; e3ePrELM O, : CﬁpPGPTPISB CONTACT STRUCTURE HAVI NG SI LI CON
FI NGER CONTACTORS AND T l“@WM”WSTRUCTURE USI NG SAME Fi el d of, étﬁ- 0
| nvention This inventio a contact structure for 5 est4bbi Nr@z
el ectrical contagct wth cont'H€®é*t argets such as pads, electrodes, or |eads
of electronic cifcuits or i and nore particularly, to a contact
structure having beam ﬂjmmﬂ h\ﬂmﬂ finger) contactors thereon and a total
stack-up structure usi t structure to be used as an 10
interface assenbly for test¢®*sem conductor wafers, packaged sem conduct or
devices, IC chips, printed circuit boards and the |like, wth higher speed,
frequencK rﬁnge, denFiAGr STRUPPURE \HAEENK 8 ILITh0 fFieER noeyrtaonokb ljn
testing hig ensity an e LSI and VLSI
circuits, high perfor magg]g ?@'ﬁ?gc?%@k @% F@gbg%?}éb g’%bt%g;b%%t actors nust
be used for formng an interfaciasikbndf \whretIrwen@ dest system and a
device 1o he testethid e fol e, Shdichile g e BRgeenl 2 MR Okd2

not limted to the appllcatlon sich®as urnln
seni conduct orervtaﬁlelsslamdﬁibecbmca% ¢¢t1@¢@1%¢ wel gl qasdiaaly tarpans rsucnh ais

packaged ser sl ARAEES 0P leBeRot ! £ bt rOanE dss A Dt Iy s e,

feature of the present invention can also be used in nore general 25
appl i cati ons 3HME| BAFRg PRY HICHSHEY 1 EPatk&GNGCtartt BiteiTe| BaVipgalbeam

connections. Hweveilifdsn tﬂiezgmﬂvemneaeeo@ts enekeaat and, a the 4Ir esgeidk -up
invention is ﬁd!i;rcrl bed nai, DS% %th reftercencetto Eﬂ nduct or, waf er
testing. In tHe CHEE Gin &t e 0B8N it 57 e i Eéls? f‘lgebe PestedUSFE 39°i i1 he
form ofia semmndim:d:@rasm‘rml,y dosehesbndgctamicasxdusyst emfsuch aackaded
tester is USLJE?A“IDYC@IE é@(?lg &gv%ég aI u@ﬁ& Qt %E%ﬂgéar c:.§ ﬁgtaﬁo%.r} s arg%mh

automati c wafer automatfca |y t e sem con uct or wa

an exanpl e |§:f9:‘hoimkﬁn midlr righer wapefda §é@ﬂ@@m&’ctﬁﬂrn€t%std§9§ﬂ-§m feasd - 1
p $ MAY 2002(%.‘4J Bty head 100 which is ordinarily in a separate housing and
is electrically connected to the mai n f.rape_of the test systemwith a

bundl e of cables. The test h o t ndl er 400 are
nmechaniigal | y connent edadttinpnéimhandehed twi tdnd héhi p spfeerl NMediepritlratcerl

500 driven b@t OfoCE ex ”T?:qu 28 g:lgt&ota§&0VL'g1e éﬂr{:ﬁggguctlﬁr%ﬂvaégg% tgﬁ‘&%

tested are a |caly provi 0 a tést positron” of
by the subst reuredrtndBrudogreThucean Ruabo RRFRHEsH oWsE) bEO Usieghdloy

from1C circuid,snythe IeMeeandct M MRy BodREet eal R T4 poeht had L0

t he sem conduct or test systemwherein the are co ar ed Wlag F‘ ect ed data
to det er m ne GEtFRIE? hEeI Ee8trCui t 16N ¢ WEF QAf EFS RRESEET
correctdogy. Fiigiifent?i SMOWS , ndth e et trad |t,hea a@t:ﬂuetamrlemfoft hests neybstucat e

handl er (wafer %ober2n400$?m ftgﬁtﬁ%‘%f‘gogf&gﬁ gg ?86‘%%(35{"%(:81%88 nt%I ¥ 140

when testi ngaassem LoHHUET D and e subs at e
handl er 400 dmelonitestell teshiag iamdefuase ias sehhibgchaged ofsing cionglustt ca

performance hoarihePOogs- kP! OGoy Y §RR SR dnaaPHe 0f 6L . cammonSirel g 20
perfornance board 120 “of Figure 2 is argrl nted circuit board havi ng

electric cirdlt PERRESHE oh§VﬁHFE|BE 1P RESP HRRIUVSES ety iMATE f Sﬂlﬁr’—"adt

coaxi alzzabl egpppgo: s fndlaanagehar 3¢ Thad,esic heackd§Ong nchrdesther

large nunberé?e r}{g;ﬂ connections. However, for the convenience of

explanation, the present invention is described mainly with
reference to the semiconductor wafer testing.

In the case where semiconductor devices to be tested are

30 in the form of a semiconductor wafer, a semiconductor test

system such as an IC tester is usually accompanied with a

substrate handler, such as an automatic wafer prober, to

automatically test the semiconductor wafer. Such an example

is shown in Figure 1 in which a semiconductor test system has
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25 circuit boards 150 which correspond to the nunber of test channels or
test pins. Each of the printed circuit boards has a connector 160 tg 002
receive a correspondi ng contact term nal 121 of the performance b JMQE@

A "frog" ring (pogo-pin block) 130 is nounted on the performance board 120
30 to accurately determ ne the contact position relative to the substrate
handl er 400. The frog ring 130 has a | arge nunber of contact pins 141, such
as ZI F connectors or pogo-pins, connected to contact termnals 121 on the

Phe test headsipoererdcidh Hhatt s #orsiReiy ites #ratlafeft holnlndiefa®
400 and rrechgmscailllq/:land:aﬁlle;ct cpvakkyedorectbd tmithefsabst reff ethandtest
through the 'angéacgégﬁseﬂﬂ%dh@ dﬂ“cél?f?eé”“’i‘ﬁé‘t €el nﬁle%?8é.%% #hd the

sen conduct or to be tested is nounted on a c
card 170 i s pPebpHzatabdpadlier s&H9 céﬁeuétﬁﬂhamllaooc%n%@t@@sm&hwme

probe cazd 179nK88e2 hAt®E tHEDEE1 9T oBr ALENGAHAGAS D60 CAPLIEHhOLS,,( SHSH
as cantilevers or peedles) 190 to contact with circuit termnals orf contact

targets in th@XREPLLy cBi POEPTL RdOseni conduct or wafer 300 under test. 10
Electrical term natheosem@abﬁdtcteeepaaei:eSt@fbé hee qreab e et thith tiilally

el ectrically conne d,to th Qnt act . ins 1 OV|ded n_th ogQ._r

130. The contBEYVH éﬁg Ar eg s P TohEet e8 l%’tehe contg1 :%% nng ‘{L}%
of the perforamhsérbbar dlailrzcl)lwtﬂo@oam dﬂ‘he:abbeglmantmmim@acwmanqnﬁe)
termnajg 15 13%%@1&0%%9%%@1%&19&' RO [ ethi cORRhck Ip Oy @l G RS

head 10 Furt the printed circult boar are connecte
sem conduct or t €85t 2%y SERIH iR thENEaBrBlAANINGt SEVER Bt %Lﬁffﬁ"@d@lemeln

i nner cabl es. txk@ﬁeéré m&nﬁdf@'wgﬁpﬁﬂflbx R eldl abeace@t@@ﬁ@frﬁlﬂ&%mﬁ@ﬁtu?@
the surface of sem condug 00, _on thg chlﬁ 80 to Ip test
signals to th%csﬁﬁFEBﬁHﬁcPBr fEFméﬁﬁn HEtPECHRATETt hENFEIQN ST

signals fromthe waigurd0® dhewsesulrt andbreutdedtaidi,gnal stimarmuree of the
sem co ctor f 0 t e he t h

generated by ilé\g?ﬁéaggmhggﬁgégt ?%taffgét p%stem tqgwdelteg%m%ﬁgé\/\%%%h%d ﬂﬁ%aand
sem conduct oram@em%@ﬁ&ﬁ@mrwﬁewhyn Feghbied 3 isemi aeardusthon e fsfr ¢ he

conventional ppobgsSartkald A of aadg%@ aubbarwé%m&md he-Plcehe dealdly
170 has an epoxy ring,on which a plu |t %rlobe conta tors 190 30

Cal | ed needl €416f 8BniRtEFEASS TR ERRUICR léoﬁeﬁfﬂ?é“ance
seni conduct orpy&tey ;ﬁtsgmepumﬂdmuntﬁrm@et I&arsiermndn@lucéﬁrcdwﬂcmeﬁﬂﬁ MRS

upward | the t t| I Qnt. t.he

bunps o%(pt heg%% E?hﬁﬁﬁceT}ﬂgaléﬁd%EQf f n?e{evers % %%Iecclgr?ﬁfe)c ZD atrd
wires 35 194 luwwrhgaebeturiheclcgnmecpednegtupaﬁsnnsgusntIOu pese@totheadl’ s Q
$ MAY 2002 Shgw%ti@?ﬁd 'fbéé't?rﬂ{@be CR&kibhi0. FhB1LEaNSBsisd O hd nes R e

connected to a urality of electrodes 197 which contact the pogo pins 141
of Figure 2. W%‘P%ﬁFP?S the probe card 170 is structured by a multi5 | ayer
of polyi m de substTnée&ehavm@@rmmdmbanaes poieirdd amnesbesi gfialprinted

Si gnal 73 anert SEFBACI PRESRs Mok il SohEb et e dld ufhber 18R e
such as 50 ohoisBabyebal anckrgtt mrerm-strEamhedfp@h%nErens?dl carcudite bestuds
has a connector 160 to receive a corresponding contact
terminal 121 of the performance board 120. A "frog" ring
(pogo-pin block) 130 is mounted on the performance board 120
30 to accurately determine the contact position 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 on the performance board
120, through coaxial cables 124.

