, €3e} 6z 6T6p fi MAA 1W  CONTACT STRUCTURE FORME Ri CA; E\@ 7
PROCESS’Fi el d of the Invention This invention re ‘ | act ABr?&g

to establish electrical connection with contact targgtg.,such as 5 contact
pads or |eads of electronic circuits or devices, and Nore particularly, to

contact structures to be used in a probe card t nduct or wafers,

sem conduct or chi ps, packaged sem conduct or dev(ﬂmm mﬂ” Emlm)ed circuit

boards and the |ike with an inproved frequency band yy%] 7 pin pitch and ZO
the

contact performance and reliability. Background of nvention In testing
hi gh density and hi gh speed el ectrical devices such as hSlI and VLSI

circuits, high pecORTASTC STRUTTURE HORMED IES5 MICRIFABRICKTIION CPROGEEE S Or

test 15 contactors, must be used.,.The contact Istructure of the present
i nvention is not limted to the RS and burn-in of
sem conduct or waf erthiand itheenbiibni S reldtes vaewof ¢estacy astdrbetmres of to

packaged sem C%@t Aty Osrl—% %te]hé&?rsicﬂ G & (%:[&!fiv;ié}?z(fog'gtag&.dusg%éﬂé( Su%—ﬁeas

contact 20 str ure o resent 1 nventron c_an
generic &ppl i @@tnt@mat lsmiajdmg.@ds ©f edectmpar lcdgiowjtat dewices, and

el ectrical copp ;nfgsegsfm&f EBRcGORY SRR s X! BRAUSNG L &

pr esent |nvent|on |s descr erence to the sem conductor
waf er testingPrebe ﬁaFﬁetE’a’é%SW‘El%%ﬁl‘é%ﬁ@Edﬁﬁe%M|%W%Q%§tcétﬂm$e

in the formo a%k%@a@@@m&t&{dmﬁ ,defr 588 C&misﬁxﬁred thrc&m&t YPB34
an | C tester |§l i%grxutctg‘nnected to aq bstrate han such as an

AUt omat i ¢ waf SRepld A5 SRRV JF HeRe e REBMasie B0 IR AReh
an exanple 30contsicawperfdimaree land neliabalsepl conduct or test system has
a test head 100 which is ordi pay. at and electrically
connected to the test system ]L zolnd, SEERE OQH i The test head 100
and a substrate haddl eresgdng ehigbhadengity aandelhigh speed | ediggtrical

connect ed Wthe%%e%S aﬁehheés Wirish thgaahg.f aipediesl atrpfgéogewo&bna&ce
driven by -1 02 a notor 510, The seniconductor wafers to be

tested are auF@ﬁ‘&laic(?al IE;F%‘ERHB%% t 0SBCResRSpoRFPPEN GPRERAETPES: MFad @Bt
by the sgbstrabathetdrey, 480stObd haskast head Id¥htddre serueendectof VEHer

to be 5 tested is provided w.th test Si r t_he .sem conduct or
L ost syst om _preseBEC) LEREEIER | €8 AP At RREL BRI SRR S F
under test (| €Eestivgi and dumton ohesemhtenddotonr wahers) andedirandmitt tiosl
to the sem copflu§l,@hvielHE Sﬁ’éé@ﬂh?l thh%xﬁ‘%{nﬁpwcﬁz&ékéﬁéé §¥§1&%@n&tﬂ'ﬁ:%r

output 10 signals are conpare expect ed dat t determ ne _whet her t

IC circuits oﬂ%’ﬁ&%em%‘ﬁ&ﬁ‘g ?1ﬁﬁ\“éf‘ Pﬁ’ﬁ(?fi?oﬁ t3keqn 'E}”Surcé’nfa?‘he

test head 100sgmdctieesdfs ttlst @fa@sﬁherlﬂﬁénaiencoanealed barogghld dam more

kpéﬁi feag;a conganent 14343 SIS e Rla And Hd ¥R, P Balr AP MLl d

' other electrical connections. However, for the convenience
of explanation, the present invention is described mainly
with reference to the semiconductor wafer testing.

25 In the case where semiconductor devices to be tested are
in the form of a semiconductor wafer, a semiconductor test
system such as an IC tester is usually connected to a
substrate handler, such as an automatic wafer prober, to
automatically test the semiconductor wafer. Such an example

30 is shown in Figure 1 in which a semiconductor test system has
a test head 100 which is ordinarily in a separate housing and
electrically connected to the test system with a bundle of
cables 110. The test head 100 and a substrate handler 400
are mechanically as well as electrically connected with one

35 another with the aid of a manipulator 500 which is driven by
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which is a printed circuit board having electric circuit CO““eCtiggFtHﬂtgmﬁ
to a test head' s electrical footprint, coaxial cables, pogo-pins d
connectors. In Figure 2, the test head 100 includes a | arge nunber of
printed circuit 20 boards 150 which correspond to the nunber of test
channel s (test pins) of the sem conductor test system Each of the printed
circuit boards 150 has a connector 160 to receive a correspondi ng contact
term nal 121 of the performance board 120. A "frog" ring 130 is nmounted on
the performance board 25 120 to accurately determ ne the contact position
relative to tha s abd0handThe #AFmichnsuatey rwa§erso tmsbe Itaﬁtg@edurdm

of contact pin Ry (oT S p
contact terni néPl:é%griB%Elgzé%d?olam alqgca lggéﬁzgag%eig Qﬁ% |Egurheeafi
the test head 100 b¥ phgcseybsksatenhdandar 400 .handl er 400 and nechanical |y

and el ectrically coppedid testheeddsita) ethéncﬂéhécmcm@ibf h%a'f@zerf.@c%e
conponent_140. In the substratge. handl er 400 a se nduct or waf e i’t}’o
be testePis npEfFed oh®a RIRIEIS oﬂ?hrﬁ?%ﬁéﬁ&ﬁ&% 9&“51"35'@‘% 1?(5"-‘

s provi ded abhwemitbadaerbeovdattsysweaher ﬁmrtaeubeatrxzsbadpufhelghau@ it

cant i aver s or W crmkéotaira? Wk dt el el 1T BIAEE rokHiEd B o

termnals or cmemiacongudtorn wafer)C srectinanamitited ebdc diducsemiaahidncsed

under test. fé‘ﬁﬁt %et Lerm gtl[tfeoéeﬁ%&ﬁ& ct6£CREAE! &y deeat Bhe @%bu%f

t he probe car e ectr| c connected to the contact |
provi ded®n t ignalsrarg acuParad Y!bﬁba%@?ﬁ—‘ﬁ%dl%t%r%oa‘ﬂ%%e%hﬁécvbéthgr

the contact tefménale 1&kruildie psiforRBNCEeheabAALR ! Gl herGAakidn
cables 124 10 where e ch contact terminal 121 is connected to the printed

circuit board 9¥*SF t¥e test head 100. Further, the printed circuit boards
150 are connect ed tDntFIBQISEe’II:DrtdlE:tt(B’Stt wacbysoeandhthegdmbHEraablha:’hamer

havi ng, for e éeVSExﬁheQEQQrig& hnnear cahl fat':_5eu

ﬁ 14
arrangenent, pr oﬁ contactors act the surface (cont act ar get 0)
of the 3&m commwtmgepfseo mrtﬂemeﬁeekbga@dt d-%ﬂ)p(?h@%t iy Jrigureo2)

the sem condugipicyaliey B0Braneedece¥Cuitebbasdl tmnqgt Rlectrdral 81feait
the wafer 300. The resul tant .out PUt signals fr 0 sem cqnduct or waf er

(0]
500 under 1+ ooiCORRREERARP At HR e paste RS gelErEragal Thetbriat;
sem conduct or deestiaYystablées, dpbgbnrpuasm/aaahebnwwﬂc@szl rcmntpstgxm-éhz the

sem conduct or oL erly u s .y Vi e i f e
probe card 17@/@%@ gggg‘ E‘ﬁseéz B%QS 4'ex%tag{ag E‘t%n“%e r obe g’ g‘@f'fio ug't']'
epoxy ri2fg on Mﬁx:dﬁalﬁpuwéllﬂw Qﬂrﬁﬁﬁﬂﬁ‘im a'clti%reumbérc&lfl é@afee@heengls
cantilevers ar@:é@:ﬂﬂiseﬁs)v\h@n thee gdmicdordBi-varingése bhetea] CHYBILIOF the

waf er 300 noves u Ln_Figu ps of the cantilevers 190 contact
t he pads or btﬁﬁ)’s‘&;&%&(%bﬁ?‘aé? §8P§9Fs?§8nhﬁﬁew 'ﬁhé/ SISTOFELRE @

cantil evers l1%%zrespondingedonbantr certrdhathilel arfe n‘hﬁtmfme edoapd
transm ssion ljifips (ﬂoﬁfﬁéﬁ“‘“hggr H84 '1@ %ﬁnl&%ﬁb%xf%rt{% #J%‘f%nce board

transm ssi on I|nes are conhected™to a p ur al It of el ect cont ac
pads) 18P whi &2 Qrte iarRr ey rfeterBhng the t?@‘%@% peektion mlﬁngete.

Typi cal |y, theHs o8ebsereté?harflsy Ueooll edThy TrBY t¥ing 138 HGa¥ AR 20R2ge
number of contact pins 141, such as ZIF connectors or pogo-
pins, connected to contact terminals 121, through coaxial
cables 124.

30 As shown in Figure 2, the test head 100 is placed over
the substrate handler 400 and mechanically and electrically
connected to the substrate handler through the interface
component 140. In the substrate handler 400, a semiconductor
wafer 300 to be tested is mounted on a chuck 180. In this

35 example, a probe card 170 is provided above the semiconductor
wafer 300 to be tested. The probe card 170 has a large
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| ayer of polyimde substrates having ground planes, power planes, 21%23*
transm ssion lines on nmany layers . As is well known inthe art, eac ARngﬂUZ

signal transmi ssion lines isdesigned to have a characteristic inpedance
such as 50 ohns5by bal ancing the distributed paraneters, i.e.,

di el ectricconstant and nagnetic perneability of the polyimde,inductances
and capacitances of the signal paths Wthin theprobe card 170. Thus, the
signal lines are inpedance nat chedl i nes establishing a high frequency
transm ssi on bandwi dth tol Othe wafer 300 for supplying currents in a steady
state aswel | asukbgh oﬁrpeabepeah$ayﬂun&u@ﬂxﬂyamheahﬂdkﬂvers or needles)

out put sswi t chi o] t

and 195 are prj(';g?d&(’j %ﬁ e CAr g {etwe Qg%‘&eééan%ﬂg‘?%%n%é%}ggls
pl anes. 15An ecpnrvmnt\acmpedst1nfthﬁe1@r©becm:1¢ n Athe ssesivenduEtgur wadeno
explain the |i 6315h8¢9r°{:e%96 hi gh frequencyperformance in the conventi onal
probe card technol g%i/ own in Figures 4A and 4B, the signal

transm s on |ine eetBicnd eXMITALLxOEnEOTYASH t RECePEaclese (oontars

strip20(i ”ped?g%&s)"méffmﬁ prdke Ed 1o wrecelfét2Ndal g 86RHELted to the
orcantil ever (contact s{ruct ince the_ wire 194 fggnee%he 190 are

not i npedance FRELREY, P%ﬂ%ségbo%F?HﬁéeauﬂEt FBRETS TH@C et F_RhAgh
frequency bangiss sMMareFagsbecéﬁneBeemse ehel bormartaldedmingibs oi2he £

wire 194 and2§%Il IQEF#%Q_EF%C@ OBQQ ao lmh#)%f lt?l%”%c’:éﬂé t| slevg I hzg

beresulted fr when estlng f requency nce o]
devi ce weder twdsere)dachfaonbastwiiesminadi 121hd sf comuaahe azmwm herhnted
t heprobe card c":hxocﬁfé'ﬂfv‘?i-@ 146 POUEle g@%tgheaadwsedl ﬁéréﬁaw%@rgfgﬂesa

4D and 4E. If 1 I ne can provi | ar eenough currents evi ce
under test, |tcw¢‘Fl‘Flo¥>§éFF58u§-ls)p Iﬁ#ﬁtc‘?me%i)%ﬁlaii?oﬁ B BeRERINGEPY eEEBlg

t hedevi ce. Hovfy&tem beaeu&ght hhes eeassecqmoeq{aaﬂing I e£ 3P4 ediachipaed]| esd9OrhQr

suppl yi ng thedp"\ﬁ %cﬁ gre 4D 8&@"3 as the35series connected wire 194

and needi e 1961 i N FhefBWe®and signals (Figure 4E) are

equi val ast to i ndudmuler thiis aZrmangenat? theepitohe sprbdctorsehpOfd¢antast

seriously resntrﬂé?tﬁgrfacé/b(&ﬂ?(@éct %r?é@é?'éfr&é%ﬁ@oﬂé}éc%f 440860
I'ne and roun

bet ween t he power ) fne to secure a proper pertornance
of the devi ce Qhdere t@eckyl18P| Eer pRELYULeBRe S5IRGILSe t& thif FEPiForddcEAT

ltgg Eoweé ||nQ€afe;|j'i‘193@@pﬂﬁﬂtgé&eh93 Eaéerasu&tahtvaluy:dw mr?tﬁlllf £r6h ehe
t an can e | SC ecte romthne Wer SWMtc S |

necessary. Thé”ab'% m?gﬁs 195 ta%e &° F@{iglain\;el f“@r@i‘%{ cﬁb%g? gncéfr\?é'f uet
such as20 QA ~ démmbrﬁduedtby c@feact 200 clugsiert ccese bUE dompardd @G—[Ié[l‘,lthes
serve the fun%&e&h@édhasaaf Gﬂlé%QElédd%‘&O‘t‘.Ble' Qg:mqgoh%&@&ertéé@es?sé&n to

ot her words apacitors T'imt_ the_high frequency perfornmance

probe cont act SetSEEHRY YREYRCT hERFoLE SHERIE TSR RETFARYGT T afer
not ed above ar'ﬁ)d ipetEsrthe phepbreguency bandw dt h of 15 approxi mately
200MHz which is in fflCle fo te recent . sem tor qevig

i ndust ry, it is co %é?%d et Ph}?ﬁtﬂﬁen y bandvm %E(?(r?f"para Fg tlnl% hgf
tester' QScapachlguJ;e 2hi chnl shigr exampy eon thire pyober ceird G0 drasi ameepoxy
will be necesg:qr 5 Ognt RGN a flﬁl‘ﬁzeallwtgfdprbbe' Scc?th&’@@bed 1'9'?) tdf11ea

industry that e card 1s capabl e of a arge nunb
seni conduct or "’d’éﬂ]c%% O&s pRRREFH L §VRE RO, “‘QHEEE‘QS 32% F'—"lm)"rl'ée Fﬁ‘“&k 180

paral lel fas hinwuﬁmm@Ctneseeheebnahmoghmtferl Bomhmoemwe.tpwml in Flgure

" technol ogy, card rob sho i n_Fi

3 are manual | 9'&&% %%I?ﬁnr%'?ng?lg {%aﬁ qua Gen ?%c%n%:fsl?
qual i ty3ioncl uderitact udtargstsf sie th‘Er eyaéary Zb@@ldvm dt’B’ne cemdact ofor the
and resistanc h t
ki ng-t he. CointL HETPE? phod CHE CORMBLE NG PR TLN Yn AR JEC LORAEr
whi ch the prosomneteedots HFRNIRLLTIPR oAdDEE or( NRES e?h%m)ar Pé‘ﬁ‘ledha‘\}'e the

different tenpRfsidIr8a84PANII. onmél@;.sanéﬁhyésm&mdﬂnéaea\f@rwd%fhected to a
tenperature, the cont act pOSIsil ons therei)et ween vary, whi ch_adversely

affects the cHHERLIBY L SHESEFOFES s kagk msdana\%ﬂdt‘ﬂ’lq*huéret hiRe
is a negg of aommimitasioncwith whihpageewicenaent ofhikigwssn satisfy the
requirement i n they’l‘g?i?ﬂgl$h;téﬁ??§ﬁggét cHE8e 21 00 SEMEPRILSRY Lekiei-

t echnol ogy. Summar
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Therefore, it is an object of the present |nvent|on to provide a cmm
structure for’ electrically contactlng wit."'! 5 acontac t target R-?UUZ
capable - of achieving ~ ~a . hic~.".z rrequency bandw dth, high pin
counts. and high contacf~ perfornence as well as high reliability,. I ~is
anot her object of the present invention to providc~~ a contact structure
such as a probe. cczntactor -to 2stabli~:a 10 electrical connection in
applications such as testing sem conductor devices and the |ike, having a
very high frequency bandwi dth to neet the test requirenents in the nex:~
gener ati on senlayetucifdrpodyhmbdegubatiates Fiaviey gipund @lahespr gxover
invention to id n r e ST

_—>connection i nlépgf‘lg\céat ?8 g‘égu%ﬁﬁggﬁéggﬁoﬁ i%%%scéltrllimtor a§}eV| ces(@mﬁscr‘{'ell
suitabl e for tkBEWRgia |theyaarunberch §€mté1@n(ﬂ}af@r d@AnamisHiear Aines as

the same tine: déhl?ﬁea fr H&Qﬁe %blcﬁférﬁtéffsﬁcesﬁﬁﬁeda&y@é‘té@&ht 95280 ohms
provi de a nmet hod of _produci ngpa contact structure in which contactors are

formed i n°a hoPYz&lanchkngcEhen Hetriuked Rarpuekess: a kig i coficdeatmie

and renoved fr@BhQEQn&Ub%trcht ané@n@ewougteedleamal@yntaﬂ mtrpb@yquﬂdee
cont act structura s further a%géect t he present mventwl Oth
contact structHP uFEaBEFé‘b CARRGYY ‘?cﬁ‘i"qr?F R3thg wi e

sem conduct or plfabeeeardmzh arkhys podieedilgnmadudinessarecimpgedance matched

duct . | i b
Behi evi ng. conot EReR SHuah A8y 3 1 R AR Brkndhns J16 Bncilei o
inventiokOto prlei Hef&rco'mfacﬁogt suppawengorcmqms st ng @It@ﬁcﬁf catate as

connection in &pii g ﬁfghceﬁﬂyeher sxgcgén&@headaw tﬂa&da@@ﬂcéhgoaqﬁﬁﬁ
m cromachi ni ng process Is a her object of the gr esent inventio

35 provi de cor®%ttcBiPdct &Pesat otﬁénﬁﬁﬁm:edsﬁﬁtﬁ pr ob® Ear’ae‘f‘B?’lp@stFﬁ’dse
sem conduct or ¢iepactsovhi Eh3aaﬁdcmmbizse Provided on VAR BoOBecoapanbative@n

tenperature ex anskgrh}?%os %'r%%ad()f ]%’fenén conductor wafer under test. In a
ac P

first aspect, ture present invention is conprised
of a subsgrate suchAasequsvailson cireudst pét thegngrebat aardr $7Poiseghownt e

substrate thr opglupeTiecr 06 AREARION I 098I Lak AN EHE SORRCESERACA™

hori zont al port a cant act portlon vertj cal % forned on one en
t he hori zont alp%ﬁ?mﬂncﬁhéf’elt@q HPREPREEPNPHr PFBReh§8 T LSNP | 7AS
contact, and tdigovmar ifioRiguréd pev tandh 4, tdiee @mgxmx aryisiiceson loAkaen

force when {1 CoNLachor ol 2aPL 758 a0A"sL A% CONACLRET 981, PRg! BeLa

aspect of the nventiron 1S a contac avilin reces
cont act 20 r uct (impedahgdewaticlied) edinec186bstheat winavlfg andeébssn(egdéwe)r

on a surface Jéaﬁ@fiéoérareéoata@&t dtrcthpdied oy “ﬁrﬁ:@s&iﬂé‘tﬁaiér dehaad
m crof abri cati on ﬂ:ocess he contactor is cﬁg?lsl sed of a horiz

portion havi n*&® ?ﬁ%rﬁ%ﬁ?%lﬂp@% & de ohbgGEE B‘BFH'BHSN%HHFE&%‘n
the free end aistha himduetdnl Ipoini che Thigltoftequenoyt ikendiaasa sipivet e in

contact ‘at the.jip, 20 khergoly, Jhe.d ivted SAd iy GAMRH 8¢ LAl IE-2008L ahe

and the free entPis posSi tioned over recess Gbstrat &
hori zont28 porneedlefl?dds@naundrR fpldmmesignidicant i@méa\mma wdll be

contactor is ESEPe@IF M &He GohRtlod ayHeh TWHtihptat had HeErEQQeﬁEX

t he horizonal portion goes in t recess 25 to exert a contact” force
further aspectP®¥Et ‘Pﬁ'@agf’ﬁsé’ﬁt & ﬁ’ﬁeor‘lm G W&ft-act structure is conprised
of a contact substrathebafacgoss|wiipeh it tife Caegaeneys bandwikitt 1¢ 8he

beam | i ke shap rogé ”Sgr&ha%g'}e%l%'éoﬁ% ' tﬁo%o%péy a{q{cijcﬁsc?un&/blrxgedles shown
30 in Figures 4D and 4E. If the power line can provide large
enough currents to the device under test, it will not

seriously limit the operational bandwidth in testing the

device. However, because the series connected wire 194 and

needle 190 for supplying the power (Figure 4D) as well as the

35 series connected wire 194 and needle 190 for grounding the

power and signals (Figure 4E) are equivalent to inductors,
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30 specifically, the contact structure includes a contact substrate,f
mounting the 'plurality of contactors thereon in predeterm ned dir cﬁim&,mm
and a plurality of contactors each of which exhibits a spring force when
the end of the contactor is pressed agai nst a contact target, where each of
35 the contactor is conprised of a silicon base having inclined portions at
| east one of which is created through an 2 s MaR zooz anisotropic etching
process, a conductive |ayer made of conductive material where a sphere
contact is attached to an end thereof, and an insulation |ayer for

el ectrically i ahel Aighg stifeed andexdntveflaw el s faariduel i tésonibaed. 5 A

furth t of t t i ti R d f ' the .

