0 5 NOV 2003 CONTACT STRUCTURE AND PRCDUCTI ON METHOD THERECF () ANIN
CONTACT ASSEMBLY USI NG SAME Field of the Invention This invention relates
to a contact structure and a 5 production nethod thereof and a probe
contact assenbly using the contact structure. Mre parti cularly, this

invention rel structure havin | ar nunber of
contactors in @ﬁﬁéf%ﬁ%}#@ i P %?%UQWH\QWFQ EOFel ates to a
met hod for produci rrgﬂIisHDH:IﬂIgﬂwmlm‘MEMLﬂwmmms on a

sem conductor wafer in a h9r| _zLana ghr e;tl ont15nand removi ng the contactors
fromthe wafer to be nount a vertical direction to
form a cont acthisst imeent tosucielases comt actcqurtales: asseubbyyrepraoie gard, 1C
chigp, Fﬂdaert %re%o@?gge@e%@ aﬁ@CFgfj?Hﬂg Obnt HE 'Qé@%fg %Q%@S“ ng

hi gh de |ty an |gh speed el ectrical “devices suc
ci rcui t $hen pRfiagier b¥HEhEEe . coexe Barbécutariveh thd = prodetiand havi ng

a large Uiy ©b GONiGetAEs BHShucRereSathvify Obkhela ARP! e@iednNsy £CoONt act
20 structures may he used for |I.C packages as |eads or Termnals. The

present SORFERECES A8 & VEGHEFAo e -ac TS JatiRmdsioR of WethR®Ed i n
testi ngrleﬁilat&@;d Sk ebichsed SEiiﬂCpﬂdﬂﬁt'th Wailctl' S8 Defgei humfbeyendgonduct or

fers and . di testin urn-in o acka d sem condyct or, devi ces,
\;I)\,?Ll nt ed “ETFETH tl'F55C>Boar E“‘%“ﬁan@ CQPl K& e pra’egle RN T PRl so be

appl i cabhnd tremveviog pbﬁp@ma&msaiﬂoaadtéleomaf@nnmalqumnMdIc&hchl ps,
| C packages,pEe PLOET & eql roaLe:dgyi C&f‘recé’?&ﬁ o fEBF- ol Ng C@&-Yt?é‘ét‘?”ce of
y erence to

expl anation, the present invention is descri mal n wthre
the 30SEEHCEHRBUEUSH REF & TERAG. Prabe haseanblihe e oheniwsriuct6r

devi ceschapbectestadratenthett fedembsaf. a sem conductor wafer, a
sgg conductor test sysben}{such 3 C ester |s usual |y connect ed to a
strate handl er, such=as—s Sime ¢ gber, to 35 automatlcally

test the seni[nonmlstmgmafmh ﬁmfsna:ry eaadplhlgh speed electrical
devices such as 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 applications, contact
20 structures may be used for IC packages as leads or terminals.
The present invention is directed to such contact structures
to be used in testing LSI and VLSI chips, semiconductor
wafers, burn-in of semiconductor wafers and dice, testing and
burn-in of packaged semiconductor devices, printed circuit
25 - boards and the like. The present invention can also be
applicable to other purposes such as leads or terminal pins
of IC chips, IC packages or other electronic devices.
However, for the convenience of explanation, the present
invention is described mainly with reference to the
30 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 is usually connected to a
substrate handler, such as an automatic wafer prober, to

35 automatically test the semiconductor wafer. Such an example
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0 5 NOV 2003 is shown in Figure 1 in which a sem conductor test 55Ngmm
a test head 100 which is ordinarily in a separate housing and eléctric y
connected to the test systemwith a bundle of cables 110. The test head

100 and assyhskhaig Rapeien ‘l@pwﬁi%hean%rhia@&ﬁ@!h&f{oﬁsté@i|s§g%t@rhel€ééi cally

connected with one_, another with the aid_of ,a nani pul at or which_is
driven by C8ShoteRrdshe? WiHEhdf OEHANAEILYwhPe? STRATREE durfing nd
aut onat i eakby rpravilgeddmertiegbit Padid i s of sideeh esli thead bl byof he

substrate ndl er, 400._.10 On the tes ead.100 he_sem conduct or fer to
be test‘éagigsp 3¥i-ded G tthesttegfe ‘?q#%?sa@%n%rﬁfl%ﬁgﬁ?%?hg‘a Tconduct or

t est sysbtem méhbanésaligntsoweplt asi ghaks riicail vt kenpemiteoh dudttoronaf er
under te Cj kUi f (o) . | CONGHEL AL MBfaT g & rapsmtted
to the s%%lnoéi&‘ﬁ%u{gg g?l &getgégs% erﬁm pn& eoclgem ctgﬁ{dluéé?olfsr tderglt‘?%@s%gm t he
out put & ghedloy af &0 conpBiredsainihoadpeted widiers otdeths ntaet@bdetdee t he

I C ci rCueiat§oﬂ§t§9§l§§n?%'§}qa‘éﬁoﬁ:ov@c HedlUnNGld 00 o0 OhF EEHLY £l e 2,
t he test ﬁead 100 and the substrate handl er 20 400 are connected through
an i nt er}@@eP¥XorPBnenbstaBtechbasriderngdO8f a perfornmance board 120 which is

a poi Rt eg Ci ®ﬁuitu1eb0tlaés]§lt hawghag 1eioqctﬂ£1i1@| giam%t:bhdaamecthr unigqusaato a

test head's electrica optprin coaxjal ca S, pPogo-pin an

connect o‘?%gtﬁ“he Jt%stp%va’dfefgo“ﬁlﬁ'ra UHEELa ?Jaf?@%fﬁur%eer?e% tez% Yt circui t

boards Il&émidowducborespondyisrdne Toabeeswitatesiuighanmelongiedirgmns) of

t he sem Q h ri - L, rE1 50 has
COOUGLALA ESLe SY SHABy REY BELNPrErL Il adi €4 Talided thd

a connector receive a correspondi ng contact termna t he
per f or megrrel ¢oRddcton. wAferdogrre | hgansuirsefokn ddhen SERE CORINTTJ nance
bogﬁ? 15@3%@ §f§@é§% gl yt%ﬂ%@ @éﬁd&iﬂ%&iﬁ%estp?@ét@:ﬁ, Lﬁhét lo}(ﬁ‘;ﬁw.@: t he
substrat e, handl er : e frog. rin a_lar nunber ont act
pins 1411 e P %aars"r& E oo AGELHE o "SRR
term nalishd 21IC t biaughteoaximal tdebl eserdddon@ictAsr sheafiern Euguateiddy t he

t est heq?ozljlg%t}@pl aced over the substrate handl er 400 and nechanically

and el ectr
In Figure 2, the test head 100 and the substrate handler

20 400 are connected through an interface component 140
consisting of a performance board 120 which is a printed
circuit board having electric circuit connections unique to
a test head’s electrical footprint, coaxial cables, pogo-pins
and connectorg. The test head 100 includes a large number of

25 printed circuit boards 150 which correspond to the number of
test channels (test pins) of the semiconductor test system.
Each of the printed 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

- 30 performance board 120 to accurately determine the contact
pogition relative to the substrate handler 400. The frog
ring 130 has a large number of contact pins 141, such as ZIF
connectors or pogo-pins, connected to contact terminals 121,
through céaxial cables 124.

35 As shown in Figure 2, the test head 100 is placed over

the substrate handler 400 and mechanically and electrically
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0 5 Nov 2003 connected to the substrate handl er through the int&5aN@Y 2003
conponent 140. In the substrate handler 400, a sem conductor wafer 300 to
be tested is mounted on a chuck 180. In this exanple, a probe card 170 is

provi ded c@?ﬂa‘éﬁ:tten? ngmtwdyﬁ}sgfrét&%%ﬁ%% tﬂug&l%ﬁ%ﬁ@ {he-pEqhe card

170 has a |l ar ge e contactors gsuc canti|levers or
needl es) coxrwrt%ltcéﬁtoactlw t%hﬁ Eovsdctatisahgadd esud R0 asa cgeeirendeshpral s or

contact paderfzdhed Geifestsdonst hsuseahconductancrahern . 306, upgdes test.
10 El ectrical _term nal pads) .of the probe

nt act, rece cles %cont act
T EAI S SRR oS IR A g TS T F R S S e ER v e
t he sf r ogwiaifeg 1800 Tbe keont@sted pi nTHA Ipedlee akaedcameched tao mggéont act
termnals 121 of . the erforrra ce board.,120 wt he coaxi al cﬁes 124

where 15 85ROt RECTe SRR HEIT | $Uh Rt (88 id SR Hrimteee ST 2 i t
board 150396f toheonest¢t hedth TG tdair thegetishsuphi as emmumluerrbmalis 150

are connect h o C y. t %Bq cA 0
havi ng, ?9 Sé?%%kegagg\%rﬁapﬂﬁ ng df&gl? c|§l]}1(ra}{eﬂre nder§¥%n}s
ar rangengfp, upHerpttelsE -cont actors 190 cont act the surface (contact target)

of 1hhe sem copduetes cwaf efedRtha s bhe LGl 80etapaRRl ¥st efdost BRI S tO
the sem conductor waf er 300 and receive_the resultant output signals from

the wafBRrASH0CE THeS IS SAT DG PURTSi @%%F%q%%&wreorz%e%ﬁiic%ﬂo%%or

waf er 3880nadet peak ase poopaded shtthé h&ogﬁ)@pﬁ@hadacdat agenesmt£dc by the
sem conduct or st_systemto I ether the IC circuit

Som conchEher 1087 are 3085, SRR R R bhe G CRRk ar L s trS i (T v of

t he probeheapdriagmehice3bohirduiéd2wikh thies cemnrpﬂecaﬁ:ﬁ@smlaﬂe waede 170 has
anlgpoxyeaéh%ﬁga&@'mrpéyﬁ% (Laaé eBnHreePedc t{}?é gfﬁrilc%h 'ed

needl es or cant evers are nounte 0 nDuntlng t

seni condped®d half 2t e mﬁésh@aﬁaileou n wrg"tn%r Xhe painted cﬁufcmalt

canti | eviessrdQ0160nta6d EbEndetisd Otobwhes simicid@siot atgets)systdhe waf er

300, The, end5a8' chB°caB28 1 L§VALS:1330 268 SRARSTLOd Lo oS, i il ch are
of inner cables.

20 Under this arrangement, the probe contactors 190 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
wafer 300. The resultant output gignals from the

25 semiconductor wafer 300 under test are compared with the
expected data generated by the semiconductor test system to
determine whether the IC circuits on the semiconductor wafer
300 performs properly.

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

30 Figure 2. 1In this example, the probe card 170 has an epoxy
ring on which a plurality of probe contactors 190 also calied
needles or cantilevers are mounted. When the chuck 180

| mounting the semiconductor wafer 300 moves upward in Figure
2, the tips of the cantilevers 190 contact the pads or bumps
35 (contact targets}) on the  wafer 300. The ends of the

cantilevers 190 are connected to wiresgs 194 which are further
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0 5 NOV 2003 connected to transm ssion |lines (not shown) forme $WFDP§
probe card 170. The transmi ssion lines are connected to a plurafi ﬂﬂ3
el ectrodes (contact pads) 197 mhich are in comunication with the pogo

P 1 e do rl¥BhigLIS WIS ABEAAhD B R efoDy

mul ti - Iayer ) poI Havi n groun anes, power anes,
si gnal t reovdre s gh 1Tmes EhenamynsayeﬁsonAélhgsm@KE qennﬂﬂﬁeﬁth@ art,

each of 110,301G18) bEANBSSIORA | esatsctdssianedibe hayes shas agheri stic
sSuc

i npedanc 50 ohns 10 by bal anci ng distributed paraneters, i.e.
di el ect r iqemmEEHSEdHO . tha gt .R,osﬁermé"e?m%lt YofF il yi mi de,

i nduct ances angaRAGH, arwlesp%btehea&ugmab pat ésruethiradtbe aprebeicard
170. Thua the s na I|n S mat ched |i.nes establishing a

a edan
high fre 9 $Gi6R F &‘ttﬁslg"‘?"o“rn%u%)ﬁﬂ}?ﬂgp @&t sP‘P‘i‘Sthe
waf er SO@Mame& sbegﬂalstﬁhﬁsassswehl1ﬂﬁe@ughn@unreayepeakSAgenerwebﬂ by the

devi ce' s out ut.s ng in a trapsient a r. Vi i 88,
capaC|to#§ 83 4h &§f© g%e %?%%I %dggn Fﬁgngﬁoﬁgﬁﬁﬁﬁ f%?ﬁ ]m%%%%nfghe
power pldnelgm@dtm@ @m@@n@.MhanaCtarbﬁtuamymnﬂdaﬂcanaunhtasﬁSQr@bmsobe

cardy 170y, F,qur, s%xt déelcy %ﬁeﬁé‘ﬁs"ﬁ‘bﬁt'%é&é@ﬁé' gh

frequency per orna e in the e card ure 3. AS shown in. Figures
4A and 4Bonﬁﬁén§|gﬁﬂdtr@ﬁﬁ#ﬁ%%?onpﬁrﬁ%thl%ﬁE pPébe th&ar Patzoiekd@nds from

tlgi el gctlﬁlad%té%léesaaﬁw b&?aﬁdl@:a&&.@é%tﬂmwts@ﬂta@ 2 wmgmﬂedﬁe wire

an e. nee or canptiley contact . structur nce mnre

To4 and PASBH E9T80040 o AT miciahLg iy LHEGE THECESITI SR s Ton | &

an |nducu®heb|emddm1ﬂmhﬂmjrequEghyfbaqdeasyshmwnsmnssmqmuhanHW1¢Ehause of

th sover 4 éE%F £0-30mMm
glgn|f?can?ﬁggﬁy%ggléﬁgrghEglE%etﬁggﬁ%f g%ﬁ?%%% In {%f %ﬁ%n testing

a high weddueachighrternencoeiks m@ww%d@r thes devagre’rs fcwcwiésml ch

limt thg,feeqyapcyihandwi dibnifehbe sPsobe carghbd7Q-dr@sidey | hdige pover

and ground needl &s shown 5 in Figures 4 nd 4E.. Because the
connect eB2RRFELPEE 7 %9%96r%opreaagéarﬂ?tWR?pBEBE (ﬁajﬁfé{4§$ as

wel | as between the power plane and the ground plane.

20 An equivalent circuit of the probe card 170 is shown in
Figure 4 to illustrate the limitation in the high frequency
performance in the probe card of Figure 3. As shown in
Figures 4A and 4B, the signal transmission line on the probe
card 170 extends from the electrode 197, a strip line 196

25 which is impedance matched, a wire 194 and the needle or
cantilever (contact structure) 190. Since the wire 194 and
needle 190 are not impedance matched, these portions function
ags an inductor L in the high frequency band as shown in
Figure 4C. Because of the overall length of the wire 194 and

30 needle 190 can be around 20-30mm, significant limitations
will be resulted from the inductor when testing a high
frequency performance of a device under test.

Other factors which limit the frequency bandwidth in the
probe card 170 reside in the power and ground needles shown

35 in Figures 4D and 4E. Because the series connected wire 194

and needle 190 for supplying the power (Figure 4D) as well as
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0 5 NOV 2003 the series connected wire 194 and needle 190 for grgup
. the power and signals (Figure 4E) are equivalent to the |nductors as ngg@d
above, the high speed current flow is seriously restricted. 5 Mreover,

t he capa ors 193 and 19 ro et we dth

o ound’ i So ek (Pt et E R U 5 rndc BB e A DGO, SR aRiaflg, by
filteringheutpowdr a@ldsesmnals gdFpglses 41 tlaeepcmganva]rmt Tle thpacitors
193 have ;a 4 gly %Ifx'sveéé’ hargs \E%Jo% sugh,, aﬁlgg'”:s O CaR-P5,L0 £di; %Pg{‘%e“ ed

fromthe power [ines by swtches i'f necess e capacitors 19 ave a
rel ati veﬁﬁrgmslllfca?ﬁ@@lltlﬁ@éi -val ue such as 0 O1[tF and fixedly connected

close to the MoFbovEiESetneapashiOltoser Vi3 hanaun@bsona].aé Hgh fdegquency
decoupling on the power lines.” In other words capacitors limt the

15 hi gh Pﬁé&’&éﬁc%%r%‘f’%n&%%‘ﬁ e p‘u‘]ﬁ%egé‘BHPQct NEACEDr §EFYHF Fhe nost
w dely u Q@p@&operﬁaﬁ:maau@hoaSthab@wlaéeuxhcﬂmtta@istt oyt rmjftr@qmg\cryut
bandwi dtg of aroun ch is. insuffici nt to t recent

seni condi®FoP® 88&% urgi"?‘l RLﬁQgei%(%‘s  PPYets %%%%rde dctaWaafcjttr%fs
fr equencyszo Hezamredva dtdl zioipalablerge wha uee stuer s ah@bF | any, osti dei s

cuppent| éﬁ hﬂ%c%ﬁe'frgin 2 0,0 ghek., U‘SB'PJ 5wl AREESFAME cd ke, near

future. esired iR the in t hat a probe card s
capabl e Ehehéﬁﬁﬁph'goﬁsl h?@eh@fimb%rr@fat%‘éﬁ?ﬁ}écﬁﬂﬁ}é{ SRR tEEce satg al | y

Menor i esg,8HChs a6, @-_Zpﬁrané%lrﬂa@ cBrAeRed b@bsfeaﬁbl’@l@etm NCrgasss t est
t hroughput. In the convent.i on technol og¥ t&%gr obe c such as shown
in Fi gur@aQaSF‘éoﬁﬁnﬁ‘ﬁﬁ? TR u%ﬂ”{ PRghEER STt 119 .°Such

i nconsi strat pawall Y nedc! udas otfhaict watdonsthé eapaclf:bequérimtbammi dt h,
contact forges_and 30 resi stan e on i | probe
contact obSoR- ERERRSRCY oEReFoARRre bR b8, PABEE B PTRRAL,

acto |ng ormance unreliable is a
terrperat ure chaageddindéy. \Mtlheh e 3 pwuﬂelytomsadt mrsalmdcam Syel cohduct or

waf er unggrteste hane: wlid ey %ﬁte f@gaﬁéﬁ&yr@an&w@@ﬁl&@ SRR 200MiSs  under
the varying tenperature, the contfact positions therebetween vary which

adver sel ‘yhaf:heé%smﬁﬁéfe'aﬁ?aet tPoFEét ESREREL SPBLFONGNEE OZn ADEARRM dt h.
Thus, In the industry, it is considered that the frequency

20 bandwidth comparable to the tester’s capability, which is
currently on the order of 1GHz or higher, will be necessary
in the near future. Further, it is desired in the industry
that a probe card is capable of handling a large number of
semiconductor devices, especially memories, such as 32 or

25 more, in a parallel fashion to increase test throughput.

