;e3eSL@TS# W~ 8 APR 2~0~ i PACKAG NG AND | NTERCONNECTI ON OF PR 2002
STRUCTURE Field of the Invention This invention relates to an el €ettronic
packagi ng and interconnection of a contact structure, and nore

particularly, to an electronic packagi ng and interconnection for nounting a
contact structure on a probe card or equival ent thereof which is used to
test sem conductor wafers, sem conductor chips, packaged sem conduct or
gdevices or printed circuit boards and the like with increased accuracy,
density and speed. Background of the Invention In testing high density and
hi gh speed el ectrical devices such as LSI and VLSI circuits, high
performance probe.contactors or test contactors nust be used. The

el ectroni c packagj @ggiﬁ.gr i n r t he
present inventi 31%1‘(?% rrected ﬁoiwﬁg&gﬂg%??{c% i((S)f’rJl {") %é%i %‘Si‘gﬁg"gﬁr n-in
testing of sem conductor waferBiabd df ekhe pImvemtionnited to such
applications andwin§ g NGhAS e PF d N0 @ngl bUR A&k t Qf : e

seni conduct or de\%}%gsfl [\q}rélﬂntg3 c]fér%%‘%t g%ar 5 a%gct Egh??kg%c%\%,g?%r
t he conveni éREErePnagEltarat i oRf t ha prelehRCE nyvePE TRt iEe descrit®ed MPrehe

fol I owi ng NMBhaRkY WlkR1kET ebelfCel OcBr&h PEp L&A L 118y A Seft d M StaiB &onguct or
waf er testi I he case where sem conductor devices to bhe tested are in

. nt ,
t he form of %grseWPBBﬁ&ﬁ‘gt o waPBFach sBhFUGhutEt 0Pt ]t RYFPem RER aQTan
| C tester isquswalleyptcotnected twhicisuhisd r asedhandl etests udentisc@ithatt ©Fat i ¢

waf er prober, .to _autonat]| |y test .the Leonductor. wafer.. Such an
exanple is gﬁg\?ﬁ Si’nslgfndlfro gﬁf#ﬁ) rvmclthcﬁ%)gd }:a%kgg%ﬁc egr}lc\t,(\%%‘fucstg%lfe =8
test head Z6& whrthted oritieaitl| yboards sear atbeholikag with el srtrezaddy
connected t t ; bundl e of cables. The test head 100
and a subst(rag%g%ﬁtgﬁzl g%}%t&%@]aiag{dorre%ae%'cal |y connected wi th one anot her by
means of a mani pul at or 500 RPESEILOING Opitdle FNYenPiOIseni conduct or

~'~..8 APR ~00~ &nvvatsgﬁih% biei diestasch s, auhemhigh! | ¥pe@Vidiath ¢ pi @al est
position of the test head by the dgg]?%érate hapdl er , such as a waf er prober.
On the test IF¥AGSS ABCBeRP Jub it f SFTEBIBE  { BEPR P PR P YRR
test signal sogesetatred diy tedsr semteanduct austedte sysstdem ThHee elbsat téwic
out put signals,fromt i t waf er: un e itt to
the sem congﬁgg{&gl gs{é%gf/g{gg% e%%ggﬁ:%e%fa%e%nrgpaeﬁeﬁvﬁ%{@%&% eﬁqﬁata
to det er mi npreseniterinventiioguiitss digteqred die ttie sarldaRdicrorofdfesting

function coprechli¥noknNPbst AigSHOMEMItIHAWES: Wadtd 2and beak, NBad 490 and
a substrate_handler 400 are connected w th _each, ot£er thro qh an interface

conponent 14@MiFRE Rt 8PFRcBPPAAFBRARTS18Bd| b8 | HetusiberPbriffetnBoard 120
whi ch is typueal-liys acpetntefl gadkidedoaeehibavidogtrekrechiertcebl Cuptinted
connections _uni gu o_a.test -head' s..el ecty] 0 ript, .such as_coaxi.al
cabl es, pog8—1ﬁc%§%a%8aggr?n88§o§ﬁsl? keét egolw%?ggf '186% {f'li(-:]%'uc e%v%nf‘%?ﬁg %Enber
of printed erpdanathicar.dsth80 pheésentorimepunibn o itshedpgrtrabedf tastthe
channel s (teghqi, i G SAMEEPRAEALAT £ & &5ty B SlrdEROhLEf {
printed ci r?ﬁﬁlgoggﬁj)sna%%&&hhaé gl con_%ector 160 Epo receive t%ergi %Ega ln

cor r espondi FETEGRERICHY Waf@T 12S%6Md he performance board 120. In the

exanpl e of Figurarlthe chbedwhéiédmikdisdudisit e vitdde peef pegpageabeard
120 to accur,at(em%/ determ pe the cont$ct tgosml ons relatiyve tcfxét he substrate

I
handl er 400 Eudt s FMaPer 2pPEBaFCPPHE Prof A TRy £ HRCHPTUT Yot nbRfBEr of
contact pi ngysten opaetd, dor aexalfl e;edheZ| Escousesl by s armmpageedi te, a
connected t { & in r 1%9@:h?<é I FLgure
2 further s%él\t/\b?s%eca]f%% u@%ﬁég%pf el%]é%héﬁasl_%i %Rbe ween t eagﬁggtgr ?glcﬁe;rn’dl lérg
400, the testutematikgd landaste thet eerdcondowsorewafeso whAeght est ¢xgmple

senm conduct qrg Wafkin 1ASFEEAYE i NifiHiEh 2 skhf coasiudterd 480 k§sPeACREgOVer
t he substrate handl er 400 and, nechanically and electrically connected to

the substr atfe tR&FdFeAdt APBUYRIERELF (REFY ly in a separate housing and
electrically connected to the test system through a bundle of

cables. The test head 100 and a substrate handler 400 are
mechanically connected with one another by means of a
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~~~ $ AP R Q002 3 conponent 140. In the substrate handler 400, a (18 APR 2002
sem conduct or wafer 300 to be tested is nounted on a chuck 180. A probe

card 170 is provided above the sem conductor wafer 300 to be tested. The
probe card 170 has a | arge nunber of probe contactors (contact structures)
190, such as cantilevers or needles, to contact with circuit termnals or
contact targets or contact pads in the IC circuit of the sem conductor

waf er 300 under test. Electrical termnals or contact receptacles of the
probe card 170 are electrically connected to the contact pins 141 provided

on the frog ring 130. The contact pins 141 are al so connected to the

contact terwifiaks 12l bé tleetpdr farernaceohanidal2g wravilkiedoaxi al tosdt es

oar 150 oF PALIECPEnEEE (BBt Hefe By HIRIITR L] IR Mh s, .

connect ed twathRe prAbesnductor test systemmain franme through the cable

bundl e 110 havi ngnSeuer &le RURELRAS 1Bk GRHiDHARIRIN wdftietd S tested
arrangenent , praobe contactors (needles or cantil evers) 190 contact the

t he

surface of ERePEEMiEBAdNEEDr LARE F1F0DL 3 PR 2R KOV ddia Feapsignduator
signals to thetl Caghicpm.on t hesemeeanadueitor cwfric 30 and & ecRioe tthge
resul tant signals gf %he | C ghi ps fromtttje waf er 30@. The. res(all t ant tﬁlft put
signal s froffPREOREHFESRduEREFTWalBReE00  BRter 2T 8st T L3R EhhpaT ed Wi t € he
expect ed dasamgepedacedrbytedie sgsteonddstwein esheyysimm tomgetredmwieth
whet her the LRS iLp.t 1.C0 r .oper Ly f e
i nt ended f uRt F%ESQ E%{g?are‘gg&s’glg&bqg{ﬁ%%tﬁ%fw%gf g?%gﬂ%‘regbél:%é§§5 1%%1%@
Figure 2. |aemhcondugtpire wafler Fruoied iom ¢orr@dtdy &¥ &y ring on which a
plurality of prohg GHUACt 9hS FiY e | £dangedl es, otegantidfYeisoalgd a
nount ed. Wen_the chuck 180 nmounting the sem conductor wafer 300 noves
upward i n FPYReETrater handler 400 jerec SATESHES Widd SGaAtthhQthsie Horregh

targets suchnasi mvfgde padapoheAtMmstcon t hhewal gteBflce Themponant APE 2002
4 ends of the ﬁaﬁti I eversf190 are conncﬁ d ?10 Her.es 794 ng'Ch are, fur%her
connect ed t dRETEHSH P ORE PTHRECE et m WFaFhed®i WPHER pr 8K Rt 990.
The transm gdreniki besridn Halvangr electanid Fidcarie commestteicbrisn wipfue at ot y
of el ectrodes i.Gh Jfur r...CQARt 00Q,, . R

Typi cal |y, hte:%é%rzqg(‘e%‘—’lf:aarsdlé B’L%lrsl%%trir %)ttot} e r@y %L%urptsﬁl;&;/oeérglo{l %@ll%de
substrat es bagengigsoand pranestopswverThs &ess, hepghaPOt fnabtudssi anlarades in

many | ayer sy A%ehS oebhi kB@Wnci Bchiie Bohrd8atHooihibe SbaF@pbha@nsdi ggeon
lines is designed

to have a characteristic inpedance sych as 50 ohns b
bal anci ng. ¢ FERBREE, (At iS4 (Rt L < (oSLeT BLBPACOR & Rep RATH RO EOr
nmagneti c peteeabidyidtienof tHecipodb§i theeprindadt aiceniantosapaciitsndess ok t he
signal pathg w Lhln.thesprohe zcgééji\%e] Oﬁhgggin the si.9aa oh!ﬁ?%m éé:g@& [:' nes
are i npedance hatchéd To achi eve a hig fequency “transm ssion bandwdth to
t he wafer 30@rovded tl&dt .ofrwénesi@rsﬂommwiw 1dtes transnmt a snall

current during arsf %ﬁQYeﬁhﬁ\FQeOéfaF:&bfﬁ:?@ 5] ghals rap0 ;%ih%_r 980 PER k&SR £ £AL
during a transition state of th d%%/%ce's out put s “swi t chi ng. For, renovi ng
ri@

P
noi se, capa®ft orke 198TiRIMEHSS, vid8d %h ?ﬁ%uB?B%%ch]%&efmr{?et HB&n
t he power arér@=etngopliziesns Aerlaguiveakenthei sabstratet henplebesoargudiO is

shown in Figures 4A-AE to.explaif t limtati of  bandwi dth in the
convent i onal Splaoﬁvg%c?gr éjﬁoebcehlg'ol o%iﬁ h{%so%hrol\/{/rlﬁg iﬁi%alﬁ eas%%%dnﬂ ,efhgf
si gnal transorssiadn pime bl t herpedbefoar éxamplext dyd IR orontectedrst oode
197, the str] i [ &gh | bagk sl 61té:§'rﬁr¥é{1r P4

needl e (canﬁqgéyg})%s(l'go. |nceect§nr31% vvigﬂg 1%4 gn needl e 1998 are’ ﬁgﬁrgﬂﬁh

i npedance mEcErd@l tdRdzlesHok44 ons function as an inductor L in the high

frequency band asgeishown i BubtHEFEsHéws Beeause uetalt belavebakhipepstesh t he
wire 194 and needl e 190 is Elréggi:id 20-6 mm _t he val ue  of c{hﬁ i_nduct_or is
not trivial tH%sEMORYFASE t tghi f 188nt FRequeRy MSAd adi®dn PR ebfitng a
hi gh frequengitxfiday resinsodnta Dayivdenndest ivsta Skhecohidatoos whtel .
limt the frequency bandwidth in t " ~.0.APR ~ . e.card 1
reside in bétth %b%%‘# Ja%d%?%ﬁﬁdaheggﬁegess o&ﬁa‘l%n 1a(dguzlrsg %%doﬁﬁ.r F’?‘ea
power |ine carbgirmatiele Haadjerenddfh aud r evecharoiadel Wewinde ehdetrieeil lyit
wi 'l not serdgysl Mgt o] i | hapdwdt byl Sty 3 ce.
However, becdause ét/t-héed rsnéh etg?ecoﬁﬁég%iéﬁgeévi re 19%lgngh%gggﬁe t!11%(9) %ggegg\é‘a\eyi ng
the power to the device under test are equivalent to the inductors as shown
in Figure 4D, which inpede the high speed current flow in the power I|ine.
Simlarly, because the series connected wire 194 and needle 190 for
groundi ng the power and signals are equivalent to the inductors as shown in
Figure 4E, the high speed current flowis inpeded by the wire 194 and

needl e 190. Moreover, the capacitors 193 and 195 are provi ded between the

v - Y Y . o



Accordi ngly, the probe contactors noted above are |imted to the f1@q¢u@ﬁc§“02
bandw dt h of approximately 200MHz which is insufficient to test r écent

sem conduct or devices. It is considered, in the industry, that the
frequency bandw dth equal to the tester's capability, which is currently on
the order of 1GHz or higher, will be ngcessary in the near future. Further,
it is desired in the industry that a B’robe card is capable of handling a

| ar ge nunber of sem conductor devices, especially nenory devices, such as
32 or nore, in a parallel fashion at the sane tine to increase test

t hroughput. To neet the next generation test requirenents noted ,~ s aPR
2roo2 6 - abowpenehe 14e¢entlor $hef subssrappl handien 4&8, @ eemdedraiutmor
concept of C t uc r tiLo 509926 “Probe
Cont act or F‘gg%g %OﬁP%%t olé o&retgoﬁlyyﬁép%@g‘% c?ﬁl %dggune ? 19@8%:!%6:&
cont act strasrdr e7Dsl$oPmtnl@ﬁ 2akove cdre dreTi eondueter ke RQD tie dgh a
phOtO"thOQEéBgéédprOC'?ﬁé PPl &SR3 2060648 shawhe Gomact ost raicdpee in

t he above note lication. In Figure 5, all of thé contact structures 30
are fornmed 6ANHEAS préortce&ﬁeeraeéryeteﬁe&&gH9t0hesy&t*ea&mﬁ%%m%wr

process. Thﬁeéﬂh.le@?”téu{i&itfa?éte ﬁ&rhaur&gltheeemmhamb St rasitHEs 3-gays be
nmounted on a_probe cg a shf)% in Fr"_cljvgﬁstz and .3. e:g:tthe

seni conduct 8F GBPEFC3082 ﬁde? tt"I@)%t SARCY et S S TR NAERS 30
contact w tBoooundspohdishg cont act targets (el ectrodes or pads) 320 on the

waf er 300. The CETEEEElz%EELUEé%gnQPSO& £3ldd E-%@E.P‘ﬂg%%gt &£ 2&1&%{(}“%?
directly nounted on a card such as shown in gure In a
package, suehrdslOt ﬁéf@l elesariceldac kogacs@ch§d ddes coadfatrinme Matkage
I's mounted ggoela&abenceﬁe f:.L%? tﬂ%@h@\oe n@hedc@ﬁteet BPRE | Lot | OFe taftéee

i nventors, 8uch technol ogi es agl ng .and int erconnection of the
contact str@Genpeetsd wa htl'r%sﬁeﬁ 3Eh TRETBIGHE chrll Of &46i PATHRTIIRG R of

It ﬁ not deSthbEQd tﬁmmu afhd geohm{emt ldablﬂrmrefz@r?qheﬁe i eatan dyracdcof

e present i nvention rovi de a packagi ng_and i,nterconpecti o a

cont gct str GEEOME ??\a p%%lt T g:r %ecg’r’&nngeﬁbFSHF‘getPo?ﬁ@r32%9 25 be
used in testhagtassemeadnd@@t or Fuatder, padleaged ritsld and duie |hdeerdd t156
another obj geb QoL ULSEH! haY S WAV 6@ BPSERA! R %rame

|nterconnec i on a ructure wth respect to” a _probe

equi val ent thepugh theckiedle abwrdke spdéd %@t’dl%ggl’?q\m}enbynépéﬁiét i®h in
testing a seghéaBdugkeiwaf er, packaged LSI and the like. It is a further
obj ect of the present ipyention to OVI ckagi ng and i nterconnection
of a contact dexpRAEH BT TaNgER éﬁ%MQ4% eS EE%CFBrﬁ bie® éfﬁﬁr%ror
equi val ent bbﬁteobvwhenmleaheopaskagthg andrfiadeer obnndet i oomicodduaedrat a
ot Lom sur T §8F<Z! aie Gt BSIL AR, IUNLY e ! BELEONLACE SigEh &0 1dnd 518
further objec of the present |nven ion 0 € a pa

i nt er connecthapsof oa cbhﬁacsegtcgeduﬁeoﬂhlthﬁs e%@@bl&@@eer%#bwgh ghe

bondi ng Wi r ¢eg1%0@ %il(giﬂ’aqrs t@ﬁoec@@tp@a&ﬁﬂpgombﬂgtm%)afeer Fgul ttplayer
t ape aut omat ed bondi ng AB) at the baottomsurface, of é]de substrate

mounting t h&SEYA{AETE ULty B1IRglEs EXoM il r SEB} ERRIBFtPRe WitEdent 00
invention tongledVité@ta fiac krgipireandviitd engormgndatasd alatea cptiecatsdirpet ure

whi ch is established be vween a_cont act dfar e m syrfa of
t he subst ra%’g’ mﬁﬁt?]ichgm% conFScP L urteo ac%%g% ﬂL’Q t”?llg%hgonﬁ%é f(e‘
is a furt herchalp]sec:tn otheheepneseudtlcrtwemaﬁm t 30 @r prPHerdypaERHRY tahd

inter connectlkﬁrén ﬁﬂ{?ﬁ% nstructure which is established between a

contact pad orrre ottom surface of the substrate nounting the
cont act structuré'la’t’dfean% A€er&oRfBEPMpyd e Q@f phst RIS caprdpdatd of

through a s@lijdRirdWIP. In this example, the probe card 170 has an epoxy
ring on which a plurality of probe contactors 190 called
needles or cantilevers are mounted. When the chuck 180
mounting the semiconductor wafer 300 moves upward in Figure
2, the tips of the cantilevers 190 contact the contact
targets such as contact pads or bumps on the wafer 300. The



It is a further object of the present invention to provide a packagigngpRnZ002
i.nterconnection of a contact structure which is established between a
contact pad fornmed at the bottom surface of the substrate nounting the
contact structure and an interconnect pad of a printed circuit board

t.hrough a conductive polymer. In the present invention, an electronic
packagi ng and interconnection of a contact structure to be used in a probe
card or equivalent thereof to test sem conductor wafers, sem conductor

chi ps, packaged sem conductor devices or printed circuit boards and the

like is established between a contact pad fornmed at the bottom surface of

the substraleaa@wwi icthe thatcoeiaek $bOUGLEr 8oAREcYali OYSwi¥PES194 which
connecti on nmeans_on Ehe pr obe carcg. The_cont act {)ad t. the ,~ 8 APR 502 S
- bottom i s 3EEnnElFERSE o0 T RT D EOst FIREEFES S Oﬁn%dﬁt?egr {BPFacERY ™ he
substrat e t foougld drvichehplrebandaadcbnbact The aceabonbsoionhl thear npthei ded
on the substr . .o q0 a C ese L i QB, Ln nd
nt er connecEigk eof B aap aste i eired e SR rasity 8o B fPcile ol .
made of conegchy & unithe alongmttf dhredage Pigontldct suliSigurte 2 hrough a
phot ol i t hogr aphy IR)’;Q&%lSly",h%rl-@ ?ﬁo%“é c8Rhagh oSLEUSE PhethRdgapPagempPELLON

vertically formed on the contact substrate, a horizontal portion, one end
of which beillfySfordedPBhYiRedBaSMSSTRGT BAL RS cORPHRE BFANSSh VRPYREal |y

fornmed on apatheis,erdgphilt Beahenizenbal 1 paesi DI manE Qalyaats padsf osnpdion a
bottom surface of the contaé:t sub trgtﬁ and .el e trlcal'lg‘éco.nne ed to.the
a H

contact str P YhridiyhA et vi 82181 8T afilt®a SdERRAc (Y HEE: S Tt 3¢S t EPget
provi ded ondasgignededailracie ta bryerh dtREE)stsiub simpa darice beuah exd rs¢adhms
connected w o a : t at hro :
conduct i vem%y]mﬁgfalgg%ﬁe%hgl gd%ﬂcg %%pég%aggpéﬁé’ﬁprqé%édt u(?%/g?\ Fﬁﬁ,c a
packagi ng as@®nstasitcoraredt i BagBEL Hcconrerpeabiticvur ©f s Wenprrekyinidea

contact stryeldie JHRAdEs Afnd YuBHdi tithdmd &t alhangh i 186k ks aw LONLACt he
substrate through a phot ol |tho%%$$r2yt%%ocess wherel n the ¢ontact structure
d

has a base pBIH%NCdEdt itd&Ily tHeEht SERREUHEE LS e L 10GT0r RE6NL al
portion, OnQ_n@éﬂildﬁcfél\:f'thélngﬁﬁ ngo f ﬁéh’ﬂdvén a]'E mr?blaﬁf&e;mretﬁc;f\, t Pantisi sonbact
portion verticall.y,for anat her_e t or,izonta rtion; _a

cont act padtqad"gr?@di%h a@%o&r}b‘?n N earcenag(?é)t h%nog%ﬁt AT sUbst r e angInal

el ectri cal | yreorameictssichbrt d irtes dordrenti tsta wantarle alrmoengh durinzg hal steadya
contact tracgg, cont ac get: pr.qvi n i 'rj_g_ié': RAA PCB)
substrate O%Ptlaetged_ (ﬁ]a%eb'}lggge%tél egt(:iri ca |,"’§/) %%ﬁﬁéc?%ggw% t nté-'l contgrclé ggd
on the cont &ansidsiamt staheo@th Ehdodavagensr €Uttt svWppehingtr ucFore
;Ortﬁur)porti@ax{ﬁ% aRd B, S%als@éy&te;@nﬁgﬁ h@n@ﬁﬂ@_gctar%u _crvtait&dlcsha%he f
urther aspect .0 e, present i nvent.i on, a packagi ng a nt er connection o
a contact sHRRUSATS 1%1%@3?‘,'??’?2 tf?ﬁd?"éelp %%%?Mo?ién%scont act
structure nade ofArc@rplictd Meentnetiardult aifd ther pedbencardonvacissahswnatie
through a p@ﬂtgg*a{éé‘%%?pfﬁ%o%%@%inw@ﬁreeiEmEEQtEBHEaBE Béﬁ&i&&&il’:ﬁ tfﬂstt:ﬁebase
portion verti y formed on thé ¢ontact Substrate, a horizontal portion,
one end of WeaREIHEiqRRY drRke cPRrEGCeRORAY i ors afltown cbit BEGUPSSt Rén

vertically fQi{reds oncg@okhghatndrahshiigsheni 2enkalorPAtd Phokbe COMEACH 7R
formed on a bottom sgrface of t.he conf act subsf_‘r ate and e] ectricall

. Y
connected t EXIRNIDNEELT SPEUAIFETMWOuGH a TP FETEPanli e cbhrBefaPFECce;
ia cgn; act t afggethgd avired Il)SiEa i Ntk Ci?_whlérhdbto}aéchéé’&:& $Uhﬁtﬁﬁéeem

ead frame t e elLectri .con e t pad._on cont act
substrate tﬁ%ocg'gh élfiSSe%g‘t?t )évr%a % %%n%?%ng%?‘?égg Iclggd%céaen rg %s 18% ance
provi ded undestched cditemt poulisionst §uhot ionl swi &y Fndudtdy il yin thehbigh

i nt er connectd QD atbPackadif0 < hale nSFPEeLE ééfU(ﬁéHﬁJé)rofs'ﬂﬂggB kRgyfhe

contact structure, thhe contact substrate and the el astoner. | urt her

aspect of tHepHBE Ghi ettt 4 agshReedde 190pigvrgednto2PedlMie the TAB

| ead connectgh & bhe teNtasduPes-t 0 a9 abbt sBrebeall! i ealsOdINREt ifANthe
t her ebet ween. I n, %jef urt Eter aspect of the present inventi omg& gonducti ve

bunp is proviiEY bEtReet 1TE | e Bt e HES RS &o PSHUSEREY he
PCB pad to esd¢mfbimimed esfracdbtvicanendieontésereanong. In a further aspect
of the present i ntio onducti ye I M el i ded hetween the TAB
| ead connect ed tga{%éerc%arﬁ%% Sﬁ’gl cgln lfnlalg % fpra%q@%g%%%aabq sh el ¢t rt?’ceal
connection thereanong. In a further aspect of the present invention, the

i nt erconnection and packagi ng of the contact structure is established

t hrough a bonding wire between the contact pad on the contact substrate and
a contact target. In a further aspect of the present invention, the

i nt erconnection and packagi ng of the contact structure is established

t hrough a single | ayer TAB | ead extendi ng between the contact pad on the

. o, o . a Y " oy



~0 - packaging of the contact structure is established through a nggthR 2002
| ayer TAB | ead extendi ng between the contact pad on the contact substrate
and a contact target. In a further aspect of the present invention, the

i nt erconnection and packagi ng of the contact structure is established
through a triple | ayer TAB | ead extendé' ng between the contact pad on the
contact substrate and a contact target”. According to the present invention,

t he packagi ng and i nterconnection has a very high frequency bandwi dth to

nmeet the test requirenments in the next generation sem conductor test

technol ogy. The packaging and interconnection is able to nount the contact
structure opraber eagdcard eeseqei YAl bsthipewedfahy ftaaid irtsddyes asmeshi ng

therewith through the bottom.,surface.pf the contact substrate .nounting the
et oot o B s 080t AR 2001 B ot Mo Pile PHAR RS R o e
overal | conpooeghs tourbentssend| ¢éde t Hevineerenderectiemt andtpagkadi ngoof

the present _j i . be br i %%g] i a hi neljability
as well as ﬁ?%ﬁ%%%&%cf%}?yt%r|%§ SC%%%%%W(???@%Q r[?révm'lc%%gl %3@%1 is
a schemat i cdgivigeam SewiRiviey  a becayseutdie e mstinedadweire sybsardt e
handl er andpaesg Q@AY OlsuRatly 155 ttela W B tad d8Athe RLAKL PLekf @
schemati ¢ di agram show n% an exarrrl e of detailed structure for connecting
the test heddSofPIAYALEMECERIGEEOINEREECTFSRENFRGWE MR AR TSt AP hatigi &R .
Figure 3 isimphdet othei ewigihowpegdncaxaspkte dlowheirpr ebe cpodelavingean
epoxy ring for .mounting a _pluralit f. cantil evers. as pr contactors,