contactors’ on a pl alGFeSTitce HF aCeBRPASRL8UbbYT artiihy Tenaes| PRGng

technol ogy. Thbepweencthenpowelioliive ahd Phesmraurididnte o SectoTgE patbesr

the steps of (S%rEBEFE‘a%Q:ea SECELL! @e@iéeaXﬁ{degp @?Q&”E C%i‘ifte%:if}‘l’u%sbhkzc%e
made 0 trve

substrate; (b)“formng an conductive layer . electric conduc
mat eri al 8n t hmodager Pri sunge| aybpes(enr the monpm Limasor eThet cRRRSH tors HP3

conductive |ayghve(d ad1UH APy PHAQERSKa2UE! ddth PRY 01 83FStahdY&taRNbe
15 exposing the photoresist |ayer wth ultraviolet Ilgh%%%hrough t he

| )
phot omask, t heSbAGPBRESESChATGR TS PIHRE L res 8 il ppcessary.
dereI opi n}g tﬂerhﬁaespaa_itb&sphotsohggiesh i:fayat_ivélyﬂsdnaﬂo@sﬁaag&amet R&lue
surface of the t or esi ayver: orm contactors e
electric condu%'gf" eaﬂa(?eﬁ’é#‘ %’ﬁdt Jex%%&i%%rén%%% °§1°é?t‘? rt@plttgﬁ Pgﬁgr og&sess,e
(g) strippi ng chapaphbbosesesivel bherfugttiantas high dregeeneycdetatiplbingion
end of each of e ts . 251 (i Ci n i er_r%%] a e
contactors so ?%gt p@%%&ggrﬁqg%fbr sllgrgﬁg%"gr k"t%g-dtglﬁe t?ltrﬁ er d‘?fat?%lo%ol %?re“;%a?lég"e
(i) rempving tintgbareauensy Peyformancs miudihe orelrercentapterching

process so that theageBtraghely,0ltHdembst ewiBdl ¢t sl SoReaatBE sl N
the silicon substr

te. 30 ATfurther aspect of e present invention a
contact struct®PEeHa?RgVE Fhta 1@%%%% H2 5&?%E€ﬁq’a‘eﬁl"éﬁ agﬁfﬁflw&l"i%i ®fe
shaped cohit actappraxémabedyed 00NKz cohiiaht iH rimduwf £iciehudes deant aeicent

Substy ot and lumbbucsl aepiach oS A Shyidecpibal e Linguiiaa

m crof abri cation process contactor
i nver se U shapehabr e wifieaensy zbangwigsh | eompaeabie W t the peptiedds

_9_ capability, which is currently on the order of 1GHz or

higher, will be necessary in the near future. Further, it is

20 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

25 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

30 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

35 and bandwidth. Thus, there is a need of a contact structure

with a new concept which can satisfy the requirement in the
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.2 6 MAR 2002 for supporting the horizontal portion and a sphereZCQnm?tz
attached to the horizontal portion. The horizontal portion and the ver QQ?
portions of the contactor produce a contact force when the contactor is
pressed agai nst the contact 5 target. According to the present invention,
the contact structure has a very high frequency bandwi dth to neet the test
requi rements of next generation sem conductor technology. Since the contact
structure is fornmed through a 10 nodern mniaturization technol ogy used in
t he sem conduct or production process, a |large nunber of contactors can be
aligned in a smekt gpaerawhicoh semisidndaster dreatedtdaipaldayr ge nunber of

sem conduct or devices at the sangl%#‘h?x dRerRRNTAGEnEE bHct ure of the
present invention can also be use I'n_nore general applications
i ncl udi ng an | C | eaBherefprekaditnds and dirat afedhe RuesHhetYonsiosi e

the large nun‘oﬁfoeidéoaté&ﬁ@éétaé@rﬁ&@dyeeﬂoﬁteié@cﬁfeﬂiyr@oﬂeaébgng wit™
substrate with the use of the m crofabrication technol ogy wi t hqut i nvol vi ng

manual 20 handti IRPNGACY s §i3aath| ¥dGhachPeVeRRIPLS sttt aGhdieving higghhica

reliability ang-éQhéntyf ephAcihatagnt Reghpepiar rreaﬁﬂtsFuaﬁaeerncaééﬁtta@
contactors can be fabricated on,the s subst aterial as that of the
devi ce under tRSYTLOFpapce 38 wWht gﬂr%’ jﬁ@%‘ﬁe‘ Yenper at ure expansi on

coefficient 25 of the m\armsz‘tmde:sbjmtt ofMthehpresehteibwventdod posproothde

errors. Brief DesgripLioneof,d %Qmm% FLOPEELL Lonf RERETRI C 0L 2RI AW,

showi ng a structural fel SCions between a stbstrate l'er and a
sem condutt or %be%mcg;rst@ﬁnmw—n@na tast appddcatiigne 3ych a ag agkaating

-showing an exaf@hfcOhd@ctBEe AoyfbL8d 5id Ueher e1{Rs, COnRAGd NG t Y_rieShign
head of the sem conductor t st systemto tﬂ% substrate handl er through an

i nterface conporedtensy pandiyrdsh; o nerk (iR Feak §ﬁ8bhlﬁ§“‘§ﬁt§x&ﬁpr'€eo¥leﬂ‘re
probe card hayeigepdt DPaXFehniaonboctaRURiechoddpyural ity of -9 2 6 MAR

2002 probe contact Of & (lneedl %sur%hecxang ljg\égrsc}flghteheprceosné/n nt IJ.%nv%lntlon to

15 provide a contact structure to establish electrical

connection in applications such as testing semiconductor

devices, which are suitable for testing a large number of
semiconductor devices in parallel at the same time.

It is a further object of the present invention to

20 provide a method of producing a contact structure in which
contactors are formed in a horizontal direction on a planar
surface of a silicon substrate and removed from the substrate
to be mounted on a contact substrate of the contact
structure.

25 It is a further object of the present invention to a
contact structure to establish electrical connection in
testing semiconductor devices, which are produced through a
semiconductor production process without involving manual
assembly or handling, thereby achieving consistent quality.

30 It is a further object of the present invention to
provide a contact structure for establishing electrical
connection in testing semiconductor devices which are
produced through a micromachining process.

It is a further object of the present invention to

35 provide contact structures to be mounted on a probe card for

testing semiconductor devices which are capable of
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technol ogy. Fi gures 4A-4E are circuit diagrams show ng equival entci cgi MRR %02
the probe card of Figure 3.5Figure 5 is a schematic di agram show ng
contactstructure in the first enbodi nent of the present inventionproduced

t hrough a microfabrication process. Figures 6A-6C are schematic di agrans
show ng exanpl es of i nterconnection structure of the contact structure of

t helOpresent invention fornmed on a substrate. Figures 7A-70 are schematic

di agrams showi ng an exanpl eof process for producing the contact structure
in the firstenbodi nent of the present invention.Figure 8A and 8B are
schemati c di agcenmpenbating albempezatustr ucexpansiomed aveff it at ofn a
t he secondenbodl E)nat.\c‘:P %%q:ngd db\éergé@ Figures 9A-91 are schematic
di agranms show ﬁa exanpl e rodu I 'on process for form ng the contact
structure ofthe secéndaeﬁbnatneﬁpect thareoabagbwgnv@tllﬂmQfatheopsesent

sectional vi e\/\iﬁ{}gwsgg hgs capl gg,glgerdjcéyrg I gubderd i r ¢uPogds ment S04 5 ga?i

pr esent inventionan sem conduct or wafer havi ng contact targets. Figur

i s a schePmti csdbarakftsBOE RPREARR%T [eened PRethEnSAEOS rghzosgh a

Figure 10 haVIrﬂﬂckbeasembae&aastpwc@rs@s qh t YRiBhEeSERE | B¥ABAEEBL Wse Ja2
is a schematic, di agr am ihOWI ai | edcross sectional fro

n w_of
cont act structPEIFARER tﬂ??‘ag@ r%rﬁor{ffactthé’oﬁ é?@nYeFﬁx}Eﬁhllgn B OIB
is a schemati cofleagsmdn sifowthe ahbbﬁzunewlofp’mt&mom,onmardream ucher ecohtact
Figure 12.Fi gures, 14A- 14K are r.gss j.pnal o n
process for pr%%umﬁg t e@contsaé?gg? aclrl S F%SF%EFFN raJl %I nmen ggsnttﬁ@'
present 1@ventpontiEoguprs the @@@@S@rsplzod‘éﬂaii 2i eansiacw rfgbrce when the
anot her 35exanplenphctBe §8NpRekatld Wdiitsd udie édﬂ&&t@ré&gyé@nt of t he

present invention and a sen conductor wafer having - MAR 2002
contact targets. Fi QBPEhEG iPSpecichefafhe MLRfenh sHRVERELANLdE: dn SPBRRASTE

t he contact SL@@{:ﬁat:ﬁref h&gugea15eba§sng the contact strueture ohclibi@es a
pr esent |nven'£é£n t ure %_7A— are schematic cr,0ss segti onal vie
?%SH SA5S

showi ng a pro VAN T hESEBREalETOPYEdt B F nShREace
third erd®di metrhenéoa gmlde ﬂScoﬁtgqtes TO&TERC o etse henbstragieagilansugh  a

showi ng a basig 1@939&9};95&?&% %@H&é’ése”bﬁghém%n%cw? RLe fﬂ;f Lo,

in 10 which the contactors o first e dinent are forne anar
surface of a SrPrisantabsPPEELCRNBAVARS &d fif@dearshnangt aasfs@?ﬁ)l?ndﬁ 80ded

19A-19M are schemBhée Poreiadnt mdanted oA Qh@”lﬂz%éi)ferﬁkﬂod'ﬂﬂﬁr@ zﬁkﬁ@seéﬁcan.
the fourth enbodi rrent of .the 15 present Jnv ntion. ure ZE % gg
ag daBI g tlp

schematic di adf@E* %‘ﬂow%’— SIPEAHD RPTH R &rEP 5 pPE
mechani 220 and thereofss The fHixesd rag'xcanﬂ»‘ coanecgedhtocbheastbst pabduand the

the fourth embadi oeilg Ofs IUs N £58M dVVEUHO Pece@sFLAUERS 2&&2%&@6 The

schemati ¢ di agrans show ng exanpl es of shape of the cont actor to be
produced thro %ﬁ%“B?BdH‘EFFbﬂinSCEgg ?ﬂnfﬁ‘ét?ﬁlﬁ’ﬂ’i deEBB R PR BF Lt figrce
present i nventwitén ﬁhgw‘cﬁlt%ﬁ:tidr als:rpa&wtalgaﬁaﬂstvmw ebnwang taegeaensach

25 structure i f 0 .8S entiQn.an
sem conduct or ‘{/\1%2% %v’lipn?ggconéjﬁ haer fg}g]eylgofq—laei ?)Bsrfégyj gbegc gng]t“g recess
di agr am2show r@oaemrt:om gpaiact fiprcsont act substrate of Figure 22 having

the contactors of tgg meﬁ}ttnéweafsb%t 3¢ FiyHy epredmdidFiatentebenat Lhe
cross sectional views show ng ;F;:rocess for rodumwg t he cont act

structures in Q%tiFFFt?\tEHBBBFFre £ GPMPRESEHESEN? FTIRERTT oPURFLRALENLEY §BBe
22. Figures 25A Baﬁl ESBuaibexa dOcon et eatls aeéénnhavm\g, a aspactlies yshapea

first variatio ontac or |nth f odi nent_of the presgent
nvent  on H irSiedon ERAOGER M 8" PRRCSI ShPaRREERR, onpiorBRe- 11 oRe

specifically, the contact structure includes a contact
substrate for mounting the plurality of contactors thereon in
predetermined directions, and a plurality of contactors each
of which exhibits a spring force when the end of the
contactor is pressed against a contact target, where each of
35 the contactor is comprised of a silicon base having inclined

portions at least one of which is created through an
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2 6 MAR 2002 respectively, of a second variation of the contactor _in the
fifth erbodi ment of the present invention. Detailed Description o & MAR 2002
Preferred Enbodi nent The preferred enbodi nents of the present invention
will 5 be described with reference to the drawi ngs. First Enbodi nment The
first enbodi ment of the contact structure is shown in Figures 5-7. An
exanpl e of production process of the first enbodinent is shown in Figures
7A-70. In Figure 5 the 10 contact structure has a plurality of contactors
230 fornmed on a substrate 220 which is typically a silicon substrate. O her
mat eri al s sucharibsgt 26piti hetghivey aproceda)n aa cvndudteiveli daaadr | ade of
materials are al S@ feasi bl e he, substrat All of the, co tactgrsa %30

f . .
Are produced (STRUHRETEC, RACSaARL pPBERS: PO AFEEccTReach 1 ALERrBER €0 an
substrate 220.erfilichtlzeseaf¢onandt can priogwlatiopr degesr | Midwdeslectrically
phot ol I t hogr apf sﬁgfﬁﬁg’ tﬁe”l:ﬁhaa%g%“'ﬂ%w ¥ ti%cgiﬁsi]éb% 'W?QQ .
el ectron beam [aser beam or plasna beam mr-cromachi ning tool, a plastic
nmol d process (hot ewbburkthgy, azpestd afhethe kpregerh inventipPvordducd omethbdr

300 under 1 estg YRS URMRG, £ R L IHEHAD 2S %r?%OB‘IQHhi‘CéuEEE&ESBE”QiQQ%iecon

contact targets (€l ectrodes or contact pads) 310 on the wafer 300 tQ ]
tested. The pisurstrveehYt ﬂepbeﬁf’&éf:i‘ﬁgﬁ? Yo tegned ogy -25 Thin pPredushiem

or less. The gitlisd G5 i preddit Anteeitidientbaprisedeasi thebstapsosed
in the sane pitch sgn)ceﬁteohe contactors aﬁg rraileﬂ%the sanme seni.conductor
production process &% t &V 30T hAGE THEY ot 8Bt ot s FEetHE @
si | icon1ubst retlei @20 sabhsbeaBd;directly nounted on a probe card such as
shown in Figure 3, no. ] aqé@,gg‘g raditio I e
having | eads, so th ).thfeg%glc .ggallps moun %‘c?iilgﬁ _gls.ap‘?eo%eqﬁgaé%. %ncée:l?%gkﬁg
contact ors 23¢suhgeivabratarédli anather pagxdificiple layerriequency

bandw dth of a probg:rafshmbhgtd %%&Méié@&h%@bﬁ e G MICEERE 1ayer;
i nvention can be eaély increase to 2G4z or higher. Because of the snall

Sire the nanber of (221 1Gh G R BRREPTRAR Y St ERGHRR Lo L LEae pand
i ncreasad t o, ekposivaydie: phddidreasiisth layeabivéthoul esdvisl eanyiglt 3Zhvough

nore menory deyjces il Ryl e t ti er_pr cauge
contactors ZSS\HOeT ? #eorlpreségin't %H%v%ﬁ?F%ﬁ%Fe ﬁ?ln‘g&d{r}# taﬁ gﬂa%;%ong% Eﬂg
substrat e 220csiAqtEP®®nt al changes such as a tenperature expansion ratio

of the silicon subs{dptdevséEopigSEhe BRaddose e PHOrTHEHIANE UL Pér Wth £6h
300 under test. Therefore, the accurate positioning between tqg contactors
230 and the piS PRERIASHOBCERE) RUSFACE Ofi SAGnBIPERE STk aver;
20 (£) forming the contactors made of electric conductive
material in the openings by an electroplating process;
(g) stripping the photoresist layer;
(h) attaching a sphere contact at an end of each of the
contactors;
25 (i) placing an intermediate plate on the contactors so
that the contactors transfer to the intermediate plate; and
(i) removing the sacrificial layer and conductive layer
by an etching process so that the contactors on the
intermediate plate are separated from the silicon substrate.
30 A further aspect of the present invention is a contact
structure having a contact substrate on which a plurality of
bridge shaped contactors are mounted. The contact structure
includes a contact substrate and a plurality of contactors
formed on the substrate through a microfabrication process.
35 The contactor has a bridge like shape or inverse U-shape
formed with a horizontal portion and two vertical portions
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Fi gures 6A-6C provide nore detail ed views of the contact structure havi ng

t he cont'actor' 230 on the silicon substrate 220. To establish an 6 M 002
i nterconnection with the probe card or the |IC package--as noted above 'ﬁtg
exanpl es of Figures 6A-6C 15 show basic three types of electrical path to
form such interconnections. Figure 6A shows an exanple in which such an

el ectrical connection is established at the top of the substrate. Figure 6B
shows an exanple in which an electrical connection is established at the
bottom of the substrate 20 while Figure 6c shows an exanple in which an

el ectrical confiert ismxppioe:n‘imgrmhathohiezedgalopotrhe’onulaszﬁr & esphérestomtact

types of exi st a r desi %ﬁ{]z
| east one of t gglal'ﬁ‘ﬁgtaggriét’ngc ?‘E,ng%‘ﬁ al(:}l%é}r 6?@%9’ @%%p%gﬁ%%
Fi gure 6A inclandstha varbneéﬂmpetrttmaeeo 32ha| contactgnapradugesaanonsact
I nterconnect pagyeas3 ﬂteﬁheh%ubé&ﬁeaetazo idh leetseacou{t{sefa st ' ¢ 2

est abl i shes an elrectrl c path fromthe cont actgf 230 to The mtercon%é@ttaﬁ:a%
233. The 2xanpF@8FEELFi gure 6B i ncludes an interconnect trace 30 232, an

i nterconnect pad 23§c)éb%dt1|ﬂ§ syt rghe 23QesBgtan inveataom)ecteid 236talet

t he bottom of the substr 220. In the_ex le of Fj
i nt erconnect t?HEBCSETS, R t’Sth%‘ eél%;)q‘t?fec%u g’f‘?‘d%égbzdm et c s

t he exanpl es, t&sti nteeqnmﬁeménteaceofsz AEKO fL@@mewtsum f aemitohlactor

Sl P e of 408890k O6§nEiOchE BobPASE! (BLLEDAER, [4lelfpthocRESRE o
t he contk@t or me@ehnsmipiaityaiizadricno redhnmlday ataed iortheraeni beaductan

a sphere (bal |3-580t8¢bn2 roJétssspeerfafgat %ﬁimh?érl b8l bRt aidaPalle
with a diameter_ of 40~cm Tor exanple Lh]gil'ass coat ed vvltah

tungsten or a Mat@nagt dn ?h@‘“?ﬂyﬂersé’%t‘%%d%llst SHHabPhofigh teeingyva
a scrubbi ng efisﬁge\/\hﬁmbafessedemgabﬁahctbe @entigeb a48rgRé SdfehfimBy aThe
nmet al - oxi de | ayer Fﬁr E rTE he cont act t.ar tt 3610 onntkﬁ vvaéer 300
has al uni num &X¥Re26h FEEYS PF&C@ ﬁlg PHTHAB T FEFHEACL £ #eRRsBEr P9£8
establ i s¥b t he Bmhectore @aneawil vmatppllmammmactlme]sxdgmcen THEE speadg IC

force of the b Vi p;g,q{r]%[tq tact force
agai nst the cgp%actaiﬁg %g@ %tgl%g-l aeg"(tael%(sﬁ:tlfaag'ro uce t he spring force of
the horizontal 15 b%ﬁﬁ?é tatle IR (TWHReX £k Gﬁ’ﬁ‘éﬁé’&f’é’st ﬁé’edPFP@PSﬁé’eétl khe

size or the flaheat icdmedf Hhat et | Bubkvedtien tdim:h:ontnet ongs&@300f hethe
silicon substrate ZE the ont act § Fm3i0 and th colnlcnzl‘ucior waf er 3001
An exanpl e of e 3P 8Mconb&s 29¢ i ntt 158 fr crel TR unATH?
and copd . Amaaxdtlrphg.oitt-ﬁe Btpﬂelbleomamhmelcso@@mt raliowt edigh
Wi th tungsten Q) piHes 189" dafE! aion nojhee exanlige ofcart@aéaohe;;@rfaﬂ.éﬁtze

231 is a ball shaped contact ma a hard netal such as nic
beryl lium al JFHHtRET c PPERUSE| Ic‘?fb"cﬁﬁ"io‘r"? &R %abEFcﬁﬁeF’r 8R- Rhekepme
al | Eyl Fulrthersultd;leraﬁéematemihactasZB;’mamrbbetﬁer dedioé hastgrrmi@ts sﬂehlés
ni ckel, a um nu e Wi

EB08%E0 LoBbOREAEL! O ESnSbRYR A0 LAl Sl LU B M ¥ne

conduct i ve, ndhoxT s 2|ng 5 20ch 35 go ver
r hodi um2i cke;bf gohel, devipei under tha@tsphétrlecltmﬂ anleIp |as,vca01 Poeathidnad
the tip of thegcaptgactor 230 by sol dering, brazing, welding, or applying a

conductive adhesive. The shape aof the sphere contt_jtct 231 can be

hemni spherical so that a nonm%mthe end of the

vertical beamd of Fhgueentiaci®ra23thedtatAic eXbag®mobhswingofa tdeructural

contactor | nt ncieg {heR ' BREVEER' a2BRBLEBLLE RN BF 409 %l LnSYSLEY
30 test system having a test head.

Figure 2 is a diagram showing an example of a more
detailed structure for connecting the test head of the
semiconductor test system to the substrate handler through an
interface component.

