2 5 JUN 2004 ADTST. 026PCT PATENT CONTACT STRUCTURE AND PRODUCTI ON

THEREOF AND PROBE CONTACT ASSEMBLY USI NG SAME Field of the Invénbi dHNTEﬂUé
invention relates to a contact structure and a 5 production nethod thereof
and a probe contact assenbly wusing the contact structure, and nore :
particularly, to a contact structure having a | arge nunber of contactors
in a vertical direction, and to a nethod for producing such a |arge
nunber of contactors on a semiconductor wafer in 10 a horizonal direction
and renoving the contactors from the wafer to be nmounted on a substrate in
a verAOIE3) 02¢F¢%ction to formthe contact structure suchPEENE cont act

probe assenbl gonprobemareturRECARDI pPROIUCTTONEMETROD arHEREOFChani sm 15

Background of the Aﬁvﬂd CE%F‘{\@@E{AWL%UQEQ&%M‘QM hi gh speed

electrical devices's circurts, a high performance
contact structure such as%%ﬁf_ﬁe—éaﬂl@%—%%la | arge nunber of contactors
nmust be used. 1MHi OReEN20capRlliLals 08Sa eat=att sskudchts emday be used for

odret (AESa Rt kPR, TRELDOESEL LOVEDhL Ofoh d 18eksy 0 B

pr oduc Beess S siich con ac used 1t esti ng LSI
and VLSI mmrm thee gpubALL 2 tIrLakfrer sand HiRys: mrBch%‘?ﬁJebndFﬁbtaor waf ers and
die, testiseranrd s%éubuﬁﬂellﬁhﬂfngoac kaged r&ﬁdﬁeﬁ:oaducéx@tracdﬁmsc&sl print ed

circuit board lca_dL &he | i e;.l 'gpl% %eg tﬂo@l"%%ﬁ: nr?a;\ 31% wpbe applicabl e

to ot her ‘_ilourposes sucﬁec orm ng s or ter I C chips, IC
packages @arlagdgepumpe®cef d?ﬂ"t‘?aééf?ﬂfée%n El-lcﬁﬁé\}é‘andFB‘FOlf W@fé’&m}é‘m ence of 30
explanat i Mot enRrie sEMect h¥ANELAN resodass r i e desriatdtyprswiftdomr ef er ence to

the sem conduglal, Wal ehe! AShLEGs LA bhenslseapberg serjgandygtor devices to

be tested arein a seni conductof wa a sem conductor test
syst em sudiFessign F& Gt ERej ORIAR By TREhMER 1 85 35 X7&a65t rate handl er,
such as afrobsl eriemblyafl @ropeokerd, IC chip, or other contact

mechanism.

15 ‘ Background of the Invention
In testing high density and high speed electrical

devices such ag LSI and VLSI circuits, a high performance
contact structure such as a probe card having a large -
-number of contactors must be used. In other
20 applications, contact structures may be used for IC
packages asl IC leads. The present invention is directed
.to a production process of such contact structures to be
used in testing LSI and VLSI chips, semiconductor wafers,
burn-in of semiconductor wafers and die, testing and
25 burn-in of packaged semiconductor devices, printed
circuit boards and the like. The present invention can
also be applicable to other purposes such as forming
leads or terminal pins of IC chips, IC packages or other
electronic devices. However, for the convenience of
'30 explanation, the present invention is described mainly
with reference to the semiconductor wafer testing.

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 ig usually connected to

35 a substrate haﬁdlei‘, such as an automatic wafer prober,

to automatically tesgt the semiconductor wafer. Such an
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to automatically test the sem conductor wafer. Such an -1 2 5 JUN 2004
exanple is shown in Figure | in which a sem conductor test systemhas a
test head 100 which is ordinarily in a separate housing and & ®ciilczjky
connected to the test systemw th a bundle of cables 110. The test head
100 5 and a substrate handler 400 are nmechanically as well as electrically
connected with one another with the aid of a manipulator 500 which is
driven by a notor 510. The sem conductor wafers to be tested are
automatically provided to a test position of the test head 100 by the 10
substrat e bhaadbler “HEh@m time Rigumtrehdadirl Ohidhher semicomdiuctor wafer to be

tested is provided W hhstetlsi B0 S ALNRHRheds byrd g riagmigogduct or t est
-system The resul tant out put S|1%r’1fgls ?"_tliomthe se condgctor waf er under

test (IC cPRRATALE POUPHPHEARPDIFIENETLEM CHONRIAST SRaltEr Y 8r ESFFansmitted to
t he sem coagstodmoiwittdst dysfiben off cdlilessdmiocondbet oestesbadsy8fem the

out putg Sigé’ﬁésaasr £0Par e, Weth 48¥Pe sk efle ol hq yAgkerai pesyhet her . the

IC circuit ormed_on the sem conductor wafer fyncCtion correctly or not.
20 I'n Fi guPEeatTiCRALY eSPHIREREI1 BB AnanE ikt r“"d‘ttg1 tﬁsna%wﬁoo are
~connect ed & hnouigtulanor nteo feciehc dnpahenen bfOaconsest Bhy. of The per f or mance

board 120 {shownalBeofl QEErE) tii 68 Tsedtd | BEE Lirlfkt choayd having

el ectric circult connections unique t t est hgl[aed' s_25 gl ectrical

f oot pri nt ,PEdades teadl Bt ROFIEpPRsCANT S doifife s 10Pn P i Bife 2, the test
head 1000 | ndbaudeseahandkege 40@mber of printed circuit boards 150 which
correspond to the.purhal: 8kaliefdo Chaneks: bbSetcRiNshral t&hee sem conduct or

test system Each of the inted 30 circuit. boards 150. has connector 160
to recei vet%?teéorJTSe?ﬁG’Ffdfig‘é Hbﬁ?a‘é?s?e?ﬁ?ﬂ%}rs 1%‘?“%@%%%9@%6‘? mance board
120. A "froglicondged@0 tHestnepsted ofhehwespbiddr wateatbsager 20 to
accurat el yedat efyd nged 1@r@0BLAST waPlsi hirdRx! &leaidl Verd oct heustbstrat e
handlgr 400, I8 9% 32nldihuti0:NG2e ) ALACIUIRA Ly €At PINS 141,
gsemiconductor test system. In the semiconductor test
system, the output signals are compared with expected
data to determine whether the IC circuits formed on the
semiconductor wafer function correctly or not.
20 ' In Figure 1, the test head 100 and the substrate
' handler 400 are comnected through an interface component
140 consisting of a performance board 120 (shown in
Figure 2) which is a printed circuit board having
electric circuit connections unigue to a test head’s
25 ‘electrical footprint, coaxial cables, pogo-pins and
connectors. In Figure 2, the test.head'loo includes a
large number of printed c¢ircuit boards 150 which
correspond to the number of test channels (test pins) of
the semiconductor test system. Each of the printed
30 circuit boards 150 has a connector 160 to receive a
corresponding contact terminal 121 of the performance
board 120. A "frog" ring 130 is mounted on the
performance board 120 to accurately determine the contact
position relative to the substrate handler 400. The frog
35 ring 130 has a large number of contact pins 141, such as
ZIF connectorg or pogo-pins, connected to the contact

terminals 121, through cecaxial cables 124.
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ZI F connectors or pogo-pins, connected to the contact termnals 121,

t hrough coaxial cables 124. -2 2 5 JUN 2004 As shown in Figure 25 tjh bemt
head 100 is placed over the substrate handl er 400 and nechanically and
electrically connected to the substrate handler 400 through the interface
conponent 140. In the substrate 5 handl er 400, a sem conductor wafer 300 to
be tested is nounted on a chuck 180. In this exanple, a probe card 170 is
provi ded above the sem conductor wafer 300 to be tested. The probe card
170 has a | arge nunber of probe contactors (such as cantilevers or

needl es) 190 t@sl@hoent astFigute contidet testgeresdsi€A 45 eilpeedt ternminals

or contaci, fjadsyd n LPgrlse£i heHkleon doe s fesRuei &1 Maf gha 300 under
test. Electrical termnals or or%%lc% receﬁjt %clgg (rgzaonrglaéfrt dis) of the
probe car oelPFGréF@UeYe&OPPESF?é ShnEBEe 5 215t HEContact " pi ns 141
provi ded othrcuehf thg ihherildse epawmtaditOpi ngnlsheapubgbsateonnected to

the cont aGrL nd1€5Mu08! Sal2dmpEotdiectRer ardseneeobear e 128sthaough the
coaxi al caa]es 124 where each contact _terminal ;121 i ﬁgngg%%ed to the
e

printed citmtednsara £88%18he &8t nediP160. 2FEFPRer ““fhe pri nt ed
circuit baardsslpfoatded cinnecttde sent hendeticdomaderorPes® B§st em t hr ough

the cabl g l1Q5havifg, pfflle @@PLe0 BBMEsalalydraBsrobti ppebe cabl es.

‘Under this arrangenent, the probe contactors 190 on t e -surface
(cont act tHGEFFObF t‘ﬁé“%‘en‘? or?d”ﬁ’t?ﬁg?veﬁ%f et 3668%%?0)%&%%%%@180 to apply

t est 18i gnalemthettiich senteonduntastswaiielr BOOiagd f deamieatie®¥ esul tant

out put  sigpabs:from thecsenicenduct oronaher sdfMkontiecogswhtant  out put
signals fromthe 'sem conductor wafer 300 under 30 test are conpared with
s

the expect’®d Y&PE" deifdrated by the semiconductor test systemto deternine
whet her the | CEle¢trigdals tonmitrl s on eortArt: 5FCHwREFTL500CBRIOr s properl y.
Figure 3 ignagd)bet B2 pepe darde 7pr abe Qacdrid®l bf connected to ,

15 the contact pins 141 provided on the frog ring 130. The '
contact pins 141 are also connected to the contact
terminals 121 of the performance board 120 through the
coaxial cables 124 where each contact terminal 121 is
connected to the printed circuit board 150 of the test

20 head 100. Further, the printed circuit boards 150 are
connected to the semiconductor test system through the.
cable 110 having, for example, several hundreds of inner
cables.

Under this arrangement, the probe contactors 190

25 contact the surface (contact target) of the semiconductor
wafer 300 on the. chuck 180 to apply test signals to the
semiconductor wafer 300 and receive the resultant output
signals from the semiconductor wafer 300. The resultant
output signals from the semiconductor wafer 300 under

30 test are compared with the expected data generated by the
semiconductor test system to determine whether the IC
eircuits on the semiconductor wafer 300 pexforms
properly.

| Figure 3 is a bottom view of the probe card 170 of

35 Figure 2. 1In this example, the probe card 170 has an
epoxy ring on which a plurality of probe contactors 190
called needles or cantilevers'are mounted. When the
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35 Figure 2. In this exanple, the probe card 170 has an epoxy ring on
which a plurality of probe contactors 190 called needles or cantilevers
are nounted. \Wen the -3 2 5 JUNE 2004 chuck 180 mounting theg g .

sem conductor wafer 300 noves wupward in Figure 2, the tips of t%éiﬂtéwgt
contactors 190 contact the pads or bunps (contact targets) on the wafer
300. The. ends of the probe contactors 190 are connected 5 to wires 194

whi ch are further connected to transmission lines (not shown) forned in
the probe card 170. The transnission lines are connected to a plurality of
electrode&ﬂﬁﬁﬂntagm n@d&ﬁhﬁﬂ?twmiehmEKEdMntoonWBﬁEQaﬁﬂﬁh mewesh t he pogo

pins 141 éf i %P . BPLRal s %&etné%we@ntzetbﬁs%wctured by a
mul ti-| ayerpo o }/} r’r’fJ e substrate havi ng %goun | apes, W#)ower pl anes,

si gnal treﬁ%?‘ﬁa§§| GRe| PAS onPHERY (SpEpst P SRACKRES ™ the art,
each of thmesigmak ehdansnicasi prold mestastaesilfiedreoctavectsedhar acteri stic

15 '”Eeda”cceﬁttgg @%f&%ﬁﬁgmfmr?e&ce&gné&%oﬂw EkQHérﬁﬂsanﬁ{ amet er s,

di el'@ctric constant and magnetic per any e%Pol yi m de,
|nduct ancdsingfd (odpRhcdorBedt hB SPENEFOP&L A8YRI E£Hn t HE*Srobe card
170. Thus,trhenskghah |iimes afe | ppedaricel nabchlredpllumedilP esft abl i shing a
hi gh ”eq%%%%\értaﬁ%gs%&%ea% Béag)wlfbtvhwh@chtett% waf e6malRs £4¢1 pp! yi ng

currents in ¢ state as_ well as high current peaks generated by the
| C circui tvigh Gﬁﬁpﬁ?g%vﬁ’ltr’é"’mlﬁé ?#1 Fe%%”?&n%rent state. For renoving noi se,
capagptors 193T@pdc&95y,artalqormm}:@ecbm t® preokrugsuradd byetaneen t he power

and _groung, 5lanes swm(ladeeatb@tfapt@st h@tlﬁgtgrgaaaepmecg 170 is shown
in Figure 2Ilto ex alnP |mtat|ono k&n freqijencly performance in

t he conveW&ﬁaPlﬁP‘éﬁe %Jaqztf ttgéﬂﬁ%t%sgk?n vvrnt TH5% gUreS 4A and 4B, the
si gnal 30 ater ansmiwslilonkhowe am t hke preothe cegeh 176 ekl‘l@nd%lﬁl‘l@m t he

el ectrode ¢137em 881 S 1 fheld &Eeaas%émtt@tm»el knehdffcted e re 194 and

the needle or cant Tever, (contacl, 13 SLHERN 190 LOgeibhadire 194 and

parameters, i.e., dielectric constant and magnetlc
permeability of the polyimide, inductances and
capacitances of the signal paths within the probe card
170. Thus, the gsigmnal lines are impedance matched lines
20 establishing a high frequency transmiggsion bandwidth to
the wafer 300 for supplying currents in a steady state as
well as high current peaks generated by the IC circuit’'s

output switching in a transient state. For removing
noise, capacitors 193 and 195 are provided on the probe
25 card between the power and ground planes.

