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

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

probe assenbl gonprobemareturRECARDI pPROIUCTTONEMETROD arHEREOFChani sm 15

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

electrical devices's circurts, a high performance
contact structure such as%%ﬁf_ﬁe—éaﬂl@%—%%la | arge nunber of contactors
nmust be used. 1HI=0tReEn2oR PRl QBSa eqid=aet ssktutehts emdray be used for

| C packa gl b5 1200 THE ROPSERG LNYEObL Ofodadll TEGIGH1LI 0 @

pr oduc Beess S siich con ct struc used 1t esti ng LSI
and VLSI edips thee gpubAOL Ctoruakder sand By mrBch%‘?ﬁJebndFﬁbtaor waf ers and

die, testiseranrd széueuﬁﬂellﬁhﬂfngoackag@d r&ﬁdﬁeﬁ:oaducéx@tracdﬁmsc&sl print ed
e PR a20d BIELLKS: THA R6PTedy 0L BRGRAlARIRRDE APP | Ccabl e

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

the sem condugtale WAl epe! fishhoda b bhe %maw@egﬁ senjsendugt or devices to

be tested are in a senicon uct or wa a sem conductor test
syst em subiFegsign T¢ foust hei CRIARH PYTRORE (VI 85 @ contact

probe assembly, probe card, IC chip, or other contact

mechanism.

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

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

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

35 a substrate haﬁdlef, such as an automatic wafer prober,

to automatically tesgt the semiconductor wafer. Such an
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35 a substrate handl er, such as an automatic wafer prober, to
automatically test the sem conductor wafer. Such an -1 2 5 JUN 2004 exanpl e
is shown in Figure | in which a senmiconductor test system hag & fést?g¢ad
100 which is ordinarily in a separate housing and electrically connected
to the test systemwth a bundle of cables 110. The test head 100 5 and a
substrate handl er 400 are nechanically as well as electrically connected
with one another with the aid of a manipulator 500 which is driven by a
notor 510. The sem conductor wafers to be tested are automatically

provi ded texamplstigpagiduronnoffigheet éstirhedd ch0G b3entimendi@teubst r at e

handl er 400 QISlxéa%mtﬁéé $%@:@t199adtftﬁ3 s8flcaondust pinwaher ihoabe tested is
-provi ded w t?’l test  si gna S %tre'% ?n;( the sem nduc&il r test system The
resul tant DERPRTSPGHEFRT "’FI}% &TeE ?:%n‘b‘ﬁmeé’rt f&r *GfidEPStest (1C
circuits lsydtrnred tanat bendken chnohledesr Maf.er JThar €éebktahsaiit ted to t he

sem caonpduckof 4 es%bsgéééfzénﬂaﬂdlefrh%o%eﬁké%géﬂ%rﬁr at1§§t asS¥ali gMygt he out put

signal's are conpare expected data to deter e whether, the IC

circuits f%W%ﬁlﬂﬁeco%réerﬁt(?@nH&EFo?n%a?%‘?”TeWné“ﬁ tE‘Sr F‘é tP§ or not. 20
I'n Figure 4, mitipulesbrhead Wiikrand thevenbdyr at eothandler 408eare connect ed

t hrough AN c%rnhﬂeg of 0P Begt ¢ol4feconsisld ngrof &m@%fc%g’@ﬂf;e board 120
(shown .in Igure 2 is a printed circuit bo el ectric

vin
circuit coﬁ’ﬁ%"éﬁ%n%%ﬁ H%Fé: BPSALE8R Ohellr LA &8 }08apyf816‘? print,
coaxiial cablesrapegbapdier da0d. connectors. In Figure 2, the test head 100
includes a |arge.puriel %a@riéﬁ ecthrel %@H&&omtdﬁ» %‘é@e%t@hnecorrespond to

t he nunber of test chann ﬁ@ %’6 g )f he sem 02%1 uct r test system
Each of tHeSHSntiEd PFOVEFTLeultthohras %@nﬁja% NNV L] to receive a
cor r espondiewg coodtiatdr tteshi Apktd®l Ghet Hespbrdwr wartout b@am@llazo A "frog"

ring 130 is-Jputedsaldditucherf earapcaifaear deb20 (- ascuraiesy determne

the %gnt acgormed on the semiconductor wafer) are transmitted to the

semiconductor test system. In the semiconductor test

system, the output signals are compared with expected

data to determine whether the IC circuits formed on the
semiconductor wafer function correctly or not.