35 As shown in Figure 2, the test head 100 is placed over
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10 constant and magnetic perneability of the polyimde, inductances and
capaci tances of the signal paths within the probe card 170. Thus, the
signal lines are inpedance natched |ines establishing a high frequeﬁlgyMAY 2002
transm ssion bandwi dth to the wafer 300 for supplying currents in a"steady
state as 15 well as high current peaks generated by the device's outputs
swtching in a transient state. For renoving noise, capacitors 193 and 195
are provided on the probe card between the power and ground planes. An

equi val ent ci [ p QS SRR, 4 Ei.gur ; in
the limtati o%ﬁ%f g?ﬁ%tk?gﬁ ?‘%@?&%ﬁi&‘%ﬂegﬁgf rranc\gﬁllr(lﬁtlﬁgl ca{cf%eeﬁteﬁcoén%g%ﬂoge
card technol ogynnastsdowP i Ahei gikstwptenhanglerhd&hsiquaht thansintsyorce
line on the pgebempaydidd0 exhepds 4o +ice elatdrade dd 7 .o dagiddddictor

(i npedance matched) Tine 196, the wire 194 and_the needle or 25 cantilever
(contact strutefe¥) 3980 tosihfcdatied e MONLRY PRedl €Nl 488 -notR probe
i npedancs natehed, 17bese Pootiass Aboeé i tie aSertitdMEt OF wafdr tHeo Eghbe

frequency band as sho in Figure 4C. . B use of the overall |ength of the
Wire 104 and HRREPS- 100TRE BFOBES W%om i’ﬁf‘ni?i 8HES iTHTRRY 08?% BIPPHe

30 resul ted feantiabeoradortarntvd@rotestdumh asheght il eqaeacyr perddl @@ ceo of
a device under t het . fact ar.s, .whi ;L e f n f 4 i n
t he probe car‘j(‘:jo 1:?%}1}:%;&”1@3{;% %Ft%gc%é%lrtggﬁl&hgrlrgutﬁ% r?gegﬁlgg: g%&%%%fg#%}uqees
4D and 4E. |fI€heipeweE Pfnthearepieenductargwaldsred@fghncerr &S to the

devi ce imder test,gibcWelbaMoterdinaf® HMI¥2R@2 sekbpHakY ek HEtehd§rope
operational bandwidth in testi ngét he_devi ce. Ho because the séries

connect ed wi re2494tARg2ReedlECE CP@JF%GBBP?Fﬁﬁ\éVte\I{}E’r 55e CORERGHT @145 sl
wel | as 5 he s;ef?-eﬁds@rmecﬁm@l ftdee Gy ar:s?m .neeﬁéegaﬂeaéorpgm@hmihmg:hé fte_l_sﬁé
ower and signals (Figure are equivalent to.i ctors,.the hi spee
(F:)urrent fl owgcf%mé%é\l::%%slt)? ﬁ:i? r?%’fné%?{: I\/gfgg\}g??st ﬁ?ica cFP8r £ef ré‘??ﬁ’%S
are provided tsw@erRQ hel tiowerXiiale cabd eshd2 §rouek |éawh tcondecir & earmpireder
perf or IENCe Of x4 Ne; A i kel Yokl 81180100l 6 ¥ ST 0°

pul ses ‘on the power 11 nes. e capacitors 1 ave a relatively Iarge val ue

such as 10F dieR@ad Me di STHRARRY ed theoP¥ HBLPBWT1YG\Hes Bpagdst ched igre

necessary. Theokadaeédors ti9S favbcand@dtdt Wlst SiRldent ala@iianNate/ A e
such as O Ol~UF and fi xedl;_( ﬁggaect ed gl ose to tgﬁ DUT. These 15 capacitors
f

serve the fuMYoie a8¥FHR EREY 8&c3UBPEnG28h®Phe power |ines. In

ot her words, the capdertthss lammangdwenti ghhker pyokacgopsadoonaicd ooritke t
pr obe tact ingky h i p e ..o (@

not ed above a%eléﬁféegét%ktﬁggf rggggéégéhgglﬁﬁwwa?%ro?egoOglpg%%xitc?rlrélt%éﬁaég0
200MHz whi ch t® RRPAYT itewnt signpdst boecdit Semiconductor aafitses30Pn ank

industry, it jsc&phsiles abdlitadheoddRauenghahandwbeit fheom@eeabd ®o t o Tie
tester's capabilit whi ¢

.3/, his currently_on th% or der, of %%Gt or h'hgher,
will be necesSFYLFaPtheUWTREE 3RS FhFPHe DS S SNYPLL IR RASERS 00
i ndustry t haturadgar obestaadei sonppabliewbthhahdl ergeatkdr dataugbeaeratted by

sem conguct or,. g“s%%t?i:cc?r?cﬂ?&é(?%ls%{:ét%rg%g%%emsuF% ﬁe@@rxﬁing‘)?&e%ﬂkﬁ the

paral | €1~ fashioh to increase put . e _conventiona
t echnol ogy, tdrmpronducter wafepr 808 BOréonMEcPEPBeEUYh as shown in Figure

3 are manual ly made;ghsUW tidlG bbticBaOoska! 8Pt kbIAlddventiuGihil eI 0
quality includes fluctuations of size, freguency bandw dth, contact forces

and resi st ance’0 2% . FAFU¥Re2 convefthih £%3%F &R 2Ss Cahthddr e dy
maki ng the cospeey pamicorsmnehidh uar @liuaklld tys @f t prpdeat civet atlasge weder

whi ch Fﬂ? pr??fliéa needles or cantilevers are mounted. When the chuck
180 in the semiconductor wafer prober 400 mounting the
semiconductor wafer 300 moves upward in Figure 2, the tips of
the cantilevers 190 contact the pads or bumps on the wafer
300. The ends of the cantilevers 190 are connected to wires

35 194 which are further connected to transmission lines {(not
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0'g MAY ZQ-.~ contactors and the sem conductor wafer under test have
different tenperature expansion ratios. Thus, under the varying

tenperature, the contact positions therebetween vary which adversemﬁ MAY 2002
affects the contact force, contact resistance 5 and bandw dth. SUMVARY of
the Invention Therefore, it is an object of the present invention to

provide a contact structure and an interface assenbly using the contact
structure for electrically contacting with a 10 contact target to establish

el ectrical co ni_ gati on therebet n, thereby,achieving a high frequenc
bandwi dt h, hi 5??5&- 586&‘99}] gr‘%d%ﬁf’\é\ﬁ%%%ﬁt S%frgpé??c)rn@ﬁ egﬁ%n%??ségnhgﬂ;ﬂe%
reliability. htrei scanechied tbj ecploralheypoésehectnodasi bh7twhpcbvedetibta
cont act strucEHEegg% g)itn%t 3ly St@Ckeyfi g rcture using the sane to

i cal

establish el ectri connection I n testing sem conductor integrated '
circuits having a Fopyjaslgly f tdquerepensnad 47A 8 abructnsedeby a multi-

requi rengnts hpykhe dexpodgnaiabi QubERFEUIUCAPInd €6PBRhAIY1Aed ! bSwar
further object_of the present invention to, provide a cqntact structure and
an interface B$3BRBIySRIPPAGEFRBSEORBALE S1PGRIIR MANerléYi$o eBBabpi¥all

]gzl ectrical confi@whi df L%He taelfsﬁj rr@g@lenééﬁoaﬁucgegpdavit&%S QM”ilsfélclﬁf ellﬁuééaﬁlse
or testing a_large nunber of sem,condyctaor devices in paralle t the
sare £ e I P8 ERe FRoath Bul Har AR Tt TR D el (75, F feohme
cont act strucbyr dadrecha@img ntbef adstasideitddd) havamgteéhe, cankeact dteleturec
therein,to es \ el i ct] . I ng sSen,con .
devi ces:,lbwm c%ggrgégg% cgag{éi)l gﬁ%‘-iﬁ%%%en ‘g?ﬁ“%%%gﬁggr atggr e@él%pag@&o)z.{mlde’
coefficient oindussrnessd@adocapaicdlanges afedthe |siansd matduhtwittivint the,

a contact stryggbeechen £$6ablmatd haml esbnagal i aeBt A8& Sihd dak@BtREE ched
targets is produced through a sem conduyctor production,proQcess. &Dg@gg o

contact structtPES %SE@B@%FHFW 34 GAYELSY; hyagsmgsSsipngbam
sem conduct or thef efafexr mrkafed kSbphyiagpraurtrethtc rioui & boaady( dBHice as

under test) wherein_a, larg r i]J i [ t ors, are forned
t hr ough,fgfor g?%ﬁp?g,hggfﬁhg?g?g?ﬁoﬁgélﬁ y%%%ﬁ%%%ggéla%?dg rr%%%\ ée% %no%tg uts
surface of a Swikthdvg oincepantrasnabenfat etalffe confeet zgmening e whdisde

present inventihgn fieb,astabl Lahi Nk Ay £iRTvilded of0RABCHEPe WhdFd B LORLag!
target, conprising: a plurality of contactors, each of which has a contact
10 beam whi chtBRhPBIFEE 2NehArRYCoPl@nfifen a tip of said contactor is

pressed agai nst a pantgotivhaeget ciegalitobfsahd poabactard CONPrisi sigowA in

oL SOrgBase BRNLG 3 Lot LSOt an (S BRUTLLER (e quoncy

el ectrical ly pas@bamanget i@ the conventional probe card technology. As

shown in Figures 4A and 4B, the signal transmission line on

the probe card 170 extends from the electrode 197, the strip

(impedance matched) line 196, the wire 194 and the needle or

25 cantilever (contact structure) 190. Since the wire 194 and

needle 190 are not impedance matched, these portions function

as an inductor L. in the high frequency band as shown in

Figure 4C. Because of the overall length of the wire 194 and

needle 190 is around 20-30mm, significant limitations will be

30 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

in Figures 4D and 4E. If the power line can provide large

35 enough currents to the device under test, it will not
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contact beam from one.anot her; and a conductive |ayer nmade of conductive
material formed on the insulation |ayer thereby creating the contact gegm 2002
by the insulation | ayer and the conductive 20 | ayer; a contact substq t

for nmounting the plurality of contactors, the contact substrate having a

pl aner surface for bonding thereon the silicon base in a manner to

establish the predeterm ned direction; 25 an adhesive for bondi ng said
plurality of contactors to the planer surface of the contact substrate; and