An equivalent circuit of the probe card 170 is shown
in Figure 4 to explain the.  limitation of the high
frequency performance in the conventional probe card
technology. As shown in Figures 4A and 4B, the signal

30 transmigsion line on the probe card 170 extends from the
electrode 197, the strip {(impedance matched) line 196,
the wire 194 and the needle or cantilever (contact
structure) 190. lSince the wire 154 and needle 150 are
not impedance matched, these portions function as an

35 inductor L in the high freguency band as shown in Figure
4C. = Because of the overall length of the wire 124 and
needle 190 iz around 20-30mm, significant iimitations

-4



not inpedance matched, these portions function as an 35 inductor L in the
hi gh frequency band as shown in Figure 4C. Because of the overall length
of the wire 194 and needle 190 is around 20-30mm signific ng prgn/tgg i ons
-4 25 JUN 2 004 will be resulted fromthe inductor when teSting ahigh
frequency performance of a device under test. other factors which limt the
frequency bandwi dth in the probe card 170 reside in the power and ground
needles 5 shown in Figures 4D and 4E. If the power |line can provide |arge
enough currents to the device under test, it will not seriously limt the
oper at i onaviblnewi didulited fremi hget heddeldr ethepoResEingbachige the series

connect ed Widficldd podroredie 480af gevsedpingdergebe,. power 10 (Figure 4D) as
wel | as the serjes c?nnect ed vvil_rl(;r.lgﬂﬁ %ﬂg rrée%gllg @Qggrdtglrgundi ng the
pover and si gndlS'EFHYureEs ‘.”ﬂfi‘f are equl VSRS i RS, the high speed
current ftiowprebsecaolisly restdd dredhe\eowssvepd grrnchpaeitess 193 and 195
are provid mlSineg_ﬂfmgg%g S@ng\oﬁr 4@ he amd ttl-Jéeb f@;lr‘,@;tnqliﬁé\ecg@ secure a

L b6, phl ST HeTBBVEToTa ST o IES £Rn50F (76 Fo S Hae S8bF ol at 1 vel y
surge pul HEwE! ; ~Cdpacrtors ave a rélatively

| arge val uet sudh ast 1€Fricamdycibnbe whscmenetiew) emdrhdtpoer |ines by
apaci tance A oe Soah, B e e o Rerl v Cannel 64, Sloag Lo the DUT

. : . ected, close to the DUT.
These capatHHFEedefVie® Ha ?‘E}‘gﬁe’legﬁea;bém%% e P%g}ﬁlel}.%y B8RP i ng on the
powerid i netfidureothiras wedds ast Hee cegzicis epaneetrRd wire APghardequency 25
per f or mance. L ot R8oPEehegeoRtRLADT thACSOidH NEldy sibhelpogrighdel y used probe

contactors _.as noted. abov re.lim to fre y i dt h of
appr oxi mat &y af&or@ﬁ%lm%rﬁc is ilﬁléiﬁlf:%:gg;sén}:ﬂ%]ghltggls%g)%%geﬁ?%g}g&m conduct or

devi ces. |flavhdsi adusewsly restsigb®di dered 30 that the frequency bandwi dth
conpar abl e to MRecbesterie capaflitbirky,198hiaad 1sscureeptrbyidadt he order of

1Giz @r  higher, WL! pBS.erARS AN ivhd N8R 16HEUES. sBULEDeL .
propér performance of the device under test by filtering
out the noise or surge pulses on the power lines. The
capacitors 193 have a relatively large value such as 10uF
and can be disconnected from the power lines by switches

20 if necessary. The capacitors 195 have a relatively small
capacitance value such as 0.01pF and fixedly connected
close to the DUT. These capacitors serve the function as

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

Accordingly, the most widely used probe contactors
as noted above are limited to the frequency bandwidth of
approximately 200MHz which is insufficient to test recent
semiconductor devices. In the industry, it is considered

30 ‘that the frequency bandwidth comparable to the tester’s
capability, which is currently on the order of 1GHz or
higher, will be necessary in the near future. Further,
it ig desired in the industry that a probe card is
capable of handling a large number of semiconductor

35 devices, especially memories, such as 32 or more, in a
parallel fashion to increase test throughput.

.In the conventional technology, the probe card and
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it is desired in the industry that a probe card is capable of handling a
| arge nunber of sem conductor 35 devices, especially nenories,,such as 32
or nore, in a parallel fashion to increase test throughput. I%%t weN 2004
conventional technol ogy, the probe card and -5 2 5 JUN 2004 probe
contactors such as shown in Figure 3 are manually made, resulting in

i nconsi stent quality. Such inconsistent quality includes fluctuations of
size, frequency bandw dth, contact forces and resistance, etc. 5 In the
conventional probe contactors, another factor naking the contact

per f or mange-cier eioinalalceoirs such ewpehawor &n cligvge dndee waneallhe probe

cont act or ﬁnaf?ﬂ:d %ondﬂpt O{ng@,{ﬁrstgﬁger qhgﬁtpave di §fex ent
tenperature exp anS|on rati.os. Thus &m er t he var |ng fl_o teng)erature t he

cont act pdé?qqnﬁﬁt‘?ﬁér eBaliddn vAFM Pf“é 8ff e€t%°1t he cont act
force, comxm;encgsbsnavuchﬂandobamwf@trheSTm retShetencs emeed of a

cont agt StfnUCEHéecwnR;enél&wc RSSOt cbﬁlﬁt&&&%n Seﬁ{dtfﬁce‘sz thecdequi renent in
the next generation sem conduct or Surmar of the

| nvent i on™aHELef e | PR AN o%?%%m@f"c?heuﬁ?:gg%%?ﬁ? nvamt i on to provide
a contact tefmpecttinee haharrfgp arldargghhanbere grobgonpataerers oandkl ectrical ly

cont act| gl ¢ RBLAGLcR t argeLs thad: 2 dush heegueacybang dih, high
pin counts cont act Eerformanc as well as hlg‘tj rel i abi I|ty It

i s anot hertEB‘BFéé‘FuB‘F ERRAT L TR RFent T8RSt o FPBVi o8 2’ 2ott ag{:t structure’
suchias atpmpbeatard, t ¢heestaiiidcth MQmmaltlmmb@@Wﬁ@ﬁ fo¥ct esti ng

sem condughoky Zéd{;'@ﬁ’é&l%s a@@e&@@ liree, cBavddyy @oveey higeddequency
bandw dt h to neet ae% %{-1' mept s Il’tl_. t he next, %% ergtion

sem conduEteﬁrlSF@Q?et@B T‘%%S’/l i s a % urther obj ect™of the 7 present

i nvent i on cbotaptovtdectera onttdcta W ceReert ovleseatas hS%tPe%ftw ical 30

connect i ORneNr&RPl HdAtOns SUChens dafirangos emmiedddatoor deadtces, which are

Sui tabl e ft%E:h tfstl ng a | arge nunber of

Summary of the Invention’

Therefore, it is an object of the present invention
to provide a contact structure having a large number of
contactors for electrically contacting with contact

20 targets with a high frequency bandwidth, high pin counts
and high contact performance as well as high reliability.

It is another object of the present invention to
provide a contact structure such as a probe caxd to
establish electrical connection for testing semiconductoxr

25 devices and the 1like, having a very high frequency
bandwidth to meet the test requirements in the next
generation semiconductor test technology.

It is a further object of the present invention to
provide a contact structure to establish electrical

30 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 objétt of the present invention to
provide a contact structure and its assembly wechanism

35 for assembling a plurality of contact structures to form
a probe contact assembly of desired size with desired

number of contactors mounted on the probe contact



sem conductor devices in parallel at the sane tine. It is a further object
of the present invention to provide a contact structure and lﬁéﬂ&ﬂﬁéﬂﬂby
mechani sm 35 for assenbling a plurality of contact structures to forma
probe contact assenbly of desired size with desired nunber of contactors
nounted on the probe contact -6- 2 5 JUN 2004 assenbly. It is a further
obj-ect of the present invention to provide a nethod for producing a | arge
nunber of contactors in a two di nensional manner on a silicon 5
substrate, renoving the contactors fromthe substrate and nounting the
cont act or sasserglgont act substrate in a three dinensional manner to forma

contact struct e.sdl b iefrenddlidieeobicehe ObrdlinPieseAL  LAVED! I N to

provide a nmethod for produci ar nunber of 10 contactors in a two
di mensi onaPTHEFer 2 ong%FQﬂ %gﬁ SQEEéhQ%ﬂg Br alR¥E r FHGPERe @bntactors to

an adhe5|veonﬁaqm@randuremntwngduhenemnnattUBSnehekﬁﬁrmnbﬁmﬁcdﬁrtlcaIIy
mount isng t fg, 3308 ON-GnkARLAELe %ﬁaﬁgee&fgtﬁ&pgﬂa ipdtoatacigtructure. 15

In the present Invéntion, a contact structure testing or burning-in
sen conductBRtidPer 2 GPRERGHRES OF & CRTHY ﬁP@ﬁtE?F?nﬂq:abBEF%% (devi ces
under testd1manalbnamemhnnﬂi &ol &vge aunbercef scoattacteor s produced on a

planar surfacq.of ;a,SHhSIHA! 8pJUEL 3B alélgfé;,%@ltwh%ﬁ@{@n by, a 20
photolltho% Vpg% t echnol ogy establlshe In he sem conduct or _ production
t

process aRt "]EARL: uter leb‘ﬁes%nt FrFenPPBRcEarPil so be used
as cafAponentgacobre| dat raontes demensiomailchmasnéxl beads sw&h¢nﬂ5 . The first

aspect of st@%t%@éen&raﬁwf&tflga It&lea co%&arc%&@cttosta{rycwﬁ@s A establishing
el ectrical_connection 4%& targﬁ he contact, structure is
formed of © 8%%1?1‘%58{“0%’&1’6% ‘éo%%"% &F?F’g}o%ffoclfoﬁ?ﬁ%‘c%ar]sly The

cont act or mosnggn@r ithed sefrearen rnepnedafat e spbetrae whoclioring ianserted in the
t hrough hebatprovigadtopet he contact 30 substrate in a vertical direction,

a COQEaCt portin the present invention, a contact structure for
testing or burning-in semiconductor wafers, packaged LSIs
or printed circuit boards (devices under test) are formed
of a large number of contactors produced on a planar
surface of a substrate such as a silicon substrate by a

20 photolithography technology established in the
semiconductor production process. The contact structure
of the present invention can also be used as components
of electronics devices such as IC leads and pins.

‘The first aspect of the present invention is a

25 contact structure for establishing electrical connection
with contact targets. The contact structure is formed of
a contact substrate and a plurality of contactors. The
contactor is comprised of an intermediate portion which
is inserted in the through hole provided on the contact

30 substrate in a vertical direction, a contact portion
which is connected to the intermediate portion and
positioned at one end of the contactor to function as a
contact peoint for electrical connection with a contact
target, and a base portion which is provided at the other

35 . end of the contactor, and a spring portion having a
cantilever shape upwardly inclined relative to the
surface of the contact substrate and provided between the
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which is connected to the internediate portion and positioned at one end
of the contactor to function as a contact point for electrical connection
with a contact target, and a base portion which is provided atKthgNop{igr
35 end of the contactor, and a spring portion having a cantilever shape
upwardly inclined relative to the surface of the contact substrate and
provi ded:- between the -7 5 JUN 2004 base portion and the internediate
portion for producing a resilient contact force when the contactor .is
pressed against the contact target. Another aspect of the present

i nvent i on basa gretthod addotherimheimeginhe rantigot §ps Produevies di mensi onal

manner  on, a.8ii1:eoR sHRSL st &R WheROVL O Gddtakebromsf pres@sd abl i shing a
contact structure. Th roduction method is conprised of the foll ow ng

e
steps of: 3 MPAgCH SR i 8FAr | ayer on a surface of a 10 silicon
substrate; (b) ahothengespasiodr b sprasepsr inrentiensagrafneildd | ayer; (c)
al i gnkng g, PhlRLEREK ONEr I diek0r8Sh Stwd RMAensABHa EXROSHL t he
phot oresi st layer h ultraviolet |ight 15.thr%H h %he p@gto mask, the
phot o maskT né@l uBthyCEh FYEFET3EF (Y c SRPALY S s; %5? 80el OPi ng patterns
of the i negeadflishéng comtcadborssoruetungr. f atee gfrodhet photmgtdyidt | ayer; (e)

form ng the copbackodormdr ebitendustdtegs 8P material in.the patterns on
t he phot oresi st gager Q¥ de osh%%ﬂaﬁﬁhﬁ conducti ve terigl, each of the
contactors havify Z°EBHIh? potti Feh®Y S cahtd 1 8V s ifapéd bet ween a
baseiportisddiand awbstnagEredi ate portion; 25 (f) stripping the photoresist
llayer off; (0) (bempyimthd he birbbgéal 1dyayebnbyhansgt£hi g 43r ocess so t hat
the contactors are separated fromthe silicon substrate; and (h) nounting

the contacf8fF&’on a contact substrate .
{¢) aligning a photo mask over the photoresist layer

and exposing the photoresist layer with ultraviolet light
15 through the photo mask, the photo mask including an image
of the contactors;

{d} developing patterns of the image of the
contactors on a surface of the photoresist layver;

(e) forming the contactors made of conductive

20 material in the patterns on the photoresist layer by
depositing the conductive material, each of the
contactorg having a spring portion which is cantilever
shaped between a base portion and an intermediate
portion;

25 . {f£) stripping the photoresist layer off; -

{(g) removing the sacrificial layer by an etching
procéss so that the contactors are separated from the
silicon substrate; and - _

- (h) mounting the contactors on a contact substrate

30 having through holes to receive ends of the contactors
therein so that at least one end of each of the

contactors functions as a contact pad for electric

connection.
In a further aspect, the method of the present
35 invention further includes, after forming the contactors

by depositing the conductive material, a step of placing

an adhesive tape on the contactors so that upper surfaces
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_ _ 2 5 JUN 2004
30 having through holes to receive ends of the contactors therein so that
at | east one end of each of the contactors functions as a contact pad for
el ectric connection. In a further aspect, the nethod of the present 35
invention further includes, after formng the contactors by depositing the
conductive material, a step of placing an adhesive tape on the contactors
so that upper surfaces -8 2 5 JUN 2004 of the contactors are attached to
t he adhesive tape. In a further aspect, the nmethod of the present
invention further includes, after formng the contactors by depositing the
conduct i ve afatbei abptartstrepané gitached. t& @ adiiesiive tape. on t he

contactors on thg GONAUGHLYE 538t I alie Seedikal YPPRLeSylaces of the
cont act ors .adhere

to tge adhesi ve tage mﬁg;ein adﬂesive strength between
the cont act8¥<RhiPR HETLARESTVE WSS PECT RGP PHah™t Rt a5 kEen t he
cont act or a&gddepcoiitiuct ke subpBictave watesiiadh 30stbp ehmplactiogs are forned,

and a §tepaﬂfd%%%%599 EQﬁe eanduet inRicaubsts abg %%éﬂy%nddy%iggntactors on
t he adhesive tage are sqgarated fromthe %%QFUCtLVG substrate. A further
R £ 5°pFBpE°

aspect of FHESEERGhF I edePPFAVEHTIAGHS S o fSassenbl y
i ncl udi ng thetbentdb¢siia ustper evheokithedpeesentstiramerthi detwEhe probe

contact assgublynisoehOLARORE AnfRAtaCtapabss ral g avinig anpturality of.
contactors_ nounted. on a surface ting the

her eof, a, prob ard for _poun
Cont act suBEEYaTs HRICHAeE Rt G SRietii SRPsERARRITLAPIE bet ueen t he
cont att or sthad costactrmdesreprbvinged omad e prethecfapdeland &hpin bl ock

having a pLyf@hdtinel saotaGk PEHS el Ntgs f 26acBet¥ween o henprobe card and
a senlcondugtor,test syst em when t he Ri;N Iggk &ieathﬁﬁﬂﬁgtﬁe t he probe
card. 25 | ACEREET obEFE Nt HG dETEFBIYT t AE Cont At or e are " ¥Bunt ed

verti cal | ys@pstarsier-i zontal surface of the contact surface. Each contactor
is conprised ofa aurkREera@dlicht 6f O tdeRdndhbedsést | i8M-edni Dt he through

h0|e:£§0Vig€§EéHE contact assembly including the contact structure
of the present invention. The probe contact assembly is
formed of a contact substrate having a plurality of.
contactors mounted on a surface thereof, a probe card for
mounting the c¢ontact substrate and establishing

20 electrical communication between the contactors and
electrodes provided on the probe card, and a piﬁ block
having a plurality of contact pins to interface between
the probe card and a semiconductor test system when the
pin block iz attached to the probe card.