In the conventional technology, the probe card such as
shown 1in Figure 3 are manually made, zresulting in
inconsistent quality. Such inconsistent quality includes
fluctuations of size, frequency bandwidth, contact forces and

30 resistance, etc. In the conventional probe contactors,
another factor making the contact performance unreliable is
a temperature change under which the probe contactors and the
semiconductor wafer under test have different temperature
expansion ratios. Thus, under the varying temperature, the

35 contact positions therebetween vary which adversely affects

the contact force, contact resistance and bandwidth. Thus,
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O 5 NOV 2003 there is a need of a contact structure wth a new cg)g’cm 2003
whi ch can satisfy the requirenment in the next generation sem conductor
test technology. Sunmary of the Invention 5 Therefore, it is an object of
the preseeﬂefé‘vfé‘thoﬂetea J V'Q&l@a&@r‘é@%céﬁwcwéﬁ navying eg‘ ﬁéégﬁ nurber
of contactors for electrically contacting contact targets W b

f r equencWiHgHdwFaeh samlgfymt?h%oaﬁqglaﬁmemgnmohhacpexperg@nmm@oas vveI I
as high r&dpabiddddtod A dde i anRgyy, obj ect of the present invention to
provide a contact structure such as 'a probe card to establish electrical
connection for testing senzEd" 8% cBt 4ont he | ke, having a very
hi ghs f r equencyrieandis@ h it0 iEein td’ﬂﬁedtesdf rte:fw'gﬂmts inydiiei deXto
generation sera conduct or _t st 15 techno}él gé a further_ obj ec% of the
present FhEMt eonatocoﬁFS‘\? deSh¥BGRIEEL 8% B@ur% t]oa’é%‘?ab"ll?’g]ﬂeﬁl ectri cal
connect i epntacappld datrt eliecudivadd vt estntag tsieny mnmmimrtam@ams:amthhi ch

itab
are ULV hGHOE LESLIG BahRh0a0UTReRyolin o SEL AU diigee In
to proveésforoemcseassmaldt ase himdh Kﬁdla@gémtlyy mechani sm for assenbling

a plurality OfItCQBt%étﬁéf%#&s Jothar pPt8eRE OPBvefOILAG o GRIEIRAY Of
desired size with desired 25 cont actors mpunted on the probe

contact &ssEBFYCLi tSTUGYYR ¢ ﬁéthob?%cta oPTORE pFa¥entte nRsHadhi £

g_r ovi de élléEtBQd:aﬁ.Ol’coﬁlh@&tﬁ;iblﬁ.g for aégemgrrtwml@fom AcSriddl aazﬁa?

i mensi o anner, on.a sSilicon su ate, remgving . the contactaors from

the subsths: JiRRe Retifiery YREy dATR AT R P C Oty e n_a

t hr ee di hesti opabimemeat st anf bhm nextopgeaetrastionc tsgmd conduct cxr faesther

ob}_L ct Of'EEHﬁO%? ent invention to provide a method for producing a large
er of contac in a tw dinensional manner on a silicon substrate,

35 transferri A§ tliﬁa éorﬁh‘éﬁ’{}tﬁr‘s Pl aft agfesthe Pasecatd PRYBULAgN tihe
cont act opsotrhaeef :om éohcyeft i gakhyrpent ivdg t88L8BIBsAN electrical

connection in applications such as testing =semiconductor

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

It is a further object of the present invention to
provide a contact structure and its assembly mechanism for
assembling a plurality of contact structures to form a probe
contact assembly of desired size with desired number of

25 contactors mounted on the probe contact assembly.

It is a further object of the present invention to
provide a method for producing a large number of contactors
in a two dimensional manner on a silicon substrate, removing
the contactors from the substrate and mounting the contactors

30 on a coritact substrate in a three dimensional manner to form
a contact structure.

It is a further object of the present invention to
provide a method for producing a large number of contactors
in a two dimensional manner on a silicon substrate,

35 transferring the contactors to an adhesive tape and removing

the contactors therefrom for vertically mounting the same on
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0 5 NOV 2003 a contact substrate to forma contact structure. IrDtJ-h Y
present invention, a contact structure for testing devices under "t est %qﬂé
formed of a | arge nunber of contactors produced on a planar surface of a

silicon § sdhtdat esddsrathotd idhegraRbhdRE e e@e B8t abl i shed in the

sem conduct or Ig{oductlon process. The contact structure of the present
i nvention can 4t séfSe BEBASRE JIRIHEIY & cEPPBAFEs BeWREBYrsuchPis IC
| eads and epitisig Therfddstupipectef ihe poeaeat ofnventareR irumbeondact 10

structure &%r stabl i sh;;ﬁ% %Ioectri cal gonnection with cpntact tfr ets. The
contact SPAFGTHFT s FFSREEf ©8 cBnt BERPAEubEYT B3 ard a PI u¥hH £5 of
contsact orsihist nahtiec byea ghafotitdhooailac tectnbkdsgy sabsbamntheakl ynstihai ght
shape. T t [ ri se f tip rtj ' ' ruded in a
5 ver t1 SRR oG BaPloca PaBY Uittt B RELE Topell

i nsert edthe oxesough inyeatpodvichtl ahdsphéeconeadt asupsmpanents seEh a way

that an gndRfJdle LH™ATY suktnGly 06 123543 GoRl dhgad for electrical
connection at _a baottom surface of the contact substrate, and a spring

portion 20 prdWieddd usét RE@scthett thepprershtaddvens iI9as & St t(SIHIFT ch
pr aguces gariegulrice Pbr ot as1 i S0P eWaeh riiba1coshaet bl ohSw P e ssatk agai nst

br oduci npSERECEant adthh sCPRE 4 b TR onar TR of Ta 226 i on
subst r at eubsdra¢trpenigat henedl dDoyfof estiddtohs nign avlcorlt adclstoucthiere. The
producti gp EﬁEE%@si faf oM i e fs%ﬁ:%?yh'ﬂgsﬁ%g? Ogh? (@ndLHBAI a
sacrificra ayer on a surrtace sillcon substrate; (b ormng a
phot or esi8t comyeisedapndr ; at Hels appirtiional Wittgh aliggnprgtavgiest oihask over
thes photeresikal layecrads tRXERSMNG thentet Opeshs! al AWl Wddtion
ul traviolet Light sthrough .the photo mmpls: ' Bechhaka meldidding on
_ substrate in such a way that an end of the contactor
functions as a contact pad for electrical connection at a
bottom surface of the contact substrate, and a spring portion
20 provided between the tip portion and the base portion which
produces a resilient contact force when the contactor is
pressed against the contact target.

Another aspect of the present invention is a method of
producing the contactors in a two dimensional manner on a

25 gilicon substrate and removing therefrom for establishing a
contact structure. The production method is comprised of the
following steps of:

{a) forming a sacrificial layer on a surface of a
silicon substrate;

30 (b) forming a photoresist layer on the sacrificial
layer;

(¢) aligning a photo mask over the photoresist layer and
exposing the photoresist layer with ultraviolet light through
the photo mask, the photo mask including an image of the

35 contactors;
(d) developing patterns of the image of the contactors
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(d) devel oping patterns of the image of the contactors 0 5 NOV PO§INGP o@g
surface of the photoresist layer; (e) formng a first |ayer of cont act g
made of eI ectri c conductive naterial in the patterns on the photoresist

| ayer a(ﬁoéélggig}gef pél?&@é?esﬁséfl)afeezpeat' ng the steps (b) - (e)

above on t e f| rst yer confactors to-for'ma second | ayer or higher
| ayer of the ontteereng a(§jrstripmeneh senphctoresnade| ajeeleoetrich)

renovi ng denRacind ety 18y 8h %eaBaEEBPhngﬁrﬂ@Q%ﬁqo@@réQléBaia§rQ§
contactors are separated fromthe silicon substrate; and (i) nmounting the

cont act oFY i £1sHERR! b RECeFHvi ng through hol es to receive ends of
t he scont act or s(£)t hepheial 199 th@tsaéplseasﬁ @ne agreeobneapl pirghelgpatactors

15 functi ons as a cont act d f or ri c conne furthe ect of
Lhe Prosat Gotamtas 12 S5m & sSRh e AT T A h Sk BRE°T T o
two di rren::s;irmaaitomnner on a 5| i con substrate and transferring the

contactors t.he ,adhes. i ng . e om for establishing 20
a cont act str @t)ursetr Fﬁ? h(;aorq]: neets{irl‘%' i %Y(?onpfﬁlc%ed of the foll ow ng

steps of: (a) (far wbmgvangat;hefmq::aificay@l laryex burfacetchimgtpaeesséh)
forg ng %ophEBQEestﬁé @:{I?Ea@ébf ea%aé”'stag‘ékﬁltebaYﬁom%tR@ the) suBstrate;

(c) aligning a photo mask over the photoresist |ayer and exposing the
photores’F"’slioslté‘;?‘étervvlatﬁﬁ1 ultraviolet light through the photo mask, the photo

mask incl udi ngian maaﬁelﬁé the: eentaeters; &V (ad)czﬁﬁtv.’ﬁbﬁp'%@@fé'@éns of

h f. th f f
For m ng PR 1891 | FSEOrahe b TteRofacl 6P RS R BRoct?t e CORIIRLTSE

materi al therehe pat ttdrats aon ldwst phiot oerdi of kaybr offy the elettaopbasi ng
Prqgess; £3nothbnkeRRAL RGRRSTLERS FD) e1et®ritbenR R, first layer

A further aspect of the present invention is another
method of producing the contactors in a two dimensional
manner on a 8ilicon substrate and transferring the contactors
to the adhesive tape and removing therefrom for establishing

20 a contact structure. The production method is comprised of
the following steps of:

(a}) forming a sacrificial layer on a surface of a
substrate;

(b) forming a photoresist layer on the sacrificial layer

25 on the substrate;

(¢) aligning a photo mask over the photoresist layer and
exposing the photoresist layer with ultraviolet light through
the photo mask, the photo mask including an image of the
contactors;

30 {(d)} developing patterns of the image of the contactors
on a surface of the photoresist layer;

(e) forming the a first layer of contactors made of
electric conductive material in the patterns on the
photoresist layer by an electroplating process;

35 (£) repeating the steps (b)-{e) above on the first layer

of contactors to form a further layer of the contactors;
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contactors to forma further layer of the contactors; 0 5 NOV Zﬁgiﬁy@f)per
tape; (g) stripping the photoresist |layer off; (h) placing an a Zﬂ%e
on the contactors so that surfaces of the contactors are attached to the
adhesive 5 (i) V|n the cr|f| L al e - al tching process so.
that the cont a&?orstlel hed es? ?ape %?e:[a par ajttg fromthe silicon
substrate; and(l{])phecing n@nta\@heemract@ps on theorprtacsobst sat ehah;aw ng

through h_%elﬁ%f ts‘hf%gcﬂéé’%ft Eﬁ@ebanﬁggﬁo% %JH? athd Y %%t 9§é %ﬁﬁé hga

| east one e contactors unction as for ectr| C
connect i 0vAP furt her aspect of the present |nvent|on |s a met hod of

prodsici ng the Ppﬁtx%@&cﬁﬁ%g Bhe E&@rﬁ!fﬁ@ﬂﬁlolfwemah Qﬁcﬁln§| +688ss
substrate and tran?‘fgerrl n%the contactors _to the 15 adhesive 186 The

pr oduct i 1P nE@bd® CSeFSofon hehet Btih‘éﬁn“ﬁ@ $PBFs Wfe TER2FBFRFNg an
conduct i irau e aéﬂimﬂe @ibsﬁimﬁéj Candconduct | ve mat erial on a dielectric
substrat e; (b) otoreS| St bstrate

at e; f.orm nﬁﬁa L es] s ng t: \g_)
(c) aligning a thof“S &R V%IP t K& Ibtﬁgt (?rrgm %tl Iaang e%%%% h fhe
phot or esitstvilrgy ert hwraughu| thahes| eto | i gteive ougterdire phod® nafk, thhze phot o

sk | nclay g%t%%ht%}é Beeqh E'EeleStBEt éoér?d fo?f5ﬁ(a@}1 vaéﬂlgpé&%f&’é%%”s of

the | mage e contactors ace 0 e photoresis ayer; (e)
form ng &unatsion afkera @a%o?qecﬁlcﬁ%tmé:%meéttearh ¢ conductive materi al

in the patterns roRthie BB E@Eeéfsﬁhé%ﬂé&fserhy 1@1'%e@1|t§%tnf qpl athagnenosess; 30
(f) repe%trhréglrcthe ste% o éa % 25 above on tge first pyer contactors to
forma f ingy erhof Ebntictdr & Q) %‘f“?]f‘%b‘?ﬂﬁ o PITE (St Br esi st
| ayer; (Bhilpeeln ngubsersbaducid versnbsératmy hahieng@omdacdos s ticherken from
th%Ediel%%%%@%ﬁgﬂ%%ﬂéqe;The production method is comprised of the
following steps of:
(a) forming an conductive substrate made of electric
conductive material on a dielectric substrate;
(b} forming a photoresist layer on the conductive
20  substrate;
(c) aligning a photo mask over the photoresist layer and
exposing the photoresist layer with ultraviolet light through
the photo mask, the photo mask including an image of the
contactors;
25 (d) developing patterns of the image of the contactors
on a surface of the photoresist layer;
(e) forming a first layer of contactors made of electric
conductive material in the patterns on the photoresist layer
by an electroplating process;
30 (f) repeating the steps (b)-(e)} above on the first layer
of contactorg to form a further layer of the contactors;
(g) stripping off the photoresist layer;
{h} peeling the conductive substrate having contactors
thereon from the dielectric substrate;
35 (i) placing an adhesive tape on the contactors on the

conductive substrate so that upper surfaces of the contactors
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35 (i) placing an adhesive tape on the contactors on the condyctiNgY 20
substrate so that upper surfaces of the contactors 0 5 NOV 2003 adhere p%
t he adhesi ve tape wherein adhesive strength between the contactors and the

adhesi ve ;j@Reel So! @I qHAN d Rabe RAEVRER 188 £PN AGLAUR @G dRfen

conductive substrate; (]J) peeling the conductive substrate so that the 5

cont act oF§CoFAHEH@esi 989t &pe HHBBYR atBBCf A6m taFTeE ohBal: ithat

Slﬁbstrﬁt ﬁé}:ﬁ@én( lﬁheg@bﬁtb&@oﬁrl@eaﬁ@nﬁ:gl@ ]?:bnﬁlﬂlc%i@@n%@&%t_&@l&%t;r ate ha\éi ][19 a
t hrough hol e in, suc .way the an end of the contactor is roj ected from
an opposi te sl acHost iRy toR: ARTQUBEL Yot SRR (o eI ¢ he
second peeaeattongentmortles adhpsobe cospactaresseabhyatadl utitog tiies cont act
structurg 8&%‘&@?‘ eprsgggggﬁa;:g\(egkidon. The probe contact assenbly is forned
of a contact subStrate havi hg a plurality of contactors nounted on a
surface thereék] mopnbbey ddrel domtarhvnt iPnga t¢rn oot scbstg-aisbaraireg and
establ i shi pg-GLER! pbEa! 1AOBTHAI G3khonchE! WReRnd! Be £RR! AckeRs R 5o

el ectrodes provided on the probe cafd, and a pin block having a plurality
of cont a¥oprrsed ol Faned R fPoHifetir faree fobdcc gPBtasF & iTEgRtuct or

tei? s%/st em vmeﬂurt?@gpia@pla_lc@cll@lﬂ' T ts’fﬁé&_@at@tzé%@m@r Qif@eeﬁarifdnt e Tahet t
contactors are mounted vertically_on.a horizonta surface o cont ac
Cobst T e A, e aame So ik RtiD Rhe " S0h et MR S Gh TR shape.
Each conpessent i snventponsedThé probp pontaon whsehbilyg psotfouted iof a
vertical i.rection f c int., rii i is 25
goﬁtaéﬁ suﬁ@cxﬁr{]%}far]\flo ﬁah)gﬁ&larllt olfaagpggfﬁ:ogc%b\g{&?lg’{%&cf

i nsertedina correspon e on the conte and a
spring portd osupfave debdebeofieed pPhebei gargofpromorntingetbaseopd@dton which

progucess @, esitd epha £8PLBEL shPh§eeBERE BE] COBLIAGH I ShEYBLULR thiadH essed
against the contact target. The 3prin Qrtion gtrai'i%%c rved, 30 inclined,

g
meander e APLATFIHRFES §lectrPoeRePEBNEdet OF SRThp& % ur f ace
of the haseipwlocn he&vphg) &cprdraliom bbecsnthacepnhst he dankadacsubstrate

and funalinsedSole SO0HE%aPa l 8" a heRt LLARLESINESLL OBy ELR e e nal
the pin block is attached to the probe card.

