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

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

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

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

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

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

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

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

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

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

test the seni[nonmlstmgmafmh ﬁmfsna:ry enadplh:L@hS NAeR0@X ectrical
devices such as LSI and VLSI circuits, a high performance

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

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

35 automatically test the semiconductor wafer. Such an example
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is shown in Figure 1 in which a sem conductor test systemhas g gefpyh
100 which is ordinarily in a separate housing and electrically connect
to the test systemwith a bundle of cables 110. The test head 100 and a

S_UbSt rat e shapahar iﬂpﬁig';ilﬁé € @P%ﬂbﬁay é{erﬁﬁcc\iﬁ&ﬁc@éreﬁ;@@é ré)ﬁ@iér}{ 1Lanect ed
wi th one another th the aid of manlgulator 500 which is driven by a

nmot or 518. C¥RE Reaf chbPyrdtish var ersdingrpdyt 28t 2 PRI A Lt jr23ya
provi dedell ecart eall IpoTdnnrteld tdie diesttdendsyd06mbyitheashsidiad eohandl er

400. 10 On,the t hegd 100, t.he sem conduct or er to,be .. test is

pr ovi dedcﬁPiﬁSt g‘t% “Si g‘ﬁ}ﬂ ltegée%el?%?‘id%(; 't as@%%ﬁaﬁgt PR s‘§f§ em The
resal t andreutnpohasigadlly fsomelilhesseidectordaaildy waheecciede wittdstorid C
circuits a.t.h sem, copd . waf nsm.t ]

sem condﬁ%{g%gggﬁ? Eét Egﬁsggarin &Er_lé]t %{1 emag%%%ﬂsg@ow}fles{ lséygﬂeltn‘]per%@out put
si gnal s ar ecdorpa?éd- wi tPThexpenticandarioro wiienrsi he Wweet hesteftheare

circuit Saﬁ'f‘orthEiéST%?OB%%tiHEdV‘@%era fngt 11005 €05k 6% | ¥nel ReBEIUE Z, the
test head 100 and thé_ sSubstrate handl er 0 400 are connected through an
i nt er f ackORoRBoRBAt SERETETEERsI@RAAGT0RC] - per f or mance board 120 which is a

pript ﬁd OICi I cht t@@ar?ef@vmgdellem,ri@h@: é@m'%lt:oﬁanae@tﬁ T Sal qge B® a

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

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

boards Il&émidowducborespondyisrdne Toabeeswitatesiuighanmelongiedirgmns) of

t he sem Q h ri - L, rE1 50 has
@Qdéégxﬁl E:%%rtl&&étéfl U0 AR 9&85: ererd A €4 %?@%Qg}el

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

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

and el ectr 0 5 Nov 2003 connected to the substrate handl er through
the interfaceln Figure 2, the test head 100 and the substrate handler

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

25 printed circuit boards 150 which correspond to the number of
test channels (test pins) of the semiconductor test system.
Each of the printed circuit boards 150 has a connector 160 to
receive a corresponding contact terminal 121 of the
performance board 120. A "frog" ring 130 is mounted on the

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

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

the substrate handler 400 and mechanically and electrically
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conponent 140. In the substrate handl er 400, a sem conduct or wé BrN@O 00D
be tested is nounted on a chuck 180. In this exanple, a probe card 170 is
provi ded above the sem conductor 5 wafer 300 to be tested. The probe card

170 Nas it od1UEger il BLOBE£00t AELONS( ek, am CRAL | BYELSFOke

needles) 190 to contact with contact targets Circurt termnals or
contact FEFPBERthd40c cIndiie sspatiatsehroghgtict P, v@f%@mlgféﬂ@iuﬁﬁ@r t est .

10 El ect fiagRlr tﬁfd“ﬂ@'ﬁe Ofe§OBH aCE 1BGRBEACLASa( eaﬁhﬁctlsopadsjinothme pr obe
card 170 are Iectrl c |y connected to th;fa contact pins 141 provi ded on

the frog eﬁ%’?@’ £302 ﬁ*ﬁ% Eorit t170p|lﬁ’spmfl g abeye doih IR RECEoNt act
t erm nal sra¥2k afoot be per fosameade baafd d2dbav thrthae moansal aCaDéf§e124

where 15_ea h cont act termnal (121 i nnect ed t the printed

boar d 128 BPSEhoh BEPHe SR Lo | RN o ST ST (S ROLFEL 150
are conné@Petot conbact em dormmhndtagrt tesyespssenh a@rw;giuime:emabizmaléio

havi ng, r e v updr Cs%m

arrangemt:?%t cgﬁﬁgelﬁrggegcgﬁfgégogg ﬁg%c%%%t%%[@{% he sur ace; e‘%’ac target)
of the séfPcundedt seskafer 300 on the chuck 180 to apply test signals to

thgosem condugt atr rweber B0GnaRh & ecel \%ﬁﬁgﬁcﬁ e§é&éﬁe&c9egpuec&ﬁ9@é£s from
the wafer 300. The resultant output signals fromthe 25 sem_conduct or

waf er 30D28AdePL el REPE GATS} dd OWATR %%%ctﬁ%ﬁ%%%%ocer&?%cb%ﬁe?at%eby t he
senmi condueheactepﬁnsysuenpf@\rldeaedsxm Eﬁ@eV\_ﬂ&BdﬂQj‘lﬂé'IEleC cm:rfaud@wbt he

sem conduct or fer 90 pe rfor Br %% tlﬁya oft L gw of

t he prob%lggra 76761 436 EP nﬂ'?& 5 C@? elrﬁ"emﬁa&:bel r% 170 has
an epoxythei ngrénrwhnck QOptrdr akiot yith ph@beoaanaacmbéema% sthewd| ed
neggdl es Qécﬁaé‘ém%&&@rt?eﬁﬁﬁaa@%@le% d%ﬁﬂghbedcw%elﬁpf o8 1’141#1‘@

sem conduct or noves ure

upwa In
canti | evePardobs R pk ddte t%%é&@doioaunp%uw%orﬁ%tprﬂa}w 9112911%% waf er
300. Theb@élﬂéiSOHStOh%rélatEI&mﬂl&y@éﬁ £90 tafee mmwﬁcﬂfbﬁ@r%ég& HBAstdrhch are

further N%/%OBC ne;da tran mssg{on Elnes not om&réc?rmsd in
the  proBE Y LS TARSRARAPGn TrRes are BonRavtea Y S
of inner cables.

20 Under this arrangement, the probe contactors 190 contact
the surface (contact target) of the semiconductor wafer 300
on the chuck 180 to apply test signals to the semiconductor
wafer 300 and receive the resultant output signals from the
wafer 300. The resultant output gignals from the

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

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

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

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

cantilevers 190 are connected to wiresgs 194 which are further
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plurality of electrodes (contact pads) 197 which are in cormuniiaﬁd\f)r} fﬁth
the pogo pins 141 of Figure 2. 5 Typically, the probe card 1707i 0
structured by a nulti- |ayer of poI yi m de substrates having ground pl anes,
power pl nensec 'c?n@ Ergngrrrﬂggl 11@1%% Oﬁ'le ngh&%)”er orﬁ@d‘ 3113./\'6!: e known
in the ar The S ransm Ssi o ines I's esi g to have a
char actemmbe: qanpiadla?ite s'ﬂhﬁ agaﬁemehﬁ’somolbyleﬁalaéﬁclqmﬁtweﬂ st®i But ed
par amet eréfl’uﬂal oy 458l eecltéddtcrocféwst(éahtseg r&.gﬂ,e)tl ¢ operRalh | iby ofnt he

polyimd tances and capaci tances of signal paths wthin the
pr obe ca@“@@lcﬁwn tHE s itdimIPaghesing éﬁlnﬁgdé?ﬁ‘éél%t?ched li nes

est apl i shi ng @ﬁﬁamryeq%mcprbweamsmn bgnelwcﬂéthuﬁédfw Suppl yi ng
currents _to the ]rL 300.in a Steaast\% state as wel | l %h current peaks
gener at ed B4 ¥amidg, s SHHGRY ngﬁo‘tl?gn? & %5t XY For
renovi ng pl@ir&&, s&gnam tﬁaﬁsfh%sabd 19hearan praowmt degremm thAspxsbee}:hrd 170
bet ween ower .plane and t ound Ian L&l r it of
t he prob Xr%d lﬁdﬁTs THown= 1% gi ﬁ'ﬁe %1 %9: %Lglr‘%’% ?]imr%rll%at%%n in
the hi gh desdguerdc o @@Meoranmir@efaqtetm@tp:mb@lmm sigduras £0 Aghwown in
yres 89 h £ ]Iﬁgge graﬂ' 7!:&‘1‘71:{?&@?5;5 Ihé@@ren the propee1&eEdid70
omt t

extends a stri |ne 196 25 which i's. | npedance
mat ched, cgznﬁteetlge%d mar@ehl'evefm eP%Fme@]ah]r%FEvePf(C(Fl]?t%ctp%]tﬁfjt}ﬁ%@‘?e) 190.

Si ntce th@Pme?ak%saaﬂd &eegllcqttmﬁze@ &Mahd 'ﬁl%dﬂlf C@amié:hﬁittléiﬂﬂeﬂee _
portions fupction s _an i nduc reque and .a own in
Fi gure 4BTroBEc5A%E ﬁ? thérbtjﬂ)se'r e Féﬁﬁ’?h ﬁ} Jgnpf‘g‘?%% ‘?ﬁf%@%‘gl e 190
can be afduned 23+3mImshisiggra fhight fi:equéatyom-an\mnlllssb@nr émndedn‘.hom t he
ctor e freq CYa PESf r test.
T agblr BRI, GupkBleer EOEDTNRREE O S e Sard 170
reS| de i Weﬂheagohwha@drm@mme@]e%cm@%e%@m by Fhe) dgwife's @W%E

Because EQ@t%ﬁ’ih%s Eﬂnn30t€ﬂaﬂéi§né94s@£'@e need| gl OG-y SippInd g | he
power ure 4D NOV 2003 the series con ect ed Wle%_ﬁ? 194 and

needl e 196Pf36|1t§i'-"6ur’rc?3 gamf hje%oaﬁﬁ REGVAAGHa (tF"il"guP‘éO B) g
to the badwekar shaspbatedpadhaee aridhehki glrospeeglemer.ent flow i s

20 An equivalent circuit of the probe card 170 is shown in
Figure 4 to illustrate the limitation in the high frequency

val ent

performance in the probe card of Figure 3. As shown in

Figures 4A and 4B, the signal transmission line on the probe

card 170 extends from the electrode 197, a strip line 196

25 which is impedance matched, a wire 194 and the needle or

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

needle 190 are not impedance matched, these portions function

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

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

30 needle 190 can be around 20-30mm, significant limitations

will be resulted from the inductor when testing a high
frequency performance of a device under test.

Other factors which limit the frequency bandwidth in the

probe card 170 reside in the power and ground needles shown

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

and needle 190 for supplying the power (Figure 4D) as well as
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seriously restricted. 5 Mdreover, the capacitors 193 and 195 areﬂqmvd%h:_]
. between the power plane and the ground plane to secure a proper
per formance of the device under test by filtering out the noise or surge

I th I 193 I t |y,
pul 525 OIS PSS Lhfcese JUoy 982641 018, 1330815 el el apoe
swi t ches tihfe necessaryd dimnabpadiFtigusel 9E hareea emliatalaity soal the
capact t anGaAldis SiCRoRSa0 AL ane fhedl wofomnacked. ol 0xadho fge D ST.

These capacitors serve t fincti‘on as qguency decoupling on the
power |i gexiouslat re@stwmdicied the capacitors limt the 15 high frequency

per fsor mance oydRRvRiOberRant 88ba¢ it AL 0T Nng t 85 MDste Wilehyiusgd probe
card such as above are limted to the frequency bandw dth of around 200MHz

whi ch i sPEA¥EER c‘ifé%ntp?‘&e%?tlaii&ceﬁﬂd sehf corausto® ckS. SeNEhe?
i ndust ryprbber.cspé@ms)maheé bhathérweﬂeauﬁmyr &marhiwﬂmtmrf@rcab&e to

t he testgﬁ S ca abi | rent Of t he or t

i oner . GRe PBebRceEtd gt T heR oreaher Botes TiPE northe CApaciarhy |

t he indusseyhawhauaarg&atmwehydlasgeapabhe Gﬁmﬂanﬂilh@nﬁ hadg@amudber of

segl,condyeLanARKEEES £rBRPERALbY TP TILES 1y Wal f Kedmys 0 2
I'n e convent|ona

paral | el Ion to increase test throughpu
technol ogye ehpapibhEschPE Baen %1sre]sﬁﬁb1m9hﬁ Elﬂiadd{ Eapagiid apgriaIayemde,

resul tingybf aéneomsistant Mualdity codkelti-acensiat eat taeabirt y m@s@es
fluctuations of size, frequenc g bandmndtgégco t act forc S an

r esi st anEBP3ELECTFRSERES Brg™ Bfo SHEEPSY %ﬁﬂﬁ n$é§}or
nakIng t brecpbivaet 1perdsar manceotthieel wablle, | she achpapéteatar @ iatiangshainder

h thﬁ géngg?éﬁgtactog%fgggakgg §egh30ﬁgg%%oe W@B%E under t est have

eren BXpansion ratios der 3the var yi
terrper ature, Aheosélugﬁavacttl'posmsn)n81dﬁéyeb§t%ﬂeem‘qm ycamq‘lcﬁ‘-l@g!va%el y

affects ,5h6e.Ccont qcltmjf@cf:%o EH@t BEL T 8RESIBACS Ath Randwidiry 2Bz 0 5 NOV

2003 there is a need a cont act structure with a new concept . which can
sati sfy YR&ECheddi %@ﬁﬁﬁ?lFﬁe{lﬁetﬁei‘c?Sgeﬁ§F8PFoﬁem§€ﬁflé8ﬁ&ﬁa wiggs -
t echnol ogiy. 1§wmmﬁnﬁﬁ&tiﬁﬁ |iwentd ortonsidered that the frequency

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

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

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

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

35 contact positions therebetween vary which adversely affects

the contact force, contact resistance and bandwidth. Thus,
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5 Therefore, it is an object of the present invention to provi d@ ?
structure having a | arge nunber of contactors for electrically cont act ﬂ@
contact targets with a high frequency handw dth hi gh pin counts and high

contact fiflidrBNGe asdiely A%y eLLAbLLY Wil b LR NOLREL,RD) ect

of the present Tnvention to B oV a con str ure 'such” as. arpr obe
card to &3tigH | san erddsfiveathe onnasirenenbr ltreﬁlllﬁgn%ﬁ mmm@blodew ces

and the ddns& ol i a8l it fdgAuency bandwi dth to neet the test
requirenents in the next gener ation_sem conductor test 15 technology. It

is a further object of theSprBaEKtofnblaarIBHERBIORr ovide a cont act

structure to estahkifisthe eliectid cal otp]%rtecdﬂ Qhe HrafdritC atrwsist Sewg heds
testing sem conduct or evi ces ich are suitable for testl a |large

nunber oPTG EenifcoFERERGF d%FESEuFﬁ pRAYFRE| &t cFllf’é‘-:’%arﬁ’eu‘ . Pt is a
furt her abpecictolirs Heorpredsentriicaldm |cmmtiamt1prg)\ucdﬂ:aa:tcmma33§t$twuchure and

its asse i 0 [ i r t_structures to
for-ma oy i ERalEllObandnsalR, REuR Bl Sulide Mnd MUAlctcalt (Tes L
cont act opsrfermEEgeoRst e ldr dise hdgit aetl tadddriiv. |t is a further Obj ect of
thegpresent inyenti QRotRer RIMEE A Eﬁéhﬁﬁeégﬁtp{%&@t%ﬂ:é%ﬂﬁvf@@er of

contactors in a tw di nensional manner on a Silicon _subst rate, renovi ng
the cont &ct 8PREAFEmM FHASUIHES r FLEMaNE nBUNBLIPS he2ESNt BR t GrEadpl bila
contact smbgtiatkall &o&nﬁehltﬁe»ndIf@&“tb@lﬂahg%@ﬁﬁbchﬁufcﬁrdﬁ c&xﬂloﬁ@cand

structur It.is a further obe rese i nvent.i vi de a
et hod 1 EPepb dlife; R VAP Par GEoRG b dr SRSr G s B et B na
manner oheatsireguamesebssr ane th@SHExanshaemugmhseodm@mn (ool ot
adhegsi vetgﬁﬂﬁogggyr enoving the contactors therefromfor vertically

nounting t on 0 5 NOV 2003 a contact substrate to forma contact
structure. |nlfhésr esémrqhﬁren@bbﬁctaoéon@a%t PResgEtur EnYeRrtipastiag

devi ces ppgerdkesta ar@orﬁ’@é@’@d gtrackakrge ruwbeéseéblsgnt achiic: raguced on
a pl anar surfage of a sili substrath a% até)hotol it hoqr %%t%technol ogy

est abl i SKRA"PHEERE 17 app 1ca ions =suc sting se
devices, which are suitable for testing a large number of

20 semiconductor devices in parallel at the same time.