25 In the probe contact assembly, the contactors are
mounted vertically on a horizontal surface of the contact
surface. Each contactor is comprised of an intermediate .
portion which is iﬁserted in the ‘through hole provided on
the contact subgtrate in a vertical direction, a contact

30 portion which is connected to the intermediate portion
and positioned at one end of the contactor to function as
a contact point for electrical connection with a contact
target, and a base portion which is provided at other end
of the contactor, and a spring portion having a

35 cantilever shape upwardly inclined relative to the
surface of the contact substrate and provided between the
base portion and the intermediate portion for producing
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t he contact substrate in a vertical direction, a contact 30 port%%n whi ch
is connected to the internediate portion and positioned at one d JorN 0%
contactor to function as a contact point for electrical connection with a
contact target, and a base portion which is provided at other end of the
contactor, and a spring portion having a 35 cantilever shape upwardly
inclined'relative to the surface of the contact substrate and provi ded

bet ween the base portion and the internmediate portion for producing -9 2 5
JUN 2004 a resilient contact force when the contactor is pressed against

t he contact trasibientAcootdchgfooce hehgr edentonpaeintt ds, prlesednt act

structure Q%lﬁst\/ed‘ﬁé Rbgbha&t egignay, bandwi dth to neet the 5 test
requi rements of_ next generatl on ‘sem condyct or Iechno ogy. _Since the |arge

nunber of cont A8 T r bBtic XSS hd ¥ Phmet0n  CRBERGbst rat e
wi t hout i stwvoketivig herualveranbighgf ragquensy pessivbiehtto aekievlee consi st ent

qual i ty, high re}éc%ﬁr’e&nfeﬁténd Jfonﬂe:h! f %én@r&@%rﬁ-o £Qn-aakupesf or mance as
wel |l as | ow cost rther %a tac%ors are assenbl ed on the

sane subs’f?%ﬁrié’]ﬁ@tyerl a1 Ee ¢ rgLenen Fc@tufgBFatERtS #¥° is possible
to conpenspt@iymesi t abnahheersans tausedbrbythe eppbstataie whehges. 15 Further,

accor di ng irgfalhﬁn@r ew?»aerﬂiall r}v&mlll% the iprgaueidien t95086§§e~!r§ able to
produce a | ar ge nunber hor ont i rection on the
silicon 8t b?“?PleWg éF’ ‘%’lﬂi?lgllﬁ% d[i%% & 18U contactors
are rlérmved)ﬂtla@m t her Saiysncst eafanGIEﬁﬂ;urﬂsedl@ﬂ 2@sh- confFactheubstrate in a
verti cal Ciiéc%ci{sieonthlhec@@mc@@drs Staract uggeraﬂ@@ucaﬂ byné hegfresent .

i nvention are Io fi C and have_ hj h mechanl cal
strength A=Y gl I ag'l ]EejlePEﬁl gchja%escrlkg VT the g8 f)rlég\n ngs *o5 Fi gure 1 is

a schenat ii@ oﬁ%ﬁﬁ%@sﬁ@mwmawl@cmﬂsatwmﬂ a%#l&ifs%crsﬁ%d/\é@h a substrate
handl er an@mpersenl-6ofithici«ndy. t est system having a test head. '

15 Further, according to the present invention, the

production process is able to produce a large number of
contactors in a horizontal direction on the silicon
subgstrate by using relatively simple technique. Such
contactors are removed from the substrate and mounted on
20 a contact substrate in a vertical direction. The contact
structure produced by the pregent invention are low cost
and high efficiency and have high mechanical strength and
reliability. -
' Brief Deécriptibn of the Drawings

25 Figure 1 is a schematic diagram showing a structural
relationship between a subgtrate handler and a
gemiconductor test system having a test head.

Figure 2 is a diagram showing an example of more
detailed structure for comnecting the test head of the

30 gsemiconductor test system to the subsgstrate handler
through an interface component.

Figure 3 is a bottom view showing an example of the
probe card having an epoxy ring for mounting a plurality
of probe contactors (needles or cantilevers) in the

35 conventional technology.

FPigures 4A-4E are circuit diagrams showing
equivalent circuits of the probe card of Figure 3.

~10-



Figure 2 is a diagram show ng an exanple of nore detailed structure for
connecting the test head of the 30 sem conduct or test systen1tbfihﬂﬁu90g4
substrate handler through an interface conmponent.' Figure 3 is a bottom

vi ew showi ng an exanple of the probe card having an epoxy ring for
nmounting a plurality of probe contactors (needles or cantilevers) in the
35 conventional technol ogy. Figures 4A-4E are circuit diagranms show ng

equi valent circuits of the probe card of Figure 3. -10 2 5 JUN 2004 Fi gure
5 is a schematic diagram showi ng an exanple of contact structure of the
present inventi giglisé Ng i< entsabbnssi prdidisead showimpraz ontsalpldi recti on on a

senm conduct QI Cg%sﬁ;crtat gtﬂ.ﬂ’ﬂ:u %rtdé:alci,lgn%ggﬁggg qugn ‘:-'eoﬁoqISq Eaesubst rate.

Fi gures 6A “and are schematic di agra aS|c concept of
product i on ceatReECEF Hedpeederin @m}@ﬁtlizeﬁt% F@ﬁtéOPar@‘é Runber of
cont act or S sam@coh@idBsk: OBubsft-ARAr asdr vaeeieill, subshtatie @ndar enoved 10
theref£0n1forta Eerlggqgggses Figures 7A-7C are diagrans show ng a
specific F contactor of the present invention wherein Figure 7A
is a front VI eV\F'\Lﬁ‘HEEh% &orfdcbBrare Hiemar e diagrafisySRAWRdoR t he

cont act or, haBécFi @ideptC b6 Preehiceion 1nathed 0bft hthe odraiear. Fi gures

A8l are sEbeirlLe dhaghalh épg%%%n%%b%@@fecgktgeegygt .04 process in

the present I AVENti on- ontactors of the present
i nventi on. £Arged eSnOA- ObRBIE SEHEAR | SPatEasRoRP g ZRTSVREr 20 exanpl e
of progduct tRerfEaRSHr Natbe Mrfeeastsl nventl on for pr odu0| ng the

contactors of the presens javeny oalag%ﬁg«yeﬁhwﬁjéogar <ghepati ¢ di agrans
uci

showi ng an exanple_of process for the Tontactors of the present
i nventi on BHEHRES hot i EBﬁ’faﬁtqérur‘Tfac OfPLFSSE sdﬁ’é’?P&%@naﬁ" SEFafsferring the
cont act or sFtguan 74 nisepntdirt eiplvate.the contactor, Figure 7B is

a side view of the contactor, and Figure 7C is a bottom
15 view of the contactor. _
Figures 8A-8L are schematic diagrams showing an
example of production process in the present invention .
for producing the contactors of the present invention.
Figures 9A-9D are schematic diagrams showing another
20 example of ﬁroduction process 1in the present invention
for producing the contactors of the present invention.
Bigures 10A-10N are schematic diagrams showing an
example of process for producing the contactors of the
present invention on the horizontal surface of a
25  substrate and transferring the contactors to an
intermediate plate.
Figures 11A and 11B are schematic diagrams showing
an example of pick and place mechanism and its process
, for picking the contactors and placing the same on a,
30 substrate such as a multi-layered silicon substrate to
produce the contact structure of the present invention.
"Figure 12 1is a cross sectional wview showing an
example of probe contact assembly using the contact
gtructure of the present‘ invention as - an intexrface
35 between a gsemiconductor device under test and a test head
J of a semiconductor test system.
Figure 13 is a cross sectional view showing another
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Figures 11A and 11B are schematic diagrans showi ng an exanple of pi ck and
pl ace mechanismand its process for picking the contactors a |w% t he
same on a, 30 substrate such as a nulti-layered silicon subst Pe @@
produce the contact structure of the present invention. Figure 12 is a
cross sectional view show ng an exanple of probe contact assenbly using the
contact -structure of the present invention as an interface 35 between a
sem conduct or devi ce under test and a test head of a sem conductor test

system Figure 13 [ 0SS sectional vi show ng, not her 1 2 JUN 2904
exanpl e ofe’fﬁ‘@ﬂe@ cB%t Esscé‘?quaftusf‘ﬁﬁer?ﬁé’ cORtatt %gt (TEHEPE of the

present i nventdtoireasoln tihe eptasent bdmnveshian s cendutttrrideei ce under

test and abé&%eﬂﬁ%agempéorﬁaﬁw&@w@é Unde@Stesy ShRAM Sedd Geba 14 is a
schemati c dj agrams %EAPFEOan exa | e of contact structure of the present

i nventi on Havi ™ <9 ¥ dyeied §F§ﬁ‘dard silicon substrates and the
.cont actors prdodgeed Lhrough schemptodudidorempebowssg odn tdramppresent

i nvention., A0, &lgune siéu'c%uﬁepSEses@t b&é@syﬁ@wmﬂl@& dPhiugakity of
contact structures of the apgse t ipvention havi g\?l rge nunber of
cont act or S “A8¥ERERI n§ERPERD on® BhStherSYHS 8ﬁ§ts’|t g a g?obe cont act
assenbl y ofontdesioredpsiodesed shEpgan e:h%prsd@cq:ﬂenspéeceae afi &eof the

contact  sifdichir en9bnt ey present invention wherein plural contact
substrates are Qonnecigd w th one aﬁot her. to tabl ish.a Rrgbe cont act
assetBly with J&SPFEd 3iYe 2 SRAFREEhTE VWEIS ?’l%%n% FHERSIB0 Det ai | ed
Descri pti arf ofothectr stencedr@hodi nem PEReRitte Sn¥ABREomNeaghnpl e of
cont act Stﬂaemqlg.l;r% bhrgthgumb@s et ddneeritbed. rdheasoniaGngSwivRt ure is

o Sem Codi B TR g ENE CORFad IBHE ruirtre FersueiYi Bheat for
exanpl e, clgsirgd size.
15 Figure ‘16 18 a pergpective wview of the contact
structure of the present invention wherein plural contact
substrates are connected with one another to establish a
probe contact assembly with desired size, shape and
number of contactors.
20 Detailed Description of the Preferred Embodiment

Figure 5 shows an example of contact structure of
the present inventiomn. The contact structure 1is
configured by a contact substrate 20 and contactors 30.

In an application of semiconductor tegting, the contact

25 structure is positiconed, for example, over a
semiconductor device such as a semiconductcor wafer 300 to
be tested. When the semiconductor wafer 300 is moved

upward, the lower ends of the contactors 30 contact with
contact pads 320 on the semiconductor wafer 300 to
30 establish electrical communication therebetween. The
contactors 30 are mounted on the contact substrate 20 via
through holes {not shown) at the middle portion so that
an upper portion and a lower portion of the contactor are
projected from the contact substrate 20. The middle
35 portion of the contactor 30 may be loosely coupled to the
contact substrate 20 so that the contactor 30 is movable

when the contact structure is pressed against a contact
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© cont act or

sem conduct or device such as a sem conductor wafer 300 to be tested. Wen
the sem conductor wafer 300 is noved .upward, the |ower ends of2thhe/UN 2004
contactors 30 contact with contact pads 320 on the sem conductor wafer 300
to 30 establish electrical conmunication therebetween. The contactors 30
are mounted on the contact substrate 20 via through holes (not shown) at
the: m ddle portion so that an upper portion and a |lower portion of the
contactor are projected fromthe contact substrate 20. The nmi ddle 35
portion of the contactor, 30 may bg I oosel y. co éed to the contact
substrat e YISt Raf - t N T HTRECT u%ﬁo?sw‘#[?\fagﬁ when the contact
structure is priessbd agmipist of Eogteets - BRAcR GoUINtZO04 0t hpged, i.e., the
sem conduct ol maker BOQ shipt hs &xamB! sonfadt BUbS: MatLaohwaoakactor 30 has
a cantilever ljke ,shage fver t he ongact substrate 2% whi cjiy ext ends .

ah 35° Pt of TER

di agonal | yetiRsEdIdiageahlYippRY2ER The "BPFEWEF Y e contact is
subst ant i aldwerst parightf eheendempatowararadibptaot bal vestesadagls. In the

sem Conduc%géenfd%ﬁg apRbdeah 9N, t5Nes UpRSJerenend3 355 @  basecpertion of the
to contact wth a P]{c%ge card of the tegt System and the | ower
0

end 35 is FESAPIEFEDD Hointd €8t &or'PBG t §7Cont’act® with the
cont act paskse3pOrohot ke $oei condactar Iater cYURCLTHE thaat Prelver (spring)

-]Po”i O\r,‘\hOfc ofom@%%%%d%stéfn%%i ens Zﬁ&uea: SRAI 7% itCTOapEQHﬁﬁét a resili enéI
orce when the upper end 1s fixed to the pro rd _an ower 15 en
i s pr@ssedHddi ﬂgt'ﬁ?‘?‘\é’o%ﬁ‘fﬁﬁ 3t)é)agﬁe‘f'C.:'Jtnl‘:l‘?hcetlo 6ggr&%n§°%fg8%t§%{i poi nt) 35 of
t he cont act2er o80ths sewfcendbbpor shakperd®-to be able to scrub the surface

of the contact tnpagadA0evERe (5881ihd)eHortabacopraneatauebrazscr ubbi ng

effect at the lLower _end (cantact point). .3 i t ace of
contact pad™5%6°Sudh % ésocrrlﬁ]ﬁbf%ﬁgggf’gté%:? ép?%%?%étaggrgr%r%ée% cont act

per f or mnd&enwererhend oht abtxehdintthsc musdet Ferdxpad &oef 28¥eDf the cont act
pad 320 t @ndehecifdrld ¥ggDmitaahet bencanduetbee. nater lalenfendie cont act

pad 320 “W%%&t%@? %ékgg)sggf%ﬁﬁ'the contactor 30 1is preferably
sharpened to be able to scrub the surface of the contact
pad 320. The resilient force promotes such a scrubbing

effect at the lower end (contact point) 35 against the

20 surface of contact pad 320. Such a scrubbing effect
promotés an improved contact performance when the contact
point scrubs the oxide surface of the contact pad 320 to
electrically“contact the conductive material of the
contact pad 320 under the oxide surface.