a plurality of trac rovi ded. on the contact, substrate.and respecti vel
connected to Fﬁglgbl%?é’gt oll’"smfotgls?t SBPTERC SR %ﬁgtdﬁ'é & Je‘lleg‘teﬁ%c?é}g the
communi cat i ondewtikesxt dlon@ive3) dmmpormentthe Igenties contrestted ruicteir £960f ahHe
present inveniLaRa .t adhesi { S i 0, j.de f_th ural |

b “cont act or s CRELPLLaR: 0L PR P LAE IS SN ALY akifeRy b8, Lh
plurality of eeniast cosnegfaklvizg 99dnandnaessdleedsd Oc davergy durdisn byhehe
pl anar syrfacgobrt ROL WHAA1s (PiguMYaBP02raulel iz ead dd1€; shht£60s,

base of each of contactors. Mre preferably, the adhesive is applied to

bot h sides of thRelpBtr SPPEY SUIESMadA"s IS RERICUT ohtr et ke cor ner s

formed by the planmbreuieace ehet heasaniects subsir angl andst hgrd shdeoded
base of each ﬁf t he cg tactors,,and to %t%tom surfaces gf each of the
A B

contactors. ARGEHEFNaSBECROBFTthe e WaNEDHAIPS SOCTRTREE AREMEY
for establi shpagfammeheet mitatheodavittceommiierh testonbrcfil aegéhgarhit the

i nterfagjng bl%}{VSS”o%h%?fggtﬁtﬁsé@&?ttr@go%rl ?ihegqm%:gaﬁgeﬁ;f%nﬁa%tf‘%

assenbly is conprise L ‘contact structure having a
contact ors noiaved an rgledrrvady shb¥geat el e prragdt epfii Nkl pagt | 6A5, kach

of the contacypesonavkRaqda reont 2tk Pea@Wiigh 1R @v{istc@le@rﬂﬂ‘gaé&i%i“f.en
the tip of the contactor is ﬂaessed 15 agai nst ];{cont ct target, each o
s '@a@t

the cont act or TRBnPRPEFHECESsEPPCBAVEB R HRTHELY § GRAGHARtRedvalue
portion, an isadhaison. 0 ByRraddrf ieteily icomney:tiats ¢lasiengosehd DUNt acthdeam

fromong.another, a nd Y Y d f ugLi erial forned on
the i nsﬁ? ati ocrzlaP%%FS? ﬁe%%%‘{;efe%ljrl%%n{%eo%%scggggcﬁ%%g?n Cg%(go?%gﬁ?%t?%n
| ayer and t hetkbendaweirvd imgper, Hndother uverdsy bheekeprrddesspidnidediva

the contact SHﬁ?BrEk@qﬁ@ﬂc&eﬁa%ibirﬁx%)éec%&n%@xteeﬁrb%es%jo‘i'xt%%fo%c.tOrsi a
conducti ve el astoner Sheet Er owbgled on the, cont act truc%ure and forned of

an el astic sheet hAGFRYIANFAVge t2e Madfervifehbt APt PESPEhEPBLRGHPRE as
di rection orthogedal abova horé zdnimalteslir tacethé tfeeqhastyc shadbidehprebe

card positioned an d j I ovji de it h | ower
el ect r odées ona%pﬁ(o)ﬁ@gnt(séggf ﬁd%ﬁzes“eﬁgf&?gﬁésﬁgﬁﬁfs eeg{c. r’licga?e\ént r}ecent
comuni cat i onsemi condhetel clesuitdesdes df the dodusiiryst riket dse adnidgradie

conductive el @ﬁé@@n@n@&%ﬁ@nﬁ eEhhaHeat AN RngdiRAS1 SUtbacent hetadfer: o
connected to the | ower electrodés through interconnect traces; and
capability, which 1s curr¥ently on the order of 1GHz or
higher, will be necessary in the near future. Further, it is
25 desired in the industry that a probe card is capable of
handling a large number of semiconductor devices, especially
memories, such as 32 or more, 1in a parallel fashion to
increase test throughput.
In the conventional technology, the probe card and probe
30 contactors such as shown in Figure 3 are manually made,
resulting in inconsistent quality. Such inconsistent quality
includes fluctuations of size, frequency bandwidth, contact
forces and resistance, etc. In the conventional probe
contactors, another factor making the contact performance

35 unreliable is a temperature change under which the probe
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a'pin bl ock positioned on the probe card and provided 35 with a plurality

of elastic contact pins at locations _g_ 0 8 MAY 2002 corresponding to

t he upper el ectrodes of the probe card to establish electrical 08 MAY 2002
comuni cati ons between the probe card and external conponents assocl ated
with a test equipnent. According to the present invention, the contact 5
structure has a very high frequency bandwidth to neet the test requirenents
in the next generation sem conductor technology. Since the contact

structure is forned throu h .a ppdern seniqgnductor {OdUCtIOH process, a

| arge nunber &PPEEMEHTor éianggg AP T HheR ‘r‘lCtéOEn’d’fEF TpalBdfti chegE  have

sui table 10 fdﬂﬂ@aﬁen@;aEMpegatnnab@mpﬁthﬂncnaﬂmohor dBNugesuﬁdéﬁetﬁéﬁe

time. Since t -eCO c o] e e sane tine

t he substrat ek}?ﬁ&g&g‘ntgﬂ’gt&%‘ db?lil%a%:lgé?ia é g§§ \%% ot ot ﬁVSF% Xary
manual handl i wglciht adyepagéybaéfgstmtmmcmt@qtorfgnrgeencoquatttzyeshsgance
reliability agdgl g%glb duil@&H n the contact performance. Further, because the
contactors can ge ricated on the same substrate material as that of the
device under test, it is possibRBNg ¢ BtieRper at ure expansi on

coef ficient of thegeviarerader: tleétan ?cﬁajféuts:fbﬂ St}?éﬂlﬁrééérﬂyoir@v&'i’éiéhol?él
errors. Brief Descgription of the Drawi ngs Figure 1 schemati c_ di agram

showi ng a st r BEPYRER PelCaltachish 1okt ap lﬂﬁﬂ%%ﬁ%? |3FSepll y uSing
sem conduct or thestcaylsd€tn kaviuaguaet eSbr heaéct&‘.ﬁcﬁllgqyr ecént sctdng henedH ca
di agram, show n xa I f d talle uct ur £.gan ectln t he test
head oghﬁhe sgﬁpggﬁgucﬁgr o5t gysten1 gﬁ% et subst %a e% Randl &1 $?bﬁ?51§nls
a bott om vi encbhvabegwaenex digrelyf adis riolse & dridgth fdeqpenciegosaydwidghf or

mounting a pl Hgghl %noeoaﬂtgaahal BY&hSc8at REL! ef%msﬁeésas Rl gP{ eés%\léﬁ

are circuit diagrans_show ng equivalrent circuits of the probe card of
Figure 3. FigdréisbidikYeross sectional V|em/shomnng a contact structure of

a probe card nount mglbe@ﬂbth&s@ é]@jéweﬂf ﬁ:h@@ﬁ.’)asaﬁtCQﬂ{réﬁtﬂbﬁ ©b pRevide
present _invention ro roug 2D02 sem conduct or

product £8n prﬁc%g §891853d3830? 58?%% sPaLic D ‘s R 0P using the

same to establlsh electrical connection in testing
gsemiconductor integrated «circuits having a very high
frequency bandwidth to meet the test requirements in the next
generation semiconductor technology.

20 It is a further object of the present invention to
provide a contact structure and an interface assembly having
the contact structure therein to establish electrical
connection for testing semiconductor devices which are
suitable for testing a large number of semiconductor devices

25 in parallel at the same time.

It is a further object of the present invention to
provide contact structure and an interface assembly having
the contact structure therein to establish electrical
connection for testing semiconductor devices, which are

30 capable of compensating temperature expansion coefficient of
a semiconductor wafer under test.

In the present invention, a contact structure for
establishing electrical contacts with contact targets is
produced through a semiconductor production process. The

35 contact structure 1is especially useful for testing a
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havi ng. contact targets. Figure 6 is a schematic di agram showi ng a bottom
view of the contact structure of Figure 5 having the beamlike 5 contactors
of the present invention. Figure 7 is a schematic diagram showi ng a B8 A 2002
vi ew of another exanple of the contact structure of the present invention
havi ng arrays of contactors in four directions. Figure 8Ais a cross
sectional view of the contact 10 structure of the present invention for
showi ng an exanpl e of applying adhesives for nounting the beamlike
contactors therean d Fi]g1 ure.8His a bo%tom va%g of the contact structure
of Figure 8A SEHGHFV TR ¥rbSE: séctPBRArIT e wSdhdwi ng &Y | E1gCUiE
total stack-upostidictdene asiungidhetesn) acdtes¢inca ulargé hivebpreseénkilicon

i nvention as rf n S d Vi c nder te t and
the test head%g }Igurcgo |aé%$e %Ll(t)% |€£%rﬁ% aﬂf‘gem&?howg%% an-example &f
a conductive phescdrighaggsabhin téehroholy upnst mmmiresl ofn Fageuer f200e, oﬁndi

Figure 1@B isg31GI0%5 oxedd il c diVsiofadde conductive el astoner of Figure
10A. Figures 11A-11D are cross sectional views show ng an exanpl e of

process for producili§ t FePbesm |FKe¢Eere caf f FRgeDressmtacisventd aror fPiche

contact strucketemfidHig?arpegsetiridailedbngectDehaii el Dessht 8kt onapgethe
Preferred Enbodi nent .;The contact structure of the present invention wll be

described wit FOFBFSRES to Figures 5-11. Figure 5 shows an exanpl e of a
contact structure &0 plawalg thhebeamtadks3d, (sidh coh whingerhasoat acheast30

of the phesentobpyveghion RLAMIGAC throughsfys ﬂf&é‘dgﬁ‘ey BT saiq

process. The con ructure |ca or me a contact
substrate 20 anuttah!éosﬂ IuscmrefﬂSﬁjbramnsitta)r@IBmCtﬂteamﬁ,aceatsltlrgﬁtaa&dlo

iS so positi ogggtg\é%rgrcgg@itlstﬁ{ ets 35 such as contact pads 320 on a
sem conductor wafer 100 to be - MAY 2002 tested that_the contactors