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

25 contactors mounted on the probe contact assembly.

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

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

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

35 transferring the contactors to an adhesive tape and removing

the contactors therefrom for vertically mounting the same on

-6~



sem conduct or production process. The contact structure of the puﬁsgnv 03
I nvention can al so be used as conponents el ectronics devices such as I%g
| eads and pins. The first aspect of the present invention is a contact 10

structur g fnesdallisdhing electidhtla cCmedd g MMddcont act targets. The
contact structure is formed of a contact substrate and a plurality of

contactors i n Whi CHCealREBERE e PEIHI R or & hESTRAShbsPEREFEPFG stPEi ght
shape. TheAHAMSFicds QOIPF | 586k 0dra@ EoPmPdr bEoa Wairefs ifunseot raded in a

15 vertical .direction ta forma contac oint, a.base rtion .which is
insertedcloﬁlté?cttrﬂ%gﬁrﬁgiluge& o7f'ded oﬂi?ﬁ@rco%lfﬁ%?cesu‘ggt rat ST STeh a way
t hats an emibstfrattee byoatidoitarl i tthowtapins teshaclontyaestphilibedelinctihecal

connect i t t f 0 ont agt tr gﬂg pLing
portion %%mgrcg\?}lld e thrg?v\%elgﬁl_c?%gmt %goggrs%i'on%glﬁd%éﬁicabcg&s}tpor |Ig¥1év\ﬁ|fch
producesther asvesent doveastohorean wadaot e coAedctasy toemppusséd aghi nst

the cont a6bka@8lcs ARLRRE aREChOTd heRieseRl pilgention is a nethod
produci ng the contactors in a two di nensional .manner, on a 25 silicon

substrate andTRendiitss @F@ests 6h e PLessRts APVETE 10oh i td F9MdATre. The
praduct i gariethe® Esriublsathialg theckelibaw sgnseepsonfwifR)cdmydaing a
SR CBRBACT Ol SYLAREE: S Som AP et iy (e TR MR B
t he photaobesirstel apdr agpturakpogi of ddretphotios est sthidlaysachvah the

ul travi obghe bbghtc! ﬂagug@uhm%é@lgﬂﬁﬁmbﬂ% Bhaba. Ml I llng. an

i mage of the contactors; (. evel oping~patterns of the 1mge of the
cont act o8 cFMNOweRd[ [0fonaa it f REETEPT: HEN PRt dresPEPLEafed £8) Formi ng
a fkrst {ayercall corkaetions tmde el £/ esttder SONEUC hveakRt eidaidm the
pat Lot e SDchNe PIoLOLeRL oL ol Y EL b afclect onlel) 00 RRPSSSe £l )

_ substrate in such a way that an end of the contactor
functions as a contact pad for electrical connection at a
bottom surface of the contact substrate, and a spring portion

20 provided between the tip portion and the base portion which
produces a resilient contact force when the contactor is
pressed against the contact target.

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

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

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

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

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

35 contactors;

(d) developing patterns of the image of the contactors
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of contactors to forma second |ayer or higher layer of the coftg [?rws?
(g) stripping the photoresist layer off; (h) renoving the sacr|f|C|a zg%r
by an etching process 10 so that the contactors are separated fromthe

silicon ( Iﬁggg Actors on a contact substrate
havi ng thr oughg%%c‘@{}gf I’%%%I @&;}%}_ﬂ contactors therein so that at
| east one end «f) daemisl ﬁhﬁll?@hth%l'@f ot ¢entastrrensads af cohegeripad for

el ectric LopatiQn ma{tefﬁranh%rn 23RephtOErh BeoRT €8 PWhdtyARE1 88 1 §yapot her
met hod of produm g he contactors in a two di nensiional nmanner on a

silicon $bsr &le RYNTLMTRFIIe contactors to the adhesive tape and
remyyvi ng t her efff)omrebek tagigabhesbt 8gs 2(b)a- GONtadlveSbhUEhEN £irdhel fyegduct i on

met hod i s conprised of the follow n ps of formng a sa i cial
Tayer onoF SHACEOTRS S 3 ETORMIAYSE SHotHAGS (L TeTEr by £{1

sacrifi Cb@hw_ﬂaa';te:rrs 25 on the substrate; (c) al i gnl ng a photo mask over the
phot or esi st eX n w th ul traviol et

| i ght througha&ﬁ nr%éltpo ﬁsiheq%hoetcﬁg%g&%%as i nc% ‘ng an i nage of the
cont act ors; 3dh()d)rem@vehgpthg mtefmlaﬁ lelyed bagencftehiengprece®®s on a
surfiace af, tp aggoﬁﬂéeﬁﬁﬁﬂtééﬁﬁfs Qﬁ%&f%%gbggthhe froil SthtaVe{1 PEon

contactors made | ectric conductive naterial in the patterns on the
phot or esPEPSEEREE ibRI%h el ectropl ating process; 35 (f) repeating the steps
(b) - (e) abO\(Q)Onmb{iﬁtih SteHely ebneaBtaekorsnt @ f@d&ﬂt@céuréﬂ%tf@uér of

| ayer of FSVgR? o BEPHY ﬁnﬁ’ms. Fe Fapelin (MU oRfactirs CPTRGISFEurt aces
of the coheaetar scantedt taichbehsto oihe edfesfveabh(pf rdw\daomtadieors
Sai%ifickﬁhckﬁgﬁ% Q% %nc%h%%kEggﬂﬁp%fﬁselectric connection.

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

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

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

(b) forming a photoresist layer on the sacrificial layer

25 on the substrate;

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

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

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

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

of contactors to form a further layer of the contactors;

-8-



so that the contactors on the adhesive tape are separated fron*pg‘neN@‘%/I i con
substrate; and (j) nounting the contactors on a contact substra izﬂﬂﬁ
t hrough holes to receive therein ends of the 10 contactors wherein at

| east one end of, each. of . t he_contactors .function as-a pad for electric,
connection. A f%)rt%tgyfl%%%%%tt%? ?ﬁ%E%Feeg%aSn f%’(/%lr.\t?%%' is a method of
produci ng t he tohtptioisgianadesiiveenspeonah niesmneenbachorsi spcbhat
subst r at &yl (4 AN R 1030t hBCCEORLAELRL SD diltchp AUBCELUCaLARS; vINe
productio thod i1s corrprltsedcog tﬁe %o?]llovﬁ ng stedgs o?: (%§1 go%\rr’rlgng an
conduct i Ve@R&ibstrate nade of electric conductive material on a dielectric

subsfrate; (b)(forEme ihdRALOERSLIFiLAXSI1HN 18, aaNdUehing p2Bcsubst rate;

(c) aligning a photo mask over the photoresi'st | ayer and eXposing the
phot or esi<t “F%i‘/gr t&RFt FORERCHATS 7 | Hahit 2ERe8ugR ¥~t3iEP@ r?rﬁﬁosgﬁ§ﬁ?g?ﬁe phot o

mask i nclixbnng:ten s ibgewfsuthec ron) atdrs; 25 (d) devel opi ng patterns of

t he i mage of t{ue) cont agtors on a s%rfg:ce of _the phat greﬁi St Iaéer' (e)
forming a firs 3 a{flg}m F‘ngonpé%t STENTEEESt Bedt r FRPEES du%ltﬂﬁ T&kPeri al
in the patstvems drhadegiphdiolessi stto | asereidy drheteasion r ogohdd | ngf prbbess; 30
(f) 4 epeatd :L,{bq: (s 3 b Ik SE £ r s to
forlnqa fg}rdt er ay%&'a%%?etlﬁéago%tgég?o%s{? %%??F%p?ﬁg@% fcﬁgégﬁ%fg%r esi st
| ayer; (Hunsddidm@s e REShARY isAe @bt reRawhdiQi cont actors thereon from

the dielectri@ subshieadt 8spdet(bl PhaGinGat adhesitved areaofetR8ac8Rt act ors
on the conduct,ive substrate so that 'upper syrfaces of_the contactors 0 5

NOV 2003PFeedcdnsh e GORERFTETEapd vherd ndiBrRei ol FERYET ¥t ween the
cont act okd ldrdr heubsbest v e anabpet rans fegeindg hahet haint detoeen tichethe

t.act h d ' trate: (] ' . d [
conuact onty AL DS RPN pIE UBRIALS, ey Bt iSaN e
the condediliovd nsulsdterest @f ;and

(a) forming an conductive substrate made of electric
conductive material on a dielectric substrate;

(b} forming a photoresist layer on the conductive

20  substrate;

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

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

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

30 (f) repeating the steps (b)-(e)} above on the first layer
of contactorg to form a further layer of the contactors;

(g) stripping off the photoresist layer;

{h} peeling the conductive substrate having contactors
thereon from the dielectric substrate;

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

conductive substrate so that upper surfaces of the contactors
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(k) mounting the contactor on a contact substrate having a thrnoggnmnojﬂﬂan n
such a way the an end of the contactor is projected froman opposite
surface of the contact substrate. 10 A further aspect of the second present

inventionghs,d B aQﬂ{EéiCJe apemhyrbag! é@l&é@l\tf@%%@&ﬁ b%ixbl&éﬂr e of

t he present invention. The probé contact assenmbly is forned a cont act
subst r at ENRaARY AECENF a@i“flytébf?— csHteRt & staBantiéd Lajgaer sEPﬁ&cé‘-l‘t‘%’éreof a

probe _cabett«eénneuet cbatheceentad the swhsiucatieecapdbestakld;shing
electrical co ni cat ;on bet ween e contactars and el ectr es pr.ovi ded on

the probe cardj’an8®%a1PPn Bﬁ‘%ck@l‘é@?‘ﬁﬁlﬁeplﬂf F%3FDf FDnt trE to

i nt erfaceonbatmeea tdre p:rmzbeadhedlaad ttapemaxendaeparat edt ﬁy:s:hemhnﬂen t he
pi n bl ock |a g{:tachg bgg %QS Qe card. 20 The contactors are nounted
verti cal Fy on-a horiz a éur ace of the contact substrate where each of
the contact or $k) hasuat sud sthentdagtiartstr enght camizpet sEdeit rednt deroimg s

compr i seg Dy BubhPHBRL! HANSHBRCH 3 PR Heledniino? YRE! bealadliiectd on to

forma cont act 0|nt ase portlon I nserte In a
corr espoma@m@cm@oﬁaemh@m@wqw Bt frge %ﬁﬁéﬁ se8Laghd SAPEHEAE porti on

pr w: ded bet V\Eeﬂukﬁfﬁeﬁrl BspRett Ioﬁfn 2y dheoRBSErHOEht Oﬂn\é\éh@hogr qduces a
resilient cont act orce n the.c act _ structure IS resse I nst he
Cont net BEPESEoRE § ARSI i s, thg, GoRtagE orivites Ghhar o
zi g- zag shepent oirxentivhe cmheaptobéocoataandaaaembﬂ)yr 1su1fbamed)foﬁ he base

portion 1s.prol gtctsg.ﬂ?ict{ 1342 tr{h pex) Caalltﬂgfn%%mcgﬁﬁ;a%%%ﬁ! ?nto%

functions as a nectron W th an ex ernal
conponemn B5suctardi hgereof hea ppegbﬁt cphdefPkomeunhéngofhgccoriadict ur e

ha§5a-Vf%ﬂbé%ﬁﬁtérQﬂ&eggﬂagﬁﬂgﬂiﬁéhei@cﬁ?@&alh@om%@n§c§@¥o%0@%ﬂﬂ@§n
reqU|renents of next eneraﬁlon sém conduct or %ﬁﬁgo %g%b Si nce the | ar ge

nunber dHh& SAHAGI AR pLegheedest PrREI45HeCR
W t hout & iviod WIgck Nigstithg hangl ihglity bs po’skbtepinsachbi emeeﬁ:(ﬁaﬁ:ie;t ent 5

aual iyl gl eld Bty ands| 909 LT Lenk DhHSCESRT ACLe BSLEEHTAARS, 25 ve!|

as | ow co ecause t
the pin block is attached to the probe card.

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

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

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

35 According to the present invention, the contact

structure has a very high frequency bandwidth to meet the
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contactors are assenbled on the same substrate material as th§t§ a0y %03
device under test, it is possible to conpensate positional errors caused
by tenperature changes. 10 Further, according to the present invention, the

pr oduct | G ir 00es3is el of 0 BEOIUSEXR | TGS AUERGE OfserfQUARCESLI N 2

hori zont al rection on the silicon substrate by using relatively sinple
t echni qu&ecHiEH as3nt act 9 BCEr e-he edp\Vste f POWPERe 96bsTPREXCBHBES nodFted on a

contact gybsticle at5the samer tigal ofi £186td@hs t Jdiee GRMAalL SrkSTw 8y
produced by the_ pr ient inyention are lo¥v cost an 'hﬁib%h efficjiency and
have hi gﬁ'%’é‘@hanp@ﬁ% dffength ahd rBPFRBPIFLyEC BATH S crAPIT G TEEL he
Dr awi ngs gla@ur®,1l hsgh sedieisii ol oy agham Showi ngi e sthucthe alcoéact

rel ati onship between a substrate ndl er_and a L.cond es stem
havi g aBEELeHBATE Figure | 88 s B oERa Shont Ug RE Zaxeipt 2 8k iere”

det ai | edcstitactors faore corsmdilian) ehethessameagubbtrhte geweguducter test

system t pythe ubglr alg;handlgle ! Reaygh san igidégiglfea%? CImMeM e Fi gure
3 is a bottomview show ng an exanpl e ofl the “probe card having an epoxy

ring forpPesdsirnglasprersl cepsed byr SsEDeaRtatteocd3PISEdl es or cantil evers)
i n1ghe convengi,@hdkr,t echlehadng 3@oF GHees pAirstintar @ réidiitidn di agians

showi ng equivalent circuits, of the probe card of Fi.gure 3. Fjgure is a
schemati BﬁHﬁFéﬁ%mﬁ%nlﬁxfr%ee 5P Wfil‘h%et 8t r]%ﬁE{?r emd‘i”ijgﬁe %Eesent

i nvent i osodsbRgoeeni acd drcs: i Zarradiic ed rie td oo pinzioind ad 1 Idicwec tsiudrstoratee si | i con
substrate _and. 35 verti.cal4l {Eﬁgﬁte : tac b ' 6is a
schemat i @ydlugd'ln mrsereilt?vélﬁ’gelﬁo r ee%ér)r%f‘%&"%" 5 E@HZgé\Eﬁl@%?tg?ﬁ?;%?e

st ruct ur sevpvetef peoserm guhrdmsdton ansi mgungedt aotdraPrPrastucsdpstrate

honiszont g}, di {eetieR10R 1 2ettlibhON THELSLHRLR tARE NRELEALRRIEY a8ty 0n a
contact substrate. Figure 7 is a schematic di aarﬁm ho%n n%,a furt he 5
exanpl e BREcBREEENTs IYERFLO oA Hehel QI SRt PFRYeAEPBNShSERGEEINtB R or s

pr oducednheanhgni meahahidblestirengéh ansi heddability.

Brief Description of the Drawings

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

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

25 interface component.

