmary of the
| nventi on Ther ef@rder this apragigemantof theepppbscrpniageprsoh?@ cntatte a

contact stryyed Uerfhe el @it d frsOnd Al theMddhniconduck & N £00206 a
contact target which is capabl e of achi evi ng a til gh frggenc, bandw dt h,
JR&1RelP &SehiSGHycan

hi gh pin cShtEhea P eEnl 88ntacePBeY T 5RFENE §P¥y.
It is anot hesfeb) ®od ahdthecpieaebhei pesnliantt ouppati ddgnadentfadm the

structure such as r obe act.or tahl j.sh.ele I C ctign in
applicati on"éaés]%’f:h ggat‘esti ﬁ%%semgggﬁgggﬁgr éi\ﬁ%élets ascr’\%éllf%gél i %%?ﬁhav@?\% a
very hi gh fsetiecerdusberwwgifien o3 0Recunder t%est r agei reompared nwikd rdye

gener ati on S coadughes §€REPQLREYby! thiS sBmhubhifktehi felsOfsdtemrEsent
invention to provjde a contact, st ruc{ure fto estahlish el e(i'té# cal conpection

in appli catOrRFBiRG WRetReY | Wy skni Corfditt Do e SEMIGANH X HAESHI e
for testingeo|pegformsbpropériem conductor devices in parallel at the sane

time. It is a further objec f .t e inventio a a
structure to es?l'é TER gl ec rlgc &%ooﬁélegag%n O|nfn t?‘Iéést rlfé%seerr‘lg%%%d&?toorOf
devi ces, wiiduze e2 pr otincedishesaghle. ssShiecprobet eangr ddlcthash an wpssy

Wi thout i nvie i NgnMRHiEL agS TR 107 308! bRobe! NS BB €Y bRy LONPLgt ent
quality. needles or cantilevers are mounted. When the chuck 180
mounting the semiconductor wafer 300 moves upward in Figure
2, the tips of the cantilevers 190 contact the pads or bumps
(contact targets) on the wafer 300. The ends of the
cantilevers 190 are connected to wires 194 which are further
connected to transmission lines (not shown) formed in the
probe card 170. The transmission lines are connected to a
plurality of electrodes 197 which further contact the pogo
pins 141 of Figure 2.
Typically, the probe card 170 is structured by a multi-
layer of polyimide substrates having ground planes, power

planes, signal transmission lines on many layers. As is well



It is a further object of the present invention to provide a cont azt
structure for establishing electrical connection in testing sem co cﬁJcMAR 2002
devi ces which are produced through a m cromachining process. It is a
further object of the present invention to provide contact structures to be
nounted on a probe card for testing senjoconduct or devices which are capable
. of conpensating tenperature expansion cvoefficient of a sem conductor wafer
under test. In the present invention, a contact structure for establishing
an electrical connection with a contact target is formed by a substrate of
“a planar syrface on ich a contg_ﬁiﬁé S create? g a_m.crof abrj.catiop
process estSBYY2hdd "Rt A& e t'oPe t BEHHBL o %én“f’w&sg&ﬁfiac]tlrﬁeﬁ utBure.
of the presiedigned@ntoohave aonharsetieofiséisubispedanceucucs s S50 i cloms
substrate r r S r ok a . i ni ng
g@j Bai%tc%%;o V\ﬁié’ HF%EQQbh@Sd a[n?ét?exf]é‘, Kol r&p%éﬁé@t?@i@

2 6 MAR 2002 process i ch “contactor. has a horizont al 1on and a
contact pore¢mtaekti aafl y re@netd on perenedli bity heofior thent alolivinide,

wherei n the; honbentat B8R4t EAPalh thReesoBFaghar SE??AQQC%%t%§W@}Hn fonee
when t he cont act or ]lﬁi pr esseg1 agai pst sai d_contac tah,gnft. The cont act
structure fRFPPRICITRILEs ARUAnt ERBORRERRL 1 1RES Are HERGHATa At erdend
of whi ch i s1 hewendebl shiieg coRiatt regheheyt ttawémbss ol bandwedthofo

el ectri cal I%conn cti 58)03 id cont aﬁtor to._an ogter. conpogenb. The ,cont act or
i s made of Tt al'®afid for % hPORRNY A 8epBSTEIGR prroctsE-perY oimdtr on?d
deposi ti on wekh awiltighasutesnt deaks |geraratest hy aheldsotirae theyutmputeser gy
generated b ] inin : e ctor t Ipneldll . 2 _base
portion bet%&%%ﬁgg&gst P%t %%%gé%%%—phoﬁé;%%t al pr)&r&{i %ﬁé’m\/ac"}gl;}gét ﬁrg&b%%é
portion suppaPacitasshb?3 And A9pers proyadedonnakhe prebe raxd thrtween

‘contactor. ANOtheheASRRAt gpbuhhephhasant invention is a contact structure
havi ng a recess._ The contact styructure pncludes a diel ﬁC”i c. suhstrate

havi ng a recess RPre@LY2Lant SHFFUtE PherRerPLIRE LAht LY ofS M BR the
substrate tiiguod a4 rMcerekpbainattihen pimteasionhefcarhechaghi Emosgppeneed of

a horizontal I ayp.n f] d e , act
portion rmﬁ?g%g%’hg{}%g ¥begh%n(§°§¥%%%%hi z‘%?é%? %%? iB%Eﬁ?ﬁé‘% Xed ‘%ﬁd i's
connect ed tshowe tmbEiguresasd ahd fiBeetbedsignpdsitriamwey seien thine eenss
on the SUbsﬁﬁ@moﬂ_@ﬁcﬁP&' 2P0 ke SR | AR & IR AL O PF OQUCLSs 3.

contact force n the contactor 1s pressed agai nst the contact targetpsuch

that the frEd"RedaRFetRRERBLAY ochine pb?8i dFhg ke n1Hend ] 1Pk rPra
contact foregntAréeedi Ngohtatbespiragenire) Nu@nt.i 08indee thentwaate St94icinde

has a very hi fr ency bandw dt.h_t e requise f. next
generation ré%%]c%n%taol}é’fl é’%h%_r(:r)‘?gaapc%i rﬁr{%g&{’%g' c%lﬁ%%%tpos rh%’ﬁ%?ééﬁl%%%gned
through a reglepn MnduEter z3t ijon thehidiclyyfreedenayt hansenieomdd@uiorin
producti on p{ogRsSac? |FamduIBIeEhf oveRaaat bhgeancbetRbi Gied 194 3a8am! |
space which is iwtabl,e for testin ' S I,arge nupber of
seni conduct®¥?ed fWihe be

g a 2.6 R §002

§i R it ameungh AR -EORR. #RENLSACIRE LiPdtRRien
present i nweedudtedafrnsothe usdhdtormDsieegenesalingppd i haghonfredadndiyng
an I C |l ead,_| ackagin n r.electrical connections. Since the |arge
nunber of C%%%%:%?EQ rgfprgogﬁg’éggaﬁgﬁg §§%’g'ti me on the substrate with

t he use of the nPthefabactarsorhicknmidyyhe fireguengyobandyidshuah the

handl i ng, . ;}t;{-oﬁé P22ai Bh8 Rs3aR S¥e chRN Yot arfit Yrduha MBI &L | 8Rblh! ¥

and long IiTe 1Ln the contact_ performance. Further, "because the contactors
can be fabriRaFégusRst AP Saf BRrbstiht ehaaPeresl ldde K2R FrHdelrEge

under test,ehbugh POSEIShEst *CORPENsSaéeitBe LeAPLr aldHts, €Xpangli®l not

coeffici entsg;:iégglgevficrt?itungﬁre to%sé[fael\:{.qci:r?arii Ea%glweldrt% aj\./r?i %e%%slir}gi Ogﬁle
device. However, because the series connected wire 194 and
needle 190 for supplying the power (Figure 4D) as well as the
series connected wire 194 and needle 190 for grounding the
power and signals (Figure 4E) are equivalent to inductors,
the high speed current flow is seriously restricted.