30 establish electric cé‘nﬁé&ﬂF@HsbﬁF?hh‘i“ﬁ%n%é?ﬁ d6RGEcPBE WAFLinedoPokkHON

pressed with each @b&emouﬁtﬁhgugheof&ntadubﬁami aqb:ﬁétSeBé)rrﬁiﬁeél”@i/\ﬂa(tfllon,
Fi gure ?% a large nunber ot the co

nco?t Ct%r 30 &gﬁ g ?tgct 5
substrat® 20 in actual &pptriearions s ¥1 Iés se SShAdSPSt YnaP e pESPENe
Such a | arge nunberootagtnteerofycar oy ehwdenhrowgh the sane

sem conduct or production pé&g&éétﬂr'éh B pheka! |5fﬁoggﬁgn}ézsgg§caﬁ%?gﬁie§1

silicon substrate and nount 10 on the contact substrate .
expl ai ned |l ater. Tﬁ@rmedcrprbett%@enn%%l%wractlapr&as HwreRy B&easisgal thes

50~Cm or | ess wher eopthle BeamblOthe3dn8ilhbBeoRoNipei SMDHHAl@EERIve
easily be aligned gn t he sane pitch since they are nade through the sane

sem condlfict or produf¥FSn process as the 15 wafer 300 are made. The silicon
finger contactors 380 cantbetdi swbstyateunfead oounltdngonthet slbsalateg 20fas

shown in Fi QU%SE};QE%B%Q Eﬁef&SﬂiﬁcE?{I&@&Erﬂé YRy ‘thﬁgnéf?n %Pf&égdfé"’f a

probe card 17 igure 2, package, “suc
traditional |PopdéRggENARSPRgtNR L IGEN thage tife 2pHRREHE T ewtmpbiisbnthe
probe card, oprkhteeeainect ed radtiei;her substrate. Since the silicon
finger ntactors 30 c be fa ric ina.yv Si z oper abl e
frequengg range of 28 é ?PﬁcsﬁP igg ﬁ?‘bge&clé%ih%n? n??%%gtors to
contactors 25thé pﬂxenpn:eselmfalq&\/@rft itdre camteeteasibdsrrater;esset to 2GHz or
hi gher. Because of t §g§l¢ oL phes 304 &bte rd
can be increased to I(Slr exax;ij §r g%ﬁn%' nor e, (\9/\% }ﬂ§ rgtbaf’&to tes 'Eé‘
many as 32 or 2REr EAARASIA Y ceennAchadalticelthe ‘F%t%%‘ﬁ‘érﬁl 0. eStabllSh
gignal paths for electrical communication with external
30 components.

In the contact structure of the present invention, the
adhesive 1is applied to both sides of the plurality of
contactors. Preferably, the adhesive is applied to both
gsides of the plurality of contactors, as well as front and

35 rear corners formed by the planar surface of the contact
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30 Furthernore, because the contact structure of the present invention is
formed of the contactors 30 nounted on the contact substrate 20, which is
typically a silicon substrate, environnmental changes such as a tenperamg e2
expansion ratio of the silicon substrate are the sanme as 35 those df 8tHAY 002
sem conduct or wafer 300 under test. Therefore, -11 0 8 MAY 2002 the
accurate positioning between the contactors 30 and the contact targets 320
can be maintai ned throughout the test. In Figure 5, each of the contactors

30 h d 3 f, b .. TIh tact

30 5 al oo hasSUPREERCROSHA BRI SIArEAEnEaT 0 AhhEth e AR 2010%R

i nt erconnect praferdblys dcdrmneadkdsivet ie cappliidd veol beath 3Sidést s b@lﬁéom
O e ok SHRTH L S Aon el B COP O] QO RR URE N AP JOLETLONSELey

trace 24 and %e con |ve aver or exanp
10 ball 28. lene dﬁmaptlagab*stmréacze fafr t hbe icwitals auhsa;rlaalee 28danchean

el ectrod.%e ngcshe%éé’&'eo%Z bacho LBt aheon %atc*&%rf‘som a6b Syastﬁﬁ@oao

to an ex erna?lstructure such pogo-pin blo | C package through
a wire or a coafieepgecé 8§€Brr@|f tb& TR 20k9ES -t he semi conductor wafer 300

noves upward, the ghbtper fispeet cont aﬁéob&e%Qn@nciﬁd@ltclqm ags hardfiss 320

on the wafer 300 hanj cal | ectrically conta w th each other.
Consoguont Ly, AeeerBn; bor et et ShTRG ek RbrtEnG Ao e S argar ASH (3

t he el ect r odesoRRaot tt&teget)rﬁrai:tlrﬁﬁals'idISIIIgabet%enThheldfrbleﬂ:mtnl'mtgéﬂi&1&1

24, the yia holg. 23 anduLhe el BEL adg. 22 Al fuact lan Lo, fan gul e smal |

pltch ot% t he TR arger pltc exter nal’
structure such as a cogt-agitn 41 ekt wre ahavvlga@kag@r@ebtausefofcmmﬁmg

force of the hean J,a!ikSnSQaQSnegc%SshB%t%'alt'eC‘iB E)'r@a%ri:e%'lh%ﬁt‘a
end of the conductive |ayer gro uces a sufficient contact force v?hen t he

sem conductore%@?e‘Pf%Uel §°BF§§ eYSafavAse fhEOBSACA: Pesibh¥tighe ethibrfes
end of the copdgetiiviey | Byete Swhiet pPried ecapl s haheerethtae taghi gyepa:essed

scrubbi ng effect. when 30 ressed a nst_t.,he t act ta 320 fo

penetraJt ng tFTOLRIAC n%? T 2D% RE Sg%iltﬁ:rea%r é%&‘r?pl <en aTC%tCﬁe Ctoéﬂpdfé‘tS% %n
t he sem conduzibicenf érasd0 Heasirgd uditnudeesitdeona |imbmé®cepontiuson, an
scrubbing eff8ely]ge 18feasdit RoLsLabllsh a8l anidica zrfgongggawrg%ﬁwh

| ow cont act reS|stance Spring OFCE eriv

t he beam | i kPSHAPEroR PBR FFRRRY ord IR I eaqoma&ﬁ |<>§t gopshcidive
force agai nstpdter£ant astméar g8t tB30indheaeliast laiyky Phetesed fByriikey HMHd Ng

force ofy the SLLTSON HderL5OMLA! 9hota?idd "HARH Ol LSO™RERRLS L8
layer, and a plurality of electrodes provided on the contact
substrate and respectively connected to said contactors;

a conductive elastomer sheet provided on the contact
structure and formed of an elastic sheet having a large

25 number of metal wires therein in a direction orthogonal to a
horizontal surface of the elastic sheet;

a probe card positioned on the conductive elastomer
sheet and provided with lower electrodes on a bottom surface
thereof to establish electrical communications with the

30 electrodes of the contact structure through the conductive
elastomer and upper electrodes on an upper surface thereof
connected to the lower electrodes through interconnect
traces; and

a pin block positioned on the probe card and provided

35 with a plurality of elastic contact pins at locations
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5-.di fferences in size.or flatness (planarity) involved in the contact
substrate 20, the contact target 320 and the wafer 300, as well as the

contactors 30. An exanple of material of the conductive |ayer 35 infl§dy 2002

ni ckel, alum num copper, nickel palladium rhodium 10 nickel gold,
iridiumor several other depositable materials. An exanple of size of the
silicon finger contactor 30 intended for a sem conductor test application
may be 100500~. m i n overal I hei ght, 100-600, min horizontal |ength, and
about 30-50. m.in d or Lgjirﬁtch of _50 m.or ﬁore ?e%gleen 1} conta t
targets 320. ﬁ?ﬁﬁ??pé’n STy l%’[t WRRE B STRECERATECPLs RSt PROPS F ¥

Fi gure 5 havi agtabplishaldltectofics]l | comminhgetr iconat hetween3@hel rpmb@ctaaﬂ
system a |ar f Qr several
Thousand of t At SAFPEIRY STBRAaron AotiRd Tash it 5, WY B imgRY

i nt erconnect trace502¢réxpalnd tiche tphe chpbéseh'e convastaprs, 30 the t rreoqbtacb
of the via holes 28,200 HRlLCl rodes Bdqhs shoddy %%ﬁl@thAgg

are provided at contact points (inner "areas of contactors 30 etvveen
substrate 20 BAEtt hES@H3ESMEDLEf LRe PBecMfBkt FaReXRtinR eﬁﬂi@sq@e@u%‘aoﬁre

al so provi dedté&hhb@o§%’d3581h@§ B8RE GOht OBt Obt £QAt@Es OIS Bdrhdld FiKEEGR) 5 Of
the set of contactors 3Q n%&%;(ﬂ% ggro dhesi ves 33 incl gdes t hernosetting

adhesi ves such® §r8p5>?f“é§° T RTRCCEhY Ehefrdp ddter of
adhesi ves sucdaoasaatbylsl cannbéoallgﬁeqihelloa(ysm&ﬂ ost;ﬁden wlainch W= etk able
adhesi v e | ot,t 9581 f,_cont.act
struct uf@ of (ﬁ% B‘rz‘gks:gng %nvlean on In %Y\%ﬁ con Ig}lgéggpg?gggles atd 'I-'}ﬁ
four directi opameSthinkar to the exanple of Fi gures 5 and 6, each of t he
contactors 30 has 3;38.COREULLFYE thawsdr 3F cBRdadcbaseadl phbalcks attagbed
to the -13 0 8 MAY 2002 contact substrate 20. An interconnect trace 24 is
Connect ed t o FABECdridift PRe FB§esuhptHate e thaPugh othe ha i caintalr igasiont e
20. The int ere@@hﬂ@logyaesEtBéuanﬂntrhevfﬁgdumﬁma(B khay@hrsdj alte ieopesd Bl e

for ex a .spol der e 20 f her

i ncl udzgé)a Vi h%‘f%li‘ée S'las’alnSt ﬂ“g tg}; Rﬁﬁh eig %‘ %lt§ i%ng life

i nt er connect iﬂneth@m@macsum:mmmceo ﬁu@h@rlné;te@uﬂﬁ:ttlhee O;lmcisows
pogopi n block.gn 5o EG,PRckaga bhAr eughsamy S8Rk A re0 g%&ll\éq %saSé}Pemaf £10
Since the silicon finger contactors 30 can be tabricated in a very ?
size, an oper'd®d® e IEVEGFNEYIPENGE ST thE déhtBRESER+aCE® ec?r‘ﬁlaﬁ?ﬁﬁﬁet H’éﬂe

contactors Oftérhﬁeﬁégﬁﬁ.ét e!x aaa&bﬁnc@emfaelea@ b¥ iher gesade andd¥ st ,
hi gher._Because. of th a%gﬂ size er .of _contactors on a probe card
2