35 Figure 3 is a bottom view showing an example of the
probe card having an epoxy ring for mounting a plurality of
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__—technol ogy incl

2 6 MAR 2002 50-400~Cmin horizontal |ength, and about 30-60~Cmi

t hi ckness for' the pitch of 50~Cm between contact targets 320. As &oﬁeMAR 2002
above, an exanple of dianmeter of the sphere contact 231 is 40~cm However,

a w der range of sizes can be possible within 5 the concept of the present
invention. Figures 7A-70 show an exanpl e of process for producing the
contactor 230 of the present invention through a sem conductor production
technol ogy. Such a sem conductor production technol ogy includes a

phot ol i t hography process, a 10 m cro-nmachi ning process, a nold process (hot
enmbossi ng), anprobe cprgactoenshi(veeddrpl oy camt plevders) dm phecesnventional

expl ai ned based Sﬂ)m% Q;gi];.ol i t hography technol ogy. Such a photolithography
S es t}h steps_ of photoresi st coating, nasking, exposure,

and photoresi st str FFAYRESstAsiB5ane| Cipsovit idiagiang (showimygepuivalent

thin netal |ayehr2aitdE dheQPpse dHFd CSAMBIGréS3provided on the
silicon substrate 22Q. The netal |ayer 237 i,s a_seed | ayer to achieve

9 {
electricaP conducti V8P Sor 3f ot &i Ry BRBEMALACcodhRIrap, Rewing 5@ contact
contactor 230 gtriethirgurin 6chér ight aemboddment! B NthedrPeessnt | inbleition

i nt erconnect trac ZSéﬁ:nd contactor 230 .are fornmed through ot her

deposi tion pr0858§“§& og'ﬁrh (B HARFOLIRF LR PR\ RYOSRSS s ynnecessary.
Al though such an el #dpuoeisabhrgCpave esshersat Bp adi &t sy ehgw iigrescanip e o £
exampl e of Fi 0yhes Lonfl ALt NGSIIL ! B GHIUSHLYEL AU AE LI 82 e

used, no nore Suc il 1ayers are shown in oW ng for sinplteit
of expl ahflt i onpregeptgdwengion fiuymadsnta [sykstrateis formed on the

metal |ayer 237 ovegjdhireld aaphe Qﬂsgcﬁéaaicacpa%'};%ﬁhst 8h3RiB5PaRCekfple
phot or esi st Iaggr 242 wi th ultravjol et light. I'f a positiveé acting,

resist is useds tH’éoﬁﬁ&soEé’ﬁ ?tr‘?fid‘if'e"r"@j t?fg“'iﬁ%ﬁ@t FUERsIRS t’f‘ﬁe%ﬁﬂfﬁg
245 hardens (cembsdimeher offhehexprasgent linvemepgati ve acting resist is used
as I Fioure 7B LngsBROLOr B8] Sind O °:RY LUFALANSPAUSNL S5, PO AN, of,

t he mask 245 hardens ure) after the exposureé: Unexpose
resi st |&§er 2aontafatbestirustnved fosmed? on MR ZdBtaatevadmedtheaysecond

l'eaving the cusRE-aRAEALESIES kHeAYesti® Afnvdiiiéh /C having w ndows
(plating patterns)._An el ectroplating i erforned on the patterns forned

S . :
by the photolithogrBpErEPocRsS T AT ﬁGPE‘g?B}CC@éQEFﬁﬁst fEoWipg: apcexArple
trace 232 whi chfi pradpettioon mradess for FEgrineagbAheCcotatangt fuetut8eof

conducti ve rratﬁ%éageégf‘dt Qg‘bioratiq{e%q._n%%ctﬁ:té&%e 8%5’:32 as well as the contactor
oW atin i ude i

230 in the folTOW ng p processes inciudes nickel, alum num and
copper. Z®her than Fhguseedfr dp| at Frgsscefatforalaviavi 2agwingotheepontactn

techni ques cangpgudtadel Anl hilfe KRS SehBSAYALAE WECWHHE §HAUH | PAvention
cathode sputtearuilggé 52R2coRANR odreF‘}r(‘?:tsfietri %nalving contact targets.

Figure 11 is a schematic diagram showing a bottom view
of the contact substrate of Figure 10 having the contact

25 structures of the present invention.

Figure 12 is a schematic diagram showing a detailed
cross sectional front view of the contact structure in the
third embodiment of the present invention.

Figure 13 is a schematic diagram showing a top view of

30 the contact structure of Figure 12.

Figures 14A-14K are schematic cross sectional views
showing a process for producing the contact structures in the
third embodiment of the present invention.

Figure 15 is a cross sectional view showing another

35 example of the contact structure in the third embodiment of

the present invention and a semiconductor wafer having
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In the next step shown in Figure 7E, another photoresist |layer 243 is

formed on the cured photoresist |ayer 242. 15 Anot her photolithograaghMAR 2002
process is performed on the photoresist |ayer 243 using a photomask | ayer
(not shown) for exposing the photoresist |layer 243 with the Wlight. By
removi ng the uncured resist, plating patterns (w ndows) are created as

shown in Figure 7E. Thus, by applying an 20 el ectropl ating process, the

base (vertical) 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 reomtextt readegetgyd ndi ng (pl anari zing) process as shown in

Figure 7G 25 A fur hat ol 4 S ducted_t rma.,
hori zontal beam of :Fﬁ (g%'nﬁ'asgtloér %%&?%%gurleggfﬁm %ﬂogf’%%uﬁt ﬁS&r &"bé’ W
further forms efpHhereontactaysubivats oOfie Riguwe phdt bevingt theecadtact
The phot or esi 55&%\‘:‘1’:‘111%4%1? %r@(%%dﬁ? Qg Wi ght through a phot omask

(not shown) 30 the resul tant” uncure esist Is renoved, thereby formng
a platingSpattern fSioteshol7AoARl IeamSehemathe MWeﬁ%%tll% N v

shown in Fi gurshzwmﬁnoaheprsaﬁeueal aptdEesSs msf Omﬁlr{d‘et@ieﬁt lc'aﬁmact
pattern so that the orlz,ont%ﬂ 3’51 ‘i n Fi IS created The 35

overpl at ed por BFEHCEMEE & &hA § rﬁiw*‘wﬂ% e° r%’c%‘é%eo?* Figure 7J. -16
2 6 MAR 2002 To pro@ugﬁx@wm 180 taxe | sqlosmatoic Odlaﬁearﬁ@néncwmhgaoba&lc

h I
proLores St | eyshetés ¥ BLBEARLLA chSSHER] BRoLAbeBLabehE ShyEitich 1
phot or es18t | awbicR48heacsnphgtions p@t tben fiirgett Babodimentl abeaformeid omec

n Figure 7K B LaGs! Uekadld O d N8R AUDOSAR Uik FefloPlaFt AR Y rom

6A6C is fornmed at an end _of the horlzont eam as shown 1 n Figur
Agai n, the ovefPraf8&ep®iti-on in Figure 7L is renpved in the process of

Figure 7M 10 A Sph?&gu%@t aQbAza.me)érlée gthambedct Odtiagrtah@ OEhbbﬁ.ng an
contactor 230 in é h?ure 7M In fhi eg ti"n e serﬁere
Contact “har  <=HaELs vh TretuGhEhRrosest If (e tRNF cihg HueE $he
In Figures 7N, phespghot angenstidrmayers 242, 243, 244 and 246 axe strl pped of f
with use of a 15 s S n Al t

p?‘ﬁ?ﬁ're Q.def '-It d 308 (‘J}_'-Qg Qﬁgéfgz'”@{a%%a& quT e vgzgnéft ﬁ\n

renove the seed | ayers such as Re hin neta ayer
sphere (bal|) esarpie =fi $§r'at:t='a§ﬁe@ftoataéc{<o;§rxslr plrce oREsheRisrBARG a

sol dering, br agzraeeswefdrr@lcﬁingmﬂxalﬁnga@@rtdwt:bma@@msp\tadu/ésedwqtnedhe
above, 20 an #x] nghg of . t hergxg__ tacl;t 23 |.s a lass ball coated with
tungsten or ot 2F tgf“bo ﬁ ?fiﬁé’& The Cbntact 231 is a

bal | corg@ct nade oFlgardsrraﬂ.AI-Ziﬁcarassqhemet;cbélwramm showinmguexamples
copper, nickelg gobﬁlé &rogealdy, &rnear%f" el bRl | B¥oaSeln Lﬁ%ough the

foregoing, the con actor 230 with the sphere contact 231 and

i nt er connect tPEEEUSE2OPs PEQIGRSS o\fptmesffPPEBH stbotineaty af b'ilh? hE"-'esent
sem conduct or phedHeiban t echnol ogy such as using the photolithography
process. Second Enmbgdi ment .30, Ei gur A_an how_t he, second

of the present inve tPoR T ?3 %ﬁlg % secglggaiacfe gﬁ%‘f'ﬁ?@ E§§ conggcli:
cont act &% 530swhesburer dot mm|§1§¢hpeeb0dhaﬁnl:hatf ¢fhet prddent enbedidont
in the foregoiggy Jhgeﬁ\qebaah%oi-’ﬂ%&xf HABhP EShtdDS L At Ge L0 Which is

typically a silicon_35 substrate or a dielectric substrate.” The contactor
530 is formed of a RPMFENEAl e@mSERETRGAS (H2gTaRFhWRS R Heotiom view

of the contact substrate of Figure 22 having the contactors
of the present invention.
30 Figures 24A-24F are schematic cross sectional views
showing a process for producing the contact structures in the
fifth embodiment of the present invention shown in Figure 22.
Figures 25A and 25B are a top view and a front view,
respectively, of a first variation of the contactor in the
35 fifth embodiment of the present invention.
Figures 26A and 26B are a top view and a front view,
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2 6 MAR 2002 horizontal beamexerts a spring force when the contactor is

pressed ‘agai nst a contact target. At the tip of the vertical beam @ feMAR 2002

of the contactors 530, a sphere (ball) contact 531 is attached to 5 contact

with a contact target such as a contact pad 310 of Figure 5. A recess 550

I's provided on the substrate 520. The recess 550 is positioned under the

vertical beam of the contactor 530 to provide a free space for the

contactor 530 to enter therein to exert a contact force when pressed 10

downward in Figures 8A and 8B. In the exanple of Figure 8B, an interconnect

trace 532 connsesReatsivenycof a2t 9ecorRd variptioshefinthe eonssiter in the

i nterconnect | O'E:.‘Ettl-h é?ﬁB@dltﬁé&E@Oé‘EnEﬁe Sﬁf@séﬁtalﬁ{réﬂﬁfgnm rcuit board or

| eads of an | C package (n shown) |, S 5 i_nt erconnectlon nay be

directly made betwecHeERdleg b, A S WA

\%amﬁlle of Figure 8&'he¢~%ﬁ’éﬂ’éflﬁc?lerdm(hﬁ?éﬂ:75 IcE m@/\@rle&eﬁtgliﬁ:?%rﬁ}‘i&ndvﬁﬁl
ic unction a se ayer, for_an electro n rocess for form ng

t he contactor %?0%&5 % Jd%}écﬁ%%ﬂe’i’%?&o %‘5 ﬁrgﬁg N88ntact structure

of the second & _____r&r_l_i,g_mmtar to the exanple of Figure 5, a plurality

of contactors 530 wighfy ti ﬁﬁ%xgtgtéf5€ﬁe n cé% cBlr@ SYM{bwn

he contac s

substrate 520. All o are uce e same~tine
t hrough the sak® Figees ol -Fr-ocelBeseXampliee 015 Br@ﬁughlganMQGSSZOf S
a production p Qeeisehmdimtalehghew hagf eQr'ﬂ&Bﬁé; a NS RirR G Y

process, a nold process (hot enbossing he |ike. The contact
structur &%f FFERtEStaRCINF TS BAsSpR H*H‘E%H\}Yrﬁﬁrﬁ%i‘ﬁfz%ri)r% formed Rm
as shown in FigursulBstBatar 2u0 detlich aipaekypdealiychaasia idati substirdte .

package havi ng ads, so tha the ackag nred on a obe Cf rd. Since
t he cont actorsoggs an'aa%%ﬁea% cgﬁ’t ct sgS %a%an %’e Faor FEFEE V@f?a or

smal | size, a bthquren@tddamm h nfteriabde axe d absot i ﬁgashbleonﬂf@mt the
structures of Lfg ]s ri:%%%nt fﬁ?li “ME“Ehﬁec%'&a*&%o‘i%S'z'% | Dol SHuEQdZQEE-

hi gher. Because_ o Size nunber of cont acto on a
-1s 2 5MAR Qbezsém quﬁ{ﬁfe‘é%‘bcplf%eﬁﬁs Xarhe 91licon, Stlheit@syebazrsb

tabl e th) tfﬁt asubhny as %%n?[cd‘fm&;ﬁmt rpréew53 bQQ.&nl n p@é@ébtel %Inéi\it%éél”ea
I ne. ur er no use e contactors of en I nven

e tormed on DRECGIACISR ARG BHOSESD, 3 e TIRCRINEEe ByOsRaE, SHAEnas
changes such assangenpex at elecexpansibeam,at i bagéx t hbeam i con sphasmat e be2in
of the contact §Lfﬁaﬁ5whqrﬁrr§]tt%1sa%epqast:ﬁesao% wggté&g'eg]ﬂeeueh%s@%%,

300 under test eref qQr e accurate p05|t|on|ng
and the

When the semiconductor wafer 300 under test moves

upward, the contactors 230 contact corresponding contact

targets (electrodes or contact pads) 310 on the wafer 300 to

be tested. The pitch between the contact pads 310 may be as

25 small as 50um or less. The contactors 230 of the present

invention can easily be aligned in the same pitch since the

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

30 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 230 can be fabricated in a very small

size, a frequency bandwidth of a probe card mounting the

35 contactors of the present invention can be easily increased

to 2GHz or higher. Because of the small size, the number of
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10 the contactors 530 and the contact pads on the wafer 300 can be

mai nt ai ned throughout the test. An exanple of material of the cont@ad§ MARZ002
i ncl udes nickel, alum num and copper. An exanple of the sphere contact 531
is a glass ball coated with tungsten or other 15 netal. Another exanpl e of
the sphere contact 531 is a ball shaped contact nade of a hard netal such
as nickel, beryllium alum num copper, nic~Cel-cobalt-iron alloy, or
“iron-nickel alloy. Further, the sphere contact 531 can be formed of base
metal s such as above and plated with highly 20 conductive, non-oxidizing
nmetal s such as gpithetdrdy/dn A BkEbe PeaTadban behedbvahsBicksl, ¥e)rd.exmple
iridium The sphere contact 53l attached to the tip of_ the cont actorm%30
by sol dering, Br&P0g WRkFai Af, abﬁearﬁﬂ VISRE a2 oRaiYt iafe 3HdH%| PereTRemory
shape of the sgeefieeonimpardlllehrabetkd damesphmaeical so that a
non-spherical porti s attached to the vertical bgamo he _cont act or
530, A exanpl 6 of | SRRERSIIGELC Redater 56 rRRtAREAPorad BEopDe gesent
appl i cati 6n mainventd@m00anei n formesl | drei ghhe 5@GiA0Germ isulbstravet al220,
| engt h, and ab .30- 80~ i i o] ' f =cmshet .
contact target SHZoRRTAY LHIGIIINoR s b bRipRraEl=d’ RBRRBiBH Hilkio
contact 531 iso%0.wheHfklEpon 3 SyhatTatehgarsf theesamm Bs pebassl cofi tthe

the concept of gbh cBnefRHor W} FD0 Dindiére ted.9J ThRQWraReE X3R! acfurate

process for produging 35 the contact structure of thewgr sent invention

t hrough the ni BPELEB GWRSH Ry CORtAEHRY 0238 ﬁé,t}t‘ﬁep-aég 319 gan
MAR 20021 pr odubki maipteadessi adhidieglioudt acheort&s6. and sphere contact 531 is
expl ai ned based on a.conbinatian, of phatolithography_and m cr hi ni n

processes al t hough %t"l%‘ esse%&‘c%ln&dﬁ’gf’g’%gﬁr 858t‘?%§£b¥%§e‘§%e%sar?(g%§’§ Eé’nq;a‘:t
applicable. 5 shricgure davingHheorewitacteye23®4oni shéoshbicon shbstrate
substrate 520 byoa ppgt abihBIGSHPRY RhPELEdnnadtl dh RARKOLLENBI B arg or

process includes the steps of_ photoresist coating, masking, exposure, an
phot or esi st st ERBpiRgPasSkrge @8 NRESANaPRVEMe LR eXAMPREEgRENBLIVKESN 6Ax 6C

phot onmasksi s 18hawi hesi 6Vathide Riplesr eSfstelaytfidel pathhatot Borm such
phot oresi st layer 542 is exposed vg.Ih ul traviolet |ight bafed.on Eﬂhe
battern print eliBREFRESRITOMEY. 195 ot (FURS PR g Aol e, 48; ¥hick gush
t he phot or esi stncelectd-inal heonpegtiéopoisi matalfl ishedhat otmhek tzp defi the
ft t t is .
(cure) after %g%ggg)égqsuﬁ‘?gg;gesﬁ’awg aq‘f"re'ts)&é?&plé‘%.rfszvgﬁ%?x éﬁnebgchlcal

di ssol ved and awnay, Vi % oto ma I"ayer I gure
whi ch defines @PNBEERARG aF®aeSt esh a% ckhgg keteassofathedenbsgrate

(groove)zportiwRibe5 rigureatted showse anlibskampte 53 aghsbRAWar Nekegura 2A.

20 The photoresist | [ 2 40 _Flgur i s remyved.wth.use of a
di ssol ution so??%ﬂ?9%¥§nFi§;lsur%on’g?fgaatga'gﬁff ?‘gﬁgl opj)fgﬁtthesﬁﬁl’sstﬁ%??réd M"Wé:
i ndented portianyohyrae ofihexigstdng2dC packager Absdgal opaprobagcardndéeésign

for exanple, ofafi bicenlidid &leat Sh@ake! HrHobs ac HeP QTR rIRaeSSysHEh A5
chem cal vapor_25 dEEOSItI on (CVD). A thin netal |layer 537 is fornmed on the
substrate to fEHEYFER 88-8%l ating seed layer. In Figure 9D, an abrasive

| ayer 5485is fornmedThe tkempiieabfl Digure3dAoiaclulieshaa ihteptvnhieritngraeel

(not shown) is oyh ded .dj mi{ t] 0, h go
abr asi ve | ayerzgél&Xh % g%g"'l r{ea%g%d)b. girga'fd PAOI? %Iﬁ%g%rg}érg‘%\g/% E%%/ler%_ 4835 §he
epoxy or pol inbétEFFﬁo@ﬂ manyhet Hartergannect stapreealkd@ fesialpl bsheaclam
m cromachi ni nge 80t ri BCLHESS rabne kfe! EBALRERBTBERI Ebnehaos?hteecbﬁﬁ%tbgala
machi ni ng tooI% a plaﬁrra beam machi ni ng toqgl .or .other togls. For exanple, a
33. The example of Figure 6B includes an interconnect trace

30 232, an interconnect pad 235 via the substrate 220 and an
interconnect pad 236 at the bottom of the substrate 220. In

the example of Figure 6C, the interconnect trace 232 extends

to the edge of the substrate 220. In each of the examples,

the interconnect trace 232 also functions to fan-out the

35 small pitch of the contactors 230 to a larger pitch to fit to

the probe card or IC package.
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35 | aser source for such a purpose includes an exciner |aser, a carbon

di oxide (CQz) | aser and an ND: YAG | aser. -20 2 6 MAR 2002 A pl atizlgﬁ MAR 2002
pattern (A) is forned on the abrasive |ayer 1543 by an el ectro-thermnal
energy of the | aser beam as shownin Figure 9D. In Figure 9E, the horizontal
beam of thecontactor 530 is created by plating el ectroplating
conductivebmaterial in the plating pattern (A). An exanpl e of conductive

mat eri al includes copper, nickel, alum numorother netal. Al though not
shown, an overplating portion ofthe contactor 530 is cut out to forma

pl anar surface asshésnshows gar eagh e Thignsee fA 1L priduesontagtpe 230 las
produci ng t hev i b ] e Ko clyor 0, | i 9 aht asi

| ayer 545 is fg%tr]% @gr}t e gagggrge%ﬁdh?haéxﬁ?c?onﬂgcﬁi%%% E%Fagllﬁuect%?ny 2
wites a plati BBhexet dbaldn GRasidAl | afde spherphgontach 28nd Ha thand
(B) is definedédhtalhe YBPSiven | ay@lahdber | O Figphe P& E£REmPEE. I GHd made
beanof the contact T 530 is creat eg b{l el ectropl ati,ng t he abovenot ed
conductive nat8fi 9La8P FrRaped ¥hEhpk P@F’ﬁe(‘B)"FAasﬁ}?é‘{e wahct $3€ @Rhewke
attaclhed toht heotrr]xi:acazf 2Blled@nhatt10énf)6@1(;itfbt&lﬂﬁ;‘]é\8é & elcribiiig %@fdcﬂ; twhen
exanpl e, 20t he sphere .contact 5 i S n o_the tactor 530 in este
shown in Fi gur@gﬁls?efjn aﬁagluqset ,et%%r&a%%s‘lg?/lég?%y%? %Yl%%SaaWStfh'é oxide
sacrificial patayB48 aForstexgueleofif vihéiusentdct sargetl 330/ eanthe wafer
Figure 9l, theﬁéghﬁéﬁ %ﬁﬂéfﬁﬁﬁt&&di%'&été@fﬁ%}Otﬁ@eséPﬁbBEnbh"effecc
contactor 230 by25sol dering, brazing) _ welding, or applying a )
conduct i ¥BadhesPva19ReFBREY diRvestaRlighnpile orlerd rdmerantdftacticehl Jaw

gl ass bal |l coatgfitucth dewigiisive®y ot her netal . Anot herexanpl e of the
sphere contact 531 E a ball coptact de, of 30a .har e al such _as nickel,
beryl 11 um  al um nunTAEoRREATE CReF S oBhI ERRr BRT4RORy 210 09am, € fpERERAeS dn
all oy. As i n t happpopgdiateg ddrtaomtfantas &3instvi tige hoonzaot abbddasiand (Tee
vertical beam 26, (oF IS} r d h iy cO t
520 by the phob S PERGLERp I aRanad; by o thed! hELFCefck Be qhd PRt LAY £
struct urkSof Filggpram 9| alsie unaksioms o rarrensdze rthe ¢dbbferenges: Aa sige

(Zj 6 'VARdI ;JuZ CoOpt %?Jﬁorfmt@tﬁtatgahebft fﬂ@iﬂbét(mhemnbefvetan:iﬁctaiei $ﬁatéa%%%ks
ownwar 0 exe contact force agains contact target. ir

Enbodi nent 5. TR0 coRBScE L 1qRE (PEBFEEEE £Rr 1 EENSORASY HAY | HE0 pRBdehe
i nvention w | |sémideaductet waffer ¥t ence to Figures 10-17. Figure 10
shows an exanpl e of ,¢0 C SLEU re.qh t S I i'fﬁof

w th a contact subs ra{%?éo ¢ @n JEEa ltll"j'.r%alfglllt y&gf%%ngg%%:(%?g%%g : hghg&%des
contact #@ 63nifkelo pRrRbdBEBE™ HARIgRORPS&N codduce¥rmBledRE | &her sphexe
and nount ed or\:&ﬁegaenmh sybat l’g&ta@:sﬁgékll_'rh@oﬁeéﬁaﬁitﬁﬁl&%fgﬁ_ t%lé'@z@rh@}:élerA
grooves to acco at e gantactors in nner. shown i n_Fig :
sphere (bal )C‘E%%ga@fegggl i?“bort %eed‘aé?pqt%eofiai'{Feofslfkh%r%o%?%'é?ﬁ‘; gég 16 2
est abl i shi ng évaltlr istwipekb conbramkcatiden of t B dhagghtmetal asgeh d$hendaokedct
substrate 620 y I ti ; r t - S; em uc
waf er 600 to bﬂééfgg%ggﬁ{t'ha%ﬂtgﬂ]éﬁ‘\é{@ht ac?grs '6318{5;5%’:3&?%%1% ég??li C"Qfﬂ;@, o
connect i ¥hs witFeRhBickslc R or TR¥ereBoothReAPhLESs SPRGAGE cd2h BBRebe