20 ' In Figure 1, the test head 100 and the substrate

' handler 400 are comnected through an interface component

140 consisting of a performance board 120 (shown in

Figure 2) which is a printed circuit board having

electric circuit connections unigue to a test head’s

25 ‘electrical footprint, coaxial cables, pogo-pins and

connectors. In Figure 2, the test head 100 includes a

large number of printed c¢ircuit boards 150 which

correspond to the number of test channels (test pins) of

the semiconductor test system. Each of the printed

30 circuit boards 150 has a connector 160 to receive a

corresponding contact terminal 121 of the performance

board 120. A "frog" ring 130 is mounted on the

performance board 120 to accurately determine the contact

position relative to the substrate handler 400. The frog

35 ring 130 has a large number of contact pins 141, such as

ZIF connectorg or pogo-pins, connected to the contact

terminals 121, through cecaxial cables 124.
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position relative to the substrate handl er 400. The frog 35 ring 130 has a
| ar ge nunber of contact pins 141, such as ZIF connectors or p d-gUmﬁgg
connected to the contact termnals 121, through coaxial cables 124. -2[¥ 5
JUN 2004 As shown in Figure 2, the test head 100 is placed over the
substrate handl er 400 and nechanically and electrically connected to the
substrate handl er 400 through the interface conponent 140. In the
substrate 5 handl er 400, a sem conductor wafer 300 to be tested is nounted
on a chuck 180. 1n this exanple, a probe card 170 is provided above the
seni conduct or waf eho@00ih oF bgure e3it ethe THrstphepd ¢8Pdis7plAGsda | arge

number of prgbe.,conlaetPLse (sHER188 QD i by enscRinneedesind90 to 10

contact with contact targets sych as, circuit .term nals,ar tact pads in
the IC ci reifidtrdrathe &5 SSHBECt ﬁé?ersuyﬁﬁfaéﬁdgha USE. %ﬁgctrical |

t ernmi nal s wrromght abe ietepfacd esornfmmengctl4Opaddn Ghet kabgisbeecard 170 are

eleCtriCah#ﬁ@ﬁ%QnQGBedatQemﬂébﬂ&ﬁbﬂ&H“#%ﬁérpbﬁs $41ppr evikded o8 the frog
ring 730. e contact pj

pins 141 are_al so, connected to_the c ct termnals
121 of thémbEFFGrﬁﬁnEecbﬁﬁﬁdl%%o t?ﬁrﬁhﬁ?t?ﬁ?mpcgax?aPEggﬁl§££ 24 where each
contact term ral ptatided aberveedhed sepichedyrtion agferrddPtteoa®d 150 of the

test 20.“%§%¢%99- Bt thetve e dpnint Bdschr calde heaibds 380pasee connected to
the sem conductor test™ s sten1thr%g%h the cable HO ha%I or- exanpl e,

g,
several huifht@gEcst il &bl EEMTIORYEF St WS %??aﬁagnenﬁg tHe probe
contantor&mﬁﬁ@cﬁ5mﬁﬂntanta¢hexsuﬁﬁébéHGQGﬁt&é?cﬁhFdéﬁyuﬁﬁiﬁh%rseniconductor

waf er 300 Qpthe SHCk 1806 tir apRkyitest tlegB@hicdratidter seféconduct or
waf er 300 and rgceive'the resultant output signals fromthe sem conductor

waf er 300.2%Ph&F8EUtHmt  out put signals fromthe seniconductor wafer 300
under 30 test Eiectoimdr sermindle 98 exPeitedeaeRr R Yeite(SPREEDY t he
sem condugdQis) t 881t 2y p-epe tdudptigonane allkethecalhe dddnected to