Moreover, the capacitors 193 and 195 are provided



errors. Brief Description of the Drawings Figure 1 is a schematic di agram
showi ng a structural relationship between a substrate handler and a i 6 MAR 20
sem conductor test system having a test head. Figure 2 is a di agram show ng
an exanple of a nore detailed structure for connecting the test head of the
sem conductor test systemto the substrate handl er through an interface
.conmponent. Figure 3 is a bottomview sihowi ng an exanple of the probe card
havi ng an epoxy ring for nmounting a plurality of probe contactors (needles
or cantilevers) in the conventional technol ogy. Figures 4A-4E are circuit

- di agrans showi ng equivalent circuits_of the probe card of Figure 3. Figure

5 is a schePEWeeRi e RRWSHW L ot &be stpurdul bBeokot PRCPFese@roper

i nvention E;séﬂf@ﬁdaﬁeéowh thdll 8601 881 Laakrondi0a8pSEiFLA¥I RS MBS G REe
schemati c di agrans show n ampl es of structure of the contaCt structure
of ‘the predifitss M RIAHE MITRRD G & SUBCHER: bineRgurtie HERASHFarsckarmt | ¢
di agranms sheawerg aanrelagphvely’ pasgessvdlafe f @udhngashel gumt agid stauctbee of
the present,. %OG F?éOQZO% Eﬂventi%n. Fi%ur 8A %nd 8B are schematic

di agrams sHBMTFFRTT T Rer TEREnpIEs PSI LAt RSe &Y ST EES olrﬁsréif%%ssary'
subst r at es Bz orapagi tors hkdprezenta ireldattively Enalklsaadikanee schbueat i ¢
di agrans s | I fea | I + 0L ) he ct
structure (r)%mgt geja.%;bése t iaﬁ}/de)rftl%e%%ﬁtgvl?%%ie%rt%?e‘%?g%%AFBD{é%i ed'De@g‘?%%tion
of the Pref@aRas oweFeEre the function as high frequency decoupling on

the power lines. 1In other words, the capacitors limit the
high frequency performance of the probe contactor.

Accordingly, the most widely used probe contactors as
noted above are limited to the frequency bandwidth of
approximately 200MHz which is insufficient to test recent
semiconductor devices. In the industry, it is considered
that the frequency bandwidth comparable to the tester’s
capability, which is currently on the order of 1GHz or
higher, will be necessary in the near future. Further, it is
desired in the industry that a probe card is capable of
handling a large number of semiconductor devices, especially
memories, such as 32 or more, in a parallel fashion to
increase test throughput.

In the conventional technology, the probe card and probe
contactors such as shown in Figure 3 are manually made,
resulting in inconsistent quality. Such inconsistent quality
includes fluctuations of size, frequency bandwidth, contact
forces and resistance, etc. In the conventional probe
contactors, another factor making the contact performance
unreliable is a temperature change under which the probe
contactors and the semiconductor wafer under test have
different temperature expansion ratios. Thus, under the
varying temperature, the contact positions therebetween vary
which adversely affects the contact force, contact resistance
and bandwidth.

Summary of the Invention

Therefore, it is an object of the present invention to

provide a contact structure for electrically contacting with



The first exanple of the contact structure of the present inventi gn IS
shown in Figures 5-7, and the second exanple of the contact struc ub MAR 2002
the present invention is shown in Figures 8A and 8B. The production process
of the first exanple of the contact structure is shown in Figures 7A-7P and
t he production process of the second exanple of the contact structure is
.shown in Figure 9A-9J. Wth respect tobthe first exanple, Figure 5 shows a
contact structure having a plurality of contactors 230 forned on a
substrate 220 which is typically a silicon substrate. Qther materials such
“as glass fiber, ceramc, alumna, or other dielectric materials are also
feasible f& €ERBLaGHst Fargetarhieht HeS c 6aPALE sOof3ReErtepiBAucRd higlbugh
the sane pr Iy PIGRESRECION gyl IgiGPN oty ab@d22BighuChchtact
sem conduct or production progcess ingludes. a Bhﬂ%ollthography process, a

m cr o- rrachipﬁrrf'g’rﬁ?adl%sa,s bt AProtERsTehbePLibb¥si ng), and the |ike. Wen
t he sem conduct a:rtd\z\/&f ahoﬂﬁ@ﬂbﬂQEcteef(tmry@ramd dnvidif: i e paicsr i)
contact correspqndi.ng contact taraget el ect rodes or_contact pads) 320 on
Che wa er 06T AR (2EPaatiine SR ADE IS o TATERt FRaS SR iR he
as smal |l asle@tmigral esxoniéet tomt athor appBcatiohe psushnt aBnvéemstaimgan
casily be Yehobhdubddle VAU Clndl Nt NAKON AGLOLY 24° hy; die
same semni conductor production process as the wafer re made.” The

cont act or s freguenahagsidwicih fepaeeht Bhedtethramiirensnty bt a

probe car d gehel 35 o Wini dordatt 6r Ste@hndDbERd i n a package, such as a
tradi tional | C package g 6 P‘/AR Zoq%geto h wﬂ_? | eads, so that the package
is nounted on a%ﬁr ob® &ar JUrEffite IRLTonPictYlS BE6SERN pPYERriedt dPin a
very snal | priozddea faequembadandstdbdtatea poobestzaiol tatunt edegcthrd cal
contactors t present I I n easl| y dncreas : 0

hi gher . Begagl?g%%fl%rheggm isa:l[]éée‘?{]?ﬁiu% r#&%tl)lerg%f 3‘:céon f??orggm%%c’égpﬁfcotbercard
can be incPeydees.o, whbchepzgplanitai® fwrcheptingl @ tlarastnusbemmypofs 32

or fore ey Ae S AR ks ©ln Yathe1 6RRe LLAE. sEHE! Bepapr e, because
the contactors 230 of the present |,nvent|§)n§gre formed on the silicon

substrate 220, difvi¥dnfedtatheraRRieducht abhs PERsERL JVebheRi &2 ratio
of the siliceptatithseraietaire t B6 s@gabbishosal edtiivabesmuition wad er
300 under ées;.. Ther ef.oroe 1Ehe accglu‘rrate posfatigni Qg ble,téeegdtg contactors
230 and t hé& SFEdTB AT LR Pt AF WEEET hr BUEHBUEF T hET PERESIF] §EP§‘§ R 6C
provi de nosendetcaduston epgodiicthenc @preeesst withons hawaelvime ot or
230 on the .le’rrﬁﬁ. : 220. 1 i 3 ti i t he
pr obe carda%lrs t eri’l %igg{cirg%%%%' n%%-%a a g%“éﬁ?ﬁ?%ﬁ%ﬁ%gg%ﬁ%?&%ﬁ‘iﬁ%ﬁ 6C
show basi ¢ t hr ed % yp8s 2of FBFEBEFI QRIgRR hofo The nPEBERNENt I ERECRI 1.