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

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

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

35 vertically mounted on a contact substrate.
Figure 6 is a schematic diagram showing another example
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substrate and vertically nounted on a contact substrate. Figurgs qglvapﬁ fB
are schematic diagrans showi ng basic concepts of production t‘rho 0 q e
present invention in 10 which a | arge nunber of contactors are forned on a

planar sy acg Ao Si b £FQBrHLS bt ecaRd perRved t helRIHOM ] Oryslgher

processes. Figures 9A-9] are schemmtic di agrans show ng exanpl es of~ shape
in cont a@VBHLGP e BFUHRRY h 2hBopisanttl oAipe6Edes of5 &fsthiCPResent

I nvent i onsit At D @uridB 8L d18 £ Ghafled Y UClddfad] ddSspFLsent
invention. Figures 10A and | OB are diagrapms show ng a ,specifif egarrpl e of
contactor of tHEWSeséntl§ nfenPFoRMRherei "’Iffﬁ]?esg’fé’&qgs g tHoht9Few of

t Ihe 5cogt &Giamfpl@g)ﬂ:icgﬂm@&ﬂﬁicﬂ:@&@f Zhevippw safntt hieneait awi olisifdygur es -
11 A and 11B.ar i agrang. show ng._anot her . speci.fic, exanmpl e of nt act or of
the pr esERETATFERE, G CTHERDI T AT glP5- TTAT TS SLFPBRACD & 6 Thet Sant act or
and Fi gendsti¥Bties aadsivie biicaigf maveteshoactorcortmdd gutss-va/e and 123 are
diagrams shOWgng felidhBhg SRECLI GoRERERIS o tlovPind NS P &sent
invention whérein i gure 12A'1s a front view of e contactor and Figure
12B i s acengepfise\wlofP¥Pduebheachethof gir ddre 3prangnt 3 13vand iginagkans

shawi Ng @nfiht @e_rlalggé SREEbéTC 08X ¥R RbreoAct foraédt Ba Rf eseiMar

i nventi on erein Figure 13A is a front view of the_contactor an Fi gure
138 i's aSUFAESE olf of Fe ISR RYRFEIRFGUPRE EATUGVRS  APETEERERatieE

di agr anslskew pgoaessexanpl e of production process in the present invention
for 35 produgin €450 clor Figures. - 15D C i L agrans
show ng anot hg‘rl g-%f%QSQ'g %é% h&daa%rrlp;"lceéé%ggﬁén u%}??%%n roc%@ilg%dckﬁe
present Ehapat ioncénracpeodued nge treoderrdiciibidie FRRGUE 1016 AIIBN S e

schemat i gedigd apB3hAW NohAht £3AMRAKE Ao PHRCESSed OFi P! SHHCI AR act
structures in the 5 horizontal surface of a substrate and transferring the

cont act oF5YHEtHRSFNPEr HBGi RFESFIAt dnvention.

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

20 view of the contactor.

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

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

Figures 13A and 13B are diagrams showing a further

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

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

35 producing the contactors.

Figures 15A-15D are schematic diagrams showing another
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Figures 17A and 17B are schemati c diagrans showi ng an exanple g)f5 ROK mpd
pl ace mechanismand its process for picking the contactors and pl aci né he
same on a substrate 10 such as a multi-layered silicon substrate to produce

the Conté%rrga:}é UGE P%Eo&ﬁo%%n%%@@%si Hﬁe%ﬂeoﬁaré@;&tr & rhferh 1 3n CEBFS
sectional Vi show hg an exanpfe of probe coritact asse y using the
cont act RNFYBHIFRT dfhe REONEAR@E@PY- i nvention as an interface between a

sem conduct or ﬁgg@fé@ cadidein t @sle aBdnamhest haadgPbmd SeAbGoAduUChAr test
system Figure 19 is a cross_sectional ,view show ng anot her exangile of
t

probe corftEIP LR RhbPYOERPRgIPRe PEBATSENIs CRRERG e B Udtd st tRBvent i on
as an i Nty isahthel Wwesirfa2@ Sen conditiradeyi aadungeankestrang athest head

of sem conductor test system_ Figure 20 is a cross sectional view show ng
a furthercC’“g‘ﬁtaacrﬁ’ﬂreS ﬁ:fo pq%b]é"etc%"ﬂ‘? ataesspglr?oq‘:‘i/' usi ng the contact structure
of the presentFiiguesd | OTR asndnl VRt eréacsehbetween dd s2fx agesm stoswlired oandevi ce
under te a St . d m gﬁﬂ!!&: t t Ei_qur lis
cont act S%%(raﬁ@%ﬁ eégl ;)f"teat%:dalg a%&gr% atﬁés)c.en% |ct°‘g'|ﬁag§f%% gf?gv?/iensgsuaﬁoéxanpl e
of the prdsdind rvent¢entdaiorny adtplagingcbhesgbger shes apibshvate
confpact olg 30 P& oduGreh droual-ddes pi odygt I%ﬁr%st@f pirBRIRIESERE

i nvention. Figure 22 is a perspective view show ng a plurality contact
st r uct ur ESTEREhSEESHE iy ditS AFeseat HAVSRF 1% ge nunber of contactors
for assenblingivhire ame ianel kefodsd sedft ienadt ividvwe shawiole aondaahpnssenbly
o oL R BBy GALRE e EnB AR N, SR A SR Rt
are connpecesdnli tinmome ot Aer ano igdteatideh bepvebe eormteawiconductor
15 device under test and a test head of a semiconductor test
system.

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

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

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

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

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

30 produced through the production process of the present
invention.

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

35 constitute a probe contact assembly of desired size.
Figure 23 is a perspective view of the contact structure
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assenbly with desired size, shape and nunber of contactors. Detail
Description of the Preferred Enbodi nent 5 Figures 5-7 show exalﬂpﬁe’w\’)fm%
contact structure of the present invention. Each contact structure is

confi gur ek Whe apEORLAE 1 8YBaLE BhewRAraRE FANLAA! Uchtddt |Subbergxappl e of
Figure 5 each contactor, 30, extends substantially in a vertical direction

and is fGrifedBmectnd witdt (qnsh aTdeT Lo FEHGHies P (RFIPR CoRtact

substr at es%%nmwamtaﬁtdmﬁd whi ), St %frﬁff abinjbesﬂ%tfﬂ)&ﬂﬁﬂ;a@tﬂﬂra meander
shaped portion the ba omtt to function
as a contact : S i : SEES&or 30,
extends 15 sumgmms &4y show hexmeplesabfdcoatacnn sacrxdlqtsleeorcmfédtbé a
base portl n t he, C t8y aQi N whi ch
is split |%{%oe %\/\lgﬁ_g}re“?-l(r#ﬁ)lrogl m%n Cgpan f&lf)er azg{cq_' al?spene C%u%p f g-zag
shaped per tioofalgét w@ﬁttrlaeebaﬁeanéownbﬂcmnst3\@ cokn gdehe ;ﬁ?ﬁiﬂplﬁe @ﬁnctl on
as a congg gh taQSSpHa{& EBREQEtSi@a”ﬂ:ﬂ e @ité:ﬁ@yr%u%steae&&aqqq; agior 530,

ext ends tfally in the vertical® directi on having a hook Ilke shape
and is fUﬁFﬁ@dC@fl sipgss ieay @ingh idodeemesy afo & hase airddics uetsat 820, a

confpact pehfkcwiac *&ol eher @Bﬁté@t)’s@ﬁsﬁfﬁt@@@ﬂ ansbhtsa®f il Wi dhe
vertical .direction cur ed rtion en the b se%xgl)(cn%tlon and t he

contact pg&iREE FBaP&XC? %’ﬁp%’%e é'i‘cf“egﬁ SORETH BT et drs 30
of Fi gur eheb-bagy ogueesonc@ridacther mmmetbypmxs@r itwg functei der iasedamai nl y
fromthe ggaggrl (%n |y curved portion, i.e., the neander shaped, zig zag
shaped or turved on of the contactor, when the contact structure is
pressed agai n§n d;@m seempdes R Figune %erﬁ&ﬁihd%m‘bﬁcmefionre}ﬁ?@fﬁﬂ%d

Ci pgui t Qﬁeggaﬁggaﬂﬁ}e1r§ca1$@&}eﬁﬁsa81ur&1@éé@1&ﬁeahasla sehweli RoF effect at
the tip 35 of the, contactor éonta poi nt) ag%nst th urface of _contact

pad 320.PaFEHPArstrRLEPIRESEFR pasagh f4y4sprat R Cont act
per f or mapeenwheRithe igospadt peitot twor oS motrke paxindes sund mﬂﬁratlbﬂeycont act
pad 320 }t_lo eI ectrl caIC{y

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

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

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

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

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

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

contact pad 320. Such a scrubbing effect promotes an

~-14-



contact the conductive material of the contact pad 320 under the oxide
surface. 5 1t should be noted that, the contactors 30k, 302 arlti5300¥ Jgpgn
be interchangeably used and produced in accordance with the present

invention, althaugh the cqontact struct i r.oduct:iqn wil |
be descrilglggo\Y\net %roélstp?éj& %eoratgonﬁ@arbéjn% &%@Fen?gge o%g?ﬁgcgo#t% %&c&orégﬁt}ﬁ?t her,
vari ous bhkeroxtiydressofface coifit ddtor sontache pphesHiil - tavelddiriwallvl so be

described,LaLer tEAgt %ﬁ&&@ﬁ;{)@%geﬂgw@ﬁ Shid ol dhoyghs the dglad)ed

description wll e only on [Iimted types of contactors. Since the
cont act oFBeoP*iRe FuE$aRe-i nvention shown in Figures 5-7 and 9-13 are

verti cal | y noggt goullat Bernbbea eRad) thelddachdashs o9g,,0n o henhosibzont al
surface of the contaci’l sub%t;rate, a l r%e H{l:llﬂb'ff-‘ir .of contactors can be
mount ed @REhPR 1PRETCPANIE] Bab‘éeénafﬁe EORPEEE HpSCCATEANEYUTE-BA- 8B
show bastgeigieasent imesntesentalitheigi ehe Eontacddicingtsyehaednitaet ors.
In the pres I nvent yr.e 8A cantact or.s 3Q are

nt. i Lpn, as 0 shown i.n Fi
producedpﬁﬂg‘écwgﬂawetﬁ??‘a‘ﬁjel%fzb% %%%ijrl?ﬁi BP9 Sibst r at e
or ot heordtebecifr ithes ulrstizatteonsn a hortlzent aradicest obheri topes iofa two
di pgnsi o . Fhen, r ed_fr bstrate
40°to beg%knﬁggggg%no hgﬁgo:ﬁ{}gecs%q%al%‘g%ﬁ%qg%l%fg |¥'uggs C%[Q#%&:%&as a
print ed tateuni vibbarafereacentp, Fogusehef -&8nt adthpeghathemdatai \ad ti cal

directi OflegctiftiohMwfll e madidTBRIyOBA! 1 IRINEY -t yged REE examla fs Figure
8, the contactors 30 produced on g:r}{)l anar surface of _a silicon or, other
h

di el ect r$ENC8Q s CPREECEE SN QF S ORESFEHFr eLETORTAPE tF2A P err®d from
the subskighred05t0 andadhesi seenesbedc8l]lysuohnasdanraatieesittert ape,

R or e el 0 EERRIOHE B Sl AR SRnPlon BEY nB B TD e
t her ef r csmb ot B8t be adiangsd nombercoifit aeRtauhbers atan Ig: glouR gdthin sych as
a print %&iifrH.iﬁe&OéﬁBQc_el&lCEhQ’c_QﬁtQEB_eéuEQE'EQEE.”?Chani sm 2003 -15 0 5
NOV 2003 I1n a vertical direction, i.e., in a_three dinensiqnal nmanner
Figure 8A-8B show basic ideas of the present invention
for producing such contactors. In the present invention, as
20 shown in Figure 8A, contactors 30 are produced on a planar
surface of a substrate 40 which is a silicon substrate or
other dielectric substrate in a horizontal direction, i.e.,
in a two dimensional manner. Then, the contactors 30 are
removed from the substrate 40 to be mounted on the contact
25 substrate 20 of Figures 5-7 such as a printed circuit board,
IC chip, or other contact mechanism in a vertical direction,
i.e., in a three dimensional manner.
In the example of Figure 8, the contactors 30 produced
on a planar surface of a silicon or other dielectric
30 substrate 40 in a horizontal direction are transferred from
the substrate 40 to an adhesive member 20, such as an
adhesive tape, adhesive film or adhesive plate (hereafter
collectively "adhesive tape" or "intermediate plate"). The
contactors 30 on the adhesive tape are removed therefrom to
35 be mounted on a contact substrate 20 of Figures 5-7 such as

a printed circuit board, IC chip, or other contact mechanism
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wi th use of a pick and place nechani sm Figures 9A-91 show exan’gj sﬂs; ﬁ{/
various shapes of the contactors of the present invention to b N etl03dn
the 5 contact substrate in the nmanner shown in Figures 5-7. The exanpl es

of Figures. 9A-9E hav .1 .base .at one_end be..protruded fromthe
upper surJ?I:‘acae ‘gefrttlheﬁc?ﬁtrae%%ls%stl rate 28 ao¥£1%—?%u?3ér§e S7°%Ra A%C0ntact ti p
at the otwidrth ek Jdhea wiork and tppscofmdgianissm 9A- OE have vari ous shapes to
contact 10 wi tiy dhlig. susiase ghobhe cophadd Jargetiyhih ong Ac

resi stance. The Er’rexarrpl e of Flggﬁre é%?rﬁ}as a_spr?ngl%éeShggﬁt%agét %Eeto

achi eve €1sdqians i aft feey@ugsent dirventsan tion Bor APHEtadpragbetlssendl vy,

a conductdift RS PR r48Y De tREehehablysHeRH tie Prioedues & Iesil rgat

spring force aor 15 elasticity in the vertical direction when the contactors
cont act tel’f@‘“gg"rﬁsacﬂfetl?ér%’é’tess 28 WE 1hayE (?esfgr"’]tb S 13 9T FACckCt BEFi gure

19. The exampheROffrcorgtihesudpbed shavaca 6fi gl eorittpconsiiber rhasezporti on

to be proj ed fromthe upper surfac f. the cant.act substr 20 of

Foures 28 FEEdT5 e AN AEEPL AR Higlrte SRR BBd anc Rl y

strai ght casmtaathsélipsapnd Figumsanpad9Eubsvarnvanidys vehapeslty cehbacte to

t hg shori al ur, f e nt S | .l a 0 npl es
qonor I 291ty thy ,St[l.l%%%e o2 e Lha t%&lp EE&E;EE_ _%&QJ]’Eﬂh £ ol é&“x‘tgégS

of ~ Figures 9A- ontact tips of Figures ave various
shapes t segdrt-accen t hThRe ik of FHEWEnt 88t hegr gt SBIKERS | bikeont act

resi staneenthtf @Hp B8 AcRiOPE aPs8PDLYry ain Candurdritvias £l ast i@t i say be
preferabl}/1 used to produce a resilient spri ng{:f,orce or elasticity in the
d

verti cal T0difOFEHNGh aRIPRY A RBFTAEY or® EBREHEE VR SLARELEE T fHYetR=as 30
wll be ges€erhedyw tbedefery epeedueeFi guresididritguspsihgA Aadcé0Boshow a

speci fic_exanple,of con tqQr _.of the.present inventi wherein Figure 10A
i sﬁé fr oﬁ?ax#gv(f/l téfnd1 Fi %ﬁg‘e i Jicsa‘la (silgﬁggglgévnv t“heerneo?HeThch%Qn %%]?%r of
Fi gure 16chsecsé bbbe perntart witdrgatauppger whdlt obde ES=¢rbveddedithom t he

upper supfageefhet Be #9RL2Et 13ubstrate 20 of Figures 5-7 when nounted
thereon, a contact portion at a -16 C_5 NOV 2003 | ower_end havi ntgha

contact point ThE @¥ATREESt Pk BiFuRS %i-°1 have a triangle top on the

base portion to be projected from the upper surface of the
20 contact substrate 20 of Figures 5-7. Each of the contactors
of Figures 9A-9I are substantially straight as a whole and is
mounted substantially vertically relative to the horizontal
surface of the contact substrate. Similar to the examples of
Figures 9A-9E, the contact tips of Figures 9F-9I have various
25 shapes to contact with the surface of the contact target with
low contact resistance. In forming a probe assembly, a
conductive elastomer may be preferably used to produce a
regilient sgpring force or elasticity in the wvertical
direction when the contactors contact the contact targets as
30 will be described with reference to Figure 19.