20 The contactors are mounted vertically on a horizontal
surface of the coﬁtact substrate where each of the contactors
has a substantially straight shape. Each contactor is
comprised of a tip portion which is protruded in a vertical
direction to form a contact point, a base portion which is

25 ingerted in a corresponding through hole on the contact
substrate, and a spring portion provided between the tip
portion and the base portion which produces a resilient
contact force when the contact structure is pressed against
the contact target. The sgpring portion has a curved,

30 inclined, meander or zig-zag shape to exert the contact
force, and an upper surface of the base portion is projected
from the surface of the contact substrate and functions as a
contact pad for electrical connection with an external
component . -

35 According to the present invention, the contact

structure has a very high frequency bandwidth to meet the

~10-



35 According to the present invention, the contact structure fa MOW%?S'
hi gh frequency bandwi dth to neet the -10 5 NOV 2003 test requirenents o
next generation sem conductor technology. Since the |arge nunber of

contact ong A € RRJuUes s tNgrSangedi M Q0L AL: SUDST rale WA or

i nvol vin manual "handling, it Is possible to achieve consistent 5 quality,
hi gh rel tasmolpahd | ofyFEf g tifE dontadlepePf or FRIERCEST el $T8s | ow

cost. Fupbbficlecauseet BEmeCONMACLAT Shal fuBsSeibd ad rbdthe riaiBy sigst rat e
material as that of _the deyice,under tesi', it is %P.ssi ble to .con%)ensate
posi ti ond? or $3894d2g by 1Eenpdr RAFEIRIGNGER. AHHEHE h&CPSHTST P ng to

t he spr esemialiitygnt hogh tiel i gsioditet | andpr bergs iifablie toher athiceaarc! ar ge
nunber of ontactors_in_a-horizontal directio n.the sjili S rate
by usi ngpﬁgrcfgtrfr\%’lcf s?ﬁplwéeltqecﬁﬁi quuoew §8&5§'con{%‘é%ttgregf’arlléééggrgr%veq%?%r om t he
subst r at ecatdctromst ed-eomssauntattors ubse r atwmelSubstyaver Maggridilr ezsi on.
The contagl  SLEUGHUr erefri%%usa?%eqy el RresentodMeNtd o AdddysLost and
hi gh efficrency an ave high nmechanical stréngth and reliability. Brief
Descri pt POFLsEOPRE BEARIAgSatEgdr &Y1 teyberadhBifa i@ @efyr am showi ng a
strgctural  2@ukehatd onglicpraghveercd THast katedsdiandlier eatd oh sendig@nduct or

test system_having a test head. Figure 2 is di agr am_showi_ng, an exanpl e of
more dePEPABACLLPURTRELIDr 180 i h§ tﬁ?%’cﬁ‘bcset %egﬁ‘r(?fetﬂ'é‘%bggm%gnductor

test systenthotblre snbsthcatiesdrardl e rektdoghoanth@Ssiilntandt acddomgioaent .
Figur e Spkepd:00! Lm0 QUG N CXIPLE Of EIRy BEARRCERAL NawLno an
epoxy r|n§ of unting a pluralfity of “probe contactors (needl es or

canti | eveespved fhemcormy entbdirite pachmebsgpd 80 FiqpitesrUABEtHaLei rcui t

di agr amsiﬁhQ%BQt@BHﬁVaH%QEtiBH.CUiI‘h% ebnthetpehaceand phrddh@de® By Figure
5 1s a schematic diagram showi ng an exanpl e of onhact structure of the
present FROeREPERNGs YRS low cost and high efficiency an

have high mechanical strength and reliability.

Brief Description of the Drawings

Figure 1 is a schematic diagram showing a structural
20 relationship between a substrate handler and a semiconductor
test gystem having a test head.

Figure 2 1is a diagram showing an example of more
detailed structure for connecting the test head of the
gemiconductor test system to the substrate handler through an

25 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 conventional
technology.

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

Figure 5 is a schematic diagram showing an example of
contact structure of the present invention using contactors
produced in a horizontal direction on a silicon substrate and

35 vertically mounted on a contact substrate.
Figure 6 is a schematic diagram showing another example
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produced in a horizontal direction on a silicon substrate and &"deV 3
vertically nounted on a contact substrate. Figure 6 is a schen‘g ;28 am
showi ng anot her exanple -11 5 NOV 2003 of contact structure of the present

| nventi on,ySi fight £LON aGL PLScREQAUSEd tRe BoLizont ali AiHAcHdon 985 Si licon
substrate and verti cal I%bcrmunt ed on a contact substrate. Figure 7 1

schemat | CUHRFTARS IR R f Lkt Aehorszarbad| élaﬁC@a@maansétr%Hﬁe@nof t he

present iguirHrae WSid 6 e @G- ACHP MfouH tH ¢ed a ech iyt Z@iﬁé’dr&l&é gction on a
silicon substrate ang verti cal Il\ggrmunt ed. on contact, substr Fi gures

8A and 8B ar e IS@fat ¢ 1 adr afERERBIfg qﬁ'a?ﬁ?mcﬁ Mg of ‘b’ﬂ%‘?Fon

nmet fod ofexidne Ry eﬁieraiontra\cftntsmwnrel(bﬂ/\kuk@p&és@rrgﬁ inurderiad wohhgct ors
are forned on CjDI Aanar urf ce of ﬁ n‘gn rsréblsftrc tlena%d rené)lvled t herefrom
for | at & PPSCESSe T FGirest A Oﬁ%%f’ AEnHt T ECHrREr &% BHow NS Bxanp! es
of shapsumi:mrh:tea@mir et ilge 13rvo dyced eidh onhe. progductti cebpstoodss. 15 of the

present inventd; %%r%%og g% %e%xjengfégxgn%%ﬁtca%ag?érﬁéctéﬂ Igg e present

i nvention. Figure are rams showng a specifitc exanple of
cont act oFCBFepheE p?%slé?ﬁ’d‘ﬂﬁ’vml BathRdr &ifn thigyupEesenh HLaventien ifew of

t hg gcont getieh %rldld::}ggélrﬂurﬂx@@rl &fa c'iizﬁ%ct%@swaﬁyé of oihed CBRt ACtWrandd-gur es
1l A and 11B are dlf rama shovm ng .anot her ecific e ang%ﬁ_ f contactor of
the presSNELRRGerf }@%fr’éa‘ﬁAaF F IO v & *Pfe 't act or

and Fi gmaeeirlarbs:easssde Vi ew of the contactor. 25 Fi gur es 12A and 123 are

di agrams showkig, 3 FUBANSE o Peliid e SXATRLE, Ol CORLATRAT o LLmb I, RELSEN
i nvention whér |gure 1IZAi's a tront woor eco Flgure
12B i s asbppe vnevxmtach@reoh@ab@ @roducepd dn Law mdlmcm @nﬁceﬁﬁ%ms

shgui ng gef Lgﬁé‘ebreégn%p%xfé&t:&%@”ﬁh% of CRRt agtds afn t PRe P&t
invention wherein Figure 13A is a . front view of the contactor and Figure

136 i's aSSFHELVFER Bf EhE BERPSBFoAnvention:

Figures 10A and 10B are diagrams showing a specific
example of contactor of the present invention wherein Figure
10A is a front view of the contactor and Figure 10B is a side

20 view of the contactor.

Figures 11A and 11B are diagrams showing another
specific example of contactor of the present invention
wherein Figure 11A is a front view of the contactor and
Figure 11B is a side view of the contactor.

25 Figures 12A and 12B are diagrams showing .a further
specific example of contactor of the present invention
wherein Figure 12A is a front view of the contactor and
Figure 12B is a side view of the contactor.

Figures 13A and 13B are diagrams showing a further

30 gpecific example of contactor of the present invention
wherein Figure 13A is a front view of the contactor and
Figure 13B is a side view of the contactor.

Figuregs 14A-141, are schematic diagrams showing an
example of production process in the present invention for

35 producing the contactors.

Figures 15A-15D are schematic diagrams showing another
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Fi gures 14A-14L are schematic di agrans show ng an exanple of @@owr@gt g@g
process in the present invention for 35 producing the contactors. Fig S
15A- 15D are schematic diagrans showi ng another -12 8 5 NOV 2303 exanpl e of
product | an RrOGesSe | BrblIGCRE B1CRLOEBYEN: HOR KO UG e diFofOBERCT OF 5.
Figures 1 6A-16N are schemati c di agrans show ng an exanple of process for
produci nPrIHIENg stheiceenteactiorshe 5 horizontal surface of a substrate

and transferripgyihe: cH-acher sdo aphkhkerrediabgrahat eshbividEgesak/A and

17B are schematic di agrans showi ng an ,exanple of pick and placé nechani sm
and its [PEERIE (¢ PHPERPAgIPRePEBANSENEr SORNG Y AT HHES MR bRea

subst r at erlomzajmihlafs salﬁfﬂ&dei - bayes eGuddeae subdl r atenkeepirodycethie |
contact stryctyre of the present inventi.on. Figure 18 is a cross sectiona
Vi ew shoﬁoﬁg:aa#oe’sﬁar}b? & olfnetp‘? ot &2 fssenbl y using the contact
structure of thhguyr=eseEm amdehVBoarassahematér! adedretmseeshaw sy annduct or
15 devic r.test a S d ] C uc S

Fi gure 1%#2%:1%@%3;)2%0 i%ltrllgl ti:’\}igg‘\% s‘ﬁ%\z/\nﬁ%%fga%lotg E‘glr {‘%(ah%?)teceosf%y p%%g]e
contact adsdimigy e neenthrctont aerd splacingetbt shaepdsentsibyeneton as an
| ntigy f acg el veeny Qe oLj fgubhe MMierdiestcangradies fgad of

sem conduct or test system Figure 20 is a cross sectional view show ng a
further COR&MSte SEHEUSTOHRE &nt PISSERN v S Mg e contact structure of
the present i Mefirieon sasAm idiceyd aee tieinsge vikew? Sisanirep it céeamobsi ce
under tes% and.a tes uctor_tes

head of ! Fi 21
B R T B T S R A ot A S

contact §
of the ppeseenti nwermntoiphagéngnmintierface between a semiconductor
15 device under test and a test head of a semiconductor test
system.

Figure 19 is a cross sectional view showing another
example of probe contact assembly using the contact structure
of the present invention as an interface between a

20 semiconductor device under test and a test head of a
semiconductor test system. -

Figure 20 is a cross sectional view showing a further
example of probe contact assembly using the contact structure
of the present invention as an interface between a

25 semiconductor device under test and a test head of a
semiconductor test system.

Figure 21 is a schematic diagram showing an example of
contact structure of the present invention having multi-
layered standard silicon substrates and the contactors

30 produced through the production process of the present
invention.

Figure 22 is a perspective view showing a plurality of
contact structures of the present invention each having a
large number of contactors for assembling with one another to

35 constitute a probe contact assembly of desired size.

Figure 23 is a perspective view of the contact structure
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silicon substrates and the contactors 30 produced through the production
process of the present invention. Figure 22 is a perspective vi B dBlhg
a plurality contact structures of the present invention each having |arge

nunber OfofC%H@C;BPééeﬁQr1ﬁ§éﬁ€@bh”ﬁh\éﬂrbﬂn0@§u%ﬁqt hemtdaet 3pusonshibyte a
probe contact ass desired si ze. Flgure 23 i s a perspective view of
t he cont &%e ﬁc’rrmﬁ‘m%{ “Pst WMNGPIGT FO aRFaResdhtd |£¥%¥|%W%€Fel n
plural ceriseiblsyhstdiatdResiri® §1<umec§rmiae/\natrm aneusnotdercdx estabki.sh a
probe contact _asse Iy wnth.d-5|red S sh ape aad n -er_of cont actors.
Det ai | ed Descr? DeRELy +-EfB ot HeRT =5 Frgtre * show
exarpl es of c@n@mﬂesﬂﬁtmth@woéxample@reﬁenbntamtnsmamctﬁamhcmbnthet
structure_j nf.i_qur r %gng
t he examg) ess ¥ I—lng}dergc ‘eachh con Cngttao%?g)%,ﬁ}ec%%gedgﬁgu St lﬁ‘ﬁa%‘? ?9
vertlcaladcpacac@nS&b@tmgtﬁoﬁﬁeandfCanbasbopar300n EM|%¢ﬁ|%$ame©n©§cted to
the cont %egu-?éb%raf?% , cBn ge&aet el ”éxMé’&'x&Q g@&raq{ﬁraqw har gened,
er shape portlo

and a nean et ween ‘the base portion and the, contact
poi nt t oVedEkécedn daegtioghead ispdicrged ot ke @w%tdfom‘ﬁ&&%h 6-Seach

contpact OEoﬁQec%éHeE@Sthé&:éﬁ@&&@nétﬁéti{até\ t1he yeardneatt didact iviiand is
formed of a b Bgrtlon connected.to the _contact éubst rate .20, a contact

poi nt whitEhPTE ?BF‘ Yi o Recdr RS & PSRRESTaRRPBE IR E TS RHafpEied, and
a zig- zagheshﬁpﬁﬂ portion ketdveehet bontase pointoncanfundiei contactapoi nt
to funct|8n as.a égnh ct 20 spring. In the exanple of Figure 7, each

cont act or 5 XF ‘substantially in the vertical direction haV|ng a
hook |ike shapetied exampdemsd dHainmds BHFM FPRGANRE e#04 EXtrRAdgont act
subsgt rat guBQtaatgaﬂtlavctupcaHH vhihcheds @reier abhyan8 sBarpenrd axd 4s

oriented in the vertical direction, and a curved Eortlon bet ween the base
portion Qﬁﬁetﬂ%rEbﬂPa%‘fn%?W to the contact substrate 20 contac

point which is split into two or more points and preferably

sharpened, and a zig-zag shaped portion between the base
portion and the contact point to function as a contact
20 .spring.

In the example of Figure 7, each contactor 30, extends
substantially in the vertical direction having a hook like
shape and is formed of a base portion connected to the
contact substrate 20, a contact point which is preferably

25 sharpened and is oriented in the vertical direction, and a
curved portion between the base portion and the contact point
to function as a contact spring.

Each of the contactors 30 of Figures 5-7 produces
contact presgsure by a spring force derived mainly from the

30 horizontally curved portion, i.e., the meander shaped, zig-
zag shaped or curved portion of the contactor, when the
contact structure is pressed against contact pads 320 on a
semiconductor wafer or printed circuit board 300. The
contact pressure also creates a scrubbing effect at the tip

35 of the contactor (contact point) against the surface of

contact pad 320. Such a scrubbing effect promotes an
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to function as a contact spring. Each of the contactors 30 of Figures 5-7
produces contact pressure by a spring force derived mainly f ribi NOY 2089

hori zontally curved portion, i.e., the neander shaped, zig zag shaped or
curved portion of nt t u L& i sed
agai nst coRcad Ve% c(?snecflf% g%crttooméarﬁ con uc ogﬂglagébt%& ?’tolitned %cll%]ﬁlét board

300. Thetheormalcrie psesfare alfsdhe eatntaatspedbE2y- ébf e&ﬂteca;trltcrmll]rp 35 of
the cont é%%ﬁ;ceﬂteaegnaeemeaﬂét@fiaihaf Siid ac%%{ ;ﬁ% Rah320. Such

a scrubbing effect pronotes an - NOV | nprove t perfor mance
when t hetBenpgédepsimitaserubs the oxide surface of the contact pad 320 -to

elegtrically Iﬁoahaﬁudt Be gendacthye, neheréshtLdrdhe zont acog pad 380 under
t he oxi de surfacge. ht sho$ d be note t hat, the .cont acto 30k, 2 and

30.1 caﬁaﬁeanPE‘F@P‘fﬁ gug6RbLYsBgesnansr BaacLge l&c@&"&’& ‘W L E
present tRy¥eptéesnt aldbentgiod haletrhet! thebr uoﬁuaetamhsmémr@rmdrﬂldtu@n

t hod | | d t t 1t
(r:rgnt gct %EOd\’—LEF?R%ﬁ&eggﬂi\gﬁ%ﬁ%tﬁ%%}%@%@gb%‘? %d_’c}%orﬁs?éﬁ E)ér"g: gfo Iilﬁ’: Ptesent
i nvent i oorwktvb alfsahee cdegedtiveds . | aferthetr h vafevencetherFitgypess ©F 13,
al 1 goughcblie. deball 8¢ I8s Gidid w.%n@l oAAeL PN YsBNpll Mt dndgs of

coft act of 8 e con actors o resent | nvention
Fi gur es baerndibhlgefesepept F@aFllguFfﬁﬁn?eéﬁ . r at RBpughafhen df@ﬁﬂcﬁ@ ned

fashi on, 4@8:1 et Nehi ¢ o1t Ae SHilder619f ohhEi O Ay psdiRst bl ack dxdd ge
number of  contactors can be rmunéed within the llmted space on the

contact SiMCErdthe EPGGASEASSEPShdDabFESPiLast BYSRheOPr ¢J&MY™i iidnt i on
for prodlcli:c_iqtmﬁesushmanﬂagtmSarénvéhelpam;gnmounVedt,| ctrathas: t2arshkeown i n