15 can P& as WahRaiSs P ﬁ’BPLeLd Rﬁ?&ﬁlo bFerP5 test a |l arge number of

sem conduct or devi ces, forBexs paral |l el at

the same time. Fi O S-8A,and, 8B §'€5ﬂ\é’m§t&w tdl%rx%mfmk@w th s‘i%cacﬁiral

structure of the€ ent invention. Figure Cross section Vi ew
of the contac¥ek2tienghéranatwegtra %@%%r%t%dﬁ%eﬁ éwdoe eraicemdngtor
structure of igureyS8femShavliag kotkbe axadpl e of Figures 5 and 6, silicon
finger gcontactors 30 are unt ed a conta t_substrate. In_an actual
application, a lar é?uﬁﬁ ﬂ?%ﬁ%’rc& PRSPVl aESePfﬁ‘H@agdso%r
sever al thous@erdaniedhesnrwttmrdae faia gnednentuhg nelmem et esftownerd Fofurtehe,
7 or 8B. The #t pand actors 30
to the pitch é%ﬁﬁ:}éﬂ@?gﬁ ol {éggg3 %ég%%éﬁl g@t F?)lcgl E’%%gggfgh%\%%dﬁ%mﬁ gure 6.
Adhesi ves 33 are pFégnzed 3atigrantokieny e‘é*e%oﬁhéﬂﬁngoamlﬁﬁnmlﬁn@ﬁ arhe

outer areas %r&eetesirarﬁaeehgbahmeeaxyhelﬁgbsb&atneuae@@d al A kases Ao of
t he contactors 30,.The adhesi veE§33 are also provided at the sides (top and

bott om ¥ t he®Bt1LEVELHt 26t BFSPS0CPRLRFEGEE -8B) of the set of contactors
30. The adhesi ves Rigutast Bar-4pr araediatuithediagrams showing equivalent

circuits of the probe card of Figure 3.
Figure 5 is a cross sectional view showing a contact
structure of a probe card mounting beam like (silicon finger)

35 contactors of the present invention produced through a
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35 bottom of the contactors 30, i.e., between the bases 40 and -14

MAY 2002 the planar surface of the contact substrate 20 as shown in Flgﬂ&e
8A. As noted above, an exanpl e of adhesives includes tenperature cuf 2002
adhesi ves and Wcured adhesives. Figure 9 is a cross sectional view show ng
an exanple of 5 total stack-up structure formng an interface assenbly
using the contact structure of the present invention. The interface
assenbly will be used as an interface between the sem conductor device
under test and the test head of, Figure 2. In this_exanple, the interface
assembl y i ncl B80S CRNEFCEGHd RHAMNE UL tRFRTEDR031d R FETHEBBRIGEpr ¥péer
card) 260, anHaaipggoopmachlaakgeteog ring) 130 provided over the contact
structure 10 in thg .or der shogg 31 qur e EQF C ductlve ehgstoner g
routing board (prob&J8&Fdf B I0-piH A58k 8 ngﬁéa RMCUEFY 2
wel | as 15 el eber omrcmmy @tmnen:ttw whfh Bipuramobhenavithgs,thel ebeaimcal ike
pat hs ar cre C 30 to the test head 100
through he ca%ﬁgggg§ g%per %gﬁggtbggﬁgﬁﬁgﬁﬁkFlgure 2). Thus, when the
sem conduct or mafeFlggweaﬂdl$tﬁaSQhQﬁﬁQkﬁad%§§€W51?hQWéHSrésbgﬂtﬂmtﬁleucmf
other, electrjgatnhd® a%ggg@m&ablfontml o RSt abt -ebedrbetyreepnthe, Aoyl ce

under test (contact on t he waf er 300) and the sem conductor test
system The pb@BQBFHOBI5€V109r8§rﬁwﬁgP £1 sentdt Qs drefouro AHE TP Hown

in Figure 2 havi ngraghgegesmutbera otrpego- smdtSldI(B]ZSvltéwercfﬂCEhbe'[d@@tﬂa&@e
probe c rmance board 120 r ends of th

d 260_and. th
Pogo- pi R, caBFBachnes AEnCAE BRSrar ARPRCtad o EBMRTHE (O (PRI T
signal s to[Nap@kylngr@ﬁhedmﬁﬂﬁsfop|mnunnimpnths(bﬁmm)liEélqon&Ent@5$

head 100 in RLAUEEOR ! i OB1508PAE OLEANE ARAI T2Poy SR TNERRY QDG CALM

260 has a large nu ér con act pads or electro and
upper and Iow@trEGFﬂE§e§ftﬁéB§§? 8%he el ectrodes 262 and 265 are connected

t hrough interconnepf ghk-acesi 63 @ ARzl ohig puteﬁhspéwthg &QN26hple of
structure to neet_the gktch of the Eogo pi Ns %% t he pggo g 35 bloz$ 130.
-15  O'B MAYE9BB2 ThECEoHBUSEIVE B EsUSHEE 5868 FOTFPOYH Fed Wsdtihse Pt Here
contact strucpbeeentd andehhéoprabeaoaudté&&acﬁhbe¢m&éuctﬂm5aadmxnanﬂucﬂﬁﬁ)

is to ensure ég%éélgﬁbﬁ glgﬁgegﬂé g%%we? a%h%fe%qébbar 22 of the

cont act struc ure an ectro the prob
conpensating pl anaFiLguthoriLQﬁ ¥6&rtad cﬁﬂagap‘élft‘hels@@é’tlmenanTﬁ?é{a@mi'dmcpifvea

el ast omer 250céﬁdaet§bé8é1§s§m§£ Wd NG @hleagggcRUGBCSt PlcEQPEUSE ITviRy & €S
in a vertical direction as will. be described latei_%aee cfﬁégct st uct ure

10 of FQure 9 i Prikg et WH 1518 SpREFeSESHE aRE S| ‘tche]sV‘%z
and at tip poslasbsmer bhchgndacuone | ayer 35 of the contactor 30. Such

sphere contacts may, b usehyls dapendingconsthe sirfac sHrugl uLes,and. siges
of associ at ed conpon nts. speC|a |'y, “such sphere contacts are e i ve
when provi dedesamphe t3fp ptorges for producing the beam like (silicon

finger) contactors to form the contact structure of the
25 present invention.
Detailed Description of the Preferred Embodiment
The contact structure of the present invention will be
described with reference to Figures 5-11. Figure 5 shows an
example of a contact structure 10 having the beam like
30 (silicon finger) contactors 30 of the present invention
produced through a semiconductor production process. The
contact structure 10 is basically formed of a contact
substrate 20 and the silicon finger contactors 30. The
contact structure 10 is so positioned over contact targets

35 such as contact pads 320 on a semiconductor wafer 100 to be
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15 contactor in establishing an relatively sharp contact point. Such a

sharp contact point produces a scrubbing effect when pressed againsbégg@w 002
surface of the contact pads 320. The sphere contact 31 on the el ect g
may be useful when the el ectrodes 22 have insufficient thickness to fully
contact 20 wth the conductive el astonmer 250. Thus, the sphere contacts 31
may not be necessary if the el ectrodes 22 have sufficient thickness to

fully contact with the conductive el astomer 250. The sphere contact 31 is a

hard contact ball arret er of 40 for ggfng and made of gl ass
coated with 256 tt S HQPHaﬁEP£IS AnBehaPl L3 il echorie h%o%ﬁ%éons
contact 31 iswathal thehmddmmtmﬁomdafefr a. dar ghent ad;ress@éua&lmmkehch

beryl i | umi | -cobal t | | |

a1 oy FurtnePEhBG < SIEREuE Y S Rotd i e th AN of S Eranrss

ni ckel , al um Aunmp tapgern@tber aof tce:mtaildthm aD alwvelagde;il ahecheai ¢bnbaghl y
duct I h k i

Fhodi um Sni ckaretree s TEATAR ] ptitaics (Bhan ¥ Rebfiadtud®ore

el ectrode 22 wafesl gestddo -brazing, wel ding) or appl ying a conductive

adhesive. The shapeeh Eha a3RRErRimbReC HH adn etk taeféte;sw&tt@éa C@tréegh
that a non-spherical -16 0,8 MAY 2002 portion is attached to

el ectrode 22. tRRguF@MEDA FENICRIAC R ew BREFRAELIGR eRERBRESOf Sé’é’ﬂitjucﬂﬁ‘r ved
el ast oner 2t50pbl§@61|1|thb@@‘a§ih§£ loritieesid Wet W %ﬂfldarglﬁtﬁas&ﬁﬁé EI%'&T%I%IQE?%S
a cross_sectional, vi ew onductive e nmer u nthis
exanpl e%t he BBnEHEt F9898ngf8%ﬁr3g8 %é 38%??%3%6 efx%l%tg‘?ci?na?%ber The
sheet and a ngplitipl betmnotheecaﬂltactavmg%maﬂbe et amalill agehdogm or
(wires) 252 ajgalroyidedd t;tlﬁéteccyﬂg#e@% §°6h1 EeOLORHAME shbdr:Gire 20

ort hogonal to e horizon sheet conductive el astone
exanpl e of pi€en Bepddenbeneliensed fin z;rlr@usem% F3-EO5mA iiqeh Bhe lates smade

the silicon rah?eﬁghh&gtel Safe2NEBmic €O dgebivetebastrdieds ROOUCEd
by Shi n- Et su PoI 59803 Ltd Japan and available in the market. 15

Fi gures 1314 1‘fEE‘Jf Madeross sectional views showi ng an exanpl e of
process for producu‘hg sheicont Athges Sorfikadtddee 3@ esanbe i diesdtt by mdiieed

detail ed desc#_lpt:h%n% %f Jhe Riducti on, process, yg! ngﬁ digf i8¢
versions of t roduct| on process are given 1n tant pI i ca |on Rlo
20 09/ 222, 176fosmw Wqﬂ@@tsmmmégﬂmhtmnpbeseﬁedu Avelt yiebg rcards
process, a COﬂﬁ@CtQE Sﬂ-“i?g%‘rén T gwe kRden prlQlduge %k&@ehassu&ﬁ? i ggliged
(angl ed portl ons qd 622 0 he base of tge on St ruct ur The,

i ncline portFBﬁd6§2°P§ uggdpf"ﬁ e d 0% 9 r?itaﬁe theakackage is
surface of theoanpkactosubst patebe?0 clardt, heoranhet sxrstmmactad Fiwilities o leead

e M 04 bl BT 0N 49000, hay 81 1dBoks SR Syl shl! 987 cor, be

substrate 40 rein speci areas are define I'char e not
doped with bofahripaged éstriverdyenald szeuch apssidhlef tHBEHY SfamIe s

provided on tge QOéeﬂth@thfaaeﬁré%topﬁéﬁémausdt @%ﬂhﬂf%ﬂ@@&&aé\y&fs A
silicon dioxide S 02 layer 54 is also provided at,_the bottomof the silicon

substrat® 40 95 5ReePERSRESK INKSELOR WoMdSG S684ly d&ansares WohtdPE? s
of the substraighé®.byBacadhsghet othé hegs Aphyi ps oass runiers kfworftdctors

allow ng an _%Z a probe card can be increased to, for example 2,000 or
more, which is able to test as many as 32 or more memory
devices in parallel at the same time.