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

35 protruded from the upper surface of the contact substrate 20

of Figures 5-7 when mounted thereon, a contact portion at a
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the contact target, and a straight body portion between the basmgﬁé\} on
and the contact portion to be inserted in the contact substrate 2003
Figures 5-7. The contact portion is 5 meander or zig-zag shaped to function

mh d t th tact t Ln th t yi f
B gur o 10KV bR BrcrRtaek (BRABH R FRBTACGh( 19T Pt on.
In the S|tdhe vicewaalf Hampate, EGRY a hetreonthec tbquy tpart icn Satadedhi ther than
the 10 stralght, grt%t%hdc}’n PQLA T O Oéoﬁ%‘gc?aﬁsr\l?%h' e 12 he Laglly ;. E]?%

t her eby ExXert in e resilirent Sprin when “preéssed against
cont act rengect Bubsgs@tsf 20heft E@guuesfér@nt Tlhecdxcmtsesctlpcert:tcbne idi nner

ar eg formtea%d%%téft ergﬂgagmsﬁageaheca hipghkek ;@ea £ 01y th gr%gy wdnbase

portions, 15 conductive materials are deposited two or e tinmes to form
t ow | ayeP§e§ﬁeﬁ]D|a§allﬁ19tUr1é3}1ﬂ (?d?&’@tal%ntﬁrr@@éss of the contactor. An exanple

o000 Gom e dam actoar OUiblhOUEe Fduries: “ﬁgéoggeog%eb S e s
c= m m e= m n] an = m
o es CERERARHI I8 4T & ot med Tak A s aidn & SHAEI LB

cont act ObfoFlghEeptLeBenthenuentaoa poriet @h ru§| sgiu@d Jﬂlﬁmseza thamttlveé ew and

Figure 1 I Si w.t.here a of Figure 1 a base
po?"tdl on %Er%%ggﬁ u}g&a{ énd ttlr(g)(?loeg%ro rude%g% %n %a&fﬂppi):g)r lgﬁr?ea%%slcﬁ 25 the
cont act daBermade z@eofehﬁ'fl |rey I3 ke nresuhiedtt Bpréog, foxasomlzen

por t1 0n Begsb@VelgLbHAKhRY ROMACEaROERL ! 0poERELECToH NenaUIdiase of

the contact target’, and a stralight _body portion between the base portion
and the @dhfgEEnotHiGKNaSE b - |ehsé3rbc%ot1il¥fu?% BERRaEPTs hbSt e 39F of

Fi gures éoftlsﬁ dhe en@taﬁicn@ftaﬁalfoﬂaﬂ{weaody Fid) e %:Imaﬁﬁ(bﬂso
function % t ?I‘I ng when gresse al ns(it;l t he contact tar t he side
YEL1YR, Fh ¢

vi ew of £99 E'BEsE PoTt %?1 FrhsSP HeVO | A JBEE (1K ets% ﬁ]ofq‘ncrease
a top areewt olzpatactowi thorextin ndh&:omm&rﬂﬂcsuctpm&sprm ddrel shown

i n Figurgs, d8:88,-20. ol Syl %théa%sv&ﬁv‘ﬁﬂ% ELILL Ec A By g 1 \fﬂ%tla&t

portion "Ts sized thinner than the strai portion or t ase -17 0
5 NOV 2093 po@fl@:ﬁotQob@reasPF939e98#Wed ?H@pébﬁoéﬁbrtl R oOné v ng

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

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

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

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

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

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

is sized thinner than the straight body portion or the base

-17-



force when pressed against the contact target. Because involvi@g%$ﬁﬁ 2
different thickness, i.e, first thickness for the contact port
t hi ckness for the body 5 portion, and third thickness for the base

por ti ons noyGARGHGE Vige "BLSE1 {| 8eFBYMBE, d@HQ§bE§deBcle%§nb' B ¥p FP£§ in
the prodiction process of the contactor. An exagg ta Sizes inth
m

cont act o OFICEF| WiFR Pressed-2gapnebmthe-1088ba r<9£200 0 @288. 00m

f =20. 00mi ng=A6-i0%y BheheRPe U M farittht EBilckpR R0, M eFi GiFes thdhiangsd2B are
di agrams sho specific exanpl e of .contactor of. th resent

a further
nvent | of ORhEREi FHTHHfe PPATE, { PORONY; i LIS UEET1 JEIP s BOY de
vi ew t hepeaf:iochhe camaiactthzrrd)f Eh:gultleeéa hesra base pakki ok Vb, an
upper en ro fro u SUL e of t he cont act substrate
20 of Fi gﬁ?@éﬁg Q’\A/h'a#%%rfgun e a?’h 8%;305 %a’f © Pt B at" A T otiér  end
havi ng atbenpaedugbinn puocesstaltthcheostricios . ofAnr@cmeaa.‘of tsrzres, and a

strai ght ;,bedy pORLhBBoReLMeRIGLRE DRSS DALkt Al Np-GORALLoAARL T O 20

to be inserted In the contact Substrate %u es 5- The ont act
portion Fs2RBaffé&mr of=2i0g O?Mrsﬁaﬁ@dotoé‘mf:uﬁctalooﬁ [ 51—§|5’r -0 h e31hr essed
agapnst ihgogoopa‘ct target. In the front view of Figure 12A, the base

portion is tended ipn the ri and left direction. .In the side view 25
of Figure 1ZB§19HEe§o et 3PSy ?f%% PECsi IHHNEFPOPREAH t‘—ﬁefz"[ Yht body
portion spethéibasex@opléeorni o doateatiory oﬁefmeredqrdémrtebﬁrmeem:icﬂg t he

ili h
o ok PELATFGLES HORD oPRCSERRLUTLoR GRRLALR! FU0R a0
of 30 thHeiewakpereosdt Frlgere@nqa)ce@ﬂd afl, Fms‘l@ |hawo|avbng;et m:@rttwpn

di {§erengithi sﬁnegeerl efd eeneecblr&eruatear Eabm €RR Bgp eg'e@&%’fta‘:‘c% tap or.
nore tines to ormt\/\oqqﬁrrmre of conducti ve materla in the

pr oduct i W FHARSE ¢ atRflal oFlg’Aﬁe%x%n%l‘“éled? mouwpted fhexetont act or
of Figurs &8n85ct3p0&%1650aﬁom T30 . N h2=A . H08pndab0. BRaNt @+«l50. 00m

1=10. 00,7, 0250 00 AKE D210 000he" 1802 ND4AUS T £5 51RA L 198 are
body‘portlon.between the base portion and the contact portion
20 to be inserted in the contact substrate 20 of Figures 5-7.
The contact portion is meander or zig-zag shaped to function
as a spring when pressed against the contact target.
In the front view of Figure 12A, the base portion is
extended in the right and left direction. 1In the side view
25 of Figure 12B, the contact portion is sized thinner than the
straight body portion or the base portion to be easily
deformed, thereby exerting the resilient spring force when
pressed against the contact target. The thickness of the
contact portion of this example is much smaller than that of
30 the examples of Figures 10 and 11. Because involving the two
different thickness, 1i.e, conductive materials c¢an be
deposited two or more times to form two or more layers of
conductive material in the production process of the
contactor. An example of sizes in the contactor of Figure 12
35 is: a=1050.00um, b=330.00um, c=200.00um, d=50.00um,
e=150.00um, £=10.00um, g=50.00um, and h=10.00um.
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specific exanple of contactor of the present invention whereinpH
is afront view and Figure 13Bis a side view thereof. The conpai?mvagg[ﬁb\
Figure 13 has a base portion 5 with an upper end to be protruded fromthe
upper surface w@fy, Ie ¢9At agly S!ﬂ??t rAle &gagiaﬁég%@wiﬁg wh PPHQJFed
thereon, a contact portion at a lower en 0 contact the surface of the
contact s@egficangxampileai ght GUHAPRL i OF bENRecPrenant haktvedF1PBn and
the cont gl RAL IFREQ B nserd ed-dit thewl QP HRflr SURSS rad e 20: 9
Figures 5-7. The contact portion has a unique shape with two |oop |like
springs véeaké&hergodont FBE CPBERETRAREAL pFEa¥Es byttt RS FREORar get .

In the frLarh WreWperFicgid €cl3A gt hakel Fafdd @hd appt efdethdesd dhe right
and left direction, In the sid viqeﬁ(. 15 of Fgg‘gl}ée 13B th&\ ontact portion
s si zed SR ARBFSEHaRPRETBoGy btk FTEESt Ao T DRRC™ JEFPHeRT (T s |y

def or neda ddmerelty exaridmat he Teseti enfl spr cogthotcéheheunfisass edf

agai nst e cantac ar . Se, NV i di i ckness,
the condicti \?gnnacté:ri 511%%%&y%§’e%a%0%5§%\é§ht\éez)%t% (?%rne 1{%%1362&% ott'lg%t abl i sh
t he di f f brest parftiicinessl itthe heopradiuchdviiPprotesbeofinsgateghtigetidire An

ex;gple BBn_EégS BBSEQStQOQéQ§f(¥iéH dd QURe 18nk Scon@ad O3 b0 hxeQ0. 00m
c=200. 00m d= 8 . m e=150. 00m =20, 00m g=50. 00m and h=20.00m 25

Fi gures 24mlnigueapbapehdibli EWei hePR ki Bh T SH t8fite dICWiet i on
p][ OCﬁSS FBi-crr Qe @g_ebtg@dc?@ta%@tsar t&%4 X@@u@t@taﬁ_ag@@tact Ior 30, 4(2)f_ Fi ?ur e 5)
of the present invention. n Figure,. : acrificjial layer .42 is forme
on a substrat® Lfé‘%#%cﬁn? sV19Pi ggl ?)}gélrgi Ia]i:”?bn s ﬁ?ep)é’atﬁéafl 30°

di el ect r egtenHetir dne the alightf eas Bedtsddilreasiangl ads: tdebstirds evigd a
ceram c bst : e rifici 42. 1S f xa{pd f

Si Fl?con %?oi?é@ggs}gg) ?ﬁ%ﬁ%ﬁ&%@& aée%%?l:?? glns p%oigcggc"hslﬂe]gs a cﬁael.rlr(igcal
vapor debedit imsriicyp) or thfe baeei magtdion ayer ey easibysdehoymesd.

cont act of fe38plr %ﬂe%&itlrgg: shbi ok SUbsty aggringt IR ewhehagaraisdde

produst i on_ process, 19,5 NOV, 2013 An adhes] o PLQIBLSE LaVEL 44l 1 or med
different thickness, the conductive materials may be
20 deposited two or more times to establish the different
thickness in the production process of the contactor. An

example of sizes in the contactor of Figure 13 is:
a=1050.00um, b=500.00pm, c=200.00um, d=50.00um, e=150.00um,
£=20.00pum, g=50.00um, and h=20.00um.

25 Figures 14A-14L are schematic diagrams showing an
example of production process for producing the contactor 30
(such as contactor 30, of Figure 7) of the present invention.
In Figure 14A, a sacrificial layer 42 is formed on a
substrate 40 which is typically a silicon substrate. Other

30 dielectric substrate 1is also feasible such as a glass
substrate and a ceramic substrate. The sacrificial layer 42
is made, for example, of silicon dioxide (Si0Q,) through a
deposition procese such as a chemical vapor deposition (CVD).
The sacrificial layer 42 is to separate contactors 30 from

35 the silicon substrate in the later stage of the production

process.
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sacrificial |layer 42 as shown in Figure 14B t hrough, for exarrprﬂegmﬁ@
evaporation process. An exanple of material for the adhesion pro V 2003
| ayer 44 includes chromum (Cr) and 5 ti tani um (Ti) with a thi ckness of

about 200-1,0 Nastd oM f adhesj on pronoter | ay 44 i s
to facilitat e%i he adef1e5| on polf r@%ﬁe uct \r‘{ae ay‘fei‘lr] 4J6§of F"éure ?erl g%‘ ©t he
silicon mlrfaztcelaﬂo li?iercdﬁdlﬁm ghownyen J6igwremndéB ftdirotmi'a.rrpfe;r of
copper ( 1] %}lc)ratvﬂ Foldisekness @ aﬂ'lgl@b(gftmg%e ﬁi ?

a ectrical

angstrom exXanp he conductive Iayer 4 fo est
conduct i \Flhley 4@?6%%3“ ePé@FlPBBI‘—’atllah@rpr%eb@clﬂd?ﬁeChéfpélliuﬁ‘t a@‘er) | anghe next

progess, +3 tRRALA egtigt v}laa&@ra 46hi Scdd IR Ubodthe gndusdd V@né;@ﬁ’ﬁém% over
whi ch a photo mas’l_gL 50 is recisely aligned to be exposed With

ul travi of&F EERAP ﬁghtT]é§ Pth B teerlziBYe?fhé‘lpﬁ%t ° %kl 5btahsus a
two di nehel citlesimgecdf ddicheeitectaysd whi Jf Widuhe dwelcﬁpeﬂheon t he

photoreS|s | ayer 48. S mell known jn t.he ar positive as
negat i ve SpHidt e?HQSt&%% QUsedHor® Qﬂﬂus %epglr%esre 4qsflsa @?ty\g Tacting
resi st i exaspede,t ko€ q@m:@ieare(ﬂwt agovdraget by(NiHe opaduen pﬁntcrkmsss)fofhe mask
50, hard c f a f ph rial

i ncI ude égl(:all# E%X@Cr%gé %P%Qg%ﬁﬂr de?‘%( %ﬁ?&% P ?/éfg‘ ﬁdﬁ%%g%%é;/l ate),
SU- 8 andlpketo %%nstﬁtﬂ%@ G@Ityﬂhial@él ¢het25rm@1dmdmmltp~r oéegs,amhe

exposed BﬁéEtQBptLB%lEr@S ez ke tiiesQlrwed E@g@é/vashed away, | eavi ng a
phot or esi st Fi gure 14E haV| n an openi ng atftern_"A". Thus,

| ayer
the top view! g’f ??g%‘”é’é DYFCFRmG PR F‘YS}Fef‘ipn-b "OTrEed me
phot or esthé Imud&MVlmdﬂﬁe%m@@fsm@h o0& tpgrrta3Omaen asboris03. In
t he_photol it hg ph e ba the faredoing i_nst.ead . of eUVIlght, it
|sgal SO Eggll g& aX gﬁ%ée% 5o eﬁ{gtoosreéim lt%l }flé:rra O\?\‘netth (an el elcql?%n beam
or X-ray58a§h@m knn\/\/rﬁgﬁlrtehelém FTire hehotiot masslal §6 pdusidl @ ttovdirectly

35 wri tediﬂénh%ﬂﬁloim&?é &P’E}?é?ho%tt%l&w §00Phi bR x@f@i %@ﬂes}elclﬁé’c?r 48 by
exposi ng the_ photoresis th a direct wite_-20 0 NOV 2003 "el ectron

beam )G?%th? p#@ﬁpr@gﬁpgelezﬁﬁﬂ$8 As is well known in the art,

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

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

35 write the image of the contact structure on the photoresist

layer 48 by exposing the photoresist 48 with a direct write
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The contactor material such as copper (Cu) , nickel (N alum num g@l )NOV
rhodium (Rh) , palladium (Pd), tungsten (W or other netal, nicke -cobgpq3
(Ni Co) or other alloy conmbinations 5 thereof is deposited (el ectroplated)

in the pattern "A" of %Qereafhot orlesi St Iqéer 48 to f)ormthe contactor 30 as
shown i n S1EGEE PRE™PATEralilly, oA St S which is  different
fromthat of tIhe contdactiorembageiadtsstiowsd coppesedCut o ditkelellfiiate

et chi ng ishiycs _fr n ot . j b ib | ater. The
over pllafadmaort dalar FheRTunRRAPe, DEl1A%:pl (ba) | JRHGREER PR BEST
gri ndi ngothgiranacii nglchebeesbabt ifinle oraethgnea bboy ot R pteess is

repeat ed hat-BOdUC| Ab et e §ONE PELOESp BACII RS BNOWE ipatiiayf omil Op£3
having different 15 thickness by forning two or nore conductjve | ayers.
Nanel y, &hEePhPbpiesdsh Lryst $8yer foFm fbecsRPEEFEPT QoABLERPYR 10