20 Al though onfyriea oPiBaser metilsarsacthond hickelyr @lighirun,ar §6ppeFber
of contactors 630 w Ii besal i gnlgdvgna tc?e 15:.{:%5 raLe gZO Ln an_act #al

i mpl enent at i orP BPeF Hat §8% P cBRUZT LT &35 % GeRLY FRPgEChaYSer NER-
contact structexiédizipgproeitatd 2Bchhrasglgolide saibkvern odmkedt opalladium,
production proggss:om, anibheeqog,owzsb&a&%i@&qmas Phb! spﬁeﬁépbahes@t' 3h9 i
Wien the semnm conductor wafer 600 under test noves u d, the contactors

wa
630 cont¥t widhtashedspbPditie cEAPacRL t &hget §°’(‘EP€EPFOd’%§%‘) &Y saldgeing,
waf er 600 thr ayehzihg, SRETEi BNt 88t a3P1§3hg EecHhBGht Dok WerIhddig Pads TED

may be as small, as 5 ~em or | ess wherein. the.contactors 630 with the sphere
Cont act o 631 HHaBR<PFy hE SPPGTEICPREARE SakmopP: B BPRLEPRAS) Cale spadbat
t hrough the saae rastd sphdudital ppofdutdhon Hr aceschesl t be veher ) T the
made.

vertical beam d of the contactor 230.
35 An example of size of the contactor intended for a
probe-test application may be 100-400um in overall height,
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35 The contact structure of Figure 10 can be directly nounted on a probe
card such as sShown in Figure 3, or nolded -22 2 6 ,BAR2DDZ in a 5 & KMAR 2002
such as a traditional |1C package having | eads, so that the package is

nounted on a probe card, or interconnected with other substrate. Since the
contact structure can be fabricated in a very snmall size, an operable 5
frequency range of a probe card nounting the contact structures of the
present invention can be easily increased to 2GHz or higher. Because of the
smal | size, th&On#didgm dh bontizonbrd E809bh, aapd clwoutadd -Edumba i mérisdsezss

to, for exanpl g g R0 (lrtrcﬂloﬁ% 5\6{,1'.110%&:%\@%'91! %oh@.atcﬁzﬁza%ée%ngz%s B%ancgtged

nore nenory deVI ces I n " para sane rnore because
contact ors 630abbvehe a5t eeeamplevefit Hdamgters ofmitherrenhere pentacs @20, is

which is typi C@b'p)h a fblikoer, SHbﬁi&éi:eraﬁé'é( ISRl 8RIBSsEIH) Awik hin
temperature expansion ratio of the silicon substrate are the 15 same as

those of Bhe sEREcGARGERS Qfaftdle RRPIRRferiR¥RRL1IGRerefore, the accurate
posi tioni ng bet ween il re@N a7y SHEW a'pmcteimpr@r&ﬁcpr&@ésgt So8Zpreatuding
mai nt ai ned thro#g\nout he .t est In F| gﬁ each_of .t he_cont ac%%&_s 6%9
has a 20 conduf BFte%s 210, & bgﬁﬁfer‘l ke lBKEPEI R IR of2
mat eri al of thgsemdedndlcte agmdmmmctedhnomogyel Slalm aausemd eppeiuctor
ni ckel pall adi r

depost t abl o b epAus Lo betbfeT o 1Bk ades TPABLBTAERRFAPEY procese, o
the 25 cbaductmerbay@cha@arm Priesesse @ mddt brpeess. (hntegmhplssmg)t.hemd
sphere contactfial iﬁké gl agg, behhsCOéksﬂpw h éwgﬁz%axmu%he I{H%:.tna 38 is

Anot her exanpl e of t here_contact 631 a ball aped cont C

a hard netal s®¥R aénﬁriclémecbem B thotofr aE:l?iprF? nology. Such a
ni ckel - cobal t - phﬁﬂoah.h:hbgr@lpl'@otethhoﬂbglyein&lhd&s tthe tsteips bifepRpheresist
contact 631 can _be.forned ase t sug bove,_and pl at ed

wi th highly coﬁﬂﬁgﬂqgé mﬁ&% % 'di Zlﬁﬁﬁogs%ne al s&ds&%nor&%]?es é) gthgPRnﬁ & Ils
pal | adi ub$ rhodediin knpUKlellngd;Im agt.iridium The sphere cont act 631 is 35

attached to the tipygf Fiaﬁrgoﬁﬁa(% %hﬁ%%é@é’f‘@-&i}ér"@ﬁﬁ*ﬁﬁeeS%@ %ﬁger for

sol deri ng, brazing, _welding, or _applyi a conductive -23

adhesi ve. The %ﬁaﬁ@ler %ﬁepgaﬁeﬁiedc%t%% i com %’@%ﬂ@pﬁéﬂ -cafn"&“lel‘&i’tl
a non-spheri calapestpan is atseeleclayertbe @@ldl@@étépélc@fléﬁf @@ﬁduetwquy

| ayer 635. An | e of 5| e qf .the caont ct ol ed for

pr obe-t est appf 2??6?5‘ REy E‘g f&&eﬁd”t&ﬁ HATR 0%31% cﬂco 6"‘%@8%%30 of
hori zonta® | en§idurendéabtbro¥ht0-aem il edtixkmiedsindr pmcepssch of 150, rtnhe
bet ween contac{n{argshfectn t%@QJ'z%zofarﬂi Bl ti‘_ﬁ) Spher forfRBaathrd

is about 40~cm However, a w der ran “H_a_;zes can ossible wmthin t
concept of 10 ‘?Wée‘p'régﬂ?ﬁltr’r\?é‘nﬁr&?e EhtSRYt %qu ur%h%fsﬁFauP-éYP(}'
the contactor 39 basuandaeesé4y.WwhAtbhoaght sachesn tel ¢dierspbat i ageptdeesAn

i nterconnect ty 4c 4, ] t | | &y at, .t
bottom of the 0 b§?$§?%é§2%$‘°§§ %eg”(‘:‘%%n%gtt%%%%\&%\/\/ggngﬁ ﬁ§§-‘§ﬁt te7fs‘cch)’(r?l)n('-imtd
trace 626 and the simdday eondyetiveslpyemsdares irlexawped, mdmgneaSUCh

sol der bal | Ormé!@aloq%yte)m_,esapé sﬂadﬁctllnveaeélh@éusmﬁqef%&bssf@gﬁlége
further includes a via_hole 623 and an el ectrode 622 he el ectrode 625

to interconnect*Ph8"8BAPRct substrate 620 to an
In Figure 7B, a photoresist layer 242 is formed on the

metal layer 237 over which a photomask 280 is provided to
30 expose the photoresist layer 242 with ultraviolet (UV) light.
If a positive acting resist is used, the photoresist covered
by the opaque portions of the mask 245 hardens (cures) after
the exposure. If a negative acting resist is used as in
Figure 7B, the photoresist covered by the transparent
35 portions of the mask 245 hardens (cure) after the exposure.
The unexpogsed part of the resist layer 242 can be dissolved
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20 external structure such as a probe card or |IC package through a wire or

| ead. Thus, when the sem conductor Wafer 600 noves upward in Figur2 h1LMARt pg2
contactors 630 and the contact targets (pads) 610 on the wafer 600
mechanically and electrically contact 25 with one another. Consequently,
signal paths are established fromthe contact targets 610 to the el ectrodes
622 on the substrate 620. The interconnect trace 624, the via hole 623 and
the el ectrode 622 also function to fan-out the small pitch of the

contactors 630 to a larger pitch to fit to the 30 probe card or |C package.
Because of theaBgr Waghesk @awasf, theawidign thacuredohgtarrsioht haver @3@ of

the end of thepggqgrqéct-;ic\/qlg wWidRgWP AYSESt Eng Yddd td8d) contact force
when the sem conductor wafer 6Q0 i s pressed_agal nst the substrate 620. The

sphere 35 contact 631 8teCh&opPiadtdna: ke RPBREQETNRI LN Hhsr PasEernsfqrmgd by

hard conducti vehautghoedl ﬁﬁﬁogbﬁpﬁ?h%ﬁo@@@é adGin NPY§SréN M, 2¢reat thd/PRRhe
2002 horizontal direction of Fi ai nst. the contact

10, when d d
610 Ther 5t or e1PHCEEPRBESIy LEAFE23% MPIGR 4EnPebbt iyl SROWRe LBy FAGUE S
the sphere conéAe6C631 i ulexampd epenét r ehes ddridwghive mektlerddXie ficyerh
the 5 surface g{xtéﬁéo%@t&%z&a& 6y L rwSﬁ‘fEL-.eth'ef Ag LA get, 650590 hhe

waf er 6d0 has um num oxide on 1ts surface, the scrubbing eftect I's
necessary to eSoibbwihgt lating r processest meindesy sbrkatt rdsiminume and

The spring forcgpger, vedehedMehs Reamdidd e g tdeenkd foat agt 85».-?%%
provi des an appropriate_contact force against the contact targef 610. The
el asticit9 proRficedeBgsikdosyr FRGIPIANESHf CBRe B8Nt ¥8EAstiRct HRiS63PTrRCSss

functions to cmamaahﬁ Vaeutin [ RIeasi o, Yathode sPertébthydtvapoeiphase
e substrate 620, the contact target 15 610 and the

flatness involyed in_t
waf er 600, as %%P?Sé’él‘f’ﬂe contactors 630. Figure 11 is a bottom view of the
contact substrate 626 theFext estldd Iwhowrg i Fhiguzkei 7R, dnatné agphosopd8iskn

an actual syst laf-pet nlmﬁg f _co t S ver al r

or several thoﬁé%%gs 1294\,%”9' Ir"sbe a |%C§r)1e88i #ﬁeggﬁﬁeﬁoﬁiﬁlﬂ%n %{?esgi
Each setl®f t HneRReFcoRhetelithogmsphy « er9Feshol &362Bexiemed o @Bt r She
622 establ i shgshatsre8akthPaafetr 243 thigidd B PHItRMAsKONher €Ak ShoWhg for

conductive layer 635 as well .as functions_to_fan-out, the.s it of the
contact st r uciTFRSIEaE: Fhe RUTHASRA YENTRESF] 240 WY S, e TARHE o PE
package. Fi gurssmdPingdth?e sinowrasdnres iddtaipgledt inge paditermns conirdows) 63te
of the present_. io I S&s i opal fr Vi e f LEl . 2

t he contact or %%%gle%éél udes sg!il icci(%lﬁ gé§§§%40?§é bo‘riglﬁ‘lls_dop}eg |3€§?Wé§’§l and
an 30 i &l at ioFeFEyePlabing, RERFEFBn ttda hbasendiveyticakbyerssan ©f/i hhe

the sphere cordatabBdrabzbhenesd i5esepbrtiba Bisheph NI HdBeBagnaBe is
angl ed support_662_tq suppqrt the finger [|i portion of th ont act. .

St Pucture 830.C7eAbEH) B85 MR FRaFRAPER, e ol cdvSEBPBFECoES Sion in
produced t hr olRfig@6e a7F ars semaysd iax thengrpndings (phamaxpaing) cprocess as

crystal line. The-horon gegedel gger 648 is to function as an etch stopper

-25 2 6 MAR 2002 .
25 A further photolithography process is conducted to form

a horizontal beam of the contactor 230. In Figure 7H, the
production process further forms a photoresist layer 244 on
the cured photoresist layer 243. The photoresist layer 244
is exposed with the UV light through a photomask (not shown)

30 and the resultant uncured resist is removed, thereby forming
a plating pattern for the horizontal beam ¢ on the
photoresist layer 244 as shown in Figure 7H. Another
electroplating is performed on the plating pattern so that
the horizontal beam shown in Figure 7I is created. The

35 overplated portion in Figure 71 is removed in the process of
Figure 7J.
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during the production process. The insulation |ayer 652 is typically a
silicon'dioxide layer to electrically insulate the conductive |ayer B3 M;LR 2002
fromthe other parts of the contactor 630. 5 Figure 13 is a top view of the
contact structure of Figure 12, wherein a plurality of conductive |ayers
635 are shown in a finger like or conb |ike shape. Between the two adjacent
conductive layers 635, there is a free space 636 so that each finger (bean)
portion of the contact structure is 10 electrically independent fromthe
other and is nmechanically noveabl e separately fromthe other. Such free
spaces 636 are credtedptddacgh anteheyt SeéropeLl epobtignp ot eShe NARE ZEyL
by etching a t he_pr LK tign t.he silicqon,substrate w thoyt
havi ng t he b\é\gﬁr?’doseosﬂé{f/g%%gggj lofg%% 1?%0{1rf'ﬁerp59‘6f‘§faﬂea°ﬁ‘at € Iﬁ‘b’ﬂ?‘gs
14A- 14K show photcmesistofl gyenc bt figr Riguther 7Kg t By contlactdng6 20 fafrther
present inventi rﬁ%@g; p lLkh a I | npl e,
a |large nunbe%’hg)gogg‘l rs Jl%@f]tggtbglf'lssga?%{fgpﬁe on a si ?%ogay%blztrségé, a
and 20 e&ch prleting patée@ymaéosr therverstpapiteean rivnfomiedtimeFigure 2 er

stage. In Fig a : S} 24 i i _
substrate ( bagg)%e%igﬁeﬁgag%g?gr Egigs{t’élilg{t/grgi&%&in %%@gg e% ngSE)L rdc};é)ét;osp%d
I

| ayer on the it MR r dte e PH ERguhrrAgenERdwvbean 9t shewr (kn
al i gned over rhguge i7Taon subaingt e bedrplated hgopbobaxas Stidayer 7642 e
exposed with uItravidoI.et l.i ght._. Thus,%fegatter nﬂazch as shown in Figure 14B
which is a top®TER of”ﬁﬁtﬁ%’%?% tEYEF n"Whi ch specified portions
(etch-owb) 643 show Sphexer esbrifaqih@3IT asaytbe estt dcided roon the eiposff aHe
t he ul traviol ' X e t _Qf & h resj st, 64

di ssol ved andgzﬁé‘ghgl& élr\/\/a-ary}e0 IL%SIV?I% gﬁgeépggi rFlagglr%t %@outshgo?x?ll%n(séﬁgggﬁ(ﬁf

t he silicon sthet eRhergsgonsacst ¢l lsdspbanded toutheacsonbachors 23dpda ithe
the upper 35 gsHepaGhnt e Sriderd F80StTghe iU ¥R Rald ephol x@&%
cured photoresi st showi_ng _the specified Iforti ons (etch-out -26f> OF% 6 SF%
2002 areas) 64#3Y®B8cZd<e Sfh@dh AN A4&tare RFsiRREd | @bboYiFBnyses el
the silison sgpetiale suilrexite. Notarmopedhihghipriddestormay beussordicted to
renovi ng the resi st _int i 643, er i's
created as shge\ﬁﬁﬂgigﬁSE?lg?uﬁsg e%4&%3%%[vé1isg‘gé} He btok?eoﬁ&l;gdg%g#i ir'lgge{:héﬁgl’ayer
overthe silicon subdt FAgure4dOegxthgt spherke (bpdd) f fedtartagd3d43sTattecheshn

(:)aﬁeéI substrabe G it'a)tpt h@fsnﬁi‘ét 'hf Rt QY 643y _tﬂlafu§o§gaﬁ%gnd%bkmg,
etched away in .ani sotropi cetching prqcess as .be describe
‘ater. 101 n FiYei@iBdp, OF APRONBRR GENCUFEIYS) aghPEilSs oAt BSisfeabove,
producezioon tér aerppmpleupifathenmphHdre ntaets @Inces o tdikbass | badb coated
substrate 640,;Ije ﬁhégﬁgg dioxtfe,! Q%EEIQSZA%@EReLU% Jn?ﬂeaéfaEh%nghith‘%r
when a conductive Fay r S %suc as shown in Frqure S created. €
silicon di oxi gentager 239541at at Raldot Fontankf madeofof Haaxd| mesals uchares
640 is tofunchiereds apbeehahimwEk aumidumur &dkfer ThensdkéTongbaxtds
| ayer 654 is %ﬁgoab\;edf)%prlciu h a .phot.ol gﬁgg’r aphé%r oggss to Eegfr:ene .an et (EEZ
area (etch W ’ 650. 'iIEECQ?ﬁilpI ; e et atBa @ | e rat
about t2® cententatf0trhe 23t owith t hbesi [Spleresubstnbaet 64@3I1n Famdr e théF,
hs 5 known | PEREaPAeRtOFEaRel 282 L0 e o Rheobi1 2EBnoHIBLE S50
in a(100) cryRYathe| semicanduabersprodyrsion §eebnelpsyf surbdast hednghthiee
ani sotropi ¢ ehkbt8Yivhesrabtairdcedy ovi ded atthe etch area 656. The angle
ofbtPe tgrogze Ls 54. eldatlv to t?ﬁ bott om surf?(iil;)f thetsillfon f
substrate . is e sane as a crystal plane o
t hesi | iz®mn substraFdégttes Beanphds 8H showamhef weddnd pmbpddednicnadfidenhsDP
(et hyl ene di am r ol ), (L.e yl _a i j.de), and
ka1 (pot ass MRCRSHEoSHaERERBh,  INTERSEPLIQRBLAY 2 0BRERUE SHFREELEE) naE
35 shgwnit n Fi @zgamngrsm}??g@; aﬂwtzseziss_sdmgg ;gh%sd:gmtz;apﬁ the
ependent upog; Yo ehehy e 5 i n :
| engt h of theﬂét cEi ng procmess. Because g? tgge,g%érljmon dopeed. I a %? 8 8,%ﬁels
etch is stoppker@ed: RN bér ofubPafERtE27520 2 whighRr 2802 YRHFaklY e & hgilicon
speci figgl ar easpb8dBavet bRUla DI STedt £i€t 6iBEC2YRY. I aRd tddikddtdPes5pages
636 of Figure 1§m en t he bgamgortéo S areac t into halg g}s w ll be
described | at EPT™BEc2fs & JFOThECBpate 8T, 2hch ¥PTFASALoMSAM JrRe¥I0 Bre
5 physically separated from one anot her.
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In Figure 14G a plating seed |layer (not shown) is fornmed on the silicon

di oxi de | ayer 652. A further photolithography process is perforned og B}T‘YAR 2002
silicon substrate to create a photoresist pattern for form ng 10 conductive
| ayer 635. The cured photoresist 658 resulted fromthis photolithography
process is shown in Figure 14G A plating process is carried out to produce
the conductive | ayer 635 as shown in Figure 14H An exanple of material in
t he conductive | ayer 635 includes nickel, alum numand 15 copper.
Alternatively, a variety of deposition techniques can be used in producing
the conducti vep3i8lofi3n i i c4lu 0 Lan t e 1.0g
vapor - phase deglgg?iteziroon. Thg%)ﬂhg%}gggg?s% %%g?(flg F§%§e3h§§ Igli'lgurc??1 }th&'r%eis
20 silicon subPreRseSATFINGE 12| GPRLAGKfta¥ILhe center thereof (beam

portions) as shown it Fiegiel e ). oeNWBREEIvEPELEQDS BéaROldE CRMlcIOl dh€ the
silicon substrate 640 ma h%lalso be cFlt& out%;mg ?here contact 631 is
attached to ealRAFRGT LonduEPrsEe 4 3soptaghowr} nlgi ghFachad to
The spherg 25 eomtacit Gliltltan bentatacheadget tdurlprasessconvasti padi 310 of
Fi gure 14H, 14l,.or 14J. As,nqQted ab n exanpl.e .of t sphere, conta

631 is a gl assbﬂ'gl"'lrec\c])sa‘[ edAwirteﬁ“:"t’%‘nSésffoenil rPEP&gFleﬁetog &%of‘ﬂéf’tﬁ?&ﬁpfé@%f
t he sphere conThet ré¥kss S5bhas pdmpetomed aindent bhe wedtichlhbeameifalthe
such as ni ckel ryl ld | Al o} , aRLGkeEek-Co t - | 1.0V

or iron-nickel cgﬁ@g&% ':%ghefj3[:~;,Hpnhtec?eﬁ co‘?l%g&ctQG%gléssgéggchgg ?ggt ﬁgh'[e ?E% (SJfIO tEhBe0
contactor 630 Bp seMER¥i fierrini ¥@ SBeEFn@R 6Pn&getyi Fereecirrt Pressed

adhesi vez oFi guaswhwair@ ArfMidfurestaQnahd vagW show ng anot her 35 exanpl e of
the contact structure in thi rdr@?bo‘g%r’g:nt of fthe present invention. In the
exanpl e of Figure 1317 {H{¢ SGHRAMRLS - iguge 28821 Rt PHEPORECEs trace 532

configured w t boaneeneagrttcsubher aontA2EaroBE 6 nijsaaflsor allidwh of o Ccesttatildish

730 on a pl ana f t hereof . .The cto 3 e_produced throu a
phot ol i t hogr ap ?igr&(g%glglse%%% gm%gl ﬁﬁt%gD.CJF%eo%e%h%cfsag?'r u%%urae Psflg&Ed
posi ti oned overizcydii boaadcosr 1eafisr of 0an hiw iparkage aglot ahpwry) 716wth an

that whepsthe gaRbgebnilddtaion emdyd bBe 3REEE:THO mide PIRSSREW thePNSuter
anot her, electrical conmuni cat hon i s established between the two. A sphere

(bal 1) cont act CPBPOPENSS#defingt CPREAFFRT P3P kR ddift SRR LA @Lf Siigure 8A.
establ i shing 18 ehdel metall chayemni 53vi 48 whbknt iey Chrhansds teX g&hd 788. which

Unli ke the exappl .of Fiqure 10 .t tors /30 1 | X le ar

nounted on a f?gflggﬁrgp gcé-’l%o t‘arlleee %olﬁ%eglfnésﬁ%s I}a?leeg%&%\g#r%“g,sgﬁclgﬁgl %r?gi:l
portion 762z ofiormdngi [theocontianton S hae)wi/iy kdodesenilbedulate?d neet s
the 15 fjgt surfacergfl the CUHGsdr SWhricdige’28r i CYRLRHOT Emb3Aifletit

fixed to the pla aiasurface at the_botifom of the conﬁlact substrate 720 with

n
adhesi ves 770 SLPA18% LONFRR TEAPRIG: O & 1R iRre @ PAYFRE 1EYARSI €OBFEEGHS
15, simlar tosshewdcdnyihe dpldréi gontadbs &A1 magr benrntmdd ame & 24onton

d i I
connect ed 1o 1 henconducl byg | ayes JBRAL dhe ROl LIS GOURLIES ac ehe

substrate 720. “connection befween the |nterconnect t
conducti ve | ay@ame3stime dhroygh EhepFame; PERGRCHRIGR| RFomFses2@n Thae

contact sgibstrai®iédn Eubbh@:ra_tien@zlmdesSﬁﬁhaavbﬂoﬁﬁbﬁi633gi¥ade§§ ehegutede a
s to.interconnect the contact, substrate 720 to ari

722. The el ectrodg iZ% [ T .

external strucPiPECLEERCIF PR BFPEHY 7 METRTRRRI PRI UBROGSRPr e 2omold
| ead. Thus, whpnothksss dimoto reaietssinglf erand Xmovkikepward, the 30 sphere
contact 731 on the E.ggt ag&qﬁéczso ,Tai)_}g%é‘%@ec%qft agig{l?éget ZI(% d\(/)vin?%hecarh be

sem conduct or waf er 0 nmechanrca nd electric y con / eac
ot her. Consequdk¥egtly SioymiiedhAh 3 Praheitrarhench 038 t feownnincFigurges,

710 to t4e el egfra@aae? PR tahgpaaaﬁé,t SUBB! I €3 72Qadlke Jnalier E@NPRackade

trace 724, the via hole 723 and the el ectrode 722 al so fupction to, fan-odat
the small pitcha¥fnghieadfrasP ERRRCHP Rackage is mounted on a probe card.