Figure 8A, contac 30 are duced pl r f rate 40
?gh i sllac 151@@ a?u%?flr‘ ate %?1% eﬁzoogx%l (il caééjubé g |C% a ori zont al
directi osybsteate, ia I@Ian@mmPrspén@tan@mrs THe e mwm:@ﬁ adttdria 30 are

removed éﬂ@”imfté&béf)a@éeo&otﬁ@ benpRURt 8dneR hbe . contact 25 substrate 20
of Figures 5-7 such as printed circuit board
Figure 8A- 8B show basic ideas of the present invention
for producing such contactors. In the present invention, as
20 shown in Figure 8A, contactors 30 are produced on a planar
surface of a substrate 40 which is a silicon substrate or
other dielectric substrate in a 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
25 substrate 20 of Figures 5-7 such as a printed circuit board,
IC chip, or other contact mechanism in a vertical direction,
i.e., in a three dimensional manner.
In the example of Figure 8, the contactors 30 produced
on a planar surface of a silicon or other dielectric
30 substrate 40 in a horizontal direction are transferred from
the substrate 40 to an adhesive member 20, such as an
adhesive tape, adhesive film or adhesive plate (hereafter
collectively "adhesive tape" or "intermediate plate"). The
contactors 30 on the adhesive tape are removed therefrom to
35 be mounted on a contact substrate 20 of Figures 5-7 such as

a printed circuit board, IC chip, or other contact mechanism
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| C chip, or other contact nechanismin a vertical direction, iéf , bgo?
three di nensional manner. In the exanple of Figure 8, the conta gr@ 003
produced on a planar surface of a silicon or other dielectric 30

substrate 40 in .hor.i zont al_.direction are_transferred fromthe substrate
70 to an Hiifealbrd il BTG PG 0 Thia) CAPSS Widtns R GaBaE 2]

adhesi ve witit eigcherleaf twirck culd artdaelnedtmitioive tape” or "internedi ate

pl ate"). The 0§ %_ h Y r t her omto
35 be nount ed %%ﬁaf%n%écggsggg%r %t}%?r%g%osf GE")Fﬁl 3{3%52‘5‘%?7%53‘ %g:ascl;lffagkg3 i nted
circuit BEAHERCHETTheH, toe ArRIeoniBFENEERRakics @ 0DguntEsdy a1 NEIE2003 i n

a vefti clofHdaCtd bt #atl ik NtRe t RaBBef BRAGHORA! FIRAARs SMth uggeof a
pi ck and place nmechanism Figures 9A-91 shaow exanpl es of variQus shapes of
the contCEABHEDOL He Pr&semt® 14K itV t i??ro?fﬁtagd Yif 94 BOcBRt act

subst r at prict riltedratear theowdpehr Eugbaes &f 7thd heowxadpl @sbot rktgures 9A- 9E
have a fl ase at one end to bhe rotruded_fr t he .upper _surf of the
Contact SlbstIATED05 df FihF eSOBEFEN P oo XP (% FAR "ot herSend.
The contactadtps igis BfgHigsres- 9&-hBveavarvausoshapespes tontartadd with
thggsur fgag of hbe Lorbagt Jargeh Wl daw eanbael ui@sl shancondheexaml e
of Figure 9D has a spring |like contact tip to~achieve elasticity In the
vertical rgsfecEnG®- | AhPoraNawpke ppbbd igggenbPy, hascondepEing el dseomer
nmay be poefacabky pusedatRi BLOdNLEse: & 61| 118 Nthe Rfd it d0I B R ctlbon .
el ast|C|t\§/l in the vertical direction when the contac&ors contact f{he

r

contact t&r JOPTIRG \it IRTIRE RIBFTHEY Wit RONABFEL¥RCELES TOMGT &), PFhe
exanpl espekrergnles 9fed| tmveraducieang! ed=d iomtt heprhiase porteoncto be

prqjiected.from t.he uppe urf ace of. the .contact s trat f _Figures
5- 315 Eacﬁlgﬁgﬁ ﬁétgonfrgc% 8?‘5 ot" |Cgau1r eslﬁﬁggfggr é'vei"‘sefﬂ)s?g%t i%rfqilg‘g%crgralsght as
a whol e apdtist nbhat ecbmtidst aftdrgdhs vast | wally pel al¢seribedhevhihi zont al

surface nggggnggnq:@,c@igﬁgg rate. Simlar to the exanples of

‘ The examples of Figures 9F-9I have a triangle top on the
base portion to be projected from the upper surface of the

20 contact substrate 20 of Figures 5-7. Each of the contactors
of Figures 9A-9I are substantially straight as a whole and is
mounted substantially vertically relative to the horizontal
surface of the contact substrate. Similar to the examples of
Figures 9A-9E, the contact tips of Figures 9F-9I have various

25 shapes to contact with the surface of the contact target with
low contact resistance. In forming a probe assembly, a
conductive elastomer may be preferably used to produce a
regilient sgpring force or elasticity in the wvertical
direction when the contactors contact the contact targets as

30 will be described with reference to Figure 19.

Figures 10A and 10B show a specific example of contactor
of the present invention wherein Figure 10A is a front view
and Figure 10B is a side view thereof. The contactor of
Figure 10 has a base portion with an upper end to be

35 protruded from the upper surface of the contact substrate 20

of Figures 5-7 when mounted thereon, a contact portion at a

-16-



Figures 9A-9E, the contact tips of Figures 9F--91 have various Zﬁ st to
contact with the surface of the contact target with |ow contact 2003
resistance. In formng a probe assenbly, a conductive el astoner may be

f bI d t d t | ast t th
Verti cal LoD RERS theceBhE St BrnEofPar e o dR e T 41 8as 30
w |l be déscrdmtchot thareedter ence o o tiagghe Mdflmmﬂ%mmeﬂ%ehow a
Spec'f'cb%é% |5t JPFA‘A&‘CE %0%851%5&? QEE?BB b V%’ét ';1%% SIfl S Ft yre 10A

is a front Vi w an ure e view here he “con or of
Fi gure 1@omgacs Salwtp@rbta én witt Rignrapper7endlhe ctxent%ctprmlrtud@d issom t he

uppey supkac@edf &Hhe Loniact EHQEEEat@o ZQuneftlléhgu%ss a5-z pheg npyofed
thereon, a contact portion at a o) over ving a
contact PEPRESHo AEGITEG Thee Cé%ﬁlrtta&@et@frgetthe contact tar get and a strai ght

body portion betwegn fRént basewpert iFaguard 1dre, CORtaphspOHr@idD D8

inserted in tg d contact substrate LZ# of Fi res 5-7. The contact, porti on
is 5 meafd&FMBFdz™ i’& 5’?‘5’2’% ang 1é’r’5'pr|1ﬁb C%?e"?s Y
agai nst blﬁemtgutacttosar ght. coOntadbe Iﬁdsmiommvmtzd?d glh:enﬁé)A thdre tlase

poLt,i on n |nt I.ght _a | e r t sd vi ew of
Fi gtt?re Ej:a?ﬁégcﬁ %%t |on?1 %ns'” g&?qzeedij%ﬁ né&t'% han t% ]E(g ejltr%lll t body
portion defoheedasemmbrexartbeleea@r& yregel oenedsprhagelfprexerviiieny t he

resilientSpLbAo JpIaRsuhene RIS 2gakgst | hepeeatget dar ggk. dpsause of

the two " different” thickness, 1.e, the thinner area for the contact
portion ahBLeRENEhtEREKIRSER flore it rtéleootetyleageapéeﬁ She CPRtRFHuct i ve

materi a dpoﬁt@oﬂe@ﬁal tpd tm&)cmérr@fu@atﬁdﬁe&ﬁ@ Hdli[}maﬂd)\bals@/@fcﬁ'ﬂiroﬂmf ein
uct i,on roces tact or n exanpl e of_size

th th
o P oo DR CRaBe a1 8 oand Cir IR L 52 2565 Sor e e st E i Bom
e=150. 00popwf —:IZ@y@f)m gr50m@fm dand tih=20 BmiuA0idn guresceds afd Il are
i agr amec5ho4¢ 00-aN0LDGL . GPEF I §10XaTPhE- AL SORLASLOE SF ARl open!

i nventi on er el n ure 1A 1s ront view s1 de
a= 1050 Opm, b= 330 00um, c=200. OOpm d=50.00um,

e=150.00um, £=20.00pum, g=50.00um, and h=20.00um.

20 Figures 11A and 11B are diagrams showing another
specific example of contactor of the present invention
wherein Figure 11A is a front view and Figure 11B is a side
view thereof. The contactor of Figure 11 has a base portion
with an upper end to be protruded from the upper surface of

25 the contact substrate 20 of Figures 5-7 when mounted thereon,
a contact portion at a lower end having a contact point to
contact the surface of the contact target, and a straight
body portion between the base portion and the contact portion
to be inserted in the contact substrate 20 of Figures 5-7.

30 The contact portion is meander or zig-zag shaped to function
as a spring when pressed against the contact target.

In the side view of Figure 11B, the base porticon has the
largest thickness to increase a top area to contact with
external compcnente such as a probe card shown in Figures 18-

35 20. Also in the side view of Figure 11B, the contact portion

is sized thinner than the straight body portion or the base
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view thereof. The contactor of Figure 11 has a base portion W@?{ ?@[\pa@@r
end to be protruded fromthe upper surface of 25 the contact su e
of Figures 5-7 when nounted thereon, a contact portion at a | ower end

havi ng ageantiaal ROIBE £8sitPnhaebrh8q, SHhEaE8,0bXLRe iooNtard 4@Fa8L, and a

straight _ body portion between the base portion and the“contact” portion to
be i nser f&FGen YReNcAfeteEuBgREAEE Jdieof CERBRFEs BrEet30 THEeREact
portion iisnAandel the Zhoedal Shapad thibunekisoni.as i sHF i whessgr essed
agai nst the Cﬁgéact target. he side view. of Figure _11B, ithe ba

t. In.t e
portion h&E t | HYRGE t BRS¢ BEFRRY eddb HISG afeX tBh'Eorﬁ’%‘iY with
ext &r nal peetpongnt sarglichtlaksrd ptiobekmessl shown theFi pases IHA5idls, Also in

t he side yj f._Fi he gcontact portion.  is sized thinner.than the
Strargnt conalebive MEE- s g BETAARbPOIY Mol S AT o B A T
def or nedthehpredycesent pngcehe apriihgy condrect omhenipreszepll agaf nstzede
contact tar ) LAV i h hres f f t iR j.e,
Foret i il 98t cBRERUESy LEPLALRD 11 NEER BB RN Bl Sk s
portion, a8t APHE: t RirSn&9¢ ™ oL =Re 084Te F6BPOI-OREM. Sor@udOnmd m@rial s

mayobe depesi.begdmthree times or nore in the production process of the

contactor. An_exanple of sizes _in the contactor of Fi.gure 11 is:
521000, 00 bETS8TRS0AA ° EES0 D =50 ST ~S0OURE e s oo
h=20. 00. speahfliclOexabflO0,0fl [ogitnes ok?2 Aofind-HE B mareasaditagiarvershianh ng a
further Lfil g of. _cagn r ot _the.p nt. Lowention _wherein
Flgure 1WAEFEL FiGRRETnEa° Lot ERERE" yokwi HRQPETRR0E nBESTE B SIS0
contact oview Fheueefi2 Fas combaetporaf Ghidbranltth has appescepdrtd dre
protrudeg; £ 0ght H? HPPehasHkf age QBtth‘édPQBB%CEhéuﬁébé%t Susdle RiGuUres
5-7 when nount ed ﬁer on, a contact, portion at a |ower end having a
cont act ‘P fioR P Gt 3R 20uPfakigvTes e T ofistt oMt G&t thex@o st r ai ght
body pordieonbetreepritienbate spArdwean andl Hdwei wpnd agbnpacti pBid@ tup be
inserted. in th ntact .substratge 20 of Figures 5-7. _ The_contact .portion
o reanderRet €, BB AR 0! g JpBhrael kgt anld %2 Gl AT o

body portion between the base portion and the contact portion

20 to be inserted in the contact substrate 20 of Figures 5-7.
The contact portion is meander or zig-zag shaped to function
as a spring when pressed against the contact target.

In the front view of Figure 12A, the base portion is
extended in the right and left direction. 1In the side view

25 of Figure 12B, the contact portion is sized thinner than the
straight body portion or the base portion to be easily
deformed, thereby exerting the resilient spring force when
pressed against the contact target. The thickness of the
contact portion of this example is much smaller than that of

30 the examples of Figures 10 and 11. Because involving the two
different thickness, 1i.e, conductive materials c¢an be
deposited two or more times to form two or more layers of
conductive material in the production process of the
contactor. An example of sizes in the contactor of Figure 12

35 is: a=1050.00um, b=330.00um, c=200.00um, d=50.00um,
e=150.00um, £=10.00um, g=50.00um, and h=10.00um.
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as a spring when pressed against the contact target. In the froUt \&@Nz@ﬁa
Figure 12A, the base portion is extended in the right and left oEIr t ICOYY.
In the side view 25 of Figure 12B, the contact portion is sized thinner

than the strabahhbady; BRr e 95p! N da3eaBRLREOLHA S, 085! b yrigtor Tod.

thereby exertin resilient spring torce pressed agal nst  t
cont act E@apificThexeNPdRness ofontactepndct ther tPHRSORL t MveRahphe is

nuch Snauh%rréibﬁrritg};u%]{e af:x3Q & he mammhaswiadd BirRs-cl0 #ndi d 1y Begause

involving the two different thickness, i,e, conductive materials, can be
deposi t e¥ielo theremdre ThReSORBAEEPH PhoF B9URSr &3 | BRRr3 RASE RvlutPPve

mat gr i al ik ke mp?@tgtélﬁﬁ Y 0RegErdtiridi’l feeM atieduppit exarl e 0bESI zes
in the contactor o Flguge %2 é:.;? is. .,a=1050 Ogmhb:SS0.0é)n% (i}:fZO0.00m

4-50. 00Nt ReaCoBEaG6NFRSTBaEE, 7] YBGIBRE Snd Koo DO L4 E RV 2003
Fi gures &a3Acantcl3Barte ali agr aarsl shew and atdburbvhenctspeel fsuwrfexapbE of

contactor,of the_present inventd Qn rei.n. Figur j t.wiew and
Fi gure 1%Bei SR & de a\}:lgeevt(‘/'t %glrdeo B hggglgntbgc orp%g#?iéﬂgzbregu%%&ﬂagﬂg base
portion bawet poart igppemdcerithe ocdret ¢ bt podietonr ben bRe inggatesuriracehef t he

coppact gubgtrat suggﬁgétéi 91 SH F%qllf@gergmuni«ﬁg LHGF £O0 pof LORIAEL

portion at a | ower to contact the surface of the contact target, and a
st r ai ght 2bBBjap6r eh8RELEE B eRYP htoOB akE< P oIRT HRFANP t$ETorft £AP i on to

be insergggcknwhis ERecgpobnahaSHRs! take c2AtreltFicguwes .5-7. The cont act
portion has a_unique.shape wth %\N%.I%torp like Stgl‘rnl ngg Lo_exert a contact
force when preBsddagdist YHEY cBht AEYEr det 1T he2PPoRP V&R ot S Fi gure
13A, t heekaesadpdr tinonhies rigktemded lief tt dé reicghonand Inefthedisigbt ixokew| n t he
Sige views $3o0leri ol Ceddfol 8L YUACLRUL 10N agthd iliieridan the
bogg por}téllfo% ar ?h_e %ése portion t e e_asiOJl %g% ormed, . thereby exerting
the resibpért mprtin f eFcdithehapredsad icagat Asta heagbhy actehaamrd.
Because {R¥ebwiNGthe i cHef hergnti did ckpessg tharonghehi yeramdedi al s
may be 20 degosmed two or nore tines to_establish the different
agalnst the contact target. Because involving the two
different thickness, the conductive materials may be
20 deposited two or more times to establish the different
thickness in the production process of the contactor. An
example of sizes in the contactor of Figure 13 is:
a=1050.00um, b=500.00pm, c=200.00um, d=50.00um, e=150.00um,
£=20.00pum, g=50.00um, and h=20.00um.
25 Figures 14A-14L are schematic diagrams showing an
example of production process for producing the contactor 30
(such as contactor 30, of Figure 7) of the present invention.
In Figure 14A, a sacrificial layer 42 is formed on a
substrate 40 which is typically a silicon substrate. Other
30 dielectric substrate 1is also feasible such as a glass
substrate and a ceramic substrate. The sacrificial layer 42
is made, for example, of silicon dioxide (Si0Q,) through a
deposition procese such as a chemical vapor deposition (CVD).
The sacrificial layer 42 is to separate contactors 30 from
35 the silicon substrate in the later stage of the production

process.
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t hi ckness in the production process of the contactor. An exarrplug n@ ﬁl zes
in the contactor of Figure 13 is: a=1050.00m b=500.00m c¢=200 5 0
d=50.00. m e=150.00m f=20.00m g 50 00m and h=20.00m 25 Figures 14A— 14L

are schematic Wi Ie of , product ocess r
produci ng the con?ga oriscg-g l? as c Gct o‘lr‘PSOl off%%re 951 %Bfehe
present igagritfishial | hareyude 1am showacdif iBighre ayéB 4hrsidlor nEdron a

SUDSt T at &gl Clid $iabixealioh Bralddaon aDSkEALSe CENeLe30idhekegtric

substrate Is | e such | ass ate an cera
subst r at &heTdlegion | pramorayerd ayer |4s4 nedeludes ehappriam ofCw) | aadn

di o)y de (télt%)uﬁdﬂrmgh v&tm%o%&iifd]&{éég W THAHC L @S- B, ¢dE N 5Lt ¥8ROT

dep03|t|on %“é’ The saaﬁqlflmal rao/ﬁ‘er 42 is tao sep ar at e contactors 30

from 35 £RE SKATBSH - suT)lé?r hesirg RFQugtsT deyse 4t %ﬁet‘br%%‘&%%%

procefss. thégléjh\d@ﬁ &QlafAEo&tﬁﬂﬁﬁ:llaﬁé O Dpeit e&slh@)ferFfljluré i@cn&d} Oﬂhéhe

sacrificia ayer 42 as .sha ure. 14B t hrou exa e, an

evapor at iséllr]ilﬁ SUOSTARTS Ie %ﬁ!& il %i%gaéglfé%l%?l t ohFer

| ayer 44exavplegs ofhcoppemn ({Ch) amcdrﬁd}qalarﬁmm,( Tau)thmat hla adnekmness of

abr t 20 0 FG$ts 0 h [ 44 is
;dam I Tgt étg OJ'E’he ad%eég?%ngo con uc'?flc\)/%— E?icge\Bg%G E"EB ure (Tél%yon t he

SI I i con sawskr A% 46. q‘hee@&ﬁ’élldﬁl'\/eelﬁ?‘érlQQll §thv@t3mrty efemplan of

copper (&yrceiopilalkehg( Nrbca¥st B ra chid qls&%&s efagh0 about 1, 000-5, 000
angstrom for exa | e~ The conductiv DEJ,O er 461s to establ I sh eI ectrical

conductivity £8rtHR NeFeRTAPRSR i Y Bs0eesist Lr¥erat8rigtiened PRhe next
process taepfmfomm&ﬁel dysferd84bs cfr\eéﬂedzhdra:h t He plothicinawé | aperi46 over

wh hot o 5 precis ed.tQ _be expos Wi
v PEECRERTYI FIRERES Bl ERERRE i T Ao e e R S s o
tvvo di nesisisdyrain | h’agé‘wunehelébnt acTloe BboWRkI Ghﬁ&kl B Obesldwwe| epetivoon t he

phot or esg$heh8¥8ha48imdSe | Sf Wald JR@WRtidr 5BewRLiEn wPPBild WRASI Bl as

negatlve phot oresi st can be used for this
the photore51st layer 48. As is well known in the art,

positive as well as negative photoresist can be used for this
20 purpose. If a positive acting resist is used, the
photoresist covered by the opaque portions of the mask 50
hardens {(cure) after the exposure. Examples of photoresist
material include Novolak (M-Cresol-formaldehyde), PMMA (Poly
Methyl Methacrylate), SU-8 and photo sensitive polyimide. In
25 the development process, the exposed part of the resist can
be dissolved and washed away, leaving a photoresist layer 48
of Figure 14E having an opening or pattern "A". Thus, the
top view of Figures 14F shows the pattern or opening "A" on
the photoresist layer 48 having the image (shape) of the
30 contactor 30;.