Fi gures 4A- f'—_’m&gg‘rg'iyr'c |etcaallséeg%zslr?s)ése;1}olvﬁsngc oé'l(ﬁllﬁc&zﬁderﬂngel ?l(k:bﬁqi tasn%fn?%éfﬁrobe
card of Figus® BorFggaourdingsthe quivamtars diiggedm skrewedyivahentt to the

structures rahed W e;pr i pwenty t
photol it hog?%p?l%'tpr ocg\gsTSBEi gu%gsgégp%% g‘?é g’é ghrrg ?%?%%r%ﬁ#s %\?\ﬂ\ogw

exanpl es of igoar@edest kycitiee Wwssodi%k endrngedlife IR®sent invention 1 8

APR Z002 m for neghcracireyl,| | €08 Sebshédt8rsFim € ahd S1as5scheanthsodiagaam
showi ng a first enbodi nent of theoé)%gs nt inveniign in which thedg)acka i ng
t'%é%r?ré’

and i nt er coRREYESEh the BYSHI RS td0€ HRJSPFUTERPLEPPE
bot t om sur f pee fefrraiec apt ache sdbstirat entmmttiest thy cadtaetinst raiwd utkkeand

a PCB (printed circui d_ by n ti. bu Fi 8
schematic dpgéﬁaemoghg\{/lmrﬁga}ég%r%ggf?%d: l-ge[ ﬁjué'}té ulfrcel ﬂé% the ?résggéeﬁbga%%eg?%f
t he present hiaweenai oreldtsiegly a lesggucvaveepduater ass Lkl watdwesant hee

contact pad cangd iy A Ratbm TR ) he Ny o cHAD! N SHOE 889

second enbodi nent of the present invention in_which the packagi ng
i nt er connecffingn CePagdtans d98dhBYea2bBRERhEVEALY eSHot WeedPaC LbRRERt VRhHe

provi ded at sadpobkon. supfaged of i tdvel ¢ tradctdd Hlicalee t BDYRAEI DYT h@eG oAk aCt
structure and a c

nt act target ovi ded_on, robe card ar.a device
package. Fi RFETIGEE )4 sEhBAS: FRSAPaGrRATERSRPNECEY Aot 1 FEaR st RREREY of
t he second eoadipientg ofnt hbeppewvemt liimesnt iwiniaiheatsn timpedenttdot haghet
is a PCH pa Fi j : i W:Te'g L .t hird enbodi nent
of the pres%ﬁtee%éﬁ]\%hﬁﬁ:%lne ?nl%vﬁﬁgﬁ%ée%%:%lg%é n %t:glr%%éhhecti on is
establ i shed by a?fAqaidingher TAR (PAPPeauroRBERE§OESNdNAGEA| e@loOBEt WRER a

contact padiRHE k@t tRe DOLEQUEALEYT BaRARE dERe O GtoElRed & B €2 BMALI NY

the contact strycture and g contact target on a probe card of dsdeyice

package.
It is considered, in the industry, that the frequency
bandwidth egqual 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
gemiconductor devices, especially memory devices, such as 32
or more, in a parallel fashion at the same time to increase
test throughput.

To meet the next generation test requirements noted



Figure 12 is a schematic diagram showi ng a nodified structure of t‘ﬂeB tM’lﬂcgﬂ“z
enbodi nent of the present invention in which a straight shape TAB lead is

i ncorporated as an interconnection and packagi ng nenber. Figure 13 is a
schemati c diagram showing a further nodified structure of the third

enbodi ment of the present invention in which a contact target is a
connector. Figure 14 is a schematic di égram showi ng a further , 1 8 APR

~' 00~ 12 nodified structure of the third enbodi nent of the present
invention in which a conductive bunp is incorporated between the TAB | ead
and the contact target as one of interconnection and packagi ng nmenbers.
Fihgurﬁ 13 [ ﬁgaxésc he k@t ?ﬁvﬁh&@ﬁ:&nbihu\hﬁ@g a@pfllirdalmdronrmmh'sf ip&d)\&lda&ta,ll’rﬁa\fi’f
the third enbodi nent esent. j.nventjon [ A tive .pol ymer
i s incorpor&r&4°h t\/\?efgn %ﬁga B%“':Eer&1 tu\é JhI(P Eg%t \aﬁlt§t aﬁﬁgg % OI{J

i nt er connec®Ppnoandlpack&gobg rré?:m@nagtom gmoe‘n@@ i ©ya i’d‘iwrtémtdmmaﬁmwn

show ng a faHLLASEMDOM TENt Jﬂhet hy prggggt 'n’fﬁQt 'cQJhEaIbt"méEPuEEGrBacﬁg' ng

and interconnection is establishe a doubl e layer TAB (tape autonated
bondi ng) | eb@rpedneen aﬁccﬁitld&Ofpa@rpré%‘?éléétaﬂca W$W§%rf%@%htr@

cont act SUbﬁhbébhEB%@E"a@%&ﬁ fﬁré‘é&%sﬂﬁ Sk1gietels € sangnd@ ARt ghawdethon a
probe card or devi ce ) ure 17 1s a sch mat i ¢, di agram show ng a

nodi fi ed st FAREEFE 6Fr’t1ﬁ5uf‘8u?’flht]% Yerftoud t AR i nviehth s S
whi ch a strgj ght 1sh&pehdodbhne akcay et rhABuread 3i0S alriaaCCfTolfmfeai et a&s sillicon

targets. 7 upBeeatel?l EEHaTERG sfe Raf T R ST P e 1 eqiie
structure oislilheohoanbhtmbedzﬁehaVDﬂgthlaemm@mt i st tiwre$ N3 Wimah lze
contact targghnt édao%O’%leﬁf%etEaPS SQBBe%tse%H’éﬁuW Hf'ngQHP!eg baﬁtTf‘B

lead. Figure 18 s a schematic diagram sh owﬁ%ie furt her ructure
of the fourVReBnbbai PRt CoRdLperH MEfar I0H & 6ntFﬁtvm¢%ﬁsdlEW%cttfP%rget

:s 3 anneC&@%hetbes@ﬂmmfég \é’ﬁot hedheast r aiigh ébﬁ?@sg@ﬂahﬁ?l a%&{t%éré@t

ea igure i s i ¢ di agram,s n fur ied structure
of the fourFATERHSI ﬁz GPdteﬁeoﬁr g&%ﬁt) ig%%r??’i a\%em E’Dg) ‘conduct i ve
bunp i s incorpor ThedcbataeenstiveciBe | Fadmnthet laeln:onnasmbsvargee 26 aene Of

i nt erconneciio C

show ng a1 bt Rageteiog IRBLRTBIG brcReyeE e buch B 1y R QAT
enbodi ment 8f Phemoldedntini nvmtck@gen,n swigle s apdinadsft ianeduckG \radluape are
i ncor por at eflohehueenakbe QQU@:E& lawenatiddeead aBdntRE AN astobar&etd. as

|nterconnect|on and, packag g menber s.
In the above note patent application by the inventors, such

technologies of packaging and interconnection of the contact
structure 30 with respect to the probe card or equivalent
thereof is not described.
Summary of the Invention

Therefore, it is an object of the present invention to
provide a packaging and interconnection of a contact
gtructure with respect to a probe card or equivalent thereaf
to be used in testing a semiconductor wafer, packaged LSI and
the like.

It is another object of the present invention to provide
a packaging and interconnection of a contact structure with
respect to a probe card or equivalent thereof to achieve a
high speed and high frequency operation in testing a
semiconductor wafer, packaged LSI and the like.

It is a further object of the present invention to

provide a packaging and interconnection of a contact



Figure 22 is a schematic diagram showing a further nodified structurkscﬁPR 2002
the fourth enbodi nent of the present invention in which a conductive

pol ymer is incorporated between the double |ayer TAB | ead and the contact
target as one of interconnection and packagi ng nmenbers. Figure 23 is a
schematic di agram showi ng a further nodified structure of the fourth

enbodi nent of the present invention in’which a pair of conductive pol yner
are incorporated between the double | ayer TAB | ead and the contact targets
as interconnection and packagi ng nenbers. Figure 24 is a schematic di agram
showi ng a fifth enbodi nent of the present invention in which the packagi ng
and i nt er cogectdtmrd swiedt aklspebedtbyaaptobpl eatrdyer edAB dbpet athenaded
bondi ng) | ea t.wee .._pa oyi| om sugrface .of_.the
cont act sub‘s"'g1 = grt% elwrm%rll i%%g%%étlggn?a argci %b?ggfﬁiggggggé cmosflt g%{:m?gr gaett Bn a
probe card botiagevissw fzamskagf Rhpur eulstirate samumniting ditdeg ancshoachg a
modi fied stryctuwie.f the fifth enbodi ment of the present invention in

whi ch a strai ght shape triEI e layer TAB lead is incorporated as one of

i nterconnecti on dtd pRckaghHEERRRLOPS eCs HRf cERfe RERFYRS t RP¥EeNtdacEo
targets. Fi hi&%i?aha@cd)@@inb & trice %@Lamﬁém'maidﬂtw_r@%&ﬁ@act
structure of ;the fifth enbodi,nent of, 1t esent _inventjon.in ich a
contact tar GEFICEH S obelor St oe%‘bak&]o]réé%i egﬁﬁﬂlﬁp‘t e PPRGTRI| i TAB

| ead. Fi gur @iiglies lmysochermid aulicagtasd dwwlingg a(TAB) hesr ndhil eil- Saydet ur e
of the fifth odi S iy nvent.i J | C tac [ get
is a connectt(‘# toaq%%%%(ﬁec%gﬁdgmﬁghq?hg)s;ér%aitlg %1 %ﬁ%pe t?f%lf%%{éa%é ﬁ'ﬁﬁ

| ead. Fi gur e2@tirate swhareins Wieaganhatfotgpetyagther 1 8 APR 200 14 -
modi fied structurg ofgthe fﬁféﬂef”%%q'e@%”tof)f thiae PFESEM 1R | Bo

whi ch a conductive bunp iIs incorporated between the TAB | ead and the
contact tar PVisleoné ofPaatidshneRd onl HERFGRRARRS IRP netberd. FPRLREL29

i ?rb ad_SChe”BTs;t(i'd#tQﬁ:rsamrﬁiw ing eaqa‘am_tﬂm{m%dmﬁ&ﬁvt]@h & ramidH e OEBaB& hgotié&th
enbodi nent of the present invention i i t hree conductiv, unps,_are

i ncor por at ed‘tb&l'\ﬁegar‘?%ttf‘f’é“ 139 rtr}*IeAE’f’Lﬁ?é%tdraa%%l PRECHN a et‘ggﬁ‘é?gtas

i nt er connectsitamcand-ep aridh@Em e Inertheirs .cdimpateoB0 is a schematic di agram
showi ng a further Lfied urg -qf ..t hecsfi h!r%p@ i t: present
invention in whiIth{rgg%or?duﬁﬁllllefg%olo%r?%rcﬁ sglf n(t::f(})l:ep a;%%kvgg?\%\lev%%ttlh%gl t?:spl e
| ayer TAB | @advaie t e @AfkRIinchr gad asiirregnnenterdnmekt ian apatact

packagi ng Nl Guld WHR Bl d et CNRdd Codh PR SN 48k Bpd &l £ Behed
nodi fied structuyre of the fifth enbodinment of the present invention in
whi ch threedto tk??):et%li)ﬁééa%ﬁ é"?rﬁﬁ PR SR e tIRE- 192 tPF pFenFagEr

TAB | ead angtrhe-mord antd taar deteraonneicer padnect aoprande@ackaguy beakdrs.
Fi gure 32 i%h%]o%gber%tgocl%@gﬂ showi ng a sixth enbodi nent of the present
[ [ t C

invention in 1€ pacKagi ng and interconnection is established by a
single layer TAB It ape autbwutherbeidianp eEadhsetweesent cdmvgittiqracto

provi ded at @MRREr SUrdaGeading Neakdnt et e Sebishd & LoRNUoR T 4T SEofLRERCT
target as well as a doub]le | ayer  TAB | ead_between a contact pad _provided at

a bott om surtEEBITe M EOht bR teshAR T 3hed Mt HeeR cdnPrbAthcPadaf gemed
Det ai | ed Desty igid Wotiorh heuft £ders £ deimrbeath serst d omeshabhgsbhe paakagitng

i roct 1y IR BT TG RO AT Ebhekagcb T LRARI eETEPLE Bard
6A- 6C show bEsiaudihraeceygest bfe gpekymeéxral path extended from the contact
Wi ch such an ol G811 g BEeReaE e o B S S Vo A e
substrate. FRinfigrcoBledoiwn Hf a contact structure to be used in a probe
card or equivalent thereof to test semiconductor wafers,
gemiconductor chips, packaged semiconductor devices or
printed circuit boards and the like is established between a
contact pad formed at the bottom surface of the substrate
mounting the contact structure and various types of

connection means on the probe card. The contact pad at the



,' 8 APR 202 15 - exanple in which an electrical connection is est igﬁﬁd%[m
at the bottom of the substrate while Figure 6C shows an exanple iniWwHi
el ectrical connection is formed at the edge of the substrate. Al nost any
types of existing TC package design or probe card design can acconmopdate at
| east one of the interconnect types of oFigures 6A-6C. Each of Figures 6A-6C
i nclude a contact interconnect trace 32 also designated by a which is to
establish electrical connection with a probe card or any internedi ate
menber to a probe card. The contact structure 30 has vertical portions b
and d and a horizontal beamc and a tip portion e. The tip portion a of the
contact str bottom 3 i sopnefeedblty stize pepretdatt athivmimuire setulsy ngppétect
uhen pressed .agaldsto A ackubaggts THRAEN ASANONOLEN JHOW Codne JBE
ntac orce

spring forc the orizonta eam c provides an appropriate co
agai nst t heteoseadbothanfewdml axe EraIcebondhe isbsfiratr. cont act

structure 30 and Ihheneoabaetztt BECERS ;taféééﬂﬁleﬁn@éﬁtk%m aétgsaéw&@lﬁgpaﬁa and
ot her conductive naterials e inventors of this a £I I cation g\cleq#)row ded

a detail ed &%@Pcﬁ%ﬁtd@npr uRt FORTAFGC ST W Wife tBnFIEPTEE e 30

agd t he cogt:gats:alcmt e:tcomeﬂte Ttrl’aaibg o%(z);;;mdﬂm;mé Imh wiistamwd ef @Pméd bhe
above noted _U. S, i cat resent_Jjnvention
packagi ng afid FﬁpAg nnEBFFgHNgF agéﬁcn’?gg Jtr t-[I‘I%Ie Elso%t?%f&’edpf%c?ﬂg
type of str whiewed shahengcateott atiryrddr3s o\ dedeatperthioin ovesui ¢atkyof
the SUbStratf%ré‘n% o thd h@ox@@éé@%& Berseet agt hB%‘iz%%t%fiogﬁb i &b JUL £ 6B.
The cont act §i I's connected %e confact structure tIItroug’h avia
hol e 35 andenﬁeoéowhaeh beisg észrmﬁeoeoﬁhecba%@ rRR¥iengrnd 2 oreREaeh the

top surfacepgh-ttibs w&ttacctalsttgb%at@dwn ¥AbtREE ERBOYMMBIHES mrw@n@acsent
i nvention on the bottomt¥ge Eac vf ancol i nt ergonnecti on gl

descri bed WPOKEA& dr éhcE° p@%a c%xag FPBufe BP%tCD SERERRE] co%l 'a]a?am
showi ng a flcbsﬂtact subsARREE G i erdradiainnt cﬂfnﬂeh:tem aesenthe nyentaen i n
whi ch the pa i.n |nt rconnect| stabl | sh d et ween t he_cont act
pad provi de& %tﬁ‘g‘%&qt 't acé Citehe Sorit act™ su‘gttra? %n??%ga?he
contact str tetrges amdvadEdBotlpaIthd:eﬁ rcomcxulttobzpd):dpaacby aubshuatei ve
burp or a C%@dgﬁgb\é‘f'e?hi%%on}tgc{:gﬁ IIIiElllrtcﬂ %f deEIU‘éﬁe confact
contact structure 3 0 for on-a contact substrate 20.1s el ectrlca‘?l
connect ed t GURSESHTEC tHFRPB6 IR Iate b A% RRSRe%Bce of the cont act

substrate 20 thrquoﬁn@tm agbeltace BReapfdedeit aileéer 8B6n, THEEEKLGEHY
t he cont act substrate 20, The

t t 30 d the t f f
ontact pad 86 drUETEBORINCE Thet COHAL AT AL 20 | SPOSH ransh over
a print cir (aur:bnbaaltds(:?GB)curatreadem@c:toquhubta&eomaaemlladt eddcEocmet bnar d
PCB) 62. A I ' I
'Ehe IDCB pad. C'(I)'%gﬂggr(t:tégctgussﬁg??}%t :Eégbﬁghaygl I conéfsh% gﬁgl t%gﬁg ot her

types of di ahegiadine tdishSIQnRact AICM AR 43S epdhdse pi?j?lytih?%leve%i*e%@?dé}’ and
al uml ga Sgb%ﬁt&ﬁ GH ecé Séoféﬁél%t bblagstfgteal ltay,hﬁiﬂladimucgsd)y@l@m})oﬁétl S
a sol der bunp us t andar.d sol der echnol o i cation
o1 “the. heat SACh@ o Bit6E: BeaTGutHTR8S: G0y ERPORRAS oHOBE EHE- AR A SRERGE
att achnent Wz\mn t\Iree:u:mulam peﬂmé@ andahbehBEBemad cI8. tHeohbet zexaap! e
of Lhe CONIYELIMEDNTD B8nkact Han! sonaal e bablovshiolidce of the

pl asma- aSSI te ry sol dering t Furt her exanpl es 0 Contuct Ve
bump wi || beqitzat |suhatndte q:re%@k@ctt@%ﬂrlm@omw%n@stbe chetpessent

invention. I3} the Sx@mlofh A o E old £aNndictbyeaPo! ¥rREe66ai soHESE
bet ween the contact pad 36 provided at the bottom surface of the contact

substrate 2¢-3hREY pgowe@e@agng,g BRI RRed Py Wids gt dF¥CBh8ubghTate or
sugst rate ZQdahs;t &ﬁrr}d Ct@lb‘éules_ter‘cctrftcalttllyou@hnetclﬁea wedﬁStlﬁé dbataetl;.r p&ad
substrate, suc gl ass_epox ol yi am c al um na subsirates
are also fe&dl bF A%O%%%ﬁ‘g «?X%I’ﬁtr %oﬁgm %oP?H&J‘I@G Yirsic cfive
el ast oner \/\/muﬁpo:s: fstti:uzdtu\re hfoonéuppore ingl t&eARﬁm nsoruetthat and
ext ends bey a&e%&gré@g el astonmer. Mst conductive polyners are
designed to be con Ive ween the mating el ectrodes normally in
vertical of angleHidlaecﬁqWIan@SmﬁthoMucttbﬁe preskathoinyentdlon, a
direction. Ryd %1&3‘a%@ﬂdeslﬂf:efeaﬂﬂééti(énp%ﬁ’Wﬁr dbhtabe Hemlbd@ter W th
respect to further enbodi ments of the present invention. Figures 9 and 10
show a second enbodi ment of the present invention wherein the bottomtype
contact pad is coupled to a lead frane or a printed circuit board provided,
for exanple, on a probe card (not shown) or an |IC package (not shown)
through a bonding wire. In the first exanple of Figure 9, a contact
structure 30 forned on a contact substrate 20 is electrically connected to
a cont act pad 36 prow ded at the bottom surface of t he cont act substrate 20

. o o ”~ ~ o - o ~ - —— . o, o ~r~N "



Typically, the contact substrate 20 is a silicon substrate although(%rKFR zmz
types of dielectric substrate, such as glass epoxy, polyimde, ceramc, and

al um na substrates are also feasible. In the exanple of Figure 9, the

bonding wire 72 connects the contact pad 36 and the | ead frane 45 of, for
exanpl e, a probe card. The contact subgtrate 20 and the lead frane 45 are
nounted on a support structure 52 through, for exanple, an adhesive (not
shown) . Any wi re bondi ng procedure can be used to establish the connection
bet ween the contact pad 36 and the contact target . The bonding wire 72 is
first bonded to the contact pad 36 of the contact substrate and spanned to
the |ead fraseptisethefwi 4 ecitdct kandeture thdel Gﬁcbérﬁc&ﬁf@tﬂ%&ﬁwtéﬁlal

clipped, and_t.he enti,re_proces te e ndl

APR 0007 2o SPECAPFBRE SReA TR REnATTRE TR R v o (A T K hum
Wi res. Bot hpmatesisalwheres mi ghby aorthatt | seraodunacﬂlalse nbagle t:momtidmt and
def ormati on P t a | e S rq{]%:fﬂg:
reliable. | Xg#k%éag(%llgew re ?lng@ée ggrﬁggggnp% e33|£03n TC)E‘ er nosoni c
met hods ar ePP¥pileal| pngs &gd Mf ke oy @ﬁ%ﬂﬁnﬁﬂrﬂ@%&Wl% Ragse L2 EoRNd

wedge bondi gadnBt 8EEEadt byl SRVt 13} Edﬂ&%&b@”ﬁh@tﬁ%r’zéﬁw 8f 1@net he
contact pad. 36 .at tgg bottom of the con bstrgte i s .connected

printed cirBGFt Z00% P@éﬁ)lolnnt Er EBHF@E{: Bﬁ‘a RArHEAVPHeY Rt LIS %?rate
622 throughod htiedicunteate glﬂasﬂ'h&té’%dubﬂ;écatéeéziycmrhrEcﬂ:e[ﬂO:bE €hed
such as shovvn i.n _Fi gur r r t i Gl ne t I’OVI ded

bet ween t he c?gﬁtaac(t::t %gtrﬁlﬁgf%r e%an(?ut ISEQ} 6‘l’le%c?gLr d. Q: tFatec| s&
mount ed on sontipetr ttargetct pr@ﬂﬂedﬂﬂn c@nmatntgcﬂbsttla@el'QOb@mrd héPSRBppor t
structure S%u‘i’nrs%lja't)éegrmiégdﬁgfet\rﬁé‘cg&%re Q!ecf:g csigngSnnéet@Qhﬁ§tﬁetzl(1Q0t

shown). Siml rate 62z and e s ort structure 5

fixed with é’@@t&ﬁ@t Ref By Ehe fARActe S(urb@ttrm}imps&uae%am autahved
third embodboeat nef m@ PRSI dr\eaid tmeth xejvldéaf Widon ey peogeatact

pad is coupled to a c a tar et_thr hasln | ead formed hy a
Lape autonatgé@’sl’iaﬁ&en F b O 98 el ENS B Ehe Al S cofRCet Sheand
t he cont act pakckactiuke 3ﬁdf®rsxqapcmnt st tsine foe sﬁppbetd:ngt ahé csmuh)sad‘:ate
20 is electricall onn t om of the
substrate 28tv?1é:tt r(e\é co%t a;%%nt%%eié;esé%%%ccﬁ%q}%r ougﬁelrg%et&g%"l The cont act
pad 36 is connectled at Fustbert omspertacefwi thea pregert | ayeyernbheada74
whose ot her -gp glc%d'il 5% GReLisd L9 ﬁeEéH}éeéhE' radl i PR Bled to

i nt erconnect pa 1?row ded on a PCB substrate 62. The contact substrate
20 i s nmount &8Son TPREPEB shFs r ate 62HHARIIF aneéFSEFéﬁéll AX AN B SBPBpor t

structure S5ZherbiRte@drmct 1nubsfuatRe20aspébe 6f a&t@@feeﬂént ifeestiPEar t
structure 52z an substrate 6 i xed ther b
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APR 2002 19% 8?“@%&&6@%};{ Padfesi Ve ﬁ%[ B‘E OWh ‘\Cl\q" h?‘ﬁ’gglegé] n%?%’}e%/‘%%dTAB
| ead 74 for teormiectdontadie radtand phd BGBa@@idt o REHglud g8 élbgchrical
gul | -wi ng S%%%e\emro% & v d s g, (lﬂee/ea) FAREHERN aispel@Ndid die ngeg’gﬁtpad