Since the contactors 530 and sphere contacts 531 can be
fabricated in a very small size, a frequency bandwidth of a
probe card mounting the contact structures of the present
35 invention can be easily increased to 2GHz or higher. Because

of the small size, the number of contactors on a probe card
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?3 Ato a larger pitch tof it to the probe card or 1C packae Figurf 16 is

a schematic diagram showing a bottomvi of the contact substrate of M QMREZUUZ
15 having the contacto. of the present invention. In this exanple, the
adhesives ? i 5 are used to bond the contactors 7?30 to the contact

substrat~ 720. The adhesives 7?0 are provided at both sides of the set of

the contactors 7?30 as shown in Figure 16 as well as the corners where the
contact substrate ?2d and the silicon base 740 engage with one anot her as
shown in Figure 15. 10 Figures 17Al1?D are schematic cross sectional views

showi ng a furt bah Beafipteeaedr aaeSSQfOéxmpwcz,rtg)d htm@mcwmg)faﬁm to
pr esent i nvent In this pr O§§SP a _contactor

produced which ﬁ§§ AR M A nJF&8) mSB'PWanV*gflsnépl aa’;%%i gnatthé:he

base of the 15saowet &dher.. The inclined portion 7?62z is used to nount the
contactor on the pl C 0.En nner
shown in Figures 18%%n&h%%qqq:rﬁ 'Fq;euée O'?Rg %o’?%%éé opec(s‘jS:{(z?iy"?aJrf t)ﬁﬁng csent
f ormed on5t he $nveogsdorubder éoemedoonmttamlsxm Bubstzatk- 620) wardatichs
20 are defined, msgh abg-zn@hvfi%ﬁq\ew&tah b%%ﬁo?o gbﬁct s|sc Laygégaé%a%m

as silicon di.ox3 'S prOV| oped | ayer
establ i sh as af*PARSion FRUiy QL theisibirrRi bk, 5?%y‘éf the condjag:

provi ded at tthbQEEQE‘eOfaﬂé'lQ:ﬁé|$£ﬁé abshbake o4t RS SHmBtSHIHBEEr Nafer
etch 2S wi ndo ef i ned th si

t b s of the substrate ?
bhot of 1t hogr apA o PBAEES EERbL SRBRRSEPEE: of PovFHEUBREPREH £ bRt BRtween
t her et hr bagh atshaotedtala@ms BB® anidsahleopbntatthppdsceasthe vaféar 00 @an
the silicon su é_g_iﬂfts ortlons ?62, and ?62x 30
along with theg% ﬁ'g&?téﬁ%gy;ltqﬁoq t%{p te%con substrate 740 as in
Figure 1?B. As not eanatﬁ;saenplw@fangrtsn@lsmf? whehcpaspetont $iheibeslugias
surface of si |h§811e§UbSéI\%§n&ﬂo arftl t @opplervel Y ard héxéﬂ?héne&f PeHd ng?x@aze

can be made by di ci n% the silicon_substrate ?40 rather e etchin
process not ed GPBEBCEBSHUSES t ReIIFES RE pEPRFSHsWHER &P@%rﬂo‘%d%‘t&#
the borops thidméthlconAnditigriexadnplidiast thd sphekrd MR ZOOSAL s ar dall

et ched away, Ieﬁ‘;‘/l g tggn&?%%erm%ugnbgfl | Eot 0% #ctHrga t bocL_H s$ge nlc&(

substrate 740 ure rt her hograp y process is
perfornmed to f@w&lpmorébﬂmnﬂﬂayerco(gmr:sh@vml}ekoc@haltalsm}orﬁikaQYveOr

llayer 735 is C{f@hegllt:btequgm%ypl alF@B RELCCERe Aphkhe %%c@fctt%l can be
conductive |ayer 73 % here contact. 731 i bondi_ng

d.th
such as sol derfpgme rﬁ’fl 1S€ dTef S B Vdépﬁﬁylaﬁﬁvﬁ @gﬁﬁ@ia&%é@h i P&t

resul t anzo cont@shdusetive,anensokidizangnmapal spsuch asshapd, 18i3velr ,aniskean
in Figure 17D‘p§ff£&§uﬁ\qboxqil£@mm, nickel gold, or iridium. The sphere
contact 531 is attached to the tip of the contactor 530 by
soldering, brazing, welding, or applying a conductive
adhesive. The shape of the sphere contact 531 can be
25 hemispherical so that a non-spherical portion is attached to

the vertical beam of the contactor 530.

An example of size of the contactor 530 intended for a
probe-test application may be 100-400pm in overall height,
50-400um in horizontal length, and about 30-60pm in thickness

30 for the pitch of 50um between contact targets. As noted
above, an example of diameter of the sphere contact 531 is
40um. However, a wider range of sizes can be possible within
the concept of the present invention.

Figures 9A-9J show an example of process for producing

35 the contact structure of the present invention through the
microfabrication technology. In the following, the
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Fi gures 18-20 shows the fourth enbodi nent of the present invention in which
the contactors such as in the first enbodi nent are produced horizok § MAR 2002
rather than vertically 15 on the silicon substrate. Since this production
process requires |less steps) such as a single step of netalization, than
that required in the foregoing processes such as in Figures 7 or 9,
productivity and reliability of the contactors are significantly inproved.
20 Referring back to the first enbodi ment of Figures 5-7, the contactor 230
has vertical beans and horizontal beam and the sphere contact 23I. The

Cogt ?Ct . st LUCLE’&‘%’dﬂhﬂf&i fpf@&eﬁﬁb@f' Eﬁ&tz ggﬁlﬂgdlib&ﬁ@tbmrhﬁ@esphéh:@orbontact
substrate by e C actors in_a vertica

repeating 25 t %érﬁgﬁgﬁiﬁﬁ%?g:}?m‘gt?ﬁn pF8E‘B§§a 4eh 8? BhBEBﬁ'IJtMmY
processes as i and guiesomAchiniAbt mapesdes padthoughn ottidwdsemiiccotiwetor
in the above n C f ds require
relatively nané&-?ﬁuhograp@ﬁgfeps %?f%f%étﬁé S%E {r)ggl n 30 the vertical
directionSon the suldst rRigIreRAf wrptmmamenlapert ﬁéZpLesémrmeld/e:mmine

provi des a nor g, ¢iiplddd €& ANd dypwco o%rcﬂq] ﬁ}%ﬁ é@”&h £h 19 ﬁ#l ed

achi eve contact structures of hi gher | ab e sinpli
producti on propheto %MﬁRﬁYtR@%@%ﬁaéﬂC&P@Gﬁ dhes Strﬁnﬁeoﬁbﬁ’h@toreSJ-St

enbodi ment s eXBbB'ttlig_COMa?éJh Sékﬁ@s@féduﬁﬁd auoeoﬁeéiaa Eersppield sl is
-31 2 6 MAR 202% rraln froma hori zont.al m of t econtactor when t he
cont act structH¥f s’e’&l thsi ATE- thé\j‘g}ﬂ@h QU erd oP S’Fﬁ’@}as’k is

devi ces 10 be aeigﬁd:d Thevennt elaé pphesoresdlsto dragaires s crabbi phaef f athe
at the sphere t g?ﬁq e i

surface of con gg%%%taesaes{@ gtlggébie%a %ﬂe&t‘% %%g@%%ﬁ{%@te@ﬁ @-}t tbmse'd
direction per pendithg aPatt@etI‘rli)e prirtedoenof thee oask - Théfcoint @@t&:r@ve
applicable to theihgu gﬂb@dmgﬂenisnageaakeh\éarpm 84 MOWhe
in Figures 21A-21F. "1 ur es 1ﬁtA 8C ;gg/tva?@g sic |<f$? of the present

i nvention for PPBEUE RPELEANEoALact St | Bax AeuEs) | aLeRE dihe
as shownigsn Fi gupeshids,. CorﬁélCéﬁptSs860pate brfociuma&e:sisa; e abe s dibaea vaid
a silicon substr te 8 0 hori_zont i on i .

di mensi onal naRREr e§ ﬁ‘e'%yt'h%eaV1t"%r (Elm ng‘ag#af"aﬁgnng’#a ?%(e)ﬁ,l%e A
shown in Fi gurw,‘hiBB derfemtam:taﬂ@m @r@at ransferred fromthe silicon

substrate 840 to a”Th%ﬁ?h%@cﬁiﬁé%@@@eséu% al%d%%t@:@“i‘%ﬁ%gg?p Oftlon

adhesive film _adhesive p and ne ate e
attached 20 to°an é&fd "iﬁeaeﬁ,‘ﬁ %n?%ﬁtﬁ?‘g§§5a§§ KA r?%?ﬁf’ﬁhr’e“ 1E8€TurendB -

bef ore ozoafterhéhphbtarebdstolayke 54Dt intPighve t9re isntremondidaivd t aise of
890. The cont agt&iséf“ngeqosh%ol%ﬁr TEOUA! $1phi3k° o Car SUBYEE;LRACLOP g

be mounted on a prin Circurt b her cont ac
in 25 a vertich$ ﬁpmétil an, theelndﬁﬁtédt E%@l@mn@nsfibﬁaﬁuhﬁﬁﬁéﬁ:e Széh aﬂ‘he

assenbl y proceggcyilhcialp herr g@d Y6 MadS e Ar @xAnpll ANS£P532¢ cORC BB e
Fi gures 19A-19M are sc ams showi ng an exanpl e of producti on

process for pr&%ﬁgv)ngtplﬁeug %533"01%‘309? CERE UGt FAPYUTHERL FRRGHe
present zﬂventdeposhnlEn'ngBlrﬂJQA A shini fniecadl layeer 5342 iss formed on &he

oo o cSSebAlselts Sl | PSaEG S ety iDL O
vapor deposition (C¥B) FIBR:I-’%SméaCPFf iediraAsivg ckagep P43t dssdnreed ehe the
contactors S30pétQM 1B9et Eh§OBvERLGhiaheash@ckBmhbAihahg t&b29¢n8t ERSwn)
is provided to directly form a plating pattern on the
30 abrasive layer 543. An example of material for the abrasive
layer 543 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. For example, a
35 laser source for such a purpose includes an excimer laser, a
carbon dioxide (CO,) laser and an ND:YAG laser.
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-32 2 6 MAR 2002 production process. An adhesi on pronoter |ayer 8445 'bs
formed on thesacrificial |ayer 842 as shown in Figure 19B through, MAR 2007
forexanpl e, an evaporation process. An exanple of material for5the adhesion
pronoter |ayer 844 includes chromum (Cr) andtitanium (Ti) with a thickness

of 200-1,000 angstrom Theadhesion pronoter |layer 844 is to facilitate the
adhesi on of conductive | ayer 846 of Figure 19C on the silicon substrate840.

The conductive |ayer 846 is nade, for exanple, of 10copper (Cu) or nickel

(Ni), with a thickness of 1,000-5, 000angstrom The conductive |ayer 846 is

a seed layer toestab ighateimgt pacteraondyctisVifiofned @ the abrasive layer
el ect ropl atmggrocg}s}g in the |ater, stage.In the next g\r,\ﬁlcess a phot or esi st

“~layer 848 is f Ae PY5 AP tHE TORUARS TR SRETIY P HVERS WARERT PBRBY G Sheen
i spreci sely al igneridnarexpose t e [MigurespE} whHeh hbiizonhoakt Pddm | bghttlae

shown in Figure 19D. .Th 0 at i_nensikonal i of _1Ihe
contact struct GP& q,ﬁe]ﬁ@ﬁwk%gﬁégggé}%%gg%&?qmﬁgggﬁpgﬁgﬁgp E§§‘§r“°§4’8‘.’e
As is wel b20knmateinialhe iar t theospliardngs \peltiteam nd@dat.i ve phot exesipdteant
be used for thj I i t4 L N St i , t :

phot or esi st coéép g&%&%ﬁehéggrggipoir%[%&ﬁ&éé%f Q:tc’??r?ar:fk iéggﬁﬁgfdeér}@”%ﬁ?e or
after the expoetiher metddies Mok Gh ReEtshewn, i an everpbet Nagopgrtion of
(M Cresol - f or rehdehysio) a2e6PMB30Paly At hphitMichags yh aheéla Sagrabel &g
sensitivepolyin de.In a devel opnment process of Figure 19E, the

exposed( uncur e8ROYE EHFIREFH MR or esi st can be di ssol ved and washedaway,

| eavi ng lge Ehotoreslﬁgg_fayegoﬁﬂﬁ_ hodesa mbﬁtﬁew_ teop PWIHWSing the
openings A Figure. is_a top.Vi s nathe plating pattern on t

phot or esi st Iagg %éfglof EF%@ c“zr’)%sstg’\egctfh‘g\ﬁglagh%ntéﬁ'ew o?nFiEgJLﬁ%r?Q + an
wher ei n the opahragiMeavilayerheS4hapes offorimedconnacthe g3straimwarnd tte
phot ol i t hogr aply -RbRGEH it %Jloﬁi%dlﬂy%}ﬂ%te%agt %ﬁaﬁ:'iﬁ?%akz't@% drf tire

al so possible to expose thephotoresi st |ayer 848 w an electron beam or
X-rays as is -38Yasive MaveXFA knoiP4Sr thPiREing pRHEprn (B} sig defined
possi bl eygo di facthe Wbrasive lagpge 65§ helw igete SHE PCthE eveptibal beam

hot ist | 48 b i t ISt 8 .wt di it
Electron beam Ok FBS SPNRIOR At ok (e ed 5 SlEehtom & har Ehelntys,
as copper (Cu)netedclendudtive maksmiad (I )the Ipbiting APt tean| 48)um (Pd),
tungsten (W or othgr iffdile iHHIRASIILD B} a5 ropladicd ¢& Ehe eRpNLEg the

of the photoresist layer 848 to formthe contactor 830 as shown, in gure

19G It can beCBBREFEOTaISTDhrin neheoRtate RAt EAPNre1®G0 b dfri2r eXaMPlSm
]Ehat of 3de CﬁﬂﬂéCbbhelrlea)tetht&% Bcldiilfsf Boadedate ehehFagtgbabacseni &]tcd ce;??e
rom one anot S._ W I ater...T ver p Lon t he
cont act struct%?gsS%qur? E’?’g%ﬁ E%a:n _blg{ t%’f&hﬁregu 1n@%l ea%?%%%lgﬁg?.ayers
(pl anari zi ng) ptdceS¢Soard dhee sEyifigife Qe 0748 i axe | syeipBad pEL with

renoved in a rgsbShestd | PPAOHaPr 8686EnENOWEN iAW SO chd YPbKEELY (b )
resist layer 848 is rennpved, by wet chgm cal Brocesm .. Ot her ‘exanpl es are
acet one- based SPREBFENGnd I 2EMCReIsEPI pBEnGOP t SMEGPE £9P) by
i nternmedist e psaldefifg,s Mracrhaqn ae:hingpperosurdppkyiigt he coohdottive
830 so that thg ﬁgg&@g or 830 transfers to the internediate plate 890. As

not ed above, WI? r-the context of the present invention, the internediate
pl ate 890 includes A8 agkes adoVgpe anagrasive PLl Fheagpbsreecphinetafdl is

magnetic pl at ey 2%15@& Ba ¥ AES£EedNVEN euﬁgguea b} brHde méedifi Chgbther
| ayer 842 is etched_away s that the contacl structure t he

830 on
i ntermedi at e pPAREP3G0 Gt the SPREHE 1GFHAFe 211 i LD ekt rSPRERED. MARS: R
et ching pgocesg haredndecabdsseht s hbekalhebeaylniomt eflumyfim S4éopher,

the conductive laiéelfII 84%?; are remved fromthe conjtéa:gtoi 830 as shown in
Figure 19K THALEEEA SPORTeASE" B P F By FH-eTththe¥ 1 ayers 844 and
846 but do not etchAsh;éncbheammg@B@g. | the tdvavt agdrads S3t0ohevihgt herizontal
conductive 1 aygLafiGal LOQU! yBEERLAY bk UUACERE SRferdS BLALLADRYE) LR

conductive material used 3 ?’o.r the contactor 830 nu erent from
the material oformedcendidre Al igrn subgtrate is3MRPOPOblre photolithography

35 and micromachining technology. 1In the contact structure of
Figure 9I, the recess 550 on the substrate 520 allows the
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Al t hough the production process in Figures 19A-19K shows only one cgntactor
830, in an actual production process, as shown in Figures 18A-18C, BEMAREHmZ
nunber of contactors are produced at the sanme tinme. Thus, a |arge nunber of

5 contactors 830 are transferred to the internediate plate 890 and

separated fromthe silicon substrate and other materials as shown in the

top view of Figure 19L. In Figure 19M a sphere contact 831 is attached to
the end of each contactor 830 by bondi ng such as sol dering, brazing,

wel di ng, or 10 applying a conductive adhesive. The attachnment of the sphere
contact 831 tocbhtactrrasBor té3éntemr bbermds whenhtheaconeactomgisoprebsed

process such ag.| Lgure. 1 fo pl aci he _lLater j e

t he contact or @S?BQWE?‘gur‘g"s %‘El}g:nd{:'gSB %Srﬂe{%‘b e?rgt%?% (ﬁ%rgén‘g E;fll?owi ﬁgggr?@&
exanpl e of a ptakgahd pl ace nechani sm 880 and a process thereof for picking
t he contact or spRE pdUEBRBoEI M@ f Or egoi ng manner and pl acing the sane on a
substrate to forma contact structure. Figure 20A is, a_front view of the

pi.ck and Pl ace nech3BesFEBHREhoRFRYCEHEST ilistthey) $hirdcevbogiment wEk the

20 El ace ogg(r) %i:hég_enEi ﬂﬁ(rén@@BnijﬁiBHlﬁéﬂﬁesdﬂhéf&f wilk® ?éEErég@elpi:écﬁigures
operati on In TATL7es kipuze; 10 shons hn FrateltuchRuASE | SCEURpIFSe Rt
of a transfer thehpreésentSintenpick formedackt lkecdhtaont aabatra8d06200kinde
arns 886 and 887 t.0 .al he nsf S 4 | , LY

and Z directi oans)pl[%%%iejgt%g}%\fgggégﬁgg %?e é%@i ti g’?\%gggé’%gcﬁcus?%%l esr}‘l n TS
and Z di¥@cti opeodundda minvough oarrmistmld?tmmm, produgkiop epracesd i ange

sensor therei nodheelr 8ASERE EBALABESBUBEErdlel 58 Udepha SIEAOP SnBLE3ate
that perfornms suction i ck operation) anpd tion rel ease | a¢

( su e
operating? opef2l iRAR FIHROYER DASRAIPIUAHR) thp, onLACtaTss %5&%%%&9@&)
for exanpl e, hyh@wﬁegﬂtﬁyguﬁéesegremsphege (/J@.Tslmrncdmtédﬂtss:exac(rjmlproirlnaed
suction arm8B5_rotates_in_a_predetern.ne 35 sugh .as 90 degreges. |
operation, théFt n&é?n&?a?g 5?‘% g%%&ﬁ r%rz?ﬁ%r- ffﬁ:a%hbsw Z%gﬁcgrlcaa
contact drs 83Ccemuuniheatibat wath 82@omdactg tergefondi ng | ocations 832 are
posi ti oned on the T eRReCLhUEC ABliES.BALeABT00E2 80 B Pl Ghed ok Ao act

mechani sm 880. As shown In Figure 20A, the transfer mechani sm 884 picks the
contact ors 830-3¥3®+8 BHEh ABeAnEFEMUICONNURtOB G iRy S0Q itth R rkeseedt RRat
suction arm 88he AbbAtaptoltisNnGIthestdatbBisre 880t rieconaectionsNwdth the

rotates by 90 degrees. .for_ex e, sha i n Fl Thy t he
orientation of°T lec%%ﬁ'flgg or ggggirs gﬁgnggig@?ro?ﬁ%%%é%orz‘?%%t a?_g‘alﬂre%'fll"% ’
to the \&&ticdltheeshi onlyTiwol cantaiers ngthaatre nsBewnt Aan Filouxrs 10e a

contactor 830 1_%%@6 AL A0 Jf0C bRt PNt e wilbst 1 €a828nef®on the
contactor 830 is bonded to_the hondi n% | ocation 832 throu i ng

h a bond
process in a KHRRFCRARGer 649 gurds 23R- 23R sch F@ng'l% Showi ke

exanpl es 15 ofsexthbpendbctont aatets tieatiagar oduced t hrough t he producti on
process of the presgni,inventiagn ﬁ'hg - I ow ex | es..an
are not exhaustive,g‘é‘% ghgg,&ggt R s_%g’(?s%(]?fe\t(%ﬁt g?tr?r%%lréeyaarlé%népﬁ%éﬁlﬁ?g.
Wen now@f ed drhzceght delte matemi Sewigdndictonr epedusitd omdprotess noad a
circuit board,gi20; 894 BuBSEedtradaudsias W 100HAExp1AGRIS 19y 2S5 WReh ache

pads on a sem conduct&r waf er t% be tested, the contact structures in

Fi gures 21A- 2 HCRXFPBAVCESR: a¥Bifdr c &%) STy &Sdct SURF c HP R Tducethe
scrubbi ng ef f endrst agaonst a3 sontace ofithheconespdndimgecontdcthi tabgets
Enbodi ment The u re_ i Lft ' t esent

i nvention wl I(%i;g%‘gg%?é%?edgé\nkjtﬁnrg?é?‘gﬁgégtgoiig% 2‘31'846.& |%€é eéoat-zagﬁd
23 show3ln ex#&#l e dfhedgpitch betweenrthefpade gieseay benamtsnalloasedoum
wth a contacty,30) s50s4hake: A2R AN dhaldticRld 0 OlwitH R UsheliD: cdfifact

contactors 930 are produced through a sem conductor producti’on process an
nmount ed on t hét¥bnEart eagider hiee negeinokPacesMeond thils sinse dgkey i kee

shape on whi chhgdshiFsudhaine S aeni¥BhdurtyOpréadctson peBkagk RBi Phe

wafer 600 are made.