Fi gure 6A ghiowida axaspheach WattlicSued aforl establdlshierneeliedtdical
established at the top .of t@eestsyrtl)straée.éo%‘gg erGB ghovvs an_exappl e in
whi ch an elFSFRRTA O ontfact TERT T2 esTaBT TRRAECEP Tt nETBSEESm 8P ithe 2T
substrat e whiddaicdeidy irher@igh havmieronxahphéng npwhcedsan el ectri cal
connection is fagredgaty t Bg-eHge gibjé&SB?S,tt&?é eprekapst ﬁg\)‘eﬁﬁ’i’Sﬁl Yo

exi sting | C package design or probe card _design can acconmpdate at_| east
one of the ALPVEAS HRBRARY FEF W W Yfirtes BAmsEntack Bx anprebst aarlifenA
i ncl udes andgtti®icf ONBefl cohdtrRtdI2 allevidesi gRaiirth by ageancc@pabnéer eopnect
pad 233 on the substrate 220. The interconnect trace 2%{2_ estaplishes an

el ectric pdAWEFHRTHE comTEHG t 0 SEREDPAPEY conRBEF15A81533. OFhe 2
exanpl e of demjuwondirtior|waber aandeatreteshnect trace 232, an interconnect

pad 235 via the bsgrat nd; Lt erconpe rg@éj?S ot of
the substrate 2213%J Iﬁ]‘ea gr%%%l&% Zég{z}?h%tg&é egxafrépcfe 0 @F%gﬁwueéég'%,gt hfe&l:n
i nt er conne@statdceslpigr ey cnbisctbica eapBesFiPRevitibsar SOBLR2RYE Yaragkh of
the exanpl % tbemeAl HE 0Nt 232 al et bapgate f&@D- QUi chhes
small pitch of the contactors 230 .to . a |arger pltcP to, fit, to the probe
card or ICﬁﬂﬂﬂ@ﬁﬁ?r is created by a  microfabrication process

established in the semiconductor technology.

The contact structure of the present invention is
comprised of a substrate such as a silicon substrate and a
contactor formed on the substrate through a micromachining



As shown in each of Figures 6A-6C, the contactor 230 has verti cal r{ions
b and d and a horizontal beamc and a tip portion e. The tip portizg MAB+2002
the contactor 230 is preferably sharpened to achi eve a scrubbing effect
when pressed against the contact target 320 requiring penetration through a
nmet al - oxi de | ayer. For exanple, if the contact target 320 on the wafer 300
-has al um num oxide on its surface, the7scrubbing effect is necessary to
establish the electric contact with | ow contact resistance. The spring
force of the horizontal beam c provides an appropriate contact force
" against the contact pad 320. The elasticity produced by the spring force of
the hori zoRTACaFHRMR %W%%hfﬁh%tF%ﬂ%aFEOEO%ﬁénéab@rﬂﬁ@néﬁﬂfEPéﬁ@Qﬁ|%P@|ze

“—or the flug uabingacef pbatiess vareiygulyn ﬁchﬁné‘@mo&?t ehe Z30d tde Sﬂﬂécon
~ substrate %20 t he a(tzjgnt act Bad 320 and t mconduc or wafer 30%

exanpl e of HARIFIHi2 bt PPRELRBNt & ed?e‘ééo Ba'é?c’ﬁ‘lt elBOLH AR ng

copper. Thedrntaqusit i produtey e pbatadtbyfcmﬂedvhaﬂl ltAd uwePntaoetdowmis

ni ckel gol i ridi 0, e ble materials. An exanpl e of
size of th rgogrﬁeg%;ﬁ(%a{nﬁg %ef f(géggé%?og%§§%§f application may be
100400~. m i n ovérhe |comtagit , sEDud0@ren furbberzoncdideengnh intrdcamnect
30- 60um | 1 (LK RES S H ol RN e ?graéﬂ%vs%@ﬁ iSRRG AULYS (10

Fi gures 7A- oW an exanp process for producing the contact

structure @pntq‘?ec'-'rﬁresé’ﬁltlllenv’éhﬁl FEREF o fIIE alfi cHBRAcHIaN nglestricadgyy I n

Figure 7A, c%rirfédtll’fﬁj alsalewele:o%%cme eB caﬁpedsuté@r @i@m{&tl S prmqa{éded
on the silicon bstrate 2 r 237 is seed l.ayer

achi eve el é’&”rtl O ohuBR 9| HE n'{'}%pe‘dﬂ}ﬁeétdfa é’cqé-tz"é%nand
contact or idaefsd-i greref Grted oogxh an deﬁoﬁlimshﬂwﬁeéz viiiae r dpalsat ibegen

| 0 h h
process. |f3;the. g}refc%’n@fcﬁ taru‘?cglg%?rgnghgﬁ’@%fcEﬂéaéﬁaggbgﬁﬁgr&ggqﬁ L oug

ot her dep05|t|on 0cess suth As spuffering See

unnecessar JWicxanasin g el el dhe GontEatPpiygdden comprdaes] s dageal

tinmes in the @xampl Be@fweEthEK‘é 40b4Prand tdiea StRkl alorPasinedl Ve d @RS are
al so used, no rmrelé%uch net al %ers are shown in the follow ng_ for

si npl i ci ty VSRS pHahaPRER. Pﬁﬁtéﬁ aﬁwgqréfert%ﬂ’?’él?%?%ﬁ BATE A &R

| ayer 237 @¢mitadt glor: it rofreche ntogtaeobris provided to directly forma
plating pattern a eI WA e I f erial for t he
abrasive | ayer f%{}éﬁ;ee%pgééggg pc’?ﬁ1 e 5%3 ?éﬁ%ué q’%&%ﬁ%o hmg(;r matt%éD a[%t are
al so feasi sitgucsugte ehanmg)raaa‘mqqasm td’d;lle cpotadss sarusitagier dmdiewins a
machi ni ng taq]@me@ul eéugsep%.a@cﬁwmg TaOQ:Iecéspl @gsf@%\b@mﬂash'sm&égol

or other to e exa bgure B, a |l aser beam source
used to appHhe réqfas%?-dbéarﬁotr{‘}wl%l ATEE PRy Shex BURHKALM BhEPHES 285

and a | ens ™o A XA En ofarbdaesbaserrheow&a:am:r NC udaapﬁﬂse&CIdfera

| aser, bond and ser atln ttern
IS for rred r?rtlhze Aatogr(iag?m(%eﬂr’gghég b% E%Q% ecg {-‘ ergmaFegner ay %Trpcf
| aser beamcantaEwiwnpent FpgumeuntedArere| klee r Speat |emgi iaf pehe oheerd zomttank

pattern fo%‘il%t h%ﬂ@%&&egeéﬂanlér%@éﬁ‘éagté Qe 'é?JH:thQ:‘Ht?e HdAa q._rl,gzé'm ng
t he |nterconnect trace 232 which is a Eortlon a shown i n ures 6A-6C. An