38. A support nmenmber 54 1s provided on the support Structure 522 to S ort
the TAB | ead TVERtAShotRe FUABBIRE 1 PORABG R alF RIFdiEided &EWWW%gtBﬁaE%-B

which is sinmday banhbet&aand@r dkhguldontang | pad” ased dhe a Wy f pa@ meynt
t echnol ogy. BS_T# se.of .th -war d bent of theeaaq#ll-vm ng type TAB | ead

74, a suffi & k8 ﬁjecai? RERE R SHF ST | eft side of Figure
11 over the cont dat porfmntnhé)et weredthe oPCB - lpad 3@ st t hevéABilbead The The
ead form of e JABJRA] L AOIRELBENor L BLAGabER e b LeOUL e
speci al toollng to pro ce the s er o I'nt erconnecti on

bet ween t he estdditshrgt $haeygahe mdpaaswm |bafavepre ¢ hen contacturpd on

appl i cati on t$fiche G956 6QPEHEELOE @%\ﬁl Ge dostdd, chogeexanple se¥gteher
hundred connecti ons Thuys, such tooling may be standardl zed for a nultiple

of contact FERESH t AEgitheh BFEERNE THEVEAREF ¢ aF NE o iRe At S v nabRe
cogt act piafl b Wﬂgliﬁe:f?&é %tdmﬂéctﬁ@%ﬂ@%ﬂ@m i@ﬁeé’%legﬂeaﬁ:ngdugheaPCB
pad 38 w IS vari qou ndi_n echnol qgi es _inclu

t her nosoni c ¥*H‘ér£% onprds S %ﬁn%&ﬁlgl %’Stt &hd a%%rr’ﬁ%c%oﬂagnﬁn

t echni que. Itrhearmmﬂmeactaspebstraueh agidecd reertaconnargebns Wir |abgurther
establ i shed through LA T elaToTe plels) y ) reen
printabl e S(ﬁ%{er pag?e.%i{g 2%?3%%“’&9 process I's f’:g%ﬂrrlle out&gjase faﬁﬁ
reflow characteristics of the solder paste and other solder nmateri aI s wel |
known in the art. The PCB substrate 62 itself nay be a probe card such as
shown in Figure 3 or provided separately fromthe probe card, and nounted
directly or indirectly on the probe card. In the fornmer case, the PCB 62

may nmake direct contact with an interface of a sem conductor test system
such as an ICtester |n ‘a manner shown |n F| gure 2 In the Iatter case, the

[ T T ~rN - o



1 8 APR 2'002 zo establishing an electrical contact to the next iﬁr‘@ 2002
contact nechani smon the probe card. Such types of electrical conn r$
bet ween the PCB substrate 62 and the probe card through pins or conductive
pol ymer would allow for field repairability. The PCB substrate 62 nmay be a
mul tiple layer structure which is capable of providing high bandw dth
signals, distributed high frequency calfhci tance and integrated hi gh
frequency chip capacitors for power supply decoupling as well as high pin
counts (nunmber of 1/0 pins and associ ated signal paths). An exanple of
material of the PCB 62 is standard hi gh performance gl ass epoxy resin.

Anot her exg@i{ace:ta@‘m@ldﬂ |t&§ée{jcct?@.dﬁlt§ﬂﬁhfﬂtﬂm‘@-tl:[@ lheﬁtalsli:ﬁ@dn @hnf»aﬁih a
ceram c subsirate i.s _ex o.mn ch in,.coefficient o

Cenper at ur o ARSI Y 5784 BOFPRGTAPGROCHREE, A6 EORT T RF DS s uch
as a burn-i rthteesd:omtfacstensubetlnater andfl er carthqrackagget | C deviaefurtfher

support SUT SSUG 582 chel Gstafl| SRR caln st LRI gL dinckagi no

and i nterconn 1 on O ruc ure. e Su ort s ure
made of, fopaskaging afertdif contd ded Pruiuee ors mﬁtaablmme@lelsmmh a2 |s

to establi shfiled bidJdy TaBt heaackaghfdingndet fbehcemREI A 48 on
present invention to overcone a potential planarization mechanism The

el ast oner 4218 SOFRARH I BRSHRHHIID & c"ri;?l'strﬁsi-’ttcrt'—‘illrgﬁt'errperat ure expansi on
rates between thad@tdigig sibsthat préfeand ihkenbCBnsulkie Qfoatlﬁi?glrﬁﬂ eﬁarrpl e
of overall l.ength of the signal ath froml_th(l}e contact .str

a C?J (#lrle 30, th
contact tracdé3ZF IHECoith ‘fs%r%rﬁ)lq RIS Pap Wt hR PSfife of
sever al hundihed sty ormqtexsem&tausa thet mmh@etnermmmer@em;cdméuctor

packagi ng i ntg C%@-ﬁ-} Eﬁﬁ% [ &ﬁ'ﬁt iLy;Qp |l e
in a high frlegjency an uch as ever aercr)gr %Ee aﬁ (k}tlnr e%v‘g{rDilg
because of & &lcamity&he §mrt|a0ﬁuﬁ1§ép0§prev@naa|ptehpo@emisoroe@erae%enm ed,

the packagi Rgheb4 nbgr@trg&oﬁémw Etseneeesegt ﬂtrtéfleémm %&o@@h the
fabri cat ed 18APR2002. 21 with_ |l ow'cost and Eﬁﬁg‘pFre iability wel |

hi gh productiRh%dM SHIFRSE PF SHEWSORRBCHeFU 8 ’B?u’f’ﬁenght:lﬁ‘ﬂ %%BGFFrent
of the preseriduerd. oMordolki | md:a%% b€ sheargbatandlgosmallsntfiber

cont act pad at_1 bot t om C act ts at 0, t ad 38
provi ded on < p‘?‘f?ﬁgehgl cr%c%otlggg go %%Bass stifea %ﬁ% ’%’teﬁg(?n%ﬁe?ﬁg
vertical posind gackiagimg PCBtbaopJS&emhe-rP@@mstqaat becfabhasatedawstt
portion at t I t T t i TAB
Poad 747" and The ek Tah D17 Be St ol Shac by e ap e Bt Loy

t echnol ogy (SMI such as RisiSig LS =11 QIEAWERdSast e as wel | as
various other bongidig-d echngl egle@hérﬁu:&i@h agagbethrremwlegbcmdsﬂguctural

t her noconpr essi aon, bo di n and uItr%% t ech Qi gue. BecaHse of th

oni c bog gg
si gni fi cant INF eotrW%eHb & SHPSHERES Fﬁnﬁf’ pat FePenRghfscter
i nvol ved i n ddut csyﬂtzascm tﬁvupgtatet&l; lm@ad act trace 32, contact pad 36, and
the TAB |l ead 742, e_.o ol A V, { gh
frequency band, é}&asngggéera E&E%&Hk/g etg)i\}e agb}‘gegauserg# é'rh kil ?'gnﬁ)r%:)
of corrponentdseﬁamﬂcﬂdleéta’h‘@tslrr@pl EOxt reRANRQL V1T t ﬁélecoﬁﬁéherh%acﬁo afe the

assenbl ed, tdani R OCHBEd DN sk DRCKIOE NG Qﬁbé@ﬁa@é%&ﬂ&léﬂventlon can
be fabri cated with | ow cost, and |gh reliabil |1%:3é1as well as hi

productivity. Fi S 2ndfs & FREr VASH rTReNATSh B e o°f the
enbodi ment qirdthe s endvimyemh i epoxhertng foe mothoimgypeptonhadtypat 36
is coupledt o] e nted circuit board or other
structure. Icga%tlgféexeglcé % E’#:?%}BQ QORQ%&%’%% contact pad 36 provided at the
bott om surface ofog‘ler%%nﬁéc%Esab‘gt CAnsUis cbirfoxans showiranaauivelstyi a

a single |ayey JAR L eafl vy pJQSeCQQfQCBQI’Fﬂéufé provi ded on a support
structure 524. The contact substrate 20 is, a silicon substrate although

other types of diB}@8¥eicosubStrat eSCREBATAS ¢FA3GTBPox§LOPSNG ncgetact

ceranmic, ands@fmtﬁ@esuaetsb@tleeear eviiisotheaprielsent iInPedPRor’ piBAudedrhe
TAB | ead 742 ﬁtas str ht sggﬁe as, in_the exanple of Figure 12. At about
the center of“FPYfPe? ‘E%l FLEPIY BEPFEPR 20 is mounted on the support

structure 524 t hrmlg\hlraa &1 o601 @y sd:ﬁemﬁluecc@nagramsmiswmg famples of

by Tor exantra Gh SRR T kGRS TRECAONIEEL o Ty yenti

mechanically fixed to the support structure 524 through an attachnent
mechani sm (not shown). The end of the TAB lead 742 is inserted in a
receptacle (not shown) of the connector 46. As is well known in the art,
such a receptacle has a spring mechanismto provide a sufficient contact
force when receiving the end of the TAB |l ead 742 therein. Between the TAB
Iead 742 and the support structure 524 there |s provrded a support nenber

. o - — o p— -— A P~ . . ”~ ~ o o




Typically, the contact substrate 20 is a silicon substrate although ?T{her
types of substrate, such as gl ass epoxy, polyimde, ceramc, and alu BaAPR 2002
substrates are al so 1 8 APR ~OZ 23 - feasible. The support structure 524

is to establish a physical strength of the packagi ng and interconnection of

the contact structure. The support structure 524 is nmade of, for exanple,

ceram c, nolded plastic or netal. The X astoner 42 is to establish

flexibility in the interconnection and packagi ng of the present invention

to overcone a potential planarization nmechanism The el astoner 42 al so
functions to absorb a msmatch in tenperature expansion rates between the
contact subdloraierl 2 andsid RCEH lisdtrAitee f 0 nount the connector 46 thereon.

An exanpl e of ané:overall i gnal _path Iength fromthe contact structure, 30,

the contact trac& 2 TS hd cofft aft PSHSTETLS t HE“EAE of SPREITER Pealii¥3y is

i n the rangemfodieesrtalofhunige egresenbnenewest iBocansevhofch HEhes hpatkpgihg

length, the Jid erfp0pechhan:2ad narkagtag: plnlle pUSRA ANV RN cglabe
easily operable in a hig requency band such as severa or even

hi gher. Mor eswaiidasecatseaofbeheomovirfasnal ofunbBe ofcBbApbnedubstvabe

assenbl ed, tRRNACKAG NG aBHLhBECIEAIMRGIIO R Lhech egantnd &y ent kenigan
be fabricated with1ow cost and_high reliability as well as high

product i vi t POFPuRRS BY ShFREF U h U B anpl e of the third enbodi ment of
t he present inverftiiquremer eigh thesditdtianid yAeageainacéhgadng S acorpiiedikd an
i nterconnect_ _pad provided on a.printe Lrcuit hoard throu a, conductive
bunmp. In thgt%%ree oqfﬁ%%rglgﬁt, eg'ggoﬂifnégl% é):%r Lafg)teur%r%'g%?t, énXSHFéi?P
trace 32, awhexeigl @ gondart ivec potlayviermpad 86edrbefweandtbe aonbatacpad
substrate 2Q..4 tructure 30 is fornmed on the upper surface of

t he cont act ggt?bs%?;?g%g;avﬁll e the contact pad 36 is forned on the bottom
surface of the sdbistung e 20isTydi cafrsmatie HRAHA™ sFhoMiance 20 pscand

s: l'icon subs_inwcﬁl _n@_%&%@ht@éh@feh&ges iﬁireﬂi:@bﬁgti{ﬂ Q«{lﬁi&hﬁtﬁ@é lepaélfaaaiﬁ |

gl ass epoxy, polyimde, ceranic, and_ alym na strates.are al so feasible.
The: cont act 350 TR SRR A e ST AE LB EY Py BURALBgar AT S aac 4R
provi ded ona doBtafR BV p2évddedB ssubst bat eofi2 sulrfaegh f cdmelucbnvachunp
56 via a si e e | 2 4 g pe
as in the e@r?pﬁéer?toe; “\Eﬁglt}rlg%dE%‘éaﬁaggg?gﬁce#g%ﬂf%ecfa r{s:&%’j‘%lst8 Pgiﬁ‘-ég%@%gégﬁ
mount ed on tHEWECRE Wistay DR cardurph a deper tpactkageure 522 and an

el ast omer 42. Ther“'W@Ciosqﬁtéars%h%%atti%e & AL QCEhAG4 nbh& SHBAEL ed
structure 522, andl e PCB substrate 62 are attached wi th One anot her by,
for exanpl e StadaHesite YhidtSeFRRMm)emreA FNeRl £ 8 4Lhe RTRBANE NN TRBELEOR]
742 and t he wH{poit e Wdni£cb2ardderts i s prvwaed a support nenber 54 to
support the TAB |l ead 747 elxterédi ng st:)cté'\rﬁenié hedicontaz%t(\:t E%%qvi% and E‘? PCB
pad 38. By the a plﬁ%ra‘?i dn of5t hg heR ; The® condtitd Ve urrpni% s g\/ved
onto the PCEBmzetild@eriwroft thehpersebst iesentionTAB Wiy 4zhandatkegkOg pad
38. An examn] rO%gFFECSHﬂQee&bﬁe WM BERY $sRe§O abHrerg‘i%e‘jlé){;bf‘ TAB

r
st andard sol de t echnol ogy. Another_exanple of the conducti've bunp 56
is a fluxl esEars qattapated kafiding gieashdeiysen 8dcoryass| nagi pgovided

technol ogy. fwrihpbresanphasaie tde cpaduehtretb bR E MoCRPING! k¥R
pol ymer bunp and a co bu i nvo] ve tFe use of gl§ner in the
(

n;EI i ant ng whi ch L
bunp. This HEPPLTh HHEAT 2T AP Pf afalfP2REFbn Y85 efB Br PET 8&F i ént
of tenper at uteevBx@aresdioange M smat ches in the packagi ng and i nterconnection.
There is no refl aw f tal, j Vi i dgi ween t
points. The cond%%f}g%%% ,%ﬁp&{éﬁ%ﬁn%fag%‘gr gg’%@%&nt%bfr‘%gqtﬂ%d
conducti ve afHesttere Te tdemphiize: ephapgimsnt bl prasenhdmynitiiers ivet al
coating. The,polymy Eksrhypheal b¥apbateds Wikhagohd afwkdspetasihcald Yan
conpressible, Still further exgnBI e of . the Cﬁgductl ve bunp 56 is a bunp
used in a cotRferFenestiapsandnPpckadhtst FeHEEchnol ogy in which sol der
ball's are fornmed bygane enadpoiat izdnsphemessic Thead¥ah sehstiage £2 fulraeldr Ny
be 8,Probe GRLGLPLCE B5,ARRN0S AT ORI CcRi 00 RIBYARLRCRSY ALRLY QT e
invention in which a contact target is a connector.

Figure 14 is a schematic diagram showing a further



25 and nounted directly or indirectly on the probe card. In the forng PR 2002
case, the PCB substrate 62 may nake direct contact with an i nterfade cﬁ B
sem conductor test systemsuch as an IC tester in the nmanner shown in
Figure 2. In the latter case, the PCB substrate 62 is pinned or in use of a
conductive polyner for establishing amglectrical contact to the next

| evel . Such types of electrical connection between the PCB substrate 62 and
t he probe card through pins or conductive polymer would allow for field
repairability. The PCB substrate 62 nmay be a nultiple |layer structure which
is capable of providing high bandw dth signals, distributed high frequency
capaci tance naiaiﬂ'lraoeggtat@auli&ahofr @iee reha redi @mbca@aﬁéh@r aff hepopeesEHRP! Y
decoupl i ng as_well. gp n_count.s (:nunbﬁ £ and 8s§oc i at ed

si gnal pat hg)™V. e%%"ékérﬂa 6P RafePREFtSYe ‘édeaSs’cﬁS TR~ ksd; ROC¥aRHar d
hi gh perfor ma'A@I dsadepndythestant drnithegesx aspbaeodf t et et @nnattion
ceramc V\/m %qgg m ze msmatch in coefficient of
terrperature exp 510 II:I§ ra es during high tenperature application such
as a burn-in testFigurseniBoridictorsargneatsiandipaskigeshowGinieyiecefurther
support stryediiss e 2t Sudtusst 8kl itHe apivdi é@bodinengt BfOftHJ‘epPéégﬁQ' ng

and interconnection of the contact structure. The support structure 522 is
made of, forlTEeAIR &Br affitSh ndl dEEnErRGEive Solwmer | ifhelRFexPORRESE2 i s
to establi shhddweerbi they TABt heagenckagi @ndomheltwﬂaegétoras)f driee of
present invention tQ overco l_b(:laég%)tentt al “2 narization nechani sm The

el ast oner 4?%?&%&5% 3 Cd’rabglé‘ T in t enper at ure expansi on
rates between t h@‘lcguueacttssubst raat echemandct héi &@Bams ulbttawdtrey 62. ﬂnuezhnpl e

g];) Ot/ﬁeaclont act race t?}gfs%%ga% ‘fe)&gegggand ?]hn“;}l};cé?l eadcﬁﬁl égkﬁrthe
range of sew&dal lhﬁﬁm@ﬂnwm@ﬁeﬂ@r ses%bhh%}ée@f biyhea sﬁ@‘rlblsat]tﬂf@tgﬂ‘hB t he

i nterconnect It%@%a%ram %rfaflrtd)e 1réraeseetwbeﬁeat !:intﬁéﬂ Qadeﬁﬁbwded
operable in h fre uegﬁ% band APR 2 suc as several GHz or

even hi gher athb? eB?)EFO bé& ook h%h‘F oﬁBPtFSFaIS oMUYHpRRENERSt 0
be assenbl edorit-tpankagingranthd i ecaormectt argef dnhtea mﬁsleetchﬂﬁeﬁti an
can be fabrldcavted Wi tc%saiw cost and high reliability as well as high
productivity. Fi gurpe hows a further exanple of the third enbodi nent of
the present inverianrehé?eiis talesbbtemmi?yggimﬁfacﬁhpaélngs gonptafied an
I nterconnecty tﬂ{ﬂé"di?dcﬂg‘ folFd Db & {kdnd bParkk throsgh: a; goafushive

polymer. In t exanpl e gure 15, a contact_structure 30, a_contact

trace 32, aJ\ﬂan)"tcé'l 3R a?t‘draal%‘ht hapRd deuRle fLAYeR ofPR chRedct 1S

substrate Zan-Eflecﬂﬁﬁé&Taéhhuﬂhtléﬁcaﬁneatfteftr@rﬁﬂ Padiey P aleniBdy aecbef
t he contact substr.at le the contact pad 36 is forned on the bottom

surface of tcr?é“é%tset‘faitce aZ(PaJT‘he O pat S8R  connected to a PCB
(print circuit bdargl)repads3sipravisehlenat bc PCBagulest r shewbagt lr ofigiit heTAB
| ead 742 an C iLcal l tact b 20
is asili cogncgducfs)l%t%ﬁa tﬁ'%ghnggt ggre ngg%oféﬁ?%eceﬁﬁqc@fs:u E%rgkéggﬁﬁch
as gl ass epd@Vergolgn niBe W rﬁccoahac | GATEEts Ubst PaCosngcEon sko be

feasible. |nddtiscttednpitn the dAbleatayd? TS Besdl ai ght shape similar to
t he exanpl es of F| gures 12-14. The contact s%gstrate 20 i s nount the

PCB substrate 62 F¥Hghld stppdr t SSPPIREHTe a0 shewring: c?rre?uﬁ’z' the

cont act subsicdt £ie, st heceliast offet hé2 fouhrehs igyiardinsdtuch fir eh&2prearthtt he
PCB substr at; atta with o] o] dhesi ve
(not shown). erﬁ)ge?‘?t?{cgclhdé%:lt :EJ\i/Hgi%h 3 c?ﬂ@g?g gzg?ggnedl%ogb?&%g}r%ﬁc?lvtegbgt ween
the mating elemnedird mtlrxrathq $hra/zeglt1tcaham pgbie davert TBRslead.not

conductive in thephori&onipal j di eCEERBma M OXBMEY %P shBRiBENAICE LY her
polynmer 66 is a conductive elastomer which is filled with conductive wre

t hat extend§mﬁgﬁﬁﬁﬁtﬁErEEFFaﬁeoéfQﬂ%aﬁﬂ%ﬁﬁ%ﬂﬁﬁbOQkW?%hsogthE? EXEF5Es of
the conduct lmm&w@rn@%ﬁ@ a kchdR iveDbudp g@sinbb&p&ht@he@sbélﬁween
ani sotropic i,ve anpsotropic conductiv ani so
conduct | ve. pait ok dead 86t FiS: e SREARHCPRb =0 L6 b SheRBRA e
conducti ve aﬂhﬁspaekaglﬁglmeMbarsh conducti ve partlcles t hat do not touch
each other. The c i path js y g g he

the two eIectrodegggggé Eﬁéc?%|él|8%§%ﬁ§g EThie]la |§gt?%%%é %oﬁ%ugﬁgge

is athin dielectric resin filled with conductive particles that do not
touch each other. The conductive path is formed by pressing the film
between the two el ectrodes at a specific |location. The anisotropic
conductive paste is a screen printable paste which is filled with
conductive particles that do not touch each other. The conductive path is
forned by pre55|ng the paste betmeen the tmo eIectrodes at a speC|f|c

o, . - o, o



The PCB substrate 62 itself may be a probe card such as shown in Figure 3
or provided separately fromthe probe card and nounted directly or 18 APR 2002
indirectly on the probe card. In the forner case, the PCB substrate 62 nay
make direct contact with an interface of a sem conductor test system such
as an ICtester in the manner shown in Figure 2. In the latter case, the
PCB substrate 62 is pinned or in use d8 a conductive polynmer for
establishing an electrical contact to the next |evel. Such types of

el ectrical connection between the PCB substrate 62 and the probe card

t hrough pins or conductive polynmer would allow for field repairability. The
PCB substratmediZ imgy dierwctmrd i gof echayfousthuetmbodiwkenth afs wdapatesent
providing hi;ghcbandy difl, si gnath. di stddfiut ede N gB,hGeRYSACY AARAST t ange
and integrate i gh Trequency chip capacitors for power suppl ecoupT I ng
as wel | 1 igcaprorag@Rd 2BesweRnghtpe n dosipdes {AvAberTAR IJJG©C%i asdanghe
associ at ed $igRaletPAYets Al VATV RDie BIRT Id YPaditey RUP mathsdFat e 62

is standard hi gtherfornance gl'ass epoxy resin. Another exanple of nateri al
i s ceram ¢ whi chFilgu@gedted§ o2niSiHam 16 sHaggRalmn s¥f¥ngi antfgrther

tenper at ur e rRPRFITO BHIDurates €hei peubtBhehbBagabr @ AR Getégansuch
as a burn-in test ,of sem C@Pﬂ ctor vvaf(grs and packaged I.C devi ces. The

support strd®eREis 18 ¢ aBl i SARAUDRYET c A SPRengtR R PEPPERREHi ng
and i nt er coivetoicieon tdfe tdrarbdentlagterstTAR theael aile thppposttatt ucdbget 588 1S
made of, for_ex | 1 Coap o} &l The el astomer 42 is
to establi sﬁm%l %)rgjﬁ'ﬁtiet%golq{r??t%teﬂ&éa%‘gigEﬂnag?ﬁéé—’{r?glﬁ]t er conrnse'cjti on of the
present inventi offigynsyepdorie® aapadmnailipl dhagranm i thoweehan sivrgher

el astoner 42,i$9 NGt sutd GPSPRE 2olk8ARLRROEN mMeBPYBILNE SXPSBAEON
rates between the contact substrate 20 and the PCB,  substrate 62.” An exanpl e
c

h
of signal pafWerddGth it olWREEh n & hiRdidackRlyi MPRIRFE hYer RAHBERT 0n3¥E i n
the range ofinwt?oaaﬁumdbedw@awoméerdsbuba%camageef The sheid aadh taagth,
t he packagi ré%r%n ir?:ltﬁgtrc nnectmof t he pr.esent énver]%i on can he easily
operable in G 1 cﬁ?g-‘r"lgcfso RSN rH1Y G5 ERRAHTRET :
Mor eover, becausé&igfurehe 2dowes tat adchrmdisic ofdiegmaomeshewtingbeaasfifibhed,
the interco td. ol tk t sLn t ;
{abri cat ed WL Roq? SiERpERathr; EvREIA. LML baBeatng,
Fi gures 16- 22 GhbpLer¢enneftéabodismeeatalpliskedr B¥et FRVBAE dmYsier 8RB t he

bottom type GG RAhter BRMieE )t 2eddCBBEREEN AT §6AtABEOYEN SroPLlba

| ayer | ead formed by a tape _auto ed bondin TAB) process. In the fjrst
exanpl e of Bty eb?%‘,:oﬁ EONEECE srétafﬁu@?%r‘éogﬁgflgr ﬁé‘%?séﬁa&ecd‘?‘ﬂ‘ﬁbttl%%bg Fat e