25 Figure 6A-6B show basic concept of the présent
inventibn for producing such contactors. In the present
invention, as shown in Figure 634, contactors 30 are
?rodﬁced on a planar surface of a substrate 40 which is
a zilicon substrate or other dielectric substrate in a

30 horizontal direction, i.e., in a two dimensional manner.
Then, the contactors 30 are removed from the substrate 40
to be mounted on the contact substrate 20 of Figure 5
guch as a ceramic substrate, a printed circuit board, IC
chip, or other contact mechanism in a vertical direction,

35 i.e., in a three dimensional manner.

In the example of Figure 6B, the contactors 30 are

produced on a planar surface of a silicon or other
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25 Figure 6A-6B show basic concept of the present invention for producing
such contactors. In the present invention, as shown in FigureZ @AJUN 2004
contactors 30 are produced on a planar surface of a substrate 40 which iIs
a silicon substrate or other dielectric substrate in a 30 horizontal
direction, i.e., in a tw dinensional manner. Then, the contactors 30 are
renoved fromthe substrate 40 to be nounted on the contact substrate 20 of
Figure 5 such as a ceranm c substrate, a printed circuit board, IC chip,
or other contact nechapismin vertigal directi QMg 35ti.. e. ’ini n a three

di mensi onaBiRETRELC SHPEREAER afPl ERoF PRI GUTEPEB At 8 *ESHESCt 6F's 30 are
produced ofhe mpraear showhade &figarsi éi cofiher, dthrercortaczozsJBR 2004

di el ectri Calzﬁélbééérﬂéfeﬁ%d Neddie Y | QB @bardi ract £9NahN adreivaNNer shown in

Fi gure 6. en, the contactors 30. are transferr%d tromftigl% %ubstrate 40 to
an adhesi VEEMHREMR JHICHs fth Y APSRINSS i 5% o FE S EUKEs FU&™f Pfm or 5
adhesisve pdtemsifeol | gidtievel yobhthasiwed yt aptddimsivel ntieaprlti at& pl ate"). The

contactors, 30 QR-hhg-adhesivg . tape LArabeoremaved thekeheem/to be mounted
on the contact substrate 20 of Fﬁlhtg es 5in,a VEI"[IC%| dl-ccggtlon, i.e.,
in a thredasnedli 675 FREMES Wit ™ 1P

of€a SNl 488 mechani sm

Fi gures 7AcHEaghowsabspezidi exafpl Fighrede 5 cont act ovedtiché present

i nvention whereip Fi gure 74 i$ cifrde @Retbe¥haFinge r7Riks assi de view, and
Figure 7CTs a_bofto viewthe eof. The contactor 30 of Figure 7 has 15 an
upper®end C(ﬁoésQlﬁBr?Fg]rB % "SNP H4PR point having a jaw (flange) 34, a
spring porti onFiganes| eXfer’)C hakrng a sHegdisl eeamrun®ingthbetween the
upper end ap@athsr BEdghe Paiddnt ansthaight wpardirowidfrandaaikower end 35

having a contact point._ 20 The_upper en on tes . Lh-a probe card such
as shown§ rﬁf‘@u‘?ée“i'z Falr?dlrtethl gg/e? Selrf% %éegbn%%gt%%%th% he contact.

target suchbattamsehteddirersdr wihercurdstored? of WG TfodnP88 on the

cont agt substpate 2RdofbidguWatiod) 33, a middle point having a

jaw (flange) 34, a spring portion (cantilever) having a

diagonal beam running between the upper end and the

middle point, a straight portion 36 and a lower end 35

.having a contact point. |

20 The upper end 33 contacts with a probe card such as

shown in Figure 12 and the lower end 35 contacts with the

contact. target such as a semiconductor wafer under test.

when mounted on the contact substrate 20 of Figure 5 or

Figures 12-14, the upper end 33 and the spring portion

25 (cantilever) are projected from the upper surface of the

contact substrate 20 and the lower end 35 is projected

from the lower surface of the contact substrate 20. The

straight portion 36 is inserted in the through hole of

the contact substrate while the jaw (flange) 34 functions

30 as a stopper against the upper surface of the contact
substrate 20 as shown in Figure 14.

In the front view of Figure 7A, the straight portion

- 36 preferably has a reduced width which promotes the

spring action by the spring portion and the middle

35 portion. In this example, as shown in the side view of

Figure 7B and the bottom view of Figure 7C, the contactor

30 has the same thickness throughout. Thus, when



Figures 12-14, the upper end 33 and the spring portion 25 (cantilever) are
projected fromthe upper surface of the contact substrate Zg%sns,@hﬂg%omer
end 35 is projected fromthe |ower surface of the contact s t Q

The straight portion 36 is inserted in the through hole of the contact
substrate while the jaw (flange) 34 functions 30 as a stopper against the
upper surface of the contact substrate 20 as shown in Figure 14. In the
front view of Figure 7A, the straight portion 36 preferably has a reduced

wi dt h which pronptes th ng action_by the spri or n and the
ni ddl e 35 PSPERGHT IFhe W?tg %%IBEO Uy t'ahl‘?oﬁﬁraf‘ﬁrt’ﬁ’ér C(ﬁ 3\}9 Figure 7B
and t he bottdiren esnleftreicgur® @€, Fiipereofhactoty @@Jﬂ'@@qs{”@l@@m t hi ckness

t hroughout ., Thus, Mgﬁnbe1%e%u§réprggo%09ﬁQH§Chﬂg tRecaepbac 30 on the
pl anar surPace of - e con sugstrate gur e 6A, ogoy one

deposi ti onCOprYcEse Hﬁi?eﬁéa eqdr 8% 5759 gt F‘ﬁ CRFRH o
conduct i vehaatierd akr. mdre théfense whécknebe, condactdve 3xteriad st wo or nore

di fferent EQ%ngeéépoﬁQ%ﬁu%vagr%Fé'@1r§esr@y RendeRasidkedokwo or more

times to formtow or npre  layers of_condyctive material in the production
process. FRESEKSHprengreti e meherhat cb%ttj’cet BFOBECH GUEFOFSFE-  a= 400p. m
b=50 Lm czhé/ erpmplts0oin sz 4Dpnthé =000barton 00H=L600g K= i@@gm i =60/ . m
j =3100um gngod}n;LQOQ;Jg@ mFI QAL LS B A Bl-saLR, scgemadﬂ“g dlﬁi@ro@ré]&,ShOWi ng an
exanpl e of product i %n Erocess for progw rg ?:(o ésgt or 0 of the
preserft i nFehtiUm: PALEPYr e BR*Ma d52TY T4 & 3 % is formed on a
substrate 40 wHiclires t8fpiséaldne 18chemwiticofliagmmng askowiichepndi el ectric
substrate éﬁaﬁll%oofffﬁeﬂ@t&oﬁl&%@%@fgk%cﬁi&&y@ﬁ@ g aateer am c
iC

bstrat Th f ; |
ZIUO)s(l (rjg (es? E Sﬁ%yﬁfiﬁ%e éﬁ‘é% 1:[3.061n I%Pg?él qsresgéh %ésaa@;l%lcgals' V'aggp

deposi ti onléé@ﬂD)‘lZ Tive foomedcont f4 @uwisticayer 484 2vhich dlessdpy@igtél¥ont actors 30
fromyg he gidiiGednsybsifal.i nother | @idleglragesabstidere [s0dlebi On process.

feazible such as a glass substrate and a ceramic
gubgstrate. The sacrificial layer 42 1is made, for
example, of silicon dioxide (8i0,) through a deposition
process such as a chemical vapor deposition (CVD). The
20 sacrificial layer 42 is to separate contactors 30 from
the silicon substrate in the later stage o©f the
production process. |
An adhesion promoter layer 44 is formed on the
sacrificial layer 42 as shown in Figure 8B through, for -
25 example, an evaporation'process. An example of material
for the adhesion promoter layer 44 includes chromium (Cf)
and titanium (Ti) with a thickness of about 200-1,000
angstrom, for example. The adhesion promoter layer 44 is
to facilitate the adhesion of conductive layer 46 of
30 Figure 8C on the silicon substrate 40. The conductive
layer 46 is made, for example, of copper (Cu} or nickel
. (Ni), with a thickness of about 1,000-5,000 angstrom, for
example. The conductive layer 46 1s to establish
electrical conductivity for an electroplating process in
35 the later stage. '
In the next process, a photoresist layer 48 is
formed on the conductive layer 46 over which a photo mask
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An adhesi on pronoter |ayer 44 is formed on the sacrificial layer 42 as
shown. in Figure 8B through, for 25 exanple, an evaporation prOQe§SJUﬁ‘mﬂU:;
exanple of material for the adhesion pronoter |ayer 44 includes chromu
(Cr) and titanium (Ti) with a thickness of about 200-1,000 angstrom for
exanpl e. The adhesion pronoter layer 44 is to facili t‘ate t he adhesi on of
conductive |layer 46 of 30 Figure 8C on the silicon substrate 40. The
conductive |ayer 46 i's made,, for exanple, of copper (Cu) or nickel (N),
with a thickness of about 1,000-5,000 angstrom for exanple. The

conduct i ve5Pajerpagciselio AdEas SR e xppPredl vebhdabtTWiglotor an

el ectropl afung pigleesss | 8Showd Lherligtes 8bageThen phbeonesikkpracess, a

phot oresi s o] ' Cc r r which a
phot o rraskgh(%@yea[ ;}% j%me%g%g‘r?%b fhd eoc%?srae é%%{ea%?d?ta’o&g\gﬁ\e@posed with
ul travi ol evil¥ vy deHcres %Mq rPI’th@Eleé-“LB 1ﬁ%rpﬁ%to AEsKS50 shows a
two digrensiverel khomgeinf thke @ont apdeitB3R W chelW ks hegisvekoped on the

phot oresi S%%é 4l 48. céﬁnf)% P leb KBRYD ﬂdl— e arﬁg%éﬁ% as vell as

negative resi st can be use a positive acting
resist is %1%*&9‘619 e i5Koticr saest: dﬂ?ﬁerwweﬁﬁé Sﬁﬁaﬁ%‘ip@!’t it§fs of the mask
50 har densog#tifeepostions tde tlexposk &0 bBuadphes(@irghetfaresicat mat eri al

i ncl ude 10 ak (M fo NM%.C

Met hacryl a?)g?o %U—8 Egﬁ%g%g s%fnrgk?l?%gg% s#;m éP%y Mﬁltcriélgvel opnent
procéds, trffé’@ﬁﬁ?oséal Séfaﬁoﬁff‘?ﬁ%a 'caﬁMﬁ% d|(§§8VveH‘e§Hé{ washed away,
| eavi ng a phoiaetelass), | siyes &84 o@h&tcgmaaﬁﬁlhavpn@yam@@em mg or pattern

"A'. 15 T g tigr openi ng "A"
on the ph(% ec%:{}g%gﬁ%e& %ﬁeag\% l%%hgﬁipérgégzéétﬁgp%%f I}te%%stéont actor 30.

'h the Pt FEhSdFRpHY BB OEITHA REFor FeR&5Ftusi ng the UV
light, it liayeal 86 pbOsEidhee t&E H¥Viexpesecobheiphocimeditstn| dé&r 48 with an

el ectgon heam, OfpX- RS A SoKNPYHuFd ERCsRbhs EMEtP8Eretd b8 al sO

opening "A" on the photoresist layer 48 having the image
{ghape) of the contactor 30.
' In the photolithography process in the foregoing,
-instead of using the uv light, it is also possible to

20 expose the photoresist layer 48 with an electron beam or
X-rays as is known in the art. Further, it ‘is alsc
possible to directly write the image of the contact
structure on the photoresist layer 48 by exposing the
photoresist 48 with a direct writé electron beam, X-ray

25 or light source (laser).
The conductive material such as copper (Cu), nickel
(Ni), aluminum {(Al), rhodium (Rh), palladium (Pd},

tungsten (W) or other metal, nickel-cobalt (NiCo) or
other alloy‘ combinations thereof is deposited
2Q (electroplated) in the pattern "A" of the photoresist
layer 48 to form the contactor 30 as shown in Figure 8G.
Preferably, a contact material which is different from
that of the conductive Iayer 46 should be used to
differentiate etching characteristics from one another as
35 will be described later. The over plated portion of the
contactor 30 in Figure 8G is removed in the grinding

(planarizing) process of Figure 8H.
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possible to directly wite the imge of the contact structure on the

phot oresi st | ayer 48 by exposing the photoresist 48 with a dir S

el ectron beam X-ray 25 or light source (laser) . The conductli n‘i@gr;ﬁ@l‘i
such as copper (Cu), nickel (N), alumnum (Al'), rhodium (Rh), palladium
(Pd), tungsten (W or other netal, nickel-cobalt. (N Co) or other alloy
conbi nati-ons thereof is deposited 30 (electroplated) in the pattern "All of
the photoresist |ayer 48 to formthe contactor 30 as shown in Figure 8G
Preferably, a contact material which is ,different from that of the
conduct i ve | ayePhes6 abhwel dndfeedis @EOEESSdi Ter IRt | APSSCERI ngor

char act eri gtb&sc fdOMcBNLa et hadSngd Mffeﬂﬁltﬂe&ﬁfﬂcﬂtﬁésbat By. The over

pI ated portion. of the contactor Ln_Fi % t he grinding
(pl anari zi i%%’)' "HIS LS B rﬁoréaurceorglsﬂcmi% Ilg %&J %BT?%eggB%ge not ed

process majobeinepeatfddstorlaygrodiici ﬁbecdmnééﬁépiss halEosgluge v er ent

t hi ckress rtqé(texfﬁlm NG £t MEc& =R, € taeNgustéyed ayerrSguNageky.-safter form ng

a first layer e c%lg%g:tors %&qgu%}lm\f/re 5. NALEh] e%l )_L‘age% pgcessary, t he

processes of° F‘I "% SFEpeat e To Torma Sécond T ayer or further
| ayer on the ff:unsgt lh?aegllerofofch?héoé'éﬁtﬁt‘&tﬁsors | nIRhe Rext pedkess, the
phot or esi sfrdasy, ﬂﬁel;%xdt@m&@dtlm@xr a3 sk réxhdsvepplmgapttegeés as shown in

Figure 81. Typicall he 10 r SI St I S T chem cal
processi ng® ]}Gﬁ%@? é a‘f?psis §=0f ST | pp%ﬁgﬁar e8%cet1?§q\é§as§d ‘%l ppi ng and
pl as® 0, =esigspilayer| ﬁBFitgu?fém%YJEd tihie vt refrgrdica Plré’ﬁéﬁsllzgr s etched away
so that thseentdehpledot SstiSepangt adef semdrhe teiskidcenrspbshgat e 40.