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

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

Under this arrangement, the probe contactors 190

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

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

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

35 Figure 2. 1In this example, the probe card 170 has an
epoxy ring on which a plurality of probe contactors 190
called needles or cantilevers'are mounted. When the
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circuits on the sem conductor wafer 300 perforns properly. Figure 3 is a
bottom view of the probe card 170 of 35 Figure 2. In this exanple, the
probe card 170 has an epoxy ring on which a plurality of probg %%&E{acjﬂ%s
190 called needles or cantilevers are mounted. Wien the -3 2 ) 4
chuck 180 nmounting the sem conductor wafer 300 noves upward in Figure 2,
the tips of the probe contactors 190 contact the pads or bunps (contact
targets) on the wafer 300. The ends of the probe contactors 190 are
connected 5 to wires 194 which are further connected to transmission |ines
(not showhudax negb i motheimy ottes caewidof@ucthe wafemsmddsi meves nes are
connect ed g4l ehgaye of cBbecigodes heaniaet cBadarcdsd w ch are in

comuni cation pins 141 of Fiqur ) T%pl cally, the probe
card 170 |Cé°r§3tat°t‘}cﬂ:h?eﬁa‘3’y°§ DHIPE i qoé’ﬁéFto?g’fﬁﬁtf OBetE b&tr%t es havi ng
ground pl aes, Thewendpleehe grcgrcalcontautswum@%nakenemmnﬁﬁy layers. As
s well known, .8t Res Aflscreach Slrddie sbfdleed LANPELASROMLIdMES IS

designed to have aC aracterlstlc 15 i ppedance such as 50 ohnms by bal anci ng
the distrils@mesd (9% ey s formgd  1g; EPECPFPEECS% ant’ %and netic

per meabi | Iﬁx}hrﬁi‘nlbb&@ﬂd]}&nﬁbdeare nductericels &od a capacklangesodf the signal
paths wt o] Ak ohinidesc & & Npedance

mat ched | %nl%scttggdg% gﬁ?ﬁ pé&Q} |lmu??éé%ganr§yg?r gﬁsiﬁlﬁfm on bandwidth to
the waf er W3¢& f£5f EB%‘BI%%lgﬁr? nb(g:'ssulrﬁ g steady state.as well as high
curreot peaks gepecal®g, byhd herdb@ ciarduilt70s isowtpuctawetdckivngt in a

transient tf&aela of J@%Yifﬂ&.d&ghﬁﬁra&%%aﬁawﬁﬁ{gsg%%ﬁnar@la'lr&% are provided
on t he probe ard bet we An equi val ent

circuit ofPOMWRE BFLBB%Sca‘FJc? tf"‘@“?ﬁbﬁ/ﬁ%onl ﬁflf—‘l gu?% Iﬂgrt%nle% din the
limtatiomsof ishevelilghknbwequencyhperdatn mesee i 9ft heheorsdiidlonal pr obe

card technalagyssfS, Showy ik BbUsRs: 4A 2adedB, chhtastgnaltic

is impedance such as 50 ohms by balancing the distributed
parameters, i.e., dielectric constant and magnetic
permeability of the polyimide, inductances and

capacitances of the signal paths within the probe card

170. Thus, the gsigmnal lines are impedance matched lines
20 establishing a high frequency transmiggsion bandwidth to

the wafer 300 for supplying currents in a steady state as

well as high current peaks generated by the IC circuit’'s

output switching in a transient state. For removing

noise, capacitors 193 and 195 are provided on the probe
25 card between the power and ground planes.