exanpl e of fHee &hdet P@élﬁ&Pé‘reidaP"PGr PReFPREEF CORrike % at. adhe

as the contatidord) igortthion o Ct\MdT@omtaidtﬂ:g: DIRLRESSS d kontdes: rﬁd:ﬂ@é

al um num ang'l %r I n_the next steB ahown F%lgure 7tE%1 le her, abr asi ve
| ayer 243 % d CORATE Pay 8 PEEI5CFRIFHRRE B T3 3PS §

abr asi ve | et 24%® tfordfenemdaofiatbeplootiponal port tontgoenrirg3he Huc=sdy
applying the @ﬁf@%p&%@%& tbe-fase beam of the contactor 230 which is a

portion b shown In ]ﬁgures A-6C Is created as, shown in Figure 7F. The
over pl at ed port iRFFRFAFRGur EO7FEhe r RRRASRRS n IWEeREiaB: ngthel asantadl)

process as gHiaidtire Fhabr & AferyA ﬁyﬁgh h@ﬁrea_[béﬁ%zmbdﬂdw&&éh i @ocﬁnaéttcttﬁdet 0
forma 2 6 MBR 2aa2, 13 horlzont e cont actor 230. | ‘ﬁgre

eam of t
Do M he | Rl i rendtts LB, e Ol e AT Jesfiizion
| ayer 243. tBuhnebeyyt risimas qheamstacst pmrn‘xmﬁmdadrstﬂu&-nam aﬂtmdylaysr

244 so that_a tern.f h L (IS re ted as sho

Frgure Th mensirb RLtkePonLParan FERhRbraBReost (AL TS Bl R St e
hori zont al rhesincthibon |prrdéegiﬁr.e i llaafgﬁr _eaumberTmaf ovenglagited spocanorben
Figure 71 i5 f&@yedn b (58 P1 06BaReOfwii WM €s7Guitable for testing a



To produce another vertical portion of the contactor 230, an abr aSé ﬁe | ayer
246 is provided on the layer 244 in Figure 7K. By the operation of hUAR 2002
| aser beam nachining tool, a pattern for the vertical beamis formed in
Figure 7K. The verti cal beam portion d of Figures 6A-6Cis forned at an end
of the horizontal beamas shown in Figure 7L. Again, the overplated portion
.in Figure 7L is renoved in the process®f Figure 7M Figures 7N and 70 show
a process of formng atip a of the contactor 230 by the simlar |aser
trinmmng and el ectroplating procedures in the foregoing. The material for
“the tip portion a includes nickel palladium rhodium nickel gold, iridium
or several langs raugesy il e ghar gREi9es At |therisame time ¢ h&he

abrasi ve l@éﬁf@a%%ur@ééure%ﬂ uh841§ré§én84§n%ﬁt§bhl BBRdadb W hudisg Of
a special solvent. An etch |n géess may congucte to rermve t he seed

| ayers suchthsMOx& t AEReFat aI apR Faﬁé?nsAslpﬁ BR&DEor 8goi Hy, 49RA cork@ct or
§30t ﬁnd t h@adKRy ; ﬁ@ﬁ%ﬁd%'@lﬁér@ﬂe@tﬁuﬁ@lnﬁdnﬁécthéngl i ﬁon SUth”?te 220
y the mcronac nol og a | aser beam nmachi 00

2 gures 8a and. SHATERHd e RIREEE PE SR EIREORE A EE LA HAE D% he
present i nwainid ontime thm; exhep| esubdieraoat aoti tht r ucher e uses aofonttded or
For egol ng. MK aatiaiga o dellibio Chidiods (PR rdifbal
typi cal |y dagidliigwy subslt-"r Fas Vbl dicckehieve sepstistent mwealddm.adtigh530
beam exert ?%%ﬁ”%‘é?%%@&ﬁ?@ﬂﬂﬁ TR SRSy T
pressed agdl %rﬁ%%seﬁ e COnRALEOE S C3B0PE L 2PHLFARR 7P (e SRR rate
520. The r@m:ﬁsﬁtﬁénﬁapeﬂhloaedthaderoﬂ hthe/edévice trABY! @eprqViide Bsfree
e o R e S DSk e, S PR AT,
i nt er connectf tuler alds8lce cunderetieso, tWhicbniacable580 aycdids postidvironial

est abli sh |er}tre&{<1csonnect| on with outer conponents such as a printed circuit
board or a package (not shovvn). Such an |nt erconnectl on may be directly

made between the outer c&d gtign ¢ 2 ay3ndsn t he exanpl e of
Figure 8A. A tth‘hgﬂHéﬂ 1l aséera SStheﬁaﬁhawulla@zangwmwﬁ&g agd s¥udteial

functions as .a seed or _an_el ctro proces for f.or m

cont act or %afsl%?}?l%}%lte %‘?’?b%daq %‘at Cot ¥ m&olﬂdg%otfo’fhe
second examsss s.ysnérarhamlngeaetxaa’plheed F| gure 5, a pl ural ity of
contactors 530 rgyghe. for ned gn éﬂH@“sﬁHQihﬁataﬁq 58Qampil s 188 more

contactors 530 aregproduce at the sane tinme throu Re- same producti on
processes cletdeled | istarmahiies r 40 5PPNNEGERNG pﬁf%ud’ﬁsﬁn bPé@es@fl fer@des
a phot ol i t hQGH FHBNAREOE LS R SsHeBONEAENGUPEOLEEE, handDe HASRGE AMOt
enbossing),, and the like. The_contactors 530 on the silicon substrate 520
can be di r StiSFIRTMt SA"BARE r obe card such as shown in Figure 3, or

nol ded in a packeipgpursuch ias a bpadiom onadw | Shpwthggarhaexamgpleadds, tsloet hat
t he packag pLab dyinhN¢ tao ,ﬁ@% £ap

fabri cat edepfosnér\?%%gghngﬁ‘ﬁgl %g Sggﬁleaﬁe cy %gtaﬁuﬁgqh éﬁ ro car%f
mount i ng t IREQRMIGRITt aq ks Unesdies BE ﬁa@*ééhfevpﬁﬁénw&h%ﬁ%wrw

i ncreased tgégﬁ-glg% yhi gher. Because of the small size, the nunber of
contactors on a e car n be increased.to aml e 2,000 her eby
being able to t g‘é’éeﬁaﬁg‘ 48 I C ’rﬁ)‘?"éltrre%??ra@% @@?@'ﬁgpeﬁcﬁﬂ%?f%ﬁléthe
same tinme. dwdubtaoos, thecpusbet bardonfadtiguxeb30 of the present invention
are formed on t cop suybstrat aused, 4 I nt al
changes such ashigl?%%r%ergtugg ra g %lé&a{'é% % E;.ﬁr:]SI on rg%lq #ﬁgﬂg@
silicon substraeceused obft r@e:omrwteré:trgevsnélame Pﬁ@d§§ﬁé ashrauvgh o# t he

sem conductr{p{c]\_z@fgﬁr%gtgggebrb@ggs Therefore, the accurate positioning
bet ween the contactors 530 and the contact pads on the wafer 300 (i‘an be

mai nt ai ned throuﬁhSHFthéAtégtare schematic diagrams showing examples of
structure of the contact structure of the present invention

formed on a substrate.
Figures 7A-7P are schematic diagrams showing an example

of process for forming the contact structure of the present



An exanple of material of the contactor 530 includes nickel, alum num and
copper. The tip portion of the contactor 530 may be plated by nicke) § MAR 2002
pal | adi um rhodium nickel gold, iridiumor several other depositable
materials. An exanple of size of the contactor 530 intended for a probetest
application may be 50-200min overall height, 50-400E, cmin horizontal