Anot her et chi r%%ulf) PHOCS gg_,grpbz gondygte ﬂ\’,“?% tdhat ttr%esggggﬂggapronoter | ayer

44 and the Cordiet T ve? |ayé are reno fromt contactor 30 as shown
in Fi gure BrReITHER etehfhghebndViy ofic c&hebe t8 (@6 Tetth e layers 44
and 46 butsdiniratedef:n the cidntcaet subSfraden4020 Motddrerwetdsingo etch the

CondH%tiv%qu¥E% %9 EEJJﬁQEEd so that the adhesgion prometer layer
44 and the conductive layer 46 are removed from the
contactor 30 as shown in Figure 8K.

The etching condition can be selected to etch the
layers 44 and 46 but not to etch the contactor 30. In

20 other words, to etch the conductive layer 46 without
etching the contactor 30, as noted above, the conductive
material used for the contactor 30 must be different from
the material of the conductive layer 46. Finally, the
contactor 30 is separated from any other materials as

25 shown in the perspective view of Figure 8L. Although the
production process in Figures 8A-8L shows only one
contaétor 30, in an actual producticn process, as shown .
in Figures 6A and 6B, a large number of contactors are
produced at the 'same time.

30 Figures 9A-9D are schematic diagrams showing an
example of production process for producing the
contactors of the present invention. In the this
example, an adhesive tape (intermediate plate) 20 is
incorporated in the production process to transfer the

35 contactors 30 from the silicon substrate 40 to the
adhesive tape. Figures 9A-9D only show the latter part
of the production process in which the adhesive tape 50
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etching the contactor 30, as noted above, the conductive material used for
the contactor 30 nmust he different from the material of the Eo&ndﬂjﬂmngy
layer 46. Finally, the contactor 30 is separated fromany other materi il's
as 2S shown in the perspective view of Figure 8L. Al though the production
process in Figures 8A-SL shows only one contactor 30, in an actual

producti on process, as shown in Figures 6A and 6B, a |arge nunber of
contactors are produced at the sane tinme. 30 Figures 9A-9D are schematic
di agrans showi ng an exanple of production process for producing the

cont act or slﬁ)flrt‘ffévﬁﬁesent invention. in the this exanple, an adhesive tape
(internedi ate piafe)l 90 dhowsi ACHFraat ellith ihegpiodlent ao phecess to

transfer the 35 cogt act. or;é%gonlmgg_esﬁlé %%%t%?@é&é@tleagﬂé(} ug the

adhesi ve tBpe; % § aur &5 I"atter he production
process |nlﬁ\m%f@"teﬁieladh]é%lV%S%%pest%PPI?*QZP’SO‘BW 209F 8% 2d¥6l ved. Figure
9A shows ajiprogess md‘elgsl sogqum,i@,lmt toa,t han praatesivehowapen Figure 81

where ' he PgiOnessto Laxer, 4o L3 PERed Bt h;@%éfsglfxtfa%rert ppi ng_ pr ocess.

Then, al so H Fdeess o an ad ive tape i nternedi ate
plate) 90 ke p‘ioél@édt@ﬁ %Sﬁpﬁéﬁtsﬁﬁaﬁ*a‘é@lwtofhéoc%ﬁﬁ%sort%(? €0 that the
contactor hadRer asgeo dhe ashasineg tapevOOwitls metedenaboveowi th

reference to Figure G&lrre l{agte% H{%x%ogge{ﬁeo%ré tprqls,%gtt bavention, 10

t he adhesi Ve tape (inter I nc %pes of adhesive
menbe0, sudie ad &ﬁl‘aﬁlﬁé’ﬁe\/élﬂFFﬁ?‘%ﬁbateadﬂé‘ézF\)/e %Pal%“eludfﬁdOF 8% i ke. The
adhesi ve tggRdbralashesinel netsemnysusnier ashiciheativeactidmt hadcont act or 30

such  as 3 fRGNGL &) Bl & chaPPican heebEheally Chay g9da1l8 plate or

tape, and he process shown in the sacrificial

| ayer 42 iNAiEREPBNIFTEE L HQ%CIE‘r%t"cTi?rﬁta?cf:B? g‘@“'baﬁ:tﬁ{ewaﬁﬂg ive tape 90
i s separatgd &r oayhéeicsipiaon enbsapat.eammleﬁ:rmuheilm chimgepr ocess i s

condygted .5Q.Lhat- th%, and the like.

In the process shown in Figure 9B, the sacrificial
layer 42 is etched away so that the contactor 30 on the
adhesive tape 90 is separated from the silicon substrate
40. Another etching process is conducted so that the

20 adhesion promoter layer 44 and the conductive layer 46
are removed from the contactor 30 as shown in Figure &C.

As noted above, in order to etch the conductive
layer 46 without etching the contactor 30, the conductive
material used for the contactor 30 must be different from

25 the material of the conductive layer. Althoﬁgh. the
production process in Figures SA-9C shows only one
contactor, in an actual production process, a large
number of contactors are produced at the same time.
Thus, a large number of contactors 30 are transferred to

30 the adhesive tape. 90 and separated from the silicon
subgtrate and other materiale as shown in the top view of
Figure 8D.

Figures 10A-10N are schematic diagrams showing a
further example of production process for producing the

35 contactor 30 where the contactors are transferred to the
adhesive tape or intermediate plate. In Figure 10A, an
electroplate seed (conductive) layer 342 is formed on a
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20 adhesion pronoter |ayer 44 and the conductive | ayer 46 are removed from
the contactor 30 as shown in Figure 9C. As noted above, in or 6FJQQ;?@gh

t he conductive | ayer 46 without etching the contactor 30, the conduct
material used for the contactor 30 nust be different from 25 the materi al
of the conductive layer. Although the production process in Figures 9A-9C
shows only one <contactor, in an actual production process, a |arge nunber
of contactors are produced at the sane tinme. Thus, a |arge nunber of
contactors 30 are transferred to 30 the_adhesive tape. 90 and separated
from.t he sebbebrateuBsfr athéchnd ot HEr GRat¥r ifal $1HLThoRR i912FFe top vi ew of

Fi gure 9D. shbgtr&se 10AHONeade] sgde a2 d sdinage Anfors howinpgea offur t her
exanpl e of roducggo?erroce se]{ ﬁgngrqu_(‘thng t.h8 cxRRsS0REAg 8{1 30 where the

contactors ?%ejfr adhesive tape or internedi ate plate. In
Fi gure 10AL, 8f0-2i &G r apdtrems eclPq cORITRLG ve) A a@lﬁowq%nﬁér ned on a -18
25 JUN Zoogﬂ,als;gpsg@@t [ 3ﬁ@m(ga Gh ithe Waedalibyea Shbi asnshbwgl afs substrate.

The seed | ; o ups!
With a thit %%5%4129]4 s%lroflgh %%O%Qg‘gb)gano $trom pEERE I[“Tq exa % enl e (N,
chrone-inconel B| &jyer ngug pgogﬁ%woﬁlgw sé%%l | éyé?or@aéz’tégeshom -

Fi gure 10Bstbsorighs 3ler i exedhned, oa spditdiavmagipraceiss.ayebn3the next process

in Figure OC onduct i r 6 fo d cheome-i nconel
| ayer 344, H0E: cBnGONAEL I SUOSLT 3LE 34Omhde CEIRIQOmbIE, lgf me- i ne

ni ckel® coblait‘ekf(]l\'ll@ﬂal\m RGOt HFE]Rr?e§§18]Fn%F!ﬁ)EfF ilﬂ?ilﬁsl(?ﬁnﬁ #Rer passivating
t he conducifwver subsddiabeind6,tiee phodaresvst dunstrald4s @it6h aat hi ckness of

about  100- 11%91!01{(2:})% ?LQ{/QF@:;%“‘N%H‘F CEHE’&‘}Qﬁés‘é‘eoﬁ%J@h@ﬁi@ohﬁ Fi gure 10D

and a phot reci se % the 15 ghot oresi st | ayer
348 is expbsefPEach W FP&VF%’F‘%‘{C"‘(J'U\?) SUPBHRt 3 %o dvin T EFgUPR 10E. The
phot.o maska@b0a shhwso m@adkvos i nienspedlsel ragéiofied heocohetactbe 30 whi ch

will ge dayeloned @nither-suiface ekpddin RhekoORasksal 1bayer (8¢8.

light as shown in Figure 10E. The photo mask 350 shows

a two dimensional image of the contactor 30 which will be
developed on the surface of the photoresist layer 348.

In the development process, the exposed part of the

20 regist can be dissolved and washed away, leaving a

photoresist‘layer 348 of Figure 10F having a plating

pattern transferred from the photo mask 350 having the

image (shape) of the‘contactor 30. In the step of Figure

10G@, contactor material is electroplated in the plating

25 pattern on the photoresist layer 348 with a thickness of

abbut 50-60um. An example of the conductive material is

nickel-cobalt (NiCo). The nickel-cobalt contactor

material will not strongly adhere to the conductive

substrate 346 made of nickel-cobalt.
30 In the case where the contactor has two o©r more
different thickness, the above noted process may be

repeated for producing the contactor by forming two or

more conductive layers. Namely, after forming a first
layer of the contactors, if necessary, the processes of
35 Figures 10D-10G are repeated to form a second layer or

further layers on the first layer of the contactors.
In the next process, the photoresist layer 348 is
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In the devel opment process, the exposed part of the 20 resist, can be

di ssol ved and washed away, |eaving a photoresist |ayer 348 of€ idthzg@:
having a plating pattern transferred fromthe photo nask 350 having the

i mage (shape) of the contactor 30. In the step of Figure 10G contactor
material is electroplated in the plating 25 pattern on the photoresi st

| ayer 348 with a thickness of about 50-60km An exanple of the conductive
material is nickel-cobalt (N Co). The nickel-cobalt contactor nmaterial
will not strongly adhere to the conductive substrate 346 nade of

ni ckel - coba¢movedD iknat hesicds et whsl N9 FOCEAE ad® dThavas iDwWBigureor e

di fferent i&kckngﬁs,mgﬁﬁea@@ye PRt edoRAAEESE MYbderatiepesat edsf or produci ng
t he contact or form.ng Jﬁondu t|ve I [erS rrely, after

formng a P‘F‘?]sﬁl&/ frag ers of:;‘f‘?f%e c]d"r?to&?ﬁo R T UPPRE“ T ocesses of 35

et N !
Fi gures ld}aOGThee:mebveatled substopfeadsedend thaifesupstrpget@er | ayers on

the figst [y &Ie té&ﬁlt%e&@@t%Sarénmbhat@@xmm ogegsiatheephiot or esi st -
| ayer 348 1s -19 5 JUN 2004.re in a reS| strl process as

shown in FYeflr @dhfﬁlll"el?ltrlfin@ﬁpe 1 ? F‘ﬁ% CJOI’ldUCtI \Illée §8§8Pr a%e 346 is
peel ed fr omisteathr e hiandoaeihd a‘ybetaeﬂqr%@ot he shiyst dat 19349, The
conductive, gpbstrate 346 is a thin substrate on 5 V\/m ch the contactors 30
are nounted with a relativel eS| e.gtren Thetog vi ew of the

conducti ve suﬁ%ﬁP’é’?em§(48hﬂ‘5%lah§r9ﬁ35%olﬁ} 6rsT36™ esslﬁ%vm h Figure 10J.
Fi gure 10K(istrewmediproadssel n9Q\/rnﬂ:iplai|¢e§dﬁ?@sﬁWélRP§Q’eSUI@a€? neer nedi at e
plate) 90 drx m&&%@teasa@oUppehesuahagev@f stt@Rgonbactess S0 The adhesive

strength be ween the agl@em ape aﬁgggﬁte% ggn%ggg%§ g% L4 S greater

than t hat*$EEwEen“the cont act a1% conduttrve Strate 346.
Thus, wherthate hehessve tb&peC@EF%%t% r 8RovaRE f & t FENEBREE i ve substrate
346, the comM-aehoes 3430 ar ehtis Anshenr athe r adhddisreconapet iove substrate 346

to the adhesive 13080 AW Akt 18, JHOUEREdDdrs
30 are transferred from the conductive substrate. 346 to
the adhesive tape 90 as shown in Figure 10L. Figure 10M
shows a top view of the adhesive tape 90 having the
contactors 30 thereon and Figure 10N is a cross sectional
.20 view of the adhesive tape 920 having the contactors 30
"thereon.
Figﬁres 11A and 11B are schematic diagrams showing
- an example of process for picking the contactors 30 from
the adhesive tape (intermediate plate) 90 and placing the
25 contactors on the contact substrate 20. The pick and
place mechanism of Figures 11A and 11B is advantageously
applied to the contactors produced by the production
process of the present invention described with reference
to Figures O9A-9D and Figures 10A-10N involving the |
30 adhesive tape. Figure 11A is a front view of the pick
and place mechanism 80 showing the first half process of
the pick and place operation. Figure 11B is a front view
of the pick and place mechanism 80 showing the second
half process of the pick and place operatiomn.
35 In this example, the pick and place mechanism 80 is
comprised of a transfer mechanism 84 to pick and place
the contactors 30, mobile armg 86 and 87 to allow
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shows a top view of the adhesive tape 90 having the contactors 30 thereon
and Figure |ON is a cross sectional 20 view of the adhesive tapg B)Qjm\a\gigﬂ\p
the contactors 30 thereon. Figures 11A and 11B are schematic di agrans
showi ng an exanple of process for picking the contactors 30 from the
adhesive tape (internediate plate) 90 and placing the 25 contactors on the
contact substrate 20. The pick and place nechani smof Figures 11A and 11B
i s advantageously applied to the contactors produced by the production
process of the present invention described with reference o _Figures
9A- - 9D andmPrgneREs 100 ThA FRIOFIAN I HRMEEMadhedfvE t ape®PEi Gure 11A is a
front viewgofeéhiorm ck tadndspl ace smthaz swh8fe shawiing onise Birest hal f
process of _.the pick.an ‘ per.at | Figlyre 48B4 t view of
the pick aﬁgj%?%%%lerré‘c gh?‘}s%% Ogscﬁlo%dﬁcgg{lﬁ'e aglgicgnd haﬂlﬁgf %F@%ggs of the pick
and pl ace dperaitingh. 9% rraTRley ex&RP EMedhECRPek QWRFSiTace TREchani sm 80 i s
conprissed pfamstdrmnaéeramiohag sim@huded P ckuanonplaae 8% heheont act ors 30,