In the photolithography process 1in the foregoing,
instead of the UV light, it is alsoc possible to expose the
photoresist layer 48 with an electron beam or X-rays as is
known in the art. Further, it is also possible to directly

35 write the image of the contact structure on the photoresist

layer 48 by exposing the photoresist 48 with a direct write
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20 purpose. If a positive acting resist is used, the photoresisf H:W ﬂi[]
by the opaque portions of the mask 50 hardens (cure) after the expos rg. 3
Exanpl es of photoresist mterial include Novol ak (M Cresol -fornmal dehyde),

PMVA ( Pol t hyl. Met hacryl ate),, SU-8 and phot.o sensitive polyimde. In 25
t he devel%ﬁﬁgﬁio%rboe@é‘é’s, 't]‘)rlfjé’ ecie‘%)c;s]éh#tpasr urocfpe t@Easreé@i st can be dissol ved
and washed awdihe keatingox phoeviedi sich asecopperofi Chl gunbckdE AV ng an
portern SroRAEARL ALY, pBUTnl Thn) | PBaXigiith Togh! Peuadec SO Lot
(shape) eotheemesglcontekebreab3lt| NiGm proebhet bt AP BerisEoRE t he

foregoi Ngnericp3t 6ad pddierdd (d0bEtrdb1aSed) SPnPORE! Bl tled P XpOsesEhe
photoresi st layer 48 with an el ectron beamor X-rays as_is known in the

art. Fur ther Photoresissolpyesi Hf ete S WM dbE §oBEARELTe3PnhdS| FRGE ot he
Zgnt aﬂ] sﬁéu&*eu; @mnt t hepgegéeagiwz o%l 8<yclﬁﬁtaﬂc8t bw%@@@ﬁapg Mil;eclplhoigr esi st
W al_rec wilite - .ectron e - i 1
A5 £ b Shp bl TASE of IR contucin el augaoap phomid £p mddl \

source (
al um nunmtbAl) fferbadiame( Bbrhingathadaotet P i cs ufigshemnd \Wnotheot aer

metal , njckel -cob | CQ) t her I onti | O . f hergof,
deé‘gsi te‘g#gl éjcet r@%%%%%%gi %gﬁ:ﬁ%'patpfg‘% ngxﬁ% gia&tae%% % gﬁﬁégsio;t? tfﬂzi%/er 48
to form chetechpact P 3 aFiswown L4CG Fgurembyed Pief ebladl ygrindbadact

material (wbelh S i ndhf el of LEMRiBROf aihe conductive |ayer 46 shoul d be
used to differentiate etching characteristics fromone another as 10 w ||

be described ThEePPoMee MR HERRFEDOHE | BAPBREERe LT IrRUG8D FIReFi gure
14G is resAYadtbitst Rercdl i tbwit plaNRi §aieg) 1pFesesavingridil feddd: The
"B gur AL SBPEaSnaYI REFOTRPer Bt o 1B Th AL By F O (S Rore
conduct i zEteay dogmikgred yfiabt ed ayerniafy he | conthayersof {adreluwantvet or s
(COnChCtfE=pTaLs | 2 loch{olErPSa KrotlBpkoseoe ayelo i A% o i 141 are
repeated to form a seécond layer or further layer on the first
layer of the contactors.
20 In the next process, the photoresist layer 48 is removed
in a resist stripping process as shown in Figure 14I.
Typically, the resist layer 48 is removed by wet chemical
processing. Other examples of stripping are acetone-based
stripping and plasma O, stripping. In Figure 14J, the
25 sacrificial layer 42 is etched away so that the contactor 30
is separated from the silicon substrate 40. Another etching
process is conducted so that the adhesion promoter layer 44
and the conductive layer 46 are removed from the contactor 30
as shown in Figure 14K.
30 The etching condition can be selected to etch the layers
44 and 46 but not to etch the contactor 30. In 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
35 conductive layer 46. Finally, the contactor 30 is separated

from any other materials as shown in the perspective view of
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| ayer of the contactors. 20 In the next process, the photoresisf §aygy Zﬂﬁj
Is renmoved in a resist stripping process as shown in Figure 141.
Typically, the resist layer 48 is renoved by wet chemi cal processing.

O her ex Str r I, Ppi 02
st ppi ng Loz tar, | BREHBGR! SuB B ORE: PSR e SLLd SO0 I ANEEL "SRR 2,
t hat theldéntsiaws Q0Llyi Lrsepeaeritaet$y oAl hallsi &1 centyalstpredudbionnot her

et chi ng pRoPessS 8 conaist ed §94 h?@% tghe a?fﬁi‘eééonap&%:%teerndn%)(@f 4¢ and
t he conductlve 'ayer 46 are rermve fromthe contactor as shown in

Fi gure 18RALIGEPRE SEhPIPRGTH BitorhCakame ddmected to etch the layers 44

and 546 but nOFl relsChitheeont a@éorséﬁemaalet he¢fayeafs, shewehgh &Re
conducti ve Ia gp{g@hout etchin e contactor 30, as noted aboye, the
I

conduct i %aﬁlﬁ Er? CE O P Q% BFOSHCHig Ehe TPRFRFERFSIPhm t he
mat eri al thé pheséﬁtcmitduﬁtim& | ayethdbrhEsnakbypl &hean anilees dre 30ape

separ at egaﬂgrom oth ra&ima)t egbal s as. _shown m&he p%ilspect e view of -21

J 5 NOvV e1Fﬂm‘eure tEalP houghlfc"helncorc})uc]ﬁon process i g%trjé%nmA-

14L shom@roqbyson@ocmaatﬂﬁﬁr 30hei comtactond PFdirtimonther o&ﬂe?s:moas shown
I N qbi gursﬁbéé\raeg g6 2 kﬁ@ggdﬂg@z% ok @gltactfq SR pdugedaf L he

sane tine. | gures 15A-1 are schena agrans show ng an . exanhpl e of
product i ﬁho'ﬁr 65@5§3F§Prppéa'ﬁcPﬁgtbﬁepé’&ﬁ]ﬂ%@tl&ns psPCcasfe 15t adeiil i fy@nt i on.

I n the thkBesxaaptapeanoadbeshveit-age (internediate plate) 90 is

I ncorporated jin the duction process to transfer the ntactors 30 from
the Sh T con 15 GHBE: Late SHEED 3 HE SRR | TR Capi® GBIV BURRE T5R 38D onl y

show t hepratees glactn ofn thignpreodudt wberpr thesghotonhstbtt heyerndh@sive tape
90, ks '”:‘!%.éfx?gd Eﬁg%s }%ﬁiéﬁoé’ﬁrﬁpﬁméhg?o%'s%h L Syl ;@'s%“'raocﬁé‘e

process Shown i n oresi st layer 5 rénoved
in the rmg@ssmfplﬁig@r%rb%s@n Hihesiais dane tHatgroessiats Hiapek 15A

an adhesgye; & %&é@t&ﬁr@r@'@ﬁ‘eﬂsﬂl@ﬁac@%ﬂ SHY R R AN HPRKY il ace of
t he contactor 30 so th
the contactor 30 adheres to the adhesive tape 90. As noted
above with reference to Figure 8B, within the context of the
20 present invention, the adhesive tape (intermediate plate) 90
includes other types of adhesive member, such as an adhesive
film and adhesive plate, and the like. The adhesive tape 50
also includes any member which attracts the contactor 30 such
as a magnetic plate or tape, an electrically charged plate or
25 tape, and the like.

In the process shown in Figure 15B, the sacrificial
layer 42 is etched away so that the contactor 30 on the
adhesive tape 90 is sepafated from the silicon substrate 40.
Another etching process is conducted so that the adhesion

30 promoter layer 44 and the conductive layer 46 are removed
from the contactor 30 as shown in Figure 15C.

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 the material

35 of the conductive layer. Although the production process in

Figures 15A-15C shows only one contactor, in an actual
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the contactor 30 adheres to the adhesive tape 90. As noted abobe w%hﬂ
reference to Figure 8B, within the context of the 20 present in eht 208he
adhesive tape (internmediate plate) 90 includes other types of adhesive

oo o BiE AT 80 BIOBSLLS o 1AE HhedlEolt L LorBIrd Ioroatiealne

adhesi ve~tape so I'nc e menber which attracts t contactor 30
such asag whgneeime piace ofhudped bares cvenhenl oy dialcpsade are 25

tape, and Lherikeq kB tdiR PGESSvS h@é{?ei BoFhgur @epaBatlle Bashi £hei al
| ayer 42 is etched away so that the contactor 30 on the adhesive tape 90
i s separ &féd CPRoMURE 1A1e ¥R sQbBEralMe taF 12l AheFRYR hitRy ckSE is

conguct e¢isq bEariyheeadhgsi on 30 pronoter |ayer 44 and the conductive

| ayer 46 are renoved f%on1the cont act ar, Sg.as shown in.Figubf 1%%. As

noted above, FASYFEEr1e0 LPUHPIRES G F4PEFF FROWHIHERD YR R ng t he

cont act oex3fplehefcpnddattvennptreceak foseprddrecime tdontanttoac3Ornd8t be

different.fro he nateri 3 f ti Y. QHQQ t
wherenlzfle contaﬂ:%%%e§r§5§é§'§%§§ﬁggﬁ Lty et:ljugl KHhe x}Q e.tg'lg

producti on process in : OWS only one contactor, in_an
actual - 28tersefidet2003 atecduckn oRigrve e, aanargechimpdatoma opeeeét or s

af@oprod%gﬂduee-tfe? %Q{}Erthlﬁ-ighf'érméd'@ﬁg& Aherad fontact@rsi80 are
transferred to tﬁe adhesSive tape_90 and_separated fromthe _ silicon
subst r at EYBAGabLKer Rt EFPR §XaglsFewTIbstERE S-op T S dra¥sgu? 82 15D.

Fi gures 18Am3BY, acgrsehafpllie; difagoppers N@w)nera rfiwkdier (Nigxanpl th o4
producti o . pLocess foor produgi otgeo ntact or 30 erqatQE ontacfors are
transferFEa kﬁe?ﬁecﬁhhﬁg?BE ﬁa&@ or « G0 PREFT LR pi-&fe. SN Ei%ure 6A, an
el ect ropthtomg-seedndld legrdudtivep Ifayeed34d ithef gomd laryer siddtaate 340
et orn @it ¥iP e, 288 AR, S (Rismeln L e
about 1,P80<8$800 angstrom for exanple. A chrone-inconel |ayer 344 is
formed on thergeeghd aygeix842,85cdds Shonn pigkguriesdoB 4 hreugiuct Die
exanple,sgbg géégrég ié”fg¥§gh on the chrome-inconel layer 344. The
conductive substrate 346 is made, for example, of nickel-
20 cobalt (NiCo) with a thickness of about 100-130um. After
passivating the conductive substrate 346, a photoresist layer
348 with a thickness of about 100-120pum is formed on the
conductive substrate 346 in FPigure 16D and a photo mask 350
is. precisely aligned so that the photoresist layer 348 is
25 exposed with ultraviolet (UV) light as shown in Figure 16E.
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
30 resist can be dissolved and washed away, leaving a
photoresist layer 348 of Figure 16F having a plating pattern
tranaferred from the photo mask 350 having the image (shape)
of the contactor 30 (such as contactor 30, of Figure 7). In
the step of Figure 16G, contactor material is electroplated
35 in the plating pattern on the photoresist layer 348 with a

thickness of about 50-60um. An example of the conductive
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In the next process in Figure 16C, a conductive substrate 346 is f rrred on
the chrone-inconel |ayer 344. The conductive substrate 346 is Ha@ (?ﬂ[].')‘
exanpl e of nickel 20 cobalt (N Co) with a thickness of about 100- 130/ m

After l6atdng §he ﬁ?@ﬂéflbéfﬁabeSt(ﬁ@be 346, %H@Otﬂ dPlcbpyer 348

W|thath|c ness of about 0-120pmi s orrred on th con uctlve substrate
346 in Fiqputectsry aﬁ@eéleﬁowélﬂra%qzt FHoronglpeediese yOath@mp%léc‘%hHe t he

phot or esisibdd e 3k It ddd @(nglwégbé&g raviolet (W Ii ght as shown in
Figure 16E. The photo mask 350 shows di mrensi onal f the

contactor 30 WRCHRRETS BEHVRTopRES oﬁ‘aY s frPseE ﬁ% ot st
|l ayey 34&hd ncbhe aderisopeteh paecesﬁowhhelﬁxpms@dr@@rtlmflz hehadOngesi st

can be di ved and .washed eavi.n hot or es r 348 of
Froure 168 TASTARG SRSERRARG BE Tornie i P PRREFER TN PRl sher 350
havi ng t hameigge {Shapeformoinghe (famtgatct]csry@ﬂ Qﬁutheas:ocmmcarm, 308 of
Figure 7 I_qure trgpl at ed
35 in th)elef): &N ihte (r%focl):lr?e Lé ]'Egt%o esl st aye;a%% C% ﬁness of
about 50fegm @ SQCCE’)G’arﬂ[ﬂ}eelbeJE h%ut*dnemclayer 2B ghs ﬁ@vszodslm e?fal is

ni gkel - cobal LoNLE@)hr-sThe nickel -cobalt contactor material wll not
strongly adhere to the conductive substrate 346 nade ﬁf ni ckel -cobalt. The

above noted pRdceskendifHe PERESFEd fohe prSRIGTRFLS t H8YESnt 32BorSsuch as
shown i anmgueaslﬂ;Oa Ide dooti g v idipfifrey @fctocteh;uscbeeshobn inredqgré iosr nor e

conduct| ers- l}l&rre after formn I.Ist er. of t o) ctors,
neceisla Yhe 1p ce%seesc%qélﬁ uresg‘i}gﬁg?ié‘é zl‘:i(raé repé)éate (?Cfoﬂ%‘%Pm a

second | aher airrdrw-timon@eiayﬁrt Het4 i ot Hheyesubgbrahe coiftact dflse In the

nexg proggﬁaﬁcEQ@ep@%H§E¥§€g 18y€{5348 iSin r&MVEeLid an' 68iish StikdPPi ng

process as shown in Figure 16H |In Figure 161, the conductive substrate
346 is pEENBACEPEM Ihekhr BRELERdoNEET & cFebatlvaly hweskbadhasi yao. The

15 condugti-¥fAgsHbst rahe 34 i giawt RiM sHbStIcRidcWiwhi glibtbeate 346
having the contactors 30 is shown in Figure 16J.

Figure 16K shows a process 1in which an adhesive tape

20 (intermediate plate) 90 is placed on the upper surfaces of
the contactoxrs 30. The adhesive strength between the
adhesgsive tape 90 and the contactors 30 is greater than that
between the contactorg 30 and the conductive substrate 346.
Thus, when removing the adhesive tape 90 from the flexible

25 conductive subsgstrate 346, the contactors 30 are transferred
from the substrate 346 to the adhesive tape 90 as shown in
Figure 16L. Figure 16M shows a top view of the adhesive tape
90 having the contactors 30 thereon and Figure 16N is a cross
sectional view of the adhesive tape 90 having the contactors

30 30 thereon. '

Figures 17A and 17B are schematic diagrams showing an
example of process for picking the contactors 30 from the
adhesive tape (intermediate plate) 90 and placing the
contactors on the contact substrate 20. The pick and place

35 mechanism of Figures 17A and 17B is advantageously applied to

the contactors produced by the production process of the
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contactors 30 are mounted with a relatively weak adhesive streﬂt%?‘ The
top view of the conductive substrate 346 having the contactors Oéf 23w
in Figure 16J. Figure 16K shows a process in vvhi ch an adhesi ve tape 20

(i nternediate pl e t.he surfac t actors
30. The gd%es%#egst%relgg %g?g% Qe ltql 5ﬁe5| en ea%% g%g ha-t #EA actors
30 i s gr eatckFighae st héﬂ 15§t m&rpltrhagcbhea@tﬂbesme aagdet hermmcllee

substrat 6 346.¢x s, e TeADVhIGK! Dadhesly il a0e Oy [dPIRLOR: hlhex bl e

25 conductive strate e contacto are transfterre t he
subst r at ésh@46fmgt hbaddheareeesapefod-hes Bhetn and Filgaee qmratﬁgrare 16M

shows a EaRpMieW78f 1 Ehe Adhesiwed aFethd0phaki @ﬂdtﬁfa@@ﬂﬁé@l&@zﬁfsn?toaé her eon
and Figure 16N is a cross sectional view of the_adhesive ta e 90 having

the cont #CFEY 38R0 I9dN NARiTgUPESCETA dld T8 aPec t iRI¥FSgr ans
showi ng aperexaapl.e of process for p| cking the contactors 30 fromthe

adhesi ve tape er medi ate nd_pl.aci,ng the cont act S on t he
contact subst tIghq: . %%‘“B (Ei% 2’% A Edis SAEGRe ﬁ@lﬂrgs 177 and
17B i s advaptragedusify aap:piarf&fetm m&cﬂmrt:rmm a4 ote pihcHueed Ipladwe tgneducti on
ess £ 0 ?EE? t_J1nv t n reference
|gur§sn5fg§tfé% g’ahd glur%ega Ass?égl\?ljlﬂnvg vF% aq& Hﬁ’g’%’ﬂv@ﬁ%p‘? Fi gure
17A i s sherbonangfew mchmlﬁhcﬁﬁ airrd Xpl Xc@de%ﬁ&*ﬁ%%%@%hdw]hbest% first

hal f progggs 8% Lhgohl cloand ace a%l%er ahjaatapticoune 1%B i¢ aaxflcﬂoné vi ew
of the plck and pl ace nmechani sm 80 show ng the second hal f prqcess of the

pi ck and dirgetiogfer 8PoR MINIYRL BUEHA 78 t RRVHPEk &RT ﬁ’ﬁ‘(’i’? cHani sm 80
i's conprrpetn@de adrss fdtfe veRidhanThen Bdahof @i ke clndin péace tire1udes

rethan St B1CFRCR, oA Trat, BEcEhus” ek abng T EIAR] BstaritL o8 o

I'r €CT ose ‘positions
are adj ustiablieni nx¥le¥sand @latiea eqperaticmd acperatdensamécx 7&hRwvi ng,

for exanplLfraBtoftbs b Mas s IR debeta- 1 dNerd£888] efoFRGOAR BE) &4,

i ncl udes
a negative pressure such -as vacuum. The suction arm 835

rotates in a predetermined angle such as 90 degrees.