. length, and about 30-60min thickness fgor the pitch of 50~Cm bet ween

contact targets. Figures 9A-9J show an exanpl e of process for producing the
contact structure of the present invention through the m crofabrication

- technology. In the follow ng, the production process is explained based on

a photolltrkﬂﬁ%mmyoﬁrocess al t hough ot her processes such as a

m cronmachi ni ng pF;Qg@ﬁé g sand el e fbd}fécn%{&@%.ltdéx@nﬂi'rs@ﬁ)v?ﬁqg R @F€enalso
Is.forned on the

applicable. In ur e 9A, hot or esi st

SDbstrat e SEHLES i CotAy PEgH s LOThe o SRR s e G Sorging
process |naimdQSetﬂafeséﬂpS1nfrepbd)bnres|st coating, masking, exposure, and
phot oresi st stri he, art. Al t.hough not shown
Photo ok is ol REe8 A theTn i S | SR s, ROy i S
phot or esi stoff ag:eodﬁazlos pxpoessd iath fdrming othe toghacbasédumture of
pattern pri Kk Oy ting photoresist is
used, the %?%gg?%ﬁgcgegéggggﬁ Sﬁlejtlgpéglu? %h\rftgl g%‘s of the photo mask
har den (cure) af Detaide 2 otipw of ghe Preferyed (Pmbedimentcan be

di ssol ved and waphed vt b&a @ aoahqtme Mhtladxer sbfacelirel 98Ee She
whi ch defi nes an et chi ngEar ea. rou‘%g an et.chin process an_i ndent ed

(groove) pSAGIFRESENVENELLD: dF FREWR LBbILONESS R &s QRBwiben FFGRRE 9B
The phot or estaipl@yef tH dontfagursttictsre et Wridsarse iofvent?ién MR

2002 16 d I I t 54

f or med |(r31l Issvgnggé}rlt?eaaggrggptg% gn%{h%élsﬁb%%?aﬁrgégétgﬁeglsa%g i Itlﬁﬁrt
548 is madef,l:fsm example off tdiel icmtatttoxstieudSicy ) ishegboyh drddpimutéesn
process sucly app tp‘f%‘a‘?fctq(?ﬂp%'ﬂdc%%s( G%Dlhepsé@bﬂd@&l\ﬁ:i@ygf £Re 1S

formed on the substrate o function-as a EI ating _seed | ayer n Figure 9D,
a phot or esiGantaglerstyacture oi feghennt A8 §is¥ELaPB-PHrough a
gh0t0|ithOQrathW:DEIQCQ&&pb&tthﬁ:)SaHﬁ rmrtrwh Qﬁ&rﬁﬂsléﬁdm@(ﬂt\t? Fhehovs 2
eposition area I.n the otor, er o4 Fi e . 9E,
Che hor | oSN HEa AT E et A BINePd Evedt ciPiiAsTars qpo 1oHhEa

el ectropl atamep canbatrate 2&0embuich nig heyple¢ahky ar ealéA}Dn Alsxtarpte . of

conducti ve g &F | fhtledqhUdeSs ¢ORPRE JHLS! £ BEYM IEBAKi Of NG Ui ' othe
f oregoi ng process is repeated for producing the_vertical beam of t

contactor 5dghern &igleetvkc aMBREEIRLSI sBTPay el 5545 frasitilRed fd?trth'éhe
substrat e tdilsghate phonolli bifogaphyomtHeesss | 230 hareamommw wteﬁ@ﬁc_'t;hed

above. Thu 2 de 0S| tl@ gr rri’ %;c' S gefl ne |nst§ hots%rb S5 Ia¥§6 545.
In Figure 9G° tHe ?/e}?f? s oP°FRE goﬁtnacpgr 53098 &t aatb?/

el ectropl atSught ha abeemlqonétJCtonducztxmq:ﬂai@nr abriogeesse déhchudesr eaa(B).

The tip porﬁﬂ%fitﬁggréﬁﬁfraﬁi-efzeégo 5%&9:%%&&&5*1%8%&&&@ S§ r’nﬁ 15he

foregoing. In Flgure ot or esi st 6rmed on the subsfrate

through a @RFFE h&]@?ﬁpﬁ?bﬁﬁﬁéegsvr ﬁnfih§¥’§aﬂfékﬁanner descri bed above.

Ehus agfleDOf] i tiwheAr e@hé Osenfi stgfdutesbs n uial‘f%?::phgbor eghdérl! aue§t54rzovéa
igure the t p ion e _cant actor i s_created

el 6t ropl AtTFIPTHE BaiRILCPPORSRREE: 0] oPrEdel SREREaPRIdths qpptact
materi al f arardetsi pebectrodeprefecabtyct nphddis3 20 ol thpal watienn3 00 hodi um

i ckel | d t
n ckol "ol G it 130"ty o1 (00 08 COOMMELL et 3036 Lo
phot or esi stemalbr 88559645 bagsand Thee %Ca'&ﬁcf‘i%lf%l 23@r PfSZF@%rEr%t’@npped

off with usghpdneisneehdl e88hi19Nbe Al ilghdd e URIYAS Pites st 36 0fha30
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contactors are made by the same semiconductor production

process as the wafer 300 are made.

The contactors 230 on the silicon substrate 220 can be
directly mounted on a probe card such as shown in Figure 3,
or molded in a package, such as a traditional IC package



havi ng horizontal beam and the vertical beamare fornmed on the silicon
substrate 520 by the photolithography technology. In the contact st chéggmﬂz
of Figure 9J, the recess 550 on the substrate 520 allows the contactor

to enter therein when the contactor is pressed downward to exert the
contact force against the contact tar get According to the present
.invention, the contact structure has a 9ery hi gh frequency bandw dth to
neet the test requirenments of next generation sem conductor technol ogy.
Since the contact structure is forned through a nodern mniaturization

" technol ogy used in the sem conductor production process, a |arge nunber of
contact ors henime keéddmedda thats el pepkagenischoustedi onld prfabvetestdng a
| arge numbey; ple sefbCeBANGLEE ALY P A bUCEIBIECLELR. 1iNg P hmal 1
structure o e present 1nvention can also be used in nore

appl i cat i orsizec| adifipaenay | kagdwidthaMaga n§robed Qﬁlﬁfbrm@l-lﬁétmgsathe

connecti onscor&a@@ofaeofatﬁe ﬁﬂé@éhtoﬁn%&tt&%trprc%nab% @a%qg,edlﬁéréaseaaﬂe
time on the substrate mat he use of Hygﬂggcro rlcatlon t echnol ogy

wi t hout i nV& AGHE Jh’tgl?'%ﬁdl iBfRpryge it &k qhe PRt Rt
qual ity, hicgfntraad:tcabslomyaapﬂobengakdf eannbehdneerbaed per,f domnetample
Furt her, ﬁ gntac P {éabrl cat ed an #%e sane _substrate

mat eri al agz f‘ﬁoscf f‘% eV| ce Sunder ?8 Y St poss | 85t B‘O&ﬁ“rp@?\‘g%{:g t he
t enper at ur dmlm parélieleat bhet Bamgetiie.under test, which is able
to avoid positiongicREefiose Ahboaugh gﬂleyc%nl%%ft%&%e?ﬁ”%%d'ﬂ?f‘é‘ tésent

specifically illustrated and describ herein be appre
many nodi f iiGHEHREORNIaFEr | HATHRS of ORhe thies vt L iGRrent FBRSEFatsosszBPe in

light of tharahavemdeeshi BEsngad ¥ithi Bst Re tRwperawuet b&@aam%tdegaeial s
wi t hout dep tlégl%the S%Irlt nd i ntended sc¢ pe of the |nv§nt|on 6 MAR