35 The contact structure of Figure 10 can be directly
mounted on a probe card such as shown in Figure 3, or molded
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35 The contact substrate 920 is so positioned over contact targets such as
a sem conductor wafer 900 to be tested that -36 t n MAR 2002 tgeﬁo
contactors 930 establish electric connections with contact pads WZM
sem conduct or wafer 900 when pressed with each other. Although only two
contactors 930 are shown in Figure 22, a |arge nunber of contactors 930
will be 5 aligned on the substrate 920 in an actual inplenentation of the
sem conductor wafer testing. Figure 23 is a bottomview of the contact
substrate 920 of Figure 22 having a plurality of contactors 930. In an
actual systemina hapgekagenbeuchf asoat airaditsiosat hl@packagal hd¥ihgnilieadss,
or several thoysan Wi d t act _supst 92 uch

| arge number %8(;0%?3& L%ruc?%?ggbgr e?,% @%ggggé En Q hégéﬁe gar§ ok
senm conduct or pnbeuceohpscpedcesithbn Qt:h#rl @@dpsgcrbgm at eSa.s'lqm | Ehige contact
expl ai ned | at ege rYBelrkbNEasi e CONGHELQE ¥R £Ta YEyUBHERN T gi&ewﬁsoﬁewabqe

the 15 contactors 930 contact wth correspondi ng contact target
(el ectrodes) oivegHens¥ wWaRrBEC900Lt hRouBKOPRe SPFRr d"RYRE LRY 9‘3119 TRENEACEH

between the pagerfdBuiay bg 8heS Pildseitc Mwoﬂ%ﬁlwféﬁéhhhelncreased
contactors 930 WI%h t he ZIE‘) %l[le con%acts 931 ca,g ea5| al ‘?Iged i n_the
same pitch sint® £HE% AFNINGEde PRFBUGH PhetlignEm %bﬁ%tm ¢ BrBREL: Pén
process as thecsptacbogsctero wahera 9§ﬁobee aearte. ca'hebeorumteasedctw,e Gbr
Figure 22 can be_directl t n 0 ILn_Figure
3, or nolded i :?a %%k%géwg%{éhﬁ%rsga |t|onﬁfldﬁ% pac %g%ghﬁ{\gl Xgalsegés?r
25 so t hid thenqaaekmgmory devites dm a:qmaitieelca:td ther sameeriommected with
other substrate. SighechDEm60a! ABLctiI W it e JraPIdLpled ﬁﬁ'ea%¥35¥nt

smal | size, an operak [ r equency ran%rh probe card npuntin

contact structiR¥ENBLORIRTS g @r\lb@é:ﬁal‘}é éégvl‘yhilﬁ‘éréﬁs‘éHPB‘BaHY
2GHz gr hi ggera Bﬁﬂiﬂ&ﬁnOf smgat&a&]@ SIea—arutdml ehitEler cfared acdwels 938 ola
a probe card can be_ipcreased_to,. for ampl_e 0 nor.e e
fo ast ae marPmeessEiEE EERangoh kAl iR Be phe S1TiPon "HiSecRlE kR, Pl
Furt her ricg e, lmaelsast Hehasmt eft dilse 986mafontducporsenrifeds ¢600emndar atest.

formed on the ﬁﬁ@f&fé%& 9%9@ ‘MH&%@A@J%E&E?&% ﬁasblehﬁg_@ns%kﬁ% '&ftactors

envi ronnent al anges such as a 02 tenperature expansi on
ratio of the £39cardsihaieentack ctargetanel @ scamds ueintainegy Hhreuahent
waf er 900 undathé eséstTherefore, the accurate positioning between the

contactors 630 (sphﬁ{le ﬁgg{lgg slggl)eacg thg nt act targéats 91238anhgg 5‘_=l

mai nt ai ned t hr ougho o6 A Conthh
20 conductive layer 635 in a finger (beam) like shape. An

example of material of the conductive layer 635 includes
nickel, aluminum, copper, nickel palladium, rhodium, nickel
gold, iridium or several other depositable materials. 1In
Figure 10, the sphere contact 631 is attached to the
25 conductive layer 635 at the lower end thereof. An example of
the sphere contact 631 is a glass ball coated with tungsten
or other metal. Another example of the sphere contact 631 is
a ball shaped contact made of a hard metal such as nickel,
beryllium, aluminum, copper, nickel-cobalt-iron alloy, or
30 iron-nickel alloy.

Further, the sphere contact 631 can be formed of base
metals such as noted above and plated with highly conductive,
non-oxidizing metals such as gold, silver, nickel palladium,
rhodium, nickel gold, or iridium. The sphere contact 631 is

35 attached to the tip of the contactor 630 (conductive layer
635) by soldering, brazing, welding, or applying a conductive
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In Figure 22, each of the contactors 930 has a bridge |Iike shape ad B ARy 2002
above. The contactor 930 includes a horizontal portion, two verti cal
portions supporting the horizontal portion, and base portions fixed to the
contact 10 substrate. Preferably, the bridge part has an asymmetrical shape
in' cross section as shown in Figure 22 for better contact performance,
which will be explained |ater. An exanple of nmaterial of the contactor 930
i ncl udes nickel, alum num copper, nickel palladium rhodium nickel 15
gold, iridiumor several other depositable materials. In Figure 22, the
sphere cont actaé&tsilsreattadl’teml ishaipee o@nttaheorsp@@ﬁreatcbhéabuwesnend:an be
t hereof. An ex ls e 0 t g

tungsten or ot gﬁu% ?1%::11 not e?:(illea;%'a@l %ﬁ’ﬁ&icg%e#§§§5g’ fg ggaf %H@&%
bal | shaped cohh&ctenldad@nﬁlcm Iveﬁrd:hmt%ﬂnmwwlg lﬂ)@ﬁael63$)er yllium

al um num copper, niagkeheaRal (¢ éarhéllétgyth@rcartfgbeafkﬂoa.the%ndﬁur 'S a

the sphere cont act 931 can be forned ase net such as nic
beryl |iunf al URFRBE- tEGSHAPRIIGARIGRSTIE BRI dP9-490HB 60 M¥eEahhdheighdy

vv'}lh g hi ghIK SODQOOhWEn H@ﬁl%hdhllDér&@@hﬁ'%&%ﬁﬁs3@0|€@£ﬂnﬁ?h\ég?mc%@§%
pal I adium rho ni ¢ ridium ere conta [
attached to thg n})thptﬁgh #t %‘frﬁrb%%’ﬁe r]'tf“é"r'i—lp én mpﬁf St
appl yi ng a condilatneveradifetihee sp‘Haa:éSO:cninaqn!: 43X hiss sq:ﬂmme ¢0ptnact HeZ&vea,
be hem spherical h n i C e (o] p

t he contact or %3‘6:%83\;: gégﬁpl g‘g'o glg%eggb Pﬁeﬂggﬁ 15?5 o‘?gggghl g?én& Q‘EF gr%
probe-t ek® apptheapresemty ipyen¥dof00. min overall height, 35 100-800.min

horizontal Iength, aﬁdtﬁéoeanészcéos@faatwéc&fl%@Jﬁ 1fohet|a'et eenefacﬁgmtsso
bet ween cont act t argets. MAR 2002 exanpl e di amet er _of

sphere contactP3313 ?aén?otﬁ4°40”rh’r%mk§eﬁ‘ttécﬂeﬂefi°r h§e %%b%‘i%"secé?\obe an
possi bl e withi ﬂntéeeﬁﬁﬁ&m}: tfraldee gresaNtcom@tddtd thdecondhotive layer
structure of Féggr ?: orrbl n t 50f t he_hori é@nt al d vertical e

portions exert 3’& SRS BERPAERTS P8¢ ur égu 1 P cSgBection
agai nst 1$1econbat;tveear gbe. mh:er@@smqm tixarefé2harncbrithe tornd@Ct ivet Layer
as an interconggst j&r %é“%ﬂsei%iéa%h@gﬁgﬂf B @B‘i%%rlq)a{"ﬁj d- vlggﬁus

t he contactor 930 |s in electrical 10cQmuni cati on an el ectrode

the opposite st¥P8Ee&E t Rengurtave adhesiye- 92@%%‘6}@% Babra 67 efyysher
Theel ect r ode 9212ch 1adee EI’WQ&CgBDéCGZBh&ndoﬂhaﬁleéttbécﬂé%22920'r1|316861?2§f|:_ﬁbﬂ@
structure suc robe card_or et hr a e us
when the sem c%%gucjt \ﬁaf %? BH5°RBYSS k@\gr (fo ur%‘\%ﬁgr#ig %%?ac Qr &0
930 (sphge comaersa%syrmdurheeuqhacs aangmes C(ap'elds;r 9COopankapge Wharengh
900 mechani cal] yy,apdebectilhgal |y contact with one another. Consequently,

si gnal paths are establishe fro the contact tar 910 to the20el ectrodes
922 on the contact SHHSerH 1&@'&%‘5 g"aoﬁ‘sert RO Q JRPUEE oFPWRRE ¢
hol e 923 and t#mgefecnoodeHQanhsactunst 600 andfahneomw(mtatgfgetbe(padbl)
pitch of theco cLar 3 g I t c y
such as a prob"[(;i??:la%’gl %h% %&Pe{‘ '1566 @Egg‘gfl}gg% aEmb ?Et?{c%fﬁ bgg'{z%%
shape of25 hecmébt@me%@thqrprmw}fd @lléﬁlﬁlcﬁﬁi: argrestahéhshed

sem conduct or #e&Rr R0 déntm@@seér gekngho e S@mtéﬁéee%ad% tehzsz UpNaE He
novement of the wafer ecause of the asynpnetri 8 t’ e_of _the

90
bri dge porti orf‘"“%\)ﬂ%ﬁ%ﬁﬁr ggged ’S&B?s’u ﬁgFet"ﬁ(?nc‘Sﬁt:aEFaFﬁraﬁf -otfe BﬁFaéf“'ar
930noves in a dmdAnher saledtredtal &2 pelpen(fmmltabnt td héanvemntthné shall
waf er 900). This angsv r ce i
t he contact st h%%hré% e p?@é{%ﬁ&}éﬂ\% i on. %%‘%}t a&%% e‘rn:ggcg?lt tha
931 at t3® encpobbehecazddost € PCKagamde of hard c~onc~ uct| ve material. T
he -39 16 MAR 208%&&@@ £ YPHACS Q%gwtsféel Bft 'Eﬁeh(ﬂféa@“%ﬁkedéﬁéﬁé' 8

of Figure 22 as note bove when resse gal nst the contact

Therefore, a sER@bIHIREIFEREL 6ﬁqu bBeacendy &f |ﬁ hehicandweE sYe dayest 6RS

sphere cont actpf8dusekUls sufiEidi erdxi €6nbatay¢bred Uﬂx%rﬁlﬁﬁéngeﬂicbﬁéuctor
cont act pad 910 Forégéanple if the cont 10 900

ad on th fe
al uni num oxi de"dheFt §00urFaPEeSSR g”geff Sﬁ’éa%%cégé\gr y&'PS Sp sze
establi s36t he mbetacitceddnaacthei ¢rtndlcmf/v o tartductdive dayer 635 is made of

hard conductive material and the sphere contact moves in a
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The spring force (elasticity) derived fromthe bridge 10 |like (trap 19!&9
shape of the contactor 930 provides an appropriate contact force agg' n R 2002
the contact target 910. The elasticity produced by the spring force of the
contact structure 930 al so functions to conpensate the differences in size

or the fluctuation of flatness involved in the substrate 15 920, the

contact target 910 and the wafer 900, as well as the contact structures

930. Figures 24A-24F show an exanpl e of process for producing the contactor
930 of the present invention through the photolithography technol ogy,

al t hough many hohéezoptadiudirecti®mral eBsgereahlawbenbpresasid|againsti gire
24A, a photore y 4 S pr a si st 4Q.,.

Figure 24B, a éﬁﬁ[:glﬁgs&;aégoéllg os? %gﬁg Q'%\iergt %E%ﬁbﬁugesélﬁg?gy&lg4bs%
that the phot oaebusvedawe'r thlchs tﬂ)@og@erqueh of ( gher ssphgre ) donfiact 631
through a pattgéfuﬂé' ﬁ@nééfﬁgé {HW?%( g59net|a'1-g§dﬁieexi‘ b dfH€the

phot omask 950 1's gray-tohe nas ncl udes not only transparent an
opaque po?ti on%UEQ?CFnPErﬁbél gp@t@ggmp_a{c} &isbar &ar (ﬁx%jfmiﬁ pok t FBAstazrget
wel . The photgf@sbat thbi GAfes 800 ®AROAGMIHN (e dy IdrgmtsBOs@@faaée ehe

t he opaque (bl ac ortion_of the mask 950 i s uncure hot or es
whi Chplg exgos%ﬂr‘zﬁ’gﬁnghée ?cfrghtlsoeeﬁﬁgésa‘f’"yt het 5%?[5& 4 %bﬁl t8 Sctric

portion of thecoms&cO5@ith &bwedonktactheaesd@mtaraenspar ent portl ons of the
phot omask 9S0, the g I the gye,.(b t
transparent (whi te)&.ﬂ% ué§l Qapgﬁg o#%%%%aﬁﬁ%hab%gﬁoygk% %,ﬁ,%ﬁ%o(% %?’e
~~raitr X0 t-contactexr' 63§ pnox1dgsdam appuopriatghicagitacy fprcasagaibsef

-40 1 b MAR 4002 3eiady a@ﬁﬁ@éentswray)np@rugat%lt? PR eERSK BP0 the
cured in an asynptotic manner.” Thus, when the uncured photoresist is

renoved, the GREHIGhEPEFBsPE they EPNEAFs FRRICEURS B30 2dS L HIMRCFRoRBgELe
24 C 5 in whi dompenPhoe Orced sdli £peranpesdiitg s0zé hergrmetﬁmecrta&u:rteﬂl Bed

d . Onth tt f_Fi 28 ded
whi'ch an ol e PRTATP R SpVBAREE” B gnf BuPbbedrobdoc kb, sl U Bl
bri dge sttape &1Ghams theFwgler EOD. As evedidplas (tﬂ'lenmcmtlaacltoxrs_tﬂifeo
contactor 930 10 ingiydes f4ckgla HE&H%@@%POE}P@rcorﬂéﬁ%&%@ﬂ(teassg

variety of deposition techniques can be used in pro uci ng the confactor
i ncl udi ng vacufifn E%*QBBPatmorFa‘b’d?%oﬂe PdpFeddtyn Pt eoRraghrEe 6éfosi tTanan

In Figure 24E,ac§tf\9aEFH3ﬁ§l§érﬁ,0rH AGirdd¥ nuinbdr dEhedntactbes]S5shen 8k $&€eral
contactor 930.

d abov th h t 931
gl ass bal | coaﬁ“&dW‘{‘% ?%@%Y%ﬁgg g%?ﬁg?nﬂ%t aylf}\%g? ﬁ% 1%(31%‘31 J(r:% %}fletrh%nner
sphere @int actsled4niin oF bghte shhpeEach asett ovf dthe ngdeewsforingck nMetaceseaza,

as nickel, berpld iy RbYE YA QhdCeRRE1 el i ¥22 Al s |8 29gnan
attached to the tip _of the contactor 930 by sol derln b%ﬁlz) gg wel din

appl yi ng a comftfcti $&CRuHS vElPTh(é’R}Tﬁﬁ%rEQP§?°§45 |‘F|°‘F‘ii‘gﬁgé"e
24F. Thus, thqéyeﬁlgﬂsf&@e@bwrﬁ@cﬁmw%nssmrmm|trhé hem#$I DdpEt ERNO

process descr I e d w i L st
nodi fi cation %3%%% tc%g%ggt;}%ﬁgzﬁ:ﬁ rr% g;ﬁgé’? %égﬁer&%r ef:ie"{]tég the
inventi @% Fi @n@b@mi‘@ art 8 prewage.a contactor 9302 and Figure 25B is a

cross sectional froﬂ yieyw qfz thgacant aghel XB0kord EleQH&Qe@Avlé'Qe of the
contactor 9302 of Fi ures 25A and 25B, has 30 two base portions O and P at

one side for IFRMATFYOF a AEh&H chFSst PERGERtasiMEFREE ¥ achi &6 njhg cross
fan-out. Fi gurﬁceﬁénandfﬁﬁa:s&mwaasmui-mm f that cmt@étbbesaoniﬁelﬁﬂeisn

the f i f th errbodl nent of, the ent [ Fi 2 to
view of a conthct or1 b%sei‘:l S‘J’f}‘f"z 268 lsq:gl)tnc %@’?Ed 93&81- b4 &n
30 insulation layer 652 in addition to the conductive 1ayer 635
having the sphere contact 631 at the end thereof. The

silicon base 640 has an angled support 662 to support the
finger like portion of the contact structure 630. As will be
explained later, the angled support 662 is produced through
35 an anisotropic etching process in a specific crystalline.
The boron doped layer 648 is to function as an etch stopper
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35 sectional front view of the contactor 930 of figure 26A. The c $a§ﬂ@gzwn
930; of 'Figures 25~ and 268, ha~~ t~:~0 base -41 2 6 MAR 2002 p i

and P at one side and two base portions Q and R at other side for inproving
a nmechanical strength as well as achieving a fan-out. According to the
present invention, the contact 5 structure has a very high frequency

bandwi dth to neet the test requirenents of next generation sem conduct or
technol ogy. Since the contact structure is formed through a nodern

m niaturization technol ogy used in the sem conductor production process, a

| ar ge nunber oduxdmaadilee predudeidd progesd. i nThesimbBlulapioa Wayer 652 is

suitable for testi. g€ r Qf 1 Ganduct.o ' the sa
time. The cont gé’%lg"t%rla tﬁ‘%eglo?fgﬁg 8?Lg§ce(r;?t@ ;Elﬁa\ryeL ito(% %g%égfggg%%yusléf? ate
nmore general apple cepnductiivel udiaygranéBE | fadm | theaokshgmng, parts otdfr the
el ectrical con ol i nce the | arge nunber of contactors are
produced at thggggﬁ%'tﬁhéégﬁ the substrate with the use of the

m crof abr Bcati on t edHBIXRYy1Hi EBor FAROMiEWy PRnthe IKeAHaaly, Strupsure of

possible to achigneeCans sifite v idYurdll Py’ 6F i dbhdhEYi98d1698G S i¥5 idre
t he contact perf{ornmance. , Furt her., because tﬂe cont actors_can

be
fabricated on EROWSL AR &,d9G% 9% coEb hike oBheRE - dePrEWeERy&he dewo
ijt i's poszi bl eaagawmm_ ehm dtltieret Wﬁm,_emm | dz raoe&:ieieg's@acAl eﬁfs:télheso
evi ce under test i .S ahl e,to avai psitipnal errors. t hough .
only preferredgg‘ﬁﬁo&faﬁghtfslnagre% 58?9%?“?’. Y ‘P%%@ﬂ?‘&?é&%ﬁﬁc&eg'&ﬁ &ﬂuge 1s
herein, L0 wil eleetajmaddiyatiotidgandentnyfnoni the adtbes and var nethemsicHlly
the present in ' a i ' Lapt fmaﬁpﬁy |
wi thin the pur?\élgke}\%vhgp'et Egpgg%é%r?g dfgﬁg{ &r:rggvv?? %%t’ epar teflztnegéat e spi raél}’;j6 <10
and i nt ended s€spated thequghefihemnisgrtropic apehing pyeagsssneLsdvEbavee

1. A contact spyUdddiddrawapi eHeNprduet €ehinéd! peetieakl UF Whe &ilicon
on sai d cont actuBABEARR dLHIBTGN A RS SRR oieBr Bodey toqty WiiT e
cont act ort5havi figraheor expdiedingsbridt®r and a vertical portion vertically
formed on one end 0%’1%@:%_&‘%hlci%@bhewéhoékérﬂﬂ'lé”&’ pietel¥d Bo? RO ing
contact at an end thereof;
the contactor 630 of the present invention through the
photolithography technology. In this example, a large number
of pairs of contactors are formed on a silicon substrate, and
20 each pair of the contactors are separated from each other in
a later stage.

In Figure 14A, a photoresist layer 642 is provided on a
silicon substrate (base) 640. The photoresist layer 642 is
to create a boron doped layer on the silicon substrate €40.

25 Although not shown, a photomask is aligned over the silicon
substrate 640 so that the photoresist layer 642 be exposed
with ultraviolet 1light. Thus, a pattern such as shown in
Figure 14B which is a top view of Figure 14A is created in
which specified portions (etch-out) 643 show the cured

30 photoresist resulted from the exposure to the ultraviolet
light. The unexposed part of the photoresist 642 can be
dissolved and washed away, leaving the specified etch-out
portions 643 on the silicon substrate 640.

An etch stop agent, such as boron is doped in the upper

35 surface of the silicon substrate having the pattern in the

cured photoresist showing the specified portions (etch-out
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10 wherein said horizontal portion of said contactor produces a co%t chARZ
force when said contactor is pressed against said contact target. # VA 002
contact structure as defined in Claim1, wherein said contactor further
conprises a base portion between said 15 dielectric substrate and said
hori zontal portion, said base portion being a vertical beam supporting said
hori zontal portion and vertical portion of said contactor. 3. A contact
structure as defined in Claiml, wherein said mcrofabrication process is
performed by a 20 photolithography process. 4. A contact structure as
defined in O aigpdasW@uai.n sBebaiiged OlcHOr Lhat | PHotbLESESE | S e T YpEsh PVeq
an el ectron beam | aser %Jeamqor I-%J as, beam m ¢romachi ni ng tool. 5. .