30 Furthermore, because the contact structure of the
present invention is formed of the contactors 30 mounted on
the contact substrate 20, which is typically a silicon
substrate, environmental changes such as a temperature
expansion ratio of the silicon substrate are the same as

35 those of the semiconductor wafer 300 under test. Therefore,
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0.8 MAY 2002 ani sotropic etch therethrough. The ani sotropic etch process is
performed on the silicon substrate 40 which creates angl ed porti onsoﬁhAqnguuz
622 along the (111) crystal plane of the silicon substrate 40 as in

Figure 11B. This angle is 54.7 with respect to, the bottom surface of

silicon substrate 40. Alternatively, the inclined portion 622 can be nade

by dicing the silicon substrate 40 rather than the etching process noted
above. Because the specified portions 43 are not doped with the boron, t he

10 sili trat t h . hed

(comb) IiKe SEPBCRURE-PER RROH TIOIDME donietor SYearoBERH 6Pe J0r HE the
silicon substcahtadd. thmgEiguB@01t@n def matimdra iplect ahixtcwgraphytipy acess. | S
performmed to form g,PhobLeskst oLaNeor (Dl SOMMLEH: R indh OUEHIYE ve

| ayer 35 15 is created rough a plating process resuftant si1lcon
finger contactayer3@5arial cut Lingerarfbappy opriiket sharme sTbR sondlsovror n30

Figure é%D ASTOEUhAY 4 A 4 28R HBVEPLABReal B8 NG SIY L&Iﬁg@rg@é a

very hi frequency bandw dth to neet the 20 test requirenents of next
generation sef® contRciRFSTERPRRFBYTase b theumad@ad &9 fhacendugeived

through a nodesflef BEahir tBat baﬁtbepbmolthgycbmddtn shm%t&%fﬂeCQrUjUCt%ch a
production process, a |ar ge nunbe %fg cgmi:actors C n e ali gr}ed in
2

space which iSORRFEELPE f ?W%Efﬁ n§ NEErGemRG fac?em on o
devi ces at theosdunetiverla¥ee GGntizxctmede ucfor eemamphe ptagenghi lavesnﬂdmr

can al spbe usefh i BaTOr enpensatapPLLEaLLaRs IAC! il ANl haad: o Gia

packaglng her "el ectrical connections. Sinc arge nu
contactors arleOJpﬁrocaﬁceéndt ghe Seatrrde | @2 .on tThe sedsataioden 2R the use

of the m crof ghrirabhactechnal O%n\é’aEEOUEubB‘éQE‘Ebng263”%@ Bandld g ridy 1S
possi ble to achieve consistent quality gﬂl@rEIal \éand long lLife 1n

t he contact p%tFlf‘o‘F‘n‘éﬁ%esthr?ﬁeF‘ PB@EaEéE cKoRFaéior é’éﬁ’kﬁ'@ef aygughed
on the sane 3 wibstont& sehentalivasetlhatonkrt he deV| ce under test, it is

-18 0 MAY 200 ossi hl e tQ conpensat.e he te re e ansi on

coeffi c]iént of thg:T %@I c‘g” d-‘g"refs CORY ?éybj FEN R ndihe
errors. At houighi oo yf inpeef eonedcen’gsdBﬁeandl shspeontacal Ityxr@eltlsl LBSZtOr aired
and descri bedcﬁ%lfér Ity MMlelnBe 12RA1 53&691&?@{ %ga&tﬁ Ove

variations of resent | nvention a 0ss1 b ﬁg
t eachi ngs andDW%an n $ARSPARCTEWY of atﬁégﬁﬁﬂaeﬁﬁéﬁ c‘:F’aF aRiigbee éé’}%[r thhRy

the spirit ansbntdendedrarapesnd the icheenélottrd@es122 on the contact

20 substrate 20. The interconnect trace 24, the via hole 23 and

the electrode 22 also function to fan-out the small pitch of

the contactors 30 to a larger pitch to f£it to the external
structure such as a pogo-pin block or an IC package.

Because of the spring force of the beam like shape of

25 the silicon finger contactors 30, the end of the conductive

layer 35 produces a sufficient contact force when the

gemiconductor wafer 300 is pressed against the contact

substrate 20. The end of the conductive layer 35 is

preferably sharpened to achieve a scrubbing effect when

30 pressed against the contact target 320 for penetrating

through a metal-oxide layer.

For example, if the target 320 on the semiconductor

wafer 300 has aluminum oxide on its surface, the scrubbing

effect 18 necessary to establish an electrical connection

35 with low contact resistance. The spring force derived from
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p:g MAY 2002 WHAT IS CLAIMED I S: 1. A contact structure for establishin

el ectrical connection with a contact target, conprising: a pluralityQd gf‘UW 2002
contactors, each of which has a 5 contact beam which exhibits a spring

force when a tip of said contactor is pressed against a contact target,

each of said contactor conprising: a silicon base having at | east one

inclined portion for nmounting the contactor in a 10 predeterm ned

direction; an i nsul ation layer for el ectri cally i nsul ating said contact

beam from one q a conductl Ve congﬁctl ve terl al

er
formed on theY P’gta\“b er SERES eb§’ %Xlﬁeaf:f)ﬂ as5Py ¢ taEFOHé by 2he
i nsul ation | a;a@rprwpxrltatea cocnutlactvéoh:a:yaerqgeairmn\t’ahe sobsharcat e dxyethroarbi.Ng

sai d plurali t)frr]%f %{Bh Sehch pzsé‘agc%&”fsg%héuQ?&flﬁbeg%%‘ée“%f" %@”?EH

surface for ereon said silicon base manner to es
sai d predeter rfllﬁlé@rdl Cenbasiomn Whesise fPndoirisg Bai dcprpersate ofihe

contact OEs t 053&ird ity iSrdiase HF SR ttheont AStarsdbSty At Biv@¥ed@ in the
plurality of traces provided on said contact 25 substrate and respectively

connected to §8P&a€(§nt5é‘lﬁsd’r’%att% 23t abRPsROBFEREI CREERE P30 @nskitheavaler

comuni cat i on3wiot, h agxtwylnalas R ERittactbrsA 3PNt act structure as def| ned

in Caiml1l, V\/nerel said ad eS|v is.a te tur,e cured adhesiv uv
(ultra 30 violet) cB*8YRES| VL aftP t55a rig ? ot hcﬁn@é‘kcq:dfvesa yer 35
plurality of t¢aorfadesrsicBel) cbuhictmstaopder endskedf pakiladhud), ariodium,

wher ei n, §ai d ﬁg@gzhv ohd, 2RRk k8t 8rbgé?e§ége§%ﬁér Ig?giygéggte(a9§rlals
contactors ron ©3nd rear corners forned anar surface of
t he contact s@bstexd®riad 2he s5izg ceh beke cﬁlléeﬂﬂfl i@nge@‘ scanyagbez o3 o

sai d contact Of ficefide GUY a5t sShidehdietas cteésawe&bg)m@@imllma%%@l Nogai d
adhesive is agglled to both and to

front and rea QHF‘néF‘SOT’SFﬁ\];'Z g&?lﬁﬁé 51Bpaﬁgaﬂgu?‘?a%%rbgg{‘]ﬁtﬁ%ft?cﬁ%@{’ and

substrate andabbatsiBbi-sopmbagsewatitkacbrotheapilt chndfict @E, crntbi® 1ot wosh
surface§50f each.of . s |d c%nt %%t ors. 5. A contact structure as defined in

G aiml; furtﬁSPté‘Sﬁpr |a§ig

Figure 6 is a bottom view of the contact substrate 20 of
Figure 5 having a plurality of silicon finger contactors 30.
In an actual system, a larger number of contactors, such as
several hundreds or several thousand of them, will be aligned

20 in the manner shown in Figure 6. The interconnect traces 24
expand the pitch of the contactors 30 to the pitch of the via
holes 23 and electrodes 22 as shown in Figure 6. Adhesives
33 are provided at contact points (inner areas of contactors
30) between the substrate 20 and the bases 40 of the

25 contactors 30. The adhesives 33 are also provided at the
sides (top and bottom of contactors 30 in Figure 6) of the
set of contactors 30. An example of adhesives 33 includes
thermosetting adhesives such as epoxies, polyimide and
gilicone, and thermoplastic adhesives such as acrylic, nylon,

30 phenoxy and olefin, and UV cured adhesives.