nobile arns_8 o al | ow,- - TEAt e transfer
mechani sm %ﬁrg%ﬁ% %z%%lcfr; kE81:/‘\érkec|t %rnas%,léyglb%gé %ES%H8%G%SEE posi tions
are adj usfabies PeRat¥oRhPREIHIOEE BHE, thiendCRE #OrfiTor canefd 78 havi ng,

for exanpl guc@idLDrbrageisengoatéder eon. eXepe t riansdenegathani sm 84
ncl udes a_ suetLon Q1M 88 Lhakun PErARS TS Yshi H @ Clocapgeathon) and

suction refease e(p ace operation) operations for the contactors 30. The
suct iléh for ceredet@rayied, argte P&, *PyiSF5sEFati ve pressure such as
vacuum The sucthd oppagar B rotaktesadiresii@e atqureede0erhmvied abhpke such as 90

degrees. | 0 ARRIALION, o the: adhesi aPe: 8cbavd ngot Revigentastors 30 and
su 20 ha

the contac strate ¢ ving the bondi | ocations 32 (.or through
hol es) ar PYPHEINY dREALEA t3fe (PESPEE eh?j;%ﬁ)egr.%foacfﬁj‘é’?eginof’he pi ck and
pl ace 15 neehantspedOveAsadiiennsiinakilg@ee chlAhet héckrandf phacaechani sm 80
pi cks gt he contactar &9, from thewadhasi ¥egure 11A, the transfer

mechanism 80 picks the contactor 30 from the adhesive

tape 90 by suction force of the suction arm 85. After

picking the contactor 30, the suction arm 85 rotates by

.90 degrees, for example, as shown in Figure 11B. Thus,

20 the crientation of the contactor 30 is changed from the
horizontal direction to the vertical direction. This
orientation change mechanism is just an example, and a
person skilled in the art knows that there are many other
ways to change the orientation of the contactors. The

25 tranefer mechanism 8¢ then places the contactor 30 on the
bonding location 32 {or through holes) on the substrate
20. The contactdr 30 is attached to the contact
substrate 20 by being bonded to the surface or inserted
in the through holes.

30 Figure 12 is a cCross secrtional view showing an
example of total stack-up structure for forming a probe
contact assembly using the contact structure of the
present invention. The probe contact assembly is used as
an interface between the semiconductor wafer 300 under

35 test (DUT) and the test head such as shown in Figure 2.

In this example, the probe contact assembly includes a
routing board (probe card) 260, and a pogo-pin block
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tape 90 by suction force of the suction arm85. After picking the
contactor 30, the suction arm85 rotates by 90 degrees, for exanple, as
shown in Figure 115. Thus, 20 the orientation of the cont actorZ@JU*‘!s 2004
changed fromthe horizontal direction to the vertical direction. This
orientation change nechanismis just an exanple, and a person skilled in
the art knows that there are many other ways to change the orientation of
the contactors. The 25 transfer nechanism 80 then places the contactor 30
on the bonding location 32 (or. through hoI es) on the substrate 20. The
contactor 36TPg BiRAchE tRﬂ“’t‘ﬂ%QeéoﬂY%’&tt SuBtafte SEFIGYUBEI A§ bonded to
t he surfaceherotdaerdhedn im Rirtehepugh holes. 30 Figure 12 is a cross

secti onal vi ew SloWJIg.0 oLXUMRLE 9L Lohalgstacksyn, hiughyes Tor formi ng.

a probe contact assenb %/usm the contact structure pr esent
i nvent i on. ThePHrastere ot JukedenB| hg SPsaFTtagubl %Fri”altrﬁ @0Fac® between the
sem canduchbase wafreiod0f3 wideacBoft ebe (dhfBctamd Bheid estjeeaddsuch as shown

in Figure 2. b %)ngs iggjéo of! Q pr%a%gntsqlebtst%,ggngl y ingludes a

routing board car 0 ock -21 2 5 JUN 2004 (frog
ring) 130 %‘P%‘iﬁ‘ﬁ'ed’oﬁ\tiéPnt ® Jc%rﬂ%t“’%?g g’fﬂgeallﬁ""etrhé“‘ﬁfﬁ@? ghown in Figure

12. The coti@ctorstaatctsubetisteandi gutredciy mrgdemtalinvgntobngcoat actors 30
~mount ed on, %ﬁ%gcog&%toéutaétr@éﬁ Rle Aase bﬁ&emr&rtb@na%’a ofnhgach of the

contactors rojected at an upper surf @9@ of t cont act substrate 20.
A coft act“b‘iﬁ'ﬁ“ie&%aﬁg BOThABPe @ fHONTR PO t?urtf eBPta¢he cont act
substrat e R2fbstrmateheoprieserdt canveliteiven, shapsprinedipedt bpmabéiween t he base

portion 33eand fhe é&ea@tersrtggtf\s@eporth@nct,ﬂ@tcﬂ&scoyplrﬁ‘ét;t@et he contact
substrate 20 has a_cantilever shape L cli EE frogtthe cont act
subst r at e. S YN RIUs 13‘66%‘3563 t‘?’bﬂ’t 80%1& S figBYE%d in through
hol es on thetoatactd isubstamtes 201ewimg rasnellandamend answed | novenent in
the 18 verdd,Galadli 4864d:QBnWIESH PBSSEM RRBANBS! LN HeBLEARGHSH O
wafer 300 and the probe card 260.
The probe card 260, pogo-pin block 130 and contact
structure are mechanically as well as electronically
connected with one another, thereby forming a probe
20 contact assembly.  Thus, electrical paths are created
from the contact point of the contactors 30 to the test
head 100 through the cables 124 and performance board 120

(Figure 2). Thus, when the semiconductor wafer 300 and
the probe contact assembly are pressed with each other,
25 electrical communication will be established between the

contact pads 320 on the wafer 300 and the test system.
The poge-pin block (frog ring} 130 is equivalent to
the cne shown in Figure 2 having a large number of pogo-
pins to interface between the prcbe card 260 and the
30 performance board 120. At upper ends of the pogo-pins,
cables 124 such as coaxial cables are connected to
transmit signals to  printed circuit boards {pin
electronics cards) 150 in the test head 100 in Figure 2
through the performance board 120. The probe card 260
35  has a large number of electrodes 262 and 265 on the upper
and lower surfaces thereof. When assembled, the base
portions 33 of the contactors 30 contact the electrodes
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waf er 300 and the probe card 260. The probe card 260, pogo-pin block 130
and contact structure are nechanically as well as el ectronicall _
connected with one another, thereby forming a probe 20 contact £%séehidl Y004
Thus, electrical paths are created fromthe contact point of the
contactors 30 to the test head 100 through the cables 124 and perfornmance
board 120 (Figure 2). Thus, when the sem conductor wafer 300 and the
probe contact assenbly are pressed with each other, 25 electrical

comuni cation wil] be_ established bet n the contact ds 320 on the

waf er 300 aﬁﬁ'thg{“?eg%e%%cféeetﬁ zs?hé‘nﬁl\ggg?pflﬁe b‘F‘E}WC%FFiOS?‘FPHE 130 is

equi val ent itbetrdmwuone stowwes n263 gore f2nhavt ngha IEtge mimbeheof pogo- pins
to interfagg,petweaniheRr ehencar d126Q:aed bhecn3Qerbengange board 120.
At upper ends of the_r{)(%g]o- ins, cahles 124 such as goamgl cables are
connected tBE BPPERHi 'O(ff%allgot‘o BSFRAPR RS r<i 87 di® (TR el ect roni cs
cards)s 1501emsdlhe tmstrtwhdinl 00he nthigugle Rolashreotighht heopeador mance board

120. The pémxfaacredz_aﬁoc@seﬁnﬁsl@ragl%imw@fg) ok @lecthodeso262 and 265 on
t he upper _and | ower surfaces thereof t he base portions

. _\Wen ass | ed
33 of the TOAFROIGFST SV CitrabP e 5P§8??&&é’§rgg§‘ez§1§%ﬁ 92 262. The
el ect r odes2 @62 sand:12658saktewsohnges erbritlcbughds i Idembennpressedces 263 to

fan-out thepideh @t LERicSAUAGr ghEdstiye to meet the pitch of the
pogo-pins in i caontactors 30 are 5

t he pogo-pin bl ock 130. Because th

"00sdby 1 nser t SASROCRE hiDEGR RoP L 6P Atn g orUSie IsGRRL % e 20, the
springs (cumiplevers) pobbehecadmcactagssmbdy psdaddcetheesEdiestt cont act
forces towaldidheeebecthodesesdh? asveilonds tawapdobbecsopdact pads 320
when pressed._ agal st the ser conductor Yafer 390, [0 FLa e 13 s a cross
sectional 3RS SKoWF N anbCheY *exanple of 'probe contact assenmbly using the
contact  stesict(i@) ofng hehrisntheirfy ERER o7 SHewTpABLBLIGIt ot  assenbly is
used18s arnd gl aganrpetbweenet BecBeVise:dttdeissetbsy (A ldeandk t he test head
such as SQQ%QmEQiﬁéggigéé%mer 250, a probe card 260, and a ﬁogo~

pin block (frog ring) 130 prbvided over the contact

structure. Since the contactor 30 has the spring

(cantilever) between the base portion 33 and the middle
20 portion as mentioned above, such a conductive elastomer

is - usually unnecessary. However, the conductive

elagtomer may be still useful for compensating the

unevenness of the gaps (planarity) between the probe card

260 and the contact structure.
25 " The conductive elastomer 250 is provided between the

contact structure and the probe card 260. When

asgsemblaed, the basgse portions 33 of the contactors 30

contact the conductive elastomer 250. The conductive

elastomer 250 is an elagtic sheet having a large number
30 of conductive wires in a vertical direction. For

example, the conductive elastomer 250 is comprised of a

silicon rubber sheet and a multiple rows of metal

" filaments. The metal filaments (wires) are provided in

the vertical direction of Figure 13, i.e., orthogonal to.
35 the horizontal sheet of the conductive elastomer 250. An

example of pitch between the metal filaments is 0.05mm or

less and thickness of the silicon rubber sheet is about
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15 In this exanple, the probe contact assenbly includes a conductive

el astoner 250, a probe card 260, and a pogo- pin bl ock (frog ring) 130
provi ded over the contact structure. Since the contactor Q?% T@giﬁﬁ
(cantilever) between the base portion 33 and the middle 20 por H

menti oned above, such a conductive elastonmer is usually unnecessary.
However, ‘the conductive elastoner may be still useful for conpensating the
unevenness of the gaps (planarity) between the probe card 260 and the
contact structure. 25 The conductive el astoner provi ded between the

contact st Puéfire SR tahEoﬁﬁi‘b‘b"ewc%re&a%@meWnpragg‘é%I}*@ﬂ ShiRs pase
portions 3&teh pdEymantactiard 3IJ8pagprdreichvéhldenducthe enetkast.oner 250. The

conductive el APLORL 125951 8 dq@r @é&tfome%eaaghmlﬁg @:{]t%qlgunber 30 of

conductive WI res verti ca ection, For exanp e conductive
el astomer 250 iRy i sEFWBIEUEE i coﬁh?ubl%FS?HEet Jafh‘EF“a?lr?ﬁl tiple rows
of netml fhbanpstsedTHe tet ghrdbel anehist (asiseeb)yav® Piawieded2in  t he

vertical hﬁgcfﬁ OnTPLE gérgﬁlgc%o.jc:%o ha%lngoﬁﬂ@%glegﬂe{r@rsépfﬂ% EQ“ zont al

sheet of the conductive el astonmer 250. "An__exanpl e pi.tch between the
netal fil afehtched t@ é@ﬁrﬁ%"rtacFe%b%tﬁﬁ‘ch?Bk“rf’e§sm6?n?ﬁet1”$aiq it&8n rubber
sheet is ahogdfile 2802t bord UDE 2004 @o2wartSuchta isondustntedl elastonmer i s

produced by, Sy Hahgu,£ol mrc&%aétt %oreﬁp@% aedt@aaldv?e@ @nhn the market.
Figure 14 Is a Cross, sect Il%r‘ﬁﬁ Vi ew s ont act structure

n
of the preSkriths FrEatelh ™ R Torat éﬁ Jrr%etrFT@ pi”&bté“ec ufPassenbly of
Fi gures 12hahel Z53. Thetbiwtexcinple3dOthadangatheswasttrdtey @0 dprang i s

attached tg,ife i %3@&%@ éﬂy@%ﬁréé‘éehgglh %hEE@n%rtahaéi‘dt heyiwbddl e portion

35 ot t he YOURE G Fo: PO 1 SPFARGHE AFUUTE BOPCTORTL ORCER: od i h the |
t hrough hiod eor®5 anathehi s bxasrpirelet bé cbmlamSSs@lfstembeomths a
nul ti=l ayes 0 &PShEats mvzﬁg 1tsh5§§u§tCﬁrEﬁlﬁrd hd iKxea wekersn22,., 222 and
223 which ﬂefsgggkggnt%% or ?6 %%v?%g t?he cantilever shape spring
is projected from the upper surface of the contact
substrate 20. The contactor 30 has a flange like portion
{jaw) 34 to be fitted with an upper surface of the
20 contacf: substrate 20 close to the through hole 25, A
contact point 35 at the tip of the contactor 30 is
preferably sharpened to promote the scrubbing effect on
the surface of the contact target.
The process of forming three layered substrate 20
25 and through holes thereoh ghown in Figure 14 is briefly
explained in the following. First, the second wafer 22,
and the third wafer 22, are directly bonded through, for
example, silicon fusion bonding. Then the wafers 22, and
22, are polished both front and back, and through holes
30 are created therethrough by an etching process. Such a
deep trench etching is achieved, for example, by reactive
ion etching using a reactive gas plasma. The size of the
through holes on the second and third wafers 22, and 22,
may be smaller than the flange like portion 34 of the