“—contact st ruct BEF LR FhPh e dhice trats &40 aTon et dgclﬂé (&t gh
has an intercomiretbérone t lEmeon afteesh@mdwtigiotiee pheebr imsdisoniect tiea
wi th an outer conponent. A cont act, structure defined_in ai m,1 .
wher ei n sai d cg’r??;cﬁod}s i63463rmc?e%(ﬂr% g?fﬁe,‘f;lﬁ}’rﬁﬁﬁ 8 &gpﬁgﬁatﬁf@ﬁ shpwn in
pal | adi ums r ho@iigmreniled@|igovhliclorthe i donon ¥s dopedt ant asthint layeas over
defined in daim.l1,. . ' ' E&%p .S d f ..l hal |
coated with tu%ﬁqs gr%\e{{c}‘?rog-{ %é"?badrtr%ia El‘5r84q3 %%ﬁi%a&n s’f?&r%ugpgf:é?al%%e |ena:% %2
Caim 1, wherefhe3Biddiaprspthazekoribetratentde dn thaasperdfirdsaateas 643
ni Ctel, C ~ 1 §itHout >tﬁer1hlo:rforlrw§11 bd btcheld away 4%n’ -afLrbgéll\l/llg::?\s:dHZOgOo iec
a~.Lmn..m copp -.n ~ .~1 o~aa.~_,JO.. ay~oy o~ iop -
ni ckel alloy. §tcRight c%ﬁsrlfc'itﬂ)e{)asb%ig?ﬂéﬂlkﬁdcf%ﬁﬁ?i, wherein said
sphere coptact is fqamedgurebaad,metidhconciaxidecksio, baraytdrairasalatd ssa
copper, nickel-caobal t-jron,all or iron 5 niLckel _all d plated with a
i ghl y conduct PS8, EHSIBGM S1th B P T FuBkses) #id ofile Jpotfph gurtace or
pal | adi um rho;lhemsiriiidcm_ sgxblsql:,rat«e i6r4iOcki umhelei_lAconntié.o’ecislter Jatyer 682 is
defined in G aBB‘ £ g\é/@%%' Qgséhdiﬁé)@fé of W& ta 'c%r{?ﬂaﬁ'%d 15%«441%35 (such
contactor by 1 solderi ng, _brazi ng wel di ng, or apap yi na,a conduct ive
adhesi ve. 11. ASc8hewe: 15t Figntrel2brinGneated: aThe sddicon diomids laver
with a costact gtar gét theoBptitsmgurdacenbiCtheubsiliabn Bavshgate FAWSSs to
(groove) on a %an%%rifo%ceaéh%&’xeogtcl'?nglask as in Figure 14E. The silicon

dioxide layer 654 is removed through a photolithography
process to define an etch area (etch window) 656. 1In this

example, the etch area 656 is formed at about the center of

20 the bottom of the silicon substrate 640.
In Figure 14F, an anisotropic etching process is
performed for the silicon substrate 640. As is known in the
art, in the case where the silicon substrate 640 is cut in a
(100) crystal plane, an inverse V-shaped groove is formed
25 through the anisotropic etching when etchant is provided at
the etch area 656. The angle of the groove is 54.7° relative
to the bottom surface of the silicon substrate 640. The
groove angle is the same as a (111) crystal plane of the
silicon substrate 640. Examples of etchant for this purpose
30 include EDP (ethylene diamine pyrocatechol), TMAH (tetra
methyl ammonium hydroxide) and KOH (potassium hydroxide).
As a result of the anisotropic etching process, as shown
in Figure 14F, the angled support 662 is created whose size
is dependent upon the size of the etch area (etch window) 656
35 and a time length of the etching process. Because of the
boron doped layer 648, the etch is stopped at the boron layer
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a contactor fornmed on said substrate through a m crofabrication przjﬁiiﬂh
sai d contactor being conprised of a horizontal portion having a fi 2002
and a free end and a vertical portion nounted on the free end of 20 said

hori zontal portion and provided with a sphere contact at an end thereof,
said fixed end being connected to the substrate and said free end being
positioned over said recess on said substrate; wherein said horizontal
portion of said contactor 25 produces a contact force when said contactor

I's pressed against said contact target such that said free end of said

hori zonal beangéat ehdleaithe expessi £il@d Areast 448 whithoutr boxoredracdtiched

i ckel 30 pal |50 ToRGIEAS' Bh bRe BERgYe BOE E: AL T wiRREERe beam
structure as debrhadnsn TFei wutl, lm-'ner chal £ ajas sphkl e beondestcriibedadd adcera.
gl ass ball aéééﬁ/bleh JEUNGR %Q&egt 63, Mdfln Jf e CRBRRGLLAIIYICEHHC oS

defined in Carm wherei n said sphére contact Is ma ard
such as % ckelPhyeigrlilymserpyateGmircEhRie anath&@r cobal t-iron al | oy or

iron -44 1 6 MAR 2902;1%@@ 136, 0Ya PratAnePriedd 3hidet U(fofS Rfmed iid
Claim 11, wherein said sphere coniact I's formed of base netal such as
ni ckel , berylI#%ﬁ?egluﬂpnuﬁPecoﬁb $COR; cRiPXigBal 12YeHn &PRoy orAjrEprther

ni ckel all oy aimbabaﬁ_eﬁo\yrhbhy hlp@hic;é@ndﬂﬁt | perfopnedi doal ng;H@t alo-l;g_e;la,n
as gold, silver Iadlu rhodi u ni cke

| :
A cont act strd%?a?t ge ??neﬁr?ﬁ B afmhb tﬁﬁ%ﬁ%?%gg%g%F%ﬁﬂgr 2%85?199
attachedi@ o t hmonductiver leyer0 636 der iThy dueed nghoverdsagt cﬁrsaappéyuﬂlged

conductive adf@s bHCrnis ofe@m@{ogzt npgsr% Poé&ésaf.@' ﬁbna COHG@L{AC%‘

connection wt a cont ac target . E uralty O ors
each of whi ch RxBiBLLETa PPOCESS ri f%?%%lﬁﬁeﬁubr espgodygendthey eonductive

target, each maﬁfdwgn&ac&mwﬁmrrﬁgﬁge mm | i 2G0rehansl dayvE NBaBdrial in
inclined support por n created thro an_a otro et chin ocess; 20
a conductive. 1§ 9&‘8% CoOHVR ot Y& v t FC Iu €8n )le {SFEH oﬂng‘g’fE‘P“\‘ opnd
electn(1£I3/|d5p@erLngAi&einaMmhﬁﬂyNealayeietyooftHeps@nummntxamhnaqdes
can be used in producing the conductive layer 635 including
vacuum evaporation, cathode sputtering, vapor-phase
deposgition.
The photoresist 658 is removed in Figure 141I. The
20 silicon substrate 640 is cut into half at the center thereof
(beam portions) as shown in Figure 14J. Unwanted portions at
both ends of the silicon substrate 640 may also be cut out.
The sphere contact 631 is attached to each end of the
conductive layer 635 as shown in Figure 14K. The sphere
25 contact 631 can be attached in the process shown in either
Figure 14H, 141 or 14J. As noted above, an example of the
sphere contact 631 is a glass ball coated with tungsten or
other metal. Another example of the sphere contact 631 is a
ball shaped metal contact made of hard metal such as nickel,
30 beryllium, aluminum, copper, nickel-cobalt-iron alloy, or
iron-nickel alloy. The sphere contact 631 is attached to the
tip of the contactor 630 by soldering, brazing, welding, or
applying a conductive adhesive.
Figure 15 is a cross sectional view showing another
35 example of the contact structure in third embodiment of the
present invention. 1In the example of Figure 15, the contact
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25 ~ a sphere contact attached to an end of the conductive |layer; a contact
substrate for nounting said plurality of contactors in predetermgeﬁdwR ?UUZ
directions; and a plurality of contact traces provided on a surf

said contact substrate and respectively connected to said contactors to
establish signal paths toward el ectrical conponents external to said
contact substrate. 18. A contact structure as defined in Claim1l7, wherein
35 said contact substrate has grooves for receiving said silicon base of
aaid contactor therein i:~ Gmanner to fix said 5. 2 6 MAR 2002
contactors in sgsirtdcpueeeisrcontiigdredcritihsa c.’b@xta,&tcsnbacrasbr UQ’[Oumeumlng

defined in Claim re| S t bstrat face
for nounting tfeP (‘)‘Efa\gg $ h%é&)%@?%}‘?éaygtf ?)Eé‘dgt g’r m ned sg‘lllﬁpé% ¢ e‘?f
attachi ng the Thel ncnaatagmm t7213<bramnpvnduhedsamg@ehbya aphotcabIhEhoge'apmr

Acontact strugtucesas def|Rpdutds O2ilifp, Wheudie sahaon! Beblicdid™ds

of nickel, al num copper di um ni cke
iridium 30 21positdanes: %‘f?’ﬁucﬁur%&%c%‘ﬂl@é@rl wadezi {0, hﬁh’ém ncentact

sphere contacty h358Rde79b 800tR&E WAL eﬁat égn%&a éé’f‘@éﬁ@f‘e%n&t Bk WRERr
22. A contact structure as defined in Caim1l i\gerel n d sphere contact

is made of a haPA FFEHT FEth ons an?ﬁhﬁér'yF EﬁflﬁP n?ﬂ‘ﬂﬂ}m&GﬁﬁéPn is
ni ckel - cobal t - &s@abali BRgdobetweennthiéckwal.| ox. sﬁBereA(mm )ElC&:oﬁtéwtt 7Ba ds

def f d d , d I
Soch heoni crePEpTOf gt N 2B GeoRId SaOREAEE: | 53k OIS Qhv ARl SRS
conduct ive, nwlextdizahgcmhlga(thms wjdihd the lagertaat dieatgefal 7a0i. um

rhodi um i ckel ol ny kel Ehd! Uilbmptes \oBOP18fEe 16u0£ngeecaﬁt98£b£t§d7b,@ in

Claim17, wherein salid sphere cont IS att contact or
sol dering, brahikg, exermley axs mppnyedgonr Gnrkhrtiserbacadrssithe QQntACt

met hod for progyekgacantBes ors N&rﬁéfpfr' S'aﬁ‘ﬂ iH@liﬁéHO\ﬁdﬁnﬁr@pSGQf drP’ Fhg
a sacrificial |ayer on a_surface a Jllcon su stra% o
conductive | ay®+1hEER SPPSFERLS c((il"’lﬁﬁf 10 eShatRr 18 6ﬁuFﬁe ]sd:?;r'Fg?E?the
| ayer; 15 flat surface of the contact substrate 720. The contactors
730 are fixed to the planar surface at the bottom of the
contact substrate 720 with adhesives 770 such as a high
temperature adhesive.
In the example of Figure 15, similar to the example of
20 Figure 10, an interconnect trace 724 is connected to the
conductive layer 735 at the bottom of the contact substrate
720. Such a connection between the interconnect trace 724
and the conductive layer 735 is made, for example, through a
solder ball 728. The contact substrate 720 further includes
25 a via hole 723 and an electrode 722. The electrode 722 is to
interconnect the contact substrate 720 to an external
structure such as a probe card or IC package through a wire
or lead.
Thus, when the semiconductor wafer 700 moves upward, the
30 sphere contact 731 on the contactors 730 and the contact
targets 710 on the semiconductor wafer 700 mechanically and
electrically contact with each other. Consequently, a signal
path is established from the contact target 710 to the
electrode 722 on the contact substrate 720. The interconnect
35 trace 724, the via hole 723 and the electrode 722 also
function to fan-out the small pitch of the contact structures
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form ng a photoresist |layer on the conductive |ayer; aligning a photomask

over the photoresist |ayer and 35 exposing the photoresist |layer ~. ~ith
ultraviolet light trrough the photomask, the photo~; ~aslc including an
i mage -46 2 6 MAR 2002 of the contactors; devel oping the image on the '25

photoresi st |ayer which Zms . epeni ngs on the surface of the photoresist

| ayer; formng the contactor ﬁaﬂer el ectric conductive 5 material in the

openi ngs by a deposition proEﬁgg il pltngy the photoresist |ayer;

attaching a sphere contttey, O an %nlzlé:‘oise ch ¢ tlhetgo actors; and

removing the sacrificig %- Iaye (oatd dhe condifheng. 10 | Priggan et ching

process so that tde conta an‘r e se é'lball: from"tq'nehag@a on sGBSdrgi.

26. A method for proddélengggant Cr d g geflﬁeﬂflnl gharm SShbuﬁhg Packa<

i ncluding a step of apgbyl ng a Ol béﬁgrre | tlénpl f?leliq‘;g@cto saabdtto

renovi ng the 15 contactors 111753 he sif bstr§ the c’d?&lumé ve M vy

| ayer. 27. A nethod F@iqng) e€émb§cg §§ |n5§QurH contaCto

further including a eég (ﬂﬁﬁdﬁ@ n ad rEoaygy betw@éhebﬁ '

sacrificial |ayer a@%t t|v 3IOa %g 1tdbezg esm‘FPTptr tor €8 73

is made of chggm um %1 orglnod r_l dugi n emtgci ors a’tébstrat‘

defined in Caim 25, mhgﬁel tﬁét&a 5|f|C|§ Bayg Suref |I|§ﬁh0f the

di oxide. 25 29. A ggtho %‘Frqagog# [ n é@ntag;__ors Jé%tﬂez‘ d’]ed | %5 Set

wherein the cont acto ¥1nge ga cdiper apd) ck3®, sigd ltmgl Enhu as the

pal | adi um or t ungs¥@mea 3P, Tidrk,f or pro%luec:hgm ont ac‘t’br& i édohnb

Cl ai m 25, wherei ncg@td sp eoﬁor&thact F§am@ % Eﬁ%serg I c1<5at ed ase

with tungsten or ot hel’acﬁmalsh éy;_q)for ;}cr dgs ﬁt R 1,

defined in ;@ ai mJZ'B"—‘lws@&el n Sy sﬁhq:re cotnt ﬁsl made® offoa h rd rﬁé"llal Viey,

such as nickel, i um (MMgragum  Coshae, kel™¥obal gjron aF Pdycoy o

iron nickel all 0¥ 3§ C8or. A nmt hod ¥ortps éium n %:6nb§.%tdors §§idzefﬁznceéj 9 the
e

Cl ai m 25, wherein %’éﬁ&@phereth@om!aﬁtld S or?@;lj agdbggg Heeal Whicp, Ss, 4

in a e o)
Mg pla ia lop 2 On t ag
Annep sho ) nar Sur 762, . he bage two
. n up Ce Useq OFf th
113 e 17 eg Moy,
20 con gyup b 15 ang Atace Rt th
are g Strate Fon gq try
. efi ed re Ded 3 ayey e 730
Yer 5. . ich in Specy ¢ 8 ig o
boron 4o has o4, dopeq s, Ao, o4 On gy
A s O g 1 h ) e
Sllice o er 74 loxiq To A dareas 743
Ot X 1
25 tom ‘de g Fablish . * 1% proyy Setriq
r 8 s ati
Photg o ® derip te ! Proy; 7 laye,
anJ.SOt Ira h an e d
t
Top C et h Droc_.es g . ch mask. the
Sub h Nigop Berern ou n Sho SUbst rq Steh
30 Strate 74 {251 ete ag oteq 11 40 p
Along . h h ¢ Process 2bove “Wing o
40 5 e (13 Teatey angleg fo eq 7
c o
i tys h
R regpg Jure "3 plang o Ftions ® 8ilje,
:lternathEI o € bop tegq ve 1 o ng - 2,
35 J.C‘J_ng th ', e n g fac ’ ig Strate
Proceg, . Sili ®lineq Silico,, © ig g,
ot 1Oted aboye | PStrat Hon g, Ostratq 7 7
op , 2 Cq 40
or Spe . n
o the L1} “Hfieq Pore; o Cchin
co e)
Sub a
~30- “rate in tp -



7_ 2 6 MAR 2002 such as nickel, beryllium alum numor copper ang gl NBROQUUZ
with a highly conductive, non-oxidizing nmetal such as gold, silver, nickel
pal | adi um rhodium nickel gold, or iridium 33. A nethod of producing
contactors as defined in 5 Caim?25, wherein said sphere contact is
attached to the contactor by soldering, brazing, welding, or applying a
conductive adhesive. 34. A nethod for producing a contact structure for
establishing electrical contact with a contact target, 10 conprising the
following steps of: formng a sacrificial |layer on a surface of a silicon
substrate; foraregsa aveduetched| sgreay radeaofig echel cfingdrct i(evomidt ediide
on the sacrificlal Layeracl Bkl Wik e daniaaiansddrpygh & -

phot ol i t hogr aphy process, the contactors being 1 n a horizontal direction on
the silicon substrafls, Figuwshi hgCa @phturthemnt pbotalithogndpby @uicesst lis
contactors: 20pLERBRREHI LBI it GOPRANEIIONU StldC howP! 68! Enbt &
internmedi ate pfate;, positioning t | nt er medi at e “"pl ate havi_ng the
contactor® andc@éﬁ’é(?ghyet HayesntZiR otg ererbedokPronpbné B atHdrd oRYacesss

in a predeternpednddedidr & itHe @Qﬁdﬁb@EVEQIQ%'éQnWQSt, THeStdpidrdarbhdact
bondi ng | ocations for nounting th%cont actors gﬁr}eon; ang placi ng t he
contactors on &3pretRt AThHREDoFHETREDN Bhe POBRARHy FHER: i 3R oFOLHETing,
c?)nt act slubst rni-gz_iag,S_szeﬁﬂiQ@t ast applgtinge & cromdtiebivehadbesive. The
el ectrical connpection wt cont act r : Lising: ont act
substrate; a p’f'ﬁ?‘é?‘??{}wof:og%ﬁtc%(ﬁ rsﬁngu%?éedc‘gﬁngﬁ‘égcggﬁ é-%tpcrso 5 ?ta?eﬁhgg(?n
of the coht actswchagsnghawbr Liag&igue 3¥Dshape formed with a horizont al

portion and twe NfEhi BRboR9khens for supporting the horizontal portion;
-48 -

Figures 18-20 shows the fourth embodiment of the present
invention in which the contactors such as in the first
embodiment are produced horizontally rather than vertically

15 on the silicon substrate. Since this production process
requires less steps, such as a single step of metalization,
than that required in the foregoing processes such as in
Figures 7 or 9, productivity and reliability of the
contactors are significantly improved.

20 Referring back to the first embodiment of Figures 5-7,
the contactor 230 has vertical beams and horizontal beam and
the sphere contact 231. The contact structure in the first
embodiment is produced on the silicon substrate by building
up the contactors 230 in a vertical direction by repeating

25 the semiconductor production process such as photolithography
processes as in Figures 7A-70.

Although the production methods introduced in the above
noted embodiments are successful, the methods require
relatively many lithography steps to form the structure in

30 the wvertical direction on the substrate. The fourth
embodiment of the present invention provides a wmore
simplified and low cost production process which is able to
achieve contact structures of higher reliability because of
the simplified production process.

35 Each of the contact structures in the above embodiments
exhibits contact pressure produced by a spring force derived
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~ 6 MAC 2002 a sphere contact attached to the horizontal portion 02 fgﬁ&agb
the contactors; wherein the horizontal portion and the verti cal 02
the contactor produce a contact force when 5 the contactor is pressed

agai nst the contact target. 36. A contact structure as defined in O aim 35)
wherein the contactor has an asymetrical shape in cross section to pronote
a novenent of the sphere contact in a direction perpendicular to a

direction of pressure applied between the 10 contact structure and the
contact target. 37. A contact structure as defined in Caim 35, wherein

said contact ormaSnmpdefnﬁm nacmnﬁmnunsbamomﬁar thei od@htmtbﬁdwfan the
r hodi um ni ckel nt act str ture as

oo aE Mrereoftagt SFEHEF o 8 nr aRpSRiadEinst (e HSniColfnitEs, whter
wi th tungsten or other mztwdlces3%toAbeotiemttedst r ULher eoasadefl ipmsbsurdl almo

35, wherein saldosplis’s SO0URELnh oo PBReOLe Sl doBLE! cShEl S PLEkRLY ¢o

beryllium al U AUM coppér, nic -cobal t-iron Iron
alloy. 406 A c@heactlpstcpf,ucttdnee qgnUef:l:ngd dgaigist rﬁ:BQ sucfate of dcophact

contact is forygd;of bas-@hirgt alg SHelatsel Che! sptend | EUAtaBLUThOYEEOTin o
copper and plated™w ih a highl'y conductive, non-oxi di zi ng rret al such as

gol d, silver, HERErion F&Fpﬁdidl}rﬁu%df—ﬁmt & ddgreqidiqn of thediBResaures

contact structphe aénelsétaes af} Qletam%&tov\ﬁwfeelﬂam&@m eI Bnetasy take
attached to the cpntact or gerl n% brazin ozruappl ying a

conduct i ve adhéR¥iRus3sh aP@ hRﬁ“A@rnA%AQR@FS Ha
A& ACAKD. A A9 A ARdharéds. Al.ﬂy PBC Aah@wAQa A@E(SA@ AlABBA bfASt Be A{ PrédsAltA
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intermediate plate are removed therefrom to be mounted on a
printed circuit board, IC chip, or other contact mechanism in
25 a vertical direction, i.e., in a three dimensional manner.
Such an assembly process will be performed with use of a pick

and place mechanism.
Figures 19A-19M are schematic diagrams showing an
example of production process for producing the contactors
30 830 in the fourth embodiment of the present invention. 1In
Figure 19A, a sacrificial layer 842 is formed on a silicon
substrate 840. The sacrificial layer 842 is made, for
example, of silicon dioxide (SiO,) through a deposition
process such as a chemical vapor deposition (CVD). The
35 sacrificial layer 842 is to separate the contactors 830 from
the silicon substrate 840 in the later stage of the

-32-



&a~ytoj e_ZTU] ca] caU] ca] ca]ca]ca]c
a] ca] caU] ca] caU] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] ca] ca] cad
a] ca] ca] ca 1Cz-5] ~hzuojd_zZUje ZTU| c 2 6 MAR 2002
a] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] caU] ca] caU] ca] ca]c
a] ca] calU ca U] c”al] ca] cal] ca] cal] ca] cavIJ$N=>~. MUb" 9QU } wr | gb] XU] c
] ca] c"a] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] ca]ca]c
aJjcalcalcalcalc aJcalca]lcalcalcalca /R
*1 xr ngb\ W gb] XU] ] caU] ca] cal] ca] calU] ca] caU] ca] ca] ¢ a] ca] cal] ca] caV]c
a] ca] cal] ca] capkedhertijenpxaddexsd cal] ca)] cal] ca] ca} c"a] caB&P{0LOV] ]~ysnhc] X
b] X cal] ca] ca al ca alicall cal ca cal ca ca

\g] Laiﬂc}a} c g% ca} caiﬂcg‘ﬁ} g%e& ¥ 55]0&#’] @'5@5@% %giﬂ rbiRed! on the
zuoj d_ZWU] ca] cahcxtiffdaliedV b@}@aupea] aaU]sta@mU}naFagbﬂ:ea]l@dﬂJ] ttlatoaghg a] fixso;
c ajcaljcalc a a B?.glt?%b ?J
i g~ 1 )1+3]@DLY1I'8%~LG@]1%6} éﬂ] L]%? cal ca l)%] calj cafma ea (lzgufcaflnar]erlal for

a] ca] ca] c5a] ca]:be] adhesdjam]| REQUOL ¥ o] @¥pE " 8dkc dnsdusigisc eiancdCr) and
W 3: [cp 9D CP ¥ anilipf @ript Gr 'Sy ealcprbbeal s%%.cl ooo angstrom. The
a] ca] ca] cal] cal caU] ca] caU| ca] ca] c”a] caU] ca] cal] ca] ca

a] ca] cal] ca] ca?@ﬁ@?é&}‘c&]fé’mtt% &ppen R iegtR! Eack) @Fs$e$&$2$adhesmn of
]$$°/§/0/darr&&&] Vébiﬂﬁh&@ﬁ\fb?’l Edd] eald & % \dherd cedd con Ctﬁléaé—ﬂﬁﬂclzéﬁ] ? VHandap@éJOKO\AB

caj cal| cal ca ca al ca aj.ca cav( ~ N

8829; #<\\@ @ %@@%ﬁ ﬁ\‘ﬂﬁﬁfﬁg‘d@gfg# ;ﬂtof?a‘ifc 6’13 Ea] of
a] ca] ca]ra] c atoppez] ¢l @ alicddeda ND) ,\/]wi\tav]a:a@lm:ec}kmém] ofi] n:a])oo 5,000
e B@LEV?LEWIT’ aadVE SRR AN S4Pqi%) £y2pq Laver o
a] ca] ca] ca] ca]eatrehléahc slesreired] C§P§§}1§§]1(Ya}ib’a] aFcade £fiefeappdpting
a] ca] ca] ca] c"ahpatesa] ea! kkhep Quiedatd: xyy}r}trdhiijjjjk{val gb] X]]c]ca]ca

l¢ 2l calcal calcal ool cal b Celke thimeadl | S bl sl & (gap igpormea
@ 109! (J)SOIA@ Ehe0WRridudt iFFe @ 408 846) -DISIOMREEh - a phGHIMELR - 386V is

wU3! x* @?10é$§%?§%3§y 6&%&9%@0(LxBoggyfgglﬁkgtégegisg}@g%&qd§tggv1ol@%

@ 10%' () - 0!
llght as shown in Figure 19D. The photo mask 850 shows

a two dimensional image of the contact structure 830 which
will be developed on the photoresist layer 848. As is well
20 known in the art, positive as well as negative photoresist
can be used for this purpose. If a positive acting resist is
used, the photoresist covered by the opaque portions of the
mask 850 hardens (cure) after the exposure. Examples of
photoresist material include Novolak (M-Cresol-formaldehyde),
25 PMMA (Poly Methyl Methacrylate), SU-8 and photo sensitive
polyimide.
In a development process of Figure 19E, the exposed
(uncured) part of the photoresist can be dissolved and washed
away, leaving the photoresist layer 848 having a plating
30 pattern such as openings A. Figure 19F is a top view showing
the plating pattern on the photoresist layer 848 of the cross
sectional front view of Figure 19E wherein the opening A
having the shape of the contactor 830 is shown.
In the photolithography process in the foregoing,
35 instead of the UV light, it is also possible to expose the
photoresist layer 848 with an electron beam or X-rays as is
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known in the art. Further, it is also possible to directly
write the image of the contact structure on the photoresist
layer 848 by exposing the photoresist 848 with a direct write
electron beam, X-ray or light source (laser).