20 In operation, the adhesgive tape 90 having the contactors
30 and the contact substrate 20 having the bonding locations
32 (or through holes)} are positioned on the respective tables
81 and 82 on the pick and place mechanism 80. As shown in
Figure 17A, the transfer mechanism 80 picks the contactor 30

25 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 17B.
Thus, the orientation of the contactor 30 is changed from the

horizontal direction to the vertical direction. This
30 orientation mechanism is Jjust an example, and a person
skilled in the art knows that there are many other ways to
change the orientation of the contactors. The transfer
mechanism 80 then places the contactor 30 on the bonding
location 32 {(or through holes) on the substrate 20. The
35 contactor 30 is attached to the contact substrate 20 by being

bonded to the surface or inserted in the through holes.
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15 a suction arm 85 that perforns suction (pick operation) and sstsrm\/)n
rel ease (place operation) operations for the contactors 30. Th’e i 3603

force is created, for exanple, a negatlve pressure such as vacuum The
suction arm8 in_a deter an 20 In
oper ati on, th%laqdheml\e/gz Sape Savsendg;g ealco eSt“ct orosWl }?%egcont act

subst r at @f20tbaal ngsttahéc-bmndtshgmzbuaer dwgr  Borpongt hy opghbhol@@)tatq:e
posi ti OnQQE%MASF NESHRFT I M ta@éﬁ@ac§1 ﬁﬂguggu9€et be Pigle a

mechani sm shown 1 n ure 17A, e trans mechani sr%%o pI cks t he
cont act oANIGNEE AY.om t'ﬁbea Se Ctoaﬁeacgo pPsemelyoniforgeedf 2fe 3ction

arms 85. ; AbLS¥ aRIC MtFdhe RN AGEQEe ?aQndéf]etéb'Et I(gtmir Bndd tHOtdgs by 90
degrees, for, exanple, as shown_in Figure 17B. r}teooment atlon of the

cont act ofead Fslcé’rtéﬁg@étlof"’rnoﬁ‘rnt e SUESr 2zontt& t@ilrse tHhe RrePeal
di recti ogonthict 3ISs@mbamt ahboodeecbta@nrsmer S:atrdSt(r@Imtﬁxmc%ch)nCD@O person

skilled in_ the art knaws e are,mny er _ways, t chan t he
of | entat PO O BREHEncPERSk AT apiha] TLnRR THSS « RERCpdies t he
cont act ocof8@aan tderwondrenginl adet | ondSR (shomﬂqrimgﬁ'igotres)la)n t Hehe
trat h acLo t tlsatg)é te 20
e| ngsoﬁ Idgt:%%tc g%u% a%%’%%té‘?ﬁ‘g%r }e LLH:n ougﬁlﬁ:h-1 es oL 505N
F| gure 130j sncaw@te@soEetheoﬁentacévxseheﬁm‘geaaOexa#pbeseopqrcttla-‘rn stack-up

struct urgef 08 cf 05 ik BIHLARE HULACHrodaseBh! Nt Ush Niphde fontH6d SEructure
of the present iInventjon. The grobe contact assenbly 1s used as an 5

|nterfac@%e?%&ﬁthéuH§§F€Eeuﬁ ePSt 8sCORBATF BAG-the test head such as
shovvn i n Fi gurRe?2.ptdbd hbaraxazrmj,e pbhe-piabeladat agtn asséntdontawt udes a

e card utlng boar d a bl gck ( r [ 0
ggl deds’ov't(‘él Frvhe &ont aé@ec arﬂulc aaﬂ ‘_P'? heW%irgergghom%Cqu?dgltrﬁlljlxg The

10 cont ammsecueduwethsouenanguheu byhergbnrr Ebirmingf ac Prcdst Gzt

mount ed 90 Lhg) GONt aGh, SUbSLTaLer20a1A RASE: PR 0BrdRtel effdmoftrde

contactors 1Is Ero jected at an upper surface the contact supstrate 20 as a
cont act §@tac point of the contactors 30, to the test head 100

through the cables 124 and performance board 120 (Figure 2).
20 Thus, when the semiconductor wafer 300 and the probe contact
assembly are pressed with each other, electrical
communication will be established between the DUT (contact

pads 320 on the wafer 300) and the test system.
The pogo-pin block (frog ring) 130 is equivalent to the
25 one shown in Figure 2 having a large number of pogo-pins to
interface between the probe card 260 and the 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
30 test head 100 in Figure 2 through the performance board 120.
The probe card 260 has a large number of electrodes 262 and
265 on the upper and lower surfaces therecf. When assembled,
the base portions 35 of the contactors 30 contact the
electrodes 262. The electrodes 262 and 265 are connected
35 through interconnect traces 263 to fan-out the pitch of the
contact structure to meet the pitch of the pogo-pins in the
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The probe card 260, pogo-pin block 130 and contact 15 structuje 0§ 2003
mechanically as well as electronically connected with one another, thereby
form ng a probe contact assenbly. Thus, electrical paths are created from
the con i_nt ontactors 301 to the test head 100 through the
cabl es 13’3’C9ta°n _prgrl?:gé%%%e&board 120 (Figure 2) . 20 Thus, when the

senmi conduct or Riefure 308 &l @ herpeshesednanal WssEnighpwimg ppreesBE L t h

each ot h%rxar@ﬂ%wﬂ' 62bbeCOIHLALE AL & Qi hu N e8hablbabadrbst vaeaut-ke DUT
s 320 on the wafer and the test system . The po

(cont act a 300% 0o-pin

bl ock (f P(J}Ig)thiengﬁfefgﬁti dn¥gnFvarentThe RARPe S5M5AELSRERATPA YFi§urEed havi ng
ahl asrgef RTher i@ftélmepiiz%&ﬁaeniﬂﬁ@rdeagﬁéoeimh tder pIOYe) caigfi 26e and )
t he perfornmance oar . At upper _ends of t Q- pins, C es. 124 suc
as coaxi é:leScPag?e@é?a?‘éc offel %ﬁntgnt FaABRft t2si gﬁﬁp gcq}losp %’F%‘H&’g ’cfﬁ‘%lc?uit
boards ( probel echriemicsagsmisl)y 1i5fcluddshe 3fbridastt ireade 199t omeFi ghive 2

t hrough the rfor e ar 0 T e 2 S rg unber
of el ect raoo%}s)&i%Z an %gg’oﬁa eaurﬁ)%fo%llﬁpl B%FQSUE%%S l?hdéﬁeoﬁ?ﬁv%en
assenbl eproviiidedbaseepdrhd as3B ofsiuctagit.act ors 30 contact the

el gt rodes 26%heT@oﬁé§8&{9§eé1aéeoﬁx@s! 265 AL £P80eqEAd i WdERUghe

I nterconnect traces 263 to fan-out the pitch _of the contact structure to
meet t he CpRtEFtoSTMCHHg -Fitstid PRePY 9858 286-0 Ihed 298]™BLET- pi n
bl ock 13@nheFi BHEE +6idn€r 3% sEcCtiwaalcotitemtsion 3o asohhaet exhapl e of

b tact [ tact st t f th t
Pivent | ROPSHE Evan B ESHEHEE A80emtiRF FomTbie e, 8147 o Pato Bebfeen ¢ he
devi ce uadenrtesletbuIpadndotivenitasiohsdiisiedn aheshewe parEiguse32. | n
t hi l e, th | A ' t
253% exafly &pne c?%n%g?&&o%?c&n&s%%%btﬁﬁcécﬁ}%.l(&&é? P £ 0pFUGLi Y e £L St Omer

, a probé Tcar and a” pogo- pi n ) frog ring) 130 provided over
t he cont aards?f 0deYireomEen Shel D AdFadUia rdltas PEnEF abROSEsOBr 6o ka2 bet ween

the congapk sthastdeewass.t herpeobgogand: 26€. hanansentd=y, is an
elastic sheet having a large number of conductive wires in a
vertical direction. For example, the conductive elastomer
20 250 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 19, i.e.,
orthogonal to the horizontal sheet of the conductive
elastomer 250. An example of pitch between the metal
25 filaments is 0.05mm or less and thickness of the silicon
rubber sheet is about 0.2mm. Such a conductive elastomer is
produced by Shin-Etsu Polymer Co. Ltd, Japan, and available

in the market.
Figure 20 is a cross sectional view showing a further
30 example of probe contact assembly using the contact structure
of the present invention. The probe contact assembly is
basically the same as that of Figure 19 except for the
contact structure which is formed of a plurality of contact
structure (substrate} blocks. Further, the contact substrate
35 block is formed of a plurality of standard substrates stacked

together. For example, the contact structure of Figure 20 is
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t he base portions 35 of the contactors 30 contact the conductiye 3@®?toner
250. The conductive elastonmer 250 is to ensure electrical co n? o83
bet ween the base portions 35 15 of the contactors 301 and the el ectrodes

262 of ”beor&’i‘s?ﬁ:eﬁ%acf 268 %?%%Ee%—}%&%ferrﬁsﬂiﬂsaééé%%)gfbibékge% or

vertical ~gaps therebetween. e conductive el ast oner I's an  eldstic
sheet hawnty24:|eage hainer tdiresopddécpieshnprdard eubstybateea?2di Réet i on.
For exanplg dAle conductive el astonmer 20 250 is conprised of a silicon
rubber sheet and_a nmultiple rows of netal,K filanents. Th ne&gl filgnents
(Wires) are pPrIHER | AL¥e QRS tPEaFDEMY ek | SHOUPfFi‘?gngqu, Lty ©

or t Bogonalorit@dtiee-omni, zenk aht 6AeREA Of o tHige carithtitdt eubet PstOnEo 260a An

I f pit bet t tal .25 fil ts.is 0.05 I d
i Cknes @R 1 | KonPAu o wfiocroT S aithe 2B: 2 - SHER £ % WLEL | ve

el ast onethiroughr hdleedSbyFSgumreELsl &0| yinersulostidice Zapamyrickbimil abl e
'n the mapket, FLOW & 2Q %R C{zosiss Seddd Upalg vizew, Show ng %é‘b’é#éﬁr 30
exanple o pr(%le cont'act” assenbl’y “using the contact structure of the
present pihent ddaleTheipr vbtersnlaceual samsigramic hashias | ypekieivi@e as

thaly of EiguifelP; gxComd f1¥o tiie o iGARE actn SERAIGIM e WU & Rersod fhakd, of a

pluralit contact structure (substrate) blocks. Further, the contact

of , .
subst r at gh@SCBPBEEti gubgEralcoR2al pl 3ttty Iy eteth BHRe i<t rigetdt acked
t oget her muk@Apesagbhfdatbes LoDt a6 twsldtic tswich ab thoseevdleis 22,7 Q25 NOV

2003 confiqured by, t contact structyr ubstrate) bloc 20, nd 20,
each havfh e?ﬁ‘é’?ﬁ?&ﬁ? s%é%%]g? §ﬂ§s?’?&'§8§ 3541 ,° ,agﬁgﬁfﬁ. Af]?‘ﬁough
only onemafiorheradsorsho®in, usainpy ucthei il ipdrt asidisoB0wafferat tiaschted to t he

coptact 2993&&“% C%%%%%ﬂggr{?ﬁé}é}%tssa”?%”dtﬂ%e%%&it&%t A A1 S

InSérted 1Tn a t gure 21) of t strate 22. Typically,
t he contdétheubsinereasingstofgrante ¢ neghaparal dhBaBGEPNS . ot HEES,
di el ectrigemabRbb2l §£544N 1 2SrC GadEhE cahase. sROLVEE AR IANdIdE dbke are
al so feaggglgrldégé“h égi {ﬁgdogn%%%i@%gdific requirements in the
design. The standard silicon wafers have the same thickness
20 but different outer shape to create engagement mechanism such
as teeth and recesses as shown in Figure 23.
Figure 21 is a cross sectional view showing details of
contact structure of the present invention incorporated in
the probe contact assembly of Figure 20. The contactor 30,
25 having the meander or hook shape is attached to the contact
substrate 20 in a manner that an end of the contactor 30, is
inserted in a through hole 25. 1In this example, the contact
substrate 20 is a multi-layered substrate having three
standard silicon wafers 22,, 22, and 22, which are stacked and
30 fusion bonded to one another. An example of thickness of
each of the silicon wafers 22,-22, is about 0.5mm. The end
of the contactor 30, is projected from the bottom surface of
the contact substrate 20 for forming the contact pad 35. As
an example, the size of the contact pad 35 is 0.5mm in its
35 width. The contactor 30, has a flange like portion 34 to be
fitted with a step provided in the through hole 25. A

-28-



the contact substrate 22 is a nulti-layered substrate having rru[]tg qum, 0
standard silicon wafers such as three wafers 22z, 222 and 223 which arg 03
stacked and bonded to one another. The nmjor reason of using the multiple

silicon wafers s tq .15 att.ain sutfigie hi.ckne of .t
substratgoé%%qﬁnﬁo%%ﬁx%ES%ﬁg %%Pe#én%%eiﬁgﬁ%% gﬁfc%ﬁldi%éag?g%gggihhs,
t he nunberhasfpesidd dun madrerte dare lrecwdtlsing e ffeet yor uehe asurfaeecorfnore

dependi ng.;Qn C{}J}pta%paqu%#éﬁ(g_equi renments in the design. The standard silicon
it

waf ers have the sane t ness 20 but different outer shape to create
engagenent medignizrecerh @f fermhngnghregcedseseras shdwtnatei 40rangs,

Fi gy e 2L pyniyit hedesSeabianal sNbaW Shavidig-detaiikspepat ptegpl Hehuge of
the present inAvention incorporated in the probe contact cilsserrblé&of Fi gure

20. The &®nttdet §LLIGYING -haVila§ tr hére SN MARESK 2Snapdi Shet FRERED to
t he cont geiferswpst bate dd@ect 1y Mamded tHiaiowh erfbwfetdigpolbont acloeosd0l is

inserted_in.a through holg 25. .In this exanple e_contact . substrate 20
is a ml tfiu-sllé)fegé’agg&gStr:g}P%nh%}\lﬁ ﬁvgarﬁﬁﬁseéizs?%%oéa%dagiel?%gﬁsﬁﬁ e}fs’%’r: 21, 222
and 223 \fhicrit and kaakkezhd@nthBiidhudicdreshemdedrestedetagvehbrough byanpl e
of .thi cknes : he sj,L{,cgn '%@eh" hivea The
en(iLto of tg ﬁeégg%% g?f‘@?o%frsi-s §%g}legt%é§@§$%%%ﬁ% QttJ(')Ill sﬁgr)?%%el%? Hlt:nhe
contact $OBSt%APIED floy rERALAYSt HOTcHREHINDESBRI As reaT e mEeS t he

P IO, R RSy el e Bt e o nce o) o
a flange |Iike portion o be " fitted wi a _step provi in roug
ol & 25 OB 'he SARIIDODA CHRLEE: "BORHE oot RECL oM Etre Ko REEE DEF30. Lo
pr ef er abkyans hhep&nethceo 1ikemicetilver Sy wibithg: efdractctenr tihe sorfaea of

the _contact target. Th 1 of, farymi ng three | ayered substrate 20 and
5 ﬁﬁ ﬁﬁﬁoﬁgggghln t%epfﬁ%%ﬁ§% ﬁof%én

roug eéreon shown i gure 21 is briefly explained in the
foll owi ng. Fi Fben.t hbesétvat wafer 220 igngolhsehedi s fwerk 20d hagk

directly geegeést BRQUIRr ol XD o EE@QteBU\@E&E’eQHBQhﬁE- byheRet he
waf er s 25 and 22, are polished both  front and back, %nd t hrough hol es are
creat ed gﬁgpeﬁﬁp@ﬁ?1qﬁphlng noted above. The size of the through

holes of the first wafer 22, is larger than that of the

20 second and third wafers 22, and 22, to receive the flange like

portion 34 of the contactor 30 as noted above. The first

wafer 22, is aligned and fusion bonded to the second and

third wafers 22, and 22,. For insulation, silicon oxide

layers of, for example, at least one micrometer is preferably

25 grown on all of the exposed surfaces of the contact substrate

produced in this manner . Then, the contactor 30 is inserted

in the through holes 25 and fixed therein by an adhesive if
necessary.