2002, WWHAT 9 MEBLESON) SYPRGALRt XS ubli§r STBY &5hi LUPRE aRf éne
el ectrical smieshdoct ot tiafer BR@Inder getst cor'mreimiﬁtg:e,a uiieelae@cbmrate

substrate, ”%&8&%@%8&%&5”@{3 e Bonith @t%&:%' 85k’ 'a%dSH{?xt %tde ty pugh nd

m cr omachi M HG Proces aving a horizon Bortioh an
contact porkg mmﬁi@wlthgvgb@u‘éntbﬁetsﬁ@ of said horizontal portion;

wherein said horpzontal dx0réc gﬂ}d&h@h&x@%@%%dwwuse@fac&orts&%aéerCe
when sai d contactor |sﬂ3res Se ai nst said contac tar cont act

structure ALETHFEWER Raveng ke, ?HF?HEP cénPr P& hge aﬁlgl’rtcé’%(ﬁﬂ%%'ir??%ce
on said sutmor.at o aut abyidi i sniiht et moaneDsn twitte tﬂm Hrclsnnest@doto

sai d cont a ile ot e 8 eof el e I
connect i ng SOlix: %ﬁ? %%gor%:éo%t egrbq;(::%rrpolﬁen “%S'L % Sont agtqg% @Tﬁg as
defined in s@tcaw mblasnxmetbrﬁesammetﬁ)ntozfcteiecsrmadb afattet o afidrfor sedh

through a C&%ééx‘i‘ﬁ‘e@f?&ﬁﬁ pﬁiéﬁfgeéAOBh%w@eﬁﬂslekhﬁnﬁlér 83 \WH{&h has-heen
directly forned an el ectro-thermal ener irov by .a m cromachi ni ng

tool . 4. A%n?%@%gtgf‘% t GORNEE IO kg Pﬁ L AP \ﬁﬁerré?% §9Pd %n?%%t or
further comubstesatee bastiquord i6@n shewscan eaadapdieeimoﬁhiceh sibHYedter bdl sai d

hori zont al HELILON o2l DASELRPILROR BRI Nghd %BEELGAloPeRLSURROLL LD Sal d

hori zontal portion and con portion of sard contacto
structure ahides| Fdgune CFai MhPws\haReigxample nmiar st nfRg Precesical

performed Ryomnd@8£6nPeaMrdiriedmatNitHd10ed8€! of the substrate. Almost
any types of existing IC package design or probe card design
can accommodate at least one of the interconnect types of
Figures 6A-6C.
The example of Figure 6A includes an interconnect trace
232 also designated by a and an interconnect pad 233 on the
substrate 220. The interconnect trace 232 establishes an
electric path from the contactor 230 to the interconnect pad
233. The example of Figure 6B includes an interconnect trace
232, an interconnect pad 235 via the substrate 220 and an
interconnect pad 236 at the bottom of the substrate 220. 1In



6. A contact structure as defined in Claim1, wherein said m cronachining
process is performed by an el ectron beam mi cramachi ning tool. 7. A2chpnMAR 2002
structure as defined in Claim1l, wherein said mcromachining process is
perfornmed by a plasma beam m cromachining tool. 8. A contact structure for
achi eving an el ectri cal 2 6 MAR 2002 19 connection with a contact target,
.conprising: i a silicon substrate havihy an interconnect trace thereon for
establishing an electrical connection with an outer conponent; and a
contactor forned on said silicon substrate through a m cromachi ni ng

" process, said contactor being electrically connected to said interconnect
trace and Have rerampbe iQfbftigupsraQ orfhehd it esmnnactpdmaam 2 3aiektendact

portion beiyg vretigat | yrf ohaeduBicPAEeCBE00f SRl daler iFoRtAl é%@érﬁﬁi)é" ,
wherein said horizontal portion of said contactor produces a contact ?orce

when sai d oM adDSPTCONPLEEs e agRi ree <At 2P cbHngtionsr J& . fan-gutonthet
structure asmalet i{l:d:ﬂ b fCltAeMcDn tett e 230 docanlaﬁggfdpﬁtandewfieretal
and formed t.hrou a deposi ti rocess perforned on a deposition area

whi ch has Hd&h BF? %t??f‘i‘? r8ht gg E?c A9&lectro-thermal energy provided by a
m cromachi ni ng taslshdéh ik eacthaolf Ftigucesr BAasCdethearbntactarn280 kdsrein
said conta I g€ a par i e | |.el ect
substrate g%leg{ts%c?%i Ilzgérrl:g%?ﬂ?%l ﬁp%? [ gn?ﬁgalgdhgggg%%%\réﬁi %r?%%{ei%n;g%d vée:rﬁ‘éal
beam supporrdrieai @-hor iThent SEppdre¥okoane cofit ddte perntagtelr sapd is

contact or. diardy£9TY aGhatgdiddr €oaSadieitPed 4 NsEhabBlitg WWEEELR S@hén

m cromachi ni ng process, i s ptﬁ{formed bé’ ei ther a |aser beam nachi ni ng, tool,
an el ect r orPTHEFEHi WHRENI THHFIYACE FraLEGH Aafh IRBHIHRG ARReH A hPRool .
12. A cont atirshdichumethadr-ocxdldecVidgenn elFeqt rdxcaiploNneet the ddihtfct
contact tar

on & sur f ade19eF cord Rl A RentRAG POP et bn AL INDSPRAFE | ArolEroa
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Po”ion ha"éf@c%r#xégnEQQFaJirt‘?? £54 éBgt?chg:te%Citdst%H{ééP” H‘Pl‘é”t%ﬁ@gt he
ree end of ‘sail orizontal portion, sal I Xed en el ng connect to
force of the horizontal beam ¢ provides an appropriate
contact force against the contact pad 320. The elasticity
produced by the spring force of the horizontal beam ¢ also
functions to compensate the differences in size or the
fluctuation of flatness involved in the contactors 230, the
silicon substrate 220, the contact pad 320 and the
semiconductor wafer 300.

An example of material of the contactor 230 includes
nickel, aluminum and copper. The tip portion e may be plated
by nickel palladium, rhodium, nickel gold, iridium or several
other depositable materials. An example of size of the
contactor intended for a probe-test application may be 100-
400um in overall height, 50-400gm in horizontal length, and
about 30-60um in thickness for the pitch of 50um between
contact targets 320.