20 i s el ect decaldat connettheck tandy € ardracdctpachBfetvien aa qorndlaet cardcer33a and
a through h 35, !ng tact structure 30 is fornmed on the upper surface
of the cont ?(ﬁ%lgtu%o&raaggo%o while the contact pad 36 is formed on the
bottom surface offiwresuBBt g ea 26chgnatdgntHicEg R showingormeneddfied g

APR 2002 29 QlyduiROJORhaUEs B6R abba fmélotitife thidy pireBORL! €A9eA6iWR0SE
other end is also conneqtgj{:l}_‘b%&a%egrl nt (id il rcuit bogrd (PCBLnI nt er connect
pad 38 proviteFhR Stres tE3Plencaysht 288 sEBBS: +8t ENSOTPIrABEAt ed
on thehPCB S s ohat goGZ ihtétjgbnﬁécE{iﬁﬁt(ﬁm %cawyh i UpReibe 3 r wet ube
523. The contact substrate 20 e elastomer 42, the support structure 523
and t he PCBcs%eﬁ%a% t@tgt}lée?i%(%%t%% hé%ll:%e%snbt her by, for exanple, an
adhesi ve (not shdwgure n26hi s eranptleemathic ddilsiosamyshediidB d eddriBefror
connecting ey GONACLepadedbeand thit PEPDRUCABoRRGAR WIPAnd CRfleBeAld a
| ower |ead B. A support nenber 542 is provided between the upper eaa and
the | ower | dgtvesitiore FABWHESE . CIREATABLEEERL761Had £JPWECEAgE_hBSe
which is simdedted heish apglarerigué | tayee temdieb@ad used in a surface
nount technol ogy._Because _of, the omg-ward b% of the gul_l - W ngft ¥g§ TAB
lead 76, a suffi i EMTTerti cif & eSranBatis By SROYRRI| & ¢ TurREest
Figure 16 owssditiedontanttpeet iodn tied weefith hemBoBipett3® andhe heréABritead
76. The lead, fo of th e . en ul | - wi

require specliréYé‘Jt;r%l() 1?ng%t mgr%ldﬁ'%ez?ﬁégggmn\g%%e%ce{% garééjél\ﬂrﬁj}%bgexfag% By

i nt er connecté¢annéctedenithetbensbraiphtsshapet heiplts pavsrwlhB beadsed in
an actual appl i ca@i%féu% a%s SN CORGHELOE B C8hbREngSeY ekl chiundr ed
connections for exanple, such tooling nay be standardized for a nmultiple of
contact traces with given pitch. The structure of the TAB | ead 76 havi ng
the tiered leads A and B establish a |low resistance in a signal path
because of two leads running in parallel. This is useful in transmtting a
| arge current such as in a ground line or a power line of a probe card for
testing a sem conductor device with high speed without deformng the
waveforns of test signals. The electrical connections between the contact

”~ o - — o g— — o . - — o p— o — o - AN 1 NS



1 8 APR 2'002 30 including thernosonic bondi ng, thernoconpression qoedAp’n@ 2002
and ul trasoni ¢ bondi ng technique. In another aspect, such electrical
connections will be established through a surface nount technol ogy (SM)
such as using a screen printable solder paste. A soldering process is
carried out based on the reflow characteristics of the sol der paste and

ot her solder materials well known in the art. The PCB substrate 62 itself
may be a probe card such as shown in Figure 3 or provided separately and
nounted directly or indirectly on the probe card. In the fornmer case, the
PCB substrate 62 may nmake direct contact with an interface of a

sem conduct mbdhestedsy&mnm a8 ahel Gﬂf&&t Ekfmlbcb’dﬁné’f@tﬂnef itﬂh@\Mpi'éPseEhﬂUI’e
2. Inthe latter case F’ %B ubs t 2tE or in tscﬁ

conductive pY W‘P’Erlof"o?ne%’ ab §h‘f?\ﬁ 3?1 %Y% W‘%a’fs c:'tfhcfoa%?o’f% eb%te‘ﬁ’(?e’f‘evel
of a cont actheeTABRN] sad cand hsheroint acdr darSethatypes of igiteotadroadction
connecti on ate 62 and the probe card through pins or
conductive ggfivﬁg%k\%gﬁlrﬁcﬁel SL%(r)r field repairability. The PCB substrate
62 may be a nult Fppaneay?? < uet Bchemstdls | diagpabl ehawintoyidi Figrhiigh

EanﬂW:c dth Stnaaakﬁedd@@xm&tﬂl@ Jfafghhter quy?m@@%éﬁ?cwa%é r\_rls:ls%@ééﬁﬁd )
ig requency chip capacitors for power .su ecoupling as well as |g
pin counts (Lﬁ‘glﬁﬁ‘éllc’@f 3 YR EhﬂeQSEBEiiHFEgvég Sp &S ) L NGRFRYERHPPE

mat eri al of pehecBaBth2 tnptLandaydrhu'gB beaﬁoammme gt astsa P oxYryEss Nas
Anot her exan | e _of mat IS el V\:hl c IS expected to mnimze

m smat ch i n*8&&FFCE: O?‘ aélrgpg arggi pan3|e0rnS ‘(CTE) rates during high

t enper at ure appl Fa@ur@n 30chsasaa Sﬂl‘rematrlq ediagramerdlvorichgt er fafeherand

packaged | G davicGag. r&fSttHéCtﬂf%kp%ﬂ?éd RSt 8R! i3y %Péé(éhﬁa'
strength of "the pac agl ng and i nterconnection e contact structure. The
support stradvensiom iB rgichhf 2 fepndykbYe, RV, 1ol deermresatedor

netal . The glkagkemErid? thsd1e ashad iTb filed Ridd tbhd fbéﬂ\%d?@%@ﬁéélﬂ a8d
i 8 APR i 002 31 |nt erconnect i on of the esent |n¥ent| on to overcone a

potential pP&fafi £, dtiter % functions to
absorb a m srratctn"llglmrfeenmaratmr& e;cpmnmton: rdliagrbat veswirme eonfacther

substrate 20 |1 h
ength- ext olBAIG Frorm CRSHOs LoF - £PB b S ge Phe ke B PesFAt e
range sever ahﬂwrtd,md im whombt éhseeB@@a@s@t@vetmlxmrtanpatirlcr@rmhatede

packaging | '?:te%%%@ln%%te' %1gflet heyRLEeERAL 1éaaeaﬁa%é%ﬁea@@8téy999§réQ' e
in a high frequency band such as several or even hi gher. Moreover,

because of énF@IréﬂW%F%an%mﬂn%mqr%onponents to be assenbl ed,
]Ehg packagl ng anqbllgndx%r ceangﬂfﬁ! cmh CﬁcHd%?t{MceS@ibgﬁ’a}nFntshOW1ﬁﬁn bhe sixth
abri cate V\A ow_cost | rell apl il as .\we uctivity.
Figure 17 siT é&ﬂ}ﬁ“ﬁ‘ a%Wﬁ%I%Q%? Yhet XEP% errbodl""rlrlelctSh mfrg? h@aolge%%ﬂg
i nventi on. Iamd hlstexaopnectaododlsl ee$1aa}&el'7e€eha'dx8bbfeaad $$29havﬂwgre;pp'éABand
| ower | eads gjég ButSnfty d%%nqu ghe @gaha%ee@@eﬁfi gonasat &det ocfkhge

cont act struct 30. The up Ais provid I'n an upper and outer
posi tion of PGS 2% fdh %Hﬁelf cﬁ/bérrfa}“eeadD tl"l‘hec%tp%?t I %%SW?Eecéﬁﬁeét ed

to a PCB padi¥gtandohbgct owRirdetadad weltomechediduble PCBypad B8 Tead
accomodat e .t he PCB pads E8 nd 39 ther, Ny atPCBbs stratef62 IS a{__{jﬁnged
to have an é’cfgté"%l gc8" 3?8 hiFkness e 2% 3 POrt§ A% ok

PCB pad 38, camteart isuisstymore iaomd aadjmndtmmtmctedtger@@ttl on having a

smal [er thi cknesspLo,FouRt pLe PEH;RAd39 . pIne eleechidCal fonnget on

bet ween the TAB | Sabt i shed by
a surface nount tRthestedpliEdVry spe@kagingi mpa wt@éwqmefqta;mre Sf der

paste as m'éor&%d@ré@fﬁc%{@rdb%étﬂg Leehnal eaicse Ic"kpwda;ﬁglﬁaﬂae&w c
bondi ng, thermconpressi on bondi ng nd ultrasoni c bondi ng techniq

Because of tHesiggmaakefany §|l?&lqug§’i ?é‘slg‘f PRREAgEpEKERP eénastéjﬁ&Feﬁath
| engt hs i nvaamest ishdwhaedt amreatwpéslr@f W eaniicxl patacex82ndedntaein pad

36, and the TAB | ead 76 th exanp of Figure 1 8 APR._2002 32_17 ¢an
operate at a-l;}/ee qﬁ fre gcr}lc%/e bana*Sué %g‘sl gngnagl%loﬁﬁreO\%lg

because of taﬂe sshmts amuezempardisi wrlpiehsaucm:tan el@fctcxarqadne:mmmm is
assenbl ed, £ tJ ep [R=\Y n._can
be fabri cate vé}%hh gflg(\g/)v&](rﬁgte% |gcﬁ'ﬁ(rE asbrﬁﬁsﬁty taés vveFﬁI%%QIe e %ﬂb% ol
productivity.



The structure of the TAB | ead 762 having the double | ayered | eads f‘BaRﬁRBZOUZ
establishes a fan out in the vertical dinmension. This is useful in
distributing a signal or power to two or nore paths. Another advantage of
the fan out is to increase the nunber of contact pads on both the contact
substrate and the PCB substrate. In other words, it is possible to decrease
the effective pitch (distance) betweedXhe contact pads. Figure 18 shows a
further nodification of the fourth enbodi nent of the present invention
wherein the bottomtype contact pad 36 is coupled to a connector provided
on a printed circuit board or other structure. In the exanple of Figure 18,
a contact peacadpleornimeotdcdth art lkd econtiact] storretarieBd d ss@Eblecdlesd tata
connector 46z t d I T ctor 4 i
provi ded on%’es&%g:t){rggh ?tfr ggtgurggtggggt%ﬁg}ﬁ%gﬁj@zﬁﬂee éc]%n a‘%‘t’ngs%r?uec aﬁﬁ%iéo,
contact trada dniathrajughl ¢oliei bl apenneet tont 48t Lpameds agr &Meoredgre onft he
contact subghpatg, R0 +hrough phadet | GRYIrBRYs PHECESSHst i e 160 Alkage
structure 30 is forned on the upper surface of the contact” substrate %0

whil e the cOREIGR Bd PFENSs Fo6; I (T RIS A ofl 93 BRtPhL e
20. The contaet istRsidoriRct0 dypen Ifl iIK@ursedgN-adce. al t hough ot her types of
dielectric substrate, such.as_gla oxy, polyimde, ceramc, and al um na
substrates are ah?é:%f e%rlsji Ef‘%‘.lrgﬁe%é‘(i%g:ec%%?l%g Fra g OB ARk i T 9T ¢ F R ed
to the suppartcst r 3et urésb25dehignghedn byt aghmentichrechanito (emtalshbah) .
The end of g%c '?:‘%cjaq_a o%%dﬁdrp%r theqst :;ﬁ-o%er Qzﬁl earﬁpojfnts igif;e.t he
connector 46Z7. i's well known 1 n'the art, such a receptacle has a Spring
mechani sm t slember 8taPR QPEPLE3 capdovi dEhg sepntacenstanntage f 8Pcehamen
recei ving tRe, endaaf ddie it Ireathd’ @ driterLiHbr BRIWREN Kdin Whekg | £adi p and
the I ower |ead H of the_double Ia¥er, TAB Igagh764, there is provided a
support nenbOrESR €y sdpfoFtPt RRTF&QHs® ACHNTNE TPt Het THE Fekiyreeal 18
extendi ng beefenallle cehhapenpdd 36 aptikthe conrroimbi4i?. eAEsetwekheknown
in the art, _an inner surface ofts cq: receq%otajgoes arenaf)rogjrded witl?.
conduct i ve R&ERSS (ﬁ?a&?%’olc&n VPRI ot Ui S ALV e sTHERFGr e
of the TAB Bead Tigd bmving tfhece efedhedisrizvantaB bsamblei ghravides an
resistance s opdite BBhRaRECAYREelad gl hd %%qﬁ-a&hbc%fg%tus%%foy'
transmtting £ rge current such as 9 a ground line or a power line for
testing a sE¥eEBIGUCPEr edErdalni oh Khgh cPrrChH ERsUCtyaror P ngchethe
Wftvefo[] {ns ofcoaaf&%ltdte%tﬂa%&opal §n\</:th§e§0ﬁﬂ@I§éSD§ 4ﬁam{.‘fﬁﬁm?ec% egr@qﬁ@?o%éb
straight or ri angl e pins, ich may be conne .to .receptacl e

ot o0 above SR B STt or L LR O FEHPL *BRLH (S E peR, e
printed cir quctvikizat i ARER) lied desotripheéononfeptodudblohhpreocassantbehe

ei ther soli . _fl.exi I | L Jd : flexible i s~ Qrnmed
on a flexi b%gqggs'et:'%?lél%itéﬂ%%a%g %lg(gv?féa% ca%\cg:;tlﬁ:%rreciogﬁe%tt gr?%gﬁ ?/%[ é;ﬁ t he
connect or 4&rengyjiliedmsagpsiradenicOhia ebaxabprve anPeedsd efrbl AP hiolt tana
receptacl e i atgogaied dxm an i nner conductor of the coaxial cable for

recei ving the ends of %{.é TAB | ead 764 therein. The connectjon, between the
connector 46Z and@ he® | BX§SP8% or 1PKEPSUPPort SPPuctBfEX835NFs ndkda
per manent atitaeyesringedimd, ofil howlong afcrr diwbckbumspl dsedimecard to the
repairability of e t i he t r u .S {0
establ i sh até'l%/esi %gl sg:gjrhé%g’lt&ﬁ[)%é{(%gg péck%%#{ﬁ%é%nggﬁngér cégﬁgéalegn aorT fhe
cont act strisitham Twefaeppeift tier wikatrsEs 26, nade. of theorbatzom bype

ceramc, noldefd Nastis 95 BRbah i RJAE BN 42nkS dretald$his ig
flexibility in the interconnection and ‘packagi ng of the present 1nvention

to over cone SPIPHR] diC piih FPERFlors eehaM @ n? O THRT PSRt {nEta 4bodpsds
functi gns t and tHe ABBt&QQZt%éce absogm:@ddﬂrwmipwm@ugmdtemtee@t E!l‘sef@i(‘ﬁi%@ﬁi on
rates between the contact substrate and a S trate _to moynt .t he
connect or 4§Z"t€lé?egﬁ.p S aecﬁgoghé}%’i? acquﬁ&f%%rsﬂﬁﬁlg?:?gﬁt 8 of%}?’ﬁéof‘(?urth
enbodi nent cmbdunErsentfi nvieat pre seinér eimvéheidnt tom tipe bomttcact typed 36
is coupled ct pr oyi i.nt irguit : ot
structure. }pﬁaaﬁﬁagé)%grrp%édof géilcg%?gﬂ%fa’tgggonsg&tﬁ pa 36§%%é1ﬁle§%%d P’gtEthhe
contact strurafigrersue 5o coppedradings a connector 463 via a double |ayer TAB
lead 766. The doubjg,laye; TAB 7266 faeniit iWPPE: altath AsBRidg Ower rigad B,
each of which is separated from one another at the end. The Connector 463
is provided on a support structure 524. The connector 463 may be
mechanically fixed to the support structure 524 through an attachnent
mechani sm (not shown). The ends of the |eads A and B of the TAB | ead 766
are inserted in receptacles (not shown) of the connector 463. As is well
known in the art, such a receptacle has a spring nmechanismto provide a
sufficient contact force when receiving the end of the TAB | ead 766

~ 2 e o Y " T



Fi gures 20 shows a further exanple of the fourth enbodi nent of the % E?
invention wherein the bottomtype contact pad is coupled to an inv nnec
pad provided on a printed circuit board through a conductive bunp. In t he
exanple of Figure 20, a contact structure 30, a contact trace 32, a through
hole 35 and a contact pad 36 are forned on a 1 8 AP R 2'002 35 - contact
substrate 20. The contact structure 30t9s formed on the upper surface of
the contact substrate 20 while the contact pad 36 is fornmed on the bottom
surface of the substrate 20. Typically, the contact substrate 20 is a
silicon substrate although other types of dielectric substrate, such as

gl ass epoxyembBehYmBhee o fCalNigre sHitt aiweﬂilelcszwbﬁrah@eharceealp%&]{ae}ﬁa le.
The cont act gad 36 at the battom of t %? t substratgGZO i's connecfed

to a PCB (pPPft LOEEEGI ISR PR ot o Brtueprpt8gHSPREAS e P
through a cppdudtiede aimphe6 bdwogh sardacel eof ayee Tédhtaad #bsthiwte
contact sub 0 0 tra 6 . ort
structure 5 é{l?r‘ig § é e %egﬁzgt#ﬁgtgggt %g)tl&ss%b% at%gkgégggh ]IS%{E oner
42, the suppgﬂrd%tpadt @WeaSEQndmalwﬁebluw Srb St rc@tnelmiarreemltmﬁred with

one another by, f[ﬁrtﬁéaf‘Pi-& Shrdhe £ &1 hode ElhoéI“c)ont?&ét‘!‘E‘se&ﬁé'@ui-@p?

lead A and the |ower lead B of the TAB |l edad, 764, there 1s provided with a

support nenbeFmsE0n A sq.ﬂﬂf(ﬂqt ENPSEEsEe AAdLF RkeCtEheRL ersecmdttre
apgl I3 ga]gl Ona;)chri'&d"tBa adt h:escga@u%tggule @grrr%@ ]bétitiﬁrfﬂ gggctaw Océthiul?&B
a or a en the ea an e . An,
gxarrpl e of FHB S&EM@G #‘%O%g}ﬁo?dgpnﬁ&?% Jafs n*4 8PEndaryta
sol der bal | hbeehrﬂcﬁ .ogy TMnod:dnetraceb(aHpIracohr'ehesOcomdurfbrmedbumrm She stap
fluxl ess S%El?%a%%' brused | gn%a%kaﬁ%s%%%g e drymgolder %EE gfacci‘”?é °§r¥

Furt her exan‘g the conductive b are a conductl Ve
and a conpl Fast bb@ﬁpﬂmfcﬁhenmécﬁhéumr@rtep(%%mﬁ ROrIFJttH@ Vqlhle

hel ps in m gi-Rhel eqr@uartaruczﬂd Orpcrzr)obiﬁr@r@énﬁaf&(eaef BBChaNt Printed
t enper at ure” expansi on) tches in the and interconnection.

There is noCt&FPdhi #@aad &) & chApFﬁggHFE BEi Hb‘f“l?g S8 tBAEST TR By
poi nts. Theceanedtk v&:@olcmnraclturmads amedetioé PCECrped. pri Thabléntact

duct d I t. b I th t I
conting. | TheubetrgEentl 57T di Yoo Wt BRe ATHOUGH rHaR sV ANy
i s el asti cabliglectpriessishibet raitiel, | fsrer&herasexgiraises ofegd:rer,corphﬂqumeddaurrp
56 is a b“”Begéﬁ‘ic',”a% A i glnbe@u%%l L aRse chidp aﬁ%%&sﬂ% technol ogy in
whi ch sol der or e

S are e an evapor ati on process 'structure of
the TAB | ead 764Tmlcﬁé1ﬁ’hetﬂ’lﬁeﬁéadpéﬁélyeAbHNE BGe‘sfF ab| sekder e assedance

in a signal 1aahhsEeﬁaa§e gb1he wmleeeﬁnoﬂsg§ I%ysmylaeﬂié@@mtéfng a
| ar ge curren;ilfa ﬁCh as a%g?(iound | i.ne or 5 %l obe card._for
testing a s& ﬁBECtB Cod YR HGh é r\?nfllﬁffﬁ' 88F8r glg?]ﬁepad
wavef orns oBist iert astashgeatsbeEwganetBé shnuaca padt Ineramiatrmé ePCB phé
fourth embodi e n t | e

| ayer ed TAB eadhl}gghhgvfﬁgﬁégge?ta%lggl%%?u%g%i%g ]iu‘gécaié’% re provi dg%sto

t he cont act spadezb chﬁ"lriectle%ﬁ‘ 0 iRe @onpagsmerpgeigtedl0 drihe aphéerinad A

is provi dedteeh%m%@er apdrouke’ Hasigldy) ébar&éﬂa%xdtqw berd Rin Fhgure
21. The upper, | ead is connected to a PCB pad 38 via_a conductive dunp 56

and the | OWERVEBAdlBEPE CBHbCEERPES e PoH hey v iepbedigst | 98 dHR 57.
To accommd@&e_stdm Roheradom8 and 39 thereon, a PCB substrate 623 is

arranged to have .an . edge havin I rt |ckn mopunt
the PCB pad 38, andt r?gleﬁ(r?e“rpleg %lc?ﬁﬁ% acée’nt tcg telﬁbée %oo%fm%% %gv?'ﬁg a
smal | er thi @IsweissbeowerenntthmeCP@Bapad @d By tpeoapgerﬂcatr obhef boetbmat,

the conduct 's‘{&f%l&@%ff’ﬁhénéf EesuﬁéiP g 2atand g:%é:'%laogg?g% 8Ad A2 for

attachnent between the T Z and t e PCB pads 38 an An_exanpl e

of the condB&H V%J%%ﬁt%658nd SI?hEF scan§6FHer5U61ﬂﬁ3—’aﬁ?seed2@ nig st aPpdhigon

sol der bal | si@EtRltegnl hmidieoreeanplpesl ocEh@ievaduet bveubsrfpst86 adnS7
is a fluxless salder ball used.in_ a.,plasma-assisted dry sol deri

tochnol ogy. 2Ph@ AT CTRTEY of BERETTARE! oS8T 783 havitity A4 U LP RO S5 aE 88
| eads A and aRecstlaty ifdwsilEld an Anutexample ovErthe atonduensvenpolimeri 56

useful in dijgtrlbybing 25908l Qo™ hich is filled with conductive



,"1 8 APR 2002 37 - to two or nore paths. Another advantage of the, fan ﬁ 23
iis to increase the nunber of contact pads, i.e., to decrease the et B APK\A002
pitch (distance) between the contact pads. Figures 22 shows a further
exanpl e of the fourth enbodi nent of the present invention wherein the
hottom type contact pad is coupled to an interconnect pad provided on a
printed circuit board through a condugyi ve polynmer. In the exanple of

Figure 22, a contact structure 30, a contact trace 32, a through hole 35,
and a contact pad 36 are fornmed on a contact substrate 20. The contact
structure 30 is fornmed on the upper surface of the contact substrate 20

whi | e the ceintacthatades$tends floeyeund orhe rm.utﬁzstcte)mﬁu:rﬁeacedaa‘tcnm Subkigtat e