Figure 22 is a perspective view showing an example of

30 contact structure {substrate) blocks of the present invention

each having a large number of contactors 30 produced through

the process shown in Figures 8A and 8B. This example shows

a plurality of contact structure blocks 20 to be assembled

with one another to build a contact structure of desired size

35 and desired number of contactors. In Figure 22, although

each contact structure block includes contactors assembled in
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10 an etchiong process. Such a deep trench etching is achieved, §pf
exanpl e, by reactive ion etching using a reactive gas plasna. %05%30%
Figure 21, the size of the through holes on the second and third wafers

22, and 223;{misteba isBl | &1 copartt e fhangee | S AROrE# 08nd4 PfebbBt
contactor, 30 tq form 15 the steps in the through holes. Then, the first
waf er 22 1VEDSGIORs hBEY | IOt Gt REERTS s i) anB tHOugk hBPES 25 are

creat ed tlheeet hriqegh byt x deemdr.ench et chi ng noted above. The size of

t he through ol es of .the first wafer 1 is larger than _that of the 20
second and th?‘ﬁd R’/%tfee‘flsa%’?i’eanaorﬁSOFo%‘%é%e%\?gﬁP%?SfIoaﬁulg'éhfai IS Porti on 34
of 5he cdmtra:ntcierOiastmmtedapda)bj/hit;y'h@ﬁiceﬁnbimﬁﬁgr a22ﬁalusaatitgnedfanq
fusion bSBﬁgchO éﬂ%&‘?&oé‘dbfg&stﬂpr%‘“’aéféét 25 angd 223 s{:t%ué@&}:’éa“o“’
silicon oXide "layers of, for exanple, at Teast one micrometer is

pr ef er abl(prebegronhach astenply heofeiposedasg Paersldf sihe aohtravtbeubstrat e
produced,ien C{ﬁﬁ@e’r. ePpet acior s bBserbgd d t hr ough
hol es ZSOgn |t>%e t her ei %ﬂbghgngg(gﬁ%s&}eve%?fF%ﬁisgary. b%i gudréeh%%@?s a

per spect PEEUGERHEShERI AFSaRTeRAKPI L Bfbe PR ERd wiFuAns et r at )

bl agks of1theugheasht shBwANihOfhe ARy i B @i daFge NUkeh docad@act ors
30 produceg thrgugg hhe proces?shown in Fig%ure 8A and ,8B. Thi.s exanpl e
shows a°PPEFARFEY<6f PEEnFRRPESELGR: BFe SHISTRTHY fEBE ST MBITYH 2Fi th one
anot her teebhi htd aheoptaetr stigest therebfdesired size 35 and desired nunber

of cont act of sy, B 941 £, 220, 3hoNdlye 636l SPVACI.GHAE! Wis- Blask,

i ncl udes contactors assenbl € a single line, a contac
struct ur8oprnedk bof ahplpradesy dinveprtant mefrusdurge bkt ofs Higgned in

t W50 MDFf8seht NESveht ond MBh NG STRANRKP1AS MRFEEARIANG, MR taddle
features of the %res nt, 5inventiqQn is the ca abl|lt5P/ of conbining a

pl ural i tJFBFCORBREEEE ¥ FhcRRF A9 ) SFEhedt EFEGH ST Y ur e
(probe cloatbad ansemerpll 1ofziidec meaised wvesnl insegerandl nupher ofofthe

contact OsrlsZeI rc])ft h@hgx%%t%c%f Efzgl%gugg’ ﬂcl%%rk.contP%g simplicity of
illustration, the contactors are not shown on the contact
20 substrates 22. By combining the contact substrates 22 in
this manner, a contact assembly of desired size such as
equivalent to the size of a twelve-inch semiconductor wafer

can be established.
In this example, the right and left edges of the contact
25 substrate are provided with engagement teeth 55 and recesses
65. The size of the tooth 55 and recess 65 is the same in
the right and left 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 fits with the right edge of the
30 another contact substrate 22. Although not shown in Figure
23, 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 use the teeth
35 and recesses sgsuch as in the right and left edges described

above. The contactors 30 will be mounted on the contact
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structures 20 are prepared to be connected wi th one anot her 10r{ﬁl§tﬂﬁvg§h got
shown in the exanple of Figure 22, each contact substrate 22 ha 0
connection or engagenment nechani smsuch as teeth at the outer edges

t hereof . JFiaur I 52 jRET SRECtIME ML ewhOimt NG, cartackStsChyr expior ned
by a pl uréaq I tyﬁoﬁcont aclt struct uare ei\% 0%4[25 %f ?he EI:‘% prsesent li nvention. In
t hi s exargiimoudh wlesht?dct substrates are connected with one another to

create a cont aClocitdibef Ures hankngpaBseMer akhveinz8 oM)i Chiies adohbheger
multiple of the size of the contact_ structure blgck. For si of

licit
i |1 ust r afStERICHIE RS at FEYare Hot TSGR Sh PARAVSAERC L2 s??ét es 22.
By conbi kigkg t heegnt-aflentubst bt esn@2ci N gdidmatbdner , santemacttassenbl y

f desired si h as,equivalent to th f _a twelve-inch
sen condbECGTIURERT  cafiBeC esibl [HEE FHTPATS 8fanbPB-=tharFi gt and

| eft edgesodfudsde atonhactam@5t smbson atles aneb spricevt &l edi ot engagbweng t eet h
55 and recesses ,65.,4T Si of _t 5 n 65.1 S ane in
the ri ghfn‘?%llrli1 %'I ePngéégg,’ hég\ev‘fé?, hﬁ%éeg%%i;?t |5co($1l %51?%%?‘?00?%15&35%@%% recess
65 i s shiilddthy ohéghnizeliphislitiheandf tleage 1idfe oA@ cbheactoRi®GErate 22

fity Wththe Light edgeefhethe Rl Rele coMt M FatLsLmpghough

not sho in Figure 23, a projection is provided at a djstal end_of the

contact OBukdE H@SBuRsHTAte MAteF vk eaFothetaOhr ShendleERe M98 ot her
Clont act S._té%l%t,r atteigzpoﬁﬁitb@.@d rt]-.@;) déwipRa safte gﬁfﬁjtﬁ@ﬁi&]ﬂ%ﬂ‘&k‘h@rm:ﬁéd i; is
al so possible to use the. teet 5_and.recesses suc inthe rj an

| ef t edgE’é’ 53&‘8Firﬁzb‘rea5’5’\?&geﬁ1e f&ﬁ%&?trdr&%dswqqs%}]r%utn? %%u Fe
cont act G0Baxrd8 HubbdOWwR A tsadisin=atiesaZRoirhzohbahedheecshownonnti e gur es

22150 theiq4REAUGNLR0LERL2By ACERLALOGLLyLTP PIRSPOL. LOMENGEAN, H1he
confact Structure has a vefry hig requency bandw dth to neet the 5 test
requi r enEBANSagt BEXUCEEREr RYSHLGRSh O nElRR t BF S F8BRNGFYGL 1S e tHW| ar ge

nunber ofog@NLAQIRISh AfFiciency and has high mechanical strength and

reliability. The contact structure produced by the method of

the present invention are advantageously applied in testing

20 a semiconductor wafer, packaged LSI, multi-chip module and
the like including burn-in testing.

Although only a preferred embodiment is specifically
illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention

25 are possible in light of the above teachings and within the
purview of the appended c¢laims without departing the spirit

and intended scope of the invention.
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produced at the sane tine on the substrate w thout involving manual
handling, it is possible to achieve consistent quality, high rlebi 88Y1200§
and long life in the contact 10 performance. Further, because the

cont act O@ﬁéﬁ?ﬁﬁ@i&%n the sanme substrate material as that of the
device u — ossi bl e to conpensate positional errors caused
by tenperaturé.chadgesontfagt hecructuire possi bbtabdiphodgceelectaicgrl nunber
of conta i h.Z | dir ' onthe;15,8i.licon substrate by

usi ng re%%?‘?\%‘éﬁogﬁ %gft? ?ggﬁr%&uggﬁﬁg%'coﬁ@ctl stn?j'cture produced by the
present invention Bs qqgﬁac@osﬁtugﬁ@f&ﬁ%;hh@’fﬂlﬁi ehegughd heds i gpaeBani cal
strgngth and hebighi bbbkr The Qemieacusirhvelyr aner oduced by the method of
the present invention are advant ageousl applied i tgqs%i nqg 20 a .,

seni conduct or waf e, PABKA4RBYLSPT nePRtag %Srrdﬂ"tfi% %Bilfcf'kjeve

i ncl !Jg! ngl lburm_ahar&a&t hﬂg.méghh@ug‘l?eﬁm%&?}mp@iam_:eamach‘l 0 iIenirisce .
specifically illustrat nd. described herein, it €. appreciated that
many nodi fi caPfof eaﬁ(?r&é‘rq%atsf‘g?%t%aft‘? h‘%h‘?ﬁ%s%%?hi ﬁgeﬁheor?cfg:p%cfteorp%ssi bl e
in light of thesabowebkeaahinddyastraighitnshhpe pumdyiiewafmprhisseappended
claiLms w thout departj hﬁf'r' ' d.ss9ne.of dihedivgqption. 0
5 EI?N 2003 W—ﬁTgf‘g &JR]?%E%) :Efi.i%&%o%ﬂcﬁ% g’tq{rjﬁact‘%re ?coa?L éitslta r'?tirhs I ng

el ectrical cbanebeimn ani chntestackoink gets, baseprPerhgon cohiglt STbstrate

havi ng t hrough,hgl-e84r ANk NSorPedHbR8HHg WRESuRN thd VeSn K atsiiacnd a
plurality of contactors nmade of conductive material and nounted vertically

on a hori zont 8PPSLFREEe 2BF A RPN ROFLAQBSPFAY IGHPREUGER URe ttHP
contactors hgsrfisHbshdntihd IBasd nedpit o halpeclangrbdueespra seshtafctd0 a tip

portion which_is oriented in a vertical direction_to for . ¥ poi nt,
a base porti ohORRFCHEFR EPRSEPHe Y P %Lr espoh |rr?gsp§%($oa[§g%xﬁ%]eta}gén t he

contact substoatectahdrgespriang portion provided between the tip portion

and the base port i gneyhi fih L OGUELSy HEAN G nds d Qureien ddiLanf act
structure is pressed against the
meander or zig-zag shape to exert the contact force, and

an upper surface of the base portion is projected from
20 the surface of the contact substrate and functions as a
contact pad for electrical connection with an external
component .
2. A contact structure for establishing electrical
connection with contact targets as defined in Claim 1,
25 wherein the contact substrate igs formed of a single or a
plurality of dielectric substrates bonded to one another and
the through holes on the contact substrate are created
through an etching process.
3. A contact structure for establishing electrical
30 connection with contact targets as defined in Claim 1,
wherein each of the contactors is provided with a flange like
shape at the bottom portion thereof to be fitted in the
through holes on the contact substrate.
4. A contact structure for establishing electrical
35 connection with contact targets as defined in Claim 1,

wherein the contact substrate is formed of a single
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contact target; and wherein the spring portion has a curved, :}Ffﬂ/
meander or zig-zag shape to exert the contact force, and an u@é zp@ce

of the base portion is projected from20 the surface of the contact

substr at g, n nwth an
ext er nal e?tgﬁ.ﬂcp%rlk@%(%ﬁ&gsw%f on?rggvtdnﬂjéa%u%? ol(r%fg% f‘%‘g‘l‘g% ? rical
connect i GPWIING dreactontageess dshefkedtimeegin- O ai m 1 25 wherein the
contact substrate iz EBEEB@tOfs@rﬁﬂﬂ_l@ %rae%l Léh]:?ll 'stmrfg Qiﬁ&es&@aq

substrates bonded to one another and the th roug hol es "on t he cont act
subst r at € QR e thhr 60BR28R &SSP prScedefineda WonE@imt Auct ure

for est amﬂe&hélﬁg e ittt SbbHonnesti HNFythed COnt actst 2468t Seadneef i ned
in Claiml, ein each _of th ntactors i rovided with a f]ange |ike
Shape. at S BOEIHHGIo, BRSR OBt atbn Brrael fHPdehet nisugh agtes on
t he cont actirmlmst hﬁaﬂés 4ard condbdwtedt rimt umeuhainest ahki shbngaeteetr i cal
35 conne(‘tth[():jre %Ont act targets as defined in daiml, wherein the
contact su str P4 formed of a si ngle -32 0 5 Nov 2003 sem conduct or

waf er on whi clé thr dughohbhes ateymtodigceliof oestrbddslriga heleohtracedr s

tharet hr oughe 25 A CRALACTSHEHEE Ur fg%rtsesﬁébgéf‘iﬂgde'%t Eh Galy

connection wth contact targets as wher ei n 'Elhe
cont act whsdeds &hss CfQﬂ'?fE‘éF oFubsEBRtaniSsEeEnads Of oAt AYews ePE whi ch

are bondgénﬁ@%ahh@toqn Waféh.s tdﬂ:ﬁﬁwha&@' S5oRdEed P atk# ObnWALERY t he
cont actor eh iough C(t:fg?ﬁ%{i flsétructure for ﬁt abl i shi n‘g

el ectri c§ REEF| oRTRi 9 t T&r gBPYNLd et FABY THERGFAFE,
wherein thexenhmm;rsubstrate is formed of three layers of sem conductor

f whi ch band t d f
mnlgu%{?ng 'tﬁe ?gﬁt ac”()?%né%%%(g%@%%ﬁ@ Cfby T BERUEH 1 BRLGY Al fepEpduged Tor
connection with contact targets as defined in Claim 6,

wherein the three layers of the contact substrate are formed
of first, second and third semiconductor wafers, wherein the
second and third semiconductor wafers are bonded and a second
20 through hole is created therethrough by an etching process,
and a first through hole which is larger than the second
through hole is produced on the first semiconductor wafer,
and wherein the first semiconductor wafer is aligned to match
positions of the through holes and bonded to the second
25 semiconductor wafer.

8. A contact structure for establishing electrical
connection with contact targets as defined in Claim 1,
wherein the contactors are produced on a planar surface of a
flat substrate in a horizontal direction and removed from the

30 flat substrate and mounted on the contact substrate in a
vertical direction.

9. A contact structure for establishing electrical
connection with contact targets as defined in Claim 1,
wherein the contact substrate has an engagement mechanism at

35 outer edges thereof for connecting other contact substrates

at any desired edges to create a contactor assembly of
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15 7. A contact structure for establishing electrical connecti o WNDN
contact targets as defined in Claim6, wherein the three |ayers (g‘f 2003
contact substrate are forned of first, second and third sem conductor
waf ers, \3{}%{1 Ihp &ixecond and third sem conductor wafers are bonded and a
second 2 roug hcﬁ e is created therethrough by an etching process, and
a first throud? -holfe piehct s stagdunenafex hé%égéﬁéhlt’lﬁr (Rﬂbﬁchﬁléaﬂs

produced Qe ifdr S{ri 8RM COMOMEE OF 2 e%rs’ a@ndiaieled N sthechibhgf o,
sem conductor wafer is aligned to pmat OSI tions of the through hol es and

bonded té‘}’hFPF@1§‘e65‘ﬁdenﬁ@%@ﬁ"?&ﬁﬁﬁ@t’iﬁﬂsmﬁ%‘? ugdes Lot A1 STEERFEEE f or

est &bl i s@r@guelleelctaru GAlt et dped | 60 t\héhc@ﬁﬂéa@t stibegets easirdedidigdal n
Claima1l, rel n . the contactors are 119 ﬂngc on_a_pl.anar_ surface
0

flat sub%’??’at 3t B TN i Pt beFeRBied Hr oM R F’réta
substrat erlahdtheuem%anemhetm aoid swrsissase innaa oppoesitcal edgeeotion. 9.