Figures 7A-7P show an example of process for producing
the contact structure of the present invention through a
micromachining technology. In Figure 72, a thin metal layer
237 made of copper, for example, is provided on the silicon
substrate 220. The metal layer 237 is a seed layer to
achieve electrical conductivity for forming the interconnect

trace 232 and contactor 230 of Figure 6 through an



2 6 MAR 2002, 20 the substrate and said free end being positioned over said
recess on said substrate; wherein said horizontal portion of said EgiMAR 2802
produces a contact force when said contactor is pressed agai nst said

contact target such that said free end of said horizonal beamenters said
recess. 13. A contact structure as defined in Caim12, wherein said
-mcrofabrication process is a photoliti®graphy process or a m cronachini ng
process. 14. A contact structure as defined in Caim1l2, wherein said
contactor and said recess are formed on said substrate through a

" phot ol i t hography process, said contactor is nmade of netal and fornmed

t hrough a depssttophapingepgoabbsr f Aimithe aphetconbs&t obragied 232bsdnat e,

and said re | r e kN rifi.cial spart.forned on_said
Sibstrate SEitagfol B30CGY PSRRI nAER il aBROLIESLIC RSl
contact or isidlor med epussedisghst e e s8ed epedeimg237plis atinneasfssary .
phot ol i t hog{akv, O5§SR€an éﬁé@t?&pﬁéhﬁn@h EBEEEQOQ%aQ%e%ﬁ:%‘ae%S&FEral

i ncl udi ng steps of, photoresist coatlng, nasking, exposuré&, photores]st
stripping dridiedndict £PE nerarple Rhofligusies 18A-APconrrdctthe r st ns
defined i n QGradwedive Wevers azedadaes ided alnPanbr&nstahdmetdat Naffe s
made of silicon dioxide tz__a%r:‘ld '%s Jiem.)vedfafter. fgr.m'.g_gt e contactor on said
substrate tFErEft¥ st qtPecEeilovans for simplicity of explanation.

A Al % A9. AN. AA. B . dAdsivd. PayeASY4Ahid. AdY¥med. Ah. AhgYmeltal layer 237
over which a micromachining tool is provided to directly form
a plating pattern on the abrasive layer 242. An example of
material for the abrasive layer 242 is epoxy or polyimide
although many other materials are also feasible. Such a
micromachining tool includes an electron beam machining tool,
a laser beam machining tool, a plasma beam machining tool or
other tools. In the example of Figure 7B, a laser beam
source 280 is used to apply a laser beam to the abrasive
layer 242 through a mirror 285 and a lens 290. An example of
the laser source 280 includes an excimer laser, a carbon
dioxide (CO,) laser and an ND:YAG laser.

A plating pattern is formed on the abrasive layer 242 by
an electro-thermal energy of the laser beam as shown in
Figure 7C. An electroplating is performed on the pattern
formed by the laser beam micromachining tool in Figure 7D,
creating the interconnect trace 232 which is a portion a
shown in Figures 6A-6C. An example of the conductive
material for the interconnect trace 232 as well as the
contactor 230 in the following plating processes includes
nickel, aluminum and copper. In the next step shown in
Figure 7E, another abrasive layer 243 is formed on the layer
242. The laser beam is applied to the abrasive layer 243 to
form a base portion of the contactor 230. Thus, by applying
the plating process, the base beam of the contactor 230 which
is a portion b shown in Figures 6A-6C is created as shown in
Figure 7F. The overplated portion in Figure 7F is removed in
the grinding (planarizing) process as shown in Figure 7G.

A further abrasion process is conducted to form a
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"10%@g&f() 1! The laser trlmmlng process is performed on the
abra51ve layer 244 so that a pattern for the horizontal beam

c is created as shown in Figure 7H. Another electroplating

is performed on the pattern so that the horizontal beam shown

in Figure 7I is created. The overplated portion in Figure 71

is removed in the process of Figure 7G.

To produce another vertical portion of the contactor

230, an abrasive layer 246 is provided on the layer 244 in

Figure 7K. By the operation of the laser beam machining

tool, a pattern for the vertical beam is formed in Figure 7K.

The vertical beam portion d of Figures 6A-6C is formed at an

end of the horizontal beam as shown in Figure 7L. Again, the

overplated portion in Figure 7L is removed in the process of

Figure 7M. Figures 7N and 70 show a process of forming a tip

e of the contactor 230 by the similar laser trimming and
electroplating procedures in the foregoing. The material for

the tip portion e includes nickel palladium, rhodium, nickel

gold, iridium or several other depositable conductive

materials.
In Figure 7P, the abrasive layers 242, 243, 244, 246 and
248 are stripped off with use of a special solvent. An

etching process may be conducted to remove the seed layers
such as the thin metal layer 237. As in the foregoing, the
contactor 230 and the interconnect trace 232 are formed on
the silicon substrate 220 by the micromachining technology
such as a laser beam machining tool.

Figures 8A and 8B show the second example of the contact
structure of the present invention. In this example, the
contact structure has a contactor 530 whose structure is
simpler than that of the first example in the foregoing. The
contactor 530 is formed on a substrate 520 which is typically
a silicon substrate or a dielectric substrate. The contactor
530 is formed of a horizontal beam and a vertical beam where
the horizontal beam exerts a spring force when the contactor
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contact. structure to enter therein to exert a contact force

when pressed downward in Figures 8A and 8B.

In the example of Figure 8B, an interconnect trace 532
connected to the contactor 530 is also shown to establish
interconnection with outer components such as a printed
circuit board or a package (not shown). Such an
interconnection may be directly made between the outer
components and the contactor 530 in the example of Figure 8A.
A thin metal layer 537 is shown in Figures 8A and 8B which
functions as a seed layer for an electroplating process for
forming the contactor 530 as will be described later.

In the contact structure of the second example, similar
to the example of Figure 5, a plurality of contactors 530 may
be formed on a common substrate 520. All of the contactors
530 are produced at the same time through the same production
processes on the silicon substrate 520. Such a production

. process includes a photolithography process, a micro-
machining process, a mold process (hot embossing), and the
like.

The contactors 530 on the silicon substrate 520 can be
directly mounted on a probe card such as shown in Figure 3,
or molded in a package, such as a traditional IC package
having leads, so that the package is mounted on a probe card.
Since the contactors 530 can be fabricated in a very small
size, a frequency bandwidth of a probe card mounting the
contact structures of the present invention can be easily
increased to 2GHz or higher. Because of the small size, the
number of contactors on a probe card can be increased to, for
example 2,000, thereby being able to test as many as 32 or
more memory devices in parallel at the same time.

Furthermore, because the contactors 530 of the present
invention are formed on the silicon substrate 520, variations

caused by environmental changes such as a temperature
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expansion ratio of the silicon substrate 520 of the contact
structure are the same as those of the semiconductor wafer
300 under test. Therefore, the accurate positioning between
the contactors 530 and the contact pads on the wafer 300 can
be maintained throughout the test.

An example of material of the contactor 530 includes
nickel, aluminum and copper. The tip portion of the
contactor 530 may be plated by nickel palladium, rhodium,
nickel gold, iridium or several other depositable materials.
An example of size of the contactor 530 intended for a probe-
test application may be 50-200um in overall height, 50-400um
in horizontal length, and about 30-60um in thickness for the
pitch of 50um between contact targets.

Figures 9A-9J show an example of process for producing
the contact structure of the present invention through the
microfabrication technology. In the following, the
production process is explained based on a photolithography
process although other processes such as a micromachining
process described with reference to Figures 7A-7P are also
applicable.