][rat erial Figui(njrfel neaessar ]yprteﬁeralwyessgs @?]nf%@ur &ﬁatl;lé’rﬁé-FH @lﬁ:ﬁchr epeated to
orma sec ayer. or rther layer e rst yer of .the contactors.
20 In thglﬁg ef#oéé'ggl, tHﬁE ‘b%ott}b‘%/ézsqngﬂlcltt&y rhﬂgefrs‘lgeﬁ%?}légd bR %S?ési st
stri ppi ngopdtb€Eeseasishewatchihggouherddieridypesaftgm e amstlséer|ager 48

i s removed, by . wet ] essi r e : SET1_PI are
acé‘toone-gé%gd b\ggtcrl%%%ﬂ]%ggnég%%gém Igge.s%’?%pip%g. n }Ii?g%%éhlf%? 'jt&ﬂ(ea 25
sacri fi ccahtbhager 420 siret fHedranay4§o tharemwyesoniact blre 3@rirdiegar at ed

fromthe (siLihgen 3uB5t palRedld ANGlbRRLuaR Ny process is conducted so
that the adhesion prondter layer 44~ and the conductive |ayer, 46 are

renoved from THE Vec it esh PERCeFHWHS | FeRPdtee 2K PI@ ng cHifg

condi ti opoaBAcBerselelethd Gletwh iherigyuees 1441antheAfrbutdidietenet ch the

contact o% 30, In o%he£ vvor.ds,t to _etch thceO ccﬁnc uth,i Ve Iea]yser arr\{g’ hout

et ¢hi ng tHECKBREECPYr TOBHINE st 1St R KoV & R Corft Uty % nat SFiatY used f or

the condficeor £30must defdrEtedenerf radm tie panbecabref tduwmdBstconducti ve

| ayer 46 i , r i ted 1 erials
maﬁé?ﬁéh%, } pe, Loni &gt o) %% ?;féﬁage%@z%%%%wm her dBd

as shown | erspective vi‘ew Figure 14L. Al though
the pr Od:g@pg@ﬁegrfé@ ya -1 ﬁqj:mr@s lpygr or further layer on the first

layer of the contactors.

20 In the next process, the photoresist layer 48 is removed
in a resist stripping process as shown in Figure 14I.
Typically, the resist layer 48 is removed by wet chemical
processing. Other examples of stripping are acetone-based
stripping and plasma O, stripping. In Figure 14J, the

25 sacrificial layer 42 is etched away so that the contactor 30
is separated from the silicon substrate 40. Another etching
process is conducted so that the adhesion promoter layer 44
and the conductive layer 46 are removed from the contactor 30
as shown in Figure 14K.

30 The etching condition can be selected to etch the layers
44 and 46 but not to etch the contactor 30. In other words,
to etch the conductive layer 46 without etching the contactor
30, as noted above, the conductive material used for the
contactor 30 must be different from the material of the

35 conductive layer 46. Finally, the contactor 30 is separated

from any other materials as shown in the perspective view of
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14L shows only one contactor 30, in an actual production procefsh ?ﬂﬁ%’m
in Figures 8A and 8E, a large nunber of contactors are produced at th
sanme tinme. 5 Figures 15A-15D are schematic di agrams showi ng an exanpl e of

" the t R aan, ChICHERAE, Bfle BECGORLECH LR Ces  IF PLGRERL, LaNENt! o
i ncor por d#éd Shp"tﬂﬂeopiib’dma OFPNEAVRRE S 300 tkranémeﬁctnélcmfa@mm—éoﬁo from

the sili ﬁ%c:%%ssu%% ré‘ﬁ@wﬁo BOFEBﬁréQh%% Vehd ape, 99. 1E-gur eRinhnéy 13P only
show the latter ‘part of the prodiction process in which the adhesive tape

90 is i nFERFEEEOriSyFre PIRAKEN 2& e Esautiidie-i s equivalent to the

progess shownfpiiGulte@ur @ sh4isnheseet hecRBRbOieSi ladbdifE 48hdwindd aAnoved
in the resist_stri p%(gtgwgrocess Then,_al so i.n the é)%ocess of FI 15A,

an adhesF¥e8™PafeCt e PR LBoPredhriradthn artppErT u‘??ace of
the cont ahtopr8fent iheéntide.cant atieorhl8 edampes, tantithedhesiveptape 90.

As noted,.above r ef-er.ence.to ure SB t |nt contet of the 20
pr esent | nvgn I S#latﬁ plc?hte i V%Bt ape%(r} rﬂr \(/]g c{]e pI a a(uCt Tdes -
ot her typesce&sadbesitmamieher fhsuctrrsaanonshedl vérofi Ihhandsﬂalii\@csnve

pl age, aggﬁgl@@akbk@o IBetﬁQhaah\égl%p%a Q @) so m@ﬁl'fé%eslaamg@r@ﬂym' ch

attracts the contactor such as amanet|c plate or tape
el ectri celPy ERar éé&tﬁlra?érér ofp5hegpao ioRe PoEE Sy AR H\éﬂp?lbd‘e@@ shown

in Fi gurgdﬂéglvéheapacgbf el ahvoliayar. 42 is etched away so that the
contactor 30 nthe e tape 90 is rated fromthe silic
cubstrare 40 FIEHEEN AR EHy DRSS SHDLE cGTRS VTS 6 SiliRsi on 30
pronot erprayessddhawd ime ignnoudkilvehkeayethdbplaveoresbsedlayenms his

cogtact of30.as sHoVRCl BaEL QU 8. 156,145 DOLEd gboveyln ader Lo @igh the
conductive Tayer ou iﬁpﬁe cont act or 't e “conduc ve
mat er i al progeds fof E’if@ut%rﬂe%:t an 30l vepdatie flandermadimtc@lmiey i al 35

of the conduetiVe-LaYEH - arelﬁﬁmg@dmﬁ %‘Gﬁﬂé)%o@ft%&ﬁrljb 40 HHHS
15A- 15C shows onlﬁg| one cont ctor, in 8 ual -22 NOV 2003 Aor O(QUC'[I on
17 Sr@ if)‘

process, tB€ | GPBeAREABe? O oPIRBRESCEST § Fﬁ&ﬁ'@e&ape 0. As n

above with reference to Figure 8B, within the context of the
20 present invention, the adhesive tape (intermediate plate) 90

includes other types of adhesive member, such as an adhesive

film and adhesive plate, and the like. The adhesive tape 50

also includes any member which attracts the contactor 30 such

as a magnetic plate or tape, an electrically charged plate or
25 tape, and the like.

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

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

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

35 of the conductive layer. Although the production process in

Figures 15A-15C shows only one contactor, in an actual
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at the sanme tine. Thus, a |arge nunber of contactors 30 are ﬁﬁiﬁﬁjred to
t he adhesive tape 90 and separated fromthe silicon substrate \hémm
materials as shown in the top 5 view of Figure 15D. Figures 16A-16N are

schemat i A a fxamgl t for

produ0|n§ e%bg§?a§F§§%§% mheré§the contagfggétggggggd%§$é$%€%&§%dthe

adheS|veatapheosamﬁntemﬁedlﬁhésplatbarﬁﬁ Fgeee dbAconinet@es rdpl areng seed

10 (condychivel banekB344hd %él%é@@eoﬂa?e5§bshhat eecph@atichedsm typically
a

a silicon or glass substrate. The seed er 342 iS made, for exanple, of
copper (€lisPNniSMRATHAGS a%@tﬁtaertﬁP&@ﬁ%ﬁ%%ﬁa%&ﬁk@W& 680-Eeobor
anggtronblgqrogxggghge Aspchr one- |nconel | ayer 344 is fornmed on the seed

| ayer 342 as 15 shown_i ure 16 0 for uttering

b pcess. I n t FASHERE HPBcatd e Mutiih el 28 Ong. REPUShoCa o TSNEr 395 | s
formed oath©1éhbﬁnﬁronOUEbnlpyece§é4fofh@ro@mmdmguﬂue<3mhsama¢3 346 is
made, for néxa of . 'ni,ck I C ) ]nggégg Shout
100- 130/n1 KF?E#E c%%%?%% ? g?ﬁegg%%% %%%@ %%%%@%g¥i qéﬁﬁotore5|st

| ayer Bdatammhdaathlpﬂﬁégs oﬁhabﬁugun®01§%0pﬁnl§1ﬁ@¢ﬁ@@1@ﬁiﬂhb seedduct i ve
Ssubgt rat %éﬂﬁubelﬁé?u]ﬁs &6D3800d;8 PHLOGNBEKa 3t Sat efd Fakighi gged so

that the photoresis a er 348 is 25 exposed wth ultraviolet (W_Ilight as
shown i ntEP§arélyee. siFREOPhELo IHESE s&fGk€ -a (ThE dsRshdidrRr ?%age of

tﬂe CO”HQCh98e30f%SB| éhampnle b@fd@t@lpéﬁedcmﬂ Tdften‘il@]d;]eace(l\ﬁf) theith a Con

phot or esj st | ayer : 0 rocess e ex ose part of the
30 resisFﬁﬁﬁknéﬁsdi O?Q%H ﬁd ﬁ%gﬂghaﬁg ?%%ﬂmhg P &8st Fayer
348 of Fbgnomelﬁﬁcbaeln@ageplaﬂﬂngspitueed OMr&mgf@EE@Ulhyﬁnt3&2p@sto mask

350, havi shap on OLx3Rptsuch, a 303 of
Fi gare 7§HO{VH Jlt]ﬂg%gtgep of Eﬁ‘gg%%}".% céf%)tgact}ér fltéerlh%t Ss‘ e ectr pl at ed
35 in therpeaseng pattern on the photoresist |ayer 348 mnth a thickness of
about 50-601i g AoheXanpke %ré@@sgonﬂwctpﬂ@r% 165, NQV 2Q031ued epdal s

ni ckel -cobalt (N Co). The nickel -cobalt
substrate 346 is formeéaon the chrome-inconel layer 344. The

conductive substrate 346 is made, for example, of nickel-

20 cobalt (NiCo) with a thickness of about 100-130um. After

passivating the conductive substrate 346, a photoresist layer

348 with a thickness of about 100-120pum is formed on the

conductive substrate 346 in FPigure 16D and a photo mask 350

is. precisely aligned so that the photoresist layer 348 is

25 exposed with ultraviolet (UV) light as shown in Figure 16E.

The photo mask 350 shows a two dimensional image of the

contactor 30 which will be developed on the surface of the
photoresist layer 348.

In the development process, the exposed part of the

30 resist can be dissolved and washed away, leaving a

photoresist layer 348 of Figure 16F having a plating pattern

tranaferred from the photo mask 350 having the image (shape)

of the contactor 30 (such as contactor 30, of Figure 7). In

the step of Figure 16G, contactor material is electroplated

35 in the plating pattern on the photoresist layer 348 with a

thickness of about 50-60um. An example of the conductive
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contactor material will not strongly adhere to the conductive Eubsﬁrate
346 made of nickel -cobalt. The above noted process may be repea el N 2003
producing 5 the contactors such as shown in Figures 10-13 having

differentm(_#lgglcilglessigy 9{:1%&1‘%6}991@ rmrieownductiiﬁée |I§it/ﬁ£(§l_(l:\!§1g§h¥, after

formng a first |ayer of e contactors, if necessary, e processes of
Fi gures IBDLaBQmmategiadt ¥dll e rhrendobi@hiesfet ook he [Fepdict Ayeér on

the firstyiaMefatel & 4d16nLRNtHC I See 1 TEddE thext process, the photoresi st
| ayer 348 is renmoved in a resist striggign process as shown i (I;iLgure 16H.
4

In Figure 161 TheheRIMRIRITIE REBSEFSL € $HES f PRefgicitg

chr gre- i i¢enekondyeitordd enchheasubshorhe 340.FiderdSd copdiEt ivevshgstrate
346 is a t.% s%gs%batg on ich the ontactors 30 acae mounted with a

rel ati vely MEFKEHdRES CHFEESE PENGH A M0 § T MRS oF OYAEC LR ety ¥6° -
subst r at adél v, hafitregr t Hernong aet driss30 Jayeshowh theFicgmtacteX.s,Fi gfire 16K
shows a pr I i C i . | nt | ),-90 is
pl aced oﬁlet?" %’%'Sﬁ‘p ér\MsPll?r %é%e%éa%o %st\l‘f:FE:l aecs’tzglreéIs 906%% ?d%’e%@ée&s‘%%ength
bet ween tfhem adisssiansd tlakenEanburpleetohaderors Sbei figssatlayahantt hat
betjyeen the cepkackesrs: 30 and the conductive substrate 346. Thus, when
renovi ng the adhesjve tape 90 fromthe flexible 25 conductive_subsf{rate
346, the cont &t ofRe3NArte PrRRSFErr ebie f RARTHE S st Fa¥ETr348%4F0 1He
adhesi verbap®e90iasa shesst trRipginey Polocesisguseshb6Whsiwvisiqui®p el ew of

crose  SBB FARAES Y oft he HEr VoS AR 6B Rby S Lo Lesiab R 30" 30
t her eon. tEeguresonid-A rarhdl7 Blayers chehatic tieageahstshdai fprGn  Xaapl e of
Progess %8£d§EEFivB9 £SUUACL 05 S5 3041 RN henAdhasd Vant 4R & gL medi at e
pl ate) 90 an acing the contactors on the contact substrate 20, The pick
and pl acE°B52FEERENIZYm e FrguRreed1 VAtAn® 178l 361 vRbuntEgkodEEb i ed to
the cont get-ehgtAl 0dugrd bg heigkodCt tRE RINRRRES iGfe t BebsPAaled NI 2003
present | nventiof dgscribed WLl 18 eheee iho pidyes g/ 150

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

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

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

30 30 thereon.

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

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

the contactors produced by the production process of the
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and Figures 16A-16N invol ving the adhesive tape. Figure 17A i S[] fg@&nt
vi ew of the pick and place nmechanism 80 showng the first half %r 2003t
the pick and place operation 5 Figure 17B is a front view of the pick and

pl ace MeGhANY 8RveRNahNGe LE: BES UNLDaLle AI90E53 oF Lhg-B! £k aup! 2ce

operati o ck and 8ce rec conpri sed
of a trarasTCbrFlmteu'hz&nﬂ§m—86Nt @npod:’fuagdtbea@@heheve 10apent atiamse 307Anobi | e

e %dsa87fxtcg}t‘?|d’1%% r@f;”eﬁ% %8?2 Lhg ?i%éf Ge STBGNANU 854116@11% M a”d

Z direction ose posttrons areajust le 1n
Z directihenstinsl hakénipupcessers Thehapigly, Gt Bkarpl évp%traw”rage

sensor t hetRie ﬂhel&rénﬁf@rtt RECHARIS BhB4pk BR| HH8Sp1Rca MelEhaRNs@l &b 85 t hat
perfornms suct,i on operation) and suction release (plac c¥E)erat| on)
e

oper at i oF$OMGRG h%ﬁeco?ﬁ%%%rélaéé PRECSHE iOh G ePiskor8afied 67
exanpl e, operagieegative pressure such as vacuum The suction arm 85

rotates in a RLe t.erm ned ngI such, s 90 de rees. 0la i 'ﬁ tlon t he
adhesi ve tape-90 Ny T He %On R& cﬁ:'sc 3@“‘% AE BRT AR E rajt% 20
havi ng t bembarndiedg dfocattirEss£e32 rfarhari o gy hbbeg)tckr equosg]tacmweldd@n t he

re ecti a 0 o ng- pl.ac shown
ilaF| gu?’égmgfggltg?ﬁe t%t’a% %%e na ani Egém%lb@ ?Eklszg %e cont act orqucos A%Ef rom
the adhesheetrapefon Wh@@ﬁ@rﬁ% gme &, ok @h@ Byt Tort bone, 85bles &1 pi cki ng

the cont gghor g30, widise SYI4 AN KN 8R-e ' AH3LEE BN 90 jdegkeesy fohgexanpl e,
as shown i n Figure 17B. " Thus,, the orientation of the _contactor 30 is

changed Fi8RFEAETShorFort JOH Bt GHEED (helIEIPPealfodi CRATEIE: This 30
ori ent at taD fesh@NHaiBIS YHesteiaN eThEPE Lanefeh angeli swhsm sdd |ermilid'E$ he art

kn that th tg,are t o] a €40,

ﬁ\sgct o‘?ssu‘fﬁ “tr gﬁén?grgytgaghgﬁm%g%gé FH%E @, «%’g elp(;%oqLI act ro%{béon t he
bond| ng stigtaphonrelegse t hirdugle h@m@qa@rpm)he @p@gatapeszo forhe @5
ContaCtOéoﬁgabﬁoﬁgtf@heqﬂkpSEQ%1EQPE8§EeS£QS&f§é€e§0 ﬁWi dip1domgled to

the surface or inserted in the through holes. -25 0 N Fi gure 18 i's a
cross sedt PSRV WEPDTRRG Shctxaipl gacuum.  The uctidh' Sxn 85

rotates in a predetermined angle such as 90 degrees.