35 contactor 30 when it is necessary to form steps in the
through holes for the purpose of mounting the contactors
30.
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to one another. An exanple of thickness of each of the 15 silicon wafers
22,.-223 is about 0.5mm The based portion 33 of the contactor 30 having

the cantil ever shape spring is projected fromthe upper surfa?q%qj %2@#
contact substrate 20. The contactor 30 has a flange |ike port l{ 434
to be fitted with an upper surface of the 20 contact substrate 20 close to
the through hole 25. A contact point 35 at the tip of the contactor 30 is
preferably sharpened to pronote the scrubbing effect on the surface of the
contact target. The process of formng three |ayered substrate 20 25 and
through hol es @hereohle hbIHFY Wargure: 14 Pelbehed ifs Exphaiandl in the

fol | owi ng baFd}d’ Sdurﬂahﬁssa&dndhwaﬁgh R22esapd hhe thédwbavafrercd?3 are

directly u e bo Then the
waf ers 22 w%gégargg ﬂgol shh gf%ggt %rﬁﬁ%)}lﬁt g‘%ﬁtr% §Qe %g%\ﬁgough hol es 30
are creat é"dPet Héretnhi8teh %%a af etLannag W%c%onsﬁéﬂd%d Hedda rench et ching
I S achi evegcohdr aexamlied Wafegactizye antdonzet chreg uﬁszmga@drgactl ve gas

pl asma. T@gﬁgég og C{ée l%%gloéjggfholf& OPX%JE& secgtpd fr}inLd waf ers 222

and 223 smaller 1 t he f | ange drtlon e 35 contactor
30 when |tm1F§°ﬁ@E%§s&Fy HrSf%PHSt@E@WPnOFh@l t foudie h%?FEélﬁeIdor t he purpose
of nounti rgrfheegordfacthes @Ghtac?4 sidbscxHiIN 2p04uken, it haHiisr st waf er 221
is polished i,ts front and back surfaces and through holes 25 are created
inthe first wafer 221 by the deep trench etching noted above. The first
waf et0 221 i s aFigHed Ehd S &siPGFepEREEYS t GEhENSWERE oMY PRI rd waf ers 222
and 223. B6r consatiat soyctusiel Monkexudmﬂaa:;persabsfraﬁen exampke, at | east

one mcrg E&Et' 3119‘; tqroqlbl ka%ow?laq,gngll 20f11 %q syrfaces of the
cont act su trate uced his manner. 10 ure 15 is a perspective

n
vi ew showFrgt %ﬁt%nﬁpe Pré’fjuGSF}t At S cERf ePB‘P‘t‘ftEf& BROfr adf substrat es)
of the pFegents i tWeandoBeac@hhaviergmplé aslgpranunt@Enreflity of

15 contact substrates or contact structure blocks 20 to be
assembled with one another to build a contact structure
of desired size and desired number of contactors. In
Figure 15, although each contact structure block includes
contactors 30 assembled in a sgingle line, a contact

20 structure block of the present invention may include
contactors aligned in two or more lines, i.e, a matrix
mannexr.

Az noted above, one of the features of the present
invention is-the capability of combining a plurality of

25 contact structure blocks 20 to create a contact structure
{probe contact assembly) of increased overall size and
number of contactors. In the example of Figure 15, four
contact structure blocks 20 are prepared to be connected
to one another. Although not shown in the example of

30 Figure 15, but shown in Figure 16, each contact structure
block 20 has a connection (engagement) mechanism such as
teeth and recessés at the outer edges thereof.

Figure 16 is a perspective view of the contact
structure formed by a plurality of contact structure .

35 blocks 20 of the present invention. In this example,

five contact substrates are connected with one another to

create a contact structure having an overall size which
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contactors 30 produced through the process shown in Figures 6A and 6B.
This exanple shows a plurality of 15 contact substrates or canbadtN 2004
structure blocks 20 to be assenbled with one another to build a contact
structure of desired size and desired nunber of contactors. In Figure 15,
al t hough each contact structure block includes contactors 30 assenbled in
a single'line, a contact 20 structure block of the present invention my
include contactors aligned in two or nore lines, i . e, a matrix manner.
As noted above, one of the features of the present invention is the

capabi | i t yief asonbiheaer ampilainls t plofthesstaat &t s8¢ uCOREChl ocks 20 to
create a coptactusd rucdan.e (popbeimontaet, asseimiugrratibncr eased over al

size and nunber. of contactars.,.ln the e];agpl i k our contact
structure BPRREDE afs® priar 880 %él c%nnegtggggcfog%r?%%%gte%er. Al t hough

not shown (wafdwrs)exdinml ByofoBbiminuridel Sonpaet sHWTYHa%eri gdr @016, each

contacf Stipcd Wigindd, 06k c2athes & LamNeChE ofled BRFGAGAFRNEIcAEEBAN sm such as

teeth and recesses  at th&ougfzr eg];ge% EQSi@é)fi-nc'i]i g___ttgrﬁcgj@ldiu%tgrperspecti ve
by a p ity o

view of t h&TEbftEdY" & ruet ure®s or e I'ura contact structure
35 bl ocks P&fex qave ber eseablishedention. In this exanple, five contact
substrates are gpnied eskanidle, onecanagher ah® lefcakdges cont ank structure

havi ng an overall size which -25 2. UN. 2004 | i.n ltiple of the
si ze of t h%o%oarﬁtac ubsg‘ff?u%tﬁ?eé poﬁo(%rcl%?éF%g}gi%‘p#a%[g?‘{%?lto%gigﬁluggr ation, the
cont a6t or saut arsESERORA - onTh S iFon Pac Fhe uBRITatds anGnhfer 1222, By

conbi ni ng dhecednt-aekssubst akesh2?2 damed irhitharanigdtt, andobedct assenbly of
desired size such quiyal . g t ) Z 6 i rna skwelMes-LAghs sem conduct or
waf er can E‘bcggf_f‘esst gﬁﬁ%%gﬁgd.k%{% Et?%l_stgg?a?rgl gﬂ,lgt etrhi 5ht and’ | _e%tsedges of the
contact sulbfstiatEidtedppyyraed iith efigigedst 18EBt RI8S ©40°8Rd recesses

65. The siamtofctt haidsaathe522ard tehevishzehef diljbtr eclees &5 Bhe the sane in

the rli‘sght a%qule%f tcontact substrate 22. aAlthough not shown in

Figure 16, a projection is provided at a distal end of

the contact substrate 22 to fit in a groove 70 at a

proximal end of another contact substrate 22. Instead of

using the projections and grooves, it is also possible to

20 use the teeth and recesses such as in the right and left

edges described above. The contactors 30 will be mounted

on the contact substrates 22 in the manner shown in
Figures 16 in through holes 25.

According to the present invention, the contact

25 structure has a very high frequency bandwidth to meet the

test reguirements of next’ generation semiconductor

technology. Since the large number of contactors - are

produced at the same time on the substrate without

involving manual handling, it is possible to achieve

30 consistent quality, high reliability and long life in the

contact performance. Further, because the contactors are

assembled on the same substrate material as that of the

device under test, it is ©possible to compensate

positional errors caused - by temperature changes.

35 Further, it is possible to produce a large number of

contactors in a horizontal direction on the silicon

substrate by uging relatively simple technique. The
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edges, however, the position of the tooth 55 and recess 65 is shifted by
one unit. Thus, the left edge of one contact substrate 22 fit2 3Mfijy tZ!Eﬁ%
ri ght edge of the 15 anot her contact substrate 22. Although not shown i
Figure 16, a projection is provided at a distal end of the contact
substrate 22 to fit in a groove 70 at a proxinmal end of another contact
substrate 22. Instead of using the projections and grooves, it is also
possible to 20 use the teeth and recesses such as in the right and |eft
edges descri bed above. The contactors 30 will be nounted on the contact
subst r at esc2tagt tHeuskimer pragwaed nby Fraer esesers jimvientégghifol es 25.
ﬁpccﬁrgi ng 1@wtlaes@(rj agg?mi'tgnvemfiti@?enbp? a@@ntragt hidh Sﬁd’dﬂﬁ?ﬁ&@l?as a ve:y
ig requenc ndwi 0., est_requirepents of, next generation
Ceni conduct Sreatat e el aTiEL -1 dbe kPEkaf MEDETT SrialBls ore
produced aby tihe mapkod iafetba presenfbdénvereled ssurdvinhegieelagy manual

handl isng, ddpliedassibkeihe ACkd®MOINEORSWSEEN] SHMader, 1high reliability
and long life.in,the égﬁéacé gferEQPQCEhxf%{tBSr _because the contactors
are asserBied GHPHE 28bsTT arE it et i GRS Rat” SP5FARY devi ce under
test, it is pogdithpughrdonperssfiiearrasosipedimnantei f otiecddasedly by

t]grmer at Urﬂl%&ﬁ@édhé’a@d Elérsldilﬁbg_di het&iPOSY hh@lt@el: m@d@@eagea arge tr;unber

of contactors in_a horizontal direction.op. icon__substrate by using
Cel at 1 ver e, AR e BBE LANLRR: HIE SEI kSN BUBRLT S E DY nced
by tBé preseentiapepstorcpsitlowieosigtndehigie etfave éseghands has hi gh

rrﬁc hani ﬁaljam?tﬁiﬁﬂﬁ'&lh tHad guahiiaki lds ytheTf'@p‘eQﬂbaCTclstuli]HCWEﬂo@lf oguced by

t he net hod, 0 e _pr.esent. _i.pventi. I t age, . ied in testing
a seniconéﬁ%?ﬁ%laﬁf%??%%ggkgﬁgy f%&?%dﬁﬁﬁ%¥§%h?% %%%& gggﬁggéhe i ke
including burn-in testing. Although only a preferred enbodi nent is
specifically illustrated and described herein, it wll be appreciated that

many nodi fications and variations of the present 10 invention are possible
in light of the above teachings '
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and within the purview of the appended clains w thout departgz%ithe spirit
and i ntended scope of the invention. 2 5 JUN 2004 28 WHAT IS MED peps 1
A contact structure for establishing electrical connection wth contact
targets, conprising: a contact subsigrate having through holes running

t hrough upper and | ower surfaces thereof; and a plurality of contactors
each being uniformy nmade of same conductive material throughout and

Fgua%gﬂpxggé%ﬁgkh§n9§_ t he contact substrate where each of the contactors

intermedi ate portion which is conprised of an
internedi ate portion which is substantially straight and is inserted in
the through hole provided on the contact ~substrate in a vertical,

dirécti oft, CRNEGRtacHEPUTRIGh t9ht egEabPlishiRe PAEEEREERAt PG FR "and

DOSh&&gnggn@gcgngargggspfcggsrgggﬁagtor to function as a contact point, and
a base portion provided at another end of the contactor, and a spring

portion apwamdlacti nehbstdatel dewiea othheughir fades ofunhengorithaeugsubst rat e

and provide betmgef thg ga3f orEiop ggd g@g i nternedi ate portion; wherein
the spriNgPpbr#ion-RAST a®%t %f%ﬁt behfrEhapa@and exerts a resilient

contact iopterwhenyt be eentaetorsi sachr 8ssad agaroshliyheadenbdctsaiar get,
and a part of the internediate portion is indented to reduce jts width or

t hi cknesSOR@EC B BRoMATE Fiadxi BRFPRGNBRTL RN CoRPHEESH. 20T W Cohtact™
structurg,for. astabl i shing &lect iiheale CARRCILON i t RAAUA 4 angets as

defined in Gaim1l, wherein the contact substrate is formed of a single or

a pl ur al ¢enyp of se@nd € opdudindre rrslistteatmsr tiiomdedh 1@ ohe gpBPRésed3o0fA
contact structure for, establishing.electrical ; i.0 s c act

Ytargets H3 h%%?ﬁ%%d%%t%j%?ﬁ#i?nmﬁg%gbn18a8H%8FgﬁEggiggn?§5 5%gti§g§rovided

wWith a proj eelseefeat ime that erinesigl e hoper thosvidet eah tithde chintted with

t he contact substrate. 4. A contact structure for establishingﬁ%Lectrical

connect i VS W3 cohtac? tUrHEtS2ds HeFFAREYCRn CPai APRL2Grer EPAERE cont act
25 Ju“f%%%bral'to the intermediate portion and positioned at one

end of the contactor to function as a contact point, and a
base portion provided at another end of the contactor, and
a spring portion upwardly inclined relative to the surface
of the contact substrate and provide between the base
portion and the intermediate portion;
wherein the spring portion has a straight beam shape and
exerts a resilient contact force when the contactor is
pressed against the contact target, and a part of the
intermediate portion is indented to reduce its width or
thickness for promoting flexibility of the contactor,
2. A contact structure for establishing electrical connection
with contact targets as defined in Claim 1, wherein the contact
substrate is formed of a single or a plurality of semiconductor
substrates bonded to one another.
3. A contact structure for establishing electrical connection
with contact targets as defined in Claim 1, wherein each of the
contactors 1s provided with a projection at the intermediate
portion thereof to be fitted with the contact substrate.
4. A contact structure for establishing electrical connection

with contact targets as defined in Claim 1, wherein the contact
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29 substrate is fornmed of first and second sem conduct or waf rg whi ch are
borided to one another on which through holes are provided f§ nﬂUﬁtzﬂﬂg t he
contactors therethrough. 5. A contact structure for establishing electrical
connection wth contact targets assglefined in Claim1, wherein the
contactors are formed on a planar surface of a dielectric substrate in a
hori zontal direction and renoved fromthe di eI ectri c substrate and nounted
on the contact , sugﬁstratf E a .. vertic direc nt act ructure
% c&

for SEEHS, S PR SEoRR o SR Cor A ERRE e B Sed T

d aiyRibh V\B@éelﬁbﬁcﬂ@dcw aghe Sihsinat e chaswRIcENGA0RTR/H RBChani sre at
outer edges thereof for connecting other contact substrates at the outer

edgé@qwd@d ficge Tprgiide ftdshicom tee torsattheaetdarastor assenbly of
ar big rar I‘Ftea@tf‘ds@EQ!:Eﬁ?éyfBE”@%rta%fll% '1h AL St iy COMALL L d§c%r‘i ucture

for esta ishing el ectrical connection contact targets as ined in
Cl aiwnth, whoerteict ttt@r@t@g@rmntderﬂuf@| sim | nelaides Jt,eetvﬁlamjm ecldsses

d at th t f th tact substrate t hat
he CoBRGagEent *FBet ROERO ctlssbe B B GUPOR B0GBLr i WM THEZC

engagererttkeetih and NROGESSARJIN AL RPPOSIH e O erradgedf otdier tigont act
substrate, thereby assenbling a plurality of contact substrates to

est ABELSRFtERE comtsdatadie aaR@nBPYnbeddesi ridie stortackhapeshratfurifera of

con orsq, 8+ Acgorpact structure for establishing electrical connection
wth’@%tct)nt act tlgrgcets as defined in Caim1l, wherein the contact substrate
i s wade &f csirltiagdn, sicleulcatmne ofog| a5$abglshmgntezi@tct3ftqualdt urarfegrtion
estab shlng eletrlc conn %lon :har gets sdeflne in

WREAET THE L @ntaa%t € urb%(%rja?e&al éLIneé_‘t S CHEterT al . 10.