In Figure 9A, a photoresist layer 542 is formed on the
substrate 520 by a photolithography process. Such a
photolithography process includes the steps of photoresist
coating, masking, exposure, and photoresist stripping as is
well known in the art. Although not shown, a photo mask is
aligned over the photoresist layer 542 so that the
photoresist layer 542 is exposed with ultraviolet light based
on the pattern printed on the photo mask. If a positive
acting photoresist is used, the photoresist covered by the
opaque portions of the photo mask harden (cure) after the
exposure. The exposed part of the resist can be dissolved
and washed away, leaving a photo mask layer 542 of Figure 9A
which defines an etching area.

Through an etching process, an indented (groove) portion
555 is created on the substrate 520 as shown in Figure 9B.
The photoresist layer 542 in Figure 9A is removed with use of

10GG
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a dissolution solvent. In Figure S9C, a sacrificial part 548
is formed in the indented portion on the substrate 520. The
sacrificial part 548 is made, for example, of silicon dioxide
(8i0,) through a deposition process such as chemical vapor
deposition (CVD). A thin metal layer 537 is formed on the
subgtrate to function as a plating seed layer.

In Figure 9D, a photoresist layer 543 is formed on the
substrate through a photolithography process in the same
manner described above. Thus, a deposition area (A) is
defined in the photoresist layer 543. In Figure 9E, the
horizontal beam of the contactor 530 is created by plating
electroplating conductive material in the defined area (Aa).
An example of conductive material includes copper, nickel,
aluminum or other metal.

The foregoing process is repeated for producing the
vertical beam of the contactor 530. In Figure 9F, a
photoresist layer 545 is formed on the substrate through a
photolithography process in the same manner described above.
Thus, a deposition area (B) is defined in the photoresist
layer 545. 1In Figure 9G, the vertical beam of the contactor
530 is created by electroplating the above noted conductive
material in the defined area (B).

The tip portion of the contactor 530 is formed by the
same process in the foregoing. In Figure 9H, a photoresist
layer 547 is formed on the substrate through a
photolithography process in the same manner described above.
Thus, a deposition area (C) is defined in the photoresist
layexr 547. 1In Figure 9I, the tip portion of the contactor
530 is created by electroplating the conductive material in
the defined area (C). The material for the tip portion
preferably includes nickel palladium, rhodium, nickel gold,
and iridium, although the same conductive material used for
the horizontal and vertical beams are also feasible,

In Figure 8J, the photoresist layers 543, 545, 547 and
the sacrificial part 548 are stripped off with use of a

special solvent. As in the foregoing, the contactor 530
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having horizontal beam and the vertical beam are formed on
the silicon substrate 520 by the photolithography technology.
In the contact structure of Figure 9J, the recess 550 on the
substrate 520 allows the contactor 530 to enter therein when
the contactor is pressed downward to exert the contact force
against the contact target.

According to the present invention, the contact
structure has a very high frequency bandwidth to meet the
test requirements of next generation semiconductor
technology. Since the contact structure is formed through a
modern miniaturization technology used in the semiconductor
production process, a large number of contactors can be
aligned in a small space which is suitable for testing a
large number of semiconductor devices at the same time. The
contact structure of the present invention can also be used
in more general applications including an IC 1lead, IC
packaging, and other electrical connections.

Since the large number of contactors are produced at the
same time on the substrate with the use of the
microfabrication technology without involving manual
handling, it is possible to achieve consistent quality, high
reliability and 1long 1life in the contact performance.
Further, because the contactors can be fabricated on the same
substrate material as that of the device under test, it is
possible to compensate the temperature expansion coefficient
of the device under test, which is able to avoid positional
exrors.

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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WHAT IS CLAIMED IS:
1. A contact structure for achieving an electrical
connection with a contact target, comprising:
a dielectric substrate; and
a contactor formed on said dielectric substrate
through a micromachining process, said contactor having
a horizontal portion and a contact portion vertically
formed on one end of said horizontal portion;
wherein said horizontal portion of said contactor
produces a contact force when said contactor is pressed
against said contact target.

2. A contact structure as defined in Claim 1, further
comprising an interconnect trace on said substrate, one end
of said interconnect trace being connected to said contactor
while the other end thereof being used for electrically
connecting said contactor to an outer component.

3. A contact structure as defined in Claim 1, wherein
said contactor is made of metal and formed through a
deposition process performed on a deposition area which has
been directly formed by an electro-thermal energy provided by
a micromachining tool.

4. A contact structure as defined in Claim 1, wherein
said contactor further comprises a base portion between said
dielectric substrate and said horizontal portion, said base
portion being a vertical beam supporting said horizontal
portion and contact portion of said contactor.

5. A contact structure as defined in Claim 1, wherein
said micromachining process is performed by a laser beam
micromachining tool.

6. A contact structure as defined in Claim 1, wherein
said micromachining process is performed by an electron beam
micromachining tool.

7. A contact structure as defined in Claim 1, wherein
said micromachining process is performed by a plasma beam
micromachining tool.

8. A contact structure for achieving an electrical
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a silicon substrate having an interconnect trace
thereon for establishing an electrical connection with
an outer component; and

a contactor formed on said silicon substrate
through a micromachining process, said contactor being
electrically connected to said interconnect trace and
having a horizontal portion and a contact portion, said
contact portion being vertically formed on one end of
said horizontal portion;

wherein said horizontal portion of said contactor
produces a contact force when said contactor is pressed
against said contact target.

9. A contact structure as defined in Claim 8, wherein
gsaid contactor is made of metal and formed through a
deposition process performed on a deposition area which has
been directly created by an electro-thermal energy provided
by a micromachining tool.

10. A contact structure as defined in Claim 8, wherein
said contactor further comprises a base portion between said
dielectric substrate and said horizontal portion, said base
portion being a vertical beam supporting said horizontal
portion and contact portion of said contactor.

11. A contact structure as defined in Claim 8, wherein
said micromachining process is performed by either a laser
beam machining tool, an electron beam micromachining tool, or
a plasma beam micromachining tool.

12. A contact structure for achieving an electrical
connection with a contact target, comprising:

a dielectric substrate having a recess (groove) on
a surface thereof; and

a contactor formed on said substrate through a
microfabrication process, said contactor being comprised
of a horizontal portion having a fixed and a free end
and a contact portion mounted on the free end of said
horizontal portion, said fixed end being connected to
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the substrate and said free end being positioned over
said recess on said substrate;

wherein said horizontal portion of said contactor
produces a contact force when said contactor is pressed
against said contact target such that said free end of
said horizonal beam enters said recess.

13. A contact structure as defined in Claim 12, wherein
said microfabrication process is a photolithography process
or a micromachining process.

14. A contact structure as defined in Claim 12, wherein
said contactor and said recess are formed on said substrate
through a photolithography process, said contactor is made of
metal and formed through a deposition process after forming
a photo mask on said substrate, and said recess is created by
removing a sacrificial part formed on said substrate.

15. A contact structure as defined in Claim 12, wherein
said contactor is formed on said substrate by repeating a
plurality of photolithography processes, each of said
photolithography processes including steps of photoresist
coating, masking, exposure, photoresist stripping and
conductive material deposition.

16. A contact structure as defined in Claim 14, wherein
said sacrificial part on said substrate is made of silicon
dioxide and is removed after forming the contactor on said
substrate to create said recess.