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

25 from the adhesive tape 90 by suction force of the suction arm
85, After picking the contactor 30, the suction arm 85
rotates by 90 degrees, for example, as shown in Figure 17B.
Thus, the orientation of the contactor 30 is changed from the

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

bonded to the surface or inserted in the through holes.
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of total stack-up structure for form ng a probe contact assenbgy W t he
contact structure of the present invention. The probe contact sﬁs 30333
used as an 5 interface between the devi ce under test (DUT) and the test

head such as shown. i qslzll%ure%o hdtS_L ex: apgé O.J}l Ogb an Q:Qéﬁ%ebl ock

assenbl y incl adesa probe car rou i ng O a pogo-
(frog ripd) 180abr etadddupvesttheturentfaot Eorwengrer i prphe oreetashown in

Figure 1§ ?% 110 Ct&!lt U Sid UCLYn€a 8 CQERQH{IEQ b)f)fa FP:lhlér alhtye O
cont act OI‘S 1 nmount e on the contact substrate . base OI‘tIOI’l 35 of
each of tlﬁ@eé’@moébtors'rhg Rt SPTHREN aﬁﬁérnbécrrfage ughd cant P

subsgtrat en2@ ¥ AL RAE Jddei du otmd@ﬁreleaéo (DBPYO=RIdN tHOCkedB0 and

contact 15 structure are macham cally as vvel as eI ect ron| (i-?l | y connect ed
with oneP&ARGt FECH @FeSEIRYT dini g & Sprobe Idb oPe
el ectri cabnpakhs aacentgatiedlites bherobenicasi rr&mttl@tg ndwﬁnntmm prs 301

to the test, head 100 .thr h the cables 124 ce. boar 120
(Figure 999 30 PRSRs Pifh ﬁf'?‘ﬁlé &)nﬁﬂl’&gi %‘?e ?ﬁ)’&d%?q PRE pr
cont act caBSQn:hI ystarectpressed wrteh enddr oshewn elmcFiboake b&)mmrﬂ‘tmat i on

lc]ibthe ?thsgggugﬁﬁl%egsggg?%%? (grt%)? 1@%%0 IS equiva en?o'%

the 25 B)ﬁe rabimipe d N gta«peccznham:nguhstaa‘g@ ﬁQrﬂrberA SRsgopeyHien tI5
i nt erfacsfb@wﬁeaftﬂ% RIpRe Gy géo}iéeﬁ*ekbédpﬁff&ﬁr@éﬁér hoarL-d20r At

upper ends of the E? pins, cables 124 such as coaxial cables are
connect eb'€oCPREAS Fugﬁﬁﬁai@ £8 agr BnCeRtEFFcHPE -hoards (pin el ectronics
cards) 150 inThhe ;&Q:}teest:aiﬁaattsld),o pBgbi-gtihe 2 ddit oughy tdmed perdrramnce

board 120, robe _card 260 a Ia er _of and
ggon tHe” ﬁgglfgam?rleowé"recélur é:é—%slyt her%ofﬂgﬁenagss%r%’%l%ttg% qﬁtchazlqéé
port i onscasnettetiews bht aoeorgoBbetontherebiie oG OOr 8d@FOPED COFH@Ct

el ectrodg, séﬁﬁ gnd 26h.are gpoperied 33ddHoLughd n&@éaeaaeCfr&tacthce 263 to
fan-out t pItCh of the ontact structureto meet itch of the

pogo- pi RORHATRe PP IPG0L 26R8 SOAIGES 30 €O the' Tedl 'Read’ 108
through the cables 124 and performance board 120 (Figure 2).

20 Thus, when the semiconductor wafer 300 and the probe contact
assembly are pressed with each other, electrical
communication will be established between the DUT (contact
pads 320 on the wafer 300) and the test system.

The pogo-pin block (frog ring) 130 is equivalent to the

25 one shown in Figure 2 having a large number of pogo-pins to
interface between the probe card 260 and the performance
board 120. At upper ends of the pogo-pins, cables 124 such
as coaxial cables are connected to transmit signals‘ to
printed circuit boards (pin electronics cards) 150 in the

30 test head 100 in Figure 2 through the performance board 120.
The probe card 260 has a large number of electrodes 262 and
265 on the upper and lower surfaces therecf. When assembled,
the base portions 35 of the contactors 30 contact the
electrodes 262. The electrodes 262 and 265 are connected

35 through interconnect traces 263 to fan-out the pitch of the

contact structure to meet the pitch of the pogo-pins in the
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pogo-pin block 130. Figure 19 is a cross sectional view show n[g5aN@l\/hg%3
exanpl e of probe contact assenbly using the contact structure of the
present invention. The probe contact assenbly is used 5 as an interface

bet ween tﬂﬁ%@"ﬁ Leunder;4gst (DUT) and the test head such as shown in

Figure 2 i's 'exanple, the probe contact assenbly includes a
conductive el dstomee 280,18 aa prabescaertzgpialandiawp wWiing bpBekhefr og

ring) 13Qy \e dedpe¥ek EHEL&OPtAGlertt T H G4y tﬂi@ Jbﬁtaeedeei—u&eue@stoner
250 is prow between the contact structurée and Wg e card 260 When

assembl e®@f tﬁ’lﬁepl§§§§n}§oﬂfw8ﬁ§19§ of T @THR &8?5?‘5‘:3656‘8 &t 1fhesed

conduct i we %J@Sﬂrﬁi@ffa?&é) betheronus tdarei @ astdeerc2s9 (BUTP apdsuhe
el ectri cal q&\uﬁdcatlons bet ween, th .base ?ortlon 35 15 of {Lhe Eﬁnt actors
I

301 and ﬂiﬁé e ol 283 B O‘f’ﬂelﬁr BEYEafd 280 By hnpEhtRt Fhg
I rregul apribpeoicdrtatate sss smbier timsaludegaps ammﬁatweeeﬂaﬂhemeunaﬁcbl ve

el ast omer, 251(30}5% i‘%} Cel §§5| C sinfera t‘i%c\)/g%% I ?Pr%ggknu duggbve

wires in®a FVer di rection.” For e con S “elast oner
250 i s copmpriisied ofvexr dilld cmtrafibeat ®iareand a rrultl pI e rovvs of met aI

filgments. They féet@énéuée{@@t élé!%&ﬁ-‘:é): ey i&oﬁfgﬁﬁdea e Wk | 68k
dlrectlon of F| gure 19, ., . orthogonal to _the horizontal sheet §f t he

conductlSb‘é’l’lte'eilcéistﬁi?n'%‘-lfc‘:2“5@e ?—‘\Fﬁe&%‘?’eréog? BREEN268t nediiieher FiaeEP Lo

filament ghiss QaQém’@)@fti@§§ ay bhl Ctklméssccﬁftddlﬁ)xss | B@oncohuaber sheet is
about 0.2mm

S uct [ Vg produ b Et SU, PoI ymer
Co. Ltd, €% lé(r’?deg Ioﬁ“ﬁfre ﬁ F’lﬁ% C1 gﬁﬁ )2—6’¥r\ gggr 5&s*t
secti onaknguew e]hewtlrrgcalf uontMemw&ﬂleuarmitevaﬁn phebbasenpart iassedbl y

usi;g theec aCéoﬁﬁHE%ﬁé%OOf ahaetﬁ;te%%gcefavoeg'@@z The @@%rseet act

assénbl y |s asl ca e Safe as t ure 19 except tor the
contact sardcRaf ebmcamp%%ﬂbm@emegaﬂmn}rtaa Ptfyflaiﬂtﬁl@ﬁ?a‘éi’f verEigadr e

(substragghsbl OrksebERKERAL, t ABeCOBRbAGHCEIPST Idllfstiimddt 0cd6d s ikorgnd of a
plurality_of stan ard ubstrates stacked ther. For exanmple, .the
contact SLRgELGr & FRgure928 i§r9?7n’6m%eﬂc5%§ﬁb%d ctive wires'in a
vertical direction. For example, the conductive elastomer
20 250 is comprised of a silicon rubber sheet and a multiple
rows of metal filaments. The metal filaments (wires) are
provided in the vertical direction of Figure 19, i.e.,
orthogonal to the horizontal sheet of the conductive
elastomer 250. An example of pitch between the metal
25 filaments is 0.05mm or less and thickness of the silicon
rubber sheet is about 0.2mm. Such a conductive elastomer is
produced by Shin-Etsu Polymer Co. Ltd, Japan, and available

in the market.

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

together. For example, the contact structure of Figure 20 is
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configured by two contact structure (substrate) blocks 20, and 2 @2
having three silicon standard substrates 221, 22, and 223. Alth I‘N I3ﬁ3
one of themis shovvn ~a plurality 5 contactors 301 are attached to t he

cont act ?HQ&‘ t ]%tt:a nt g3 IS
inserted 1n a rou EQPe%g%Q%IEt Ef‘té%“ ﬁe Su s@atgﬁégk T%c]?l ‘cal |y,
t he cont &d @@bsﬁﬁ%’h PANG thgde eﬂlgppncehaméaecﬂ syHoskvRESS Bher2:

di el ectrlaq.ld’@tzerl al s such as ceramc, glass, polyimde 10 and the like are
also feasible.’in the preferred errbodl ment t he contact _substrate 22 s a
mul ti - | ayer ed 241k oRhYi RRe nof t EHER stngBPUTsi 13 cBh éty s8th as

three waf@mtadders222, and aesa@she@ht@rﬁqétcaﬁhﬁﬂctar@hmw@ﬂetmom anot her .
The major reasaqn of usi n tkllple silicon fers géSattama
SUTTi O s T BRE CoraRa" CeRRbA e AP note LPREFEES AP Bl o ance
I n nmechatihgaugthi ede ass.(Fihuse zuheoﬁumﬂneerstﬂ.’ostsfrdiie:cﬁﬂ wafByrsicahl pe

sel ect ed b e%'o%t%%%h Sibat QR LI fepead A 106,00 G, Leay, T ement s

in the eS| stan I con wafers have the same ckness’ 20 but
differ enptb@uredlehapérw vrbgréadrgagehend gacent sglarsh aclyinidand

regesses ;ag shawn; kd aFfeLgfs@?fea%ﬂﬂree 2351 5h@ (FFORSHSEE tdnitsd i id:ew, showi ng
details contact structure of present_ invention_incorporated in the

pr obe coﬁb&c?°§§§€ﬁbﬁ‘y‘b6FrFF§u?e 9. 2 el tdorkanq 1t SRV R i Iy RS
meander @u1Re KeSEwﬁdaedaei:aﬁdaeﬂ_ﬁﬁém sCRMl ast thBebSha BéLs 282 j,n2a, manner

t hat an en ntactor, 301 LS erte iin a throu hol e . Inthis
exanpl e, & 2@6nf"’§&f’% ﬁﬁ?st?%?"gk% ?gd g 158 7% ?Hggpﬁgt'e havTt ng
three smaﬂdar dc&éorcoofvvaiﬂmg 22he ZﬁﬂtamdeZZQJ.Mcoh ewﬁ@t%lclisd tand 30

F’ggnb\%g?grg?t (2)6’22 |s about e%&ggse %Ee en% qﬁ?&%e cont actor %01 i's

pr oj ect eWithonttHecteas bhg sipkeranes in mechanisel SUBSREAPES20 TS or ni ng
the contggt RafbaR. ofSsidhceraiBlierst Bansbze sefl elhed Fieagly patkBS&s 0. 5mm

inits 35 width. The contactor 301 has a fl e like, ortlon 34 tq be
fitted WA XoMoFa RRTRELPA Phe P ST ol DRTUR BgnES NGy

design. The standard silicon wafers have the same thickness

20 but different outer shape to create engagement mechanism such
as teeth and recesses as shown in Figure 23.

Figure 21 is a cross sectional view showing details of

contact structure of the present invention incorporated in

the probe contact assembly of Figure 20. The contactor 30,

25 having the meander or hook shape is attached to the contact

substrate 20 in a manner that an end of the contactor 30, is

inserted in a through hole 25. 1In this example, the contact

substrate 20 is a multi-layered substrate having three

standard silicon wafers 22,, 22, and 22, which are stacked and

30 fusion bonded to one another. An example of thickness of

each of the silicon wafers 22,-22, is about 0.5mm. The end

of the contactor 30, is projected from the bottom surface of

the contact substrate 20 for forming the contact pad 35. As

an example, the size of the contact pad 35 is 0.5mm in its

35 width. The contactor 30, has a flange like portion 34 to be

fitted with a step provided in the through hole 25. A
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contact point at the tip of the contactor 30, is preferably shagpg WIZB
pronote the scrubbing effect on the surface of the contact target 03
process of form ng three | ayered substrate 20 and 5 through hol es thereon

shown in F| U 21 brlefl £X n he, f ol

second wafer afi"z he t |rd 1%&1 fergg(i cgrrl%agiz(r)%c%?y Jg@n%f%%%_k?gé for
exanpl e, srhdnmed fu;slpmartmmmiga Stharbhirg vef Brct 22 tivel 2orfare ptfl i shed
both fraqnpf, %tt%cééht 1through hol es are created therethrough by 10 an

etching process trench etching is achieved, for exanple, by
reactive ion étf@m@ceesstgo Fenpingetyase prasred Avbaigwte n2®i goce 21,

the si ze t@t‘ré@a htmeegehe%eﬁ sBOwh e 38eANE 3nd i Ehbf de 1o esgp 22inand 223

nmust be snal than the flange |ike portiaon 34 of the c tacto%iSO to

form 15 1t“hé?h§t &pd Lowinge t Fidgddh AbeeSecPRehWatRe £Pe SFN%afRF 5
pol i shed wialferf et agad digekt 19Ubonces aj]ﬁdtfgtﬂugibﬁ’ldﬁnﬁﬁa ,arelmeahed

t heret hrqugh by, th deeptre h et chin ot ed The SI

t hr ough %H%lé)gygfm%ﬁggfl r n‘tc%‘? @2{%”%%?% TeReLT ?He&ﬂb second
and t hi rdrmﬁteasdznachnobmﬁhmuglcéucxl@st heef baageedl t:deer@'ohroughBhyof t he
contsact or, 3 r 1S+ si on
bo%i?ed t%nt e:gg%cg‘I ﬁgg%%g th| rg e %le('r§ ng% %g%%éﬁjﬁﬁé I n%%?%‘é%a silicon
oxi de | &par exspYer kXanppetiye |leastetylting cuoiBfer XEIASFENER aBRF 25

grown onpaklem@fl tRE sxpRserh Ridace10f thesgort 3¢t tEubshFraken RoDEyced in
this manner Then, the contagtor 30 is |nserte in the ttgegu%nh ﬂf' es 25

and fixe@%t f&eiSFWPARAnERIYE PRIeTS: dsa I%ZQUF‘els?Z Specti ve
vi ew showhag aheeiaraqmlge G.flke?)(ﬂ)cﬁoﬁlcﬁct?uistdﬂjdihﬂ’ edratdrstonat ) tbcbofdazsmof t he

gent kﬂven |on ;:E‘ h%\{1 %ﬂ% lh% esgnurrber of contactors 30 produced

ugh cess shown in gures 8A and 8B. This exanple shows a
pI urality of &'bntlact:hst ficetreabencks, 26 polbhehadsirdl Bronki apdopacknot her

to buil dsartgeEeC&natt%wgﬁ mlése% %@esb%éagédaﬂﬂeﬂéﬁhfédg B’Eeﬁhéf
contactors. In Figure 22 " hough each contact struct urt(%l i ncl udes

cont act ofl§eRs $&PHR §tFh WOBOW above. 'Ifie size of the through
holes of the first wafer 22, is larger than that of the

20 second and third wafers 22, and 22, to receive the flange like
portion 34 of the contactor 30 as noted above. The first
wafer 22, is aligned and fusion bonded to the second and
third wafers 22, and 22,. For insulation, silicon oxide
layers of, for example, at least one micrometer is preferably

25 grown on all of the exposed surfaces of the contact substrate
produced in this manner . Then, the contactor 30 is inserted
in the through holes 25 and fixed therein by an adhesive if
necessary.