20. Typi cal i

other {ypes SPSRPE ESTbOEmEL TR tRedondh Botbs CAEON: TRl
cerani c, andabingi Ahestbedest aerapdlyl éo V@a@saé ofhéngéﬁsia ineqt 138148 s

connect ed tend RER (%h@&c@ﬂr&uhh haad dhopPadoRBalr QUARY ih 2 PER rate
62 through a conductive poly 66 via a double_layer TAB |l ead 764. The

contact sub®¥REP&E80 Q% FrBGHP@EIlBﬁ R G sUB%tlr R 62VERr olFeR Nigpert

th r ucL ure 5£§spedtaaoeta&taarer eABodI{gengggbac%h&ub&re@gge a&vetnfte_.cﬁi gstomﬁr
, the support structur e sybst.r a ttached wit

one anot her by, ?69’“5?5 I%n e?‘r?ﬁg’ﬁ&sﬁvﬁe‘(:ﬂB SR 9\# e%‘ét?éé%‘et & SRS ET

| ead A and iheehowen wWhadeBnothehboTABm| eme7&¢ntala:€er @aids ipr @muﬂﬂﬂhdmttdﬂ a

support nenperq pac.t a r ]tacﬁpll Mo

conducti ven%ol y%re‘%stt%razﬁégeg? 5 Qﬁgerdco% 58%:{’& %Sggmgeﬁ’ e %ﬁli ngsgf'tor

el ectrodes evamRlEY PR Rem™ Qﬁrdan oy hewet i ehisaandCnpackesuctiiote in

the hori zonigbw) recqiﬂda’gh AR SRR % owlf@e comuehlevefﬁcgtyn@kaﬁélbs N

conductive el astonmer which is filled with conduct%ve wi.re that extends
beyond t he E4PPE€e B the EIHATe Pt TVEETSs 3Phe o‘éwﬁﬁpl%% G tpntact
conductive gabyteatE628r d spesizidird cldly asormtected ot ¢ Ofi coﬁaaductpa\ae 36
adhesi ve, ~APR~L 30 a tropl onduct i f| | i sotr

conducti ve Bﬁg}’édeéna%a%%s%{%r%ploén co“%aétj 1T v‘gjt'i p%}(r% Ti € g}éaég e % &5t reop%O
conducti ve uilaesi ventacti IHratenidsh ashducthveupar hbteesd st hafI‘h@O crm'ttatcmlch
each ot her. SEPﬁaeagewgd\@%pfgbmg (oo ik Do @Ralitkd Nor adfigsiogmdgtyee

the two el ectrodes at a specl ocation ani sotropi c conductive Im

is a thin dPePEBFRLE #@si rifl’ﬁ |qeaFaft PadoRuesi 9os pared dteeataRl ’eﬁﬁrﬁi’é

touch each gihetrithe EUHEdd v Ratth | sohesaed t@wg@t@s%mtag fal l1Baq
bet ween the_two el ect.rodes, at a%[)em fic | ocation. e anl

conductive PHEPE 13 TREQYER VA MESR G @eﬁﬁscﬁuF ??l"l‘ ‘Fﬁ wire
conducti ve parti Thesbbhdtindowdiet 7Quik eathiot here Bie 1Gordunt idianettdw i S

formed by pLeEsshage! NechAshanobiess Lagd 4o sheminages at a specific

| ocati on. eamsot’ro;l)_lc conductive partic is athindelectric resin
filled with condliypii¢elpanti Ehes eontedtw @\hbatv*etsv t?Pn Iyex ofilicon

diel ectric gabgtiakel Qltﬁeﬁgﬁeotﬁefaﬁg’ﬁ@s JN&CONAUGE i ¥ & e dise f u@d by
pressing the particle with enou}gwjéfrce to expl odegtgg di,el ectric coating
p

on the part P&l §<2SFeSRBKY t RPY *ctFOHREIGt " bigs suRgtFptame
structure ohrthalsABfkaadbied hawvi mpet I&aatmpareeebfl Fadfurd and dhedardind a

| ow resi Stage 9,3 ShIBBLPALD BSRARE ol L LOChEA0saq ThLau sy gt Ul i

transmttlngalarge curreént a1 FRe of ne-in a
probe card for eusmpﬂug,aaspnbbgndmdor 'Elleﬂvi@@nwtth w@s\tmcﬂwammhe

def or mi ng t*ﬂ@a&a?ﬁ%ﬁ\%”ﬁ50£réhﬁouﬁ§éd5619”§'s?u pBo ST & 2R SRS ANHARigh
exanpl e of the fourth enbodi nent of the present Invention. In this exanple,

a doubl e | afeFe8*PMBLlRea@d 7 LIRSSy (BAFe SRR -oner | eads A and B are
provided to the ge &(ifredenaﬁngoﬁﬂ@@é@dréocéhebéO@é@@tté rm@ﬁlmcthe

contact structure Iead A is provided u nd out er
posi tion t hﬁﬁnf’ﬁgtllé?\ﬂepeggﬁg EYRE Z%‘é);éﬁe Spgpelcé%ﬁ? E&:’fﬁ‘?\‘éct ed
to a PCB (pfThet bdndlmguwurlaoalzd).spﬁdrée hoadadcoodtlhewm'@a)d:ynpad%G anfl t he
| ower | ead S t a a d yREr To
accom‘mdateg%‘1 ﬁ' %g@gdgqgge 5@081,1? hg ggﬂga t%CEHQ j{&%& %Iig‘% 52@ “fre
wire 72 1s bonded to the lead frame 45 and is clipped, and
the entire process above is repeated at the next bonding



39 - substrate 623 is arranged to have an edge having a | arger thlﬁfmfgs 0
i.e., astep, to nount the PCB pad 38, and an inner portion adjac ?%g
edge portion having a smaller thickness to mount the PCB pad 39. The

el ectrical connection between the TAB | ead 76z and the PCB pads 38 and 39
will be established by a surface nount technol ogy (SMI) such as using a
screen printable solder paste as well 1@ various other bonding technol ogi es
i ncl udi ng thernosoni ¢ bondi ng, thernoconpressi on bondi ng, and ultrasonic
bondi ng techni que. The structure of the TAB | ead 762 having the double

| ayered | eads A and B establishes a fan out in the vertical dinension. This
is useful indatiatiombuti Mea €ignaboodipgwers t donwo vdrthmﬁetbathgo]kl]obhrer

advantage ofy ]}t%;{?r?irpfl{‘ Prhess t dt C ISy %’f’%“HPthl ’B&?&u@@?ﬁe bn@
to decrease the eftective pi tc di st anc et ween contact pads
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formed on t K& d:,ppeér1 sur aceﬁﬁfrﬂ%% %%n Ig%ttgélbééjﬂ 135‘f)éwh| | e the contact
ggd 36 is forned on thee d:mamm]mwif%@xﬁ 1he tsh@sttcplat@cQOpadPescent abe pﬁd
i s conne s t T iC
is also con%?&cﬁﬁtgéatgﬁ tr??)g?&%gtr %ﬁé’wao%}ré %gcggn#%%ég%goﬁr?}ec%ag gﬁgga
provi ded on %iT=H sUpee¥dt PEB) %Qﬁﬂﬂrﬁ@ctsd!?ﬁr%@ePZQVPgeﬁome@ BREt he

PCB substr atf i t4voust), ahrhag! QMorffa rdf Gvid-e UPPOT tTisd I BE UsELSRBa ENE
contact substrate 20 the el ast oner 42 he suggort structure 523 and t he

PCB subst r att@26 L3t ePPi fedPi®th 5B ardiHerdBySDPER it Iuran 3ades e
(not shown) 1ﬂueﬁdm&a@rqﬂle;uimecdsmpqn’umﬂ: ayeseidddBod ewderd 8t her cennaeet i ng

t he cont act 4 agéi? d; 38_h
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triple 'ayerﬁ]qa 'seQuZ§uré SHPPRE rﬁrﬁ&" R4l ol oyhdedePetyeenihe

i nternedi ate B and the lower Iead Cof the triple [ayered TAB | ead 78.
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standard "gdosd g e ah@aﬂhélsﬁibpcﬁrtﬁ surfaneremmmiareeghreldogy thBegause
of the down-ward bent of th‘@é ull-v\/h%é;tf e TAB |l ead 78, a sufficient
e

vertical cl EHAME i hid O%hd- of Figure 24 over the
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tooli ng to produce the sane. $Since ar ge nu i'nt erconnectli on

bet ween t he & GRAHAECY taF@einFherEobcn ﬁbﬁg%\ﬁallalb%rds%%iilfr? e &ppRi Eabcon

such as semHonshEet &d b@ﬁahﬂ? (merﬁrdum £d mﬁmﬂhetlﬂm%t Setedmb pel 58]
may be stan rd| zed or_a nulti cont act

| h. Th
structure of"% | Bl 78PN g ﬁggtfﬁéc'f’lne(?e%la gégée& Ingggi g gﬁﬂeshgs
a | ow resi stcamctﬂuarmbra:daa:r IR zmapaceﬂycrtma:aﬂllgna:bnpat:heldea:aausheof
the three cog grﬂféétyepgﬁa%% ré‘{ml:ﬂg e Jhbﬁbsirﬂﬁ?%flﬂo '\'? a the

transmtting ar ge“current. such as magoun | Pne-or “a power 17ne a
probe card fepntastitgpee sehiagshdbet bhraughckolet 35 hi (jlhesﬁe@diéwtt@@d36

def or ni ng tmesveaﬁﬁeéeedogtt g8k PoRdks o H UL W B NOVs: AGPE hehy efamse of
the fifth enbodi ment of the present invention. In this exanple, a trip

| ayered TAB 1%3fd 782 ¥ROPRg ABFE |, STAt difhedt 8Pe SO TRt F@adas erBtéﬁjd C
i s provided dprébee cobhaat M)S&mﬁbﬁ opadie 3g0omhrasti dddacen 33, PCB

t hrough hol e %andtco act structure 30. The contact structure 30 is
fornmed on tH&! PESuPface of the contact substrate 20 while the contact
pad 36 is forned Bnetdmntbatt emisanfetee 26f ishreoenbsdrcme:mPCBheubppmatleead
A i's provide p Q&_g!] Fig 25
than the i ntéeizr medr at %mlglgdéggs ﬁ{eglfn%zeaarre | at e‘ZE%Q bt IS étlf% e20I2 i n%gﬁe
upper and oUE@RtPBSIFHRILEALFIZfur Ehesel AERORAE %wetrher @awpertrﬁérw;wrrq ead
A is connectesl tah@ HHB PEsl SPostPecd néer aedi ol RelierdtB bheCanBeeed i, a
PCB pad 39, and the lower lead Cis connected to a PCB pad 40. To
accomodat e the PCB pads 38, 39 and 40 thereon, a PCB substrate 624 is
arranged to have steps to nmount the PCB pads 38, 39 and 40 with different
vertical positions. A support nenber 546 is provi ded between the upper |ead
A and the internediate | ead B and a support nenber 54~ is provided between
the internediate |l ead B and the |ower |ead C



The el ectrical connection between the TAB |l ead 782 and the PCB padﬂ 83?PR3§002
and 40 wll be established by a surface nount technol ogy (SMI) suc

using a screen printable solder paste as well as various other bonding

t echnol ogi es including thernosoni c bondi ng, thernoconpression bondi ng, and

ul trasoni ¢ bondi ng techni que. Because of the significantly small sizes of

t he conmponents and signal path | ength39involved in the contact structure

30, contact trace 32, and the TAB | ead 78Z, the exanple of Figure 25 can
operate at a very high frequency band, such as several GHz. Moreover,
because of the small nunber and sinple structure of conponents to be
assenbl ed, fbe bnamp&ennanthdheandepdub&gbhgwmﬁ.thanpmhyyueXampﬂﬁjOMh@an
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such a receptagh e n2ds télgsﬁ@@héml s.asbtl@.ngr @ gerasesd f tBeerameont agt
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the bottom surface of the confact subsfrate 20 is connected 1o a connector

46, via a tBLCENLSPSr CPRBECEIPNEgY1lthRe prbrBLEANRY FARCYEh ARuBkeGBper

lead A an mduetnedéahfiolead BsMmd ashewerasl eadlﬁgeachsetewﬁr Christable
separated at Pﬁ‘} e _end. The c nnef]%or 464 | 1 8 APR 2 ded on
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(not shown) o ehe connect or 6l nown in the art, such a
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when recei vrs%vtrhenewggt:et@%J@Erdmci%%ﬁmtel ffz\oweaer%rasabearé% i's

provi ded bet V\een t he d A and_.the internedi ate | ead and_a support
enber 54 PO RGVRGEH BEFREELY: A TRALF Rk o el o abe AR | ofbr ChBad C
of the triplferiii | eade/8zhelhBCBt BRCtmie obkehelilARd eadnit8zthavitly &he

triple layere ds A B LIS t tpca

di mensi on of* 1'tq:her o,efaa %ﬁr goﬁéugggk Fgét sd}g?rr But (lilpng EJz:t%lsr ?E Feglfepower
to two or rrmreaqoa\talrrsnemrﬁ:hm vErguge of the the battes @@senctbasécBhe
nunber of ¢ hecef f C a )
bet ween the%‘clont act pZG S lSIe;r 56%%51%? gﬁ’iﬁgkagfﬁt ﬁg%aggta?rg&eﬁgé%%g ?B?t h
enbodi nent of the present invention wherein the bottomtype contact pad is
coupled to an interconnect pad provided on a printed circuit board through
a conductive bunp. In the exanple of Figure 28, a contact structure 30, a
contact trace 32, a through hole 35 and a contact pad 36 are fornmed on a
contact substrate 20. The contact structure 30 is formed on the upper
surface of the contact substrate 20 while the cont act pad 36 is for rred on
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(: Ul 44 - The contact substrate 20 is nounted on the PCB SUbStiﬁbﬂf?Z?@z
t hrough a support structure 523 and an el astonmer 42. The contact a
20, the el astoner 42, the support structure 523, and the PCB substrate 62
are attached with one another by, for exanple, an adhesive (not shown).

Bet ween the upper lead A and the internediate lead B of the triple |ayer
TAB |l ead 78, there is provided a suppc?rot menber 549 to support the |leads A
and B. Between the internediate lead B and the lower lead C of the triple

| ayer TAB lead 78, there is provided a support nenber 545 to support the

| eads B and C. The structure of the TAB | ead 78 having the tiered | eads A,
B and C est eldtisdleislaipvan eslstanieadndontiaatgecurhenhegapdeval i of aa
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attachment K@ik rans TplE Jidae 78 and the PCB pad 38. An exanple of the

conductive bunmp Sfhd PaB wmrénmmysﬁylwbaasﬁ@wmpb spéyal@f 8etlicture
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of Figure 29ddhan t hephnteampdealsd Ine@&ﬂaﬂ hé’f' pher pedi ale {gadcBnbiarg

provi ded in_an _upper and outer position than the lower lead Cin Figure 29.
The upper | &8@MA PETEBRREEFEd thf‘sds PEBOFAd BB oughPAt Behd FaRE HuRp 56,

L he i gt7 erneg'h.ﬂtt&la%@k B.lvwd@@meﬁaed tatarPeB pad c3%ahtircoughrige ceadumbiicve
unp 57, an ea cz nect a pa
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t hereon, a I%@\pmﬁasmm eeﬁﬁanssoar r@gHd tatdavdustiags Higghouanpehet REB
pads 38, 39 r t 546
e ot ovi dod T REH A Al e G BORL (40 e e SHAROE b R REL s
support mentgad Rackagest W devig@sween the intermediate | ead H and the
lover lead C. By qhe §B§bb9€lt is@RuRk uirlRe dLatig tHe E@@%Q'&'s%e abugH?s&éalS?
and 58 are refl owe fL gggpads 38, 39 and 40 for at% bet ween
the TAB | eaftASH &hsce a3q’ éﬁ&eiéonﬂﬁcéﬁﬁ‘pf’ bfet fentact
conductive mtmscthfe 57 amHeSBSmppcarsolsierucmmzpe used |I\san$io'amda:rfd sabder

bal | technol ot §§§ unp 6 5 is a
fluxl ess sol g‘g%ﬁ%ﬁf‘ Jl}:‘selre m?'{oi ngigassgthsrlfleé%t h‘}éﬁagm d?ﬁgnd % ogg
The struct urie of tehe %Wbbh%lhmimhﬂdlt% t inpl eehayerad aéHd’QA apdand

C establi sh%@exf@éh&é&ticsht @ Vehk C§£egéﬂen51%mléxhe tB hRatomdli § 1S
useful in dIStI’IbUtInB? Qr power to two or pat hs . Another
o}

advant age ofPQ4RPG i aPE‘ GaFHEPe%%%meT Sf é‘ﬁtté)é'terpaﬁ% alsg

to decrease ﬂdtﬁ:ﬁdr%tddhebpb&bha(tdimaﬂc]&)lrbfele\nmi"h attlgﬁecelsrpaeﬁsuﬁadmtes

Fi gures 30 t her np epho pr.esent

i nvention Qt el Tt %h%o??ngac?t %&?:%% 5@ gdg?g g%%pffjeg %UB g:laﬁfeelﬁgdnnect
pad provi ded on aAIper&mllethfcmv“erbdéraenbtbugﬁ the eridretl \wa giolfooer thien

the exanpl e of dAcQW&tﬁQct@réoi‘é aCEhétEf‘HﬁEHEE 8Pac8@ §2nt agk EBﬁ%%c%zgg‘?’i The

t hrough hol e and a contact pad are fornmed on a contact substrate
contact strid udBd3b ?s%rﬂﬁﬁ%nﬂ hésuppertheyfanae AL t pevesal abundred

substrate 2Qnividifet &fs COHeRG A F36hbSshOF Hsh 0N ltéi@tbpt 08 pachaca rif
the substrate 20. T |call§é%gm ontact substrate 20 Is a silicon
p

substrate alYHoRigFOUERErL? ePEEEPRE s%‘é??'é%%n SRIh R gleasdly
epoxy, polyiopeteabTeramia ,h:.ghd farlergmem:ysblastlr ates ay calam X Gt e evEre

contact pad 36 |s - éiJ[ i

circuit boar}bl])g p%ﬁ 38'140%”8\9?’ &d gﬁca%&ogubstf ae,_g]@g %r%ﬁagg:gngg‘%&uctl ve

pol yner 66 w*aeaall|p¢@np@y@ntEAB¢edde 7&ssembled, the packaglng and
interconnection of the present invention can be fabricated



The contact substrate 20 is nounted on the PCB substrate 62 throu.gg f\l 02
support structure 523 and an el astoner 42. The contact substrate , ?Rem
el astomer 42, the support structure 523, and the PCB substrate 62 are
attached with one another by, for exanple, an adhesive (not shown). Between
the upper lead A and the internediate |ead B of the double | ayer TAB | ead
78, there is provided a support nenber ka4~ to support the |leads A and B.
Between the internediate lead B and the |lower |ead C of the double |ayer
TAB | ead 78, there is provided a support nenber 545 to support the | eads B
and C. Most conductive polyners are designed to be conductive between the
mating el ectyiQdes 1RF Mddst | el tHig ofe BB it r agd | QRS BNda 80t high
conducti ve |not§ﬁe horizontal direction. An exanple of the conductive

pol yner 66 PE¥ORUYTHdItY ve el astoner which is filled with conductive wire
that extends bey@idjidee 1ushate ahotherckaampier of Vilié otisi od hetbed tghes of

t he conducti v ol yner 66, ar.e_possi bl e C S.,an .ani sotropi.c conductive
adhesi ve, ar%fgo‘ﬂ?%pPEEE‘SH‘au&PiV@E%%PPm %i 20 r%ﬁfag c%lﬁd&csti er%Ja%q?d%, aﬁﬁd
ani sot r opi ¢ coomdetts vieh@arcbinthes. phte @i sbt tdye coattraucofvelmhesntacks
filled with Q%cgiral' I kel $chat 3d9a gt [ C T ;
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el ect rodes ®axrSSPESE)| EUPsEERLEnE2The TohMasChophe ¥oRBLERL VROBILEAPPSOS

thin di el ectHeC pegsipadf Bkl eehui bbp consictave A hagl 8SraDatddgoRret ohodeh
each ot her. Lge cog;: uct Vq'f%at%cl s fornmed by pressing the film between the
two el ectrodde e seﬁtd:itf 9%cati on. The anisotropic conductive paste is
a screen printablThepastectwhicdl i corinddteibn bétwedaduche VEAPalL tadl g4,t Aatl do
not touch each o r._The _conductive path_is.for y pressi-ng_ the paste
bet ween the%?\ﬁ) %pgctg%%eg%atwéf%p\&:elf%@tﬁgiétsﬁggédqge égnlg %tf?% |cm°8n%
conducti ve pgadhindleodys ASME) n sdickl exs r veing~ 8 ASReEN0printablesi goldelred
W th conductj It S ' ¥gt RN s dise 7 €

Tt or i al 0T hae VELFof T H e Bt A e SR Lo Qe e il Eng

the particl &hfnmesamigh RANBND exiRRIEQAIRNRERITEIR | ¢ RYMEIRG: on BRE

particles, Qﬁta@%ﬁi@_ﬁd&mﬁ@eié@deﬁ?@é. a BPesidd Cof 0w | Oignihecshtugt ure
of the TAB | ead .78 having the_tiered [eads A B and.C establ|[sh 2 IowH
fesi stance S | SAGE%CUPFentIEaiiRSATHS AghaP 93AN bBEkRsel SRIFRE

t hree condudinwedtexhddn Tihes centsetulstmudtarnsnBoy i noprkdatr ge&rade eBR,such

as in agro i ne o] | i aaﬁmggpg!&:o dgy] W th
hi gh speed v%v’{g[q#oa{u é%%%n?’nﬁ%e&@gvé oringé%f J??é’st signal s. %:i éﬁrgxgﬁgghows
anot her exarj?l easf opksgatief fh @mdy fuigh diredvensyedend. i aueht hensevarahi s
exanpl e, a tgHpl e LiayebedrTABeRG e’ &% Nawé ngma@@ehunﬂo@trerﬁedbaﬁlﬁoﬁaﬂtgow
| eads A, B and C is_provjded tg t he contact pag 36 connected to the contact
trace 32 andTeEHtRd cBuMBL80. SHHECHYPEr Peadh® i SOPPOVEREE i rCanGpper
and out er pesiddnil ddiartlideintd erdreck @t Soh eaeld Hba ek dd D coBlthdhpresent
internediate lead B is provided Ln,an r and,out.er posift.ion Figure 31
t han the Ioml/é}vﬁrgtalaorb 8 u%%er F}ég C%ﬁ?? coﬁ%gctel WtocaO%:CB ablg% 3@99&1
through a comductbidel ppolasrevelsb,as Heightprodetaieityad B is connected to a

PCB pad 39 through &, £ONdYCtdneRy POk Y FR-cBlr ashiifecdonss bead e i $hird
connected to a PCB pad 40 through a conductive polynmer 68. To accorrrmgate

the PCB padS™RAHERh PR RERFENE PeeRbbeR rurereda tRe PPhhgBdtYBehave
steps to m)fﬂnﬁd'tf«t P§Bdgbaﬂ6 %%,6 qa&;pxma_élgdévi ih cﬁinfnfe@tﬁ&t yﬁcb{riiiﬁéﬂd oAn ad
posi tions. support nember s _prqvi ded bet ween t upper | ea a

bhe i nt er mediSil § et Bty Sh R CusTo & TSEC 8 or 601 BEG BAETBAR Cite

i nt er redi at Fisack B Andhehedmaat [pead 36. provisieduetutbeobothemTABrifead 787
havi ng the trd I I d i she i

Vert] al i rharte ¥ ECe AR5 Lar b PROCOnRS A0 E372 BobBBEUE BB VIR
or power to a&wingledraygatlhe leadol/Rer ThEg corpprhnradé é previgedoen is
to increase 4 hgupgahber Hfreoniact spads, The. coh@adeCrfase: tdwee ehlpeciive
pitch (distance) bet Weeﬁ t he conﬁc&wﬁgﬁ. Fi.gure 32 shows_a %l,xtlh ]
enbodi nent ¥} eSBRECERTENL P i PHR%op ORMfACctOf r addetecEsdA ed
to a first camsactate) geiudhr agglylasd ngbexygyepolibni @afd wWedasmie polaim
type contact_pad.is ¢ ug{:(g%%to a_secon ont aﬁ.gt arget through a double

d
| ayer TAB | € MIH2 ¢ fd F2 OFCFF ﬁ?e%'@@?l ‘contact structure 30

formed on a contact substrate 20 is electrically connected to the contact
pad 36 via the contact trace 32 and the through hole 35. The contact
structure 30 and the contact trace 32 are fornmed on the upper surface of
the contact substrate 20 while the contact pad 36 is fornmed on the bottom
surface of the substrate 20. The contact trace 32 is connected at its upper
surface to a single |layer TAB | ead 79 whose other end is connected to a