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

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

35 inductor L in the high freguency band as shown in Figure
4C. = Because of the overall length of the wire 124 and
needle 190 iz around 20-30mm, significant iimitations
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30 transm ssion line on the probe card 170 extends fromthe electrode 197,
the strip (inpedance matched) line 196, the wire 194 and the needle or
cantilever (contact structure) 190. Since the wire 194 and rfeﬂ’lw@ {11!89 are
not i npedance matched, these portions function as an 35 indgc or Lin"the
hi gh frequency band as shown in Figure 4C. Because of the overall |ength
of the wire 194 and needle 190 is around 20-30nm significant limtations
-4.2 5 JUN 2 004 will be resulted fromthe inductor when testing a high
frequency performance of a device under test. other factors which limt the
frequency wihdwelttedulteihérprobbe candudzer résindéeisiingeapshel and ground
needl| es 5f).3§1:?m&yn ErgescdDoznd 4Evidd drpewst.|ine can provide |arge
enough currents_to Fﬁe devi c ﬂ er .tte Lo fituvvi ICI Ot 4 si%,rtihoygly limt the
oper ational bafthicdt FAFrPTs 8@%? g"’t“HLe gevi ce T HOveVET, “hecause the series
connect ed vhe @rtdé eandd 18edresidD iochsuppisy agdtdeoypshveeeddes Fi gure 4D) as
wel | as thenSelies ¢ogRess efpWiane 434 andr need@wk30 fofe gegunding the

power and signaJs_(Figure .4E) are _equivalent t.o inductors,, the high speed
o rent  (PBWTE 6FPB eI o PEEreq tho Bover A eTBbabEPbt o 193 and. 195
are provi ded wil3 betwesrnicusdypbweit | thre apedathengy dandwidss B secure a
proper perfaimace gl ths davi ce uRAleket-est bdyaddd t @hengseiést he noi se or
~surge pul ses on tge ower Iin%s. %ﬁe g@p@oci tsorslll%% Q ve gwélel atively

| ar ge val UEPEFENSSsW 1 P AnTP e dIF 52 Saf €2 orne YRR Y 0M t hePpoWer |ines by
SWi t cltes 20Fidureeébssas wellhaschipaciawies T9BnaeiRd airel 4Prvery smal |

capaci t ancgealels o3UGh- %%\Qn@ilr@mwm YarROiegked (eigaeeto the DUT.
These capacjtors serve, 1he functnld%g as. high ]{ﬁrgﬁlnq%%%%é%?gﬁgﬁp ng on the

pover |ines’ AT o CRBF WOt s, the C5pacitors Fequency 25
per f or manclasf isheepiobelvcarsastefedAccordingly, the nost widely used probe
contactors asmBebedeapoMEe afpdditick-ed o6 thé fippqueacyrbanded dt h of

5 between the power line and the ground line to secure a
propér performance of the device under test by filtering
out the noise or surge pulses on the power lines. The
capacitors 193 have a relatively large value such as 10uF
and can be disconnected from the power lines by switches

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

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

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

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

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

.In the conventional technology, the probe card and
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approxi mately 200MHz which is insufficient to test recent sem conductor
devices. In the industry, it is considered 30 that the freque bandw dt h
conparable to the tester's capability, which is currently onrfﬁetjilﬂ‘ﬁé?ﬁﬂbf
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 |arge
nurber of sem conductor 35 devices, especially nenories, such as 32 or
nore, in a parallel fashion to increase test throughput. In the
conventional technol ogy, the probe card and -5 2 5 JUN 2004 probe

cont act or pmieh cantahowns i sudfi gur eh8war &n rEigvalel § apadvanvakifting in