The contactor material such as copper (Cu), nickel (Ni),
aluminum (Al), rhodium (Rh), palladium (Pd), tungsten (W) or
other metal is deposited (electroplated) in the opening A of
the photoresist layer 848 to form the contactor 830 as shown
in Figure 19G. It can be beneficial for the contact material
to be different from that of the conductive layer 846 to
differentiate etching characteristics from one another as
will be described later. The overplated portion of the
contact structure 830 in Figure 159G can be taken out in the
grinding (planarizing) process of Figure 19H.

The photoresist layer 848 is removed in a resist
stripping process shown in Figure 19I. Typically, the resist
layer 848 is removed by wet chemical processing. Other
examples are acetone-based stripping and plasma O, stripping.
Further in Figure 19I, an intermediate plate 890 is placed on
an upper surface of the contactor 830 so that the contactor
830 transfers to the intermediate plate 890. As noted above,
within the context of the present invention, the intermediate
plate 890 includes an adhesive tape, adhesive film, adhesive
plate and magnetic plate

In the process shown in Figure 19J, the sacrificial
layer 842 is etched away so that the contact structure 830 on
the intermediate plate 890 is separated from the silicon
substrate 840. Another etching process is conducted so that
the adhesion promoter layer 844 and the conductive layer 846
are removed from the contactor 830 as shown in Figure 19K.
The etching material can be selected to etch the layers 844
and 846 but do not etch the contactor 830. In other words,
to etch the conductive layer 846 without etching the
contactor 830, as noted above, the conductive material used
for the contactor 830 must be different from the material of

the conductive layer.
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Although the production process in Figures 19A-19K shows
only one contactor 830, in an actual production process, as
shown in Figures 18A-18C, a large number of contactors are
produced at the same time. Thus, a large number of
contactors 830 are transferred to the intermediate plate 890
and separated from the silicon substrate and other materials
as shown in the top view of Figure 19L. In Figure 19M, a
sphere contact 831 is attached to the end of each contactor
830 by bonding such as soldering, brazing, welding, or
applying a conductive adhesive. The attachment of the sphere
contact 831 to the contactor 830 can be made in the earlier
stage of the process such as in Figure 191 before placing the
intermediate plate 890 on the contactor B830.

Figures 20A and 20B are schematic diagrams showing an
example of a pick and place mechanism 880 and a process
thereof for picking the contactors produced in the foregoing
manner and placing the same on a substrate to form a contact
structure. Figure 20A is a front view of the pick and place
mechanism 880 showing the first half process of the pick and
place operation. Figure 20B is a front view of the pick and
place mechanism 880 showing the second half process of the
pick and place operation.

In this example, the pick and place mechanism 880 is
comprised of a transfer mechanism 884 to pick and place the
contactors 830, mobile arms 886 and 887 to allow movements of
the transfer mechanism 884 in X, Y and 2 directions, tables
881 and 882 whose positions are adjustable in X, Y and 2Z
directions, and a monitor camera 878 having, for example, a
CCD image sensor therein. The transfer mechanism 884
includes a suction arm 885 that performs suction (pick
operation) and suction release (place operating) operations
for the contactors 830. The suction force is created, for
example, by a negative pressure such as vacuum. In this
example, the suction arm 885 rotates in a predetermined angle
such as 90 degrees.

In operation, the intermediate plate 830 having the
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contactors 830 and the substrate 820 having the bonding
locations 832 are positioned on the respective tables 881 and
882 on the pick and place mechanism 880. As shown in Figure
20A, the transfer mechanism 884 picks the contactors 830 from
5 the intermediate plate 890 by suction force of the suction
arm 885. After picking the contactor 830, the suction arm
885 rotates by 90 degrees, for example, as shown in Figure
20B. Thus, the orientation of the contactor 830 is changed
from the horizontal direction to the vertical direction. The
10 transfer mechanism 884 then places the contactor 830 on the
bonding location 832 on the substrate 820. The contactor 830
is bonded to the bonding location 832 through a bonding
process in a known manner.
Figures 21A-21F are schematic diagrams showing examples
15 of shape of contactors to be produced through the production
process of the present invention. Figures 21A-21F merely
show examples and are not exhaustive, and thus, other shapes
of contactors are also feasible. When mounted on a contact
mechanism such as a probe card made of printed circuit board,
20 and pressed against the contact targets such as contact pads
on a semiconductor wafer to be tested, the contact structures
in Figures 21A-21F exhibit contact force by spring effects
and can produce scrubbing effects against.the surface of the
contact targets.
25 Fifth Embodiment
The contact structure in the fifth embodiment of the
present invention will be described with reference to Figures

22-26. Figures 22 and 23 show an example of contact
structure of the present invention formed with a contact
30 substrate 920 and a plurality of contactors 930. The

contactors 930 are produced through a semiconductor
production process and mounted on the contact substrate 920.
The contactor 930 has a bridge like shape on which a sphere
(ball) contact 931 is provided as a contact point.

35 The contact substrate 920 is so positioned over contact
targets such as a semiconductor wafer 900 to be tested that
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the contactors 930 establish electric connections with
contact pads 910 on the semiconductor wafer 900 when pressed
with each other. Although only two contactors 930 are shown
in Figure 22, a large number of contactors 930 will be

5 aligned on the substrate 920 in an actual implementation of
the semiconductor wafer testing.

Figure 23 is a bottom view of the contact substrate 920
of Figure 22 having a plurality of contactors 930. In an
actual system, a larger number of contactors, such as several

10 hundreds or several thousands, will be mounted on the contact
substrate 920. Such a large number of contact structures are
produced through the same semiconductor production process on
a silicon substrate as will be explained later. When the
semiconductor wafer 900 under test moves upward, the

15 contactors 930 contact with corresponding contact targets
(electrodes) 910 on the wafer 900 through the sphere contact
931. The pitch between the pads 510 may be as small as S50um
or less wherein the contactors 930 with the sphere contacts
931 can easily be aligned in the same pitch since they are

20 made through the same semiconductor production process as the
semiconductor wafer 900 are made.

The contact structure of Figure 22 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,

25 so that the package 1is mounted on a probe card, or
interconnected with other substrate. Since the contact
structure can be fabricated in a very small size, an operable
frequency range of a probe card mounting the contact
structures of the present invention can be easily increased

30 to 2GHz or higher. Because of the small size, the number of
contactors 930 on a probe card can be increased to, for
example 2,000 or more, which is able to test as many as 32 or
more memory devices in parallel at the same time.

Furthermore, because the contactors 930 of the present

35 invention are formed on the substrate 920, which is typically

a silicon substrate, environmental changes such as a
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+109%E, & ()-09hickel, aluminum, copper, nickel palladium, rhodium, nickel
15 gold, iridium or several other depositable materials. In
Figure 22, the sphere contact 931 is attached to the
contactor 930 at the lower end thereof. An example of the
sphere contact 931 is a glass ball coated with tungsten or
other metal. Another example of the sphere contact 931 is a
20 ball shaped contact made of a hard metal such as nickel,
beryllium, aluminum, copper, nickel-cobalt-iron alloy, or
iron-nickel alloy.
Further, the sphere contact 931 can be formed of base
metals such as nickel, beryllium, aluminum, copper or various
25 alloys as noted above and plated with a highly conductive,
non-oxidizing metals such as gold, silver, nickel palladium,
rhodium, nickel gold, or iridium. The sphere contact 931 is
attached to the top of the contactor 930 by soldering,
brazing, welding, or applying a conductive adhesive. The
30 shape of the sphere contact 931 can be hemispherical so that
a non-spherical portion 1is connected to the top of the
contactor 930.
An example of size of the contactor 930 intended for a
probe-test application may be 100-400um in overall height,
35 100-800um in horizontal 1length, and about 30-60um in

thickness for the pitch of 5Cum bestween contact targets. An
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example of diameter of the sphere contact 931 is about 40um.
However, a wider range of sizes can be possible within the
concept of the present invention.

In the contact structure of Figure 22, the combination
of the horizontal and vertical portions exerts a contact
force when the contact structure is pressed against the
contact target. The base portion of the contactor 930
functions as an interconnect trace such as the trace 624 of
Figures 10 and 16. Thus, the contactor 930 is in electrical
communication with an electrode 922 on the opposite surface
of the contact substrate 920 through a wvia hole 923. The
electrode 922 is to interconnect the contact substrate 920 to
an external structure such as a probe card or IC package
through a wire or lead.

Thus, when the semiconductor wafer 900 moves upward in
Figure 22, the contactors 930 (sphere contacts 931) and the
contact targets (pads) 910 on the wafer 900 mechanically and
electrically contact with one another. Consequently, signal
paths are established from the contact targets 910 to the
electrodes 922 on the contact substrate 520. The base
portion of the contactor, the via hole 923 and the electrode
922 also function to fan-out (enlarge) the small pitch of the
contactors 930 to a larger pitch to fit to an external
circuitxry such as a probe card or IC package.

Because of the bridge like (trapezoid) shape of the
contactor 930, it produces a sufficient contact force when
the semiconductor wafer 900 is pressed against the substrate
920 by the upward movement of the wafer 900. Further,
because of the asymmetrical shape of the bridge portion, when
pressed against the contact target 910, the contactor 930
moves 1in a transversal direction (perpendicular to the
movement of the wafer 900). This transversal movement
improves the contact performance in the contact structure of
the present invention.

Namely, the sphere contact 931 at the end of the

conductor 930 is made of hard conductive material. The
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sphere contact 931 moves in the horizontal direction of

Figure 22 as noted above when pressed against the contact pad
910. Therefore, a scrubbing effect will be achieved in which
the surface of the sphere contact 931 scrubs a metal-oxide

5 layer on the surface of the contact pad 910. For example, if
the contact pad 910 on the wafer 900 has aluminum oxide on
its surface, the scrubbing effect is necessary to establish
the electric contact with low contact resistance.

The spring force (elasticity) derived from the bridge

10 like (trapezoid) shape of the contactor 930 provides an
appropriate contact force against the contact target 910.
The elasticity produced by the spring force of the contact
structure 930 also functions to compensate the differences in
size or the fluctuation of flatness involved in the substrate

15 920, the contact target 910 and the wafer 900, as well as the
contact structures 930.

Figures 24A-24F show an example of process for producing
the contactor 930 of the present invention through the
photolithography technology, although many other production

20 processes can also be feasible. In Figure 24A, a photoresist
layer 944 is provided on a silicon substrate 940. In Figure
24B, a photomask 950 is positioned over the photoresist layer
944 so that the photoresist layer 944 is exposed with UV
(ultraviolet) 1light through a pattern printed on the

25 photomask 950. .

In this example, the photomask 950 is a gray-tone mask
which includes not only transparent and opaque portions but
intermediate (semi-transparent or gray) portions as well.
The photoresist which is not exposed with the UV 1light

30 because of the opaque (black) portion of the mask 950 is
uncured. The photoresist which is exposed with the UV light
because of the transparent (white) portion of the mask 950 is
cured. In the semi-transparent portions of the photomask
950, the tone is changed linearly from the opague (black) to

35 transparent (white). Thus, the photoresist 944 which is

exposed with the UV light of varyving intensity because of the
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hotores1st layer 944 shows a pattern as shown in Figure 24C

5 in which the photoresist corresponding to the gray-tone has
inclined edges. On the pattern of Figure 24C, a plating seed
layer is provided on which an electroplating process 1is
applied to create contactors 930 of a bridge shape as shown
in Figure 24D. An example of material in the contactor 930

10 includes nickel, aluminum and copper. Alternatively, a
variety of deposition techniques can be used in producing the
contactor 930 including wvacuum evaporation, cathode
sputtering, vapor-phase deposition.

In Figure 24E, the sphere contact 931 is attached to the

15 top of the contactor 930. As noted above, an example of the
sphere contact 931 is a glass ball coated with tungsten or
other metal. Another example of the sphere contact 631 is a

ball shaped metal contact made of hard metal such as nickel,

beryllium, aluminum or copper. The sphere contact 931 1is
20 attached to the tip of the contactor 930 by soldering,
brazing, welding, or applying a conductive adhesive. The

photoresist 944 is removed in Figure 24F. Thus, the bridge
shaped contactor 930 is produced in the production process
described in the foregoing.

25 Figures 25A and 25B show a first modification of the
contactor in the fifth embodiment of the present invention.
Figure 25A is a top view of a contactor 930, and Figure 25B
is a cross sectional front view of the contactor 930, of
Figure 25A. The contactor 930, of Figures 25A and 25B, has

30 two base portions O and P at one side for improving a
mechanical strength as well as achieving a fan-out. Figures
26A and 26B show a second modification of the contactor in
the fifth embodiment of the present invention. Figure 26A is
a top view of a contactor 930, and Figure 26B 1s a cross

35 sectional front view of the contactor 930, of Figure 26A.

The contactor 930; of Figures 26A and 26B, has two base
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modern miniaturization technology used in the semiconductor
production process, a large number of contactors can be

10 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 alsoc be used
in more general applications including an IC lead, IC
packaging, and other electrical connections.

15 Since the large number of contactors are produced at the
same time on the substrate with the wuse of the
microfabrication technology without involving manual
handling, it is possible to achieve consistent quality, high
reliability and 1long 1life in the contact performance.

20 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
errors.

25 Although only preferred embodiments are 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

30 and intended scope of the invention.
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vertically formed on one end of said horizontal portion
and provided with a sphere contact at an end thereof;
10 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, wherein
said contactor further comprises a base portion between said
15 dielectric substrate and said horizontal portion, said base
portion being a vertical beam supporting said horizontél

portion and vertical portion of said contactor.

3. A contact structure as defined in Claim 1, wherein
said microfabrication process is performed by a

20 photolithography process.
4. A contact structure as defined in Claim 1, wherein

said microfabrication process is performed by an electron
beam, laser beam or plasma beam micromachining tool.

5. A contact structure as defined in Claim 1, wherein

25 said contact substrate has an interconnect trace thereon for
establishing an electrical connection with an outer
component.

6. A contact structure as defined in Claim 1, wherein
said contactor is made of nickel, aluminum, copper, nickel

30 palladium, rhodium, nickel gold, or iridium.

7. A contact structure as defined in Claim 1, wherein
sald sphere contact is made of a glass ball coated with
tungsten or other metal.

8. A contact structure as defined in Claim 1, wherein

35 said sphere contact is made of a hard metal such as nickel,

beryllium, aluminum, copper, nickel-cobalt-iron alloy or iron
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nickel alloy.

9. A contact structure as defined in Claim 1, wherein
said sphere contact is formed of base metal such as nickel,
beryllium, aluminum, copper, nickel-cobalt-iron alloy or iron

5 nickel alloy and plated with a highly conductive, non-
oxidizing metal such as gold, silver, nickel palladium,
rhodium, nickel gold, or iridium.

10. A contact structure as defined in Claim 1, wherein
said sphere contact 1is attached to the contactor by

10 soldering, brazing, welding, or applying a conductive
adhesive.

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

a contact substrate having a recess (groove) on a
15 surface thereof; and
a contactor formed on said substrate through a
microfabrication process, said contactor being comprised
of a horizontal portion having a fixed end and a free
end and a vertical portion mounted on the free end of
20 said horizontal portion and provided with a sphere
contact at an end thereof, said fixed end being
connected to the substrate and said free end being
positioned over said recess on said substrate;
wherein said horizontal portion of said contactor
25 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.

12. A contact structure as defined in Claim 11, wherein

said contactor is made of nickel, aluminum, copper, nickel
30 palladium, rhodium, nickel gold, or iridium.

13. A contact structure as defined in Claim 11, wherein
said sphere contact is made of a glass ball coated with
tungsten or other metal.

14. A contact structure as defined in Claim 11, wherein

35 said sphere contact is made of a hard metal such as nickel,

beryllium, aluminum, copper, nickel-cobalt-iron alloy or iron
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nickel alloy.

15. A contact structure as defined in Claim 11, wherein
said sphere contact is formed of base metal such as nickel,
beryllium, aluminum, copper, nickel-cobalt-~iron alloy or iron

5 nickel alloy and plated with a highly conductive, non-
oxidizing metal such as gold, silver, nickel palladium,
rhodium, nickel gold, or iridium.

16. A contact structure as defined in Claim 11, wherein

said sphere contact 1is attached to the contactor by

10 soldering, brazing, welding, or applying a conductive
adhesive.
17. A contact structure for achieving an electrical

connection with a contact target, comprising:
a plurality of contactors each of which exhibits a
15 spring force when pressed against a contact target, each
of said contactor comprising:
a silicon base having an inclined support

portion created through an anisotropic etching

process;
20 a conductive. layer made of conductive
material;
an insulation layer for electrically

insulating said conductive layer from the silicon
base; and
25 ) a sphere contact attached to an end of the
conductive layer;
a contact substrate for mounting said plurality of
contactors in predetermined directions; and
a plurality of contact traces provided on a surface
30 of said contact substrate and respectively connected to
said contactors to establish signal paths toward

electrical components external to said contact

substrate.
18. A contact structure as defined in Claim 17, wherein
35 sald contact substrate has grooves for receiving said silicon

base of said contactor therein in a manner to fix said
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. following steps of:
forming a sacrificial layer on a surface of a
silicon substrate;
30 forming an conductive layer made of electric
conductive material on the sacrificial layer;
forming a photoresist layer on the conductive
layer;
aligning a photomask over the photoresist layer and
35 exposing the photoresist layer with ultraviolet light

through the photomask, the photomask including an image
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promoter layer between the sacrificial layer and the

20 conductive layer where the adhesion promotor is made of
chromium or titanium.

28. A method for producing contactors as defined in
Claim 25, wherein the sacrificial layer is made of silicon
dioxide.

25 29. A method for producing contactors as defined in
Claim 25, wherein the contactors are made of copper, nickel,
aluminum, rhodium, palladium or tungsten.

30. A method for producing contactors as defined in
Claim 25, wherein said sphere contact is made of a glass ball

30 coated with tungsten or other metal.

31. A method for producing contactors as defined in
Claim 25, wherein said sphere contact is made of a hard metal
such as nickel, beryllium, aluminum, copper, nickel-cobalt-
iron alloy or iron nickel alloy.

35 32. A method for producing contactors as defined in

Claim 25, wherein said sphere contact is formed of base metal
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a sphere contact attached to the horizontal portion
of each of the contactors;
wherein the horizontal portion and the vertical
portions of the contactor produce a contact force when
5 the contactor is pressed against the contact target.

36. A contact structure as defined in Claim 35, wherein’
the contactor has an asymmetrical shape in cross section to
promote a movement of the sphere contact in a direction
perpendicular to a direction of pressure applied between the

10 contact structure and the contact target.

37. A contact structure as defined in Claim 35, wherein
said contactor is made of nickel, aluminum, copper, nickel
palladium, rhodium, nickel gold, or iridium.

38. A contact structure as defined in Claim 35, wherein

15 said sphere contact 1is made of a glass ball coated with
tungsten or other metal.

39. A contact structure as defined in Claim 35, wherein
said sphere contact is made of a hard metal such as nickel,
beryllium, aluminum, copper, nickel-cobalt-iron alloy or iron

20 nickel alloy.

40. A contact structure as defined in Claim 35, wherein
sald sphere contact is formed of base metal such as nickel,
beryllium, aluminum or copper and plated with a highly
conductive, non-oxidizing metal such as gold, silver, nickel

25 palladium, rhodium, nickel gold, or iridium.

41. A contact structure as defined in Claim 35, wherein
said sphere contact 1is attached to the contactor by
soldering, brazing, welding, or applying a conductive
adhesive.
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