Figure 22 is a perspective view showing an example of

30 contact structure {substrate) blocks of the present invention
each having a large number of contactors 30 produced through
the process shown in Figures 8A and 8B. This example shows
a plurality of contact structure blocks 20 to be assembled
with one another to build a contact structure of desired size

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

each contact structure block includes contactors assembled in
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a single Iione, a contact structure block of the present inventﬂ NWZ[]U
i nclude contactors aligned in two or nore lines, i.e, a matrix nner . /-sis
not ed above, one of the features of the present 5 invention is the

capabi | i by @{n&pabinnidey aa Plodndlaicty HruOMtacth1Piucdar enbl gskezcArt 0
create a .contact structure_ (probe contact assenbly) of increased overall
si ze and TRYFBER OFof MEBn iAo ‘F‘Hn’l;ﬁ‘étﬁfﬁrrp"r]el%e%i glir £%2 | OFouPOESNt act

struct ur @ind@,arie enr epat2d-ito mewreennect ed with one another 10 Al t hough not
shown in the exanple of Figure 22, each ,contac substrate 22 has
connection or gnglg%'é‘?i‘gnt&‘%ﬁ%?han?%‘?n Qgchn:}é% tffag H <&t ?%egﬁﬁt SRt

t herseof . ihvgnté o3 is aheerspeahiVetyi @ff ofohbiningt act pdtiratiuye ofor ned

by a pl UE%FE%FPfstCﬁ{E L %Lg&%” 0Pl Qeks, Of1 & h§ &%'ﬁt@[g S%Er&é‘%’ﬁ@éi on. In
this exanple, Tive contact substrates are connected w th one another to
create a(pwabaccostpgttaseembly] mf dncovassid oyereluhstheiandmumpeyer

mul tipl el dhgactAS Of theLRaNEaGhpIl USt Uk uﬁ%&cﬁz Febus uhcaLy of
illustration, the contactors are not shown on e_confact 20 substrates 22.
By combi AFEYCEHESE0RPaBESSBHEPREEESE Q¢ (FORpRSt e ifidi o siteidieBssenbl y

of 1desi r gt BbaghsHelh a8BowfJithvahendxdmpldensiziywfe 24 Welawdy idltact
sem conduc In this exampl e, the right and

}tDor Wﬁfer flan be est%bl i shed. N e
left edgBYPBFTRRE E6nt'AEt CCPECEIBETr 8fe SHPESST G &F Wt SBh & T teeth
55 and reeetheat 6he dheesi 2dgek therkodt.h 55 and recess 65 is the sane in

the right andglk egdge [ Lt recess
65 is ghi ftenggL%ﬁeggmf% ah%\r%ﬁc\sé%ef: ﬁét&%e?? égdggnt}g% %Jggt%:%g%cﬁé%u‘%g%rate 22
fits withormedr ibghta epdurefitie H0 epotact chaugtursudsiocke 2Ff tArehough

not s Showgrd Befit JUhSenedond PrQ)@otd Qkdrp I OV R Rintdi ¥ Stk of the
contact ~substrate 22 to t in a groove 70 at a proxinal end of another

fi
contact ¥FBstPERECs9d YHERARE ANUNHY TRETHE] GG FFHTEL it is
al so poskadvirgt anuseetiad 1t edide Imiatd recessestageh aslihpibke of gthe and

Lg‘;{ agf'ggag%é’_e%g I bgd A& TOE-GONLBE! 1Bt W IFo PRI E9L 9N A€
illustration, the contactors are not shown on the contact

20 substrates 22. By combining the contact substrates 22 in
this manner, a contact assembly of desired size such as
equivalent to the size of a twelve-inch semiconductor wafer
can be established.

In this example, the right and left edges of the contact

25 substrate are provided with engagement teeth 55 and recesses
65. The size of the tooth 55 and recess 65 is the same in
the right and left edges, however, the position of the tooth
55 and recess 65 is shifted by one unit. Thus, the left edge
of one contact substrate 22 fits with the right edge of the

30 another contact substrate 22. Although not shown in Figure
23, a projection is provided at a distal end of the contact
substrate 22 to fit in a groove 70 at a proximal end of
another contact substrate 22. Instead of using the
projections and grooves, it is also possible to use the teeth

35 and recesses sgsuch as in the right and left edges described

above. The contactors 30 will be mounted on the contact
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0 5 NOV 2003 substrates 22 in the manner shown in Figures 22 i 5hﬁ0\/
t hrough hol es 25. According to the present invention, the contac 2003
structure has a very high frequency bandwi dth to neet the 5 test

requl r el la 8Kt 29808 ALhan REMEONGHELA! LeCchighogy. B nas LhRel arge

nunber of contactors are pro e sane tinme~on the substrate
wi t hout itdstughdiodegned- handling, it is possible to achieve consistent

quality, hi ghprc%dlaﬂdgtyt@ndtﬂl@ngpkbééntn &Be-es;&%alct ltﬁlepercf:@waage
Furt her, because the contactors are assenbl e on thggsarre substr

mat eri al SEFUHMT O ed J¥GFYe Nisder ret‘&éetnc}ftb?%dﬁb Porte t“&?eébn‘b 'ﬁsate

posist i ON@le s I Ok quAUSR@ntRY temaerﬂém:e angest i t f’ﬁmldzcbndiﬁct)@ﬁSI bl e
to produce a Ieagg/e nunper of clg ctors in hori zont al %’%Ctl on on the
t'e by Y& at

15 sili c&TEmRdt RFng iAFES SHPEE t 8 hn?aﬂgac cdhtact
structur @rp:rdmhmdedtbyhtehsameeséme omnvient | b stsra ey witdstuanchhe hing

ef i ol enguend has-Mhgharechani cal strength and Jeliabl!iddne Theefiont ac

struct ur &9préduced Fesent 1 nvention are
advant agqaaéleyapphueh |1TE]tJea.:h1th‘:320aaldseh¢IG@ndwcﬁ%r ipaf Bhe pzeReged LS,

mul '-Ch qjé',a?lc%nd Ehﬁ%ﬂe'%eﬂé&%h%' R Wb disd ik ﬁé&%’y@aonl y a

pre erre nment is specifically Jillustrated and descrj bed rein,

will be Qﬁprté’@i A HRSCTRGR %‘b?lf}%]at?%nghéﬁdﬁaﬁhﬁ iHEL G5 ‘t1 Bresent
i nventi Oﬂe%5 afe Respoblable Itlog%n@fentsmea@aﬁﬂleﬁﬁm ngs-are added the

pur vi ew o he a nded |ai ms. wi epart| ng t he irit and.intended
scope of %efnﬁ\?gp glaglgﬁév 2 Gg%%ﬁf Alq\ﬁ:ﬁf]ft@e bo PR RE
structura 1argesmmhilbensmﬁlg:oe'lt@a:ttrqmlln eohm:emtonhaw @hreomantomatﬂg%t S,

ComB ! oSt sEALAEpLURE bO e DAY POLLOLAURD SohSEe LEBRE, e i ve
mat er i al COREaFEUREEHOFEES da1qdp C‘Cﬁfi aP}ho‘FlilQOBFQFe‘éEr figventgon He b act

substr at @oW&eéﬁdQﬂ‘éh e GORE aGl0has Ragh ansdlbsh 8Pkl adt VerrdtRi ghd shape

and is Cge Tlty The contact structure produced by the method of
the present invention are advantageously applied in testing

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

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

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

and intended scope of the invention.
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10 a tip portion which is oriented in a vertical direction to forma
contact point, a base portion which is inserted in a corresporﬂ:lﬁnﬂUVhZﬂﬂBlgh
hol e on the contact substrate, and a spring portion provided between the

tip portl 0 d S& portion which produces a contact is force when
t he cont ‘essed against the contact target; and wherein
the spring poiti ondhasort aclk ved xuchorenethr eetadéisbing gleetrisdape to
exert th force n [ surface ;Qf; e base portion is
proj ecte O%?l%%n%%mt ﬁ'rél%glurc?)g%gc%f tt Q%%gos?it gg?&s&bs}tng;te and functions as a
contact pad for el ectadrdagictconiesiialre iaving ekrenghl hod@fporaming. A

contact St r UCkugSubAl ugpkabbbahigget! ebnirbedls; eeanection with cont act
targets as defined’in aim1l, 25 wherein the co%iact ubstrate js forned

of a single or a pPurBLREGloFYdi &F ectPReasts? r AL bdMde FTH Yt Wiot her
and the thropghechek@sann hbentent w6t SeHBIy abe Altpriraaitedl ddwfngd an

etching process. ;3. A contact_structure for establighi electrical 30
connection w P% Egﬁt&?fn &@%tsr%efi‘ﬁ}é%r? n< algi 1F%%mhce()rrlgt|ar10te%r(:% of the
contactors i shpsowi deddswahhialfllyasgealigke shhapeaat tilve deairiiragbref on

t hereof to be_fitted jpn.fhe o] Q . I he ; i 4. A
co bact struc?ulr:éﬁf]g?fg%{)%b‘}ﬂiﬁs%ﬁn%ggf‘%c%ﬁ%&;{h}%'Svc%%lrﬁ]lg%]i gir#brysé‘{tﬂl%%nt act
targets as detpnefbim @ acantactuwheedif, t e beSEacPOostbenr aveifl fb¥med of

a single -32 Qnéekleéd2993a58&f@£§a&a9ﬁ%va{:%u@m B¥l &€ o MK ol @s are
produced for nounting the_contactors theret hrough. 5 A contglgt structure
for establishPRESEFBEEy| 3B a SHHHEG POETIPPHPESKELEE Patyees B def® ned in

Caim1, 5 wperelsnt hadceatiasaihsératen i vhichnpdodiichbisr & amtaecond
seniconduct or .waf ers

oL o el S, Ehe TR AR e e, loush e o
for establishtogtetectargekt; and
wherein the spring portion has a curved, inclined,
meander or zig-zag shape to exert the contact force, and
an upper surface of the base portion is projected from
20 the surface of the contact substrate and functions as a
contact pad for electrical connection with an external
component .
2. A contact structure for establishing electrical
connection with contact targets as defined in Claim 1,
25 wherein the contact substrate igs formed of a single or a
plurality of dielectric substrates bonded to one another and
the through holes on the contact substrate are created
through an etching process.
3. A contact structure for establishing electrical
30 connection with contact targets as defined in Claim 1,
wherein each of the contactors is provided with a flange like
shape at the bottom portion thereof to be fitted in the
through holes on the contact substrate.
4. A contact structure for establishing electrical
35 connection with contact targets as defined in Claim 1,

wherein the contact substrate is formed of a single
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10 connection with contact targets as defined in daim1l, whergi :
contact substrate is fornmed of three | ayers of sem conduct or fiJ@ﬂﬁKpm%
are bonded together on which through holes are produced for nounting the

cont act o s, { NELGIAN QUG 5 3y £OR! LSty URLILE 10U E3LARLLANENG

el ectrical  "connection w ar ge |ned i wher ei n
the t hr eedwyteing dfhe heorioreters subereidheouge- formed of first, second and

third semi Con@CtorAV"@BﬁﬁéctV"%q{ﬁl&&ﬂ@ FSECRE ANd i 9d éﬁ@bEQEG‘e@Of

waf ers are bonded and a_second 20 through hole is create eret hrough
an et chi FPPIEEn vWikdh acPREIETt HirEfFhore wAeERned Iﬂd?gé'r &ifhn lt-he

second NGO e dsnti@dusgskiortd el d | FSEmSEM €onodust oanwafser:ondand

wherein the first sem conductor wafer to natch p05|t of the
through IRTECSRE Tt edAL 2N Edond & sPelRF dor AT e bt

contact sthirdeigh ehblesestabl i shidgeed edidr cabuntdmgecthen MthaCﬁO&aﬁt
targets a d%&&ped up Claiml, wherein the contactors are produced on a

pl anar surtace of° %' flat substrate in a horizontal direction and renmoved
fromthe 30 fléat su#bsteatachnétmmatiues obot hestetldchisgbstlaterinad

verty cal I C S ?ﬁgéﬁ r Eshi.ng gl ripcal
conELctlo%h&ﬁﬁﬁlgghtgéFﬁté?&%?géas & 59 é?éfﬁg%a nﬁﬂ Fgﬁhﬁﬁhg ‘cont act

subst r at ¥hrxeisn téwgag@ﬁﬁﬁt n@eéhakrate a%ssgom?ér ofd g aehekanrTs 0Pt

connect i @anabaelau&@ixacwawbgt rv@t% aredMYoRl@SH Qﬂ)g%(ﬂ}@r t enCrfALBHA
cont act or _ asse -33 0 NQV 2003 rbltrar size . A contact
STt L EnSEReRe, AaRhen wgS oGl Lo BRarLi g ( HrE ot SPEREE s as

defi ned the@bahmb&gh.whereln t he engagenent nechani smi ncl udes teeth and

reggsses 5 provi ded alopulel 8H98% ale! %xcoagegmghgy Ao LA sYEa  way

the engagéenen and recesses in € engagenent
teeth andonaecsdern ivwibh oppusicte dagashis @ﬁheiE%mﬁ@ctlnsuﬁéﬁﬂm e6t her eby

assenbl i fHeephUEBbi LYr8E CQPLAGt oBUDSE rad05ad© axtabtish 1he £onhast or

assenbl
yof first, second and third semiconductor wafers, wherein the

second and third semiconductor wafers are bonded and a second
20 through hole is created therethrough by an etching process,

and a first through hole which is larger than the second

through hole is produced on the first semiconductor wafer,

and wherein the first semiconductor wafer is aligned to match

positions of the through holes and bonded to the second
25 semiconductor wafer.