Figure 7 is a bottom view showing another example of
contact structure of the present invention in which
contactors 30 are aligned in four directions. Similar to the
example of Figures 5 and 6, each of the contactors 30 has a

35 conductive layer 35, and a base 40 which is attached to the

-13-



10 a plurality of via. holes on said contact substrate and connected to said
plurality of contact traces for establishing electrical connection g%t Eﬁqnzuuz
an upper surface and a bottom surface of said contact substrate; and 'l
plurality of electrodes connected to said plurality of via holes for
establishing el ectrical connections to said external conponents. 6. A
contact structure as defined in Caim1l, wherein said contact substrate is
a silicon substrate. 20 7. A contact structure as defined in Caiml,
further conpri, ed | ay o] b se and sai
i nsul ation Iayeh@g‘fﬁ %%(Ii:%r&t%%lt% gtor ucg}lr gﬁggﬁfgé?ﬁ%ég §l~£ a??n %%?%Fﬁeg
sai d conducti e |Eyer coaduetd vef b@%cﬁﬁveﬂtﬁethe ahmlh‘qm nefl 2het hcoughca
plating procestng?yafet ot acturd el sefdngd, iy Ak e %%&?Q“S’%' d
i con |ox e

insulation |ayer is e. 10. A contact ass
est abl i shi ng ﬁY€Ffec3t5¥|%3a‘F eonnectren ficth examrisactbY apgeolsea |1?ﬂ361ff&§| ng

bet ween ghe 3@heoabactacttarsgaistaﬁatéeﬁ:t RAHHEENNCIGRIEY IS1VE BolONEaChng
structure hawﬁggea1 pl ur t%/% &gﬁta tors un?te?gdhgnf:% ;gﬁ__te%ct subqs}_trate
in predeterm fied hro 5@!‘?&5‘3 ch¥of"s GIHE Yy st

havi ng a cont aohtbearrswbstlnae)ehebl ts an spriemnaldsb staueeudeesutcheaki § Pdgsai d
o A o i BLASHISAIUNShy 3L L ANNCEN0RR £0R ALt LardelongRen, of

said contacto comprising a si Ieas ofne
portion, an iadab&omerr -l ayer for electrically insulating sald contact beam

from ongoanot her. 8160CUAL! ¥61 | GYAT1ES: Scale AR LoV BaRBLETE Bl f 0

on the I nsul atlon | ayer thereby form ng said contact beam by the 1 nsu atlon
layer and thelBoRdut¥YesMaydr, SigRy 2P QP&FPP}eoff@%{ﬂrt%%aﬁgﬁv|Q3fedt}6ﬁ

said contact sghsheat eswni-tespeaunelingcorectedtherdaisd sONtaet G5sesdRta
conducti ve el astoggr sheet provid on said c nt%gtﬁgstructure and forned of

an el astic shtBYeRGVPRgCE™ AT B elrllco]‘?ea}?bet I & PhePipiefn Pecause
direction ortabgohel stmeld Isdziezonted nsanbeac @ fofcantaatlcast ian sheetgbe qunde
card poshtionedoie! ey CROAUCHLYS YS! OPhote, SURTERANG PLOVE ded Wl 4
| ower electrodes on a Sir fdce thereof to est a trica

communi cat i on%am?hmtﬂn]éeél @%t&%@@or&qu demigas ,sﬁpaccaﬁ@pﬂﬁr@)&ghrtm@re

conductive el ashep®r r1aBd YpPSaral1aElr edesnen sameURRGe SUr f ace t hereof

connected to the | ower el ectrodes 20 t hr oug terconnect tr ; and a pin
bl ock posi tioned ofi *BHESHr géeaE rﬁBaﬁ]ao‘ﬁr%vé]‘ﬂ%ﬂ‘% ﬁ?‘%{“%]t%r%qaltt d?OIH-'Iaan"El c

contact pins atrhotakeors cdie espesdntgihvenhéonpperrighect redessofa sarsks

probe cabd 10.E8LaBILENGLECHS Gile COMBULEA A0S 20e PaLUCRASLIR RIS, card

and extefrnal conponen as<ociate equi pnen con
assenbly as detthed vhewd aifmthe opmérgitn S§a‘U@tclé’|¢t aft Foemmen 8 bi tE‘slnallar

spring force {§ ghbraRavgisabs dFigettaNs Adnd e, ENtiddn Feagd0 i Shs a
contact force_ 30 when the tip of said Cot?at.atgt St%l aEErLt]_lasté)ressed agal nst a
cont act targe%p are mounte on a contac actual
application, a larger number of contactors, such as several
25 hundreds or several thousand of them, will be aligned in the
manner shown in Figure 6, 7 or 8B. The interconnect traces
24 expand the pitch of the contactors 30 to the pitch of the
via holes 23 and electrodes 22 as shown in Figure 6.
Adhesives 33 are provided at front and rear contact
30 points (inner and outer areas of contactors 30) between the
substrate 20 and the bases 40 of the contactors 30. The
adhesgsives 33 are also provided at the sides (top and bottom
of the set of contactors 30 in Figure 8B) of the set of
contactors 30. The adhesives are further provided at the

35 bottom of the contactors 30, i.e., between the bases 40 and
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12. A-contact assenbly as defined in Caim10, wherein said contact
structure further conprising sphere contacts nounted on the eIectrodeﬁ
thereof to contact with said 35 conductive el astoner sheet. -22 Aiéﬂmz
20~~ 13. A contact assenbly as defined in Claim10, further conprising a
boron doped | ayer between said silicon base and said insulation |ayer. 14.

A contact assenbly as defined in Caim10, wherein 5 said conductive |ayer

i s made of conductive nmetal and forned through a plating process. 15. A

cont act asseng% deflned n Cla#nh ﬁBEIn S |d i nsul ation | aye
made of silicoiredi® Qﬁf gﬁf Lot abRCaSOBHBFY SUPFEFPhED 3% 3 F W@ in
wherein 10 sa[E'dgadl&esAve As notedpebatrdl ean ueeainplid est vadioss bvé¥ (thélades

vi ol et) cure %g%s ¥%r%n%ure|Aﬁaﬂé§1€ﬁ§|Q%Plﬁ}qﬂﬁé|m?éﬁdmﬁlurallty of

contactors. SNt ACt “Asse F&d 1'h &¥21 n said
adhesive is appl|e@lgurboﬂhlsldesrwﬁsSﬁﬁqtqﬂnﬂkﬂwugw shOWEngoanaexam§leaoﬂ

front ang reagqcanngtackongede bhotliecPkBIRIng Ushare O £LbE SONASTy uss

substrate and the silicon se o eac d contactors
assenbly as dehenegonhactai ALYOCtWmeEr ePh shhe apresene | snuppried-to b'ﬁhh

sides of saidjptui-ghicky agkeddl ?omqut HeS utii de0 il Ot WKL IL B PESRT Bhe
formed by the planar surfac t he contact substr%ﬁ$ and the(£I|ICOn base

of each of saP8MLGRPHEESPE, H&CFbLHEFFbﬁl £§ Figure

contactors. 23.-23In this example, the interface assembly 1nc1udes a

0
U\A/{/ ] AX A[Jn % onéilctlveAfelastélr_rteArl_'fzﬂma Afo'%‘zh:lslng Ah‘lofar% Alnprobe ‘cdr f‘"ﬁs @ @
and a pogo-pin block (frog ring) 130 provided over the

contact structure 10 in the order shown in Figure 9.
The conductive elastomer 250, routing board (probe card)
260 and pogo-pin block 130 are mechanically as well as
15 electronically connected with one another. Thus, electrical
paths are created from the tip of the contactors 30 to the
test head 100 through the cables 24 and performance board 120
(Figure 2). Thus, when the semiconductor wafer 300 and the
interface assembly are pressed with each other, electrical
20 communication will be established between the device under
test (contact pads 320 on the wafer 300) and the
gsemiconductor test system.
The pogo-pin block (frog ring) 130 is equivalent to the
one shown in Figure 2 having a large number of pogo-pins to
25 interface between the probe card 260 and the performance
board 120. At upper ends of the pogo-pins, cables 240 such
as coaxial cables are connected to transmits signals to
printed circuit boards (pin electronics cards) 150 in the
test head 100 in Figure 2 through the performance board 120.
30 The probe card 260 has a large number of contact pads or
electrodes 262 and 265 on the upper and lower surfaces
thereof. The electrodes 262 and 265 are connected through
interconnect traces 263 to fan-out the pitch of the contact
gtructure to meet the pitch of the pogo-pins in the pogo-pin
35 block 130.
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109 ()-!L y3%0%&The- bbn}t&%i:OW:(@eﬂdtg/BBﬂO@ﬁ Flgufey3%ied@rovilded kwiiB
10 sphere contacts 31 on the electrodes 22 and at tip portions
of the conductive layer 35 of the contactor 30. Such sphere
contacts may be useful depending on the surface gtructures
and sizes of associated components. Especially, such sphere
contacts are effective when provided at the tip of the
15 contactor in establishing an relatively sharp contact point.
Such a sharp contact point produces a scrubbing effect when
pressed against the surface of the contact pads 320. The
sphere contact 31 on the electrodes 22 may be useful when the
electrodes 22 have insufficient thickness to fully contact
20 with the conductive elastomer 250. Thus, the sphere contacts
31 may not be necessary if the electrodes 22 have sufficient
thicknessg to fully contact with the conductive elastomer 250.
The sphere contact 31 is a hard contact ball with a
diameter of 40um, for example, and made of glass coated with
25 tungsten or a hard metal. Another example of the sphere
contact 31 is a ball shaped contact made of a hard metal such
as nickel, beryllium, aluminum, copper, nickel-cobalt-iron
alloy, or iron-nickel alloy. Further, the sphere contact 31
can be formed of base metals such as nickel, aluminum, copper
30 or other alloys as above and plated with highly conductivg,
non-oxidizing metals such as gold, silver, nickel palladium,
rhodium, nickel gold, or iridium. The sphere contact 31 is
attached to the electrode 22 by soldering, brazing, welding,
or applying a conductive adhesive. The shape of the sphere

35 contact 31 can be hemispherical so that a non-spherical
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9% 0%& ()-'11 yyQAOuU& ()-"![ yyQM0%& ()- $5b~\:11i ffZod0%& ()-0!5 ffZ%0
%& ()-0!ffZos0%& ()-0L' 910%& ()-3 10 10 10;

109%& ()-b?"wWU6~\: 1 ffZ9%A0%& ()-0!'n ffZY%d0%& ()-0!n ffZol0%& ()-0!s ffZyd0%
& ()-0l H ffZ9%0%& ()-0!i ‘ffZ%iO%&' ()-0"& ()657°~\: 11V 39%40% ()-0!" 3%0%& ()

- 0! XB%.O%&' ()-0&10% &.()

%R ()- "
&""wU6 * 3BRELE N} o{’t‘;’%&]tﬁjfg’* %‘g?fé%‘dﬁ 2R 30409 ()-0! 9" 3940%

¢ g) ol 3@&0%&' Fl@hfé‘"lb##n$s\ a ! rphe@d GYews' 6ho@ihg yeaid 08kanpla! | &4
10% & () - ns2o AP BT ROTS TOUTREINIE (S0 o oI R TR - 9 4
y&A0% t & () - BipuyerdDuend) F@er?@m/&%) aQrross - *sgat ol view of the
39409 (3-)! LESAUME; (L 10y -8 18tgure 10A. In this example, the

conductive elastomer 250 is comprised of a silicon rubber
sheet and a multiple rows of metal filaments 252. The metal
filaments (wires) 252 are provided in the vertical direction
of Figure 9, i.e., orthogonal to the horizontal sheet of the

10 conductive elastomer 250. An example of pitch between the
metal filaments is 0.05mm with thickness of the silicon
rubber sheet is 0.2mm. Such a conductive elastomer is
produced by Shin-Etsu Polymer Co. Ltd, Japan, and available
in the market.