A cont ac u hi t nec cqopt act
Carget o RERsE ERblB ot g ARaHES T QR FLBF, AL6aL1 ERRTE ntht el °G8
engagerreﬁpnﬁfél@harﬂlﬁirﬁtaiat% o"a@eﬁséé@éssbhetﬂ'@)fC¢@‘ﬁ@@hﬁeéﬁﬁ@g¢dﬂhe¢fcont act

sulgt r at 8@51%Edaﬁ)izges'sh§%eeggﬁs el dire Rneaotasior assenbly of -33 0 5
NOV 2003 arbitrary _size 0. A contact structure for_ establ.ishing

el ectrical cohnechi GIPRHAF cBREREEVUESr d&¥% @Stk ABYNEN adefis Bealwher ei n
t he engaaﬁﬁabtmeﬁhamiisﬂm Id&ﬁimﬂﬁﬁ ta@-gbtandag eeﬁsﬁeﬁ‘edi proveUadmat1 put er

edges of_1he con% ct su tebl n_s g &he engagenent teeth and
o essochaTeis EhE. PRt PRnERa AR 4B MR ok Lies T eaderen i nan
opposi te edgelef At emtzuit astregbsreatieor téstabyiagsegbldlmrtaciptatal ity

of 160Nt AcLnSUBSLEAL 4P ERANJSNCLIBLEAN AL Qordtnanbly  dPadfsiyed size,

shape an contactors. . tact structure est abl Tshi ng
el ectri cellergdnnelei ePnWReh %wtaé@t@ aﬁgémasiewfdérlneﬁétfﬁmcowtrﬁrllal wher ei n

the cont agt1s4dbagrpbeyiainpdecelanilkl 680 glass.
13. A method for producing a contact structure,
comprising the following steps of:

20 {a) forming a sacrificial layer on a surface of a
substrate;

(b) forming a photoresist layer on the sacrificial
layer on the substrate;
(c) aligning a photo mask over the photoresist

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

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

30 (e) forming a first layer of contactors made of
electric conductive material in the patterns on the
photoresist layer by an electroplating process;

(f) repeating the atepg (b)-(e) above on the first
layer of contactors to form a further layer of the

35 contactors;

(g) stripping off the photoresist layer;
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12. A contact structure for establishing electrical 15 connect non N r203
contact targets as defined in Claiml, wherein the contact substrate |g
made of dielectric material including polyinde, ceramic and glass. 13. A

method for produci ng,3 COACing!t M UREUT 8ackaREL 810 1ahR.f Ol oui NGl eps

of: 20 (a) formn |C|a | ayer on surface substrate; (b form ng
a photoresist 4 Ctoive heagaer gy cPRl etayRg oRTPRESSUDR® r Attt (Ehe

al'i gning a phoigh st Q) akret B8 ngteaeﬁ—&ﬁ tr?e'ishaxebnagdbswa%bngahae
phot oresi st layer wth 30 35 ultraviol et ght thro h thenghoto mask, the

phot o mask i ncl udig ARUHrdge &heceﬁflééps%s PR) 3 %5? SF¥eFRs of
the g mage of theri ﬂﬂﬁfﬁL@Tﬁ HYl e wfmceeﬁfe téaﬁisamn aflesi séntayeors(e)
formngaflrﬁ:;he&?/ of C@{lltact rslmad elecﬁ cond ctl terial
in the patter B etlst Ieé’f B?ean% oﬁ’F‘ n prgggss; (f)
repeating the cs:tmas:t(dnjs f(mq:tabnse am Bhecotntatt Ip@yierfofc cebhtatrors to
forma further ﬂ%%rf&g)f the contactors; (g) stripping off the photoresist

| ayer; -34 0 5 3 (h) renoving the sacrificial | ayer and the
conductive | aydr- by amedheldl ng Pt odesxiuwpindhata t EntEgH ackbrechunee,

sepgf at edoffRMdiey TiHd ¥ 1MASY altpLReE (1) nmounting the contactors on a
contact subStrate 5 havi ng t hr Gugh hoI es, to receive ends éathe ontactors

therein so that at (PdadCrgi@dedd AT G thger Bhtad W s2fantti 8ns as a
contact pad feubglteelk;c connection. 14. A rret hod for producing a contact

structure, 10 CoanESi%%I%Q%QfO||%. C%_ste layer on the sacrifical
layer on the substrate;

15 (¢} aligning a photo mask over the photoresist

layer and exposing the photoresist layer with

ultraviolet light through the photo mask, the photo mask

including an image of the contactors;
(d) developing patterns of the image of the
20 contactors on a surface of the photoresist layer;

(e} forming a first layer of contactors made of
electric conductive material in the patterns on the
photoresist layer by an electroplating process;

(£} repeating the steps (b)-(e) above on the first

25 layer of contactors to form a second layer or a further
layer of the contactors;

(g) stripping the photoresist layer;

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

30 adhesive tape;

(i) removing the sacrificial layer and conductive
layer by an etching process so that the contactors on
the adhesive tape are separated from the silicon
substrate; and

35 (i) mounting the contactors on a contact substrate

having through holes to receive therein ends of the
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(a) formng a sacrificial layer on a surface substrate; (b) fOU”SrNDV*ﬂm3
phot oresi st | ayer on the sacrifical |ayer on the substrate; 15 (c¢)
aligning a photo mask over the photoresist |ayer and exposing the

photoresi st | ayerl Wil g udvxgég%m' el 'i@@étt%@gggn&h%fph@é&n Mgk, cf,he phot o

mask including an 1 nmage o e contactors; evel opi ng patterns of the
i mage of the cEMtESHOFE duacincn aF ffadadbfiarhe st sianmneayien .- (e)

formng a firgts | ayer (et aChor $ 8RRy & edddia@ondichivenrat eri al
in the patterns on the fphotor'e3|st | ayer_ by an el ectropl ating process; (f)
r epeat i n§orpE isiags thy) foldepimsowdems fe first 25 layer of contactors to

Iﬁr ) ﬁ tsecond (!(af#lyeﬁ’oﬂﬁi ;aﬁlt &éhdubﬂieéd%fuﬁdﬁéﬁé\tﬁéﬁ@rﬁ);f (est£i@pi ng

e photoresj st | ayer; pl aci ng .an adhesive.tape on the contactors so
that " uppEPrCHEALEL T LB 10 6ot Ao EL A Ce SHTHETS0 adhosl ve t ape: (i)
renmovi ng the qag¢ri foemahgl ayephmndresndict lugerl agar thye arcaatdhitigver ocess
so t hat th%S%og%aQtors on the adhesive tape are separated fromthe silicon

substrat & an “(j) mounting the contactors on a contact substrate

havi ng t hr ougichohésgnibng ez @hata mersdi pvendshefphideorgsigs NXeR U3
coppact o | K3t e8Rhy PE 50861 £ON APRONhAARGL 1 On as
a ggd fo%§gp%§%§igh%3ﬁ%ectf%n. 1%%9E&Lgtﬁod fd?,pr%ducihgﬁﬁconpri3|ng t he
f ol | owi nghst EReter :maYpt abhesihptiureasls LaPLEGLREnGFaniBFRIueEi Ve
substrat gopRdetef-sgl ectric conductive material on a dielectric substrate,

(b) formng a phoLoresi st LAYt 20 LN CoRAUGtYe R Yitactors

on a surface of the photoresist layer; '

15 (e) forming a first layer of contactors made of electric
conductive material in the patterns on the photoresist layer
by an electroplating process;

(f) repeating the steps (b)-(e) above on the first layer
of contactors to form a second layer or a further layer of

20 " the contactors;

(g} stripping off the photoresist layer;

(h) peeling the conductive substrate having contactors
thereon from the dielectric substrate;

(i) placing an adhesive tape on the contactors on the

25 conductive substrate so that upper surfaces of the contactors
adhere to the adhesive tape wherein adhesive strength between
the contactors and the adhesive tape is larger than that
between the contactors and the conductive substrate;

(§) peeling the conductive substrate so that the

30 contactors on the adhesive tape are separated from the
conductive substrate; and

(k) mounting the contactor on a contact substrate having
a through hole in such a way the an end of the contactor is
projected from an opposite surface of the contact substrate.

35 16. A probe contact assembly for establishing

electrical connection with contact targets, comprising:
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(c) aligning a photo mask over the photoresist |layer and 10 ex OSII\[@ t he
phot oresi st layer with ultraviolet |light through the photo nas
mask including an image of the contactors; (d) devel opi ng patterns of the

mage of the contactor t or £si
i mag & Or Sonfcf SULbAEEaRE p‘Fa &5 phudidley 150ge)

formng a first |ayer of contactors na ric
in the patter SSTSRAUYRT HIWBIES o Iaayf‘é’frf%ﬁ érheé'l%tﬁrropl ating process; (f)

repeating the stepsg hbbe ch8d ﬁ&@%ﬁnﬁﬁn&@?tﬁbré&nké&@rsuﬁét£9883&ﬁér5 to
forma second | ayer, or a further layer of © 20 the contactors; (g) stripping

of f the phot of8&ARlishidid (sheFidelfHy t REBBRUGREIOR sisdticare haleng

contactors tkefeertoramdie ¢iederddds sbsidadeon( thepaeibly adraghesi ve
tape on the contaactors on the 25 conductive substrate so that upper

surfaces of tRA®%ontactors adhere to the adhesive t ape wherei n adhesive

strength between &heicohtlaectko s vamedy tah@ladfaasijtwedfam@ﬂtsadtar;gianstthan t hat

between the coptaclars, %vﬁéﬁ%‘?ﬂ%%%&b&% s r&%& (Js? gﬁec%ﬂ

conductive su strate SO contac ors on esi've ape are
separ at ed frotreshe syssatiuvhienetbagin advkockinds (adytarnimﬂlmrrg tthee ryorivact or on
a ggntact subghigt.e having a through hole in such a way the an end of the
contactor is projected froman opposite surface of the contact substrate.
35 16. A probe conthereissERs| 9%@?%@%%@%@9@%@e*&l?fﬂc%allkbr%@m on

vv:th f:_otnt act h@i‘ﬁlt%b&taﬁogngrfabégofotﬁe:ﬂ@h% @fﬁ&@ﬁﬁhﬁﬁ@%é%ﬁ ]gbflavi ng a

ural i act or un on a surta ereo e car or

Tount i ng_ t he. EBRC SePCROBEFF Y A DBEARN PG ER LOPF] AP R ORI Bat | on

bet ween t he Scomptasedr sofand dligetpodesopr eahigdd De thetpnoeked cand;a and a
bl ock haVbQQtichth@idféa/tfgn coBt 3l BS dShed MM eLLAGE beé"‘%ﬂsé he

pr oge card and a sem con
porticn which is inserted in a corresponding through

hole on the contact substrate, and a spring portion
provided between the tip portion and the base portion
which produces a contact force when the contact
20 structure is pressed against the contact target; and
wherein the spring portion has a curved, inclined,
meander or zig-zag shape to exert the contact force, and
an upper surface of the base portion is projected frbm
the surface of the contact substrate and functions as a
25 contact pad for electrical connection with an external

component .

17. A probe contact assembly for establishing
electrical connection with contact targets as defined in
Claim 16, further comprising a conductive elastomer provided

30 between the contact substrate and the probe card for
establishing electrical communication between the upper
gurface of the base portion of the contactor and the
electrode of the probe card.

18. A probe contact assembly for establishing

35 electrical connection with contact targets as defined in

Claim 16, wherein the contact substrate is formed of a single
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test systemwhen the pin block is attached to the probe 10 car@;5 W g
the contactors are nounted vertically on a horizontal surface of the
contact surface where each of the contactors has a substantially straight

shape angyd & paeRNIie8d 0¥ =Bk EBnRAEEL2NWBLEE bén@é&tﬁgqﬁgewﬁngﬁﬁgr
vertical direction toforma contact point, a base port

i nsert ed 3 &hcorrepeyi hgl ?ﬁr@ﬂgﬁhehépétéﬁ’tt salbedaraet athstraaeedand a

spring pehiriceiyh Q{rp\étdﬂﬁh_r@t];y}_eﬁbgé‘le tip portion and the base portion
whi ch produce nt act E}or ce when the cont@%gt 20 _structure is pressed

agai nst the cgr?t act® t aPgere antP s ei ASERELSET i n§PPor t§YrRIhasSRLBYr ved,
i ncl5i nedeglentarider OCO]Z]hgcﬂﬁgnShﬂﬂIel tcﬂ:zﬂi@cﬁﬁ taeg@@@t atd HerFeeedngn an

fo t fram the s ace of the
contact  Cuach 36 Hhe R RS O, b DU R mn iR prCeh
connect i Aangehlakeesheprakt thepooetem pdrtlbrprtdtmrm@f\tmtb@ssﬁmbéa f or
5t abl | ShhNncel ALk AQANeR! Lo Wh ANLARL Larget s as defined i1

Claim 16, further rising a con tive el astomer provided 30 between the
contact substflte &nd PHEPPr oOEHY f orssewball i shtng esdetrlicshing

comguni calkeprhehvearvitectiner witHr faah Lft t gy éﬁ@ %%rt%eﬁlﬂfedt hen
cont acto and el ectroq'g_asof t he prope card. e contact

assenbl y 1arm t‘f abfiereHy © céﬂ“é@tcrtl (?HPSESF}H@C?—FO%OW‘F‘H brit &g ke get s as
defined semicbaductbr whEeei ont haieanthebugnbsblake ahe beoRE«] fosingl e

-37 05 r'r\xQ{ g?ﬁé ?h?o ng }:O% gk?ﬁg %ﬁgggctor waf ers bonded to one

anot her éson t substrate are creat ed. .
t hr ough an et%hrngAprawe@se 1¢onkagtobeassamnaty assemnbl yssftable‘sﬂaibigshl ng

5 gbect rétade £PRRECIRMMtILLOoPE ARt oAS rgdetined i e rH, 285m0
o FRrsts £

h of the contactors i s provi | ange sha e at the
ﬁg?{gh?d§ﬁ§p5n1§hewggreg§ &@qquqgéct substrate is formed of flré%

and second semiconductor wafers which are bonded together on
which through holes are produced for mounting the contactors
therethrough.

20 22. A probe contact assembly for establishing
electrical connection with contact targets as defined in
Claim 16, wherein the contact substrate is formed of three
layers of semiconductor wafers which are bonded together on
which through holes are produced for mounting the contactors

25 therethrough.

23. A probe <contact assembly for establishing
electrical connection with contact targets as defined in
Claim 22, wherein the three layers of the contact substrate
are formed of first, second and third semiconductor wafers,

30 wherein the second and third semiconductor wafers are bonded
and a second through hole is created therethrough by an
etching process, and a first through hole which is larger
than the second through hole is produced on the first
semiconductor wafer, and wherein the first semiconductor

35 wafer is aligned to match positions of the through holes and
bonded to the second semiconductor wafer.
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in the through holes on the contact substrate. 20. A probe cong]agtN@isz%Hgl y
for establishing 10 electrical connection with contact target f d
in Caim116, wherein the contact substrate is fornmed of a single

sem conduct or waf ery onﬁ;\%lb%h tBE %ch()leﬁssséﬁlﬁgprO%B@doégég?ggggéh%gt he

cont act ors t her et hr oug e contact assenbly f 15
el ect ri c&leSA&al oﬁoﬂpﬁﬁtééﬁt df(:lttl’t afgBEachs tdeldeted fa dafE@inRde6imwherein

t he COﬂt@QbrmﬂmﬁfaﬁﬂekélhOEM@jéﬁnﬁddéﬁrsa@ﬂe5§§88Qcé@”kﬁpﬁﬂuﬁlgﬁaﬁafers
whi ch are b ded t get%ﬁr on _which through_holes ar?L produced for rmuntlng

the cont E&Itr r 8t ilgg P uBRr 28ke Al 8bEOrdROREE lasEmst L 9% and

est @bl i shiengved emcrm ciahe cOhaeckubptwath aafl aounittacgeis tHse d@énﬁadtl n
Cla|m16 %rr 't the cont act ub‘ftratels formed of three |ayers of

seni conddd er's whi'ch are. AT R oget her on which through holes are
pr oduced for r215unt ifng ph‘ebcontta@mimeust 2% ssatdiyhr ofigh.  28stdbhishéngont act

assenbl yeﬁge d%a l'é&v\ﬂgctﬂaﬁcw:.t & ‘Pa‘%t 'th']g\@'ttsh SONRAGH tgiogﬁhs as

defi ned erein rs of the contact s fat e
are for rr€é|aéfﬂ fjisrrstWh‘%é@bﬂd tigd adiitad ts epieofeES ohafafeer snFWIehenti n t he

seqond apdchBifi@mS8a @@ﬂéy@ﬁew@ﬁecﬁr @o@egﬁﬂecamﬁgao%é@r@bﬁ@éeegh hol e
is created, therethrou et chi ng process, and first through hole

whi ch i sSPRFGERE thaﬁgt h%IX%ecfaﬁﬁnﬁﬁo %ol &9 305%8@%% FPRFRCEPE st
sem condassambdgf ef, aahd twdereigi dehe first sem conductor 35 wafer is

aligned to mat¢ch pgsitions of the through holes an bond d to. t.he second
sem conductorE\%\/af erﬂl 9 5 l@?etﬂfg% 2 ?Sﬁﬂ%ﬁgbe oht a&t® aas%]ejn%}ﬁ/n

est abl i shiagtrafadt rcr@meebmtecwﬁ(bh et aunt hergeasgeis dsfdaiadneml n

G gkm 16¢7 ybared n Jhe-CoNtant @ SheNt0 8 Ce@f 2
flat substrate in a ho%gonta hga%cte%gnmggggngrggn%@%g&?r%n‘fs%l%ltéﬁf%c?
subst r at E2GRESABURTEY1ER Ak evReACcRIgeRmRE ridie Gantralersuleirak ¢ ebRi on.

such a way that the engagement teeth and recesses in one edge
fit with the engagement teeth and recesses in an opposite
edge of other contact substrate, thereby assembling a
20 plurality of contact substrates to establish the contactor

assembly of desired size, shape and number of contactors.
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25. A probe contact assenbly for establishing electrical conne tsémwmith
contact targets as defined in Caim1l6, wherein the contact su rHte 2085k
an engagenent 10 nmechani sm at outer edges thereof for connecting other
contact substrates at any desired edges to create a contactor assenbly of
arbitrary size. 26. A probe contact assenbly for establishing electrical
connect i ARSRRAGT c OAF a€HEt BF§ELESUBEdefi ned in 15 Claim 25, wherein the
engagenment mechani smincludes teeth and recesses provided at outer edges of
the contact substrate in such a way that the engagenent teeth and recesses
in one edge fit wth the engagenent teeth and recesses in an opposite

edge of ot her &CORTRGT m@’&i@ ANTe (RRSDGEREON | METGHOD 2CHBREOR| ity of
contact substrates HNFYRIHE FoNIRE WY RGEIY w}gﬁf desired size,
shape and nunber of contactors. 0 5_NOV 2003 AB THE DI SCLOSURE
CONTACT STRUCTURE AND PRCDUCTI ON METHOD THEREOF AND PROBE CONTACT ASSEMBLY

USI NG SAME A montesmitsdt uCkitrticiireest 8b i SBERapehatinCal e18cE2RREG! | ON
with confact Egrl ets..t'[{le cont aﬁ.t structure 'bs formed o6f a contact
subdt r at 6-and %Pur‘%. VO Lont BRIFTES . ThBSCGRRLECE HAIGEWrs g6t on
whi ch i stproedudédai contager sibatradteeshd an plufal M@ sPrédcta@ebit,. a base
portion i i+S, J r i L h h hol rovi.ded on th onf act

10 subst?%eﬁ&#%lﬁq a Imlgg taﬂaﬁlénlbgﬁglgfn tvﬁl’éf%ﬁ(;nﬁgct%‘?c’t%‘ﬁ%ﬁi orfs & a
cont act Yadtierlefddzeptdan donrfewm on eenacsupbine, o Haseqmbation
substratwhi@did $REEPEEBOLhI AN tnRLAYHIEE1RELWRRA ddlf d RRPTdL90,80d the

baf portilg)n whi ch., produces a contacCt force when the contactor IS pressed
15 Agai rifPTHeRtOntdet SUrhef WRE Hgpt an end of the contactor

functions as a contact pad for electrical connection at a

surface of the contact substrate, and a spring portion

provided between the tip portion and the base portion which

produces a contact force when the contactor is pressed
15 against the contact target.

FIG. 5
20
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