~ o o NN 1 . ~ns 2 1L



1 g APR 2002 49 contact structure to the PCB pads 38 and 39. Al tggwg%ﬁ
the TAB | eads 79 and 764 can be directly connected to the PCB pads 2
39. The structure of the TAB |l ead 79 having the single |lead and the TAB

| ead 764 having the tiered |leads A and B establishes a | ow resistance and a
l.arge current capacity in a signal path because of the three conductive

| eads running in parallel. This is us@?ul in transnitting a |large current
such as in a ground line or a power line in a probe card for testing a

sem conductor device with high speed wi thout deform ng the waveforns of
test signals. The structure of TAB leads in Figure 32 also achieves
flexibility in i Rejeagiond calde 72Unkes AfsCPM At PISe £H5CON HNY dLakPEe
present inventiqgn, the packagi g and i nterconnection has a ver h(légh
frequency b&FdRrGMTE d2meeftt ﬁg BESENP eGERF8FERE SFHAE Rel hext PG et bdfbn
seni conﬂuct el bsechitel anyisThle;um@Ida@hnghangubpbetcsanﬁeth@a Es,,a?lhﬁoﬁgh
nount the contact structyre on,a prope card or_ egui ent thereo

el ectricall fi‘nc ﬁé@ﬂ“ﬁg‘ !tziﬁéreap? hg?Pgﬁ]C h%urﬁ%%f% o%/gt hgh%o% %%‘f'o@ﬁ%s??at e
nmount i ng t hendorthec tsugtpadt wWierudibnenVal,, arec ardaaifeda widlhatorve| ansbhetr
nunber of o al fs -s%gb HiGdnt er I d
packagi ng o%%’hglogfgs%é%@qi%ﬁve%ﬁiﬁ%}n edrf‘d;cbrgl‘ cat e)d' Wf}ﬁgrggcgvﬁ%%g%ggnéshi gh
reliabilitymay weel mechrghcakbdudiixgd y oAl Eheudirpryt a shraferurel 52,
enmbodi nent i eRRMH finC aklk chimettt matednanth daser shednher erRe &havbk! che
appreci at ed _t hat y. nmodi fi.cations gnd variations of, the present Lnvention
are possi bl &AFh ]ﬁ%tuef 1lshérn§65\t}§§t SZc i AGSERM@SA ninrt Hg“b‘iﬁ\/i 2% bPet he
appended cl @ormedtidiouts .depar i s ngel hekrapirt iin ahe aptendadhssopecebrabie

i nvention. 1 8 APR.2a0 <. J | : . ackagin nd

| 1t or connacPeh o o4 tEan e 2B Pl P Br SESHE TRt Tt nBr e P. Bt
made of condier vieasstvEricalt henénidoofe d hen TABc deadc f74s ubkerain. t hBotigben

m crof abri cakleonr 0age%: ARl LR NEAE! LI Schavtigea saase dild 00s
vertically formed on"the cortact substraté, a horizontal porffion one end of
which is foP#Yisessad d SHRPOTSoMSTREY aP¥l &CcHRRIT hobRRoTAR: LR8I 1AR:

formed on anrgitheidienry witwadd e i dentate Ppabi 88; addc WHeAEoRas{ 6F Med.on a
bottom surfacge of tﬂf ontact.suﬁatrate and el ectrically connected to the
o7

contact str eVt Wi iR fBi%e ARG a ContRRET ¢ FAEEA%EndPh Sthc P
target to beetlegttadlealiy poovedé@dwithhcbhductnvacimepad cudiheasogbadt,

substrate thr, a.c tive ] 2. A packaging and interconnection
S e Sy R

of a contact™ structure as aim1, further conprising: an
el ast omer provi ddheaindennsatdrcdf avay sbbstimftegyanedl votnngtdasali | Pry in

sai d intercqnnggt i AN PASkaghish ARG BeSWRRRktEd UL Wike Provkgedcyader
sai d el astoner for supporting,said contact, structure, said ¢ontac

substrate amPted dPavast SREr HIRAEE eFAPREFH Wit PYENhERDEFTFYLE BBRYANg
wire for el g@ags)cal ypcBnogchougt athownraigtdacd ot helreotophacbepadthed t he
contact targely;y or flexible. As is known in the art, a flexible PCB is
formed on a flexible base material and has flat cables
therein. Alternatively, the connector 46 may be integrated
with a coaxial cable assembly in which a receptacle is
attached to an inner conductor of the coaxial cable for
receiving the end of the TAB 1lead 74, therein. The
connection between the connector 46 and the TAB lead 74, or
the support structure 52, is not a permanent attachment
method, allowing for field replacement and repairability of
the contact portion.

Typically, the contact substrate 20 is a silicon
substrate although other types of substrate, such as glass

epoxy, polyimide, ceramic, and alumina substrates are also



3. A packaging and interconnection of a contact structure as defi r;lm W 2002
Claim1l, wherein said contact substrate is a silicon substrate on i

said contact structure is directly fornmed through said photolithography
process. 4. A packaging and interconnection of a contact structure as
defined in aim1l, wherein said contact ,1 8 APR ~~~ 51 - substrate is a
dielectric substrate on which said corftact structure is directly fornmed

t hrough sai d photolithography process. 5. A packagi ng and interconnection

of a contact structure as defined in Caim1l, wherein said contact target

is provided on a printed circuit board (PCB) substrate. 6. A packaging and

i nt er connectfieasidflea cormMlaet ssippmfttmetruonnriasim Ascad aestabluahur @

made of  CONUSHNITRLSLal a0d {00 TRCia. P ANLAGh. SURSHLLE L 840D

mi cr of abri c&t F¥6n ProcCess, sai d-con avin
portion, oneceridasf SEbrucH uR . ngTher ﬁ’enpenttwer@@ma@ﬁ&ubgt made céndfar
contact por td,QmMeS ! icedldnt J onRdeln panekher ogndaphisai #nboLi 20064k

portion; a cont act ‘pad formed on a boftom surface of the contact su strate
and el ectrida&l | 9%0%%@1?%8% FhexiohtHey dfY uthsr e1RRPBGEANGECELQDhoRBaNd

a contact thRcKaAriy iot e@h@lpeuséneoahdehl?@sh Rad cﬁfél\ﬂcﬁﬁéj @ﬂ%@t@ﬁtﬂéﬁd
circuit boar CB) substrat 0. be e ctr g con
contact pad® Wgziaé:li%éﬂeq @c? Pﬁ‘? red n@ FPng‘u’PﬂElEBﬁt 56t

pad provi dedbaiorithe: bﬁtstnamUnhacempértahereoekpans$uhstaﬁés batiweba £HB
pad; an el ast ofyel.or Qy FQ%@a%%de oSalgh cgnt fﬂ‘éﬁ SBsdLAL focr alnlo%\f'\ftngt

flexibility in §4id rnterconnect’ on and packagi ng; an port struc ure
provi ded betwemectmin 44 ddtenean.and sai d PCB substrate for supportl ng said

contact structurey, saifnSoDt 8¢t ssubsid.alie antysa dp QEﬁStl th frdin the
packagi ng and i nterconnection of a contact structure as defined in Claim6,

wherei n sai FER U FRTUIAESNS HddRF PHRC gL edt n "olre cCePRARREE. PBA A
packagi ng and it ereORIRT IdoHY TAR Qrladc 745t { sicinr eha@sraedé ned savékraim 6,

wherein Sai%dﬁg%é%”§¥éfgmeters Because of the short path length, the
interconnection and packaging of the present invention can be
easily operable in a high frequency band such as several GHz
or even higher. Moreover, because of the lower total number
of components to be assembled, the packaging and
interconnection of the present invention can be fabricated
with low cost and high reliability as well as high
productivity.

Figures 14 shows a further example of the third
embodiment of the present invention wherein the bottom type
contact pad is coupled to an interconnect pad provided on a
printed circuit board through a conductive bump. In the
example of Figure 14, a contact structure 30, a contact trace
32, a via hole 35, and a contact pad 36 are formed on a
contact substrate 20. The contact structure 30 is formed on
the upper surface of the contact substrate 20 while the
contact pad 36 1is formed on the bottom surface of the
substrate 20. Typically, the contact substrate 20 is a
gilicon substrate although other types of dielectric
substrate, such as glass epoxy, polyimide, ceramic, and
alumina substrates are alsgso feasible. The contact pad 36 is

connected to a PCB (print circuit board) pad 38 provided on



1 8 APR 2002 52 - is a nultilayer printed circuit board. 9. A packaging and
i nterconnection of a contact structure as defined in Caimé6, whefle§ rAPsRalzgnz
support structure is made of ceramic, nolded plastic or netal. 10.

packagi ng and i nterconnection of a contact structure as defined in CI aim 6,
wherein said single layer lead is fornmed in a tape automated bondi ng (TAB)
structure to be used in the packagi ng24nd interconnection. 11. A packagi ng
and interconnection of a contact structure as defined in Caim6, wherein
one end of said single |ayer lead is connected to said PCB pad through a
conductive bunp. 12. A packagi ng and interconnection of a contact structure
as defined an@Baisﬁbé&raWQesei thsaudhcanchisduaei belrparhs 56 sol dlex dihd1ahi ch

refl ows by lic at to electrically connect said other end of
sai d singl ei‘g%?gr q%gag 5lqd ard PCB pad. 13. A packagi ng and

i nt erconnecti on GheaTadBnlestd %4s Ietsurestzadghtnedapa &baimtllie esmnElassai d

olectricall StchilrPectl A 1. DHCTBonbACR BlnB:ath 28MLs HOEALES, o peg
pad. 14. A phek&§Pnguled riateeforifaidin fsUPRYM attractuce ube, aandefined

in daim6, Waerendrone endrpd seheast ”Sﬁﬁsi:ﬁé(@é hgad the AMed®Rd tosaid
PCB pad through a conductive polymer. 15. packagi ng and i nterconnecti on

of a cont acth&t reRREE" §t(¥é"ﬂtr‘1‘éf(? i B2 a‘F"Pﬁilth% ?El PUR§tratohd et | 3%e
pol yner is ateektiedt wi€hadhesiar@dtheantyGt ife fdxamp1eOndie tddite Pirsd € (bt

ducti { | 16..,.A k d t t t act
crucrure aStRUP neq PR GRS a1 hndedirah; SRS ORARE 20 pars ey athe
conducti ve eu@pbcrrtre!strrnc!tuatlen§2§1n lahnes@txwmm\aﬁmuoalwmmmsnmﬂper 54
ani sot ropi ¢ gogﬁgpbk\éetfué' ﬂB%&%’f@%ﬁt%ﬂ@gH?tbgé’wgéﬁt €n8' 1L 26 a;?%&‘:
a

conductive part ectrically connect s
other end oP6sand &dst REB PagcéBand said PCB pad. 17. A packaging and

i nterconnection @fy %h%o%&:%ﬁtlc%tt&l&{ ld:rﬁ t HeORYELS| ke %&mﬁ&civé%&{ﬁﬁ us g
made of conductive materi al ontact s traé}qthrou gh a

mi crof abri c&®i &% fovEss §nt§al'§"%o%?%c?a§t ?BC%BFeaI’?&\?i R th
portion, ongagndleédwrah hatngcher rEgB opathe3gont adin salaatrnp&he odindthe

cont act portlo ntic rped. q - f.sa t
portion; a CS&I&;’;{E% \)e %Un%’msg g% a%o]tacikgm%glu fgggao A %e %%ﬁé ? & d?r ate
and el ectri ballly t@mhrm@dtow .t 0 Aried-heon texatmpster (@t thtee tcmrcsilgrt:avenlaunw 86and

a contact ”%C% %185('1@%%‘1 £b1&4-t pRaar d,4&A°B) npad B&Q!h@egs‘é’is@e@“@i—?d
circuit boar substrat.e to be electrically connected with said

Further examples of the conductive bump 56 are a
conductive polymer bump and a compliant bump which involve
the use of polymer in the bump. This helps in minimizing
planarization problems or CTE (coefficient of temperature
expansion) mismatches in the packaging and interconnection.
There is no reflowing of metal, which prevents bridging
between contact points. The conductive polymer bump is made
of a screen printable conductive adhesive. The compliant
bump is a polymer core bump with a metal coating. The
polymer is typically plated with gold and is elastically
compressible. Still further example of the conductive bump
56 is a bump used in a controlled collapse chip connection
technology in which solder balls are formed by an evaporation
process.

The PCB substrate 62 itself may be a probe card such as

shown in Figure 3 or provided separately from the probe card



a double layer lead for electrically connecting the contact pad provi ded at
the bottom surface of the contact substrate and the PCB pad; an elwg APR" 2002
provi ded under said contact substrate for allowing flexibility in said

i nt erconnection and packagi ng; and a support structure provi ded between

said el astomer and said PCB substrate for supporting said contact

structure, said contact substrate and znid el astoner. 18. A packagi ng and
interconnection of a contact structure as defined in Caim17, wherein said
PCB substrate is made of glass epoxy resin or ceramcs. 19. A packagi ng and
i nterconnection of a contact structure as defined in Caim17, wherein said
PCB substr atagd ﬁlo?nlﬂilekit ghggeclpr bfltﬁddfi:é@gijr ckmaamia p%be%la&@kaﬁgltﬂgtnad 4

i nterconnectd on of a contact ucture as defjned i a erein _sai
support ot GERTFE i qRaethr EEPaR Tt o i Tey; Babe” huser "EShER 83
54 21. A packiadi rgn dmd anfiaerec rfhectdami afnduaion degststayetemesashdasi ard in
Claim17 i 1 d; do | SRR na t

bondi ng (TAE? g%ru%rlelqtgf}%emhg% ISEl n thé{ [S)larzzf()%g ngéa%d |§Lt91:rconng%|€%ﬁ
22. A packa@ia®g an§hent BEBorfide3t 6t @f &2 caft aeinBeAuceBr eitas UG i Ad n

daiml7, wWeeiRiyetaRe ¢rd yiers Fod é@uabmlsmrﬁg hRagdl&st £9nAGCESAL herSabd

PCB pad through a conductive bu kagi n nd i nterconnection of a
cont act str&é’leuP@xz}'sqﬁé(Fl nedSPﬁ &Pﬁ?Z?f gﬁi%?g?h‘g,%il CRBPALEPRVREBURBT s a

sol ger Eal I t\ldgal C]?C]B efslam\etrla?:eaFM| ead atheof phehédtaami ethroughl )pleH]EGQt
said other en sald single layer, P ackagi n
and i nt er coffiTet of pOIQg"e[ ac"’fc}/@truﬂorvgn%%rs?ejﬁlggré) aj(f% H%? Wne?el g
sai d conductive til]'rep HCCB @uwssitatte V@2 pudy es BHumpl wipke cbapeT apt rbabpreo

el ectrical | yuf %%H‘e‘"its S% gaghlaer ognd %v%é'iﬂgs'ﬂﬂ £ | ByREwi 8ef agggﬁgig PCB

pad. 25. A packaging an |nterconne tiron of "a contact structure
in Cai m17diiieridureshdiighl requpacCHoGBPacLaRBrel ead |J§1W@dh¥-ghsal d

PCB pad thr%@h@r@“@%ﬁ&d Ms?aehw@é £ 3B pAneA G 1R deRke ntlelgcagn@enon
of a contact ructure as de i'm,25, ,wherein sa| cong g t{ive
S

pol ymer is a“sc Piive CRURES; VB 8&”d8 t 08 Pilh aRd RRPFHREpLsFLIBRL
conductive paidh:l.es.AR7exdmphckadi ngtandalnbér chenddB suldt rattonéacis

structure as .defjne e tiv i
conduct i ve SASRE HiAE BEFREFRAnERTE S De A SUUS | RafRbUl xkip e
ani sot r opi ¢ cdondpet magefrillady imni seravprc wdwducis vexpastedortaanhsnimdpiec

conductive dérAPCB agpcge%tﬂal%ltl preeppgetasakd e4Pghe$Be S&TEW Qaeegt act

trace and saj ackag |ng and interconnection a_cont act
structure a@%ﬂ%@d%twgﬁﬁﬁi?remﬂ@? tRabhenetichfag § purn-in test of

semiconductor wafers and packaged IC devices.

The support structure 52, is to establish a physical
strength of the packaging and interconnection of the contact
structure. The support structure 52, is made of, for
example, ceramic, molded plastic or metal. The elastomer 42
is to establish flexibility in the packaging and
interconnection of the present invention to overcome a
potential planarization mechanism. The elastomer 42 also
functions to absorb a mismatch in temperature expansion rates
between the contact substrate 20 and the PCB substrate 62.

An example of overall 1length of the signal path
extending from the contact structure 30, the contact trace
32, the contact pad 36 and the TAB lead 74, is in the range
of several hundred micrometers. Because of the short path
length, the interconnection and packaging of the present

invention can be easily operable in a high frequency band



~ $ ~~F;, Q2 55 double layer lead is fornmed of an upper |ead and a.tgmgﬁ
| ead to be respectively connected to correspondi ng PCB pads provide R 2002
said PCB substrate. 29. A packagi ng and interconnection of a contact
structure as defined in Claim28, wherein said upper |ead and said | ower

| ead are respectively connected to correspondi ng PCB pads provided on said
PCB substrate through correspondi ng cdfducti ve bunps. 30. A packagi ng and
i-nterconnection of a contact structure as defined in Caim28, wherein said
upper lead and said |ower |ead are respectively connected to correspondi ng
PCB pads provided on said PCB substrate through correspondi ng conductive
polymers. 3kuch packegemrglaGHzi ot ervamieicfieon oMozecortracbestuset dfethe

compr i 5110 13,90t 3681 THGRHCR "B lusanduel | ve TBLE" Lalogndelior TBfeon

contact substra rough~a mcrofabri c 1 On process, sal
structure h@auqk@gangoamonnaerpgnnmh1oon@fetr’:ce Presgenth ibeeng ibor ged bea t he

cont act - SubSiAlics il A cEOTLACEoBE! $AQ M Liedaldnt ead ga1angLheroend

of said horizontal portion; a contact pa on a bottom surface
contact sub®HCFEtdydtel-ectrical |y connect ed to the contact structure

through a vi a holpelga&% a 1NtHEwd r ace; fFargidnt %icaﬁhgswl topoag ke ( PER) rpad
provi ded on °§Jd1nt e {dg:[tht boar d (PCE%) subst rq,éea%et 0 electricall
connect ed Wi DREEET. | PreET 1frbrt § R F) Wfé
connecti ng icmteett :;patd pzd qouplietedatan hmﬁmtdzaam@mtr freod pfotihdedonhaat
substrate a nt

substrate fg)q: R"IQI oW Nng ex?tgja}ellcf sg<atl{)c1‘—=P %gﬁ%%%ﬁg%tﬁﬁrﬁ%%% p:%ltéaﬁll—lﬁg;
and a suppoexagmrlecofr Eighoei ded a)elqmte%ﬁtsatdh‘@tameoﬁ@n a ¢oBtAPR R08Re56 -

and sai d F’C%zsubétwse Hcle S3ip oahanga S@wc&@@t Bal Sid Uetdlr gorfid wnaact
substrate and said el astoner. 32. packa and i nterconnection of

contact strGONHAEta SURSEERES 29 -0 5?”#1 Qﬁng%ﬁ r 8FRushrygepel igbEermed P§
nmade of gl asheeP@¥pet eHUY fRicL LHANItES aantfc@a@mwt&@t@wdzo Nk@HQRNNEREI ON

of 2 contact cohlulel Uig s, £oiede LR AU Ehe WSLebd WSS Psliate

substrate 20. The contact pad 36 is connected to a PCB
(print circuit board) pad 38 provided on a PCB substrate 62
through a TAB 1lead 74, and a conductive polymer 66.
Typically, the contact substrate 20 is a silicon substrate
although other types of dielectric substrate, such as glass
epoxy, polyimide, ceramic, and alumina substrates are also
feasible.

In this example, the TAB lead 74, has a straight shape
similar to the examples of Figures 12-14. The contact
substrate 20 is mounted on the PCB substrate 62 through a
support structure 52, and an elastomer 42. The contact
substrate 20, the elastomer 42, the support structure 52,
and the PCB substrate 62 are attached with one another by,
for example, an adhesive (not shown).

Most conductive polymers are designed to be conductive
between the mating electrodes normally in vertical of angled
directions and not conductive in the horizontal direction.
An example of the conductive polymer 66 is a conductive
elastomer which is filled with conductive wire that extends
beyond the surface of the elastomer.

Various other examples of the conductive polymer 66 are



34. A packagi ng and interconnection of a contact structure as define ig
Claim 31, wherein said support structure is nade of ceram c, nolded ﬂﬁa PRCZUUZ
or netal. 35. A packaging and interconnection of a contact structure as
defined in Caim31l, wherein said triple layer lead is forned in a tape

aut omat ed bondi ng (TAB) structure to bg7used in the packagi ng and

i nterconnection. 36. A packaging and interconnection of a contact structure

as defined in Claim31l, wherein one end of said triple layer lead is

connected to said PCB pad through a conductive bunmp. 37. A packagi ng and

i nterconnection of a contact structure as defined in Caim36, wherein said
conductive Ru#Egibdea sgﬂd}er aal | anhi ahlsei:h»epicby c@pﬁddtat\&enn dhéediel 0

el ectrically_connect .sa %her end 01 aid. SB | e.layer and sa d PCH
pad. 38. A;yi‘ E‘S&Fﬁé’l&nac?’h WFcbTReEt T8 BPIROERPASE © &Iﬁﬂ:‘i &P ned

in Clain136gnwheaausosap@lcondonﬁuwe1banppastaC¢eaduct|Th£;ﬂﬁ@ﬁmmtbuppcor a
conpliant b C | n t I yer
Toad and saldP AT SH0CRAVE, IR R TR CBRAGRELYS SALL1 8109 Puaf
structure aslod@atnddPydh @a¢hn Sahetiner EhA srRBERGivP Patd i pfermeg byl ead

i's connect eghric@sSdd PEB paghéBioeghbarweerluaiie/e the YEBEct48ded Packagi ng
and i nterconnect.i Qn Rf a gontact structure as defl ed in gdﬁl m, 39, erein

sai d conductPg&ific location, stheARIRGLIPLL tﬂ\)’@ Bsitged t in
conductive Wilkhectaniduekisia patledoritlorshrehictel vEparelied esAtha® packaegi ng

and inter connecthp %f%ec’%h%%nt aghgzé?ggugg &S ggltll nSd)FOJa‘“eS%aba’ﬁ %ﬁ?%%??eégg 2

sai d conductiVE is™d c IVE~ & ast I hc
conducti ve adleediide) bativemr dyiec tomcﬁicetthmdas rﬂt anismreohic borautonve

paste or anisotr g{ﬂcc %'é‘i%t&td A6 %fdﬁﬁ%éc%ﬂt%ct id C@'é pa inén%ge

ot her end of sai ont act ce and sai ading_a

i nt er connec PGt oWhd Goritsadiilshad didite %%q% R%Ffelca]i?ﬁ Fhat@de en@tone
end of sai dtigidl @alcdyethedad irhef @bﬂ&dc@ivé%éﬂ@ﬁﬂs'E@ﬂme@rbyrﬁféé@ﬂh%Be

| ead, and a | ower |l ead to be rSPpectl vg Y. & anect ed to cor#1 pjgndl n

pads provi d&dFCoR3E4iE) PBEHCEIOPaFNC 5°CRIBAERADF Y T It ertommet®Ron of
a cont act stmaactamﬂsaSrdpicnmdmdmo@meﬂ gart ke eiis sai dhippediébactrieai d

i nternedi ate | a r v npgeted t
correspondi ngssli ai}peér{é'\gnth :%%%gh;équ%P% gfréatgg%ﬁggugggéo?ar e§%€Xdl ng
conducti ve lmmnslazycﬁr Afpd@leégphgle:nmatﬁrélﬁéohﬁetmpﬁﬂ‘v’@flaob@mant The
structure a%o‘i'l%dé!ﬁ%é n Q: é‘zfo‘f‘ﬂége'ﬁ'y SardsHRRET ]r?éld a%'l‘élg with

internedi ate | ea and sal | ower are respective connect e
corr espondi SFWAH p&@FSEr obPdet*RRedRi R W GtHIE HP@GéﬁgcoPF‘esfa}Gﬁdl ng

conductive peinyiRISss 45>etA'eléﬁthﬁgl agoaamdadtmcﬁe@meat spacofia D@@éﬁ&‘bn
structure, conpri mg, C réttarct struc% Sfmade Bf congggtlve gﬂter and
formed on a cont s 5 Fro gh Sficr OFdbrrcat PonR~p pro

contact str witawre imaFiigyre Bopn:zpnpxhdpdr geparabadyehdouf thdi phobei cngrd

formed on tgg#cp%h@ﬁ:tedsﬁl?iterc@tl? @nﬁnalfeewtorpoaﬁé gﬁow tdaed | yzgoméd on

anot her end of said horizontal ortion; cont act formed on a bottom

surface of thfEmesnteReesubber &) a?ﬂi’%rétﬁerl%?al W?ch‘l‘t%]fé’ct‘%"(fetcﬁ- t Renedftact
structure tRrioughira Mieide ol 2 fat@diductor test system such as an

IC tester in the manner shown in Figure 2. In the latter
case, the PCB substrate 62 1is pinned or in use of a
conductive polymer for establishing an electrical contact to
the next level. Such types of electrical connection between
the PCB substrate 62 and the probe card through pins or
conductive polymer would allow for field repairability.