I nconsi st gnfyqual :[L)éé/ulé gyh ihconsisiant agal ghmw{jl udes &harctuations of
size, frequency bandw d resi stapnce,.etc. 5 In the

contact forc n
convent i oriéﬂcoﬁtséﬁéeEBnt%}tatldFé’ éﬂ%i‘f‘FL% gi‘t‘%‘ Uat PPN g he® % act
per f or manciEegueekiyabhedwisitd, t:en‘p@cmatﬁsnreeshfanbefeﬁnaéﬂnﬂhr c#tehe probe

cont agt or s angy . t e $et £onduc pabénfaf:sﬁtmdﬁr t eglothave dhéésr ent
t enper at ure expansion rati os. Thus,_under the vagx 10 .t enperature, the
SoEeklrdte

contact pd&KiFSns ter eBRRNRRN v%‘?@f"%f"&ﬁ a ff&ts the contact
force, conkaperatesestbage andepantinfdtthe Trabe thetacters akd of a-

contact StiuCt WLh:WhhBud JIEW,GRREEPhnibE Clca@n Babk sl yiftdeemequi rement in
t he next géeneratl on sem conduct or .test tec Cgol o) Summary of the

5
| nvent i on'CeTREFBEBYR, SFPARELA, T8t of Pﬁé Pregen ¢ nvemish to provi dé
a combact tetrpechtnes hawiheg cont@Ecge pogddaonsf tfm@tb&@ﬂ\’éﬁg forrel ectrical ly
contact i ng;uthn &&)@é@é‘élﬁoaﬁs%e@&s tMet hcanthiigh fpequencyobensi dth, high

pin counts and hi faPag}t:’ %‘%Jecﬁ:[hf or npnce %%F\évgl Ilsagl I;jl g reliability. It

i s anot herS§BFEREC i nventi‘on Fovidé A contact structure
such as acpn@betcatducmreesmtﬁl issnes eeneEREl Wl%%ﬁfhéé% ofP ¥t % est i ng
sem condughar rebi e gesn antk hbet | dkRrabayh ngrd cvetychbghedatequency

i5 technology. _
Summary of the Invention’

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

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

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

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

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

30 connection in applications such as testing semiconductor
devices, which are suitable for .testing a large number of
semiconductor devices in parallel at the same time.

It is a further objétt of the present invention to
provide a contact structure and its assembly wechanism

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

number of contactors mounted on the probe contact



bandwi dth to neet the test requirements in the next generation

sem conduct or test technology. It is a further object of the pﬁéﬁ&hﬂu)ﬂﬂ%
invention to provide. a contact structure to establish electrical 30
connection in applications such as testing sem conductor devices, which are
suitable for .testing a |arge nunber of sem conductor devices in parallel
at the sane tinme. It is a further object of the present invention to
provi de a contact structure and its assenbly nechanism 35 for assenbling a
plurality of contact structures to forma probe contact assenbly of desired
size with desenmtdd . nunber of contactors nmounted on the probe contact -6- 2

5 JUN 2004 assefbliy, 5 lhrieR Ju:s tc@eefolehs%r@éeﬁéﬂqn%ﬁﬁ%h t&ven“ on to

provi de a net hod for contactors ih a two

grodu0|38 e nunb
di mensi onaPTHEiFer 2on™ethad i E8R té, ?-%?ﬁﬁn AYMPRE cohtactors from
t he substretrecaamdrsouint i agtiwhe dlmehactbnal? ocanaceomrhacid stibs¢smte in a three

di mensj onal, yRNARL , t Perd Rl M RORVUAEhELEY Mnﬁthét ik 3okl T obi ect of
o

the present invention to provide a net u0| ng a l'arge nunber of
10 cont actrﬁ?@qlﬁgatlf‘wo&tﬁﬁﬁg’r"%r?é‘l an‘éﬂ‘ﬁfe?“oﬁu&s F?’F%dﬁl subl¥eat e,
t r ansf er r i dignetriaze onaht wariners tbofarm atlhesiteet tapectantk .r enovi ng t he