15 Figures 11A-11D are schematic cross sectional views
showing an example of process for producing the contactors 30
of the present invention. More detailed descriptions of the
production process as well as modified versions of the
production process are given in U.S. Patent Application No.

20 09/222,176 owned by the same assignee of the present
invention. In this process, a contactor shown in Figure 11D
is produced which has two inclined (angled) portions 62, and
62, on the base of the contact structure. The inclined
portion 62, is used to mount the contactor on the planar

25 surface of the contact substrate 20 in the manners shown in
Figures 5 and 8A.

In Figure 11A, a boron doped layer 48 is formed on the
silicon substrate 40 wherein specific (etch-out) areas 43 are
defined which are not doped with boron. A dielectric layer

30 52 such as silicon dioxide S8i0O, is provided on the boron
doped layer 48 to establish as an insulation layer. A
silicon dioxide SiO, layer 54 is also provided at the bottom
of the silicon substrate 40 as an etch mask. An etch window
56 are defined at both sides of the substrate 40 by a

35 photolithography process (not shown) for allowing an
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5xV4g\ =! | 4" Y9d0% " & ()-0! Q YVd0Uxx& ()-0

9" YOL09% & ()-0!" " Y9d0% " & ()-0!x YUdO%& ()-0! YWO%& ()-0 55@67888wX9. =

10° .

1 10% & () - YVRBISREEPRIC SFRth I 5 P8R 0% * & ()- 0! d° YOd0%& () - 0! V' YOd0%
& ()-0888*8909: U dEhel@nisotEUbA% etch process is performed on the 5111con

! - 0, 0, 0, 0, .o
0PGRS R GARE og B dlol
& ()- old‘thJ/(i@Q;@ (()1101). “¢FVE03& p)aosRYE? T Kg ) tcon substrate 40 as in
ig;éflio &f( &g%ﬁﬂ%%i fF%iO%&%%EO 4'P w1th espect to the bottom

surface of silicon substrate 40 Alternatlvely, the inclined
portion 62, can be made by dicing the silicon substrate 40
rather than the etching process noted above. Because the
gspecified portions 43 are not doped with the boron, the
10 gilicon substrate in these areas are etched away, leaving the
finger (comb) like structure (silicon finger contactorsg) at
both side of the silicon substrate 40. In Figure 11C, a
further photolithography process is performed to form a
photoresist layer (not shown) so that a conductive layer 35
15 is created through a plating process. The resultant silicon
finger contactors 30 are cut into an appropriate shape such
as shown in Figure 11D.
According to the present invention, the contact
structure has a very high frequency bandwidth to meet the
20 test requirements of next generation semiconductor
technology. Since the contact structure is formed through a
modern miniaturization technology used in the semiconductor
production process, a large number of contactors can be
aligned in a small space which is suitable for testing a
25 large number of semiconductor devices at the same time. The
contact structure of the present invention can also be used
in wmore general applications including an IC lead, IC
packaging, and other electrical connections.
Since the large number of contactors are produced at the
30 game time on the substrate with the use of the
microfabrication technology without involving manual
handling, it is possible to achieve consistent quality, high
reliability and 1long 1life in the contact performance.
Further, because the contactors can be fabricated on the same

35 substrate material as that of the device under test, it is
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10% & () - FYdE%&e( delfildé under test, which is able to avoid positional
F%iO%&'()-l/C%gg TzX6~ =0t!V FYW0%& ()-0!'Q FYWA0%& ()-0! "FYW0%& ()-0 FY%O0
B ()-0! "FUWdO0%& ()-0!i ?° FYd0o%&' () - 0TUBV=V>V?2V@/MWV~_ =0t I VI yQA 0% ()-0 ' f
10%&' ()- 10M Although only a preferred embodiment is specifically

5 illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention
are possible in light of the above teachings and within the
purview of the appended claims without departing the sgpirit

and intended scope of the invention.
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eeef gghgE=0 10" ! x° \1%10%% Qontadt ¥YUR ur)e fp!rY&(&B%ollshlng an electrical

4y |10W‘&' OW‘ 0" .hi Y
1o(<ﬂyzov & () S %}f )i 5‘3“3:5\#31}51 I 4(3% ‘r‘%m%?i%’o}@ ()-<,1Q YVH0% " &
)_< 1j* Y@&QW&]() <, mnnﬁnmmunakmty of contactors, each of whlch has a
10! " ~Yod Qo' ()--!~YY |
10% & ()Qop C((])erosééi&é%:t(b WY LxnPBIOVE ddrfad Fordt whn a tip of
T~Y0%R ()--!'C SLD G a€$911ésenna@@%ﬁ(qgalnﬁtsa%fem&aey tagpevyd vk,

05311 e 008 smmsonstor compiog
17120 39409 () - 01'3%40% () -OL' 10% & () - f1iav1ng at least one inclined

portion for mounting the contactor in a
10 predetermined direction;
an insulation layer for electrically
insulating said contact beam from one another; and
a conductive layer made of conductive
material formed on the insulation layer thereby
15 creating said contact beam by the insulation layer
and the conductive layer;
a contact substrate for mounting said plurality of
contactors, said contact substrate having a planer
surface for bonding thereon said silicon base in a
20 manner to establish said predetermined direction;
an adhesive for Dbonding said plurality of
contactors to said planer surface of said contact
substrate; and
a plurality of traces provided on said contact
25 substrate and respectively connected to said contactors
to establish signal paths for electrical communication
with external components.
2. A contact structure as defined in Claim 1, wherein
said adhesive is a temperature cured adhesive or a UV (ultra
30 violet) cured adhesive and applied to both sides of said
plurality of contactors.
3. A contact structure as defined in Claim 1, wherein
said adhesive is applied to both sides of said plurality of
contactors, and front and rear corners formed by the planar

35 surface of the contact substrate and the silicon base of each
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Q& 1O%W&I()éaiéoéd%%sfug’fé“g@ﬁgféd\égﬂég@ﬁyéﬁdeé\5¥ﬂé§@%(ﬁiurality of
contactors, and to front and rear corners formed by the
5 planar surface of the contact substrate and the silicon base
of each of said contactors, and to bottom surfaces of each of
said contactors.
5. A contact structure as defined in Claim 1, further
comprising:

10 a plurality of via holes on said contact substrate
and connected to said plurality of contact traces for
establishing electrical connection between an upper
surface and a bottom surface of said contact substrate;
and

15 a plurality of electrodes connected to said
plurality of wvia holes for establishing electrical
connections to said external components.

6. A contact structure as defined in Claim 1, wherein
said contact substrate is a silicon substrate.

20 7. A contact structure as defined in Claim 1, further
comprising a boron doped layer between said silicon base and
said insulation layer.

8. A contact structure as defined in Claim 1, wherein
said conductive layer is made of conductive metal and formed

25 through a plating process.

9. A contact structure as defined in Claim 1, wherein
said insulation layer is made of silicon dioxide.

10. A contact assembly for establishing an electrical
connection with a contact target and interfacing between the

30 contact target and test equipment, comprising:

a contact structure having a plurality of
contactors mounted on a contact substrate in
predetermined directions through adhesives, each of said
contactors having a contact beam which exhibits a spring

35 force when the tip of said contactor is pressed against
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35

electrodes provided on sgaid contact substrate and

respectively connected to said contactors;

a conductive elastomer sheet provided on said
contact structure and formed of an elastic sheet having

a large number of metal wires therein in a direction

orthogonal to a horizontal surface of the elastic sheet;

a probe card positioned on the conductive elastomer
sheet and provided with lower electrodes on a bottom
surface thereof to establish electrical communications
with the electrodes of the contact structure through the
conductive elastomer and upper electrodes on an upper
surface thereof connected to the 1lower electrodes
through interconnect traces; and

a pin block positioned on the probe card and
provided with a plurality of elastic contact pins at
locations corresponding to the upper electrodes of said
probe card to establish electrical communications
between the probe card and external components
associated with a test equipment.

11. A contact assembly as defined in Claim 10, wherein
said contact beam exhibits a spring force in a transversal
direction of the contact beam to establish a contact force
when the tip of said contact beam is pressed against a
contact target.

12. A contact assembly as defined in Claim 10, wherein
said contact structure further comprising sphere contacts
mounted on the electrodes thereof to contact with said

conductive elastomer sheet.
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comprising a boron doped layer between said silicon base and
said insulation layer.
14. A contact assembly as defined in Claim 10, wherein
5 sald conductive layer is made of conductive metal and formed
through a plating process.
15. A contact assembly as defined in Claim 10, wherein
said insulation layer is made of silicon dioxide.
16. A contact assembly as defined in Claim 10, wherein
10 said adhesive is a temperature cured adhesive or a UV (ultra
violet) cured adhesive and is applied to both sides of said
plurality of contactors.
17. A contact assembly as defined in Claim 10, wherein
said adhesive is applied to both sides of said plurality of
15 contactors, and front and rear corners formed by the planar
surface of the contact substrate and the silicon base of each
of said contactors.
18. A contact assembly as defined in Claim 10, wherein
said adhesive is applied to both sides of said plurality of
20 contactors, and to front and rear corners formed by the
planar surface of the contact substrate and the silicon base
of each of said contactors, and to bottom surfaces of each of

said contactors.

25

-23-~