The PCB substrate 62 may be a multiple layer structure
which is capable of providing high bandwidth signals,
distributed high frequency capacitance and integrated high
frequency chip capacitors for power supply decoupling as well



1 8 APR 2002 58 trace; a connector for establishing electrical conneqta’nwa 2002
with said contact pad; a conductive |lead for electrically connecting the
contact pad provided at the bottom surface of the contact substrate and the
connector; an elastoner provided under said contact substrate for allow ng
flexibility in said interconnection ang packagi ng; and a support structure
provi ded under said elastonmer for suppOrting said contact structure, said
contact substrate, said el astoner and said connector. 46. A packagi nhg and

i nterconnection of a contact structure as defined in Caim45, wherein said
contact substrate is a silicon substrate on which said contact structure is
directly foapeHighrpighcsantdsplmtmabet hofjr BHhyp o eass .agbbc ik tat kagigl and

i nt er connect.i f a,contact structure as_defin [ aim45, wherein said
contact sunSrrars i o A draiets [4f Sterte L ok tHrcREL A tard W et v
i s directlystendeaddt highghesbidounghot @ lads graplyy rpedves sAndtghe A @paukale ng

dint e N o . > :
221 cont acPE TatERLEl B b ARc WA HEDeRBCEELNTES b B kR0,
a depositi oAl epgpdistient ohutemrerrtwre ppEPARgipRodETE) Zates shekErdng

and intercopnget i O&melrat 608t APpstdcidy € sazndehbned birE-anm dagcWhsgei n
sai d support Structure is g%de of ceram c, eg{)l de%@gfl,astlc or netal. 50. A
packagi ng aR8MtAPBANGHRECMRGRTSr 229 BRckeres: M BFVd S8 ‘defined in Caim

45, wherein sai dThendiigipose: | satubasra plyr dki tyo oésveblishl by phygied]l

S o e pLERRULAPDY B B ERRERA o BARSPALIGR 0 i SriEE o

a APR Q002 Seructure. The support structure 52, is made of, for
example, ceramic, molded plastic or metal. The elastomer 42
is to establish flexibility in the ©packaging and
interconnection of the present invention to overcome a
potential planarization mechanism. The elastomer 42 also
functions to absorb a mismatch in temperature expansion rates
between the contact substrate 20 and the PCB substrate 62.

An example of signal path length involved in this
packaging and interconnection is in the range of several
hundred micrometers. Because of the short path length, the
packaging and interconnection of the present invention can be
easily operable in a high frequency band such as several GHz
or even higher. Moreover, because of the lower total number
of components to be asgsembled, the interconnection and
packaging of the present invention can be fabricated with low
cost and high reliability as well as high productivity.
Figures 16-23 show a fourth embodiment of the present

invention wherein the bottom type contact pad is coupled to
a contact target through a double layer lead formed by a tape
automated bonding (TAB) process. In the first example of
Figure 16, a contact structure 30 formed on a contact
substrate 20 is electrically connected to a contact pad 36
via a contact trace 32 and a through hole 35. The contact
structure 30 is formed on the upper surface of the contact
substrate 20 while the contact pad 36 is formed on the bottom
surface of the substrate 20. The contact pad 36 is connected
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A and B establlsh a low resistance in a signal path because

of two 1leads running in parallel. This is useful in
transmitting a large current such as in a ground line or a
power line of a probe card for testing a semiconductor device
with high speed without deforming the waveforms of test
signals.

The electrical connections between the contact pad 36
and the TAB lead 76 and between the TAB lead 76 and the PCB
pad 38 will be established by various bonding technologies
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including thermosonic bonding, thermocompression bonding, and
ultrasonic bonding technique. In another aspect, such
electrical connections will be established through a surface
mount technology (SMT) such as using a screen printable
solder paste. A soldering process is carried out based on
the reflow characteristics of the solder paste and other
gsolder materials well known in the art.

The PCB substrate 62 itself may be a probe card such as
shown in Figure 3 or provided separately and mounted directly
or indirectly on the probe card. In the former case, the PCB
substrate 62 may make direct contact with an interface of a
semiconductor test system such as an IC tester in a manner
shown in Figure 2. In the latter case, the PCB substrate 62
is pinned or in use of a conductive polymer for establishing
an electrical contact to the next level of a contact
mechanism on the probe card. Such types of electrical
connection between the PCB substrate 62 and the probe card
through pins or conductive polymer would allow for field
repairability.

The PCB substrate 62 may be a multiple layer structure
which is capable of providing high bandwidth signals,
distributed high frequency capacitance and integrated high
frequency chip capacitors for power supply decoupling as well
as high pin counts (number of I/O pins and associated signal
paths). An example of material of the PCB 62 is standaxrd
high performance glass epoxy resin. Another example of
material is ceramic which is expected to minimize mismatch in
coefficient of temperature expansion (CTE) rates during high
temperature application such as a burn-in test of
semiconductor wafers and packaged IC devices.

The support structure 52, is to establish a physical
strength of the packaging and interconnection of the contact
structure. The support structure 52, is made of, for
example, ceramic, molded plastic or metal. The elastomer 42
is to establish flexibility in the packaging and
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interconnection of the present invention to overcome a
potential planarization mechanism. The elastomer 42 also
functions to absorb a mismatch in temperature expansion rates
between the contact substrate 20 and the PCB substrate 62.

An example of overall signal path length extending from
the contact structure 30 to the PCB pad 38 is in the range
several hundred micrometers. Because of the short path
length, the packaging interconnection of the present
invention can be easily operable in a high frequency band
such as several GHz or even higher. Moreover, because of a
relatively small number of overall components to be
assembled, the packaging and interconnection of the present
invention can be fabricated with 1low cost and high
reliability as well as high productivity.

Figure 17 shows another example of the fourth embodiment
of the present invention. In this example, a double layered
TAR lead 76, having upper and lower leads A and B is provided
to the contact pad 36 connected to the contact structure 30.
The upper lead A is provided in an upper and outer position
of Figure 17 than the lower lead B. The upper lead A is
connected to a PCB pad 38 and the lower lead B is connected
to a PCB pad 39. To accommodate the PCB pads 38 and 39
thereon, a PCB substrate 62, 1s arranged to have an edge
having a larger thickness, i.e., a step, to mount the PCB pad
38, and an inner portion adjacent to the edge portion having
a smaller thickness to mount the PCB pad 39.

The electrical connection between the TAB lead 76, and
the PCB pads 38 and 39 will be established by a surface mount
technology (SMT) such as using a screen printable solder
paste as well as various other bonding technologies including
thermosonic bonding, thermocompression bonding, and
ultrasonic bonding technique. Because of the significantly
small sizes of the components and signal path 1lengths
involved in the contact structure 30, contact trace 32,
contact pad 36, and the TAB lead 76,, the example of Figure
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17 can operate at a very high frequency band, such as several
GHz. Moreover, because of the small number and simple
structure of components to be assembled, the interconnection
and packaging of the present invention can be fabricated with
low cost and high reliability as well as high productivity.

The structure of the TAB lead 76, having the double
layered leads A and B establishes a fan out in the vertical
dimension. This is useful in distributing a signal or power
to two or more paths. Another advantage of the fan out is to
increase the number of contact pads on both the contact
substrate and the PCB substrate. In other words, it is
possible to decrease the effective pitch (distance) between
the contact pads.

Figure 18 shows a further modification of the fourth
embodiment of the present invention wherein the bottom type
contact pad 36 is coupled to a connector provided on a
printed circuit board or other structure. In the example of
Figure 18, a contact pad 36 connected to the contact
structure 30 is connected to a connector 46, through a double
layer TAB lead 76,. The connector 46, is provided on a
support structure 52..

Typically, the contact structure 30, contact trace 32,
through hole 35 and the contact pad 36 are formed on the
contact substrate 20 through photolithography processes. The
contact sgstructure 30 is formed on the upper surface of the
contact substrate 20 while the contact pad 36 is formed on
the bottom surface of the substrate 20. The contact
substrate 20 is a silicon substrate although other types of
dielectric substrate, such as glass epoxy, polyimide,
ceramic, and alumina substrates are also feasible.

The connector 46, may be mechanically fixed to the
support structure 52, through an attachment mechanism (not
gshown) . The end of the TAB lead 76, is inserted in a
receptacle (not shown) of the connector 46,. As is well

known in the art, such a receptacle has a spring mechanism to
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provide a sufficient contact force when receiving the end of
the TAB lead 76, therein. Between the upper lead A and the
lower lead B of the double layer TAB lead 76,, there is
provided a support member 54, to support the leads A and B of
the TAB lead 76, extending between the contact pad 36 and the
connector 46,. Also well known in the art, an inner surface
of such receptacles are provided with conductive metal such
as gold, silver, palladium or nickel.

The structure of the TAB lead 76, having the tiered
leads A and B establish a low resistance in a signal path
because of the two leads. This is useful in transmitting a
large current such as in a ground line or a power line for
testing a semiconductor device with high speed without
deforming the waveforms of the test signals.

The connector 46, may be integrated with straight or
right angle pins, which may be connected to the receptacle
noted above, for direct connection to a printed circuit board
(PCB). A printed circuit board (PCB) to mount the connector
46, thereon can be either solid or flexible. As is known in
the art, a flexible PCB is formed on a flexible base material
and has flat cables therein. Alternatively, the connector
46, may be integrated with a coaxial cable assembly in which
a receptacle is attached to an inner conductor of the coaxial
cable for receiving the ends of the TAB lead 76, therein.
The connection between the connector 46, and the TAB lead 76,
or the support structure 52, is not a permanent attachment
method, allowing for field replacement and repairability of
the contact portion.

The support structure 52. is to establish a physical
strength of the packaging and interconnection of the contact
structure. The support structure 52, is made of, for
example, ceramic, molded plastic or metal. The elastomer 42
ig to establish flexibility in the interconnection and
packaging of the present invention to overcome a potential

planarization mechanism. The elastomer 42 also functions to
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absorb a mismatch in temperature expansion rates between the
contact substrate 20 and a PCB substrate to mount the
connector 46, thereon.

Figure 19 shows a further modification of the fourth
embodiment of the present invention wherein the bottom type
contact pad 36 is coupled to a connector provided on a
printed circuit board or other structure. In the example of
Figure 19, a contact pad 36 connected to the contact
structure 30 is connected to a connector 46, via a double
layer TAB lead 76,. The double layer TAB 76, has an upper
lead A and a lower lead B, each of which is separated from
one another at the end. The connector 46, is provided on a
support structure 52,.

The connector 46, may be mechanically fixed to the
support structure 52, through an attachment mechanism (not
shown). The ends of the leads A and B of the TAB lead 76,
are inserted in receptacles (not shown) of the connector 46,.
As is well known in the art, such a receptacle has a spring
mechanism to provide a sufficient contact force when
receiving the end of the TAB lead 76, therein. Between the
upper lead A and the lower lead B of the double layer TAB
lead 764, there is provided a support member 54, to support
the leads A and B.

The structure of the TAB lead 76, having the double
layered leads A and B establishes a fan out in the vertical
dimension. This is useful in distributing a signal or power
to two or more paths. Another advantage of the fan out is to
increase the number of contact pads, i.e., to decrease the
effective pitch (distance) between the contact pads.

Figures 20 shows a further example of the fourth
embodiment of the present invention wherein the bottom type
contact pad is coupled to an interconnect pad provided on a
printed circuit board through a conductive bump. In the
example of Figure 20, a contact structure 30, a contact trace

32, a through hole 35 and a contact pad 36 are formed on a
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contact substrate 20. The contact structure 30 is formed on
the upper surface of the contact substrate 20 while the
contact pad 36 is formed on the bottom surface of the
substrate 20.

Typically, the contact substrate 20 is a silicon
substrate although other types of dielectric substrate, such
as glass epoxy, polyimide, ceramic, and alumina substrates
are also feasible. The contact pad 36 at the bottom of the
contact substrate 20 is connected to a PCB (print circuit
board) pad 38 provided on a PCB substrate 62 through a
conductive bump 56 through a double layer TAB lead 76,.

The contact substrate 20 is mounted on the PCB substrate
62 through a support structure 52, and an elastomer 42. The
contact substrate 20, the elastomer 42, the support structure
52,, and the PCB substrate 62 are attached with one another
by, for example, an adhesive (not shown). Between the upper
lead A and the lower lead B of the TAB lead 76,, there is
provided with a support member 54, to support the upper and
lower leads A and B.

By the application of the heat, the conductive bump 56
is reflowed onto the PCB pad 38 for attachment between the
TAB lead 76, and the PCB pad 38. An example of the
conductive bump 56 is a solder bump used in a standard solder
ball technology. Another example of the conductive bump 56
is a fluxless solder ball used in a plasma-assisted dry
soldering technology.

Further examples of the conductive bump 56 are a
conductive polymer bump and a compliant bump which involwve
the use of polymer in the bump. This helps in minimizing
planarization problems or CTE (coefficient of temperature
expansion) mismatches in the packaging and interconnection.
There i1s no reflowing of metal, which prevents bridging
between contact points. The conductive polymer bump is made
of a screen printable conductive adhesive. The compliant
bump is a polymer core bump with a metal coating. The
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polymer is typically plated with gold and is elastically
compressible. Still further example of the conductive bump
56 is a bump used in a controlled collapse chip connection
technology in which solder balls are formed by an evaporation
process.

The structure of the TAB lead 76, having the tiered
leads A and B establish a low resistance in a signal path
because of the two leads. This is useful in transmitting a
large current such as in a ground line or a power line in a
probe card for testing a semiconductor device with high speed
without deforming the waveforms of the test signals.

Figure 21 shows a further example of the fourth
embodiment of the present invention. In this example, a
double layered TAB lead 76, having upper and lower leads A
and B are provided to the contact pad 36 connected to the
contact structure 30. The upper lead A is provided in an
upper and outer position than the lower lead B in Figure 21.
The upper lead A is connected to a PCB pad 38 wvia a
conductive dump 56 and the lower lead B is connected to a PCB
pad 39 via a conductive dump 57. To accommodate the PCB pads
38 and 39 thereon, a PCB substrate 62, is arranged to have an
edge having a larger thickness, i.e., a step, to mount the
PCB pad 38, and an inner portion adjacent to the edge portion
having a smaller thickness to mount the PCB pad 39.

By the application of the heat, the conductive bumps 56
and 57 are reflowed onto the PCB pads 38 and 39 for
attachment between the TAB lead 76, and the PCB pads 38 and
39. An example of the conductive bumps 56 and 57 is a solder
bump used in a standard solder ball technology. Another
example of the conductive bumps 56 and 57 is a fluxless
solder ball used in a plasma-assisted dry soldering
technology.

The structure of the TAB lead 76, having the double
layered leads A and B establishes a fan out in the vertical

dimension. This is useful in distributing a signal or power
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to two or more paths. Another advantage of the fan out is to

increase the number of contact pads, i.e., to decrease the

effective pitch (distance) between the contact pads.

Figures 22 shows a further example of the fourth

embodiment of the present invention wherein the bottom type

contact pad is coupled to an interconnect pad provided on a

printed circuit board through a conductive polymer.

In the

example of Figure 22, a contact structure 30, a contact trace

32, a through hole 35, and a contact pad 36 are formed on a

contact substrate 20. The contact structure 30 is formed on

the upper surface of the contact substrate 20 while the

contact pad 36 is formed on the bottom surface of the

substrate 20. Typically, the contact substrate 20 is a

gilicon substrate although other types of

substrate, such as glass epoxy, polyimide, ceramic,

dielectric

and

alumina substrates are also feasible. The contact pad 36 is

connected to a PCB (print circuit board) pad 38 provided on

a PCB substrate 62 through a conductive polymer 66 via a

double layer TAB lead 76,.

The contact substrate 20 is mounted on the PCB substrate

62 through a support structure 52, and an elastomer 42.

The

contact substrate 20, the elastomer 42, the support structure

52,, and the PCB substrate 62 are attached with one another

by, for example, an adhesive (not shown). Between the upper

lead A and the lower lead B of the TAB lead 76,,

there is

provided with a support member 54, to support the upper and

lower leads A and B.

Mogt conductive polymers are designed to be conductive

between the mating electrodes normally in vertical of angled

directions and not conductive in the horizontal direction.

An example of the conductive polymer 66 is a conductive

elastomer which is filled with conductive wire that extends

beyond the surface of the elastomer.

Various other examples of the conductive polymer 66 are

possible such as an anisotropic conductive

adhesive,
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anisotropic conductive film, anisotropic conductive paste,
and anisotropic conductive particles. The anisotropic
conductive adhesive is filled with conductive particles that
do not touch each other. The conductive path is formed by
pressing the adhesive between the two electrodes at a
specific location. The anisotropic conductive f£ilm is a thin
dielectric resin filled with conductive particles that do not
touch each other. The conductive path is formed by pressing
the film between the two electrodes at a specific location.

The anisotropic conductive paste is a screen printable
paste which is filled with conductive particles that do not
touch each other. The conductive path is formed by pressing
the paste between the two electrodes at a specific location.
The anisotropic conductive particle is a thin dielectric
resin filled with conductive particles coated with a very
thin layer of dielectric material to improve isolation. The
conductive path is formed by pressing the particle with
enough force to explode the dielectric coating on the
particles, between the two electrodes at a specific location.

The structure of the TAB lead 76, having the tiered
leads A and B establish a low resistance in a signal path
because of the two leads. This is useful in transmitting a
large current such as in a ground line or a power line in a
probe card for testing a semiconductor device with high speed
without deforming the waveforms of the test signals.

Figure 23 shows another example of the fourth embodiment
of the present invention. In this example, a double layered
TAB lead 76, having upper and lower leads A and B are
provided to the contact pad 36 connected to the contact trace
32 and contact structure 30. The upper lead A is provided in
an upper and outer position than the lower lead B in Figure
23. The upper lead A is connected to a PCB (printed circuit
board) pad 38 via a conductive polymer 66 and the lower lead
B is connected to a PCB pad 39 via a conductive polymer 67.
To accommodate the PCB pads 38 and 39 thereon, a PCB
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substrate 62; is arranged to have an edge having a larger
thickness, i.e., a step, to mount the PCB pad 38, and an
inner portion adjacent to the edge portion having a smaller
thickness to mount the PCB pad 39.

The electrical connection between the TAB lead 76, and
the PCB pads 38 and 39 will be established by a surface mount
technology (SMT) such as using a screen printable solder
paste as well as various other bonding technologies including
thermosonic bonding, thermocompression bonding, and
ultrasonic bonding technique.

The structure of the TAB lead 76, having the double
layered leads A and B establishes a fan out in the vertical
dimension. This ig useful in distributing a signal or power
to two or more paths. Another advantage of the fan out is to
increase the number of contact pads, i.e., to decrease the
effective pitch (distance) between the contact pads.

Figures 24-31 show a fifth embodiment of the present
invention wherein the bottom type contact pad is coupled to
a contact target through a triple layer lead formed by a tape
automated bonding (TAB) process. In the first example of
Figure 24, the contact structure 30 formed on a contact
substrate 20 is electrically connected to the contact pad 36
via the contact trace 32 and the through hole 35. The
contact structure 30 is formed on the upper surface of the
contact substrate 20 while the contact pad 36 is formed on
the bottom surface of the substrate 20. The contact pad 36
is connected at its bottom surface with a three layer TAB
lead 78 which is also connected to a printed circuit board
(PCB) interconnect pad 38 provided on a PCB substrate 62.

The contact substrate 20 is mounted on the PCB substrate
62 through an elastomer 42 and a support structure 52,. The
contact substrate 20, the elastomer 42, the support structure
52, and the PCB substrate 62 are fixed with one another by,
for example, an adhesive (not shown). In this example, the
triple layered TAB lead 78 for connecting the contact pad 36
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and the PCB pad 38 has an upper lead A, an intermediate lead
B and a lower lead C. A support member 54, is provided
between the upper lead A and the intermediate lead B of the
triple layered TAB lead 78. A support member 54. is provided
between the intermediate lead B and the lower lead C of the
triple layered TAB lead 78.

The TAB lead 78 as a whole has a gull-wing shape which
is similar to the standard "gull-wing lead" lead used in a
surface mount technology. Because of the down-ward bent of
the gull-wing type TAB lead 78, a sufficient wvertical
clearance is achieved at the left end of Figure 24 over the
contact portion between the PCB pad 38 and the TAB lead 78.
The lead form of the TAB lead 78 (downward bent, gull-wing
lead) may require special tooling to produce the same. Since
a large number of interconnection between the contact trace
and the PCB pad will be used in the application such as
gsemiconductor testing, several hundred connections, such
tooling may be standardized for a multiple of contact traces
with given pitch.

The structure of the TAB lead 78 having the tiered leads
A, B and C establishes a low resistance and a large current
capacity in a signal path because of the three conductive
leads running in parallel. This is useful in transmitting a
large current such as in a ground line or a power line in a
probe card for testing a semiconductor device with high speed
without deforming the waveforms of test signals.

Figure 25 shows another example of the fifth embodiment
of the present invention. 1In this example, a triple layered
TAB lead 78, having upper, intermediate and lower leads A, B
and C is provided to the contact pad 36 connected to the
contact trace 32, through hole 35 and contact structure 30.
The contact structure 30 is formed on the upper surface of
the contact substrate 20 while the contact pad 36 is formed
on the bottom surface of the substrate 20.

The upper lead A is provided in an upper and outer
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position of Figure 25 than the intermediate lead B. The
intermediate lead B is provided in an upper and outer
position of Figure 25 than the lower lead C. The upper lead
A is connected to a PCB pad 38, the intermediate lead B is
connected to a PCB pad 39, and the lower lead C is connected
to a PCB pad 40. To accommodate the PCB pads 38, 39 and 40
thereon, a PCB substrate 62, is arranged to have steps to
mount the PCB pads 38, 39 and 40 with different vertical
positions. A support member 54, is provided between the
upper lead A and the intermediate lead B and a support member
54, is provided between the intermediate lead B and the lower
lead C.

The electrical connection between the TAB lead 78, and
the PCB pads 38, 39 and 40 will be established by a surface
mount technology (SMT) such as using a screen printable
golder paste as well as various other bonding technologies
including thermosonic bonding, thermocompression bonding, and
ultrasonic bonding technique. Because of the significantly
small sizes of the components and signal path lengths
involved in the contact structure 30, contact trace 32, and
the TAB lead 78,, the example of Figure 25 can operate at a
very high frequency band, such as several GHz. Moreover,
because of the small number and simple structure of
components to be assembled, the interconnection and packaging
of the present invention can be fabricated with low cost and
high reliability as well as high productivity.

The structure of the TAB lead 78, having the triple
layered leads A, B and C establishes a fan out in the
vertical dimension of the TAB 1lead. This is useful in
distributing a signal or power to two or more paths. Another
advantage of the fan out is to increase the number of contact
pads, i.e., to decrease the effective pitch (distance)
between the contact pads.

Figure 26 shows a further modification of the fifth
embodiment of the present invention wherein the bottom type
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contact pad 36 is coupled to a connector provided on a
printed circuit board or other structure. In the example of
Figure 26, a contact pad 36 connected to the contact
structure 30 is connected to a connector 46, via a triple
layer TAB lead 78 which has the same shape as that shown in
Figure 24. The connector 46, is provided on a support
structure 52,.

The connector 46, may be mechanically fixed to the
support structure 52, through an attachment mechanism (not
shown) . The end of the TAB lead 78 1is inserted in a
receptacle (not shown) of the connector 46,. As is well
known in the art, such a receptacle has a spring mechanism to
provide a sufficient contact force when receiving the end of
the TAB lead 78 therein. Between the upper lead A and the
intermediate lead B of the double layer TAB lead 78, there is
provided a support member 54, to support the leads A and B.
Between the intermediate lead B and the lower lead C of the
double layer TAB lead 78, there is provided a support member
54, to support the leads B and C.

The structure of the TAB lead 78 having the tiered leads
A, B and C establishes a low resistance and a large current
capacity in a signal path because of the three conductive
leads in parallel. This is useful in transmitting a large
current such as in a ground line or a power line of a probe
card for testing a semiconductor device with high speed
without deforming the waveforms of test signals.