contactors theref §om,f g Mest io%?lal:t/ oL Sﬁlgaée%% SAVELLNR Lontact

substrate to forma a contact sfructure. he present invention, a
contact stHRS¥EGPe ?ormettl"@gtlﬁ‘@rorpnﬁ@l“ﬁllﬁa i A sERConddEbsY R ers, packaged
LSI s100or pranteedorsr doi ta bber ddifdeviomsl umdenet esh) aareifirared of a | arge

nunber of &&@E%&EQrStPgﬂéjﬁ&%q n@N & eolmact%&tgf%e aFH fasbstd ate such as a
silicon suybstrat a.20 phot ol | t ho t% chn&] establ i shed in the
seni condudtgP ?)’?cgd: VoY grscEgRta g agt* t‘j’& FESL G he present
i nvent i onmantahgotbe wemd am conponeatts spbsetrast rbai ¢srdeviaces such as IC
| eads and ghASct structure.
15 In the present invention, a contact structure for
testing or burning-in semiconductor wafers, packaged LSIs
or printed circuit boards (devices under test) are formed
of a large number of contactors produced on a planar
surface of a substrate such as a silicon substrate by a
20 photolithography technology established in the
semiconductor production process. The contact structure
of the present invention can also be used as components
of electronics devices such as IC leads and pins.
‘The first aspect of the present invention is a
25 contact structure for establishing electrical connection
with contact targets. The contact structure is formed of
a contact substrate and a plurality of contactors. The
contactor is comprised of an intermediate portion which
is inserted in the through hole provided on the contact
30 substrate in a vertical direction, a contact portion
which is connected to the intermediate portion and
positioned at one end of the contactor to function as a
contact peoint for electrical connection with a contact
target, and a base portion which is provided at the other
35 . end of the contactor, and a spring portion having a
cantilever shape upwardly inclined relative to the
surface of the contact substrate and provided between the
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.The first aspect of the present invention is a 25 contact structure for
establishing electrical connection wth contact targets. The contact
structure is formed of a contact substrate and a plurality ofp GopEc(4s.
The contactor is conprised of an internediate portion which 1s inserted
in the through hole provided on the contact 30 substrate in a vertical
direction, a contact portion which is connected to the internedi ate
portion and positioned at one end of the contactor to function as a
contact point for electrical connection with a contact target, and a base
portion whade insioni ded Bhe tintomediads rention £he poaducied, and a

spring pory iQdkiNaunRg c8nt £t #dREERNSRARR: WMRLELY i D§| bpegsd®l ative to the
surface of the conhact substrate gnd provi ded between the -7 5 JUN 2004

base porti¥ffaTE the PR TTedi®3PE portion for producing a resilient
contact force whehhtheasmautactfothe pyasevsetinvenfdionst st Aenegmaict t ar get .

Anot hgr aspeqirRlicing PReSEMddivent EANa i v diRkhedon®: Ohamioduci ng the
contactors in a tw, di nensional nanne on a, silicon substrate and renoving
t her ef rom%br & e§t b‘W%hFHésgrEBﬁtéﬁi SFFB%YHF%.t%ﬁﬁeg?%ﬂuéﬁpbn nmethod is
conpri sed eaftapiéshohy enicegtesrepstofictyrz) f Breriovgdacsaeritétdicd | ayer on a
surface of; A ohBrSbbd CON é@%hi@éﬁin%@teb@rgfﬂg a photoresist layer on the

sacrificial | r.. (c) -aligning to_mask over_t hotor esi st | ayer
and exposi ng t gé?pm%‘a%%%i %ts‘?l‘%f%‘éﬁ 93?’?’? avt ot €t r}L‘%g Tt Of(fs"‘ t hrough t he

phot acmaslsiltikenphebstrask i ncl uding an i mage of the contactors; (d)

devel opi ng pat gy Nngophidd e igREeretithelayeenbactpe Ss@traf sdifdiace of the
photoresiﬁ_ yer; (e) formng the contactors nmade of conductive 20

t la
material "AYEAé patterns on the photoresist |ayer by depositing the
conductive mat éel @#licsdan afphdie mask over the photoresist layer

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

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

(e) forming the contactors made of conductive

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

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

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

- (h) mounting the contactors on a contact substrate

30 having through holes to receive ends of the contactors
therein so that at least one end of each of the
contactors functions as a contact pad for electric
connection.