A rrgtﬂa@drfaaé paedue @glg%g@@@h&Cﬁneﬁhlalﬂﬁtsw et Q:G)jﬂHrI Sidigd hed@ld ang St eps
of: (a) formng a sacrificial on a surface of a silicon substrate; 2

5 JORA2OOEIBE (BHheBr lﬁor*i‘&a&tph%’tl%?Eéf‘E?sl Bfer tBR tHE-LacAAGRS al | Her ;

side-by-side fashion to create a contactor assembly of arbitrary
size and arbitrary number of contactors.
7. A contact structure for establishing electrical connection
with contact targets as defined in Claim 6, wherein the
engagement mechanism includes teeth and recesses provided at the
outer edges of the contact substrate in such a way that the
engagement teeth and recesses in one outer edge fit with the
engagement teeth and recesses in an opposite outer edge of other
contact substrate, thereby assembling a plurality of contact
substrates to establish the contactor assembly of desired size,
shape and number of contactors.
8. A contact structure for establishing electrical connection
with contact targets as defined in Claim 1, wherein the contact
substrate is made of silicon, ceramic or glass.
9. A contact structure for establishing electrical connection
with contact targets as defined in Claim 1, wherein the contact
substrate is made of dielectric material.
10. A method for preducing a contact structure, comprising the
following steps of:

(a} forming a sacrificial layer on a surface of a silicon

substrate;



(c) aligning a photo mask over the photoresist |ayer and exposing the
photoresist layer with ultraviolet light through the photo mask, the photo
mask including an inmage of the contactors; (d) devel oping patZéinﬁHbﬁmg$e
i mge of the contactors on a surfage of the photoresist |ayer; (e) formng
t he contactors nade of conductive material in the patterns on the

phot oresi st | ayer by depositing the conductive material, each of the

contactors havi ng. an internedi ate.portion which is substantially _straight
where a &3Pt ék%ﬁh?% nﬁepﬁg CACE 155 LPYRT & Fﬁgeﬁ?galgéc%g uggy¥fé wi dt h

or thickness farigrghemod i pHotbexiakikl idveroftidepnonbassost dagent anid
portion integral with the internedi ate portion and _positiqned at one end

of the contact&PosinGadd PRSIV 4N AL WAKBt Mt L1&Td odret net Tont act or

and a spring RoLii.en havi Bgoeoswﬁz&ht%ﬁga@%o%d_mr dhx1baghpned, toward
t he another end and forned between the base portion and the internediate
portion; (f) smeigppiofigthke cphtbotesisst | ayer off; (g) renoving the

sacrificial |ayer _by.an etching process so_ that .the contactqors are
separated%¥r0§1FﬁéoﬁFpﬁcgﬁ%t§ﬁ%§tf) éfh%wﬁp?%ﬁ ﬁ%uﬁﬁﬁn&opﬁgfbéﬁfbcl%rs on a
contact subst pakerfiavengr theopgbtbekesstolkgeelve ends of the contactors
therein so that at | east one end of each of the contactors functions as a

contact p&d féprafast ihe UHmsiqon. made Af nePREUCtaVepFedesing atont act

structure as dgfti ddbnd 8hmaR BhbebrEQEBENG 4hs- copt Qﬁﬁﬁm%
I hod further

depositing the conductive material I1n the step (€), the net _
conpri sing a shepcohdpkadivegratexdhdsi eachapd dhet erdamtagtsor®v3dneg 5 JUN

EoD 0 Rt URrers ULLRESE L DB SaNact AR Pl SRty pchesive
foll owing stepsrafight where a part of the intermediate portion is
indented to reduce its width or thickness for
promoting flexibility of the contactor, a contact
portion integral with the intermediate portion and
positioned at one end of the contactor, a base portion
provided at another end of the contactor, and a spring
portion having a straight shape and upwardly inclined
toward the another end and formed between the base
portion and the intermediate portion;
(f) stripping the photoresist layer off;
(g) removing the sacrificial layer by an etching process
) so that the contactors are separated from the silicon
substrate; and
(h) wmwounting the contactors on a contact substrate having
through holes to receive ends of the contactors
therein so that at least one end of each of the
contactors functions as a contact pad for electric
connection.
11. A method for producing a contact structure as defined in
Claim 10, after forming the contactors by depositing the
conductive material in the step (e), the method further

comprising a step of placing an adhesive tape on the contactors



(a) form ng an conductive substrate made of electric conductive materi al
on'‘a dielectric substrate; (b) form ng a photoresist |ayer on the
conductive substrate; (c) aligning a photo mask over the photpmesjst g@yer
and exposing the photoresist layergwth ultraviolet Iight through tﬁ
phot o mask, the photo mask including an inmage of the contactors; (d)
devel opi ng patterns of the inage of the contactors on a surface of the
photoresi st layer; (e)_formng the contactors made of, conductive terial
P e that | SRS ot EhE Tt Bt PR)BF By Bemud (TRECIRE. Condlit i ve
mat efdialsiveactaef, the contactors having an internmediate portion which is
substantially straight where a part of the internediate portion is

i ndéift-ed & AGdRRE L 9F SPHPAIRIBF BhiCORFESS BT USHIERot iSRIMISEN 1FRS of the
cont act org, ortd.on integral with the intermedi ate portion and
positiongglgp%gﬁga%kgp%fokhe contactor, a base portion provided at having
a strai ghta)shdpemrang upwar dlopduatdlvienedutewarad e hanaadeot e enkecihel ¢ or ned

bet ween the base portion and.the intermediate.portion; (f) stripping off
t he photoresi§Pnﬁgﬁgﬁye(8f%5§é9?n8ntﬁed&8ﬂaﬁ%F%§esgh gg?é?é havi ng
contactorg) tkereangt r o t pdocticaleedtsti ¢ sapstrat®) (bhepl asdn@ua welhesi ve
tape on the contactors on the conductive substrate so that upper surfaces
of the contaét®e§radRére to the adhesi ve tape wherein adhesive strength

bet ween the cg@gﬁﬁ{iﬁgs AN 408 Ra3kI WNe00 Kb 32nadhesEYSct ARG S Jrad ger

t han that betwee contactors and the conductive substrate; i) peeling
t he conducti vexpobstpattdhesphdiairadiest cbayart gishom lithrevadhesi vieladpe are

Bl T L i KL T T
on image of the contactors;

(d) developing patterns of the image of the contactors on
a surface of the photoresist layer:

(e) forming the contactors made of conductive material in
the patterns on the photoresist layer by depositing
the conductive material, each of the contactors having
an intermediate portion which is substantially
straight where a part of the intermediate portion is
indented to reduce its width or thickness foxr
promoting flexibility of the contactor, a contact
portion integral with the intermediate portion and

' ) positioned at one end of the contactor, a base portion
provided at having a straight shape and upwardly
inclined toward the another end and formed between the
base portion and the intermediate portion;

(f} stripping off the photoresist layer;

(g} peeling the conductive subst;ate having contactors
thereon from the dielectric substrate;

{(h) placing an adhesive tape on the contactors on the
conductive substrate so that upper surfaces of the
contactors adhere to the adhesive tape wherein

adhesive strength between the contactors and the



t he contact substrate. 13. A probe contact assenbly for establishing
el éctrical connection with contact targets, conprising: a codtiactn 2004

“

substrate having a plurality of contactors nounted thereon; a probe‘ca?d
for nounting the contact substrate f4nd establishing electrica

communi cati on between the contactors and el ectrodes provided on the probe
card; and a pin block having a plurality of contact pins to interface

bet ween the prope card and a sem cqnductor test system n_the pin block
s attached | GRS THFobeltRs o; SAherdi e ot ackirt al8 HREFor i made. of
sane conduct icwe tiRitrsalandhrerghewtuard var euseupted;vertically on the

contact substrate where each of the contactors has an internediate portion

whi ch i s (GubsParlilad y shrai gPRndRIFiTS i ietiate@ten tRe thtbagh Hdie
provided on the GantaGt FURSL alfddl 2 Yeidd Gale %efg)%%tét%'& dfaro%P”ér?eCt

portion integral to the internmediate portron and positioned at one end of
t he cont act or cbedhgndtveosudstaatent actd poi nt, and a base portion provided
at anot her, end of the contactor, an a sprin rtion u rdl.y inclined

rel ative 85 { REUBGAGee thGr  FREEATact SuBSt PATE A5d PR daT betiben ¢ he
base portioniagdrthag MRS NBehede HOr ihorh AR Rolde BRbABeROrdd On has
a strai ght beam shape and exerts a resilient contact force when the
contactor is tpressefag§arHeettAEeecontact target, and a part of the 2 5 JUN

2004533 jnt ernapdi at 1?9%§E0” & Sohpgent ed.t o reduge Jhtis W dhh Q5 dhi ckness
f or “pronot i égﬁlexfﬁf Ity ofat%% COo tactgr.ef4. A Sro%g contacfjaégenbly
f or cestabtishi wjtkl eottacal targahect compwishngont act targets as defined in

Claim 13, wherein_ the contact substrate is.for of single or a
Cypluralich oPSHERREconiRERor thar B LBInSd PY AL Lot fer - TRESR TS Bbe

" conghaght88SERbL¥cher establishing electrical connection wth contact
targets as defined in Caim13, wherein each of the contactors is provided
with a pfojREPPBNn §BTEhefornt BPRBELEDe [FOFti GRVEREeoPULSEE LR t with

the cont@gtaplishing electrical communication between the
contactors and electrodes provided on the probe card; and
a pin block having a plurality of contact pins to interface
between the probe card and a semiconductor test system when
the pin block is attached to the probe card;
wherein the contactors are uniformly made of same
conductive material throughout and are mounted vertically
on the contact substrate where each of the contactors has
an intermediate portion which is substantiélly straight and
is inserted in the through hole provided on the contact
substrate in a vertical direction, a contact portion
integral to the intermediate portion and positioned at one
end of the contactor to function as a contact peint, and a
base portion provided at another end of the contactor, and
a spring portion upwardly inclined relative to the surface
of the contact substrate and provided between the base
portion and the intermediate portion:
wherein the spring portion has a straight beam shape and
exerts a resllient contact force when the contactor is

pressed against the contact target, and a part of the



substrate. 16. A probe contact assenbly for establishing electrical
connection with contact targets as defined in Claim13, whereim tU?!N 4
contact substrate is fornmed of three |layers of sem conductor wafers \Ma%h
are bonded to one another on which ghrough holes are provided for nounting
the contactors therethrough. 17. A probe contact assenbly for establishing
el ectrical connection with contact targets as defined in Caim13, wherein
t he contactors a .egormad Qn_a Pl aner su,érfacte of dielectric ubstrate in
a hori zont A HFER T OnPRAG T PBnovRd PFSHERe TR SFSEFR T stbdtrie 3hd

mount ed ahidiéezontmot stleddiaie fiesdibivarty o tdier eehitaRtok8. A probe
contact assenbly for establishing electrical connection with contact
targets d5 dR¥Pfred FARERSFm BSSaRdivei Fo% hee Tt bethsihst heet hhgahn

ENQAGLIIRIL MRCNAN P MSht QUL €L 2 800ES abNEeqhehon (CRMNEGE | 1YY, Offiefe £oNT act
substrates at any desired edgeS in a side- y-suﬁle fashion to create a
conttdet oromszenbbybstvtradebiitsy afgrmedecf19. Arprlabecront aoturasisinl yf f or
establ i.shin | ectrical ,connection wth ntact targets as defined in
c aisr'ﬁ“TE?,cmtcﬁJ %é’lrn watfcﬁ Ser?é’é‘égeﬁgrﬁo r%lc?hzilﬁ]io%%eirncl udes teeth and recesses
prowvisded pat prdie: OUtEfit 88EES aekehbeyCoFact sygdIrialrtidg SeCdctr way t hat
the engagenent teeth and recesses in one outer edge fit with the
eng&GEREH 108etH B P IReR5 e85 78 Em dppEsitaBuiar & of3otharels JUN
200434 copt agle SUBSLLAtSyst NEs eRy as5eablL NG, aaplgg@é&y-&{ gentaed

anIy of desired shape and

substrates to establish the contactor asse Sl ze,
nunbeteghmeddntact prstioCONTACTe STRUCTURE ANDtRPREDUCTLION NET HCERHHEREOF  AND

PROBE AgT ASSEMBLY USI NG SAME Abstract of the Disclosure A contact

““ystrGCPUr&FSr establ i shi ng electrical connection with contact targets. The

contlact atr gatoltee denfartredasbe@btont dotr substakatiendnd a qlduwdidan of
contactors. The contactor has an internediate portion, which is inserted in
theCPﬂPﬁﬁﬁﬁoﬁoWét 6%Q£ﬁfﬁnFﬁ?ﬁ§t5 as defined iIn Claim 13, wherein

the contact substrate is formed of three layers of semiconductor
wafers which are bonded to one another on which through hceles
are provided for mounting the contactors therethrough.

17. A probe contact assembly for establishing electrical
connection with contact targets as defined in Claim 13, wherein
the contactors are formed on a planer surface of a dielectric
substrate in a horizontal direction and removed from the
dielectric substrate and mounted on the contact substrate in a
vertical direction.

18. A probe contact assembly for establishing electrical
connection with contact targets as defined in Claim 13, wherein
the contact substrate has an engagement mechanism at outer edges
thereof for connecting other contact substrates at any desired
edges in a side-by-side fashion to create a contactor assembly
of arbitrary size.

19. A probe contact assembly for establishing electrical
connection with contact targets as defined in Claim 18, therein
the engagement mechanism includes teeth and recesses provided at
the outer edges of the contact substrate in such a way that the
engagement teeth and recesses 1in one outer edge fit with the

engagement teeth and recesses in an opposite outer edge of other



contact substrate in a vertical direction, a contact portion which is
cohnected to the internediate portion and positioned at one zn‘? ﬂj?\’ ;tgaﬁ
contactor to function as a contact point for electrical connéction Wi lh a
contact target, and a base portiongphich is provided at other end of the
contactor, and a spring portion having a cantil ever shape upwardly inclined
relative to the surface of the contact substrate and provi ded between the
base portion apd the intermedi ate porti_agn.

contact substrate, thereby assembling a plurality of contact
substrates to establish the contactor assembly of desired size,

shape and number of contactors.