Figure 27 shows a further modification of the fifth
embodiment of the present invention wherein the bottom type
contact pad 36 is coupled to a connector provided on a
printed circuit board or other structure. In the example of
Figure 27, a contact pad 36 provided at the bottom surface of
the contact substrate 20 is connected to a connector 46, via
a triple layer TAB lead 78,. The triple layer TAB 78, has an
upper lead A, an intermediate lead B and a lower lead C each

of which is separated at the end. The connector 46, is
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provided on a support structure 52,.

The connector 46, may be mechanically fixed to the
gupport structure 52, through an attachment mechanism (not
shown). The ends of the leads A, B and C of the TAB lead
78, are inserted in receptacles (not shown) of the connector
46,. As is well known in the art, such a receptacle has a
spring mechanism to provide a sufficient contact force when
receiving the end of the TAB lead 78, therein. A support
member 54, is provided between the upper lead A and the
intermediate lead B and a support member 54, is provided
between the intermediate lead B and the lower lead C of the
triple TAB lead 78,.

The structure of the TAB lead 78, having the triple
layered leads A, B and C establishes a fan out in the
vertical dimension of the TAB lead. This is useful in
distributing a signal or power to two or more paths. Another
advantage of the fan out is to increase the number of contact
pads, i.e., to decrease the effective pitch (distance)
between the contact pads.

Figures 28 ghows a further example of the fifth
embodiment of the present invention wherein the bottom type
contact pad is coupled to an interconnect pad provided on a
printed circuit board through a conductive bump. In the
example of Figure 28, a contact structure 30, a contact trace
32, a through hole 35 and a contact pad 36 are formed on a
contact substrate 20. The contact structure 30 is formed on
the upper surface of the contact substrate 20 while the
contact pad 36 is formed on the bottom surface of the
subgtrate 20. Typically, the contact substrate 20 is a
silicon substrate although other types of dielectric
substrate, such as glass epoxy, polyimide, ceramic, and
alumina substrates are also feasible. The contact pad 36 is
connected to a PCB (print circuit board) pad 38 provided on
a PCB subsgstrate 62 through a conductive bump 56 via a triple
layer TAB lead 78.
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The contact substrate 20 is mounted on the PCB substrate
62 through a support structure 52, and an elastomer 42. The
contact substrate 20, the elastomer 42, the support structure
52,, and the PCB substrate 62 are attached with one another
by, for example, an adhesive (not shown). Between the upper
lead A and the intermediate lead B of the triple layer TAB
lead 78, there is provided a support member 54, to support
the leads A and B. Between the intermediate lead B and the
lower lead C of the triple layer TAB lead 78, there is
provided a support member 54; to support the leads B and C.

The structure of the TAB lead 78 having the tiered leads
A, B and C establishes a low resistance and a large current
capacity in a signal path because of the three conductive
leads running in parallel. This is useful in transmitting a
large current such as in a ground line or a power line in a
probe card for testing a semiconductor device with high speed
without deforming the waveforms of test signals.

By the application of the heat, the conductive bump 56
is reflowed onto the PCB pad 38 for attachment between the
TAB lead 78 and the PCB pad 38. An example of the conductive
bump 56 is a solder bump used in a standard solder ball
technology. Another example of the conductive bump 56 ig a
fluxless solder ball used in a plasma-assisted dry soldering
technology.

Figure 29 shows another example of the fifth embodiment
of the present invention. In this example, a triple layered
TAB lead 78, having upper, intermediate and lower leads A, B
and C is provided to the contact pad 36 connected to the
contact structure 30. The upper lead A is provided in an
upper and outer position of Figure 29 than the intermediate
lead B. The intermediate lead B is provided in an upper and
outer position than the lower lead C in Figure 29. The upper
lead A is connected to a PCB pad 38 through a conductive bump
56, the intermediate lead B is connected to a PCB pad 39
through a conductive bump 57, and the lower lead C is
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connected to a PCB pad 40 through a conductive bump 58. To
accommodate the PCB pads 38, 39 and 40 thereon, a PCB
substrate 62, is arranged to have steps to mount the PCB pads
38, 39 and 40 with different vertical positions. A support
member 54, is provided between the upper lead A and the
intermediate lead B and a support member 54, is provided
between the intermediate lead B and the lower lead C.

By the application of the heat, the conductive bumps 56,
57 and 58 are reflowed onto the PCB pads 38, 39 and 40 for
attachment between the TAB lead 78, and the PCB pads 38, 39
and 40. An example of the conductive bumps 56, 57 and 58 is
a solder bump used in a standard solder ball technology.
Another example of the conductive bumps 56, 57 and 58 is a
fluxless solder ball used in a plasma-assisted dry soldering
technology.

The structure of the TAB lead 78, having the triple
layered leads A, B and C establishes a fan out in the
vertical dimension of the TAB lead. This is wuseful in
distributing a signal or power to two or more paths. Another
advantage of the fan out is to increase the number of contact
pads, i.e., to decrease the effective pitch (distance)
between the contact pads.

Figures 30 shows a further example of the fifth
embodiment of the present invention wherein the bottom type
contact pad is coupled to an interconnect pad provided on a
printed circuit board through a conductive polymer. In the
example of Figure 30, a contact structure 30, a contact trace
32, a through hole and a contact pad 36 are formed on a
contact substrate 20. The contact structure 30 is formed on
the upper surface of the contact substrate 20 while the
contact pad 36 is formed on the bottom surface of the
substrate 20. Typically, the contact substrate 20 is a
gsilicon substrate although other types of dielectric
substrate, such as glass epoxy, polyimide, ceramic, and
alumina substrates are also feasible. The contact pad 36 is
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connected to a PCB (printed circuit board) pad 38 provided on
a PCB substrate 62 through a conductive polymer 66 via a
triple layer TAB lead 78.

The contact substrate 20 is mounted on the PCB substrate
62 through a support structure 52, and an elastomer 42. The
contact substrate 20, the elastomer 42, the support structure
52,, and the PCB substrate 62 are attached with one another
by, for example, an adhesive (not shown). Between the upper
lead A and the intermediate lead B of the double layer TARB
lead 78, there is provided a support member 54, to support
the leads A and B. Between the intermediate lead B and the
lower lead C of the double layer TAB lead 78, there is
provided a support member 54, to support the leads B and C.

Most conductive polymers are designed to be conductive
between the mating electrodes normally in vertical of angled
directions and not conductive in the horizontal direction.
An example of the conductive polymer 66 is a conductive
elastomer which is filled with conductive wire that extends
beyond the surface of the elagtomer.

Various other examples of the conductive polymer 66 are
possible such as an anisotropic conductive adhesive,
anisotropic conductive film, anisotropic conductive paste,
and anisotropic conductive particles. The anisotropic
conductive adhesive is filled with conductive particles that
do not touch each other. The conductive path is formed by
pressing the adhesive between the two electrodes at a
gpecific location. The anisotropic conductive £ilm is a thin
dielectric resin filled with conductive particles that do not
touch each other. The conductive path is formed by pressing
the film between the two electrodes at a specific location.

The anisotropic conductive paste is a screen printable
paste which is filled with conductive particles that do not
touch each other. The conductive path is formed by pressing
the paste between the two electrodes at a specific location.
The anisotropic conductive particle is a thin dielectric
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resin filled with conductive particles coated with a very
thin layer of dielectric material to improve isolation. The
conductive path is formed by pressing the particle with
enough force to explode the dielectric coating on the
particles, between the two electrodes at a specific location.

The structure of the TAB lead 78 having the tiered leads
A, B and C establish a low resistance and a large current
capacity in a signal path because of the three conductive
leads. This is useful in transmitting a large current such
as in a ground line or a power 1line for testing a
semiconductor device with high speed without deforming the
waveforms of test signals.

Figure 31 shows another example of the fifth embodiment
of the present invention. 1In this example, a triple layered
TAB lead 78, having upper, intermediate and lower leads A, B
and C is provided to the contact pad 36 connected to the
contact trace 32 and contact structure 30. The upper lead A
ig provided in an upper and outer position than the
intermediate lead B in Figure 31. The intermediate lead B is
provided in an upper and outer position of Figure 31 than the
lower lead C. The upper lead A is connected to a PCB pad 38
through a conductive polymer 66, the intermediate lead B is
connected to a PCB pad 39 through a conductive polymer 67,
and the lower lead C is connected to a PCB pad 40 through a
conductive polymer 68. To accommodate the PCB pads 38, 39
and 40 thereon, a PCB substrate 62, is arranged to have steps
to mount the PCB pads 38, 39 and 40 with different vertical
positions. A support member 54, is provided between the
upper lead A and the intermediate lead B and a support member
54, is provided between the intermediate lead B and the lower
lead C.

The structure of the TAB lead 78, having the triple
layered leads A, B and C establishes a fan out in the
vertical dimension of the TAB lead. This is wuseful in

distributing a signal or power to two or more paths. Another
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advantage of the fan out is to increase the number of contact
pads, i.e., to decrease the effective pitch (distance)
between the contact pads.

Figure 32 shows a sixth embodiment of the present
invention wherein a top contact trace is coupled to a first
contact target through a single layer TAB lead while a bottom
type contact pad is coupled to a second contact target
through a double layer TAB lead. In the example of Figure
32, the contact structure 30 formed on a contact substrate 20
ig electrically connected to the contact pad 36 wvia the
contact trace 32 and the through hole 35, The contact
structure 30 and the contact trace 32 are formed on the upper
surface of the contact substrate 20 while the contact pad 36
is formed on the bottom surface of the substrate 20.

The contact trace 32 is connected at its upper surface
to a single layer TAB lead 79 whose other end is connected to
a printed circuit board (PCB) pad 38 on a PCB substrate 62,
through a conductive polymer 66. The contact pad 36 is
connected at its bottom surface with a two layer TAB lead 76,
whoge other end is connected to a PCB pad 39 on the PCB
substrate 62, through a conductive polymer 67.

The contact substrate 20 is mounted on the PCB substrate
62, through an elastomer 42 and a support structure 52,. The
contact substrate 20, the elastomer 42, the support structure
52, and the PCB substrate 62 are fixed with one another by,
for example, an adhesive (not shown). 1In this example, the
single layer TAB lead 79 for connecting the contact trace 32
and the contact pad 38 is supported by a support member 54,
which is provided between the TAB leads 79 and 76,. The
double layered TAB lead 76, for connecting the contact pad 36
and the PCB pad 39 has an upper lead A and a lower lead B.
A support member 54, is provided between the upper lead A and
the lower lead B of the double layered TAB lead 76,. In this
embodiment, the conductive polymer 66 and 67 can be replaced

with conductive bumps such as solder balls for connecting the
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contact structure to the PCB pads 38 and 39. Alternatively,
the TAB leads 79 and 76, can be directly connected to the PCB
pads 38 and 39.

The structure of the TAB lead 79 having the single lead
and the TAB lead 76, having the tiered 1leads A and B
establishes a low resistance and a large current capacity in
a signal path because of the three conductive leads running
in parallel. This is useful in transmitting a large current
such as in a ground line or a power line in a probe card for
testing a semiconductor device with high speed without
deforming the waveforms of test signals. The structure of
TAR leads in Figure 32 also achieves flexibility in
increasing the number of contact pads.

According to the present invention, the packaging and
interconnection has a very high frequency bandwidth to meet
the test requirements in the next generation semiconductor
technology. The packaging and interconnection is able to
mount the contact structure on a probe card or equivalent
thereof by electrically connecting therewith from the bottom
of the contact substrate mounting the contact structure.
Moreover, because of a relatively small number of overall
components to be assembled, the interconnection and packaging
of the present invention can be fabricated with low cost and
high reliability as well as high productivity.

Although only a preferred embodiment is specifically
illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention
are possible in light of the above teachings and within the
purview of the appended claims without departing the spirit

and intended scope of the invention.
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WHAT IS CLATIMED 1IS:

1. A packaging and interconnection of a contact
gstructure, comprising:

a contact structure made of conductive material and
formed on a contact substrate through a micro-
fabrication process, said contact structure having a
base portion vertically formed on the contact substrate,
a horizontal portion one end of which is formed on said
base portion, and a contact portion vertically formed on
another end of said horizontal portion;

a contact pad formed on a bottom surface of the
contact substrate and electrically connected to the
contact structure through a via hole and a contact
trace; and

a contact target to be electrically connected with
the contact pad on the contact substrate through a
conductive member.

2. A packaging and interconnection of a contact
structure as defined in Claim 1, further comprising:

an elastomer provided under said contact substrate
for allowing flexibility in said interconnection and
packaging; and

a support structure provided under said elastomer
for supporting said contact structure, said contact
substrate and said elastomer;

wherein said conductive member is a bonding wire
for electrically connecting a lower surface of the
contact pad and the contact target.

3. A packaging and interconnection of a contact
structure as defined in Claim 1, wherein said contact
subgtrate is a sgilicon substrate on which said contact
gtructure is directly formed through said photolithography
process.

4. A packaging and interconnection of a contact
structure as defined in Claim 1, wherein said contact
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substrate is a dielectric substrate on which said contact
gtructure is directly formed through said photolithography
process.

5. A packaging and interconnection of a contact
structure as defined in Claim 1, wherein said contact target
is provided on a printed circuit board (PCB) substrate.

6. A packaging and interconnection of a contact
gtructure, comprising:

a contact structure made of conductive material and
formed on a contact substrate through a micro-
fabrication process, said contact structure having a
horizontal portion, one end of which being formed on the
contact substrate, and a contact portion vertically
formed on another end'of said horizontal portion;

a contact pad formed on a bottom surface of the
contact substrate and electrically connected to the
contact structure through a wvia hole and a contact
trace;

a printed circuit board (PCB) pad provided on a
printed circuit board (PCB) substrate to be electrically
connected with said contact pad;

a single layer lead for electrically connecting the
contact pad provided at the bottom surface of the
contact substrate and the PCB pad;

an elastomer provided under said contact substrate
for allowing flexibility in said interconnection and
packaging; and

a support structure provided between said elastomer
and said PCB subsgstrate for supporting said contact
gtructure, said contact substrate and said elastomer.
7. A packaging and interconnection of a contact

structure as defined in Claim 6, wherein said PCB substrate
is made of glass epoxy resin or ceramics.

8. A packaging and interconnection of a contact
structure as defined in Claim 6, wherein said PCB substrate
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is a multilayer printed circuit board.

9. A packaging and interconnection of a contact
structure as defined in Claim 6, wherein said support
structure is made of ceramic, molded plastic or metal.

10. A packaging and interconnection of a contact
structure as defined in Claim 6, wherein said single layer
lead is formed in a tape automated bonding (TAB) structure to
be used in the packaging and interconnection.

11. A packaging and interconnection of a contact
structure as defined in Claim 6, wherein one end of said
single layer lead is connected to said PCB pad through a
conductive bump.

12. A packaging and interconnection of a contact
structure as defined in Claim 11, wherein said conductive
bump is a solder ball which reflows by application of heat to
electrically connect said other end of said single layer lead
and said PCB pad.

13. A packaging and interconnection of a contact
structure as defined in Claim 11, wherein said conductive
bump is a conductive polymer bump or a compliant bump to
electrically connect said other end of said single layer lead
and said PCB pad.

14. A packaging and interconnection of a contact
structure as defined in Claim 6, wherein one end of said
single layer lead is connected to said PCB pad through a
conductive polymer.

15. A packaging and interconnection of a contact
structure as defined in Claim 14, wherein said conductive
polymer is a conductive adhesive, conductive film, conductive
paste or conductive particles.

16. A packaging and interconnection of a contact
structure as defined in Claim 14, wherein said conductive
polymer is a conductive elastomer including an anisotropic
conductive adhesive, anisotropic conductive £ilm, anisotropic

conductive paste or anisotropic conductive particles to
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electrically connect said other end of said contact trace and
said PCB pad.

17. A packaging and interconnection of a contact
structure, comprising:

a contact structure made of conductive material and
formed on a contact substrate through a micro-
fabrication process, said contact structure having a
horizontal portion, one end of which being formed on the
contact substrate, and a contact portion vertically
formed on another end of said horizontal portion;

a contact pad formed on a bottom surface of the
contact substrate and electrically connected to the
contact structure through a via hole and a contact
trace;

a printed circuit board (PCB) pad provided on a
printed circuit board (PCB) substrate to be electrically
connected with said contact pad;

a double layer lead for electrically connecting the
contact pad provided at the bottom surface of the
contact substrate and the PCB pad;

an elastomer provided under said contact substrate
for allowing flexibility in said interconnection and
packaging; and

a support structure provided between said elastomer
and said PCB substrate for supporting said contact
structure, said contact substrate and said elastomer.
18. A packaging and interconnection of a contact

structure as defined in Claim 17, wherein said PCB substrate
is made of glass epoxy resin or ceramics.

19. A packaging and interconnection of a contact
structure as defined in Claim 17, wherein said PCB substrate
is a multilayer printed circuit board.

20. A packaging and interconnection of a contact
structure as defined in Claim 17, wherein said support

gtructure is made of ceramic, molded plastic or metal.
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- 21. A packaging and interconnection of a contact

structure as defined in Claim 17, wherein said double layer
lead is formed in a tape automated bonding (TAB) structure to
be used in the packaging and interconnection.

22. A packaging and interconnection of a contact
structure as defined in Claim 17, wherein one end of said
double layer lead is connected to said PCB pad through a
conductive bump.

23. A packaging and interconnection of a contact
structure as defined in Claim 22, wherein said conductive
bump is a solder ball which reflows by application of heat to
electrically connect said other end of said single layer lead
and said PCB pad.

24. A packaging and interconnection of a contact
gtructure as defined in Claim 22, wherein said conductive
bump is a conductive polymer bump or a compliant bump to
electrically connect said other end of said single layer lead
and said PCB pad.

25. A packaging and interconnection of a contact
structure as defined in Claim 17, wherein one end of said
double layer lead is connected to said PCB pad through a
conductive polymer.

26. A packaging and interconnection of a contact
structure as defined in Claim 25, wherein said conductive
polymer is a conductive adhesive, conductive film, conductive
paste or conductive particles.

27. A packaging and interconnection of a contact
structure as defined in Claim 25, wherein said conductive
polymer is a conductive elastomer including an anisotropic
conductive adhesive, anisotropic conductive f£ilm, anisotropic
conductive paste or anisotropic conductive particles to
electrically connect said other end of said contact trace and
said PCB pad.

28. A packaging and interconnection of a contact

structure as defined in Claim 17, wherein one end of said
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29. A packaging and interconnection of a contact
structure as defined in Claim 28, wherein said upper lead and
gsaid lower lead are respectively connected to corresponding
PCB pads provided on said PCB substrate through corresponding
conductive bumps.

30. A packaging and interconnection of a contact
structure as defined in Claim 28, wherein said upper lead and
said lower lead are respectively connected to corresponding
PCB pads provided on said PCB substrate through corresponding
conductive polymers.

31. A packaging and interconnection of a contact
structure, comprising:

a contact structure made of conductive material and
formed on a contact substrate through a micro-
fabrication process, said contact structure having a
horizontal portion, one end of which being formed on the
contact substrate, and a contact portion vertically
formed on another end of gaid horizontal portion;

a contact pad formed on a bottom surface of the
contact substrate and electrically connected to the
contact structure through a wvia hole and a contact
trace;

a printed circuit board (PCB) pad provided on a
printed circuit board (PCB) substrate to be electrically
connected with said contact pad;

a triple layer lead for electrically connecting the
contact pad provided at the bottom surface of the
contact substrate and the PCB pad;

an elastomer provided under said contact substrate
for allowing flexibility in said interconnection and
packaging; and

a support structure provided between said elastomer
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and said PCB substrate for supporting said contact

structure, said contact substrate and said elastomer.

32. A packaging and interconnection of a contact
structure as defined in Claim 31, wherein said PCB substrate
is made of glass epoxy resin or ceramics.

33. A packaging and interconnection of a contact
structure as defined in Claim 31, wherein said PCB substrate
is a multilayer printed circuit board.

34. A packaging and interconnection of a contact
gstructure as defined in Claim 31, wherein said support
structure is made of ceramic, molded plastic or metal.

35. A packaging and interconnection of a contact
structure as defined in Claim 31, wherein said triple layer
lead is formed in a tape automated bonding (TAB) structure to
be used in the packaging and interconnection.

36. A packaging and interconnection of a contact
structure as defined in Claim 31, wherein one end of said
triple layer lead is connected to said PCB pad through a
conductive bump.

37. A packaging and interconnection of a contact
structure as defined in Claim 36, wherein said conductive
bump is a solder ball which reflows by application of heat to
electrically connect said other end of said single layer lead
and said PCB pad.

38. A packaging and interconnection of a contact
structure as defined in Claim 36, wherein said conductive
bump is a conductive polymer bump or a compliant bump to
electrically connect said other end of said single layer lead
and said PCB pad.

39. A packaging and interconnection of a contact
structure as defined in Claim 31, wherein one end of said
triple layer lead is connected to said PCB pad through a
conductive polymer.

40. A packaging and interconnection of a contact

structure as defined in Claim 39, wherein said conductive
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polymer is a conductive adhesive, conductive film, conductive

paste or conductive particles.

41. A packaging and interconnection of a contact
structure as defined in Claim 39, wherein said conductive
polymer is a conductive elastomer including an anisotropic
conductive adhesive, anisotropic conductive film, anisotropic
conductive paste or anisotropic conductive particles to
electrically connect said other end of said contact trace and
said PCB pad.

42. A packaging and interconnection of a contact
structure as defined in Claim 31, wherein one end of said
triple layer lead is formed of an upper lead, an intermediate
lead, and a lower lead to be respectively connected to
corresponding PCB pads provided on said PCB substrate.

43. A packaging and interconnection of a contact
structure as defined in Claim 42, wherein said upper lead,
gaid intermediate lead, and said lower lead are respectively
connected to corresponding PCB pads provided on said PCB
substrate through corresponding conductive bumps.

44. A packaging and interconnection of a contact
structure as defined in Claim 42, wherein said upper lead,
said intermediate lead, and said lower lead are respectively
connected to corresponding PCB pads provided on said PCR
substrate through corresponding conductive polymers.

45. A packaging and interconnection of a contact
structure, comprisging:

a contact structure made of conductive material and
formed on a contact substrate through a micro-
fabrication process, said contact structure having a
horizontal portion, one end of which being formed on the
contact substrate, and a contact portion vertically
formed on another end of said horizontal portion;

a contact pad formed on a bottom surface of the
contact substrate and electrically connected to the

contact structure through a via hole and a contact
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trace;

a connector for establishing electrical connection
with said contact pad;

a conductive lead for electrically connecting the
contact pad provided at the bottom surface of the
contact substrate and the connector;

an elastomer provided under said contact substrate
for allowing flexibility in said interconnection and
packaging; and

a support structure provided under said elastomer
for supporting said contact structure, said contact
substrate, said elastomer and said connector.

46. A packaging and interconnection of a contact
structure as defined in Claim 45, wherein said contact
substrate 1is a silicon substrate on which said contact
structure is directly formed through said photolithography
process.

47. A packaging and interconnection of a contact
structure as defined in Claim 45, wherein said contact
substrate is a dielectric substrate on which said contact
structure is directly formed through said photolithography
process.

48. A packaging and interconnection of a contact
structure as defined in Claim 45, wherein said contact trace
is made of conductive material and formed through either a
deposition, evaporation, sputtering or plating process.

49. A packaging and interconnection of a contact
structure as defined in Claim 45, wherein said support
structure is made of ceramic, molded plastic or metal.

50. A packaging and interconnection of a contact
structure as defined in Claim 45, wherein said conductive
lead has a plurality of wvertically aligned 1leads to be
received by said connector.

51. A packaging and interconnection of a contact
structure as defined in Claim 45, wherein said conductive
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lead has a plurality of vertically aligned leads formed in a
tape automated bonding (TAB) structure to be used in the
packaging and interconnection.

52. A packaging and interconnection of a contact
structure, comprising:

a contact structure made of conductive material and
formed on a contact substrate through a micro-
fabrication process, said contact structure having a
horizontal portion, one end of which being formed on
said contact substrate, and a contact portion vertically
formed on another end of said horizontal portion;

a contact pad formed on a bottom surface of the
contact sgubstrate and electrically connected to the
contact structure through a via hole and a contact
trace;

first and second printed circuit board (PCB) pads
provided on a printed circuit board (PCB) substrate to
be electrically connected with said contact structure;

a first lead for electrically connecting the
contact trace provided at the upper surface of the
contact substrate;

a second lead for electrically connecting the
contact pad provided at the bottom surface of the
contact substrate and the PCB pad;

an elastomer provided under said contact substrate
for allowing flexibility in said interconnection and
packaging; and

a support structure provided between said elastomer
and said PCB substrate for supporting said contact

structure, said contact substrate and said elastomer.