In a further aspect, the method of the present

35 invention further includes, after forming the contactors
by depositing the conductive material, a step of placing

an adhesive tape on the contactors so that upper surfaces
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. . . . . _ 25 JUN 2004
contactors having a spring portion which is cantilever shaped between a
base portion and an internediate portion; 25 (f) stripping the photoresist
| ayer off; (g) removing the sacrificial |ayer by an etching process so that
the contactors are separated fromthe silicon substrate; and (h) nounting
the contactors on a contact substrate 30 having through holes to receive
ends of the contactors therein so that at |east one end of each of the
contactors functions as a contact pad for electric connection. In a
further aspect, the nethod of the present 35 invention further includes,
af t er for mofg thhecomrecotrer sre At tedepedi to nghe Relhesridectape. material, a step

of placing an aghesimMgchape Lhe GoRt apdiy SOrt hak YPRGfensurfaces -8 2
5 JUN 2004 ,of the cqﬁé_ﬁtors qqe attaghed o t he aghe5|ve tape. In a :
further aspB¥ENtiRR HBTREH BHoluesyr 85k TAVEH: FBR FMHEAEPencl udes,

after formbggdepesoimgathersondwrtdeposatdmigithe sbeduet indecimgerial, a step

of plaging,,5 ame@%sswﬁet ape t‘ﬂ@ ua%tse%@gt 8hS Qe thsRRdyeti ve
substrate so_that up surfaces actors adhere __to the adhesive

tape wher efH 58%%%?6%’E??%ﬁﬁ?ﬁrHQFWEﬁﬁ ?géﬁﬁbﬁFﬁE?BFaﬁﬁ@dpﬁéeadhes|ve t ape
i s |arger thamhthatthediotencmpet hibecont agtioes ared =t wowpdinc thiereresubst r at e on

whi ch 10 tEﬁece&t@e@&%&saﬁaetﬂ@rmsmdta étﬁp psrg&elah&& thge conductive
substrate so that E e contactors_on e are_ separated from

t he conducPfiEeer ?%ﬁ%?cﬁﬂrfﬁ?qH%FoﬁgﬁaﬁP”%Fu¥ﬁEr§ B S “Br-E8ent i nventi on
is 18 a ptbée cophéatrsassmrbigrniedc| tmmgatﬁ’eemoﬂﬁa@teeamctbee of the

present i n&éﬁa&mveThsu@é%&ecom aGtha2SSed| Yong actergedof taecont act

substrat e havi a pIurallt ctqors nmounted on urface thereof,
a probe ca?%h %L %%1 %B%FSEFQ % ratggand e§%5ﬁ?|sﬁ|ng

substrate ‘
A further aspect of the second present invention is
15 a probe contact assembly including the contact structure

of the present invention. The probe contact assembly is
formed of a contact substrate having a plurality of.
contactors mounted on a surface thereof, a probe card for
mounting the c¢ontact substrate and establishing

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

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

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

35 cantilever shape upwardly inclined relative to the
surface of the contact substrate and provided between the

base portion and the intermediate portion for producing

-9-



20 el ectrical conmunicati on between the contactors and electrogf% provi ded
on the probe card, and a pin block having a plurality of conta pﬁﬁ% 004
interface between the probe card and a sem conductor test system when the
pin block is attached to the probe card. 25 In the probe contact assenbly,
the contactors are nounted vertically on a horizontal surface of the
contact ‘surface. Each contactor is conprised of an internediate portion
which is inserted in the through hole provided on the contact substrate in
a vertical direction, a contact 30 portion which is connected to the