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

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

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

35 outer edges thereof for connecting other contact substrates

at any desired edges to create a contactor assembly of
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10 desired size, shape and nunber of contactors. 11. A contact s@j;]ﬂ{ﬂr?
for establishing electrical connection with contact targets as rda 2803
Claim1, wherein the contact substrate is made of silicon. 12. A contact

structur%&I %st;ptg 1z%h' ng electrical 15 connection with contact targets
as defined in wherein the contact substrate is nade of dielectric

material i ncli@di nd p‘éqﬂ}?@r‘i?‘éle staaicivre afelr geassblishingnmhedtForal

produci NG rfeRRtiakt FiFHCIAS 2 EOMIE NG t BE fcﬂiﬂl%ci‘g 1§1t ep3aQfc 30 (a)
formng a_sacrificial layer on a surface  substrate; (b) formng a

phot or es *e1edye thgnepAaISHERrf MerRpRFRydRChrd ?%et%%ib%tﬁ‘%‘flere‘{%sﬁﬁ gni ng
a phlot o RSk idedr dtheydt %@@wtof 2bhéayehtantd ewpeshaget g MErQSI st

| ayer with 30.3 l.t ravi ol et ht t hr ou t he hoto nmask, th t o mask
o P ual i bk, s Widndanand odfh H0R) brrREeRar ih phe it The oo of
t he conWad:hotheomgageméatet@éth ramdahccaicmsem&sunl agempp@a;téoedgegoﬁ first

| ayer of a I ct ' e | patt erns
on the Egtg%r (eg??lgt%%ssg’lrbogbtyr aneeeIEeljclz% &%}F %:Q%%M%% ocC 5 % Tul) regéfat[lg%g t he
st eps (b):onteéy st uatashet @i establlagar tdfe c@mm‘rms Besfeovhya ¢hrt her

| aygr of 3bBgregOBY 36t OLBapeIhngl HuRiRlRd 2 boht@ckhelor esist layer; -34 0 5
NOV 2003 (h) renoving the sacrificial |ayer and the . conductive |ayer by an

etching procedd-soft IRARGARE EbRLSEVERs fo% e'pabhtedlrfomierEsi¢dton

substrat eonagdcibh NPl i m@ﬂﬂae:tconhagte@bs o4 aidf(iﬁieai?t isubslaaie 15 having
t hrough h Ies to,_rece g contactors 3 grel n so that at |east

neann BResgin kel fontagh bk Btelal PR B2 BITIRIR oad T or el ootri o

12. A contact structure for establishing electrical

15 connection with contact targets as defined in Claim 1,

wherein the contact substrate is made of dielectric material
including polyimide, ceramic and glass.

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

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

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

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

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

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

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

35 contactors;

(g) stripping off the photoresist layer;

-34-



connection. 14. A method for producing a contact structure, 10 GOIIN (Y \slzﬂ@z
the follow ng steps of: (a) formng a sacrificial layer on a surface

substrate; (b) formng a phot oresi st layer on the sacrifical |ayer on the
substrate; 15 (c) alygni sk (Qyen £tihe hotlgrjﬁ-e%_i Sty (liaygi.leand
exposi ng the phot oresij stﬂ%ﬁye ng tsr \gw olt‘L s

|ght through the photo
mask, the phot@PHBEEivecladrHg ]Ca‘zh ﬁﬁag%tﬁlfﬁ%epgéﬁgaét 07R; tg'tﬁt d&el opi ng

patterns of thedumge,of afz:l%eseﬁgr&@@&aﬁf&ﬁ%@sil&@bhagx&bgf:rhlﬂ% ;pPRgRoOr esi st
| ayer; (e) formng é@flrSt ayer of contactors nmade of el ectric conductive

material in the pat rﬁp%%thﬁepmzég?:gm et WPLFCEI BPFHREE ng

progess; (f) fl‘%ﬁﬁ&ig ngutdiﬁ_q}slttm%s(tt)o -regcﬁélxﬁb%&ﬁis)rbﬂ fﬁ%éldﬁ;sﬁtaaﬁolr@yel’ of
contactors to form.a secon ayer urt her yer. of the c tors;
(g) strippi ng T Siibt 8Pesd]§? r; (aﬁ')t pPREi n‘agmgl O§dh3§| e Pg g‘ﬁ t he
contactors so cdrtatctuper fenctaons crfstla:e cantact opsdadhere ebethE:LcSO
adhesi ve tape; o(dr) 28 ving the sacrificial |layer and conductive |ayer by
an etching process s0 that the contactors on the adhesive tape are
separated frorhd-he?si Meghed sdien r ameduhidnids { | J)Cariafth ngSEHECEBACact or s

0N 13 CONtReSURSY 3R fl&qugg_@rsq_{@}, hedes to receive therein ends of the
-35 05 NOV 2003 cont actors wheréin at. | east. qne end of each_of th

contactors functiorf@ds FRTBH#S & SAREHIC onfdEs G APV FEENBH Por
produci ng corpbstige;he foll ow ng steps of: contact structure, 5 (a)

g?;rgggrﬁg gggg??;k&ﬁ %ug%&%%te m%%%a¥éé¥s(nfgf%r gﬁ“&ﬁﬂ'g§g§?£f il on a
layer on the substrate;

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

(d) developing patterns of the image of the

20 contactors on a surface of the photoresist layer;

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

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

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

(g) stripping the photoresist layer;

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

30 adhesive tape;

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

35 (i) mounting the contactors on a contact substrate

having through holes to receive therein ends of the
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(b) form ng a photoresist |layer on the conductive substrate; (g)Sang\gr?pﬁ:p
a photo mask over the photoresist |ayer and 10 exposing the photoresis
| ayer with ultraviolet light through the photo mask, the photo nask

neluding an 1JBee Aol &nSPOI ALY Siedd) %\ée!@@&ngfpaéag@n?fof?ﬁee_ | mage
of the contactors on a surface of the photoresist layer; 1 e) formng a
first |ayer ofcastmcdersy Sunsddasf a8 echad fagordRtinie Mt 1en. t he

patterns on the photoresisly | et JRbR-iGILCtd ORIA NG Pracasstutd)
repeating the_spepstﬁﬁg -- (e), above on the first layer of contactors to
forma sEOHRELsdyey doldoriag 1shg®s & : 20 the contactors; (g) stripping
of f st he phot or@gi stodn@y®y ; ahhroBgekitaget aiicd | Me@ds UBFt Il thavéng
contactors thereon fronL%He dielectric substrate;, (i) placing an adhesive
tape on CREVGHLYE BRSSgrHathen 35 EﬁﬁﬁéﬁFFegﬁﬁﬁﬁﬁ%ﬁ so that upper
surfaces of th®)conbaaings a agiieteriesidte ddiyesi vent apes Wrenreiuraiihesi ve
strengthﬁﬁgg en__the contactors and the adhesive tape is larger than that

bet ween ¢SRt&étors and the conducti ve substrate; (j) peeling the

conducti ve sulistralégsbnghatphdie "@@kcomeactbe splyptoheshgheAwer tapd are
separate h i : : tq ctor on
R# gx%é%g%l Ehe Wé%ﬁﬁi?%ﬁr&[}@ﬁ?th%ﬁtfﬁ%l@&ﬂ 116ht 18,6 R

a contact ate g ole in such a way the an end of the
cont act oEhPs Phsits) dea e f BB RhBspdeasle 3UFPLHEANSF Ahel®BdPRalE SRt rate.
35 16. Acpnheheteestact assenbly for establishing electrical connection

v SOM GGl | 00L s SOTBE) S0 o0 2000 800 B6l SUBSALE havi ng @
nount i ngohha sarfact stfibsheapboandeséstabhislri;ng el ectrical communi cati on
bejyeen the 5 g ”kéfrfmf’ﬁg @'Hr@*te‘itak%‘}eéfpéé’ffégéﬁ'm?@ hdife SORY LA0 . and a
pi n”bl ock having a plurality of contact prns to
conductive material in the patterns on the photoresist layer
by an electroplating process;
(f) repeating the steps (b)-(e) above on the first layer
of contactors to form a second layer or a further layer of
20 " the contactors;
(g} stripping off the photoresist layer;
(h) peeling the conductive substrate having contactors
thereon from the dielectric substrate;
(i) placing an adhesive tape on the contactors on the
25 conductive substrate so that upper surfaces of the contactors
adhere to the adhesive tape wherein adhesive strength between
the contactors and the adhesive tape is larger than that
between the contactors and the conductive substrate;
(§) peeling the conductive substrate so that the
30 contactors on the adhesive tape are separated from the
conductive substrate; and
(k) mounting the contactor on a contact substrate having
a through hole in such a way the an end of the contactor is
projected from an opposite surface of the contact substrate.
35 16. A probe contact assembly for establishing

electrical connection with contact targets, comprising:

-36-



interface between the probe card and a sem conductor test systﬁmw t he
pin block is attached to the probe 10 card; wherein the contac dr r a003
nounted vertically on a horizontal surface of the contact surface where

each of the contagiorsohasch SUBBLRALLR! | hhfid Ot SBARGANGy S

conprised of a tip portion I's protruded i ertica dir%gtionto
form a cont actCPHARLORE MmEBItgsha éh shifars $hargafised in a corresponding

through hole on the copachrdURSE )il 13RA tReSPEHPECPOS L ra REOYhded
between the tip portion and the base portiion which produces a contact

p / .
force when t hESEGREEPINY stFIRTLF AL pFeBEdRIGaRiAlt DFEWEsHt acth®ar get ;
ands wherei n chetstidies poid | dledtfode £ UpYEdidéACbhNeRe pRABYIeFaLd; Zi 9- Zag
shape to exert the contact force, and an upper surface of the base portion
is projected fPSm the surface of the contact substrate and functions as a
25 contact pad for aelpdet Mleadk Gaviect iaoplwrtsl iay eff eoralactcipanend. 17. A

probe cont act ;asserpl L 10l asbAbLL NG Cleald | £ah coMGRld il h, cont act
targets as defi'ned 1 aim 16, further conprisihg a con Uctive elast oner
provi ded 30 beeasesysiiencwhenctheups riat eclans tate goloh wartthd @robe

esygbl i shing ghegtrical comunication between the upper surface of the
base portion of the contactor and the electrode of_the probe card. 18. A
probe contact asseMbeyersr thst @BNFaRTAYS B drAEtsE AekotrrRELY PP VRt h

contact targehsrasocaehiinedrifAceGhai fhd Geonhedi suthec € iaed sabistgmte is
fornmed of a sjcggl e - em conductor wafers

37 5 2003, 0r a,plycali of
bonded to one o‘fﬂ’é‘?acgﬂﬁs"t\{}%{s hrghgh2 5?‘83%%4%@188%%]3?}’%% rdte are
created throagimpanisetichhhgaprmigesgorifon Aviriathe tontactt mgkahblin faor
est abl i shing : ri ct,0 L.t h_c a as_degfined in
d g?m 16, V\/ne‘rrglr%g%%h %‘fllet’ € cgn%gctrkoa#srﬁ_i s S%I\?ﬁ%d%% g@lg)t%%&é 7 gjndgégl i ke
shape at the BR¥EdRNPOMIDEh ihetBBETERADATY |4 t @@rresponding through

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

component .

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

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

18. A probe contact assembly for establishing

35 electrical connection with contact targets as defined in

Claim 16, wherein the contact substrate is formed of a single
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in the through holes on the contact substrate. 20. A probe cont §ch KEseggp] y
for establishing 10 electrical connection with contact targets as defined
in Caim116, wherein the contact substrate is fornmed of a single

seni condugt @f mfx%m@r W Bl BEAHAR:BY! §5raLE Béﬁgg&eg T e #Bﬁ' g the

contactors ther et hrough. 21. A probe contact asse or esta R ng 15
el ect ri c&P% e ciiersl t RoL®nt 9Bt ther gensass @é‘ﬁqsﬁé”@tlen axs a¢neasednherein

the cont &tirosufdstaratet disi dprpmeafs first  and second sem conduct or vvafer_s
whi ch are bongegd tqQgether.on which thr ou% gl es are produced for nounting
t he contact or et RFBBGh. FRH3ct A FESEERIENt akPT as KFHHARL tphing

est &bl i skilegtrelcadt ra:@ahec’ondaﬁcwmm; vutcbﬂitai:@ﬂt aa&gbafg%]§ a&f(i‘?lfédWeﬂn} n
Caimil6, rgig rate i rmed .of thre ers o

seni conddc oﬁl \%af’eﬁ'@l%v:\ﬁ%ﬁ'c aarcé1 b%\s%&? o] T5h lwr&‘”ﬁﬁ% %ﬂﬂ Rofes are
pr oducedffongeodinkenghape abnthetbmistorﬁ®¢ﬂexm hrleugdo £ 23 e pf dbeedont act
assenbl ylflof:h%si:ﬁ%h%mﬁ%le%' %%hrt'h%alco?l%%%%(:tsh%%ft‘ﬁd Ll contact targets as

defined in Claim?2 erein hree layers o “he "cont act substrat e
are formed of 2Pi-rsf, sREGRE afPRUfdtd sarpevhdbict ofonaf et aldol sihingi n t he

segond aglebbiidagerdsasiicion Watar cafadiondsdy e@Qd% sgcefle Hhr%lfgh hol e
is creat etchin rocess, and a first throu hol e

thro h, by
whi ch i ssfaol?"ﬁe ’ tm‘?‘r‘g @&mtﬁﬁtogﬁ shopéei iSpiomed PR tHengie st
sem condsembeondfiet prand felrenal ghibh Ehi-stighe Foterdueko pbr32hmwaierd:s

al i gneddrhcgltng?iﬁ gﬁal %lggg% gf th Btsgrggkj%h hgl es and bonded to the second

sem con fer. probe contact assenbly for
est abl i shi ng 2%} echri qatolonnecnitactwi t hssenbhgt tfget esasbdefdmiatyi n

G gsm 16,1 4berebant Q%lﬁfégtal%rpréléﬁecBh%%‘é%edté’P%@tQ' %@ardef{t')hgacelr?f a

flat substrate in a_ horizontal direction and 5 noved fromthe fl
subst r atel &HA FBunPBEISA™: hds siad@Ect slwtzate | bs afosredcalf diimss i on.

25. A prabe sordidtsassedidyctor witahd viliidi) are bonded together on
which through holes are produced for mounting the contactors
therethrough.

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

25 therethrough.

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

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

35 wafer is aligned to match positions of the through holes and

bonded to the second semiconductor wafer.
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el ectrical connection with contact targets as defined in dai @1 6 O%rgi n
the contact substrate has an engagenent 10 nmechani sm at outer <¢d efg 02 of
for connecting other contact substrates at any desired edges to create a

contactor  assgnbl ya of AN r ALYNELEE. 2fhsPlPbe £5QNt a&été}%ﬁ%h d O
establishing electrical connection with contact targets as defined~in 15
C ai m 258 W&aiGRY heCBRESEERBNtWiHHE hEAREAFE ndar@eE 2 et h dafd et edes

provi ded Blaiautes, edaescoh tthe @it SHPsirat grbAucsdchm yeay1Lhat- the
e, engagenent teeth

engagenent teeth and recesses .in one edge it with the_,

and rece?%’gggicr‘? & ofip giaﬁ:e SUBRFF ate ot hef E‘Gﬁﬂ&@tﬁt b B 1k eRBRY
asseanbl | rgmevad fironal tliy dlatostbetravbshndt emundedStablilsh t¢betgent act or
assenbl y ired size hape apd nuynber of contactors. 0 5 NOV 2003
ABSTRACTS%E—D#% 5 %&&GEE‘ A @F&HURE AND PRODUCTI ON METHOD THEREOF
AND PROBE CONEACT ASS_ENBDM_'EUSI NEBUSAVE Aeseemidly st Fort urestainl eshabyi shi ng
el ectri C%hec@r“i%%’lecéb Heé’:‘f:i@nc%gtt%‘:t 63&?&%%&1 %t“s"”&%cheﬂr GUuig 1s
formed of _a contact substrate and a p‘fura ity of “contactors. e contactor
has a ti plpértildh wHnereis Fhet dpd@dth subskrateahadi pectérgrgementm a

con:oﬁct m@bﬂa?i@mbaeeo@@é%ié&gemméo% irRgerbRAeLRiAgt HEREG-HOL £opr OVvi ded
on e cong ac

10 subst PHPECFATEGchaE vaYY t RSP dn@daes hECcoRt8eESr 21 FRATIREOHS a
cont act padefmbilyebé&ctridalraggnrdceds.on at a surface of the contact

base por ] on dfich® profinss SUURGLt AGPEL Nen FHE cORABHTTE B essed
15 agai nelecheiceht apynnegiyedn WiGh 2ntact targets as defined in
15 Claim 25, wherein the engagement mechanism includes teeth and
recesses provided at outer edges of the contact substrate in
such a way that the engagement teeth and recesses in one edge
fit with the engagement teeth and recesses in an opposite
edge of other contact substrate, thereby assembling a
20 plurality of contact substrates to establish the contactor

assembly of desired size, shape and number of contactors.
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