i nternmedi akerpoiliont camffapbsfoiromedhat tdrecenthafon he portactor to

function agga fn&OMRCLoROLAE gagggeqj ectrical connection with a cont act
rovi,ded at other end_ of th

target, and a base partiaon %ch IS E
contactor, and Aac"sod}t‘?jilﬁa g6t t FBR RESPRQC a 188°RGHTT 1 ebR% §H85@°Epwar dly
i nclined retatetuerd bashe vesyr higle Ofequiescy dmingetidsbbist meee el provi ded

bet ween the, @asa?ecﬂﬂrrfetngﬁténd Ehendpt erg&@k&é%rporéén&'&oheﬁc%ﬁdUC' ng -9 25
JUN 2004 a resiljient contact force e contactor js pressed against

0
the cont act®® Y- A oMt % ]tari‘%gep RE PhvERTFBRThe®EOnt act
st ruct ur e prastwrager gt hitdle f$®nﬁ1eracyiebamdv\tm hstbsinedte t Wethéut est

requi re”enﬁ?vd?ﬁva.@z%x'fmagﬁ{&qr 3&&15&11 qwtdt@tgésgﬁg@not&gxch&@&e the large
nunber of contactors are,

t.he_sa the ubstrate
e O oAtk ot R o BlReL Al lhe SR (LIE Ol he sybstrate
qual 10y, hiqghaasl IE@TﬁQIIﬂ}ﬂU&‘ﬁfd dongellilf ead nlewe ctOteont Bertlper f or nance as

vwell as | ocGRel kuet h@émta@&ﬁ@sgzteheasgétta@uor&nareh@sst%ﬂt& ed on the
same substrate mat er 1:913 14 e}:tha(%f otfg Bdeé(l ce und(f:ir LLESL, it, is possible

to compensAte Posit "ORSN&F bt s CausSs RSerRrtF et thangks. 15 Further,

accor di ng it PCPt%Sléﬂ@séiﬂ FoNRENSAGS, Ft%étlﬁﬁl@du%ﬁ%?? proEEss ¥ able to
produce a deaip@@aBufbeshrigescontactors in a horizontal direction on the
Siliggn Further, according to the present invention, the
production process is able to produce a large number of
contactors in a horizontal direction on the silicon
subgstrate by using relatively simple technique. Such
contactors are removed from the substrate and mounted on
20 a contact substrate in a vertical direction. The contact
structure produced by the pregent invention are low cost
and high efficiency and have high mechanical strength and
reliability. -
' Brief Deécriptibn of the Drawings

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

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

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

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

35 conventional technology.

FPigures 4A-4E are circuit diagrams showing

equivalent circuits of the probe card of Figure 3.

~10-



substrate by using relatively sinple technique. Such contactors are
removed fromthe substrate and nmounted on 20 a contact substrat2 5 nll&N 2004
vertical direction. The contact structure produced by the present
invention are |low cost and high efficiency and have hi gh nechani cal
strength and reliability. Brief Description of the Drawings 25 Figure 1 is
a schematic diagram showing a structural relationship between a substrate
handl er and a sem conductor test systemhaving a test head. . Figure 2 is
a di agram showi ng an exanple of nore detailed structure for connecting the
test head of thelgaﬁeserﬁis:wd;uhtematicesdlawameehcbmr@eaxsu@sammbe handl er

t hrough. an 'ntgéét% CgERAncAL: o of! Qﬂéeg?felsén@ q?lbggmhe%sm Wi ng an

exanpl e of the e car avin nountin plurality
of probe c@@p&é@b@gsme’eéue%dorlncaﬁt |f}0é”969§§31 ndtlﬁecteencdmeﬁtu onal

t echnol 09Yseﬁh@6ﬁ@‘&c% ARuBsteratiedf Ctihd GledgLeaEl 8 havungedeqn val ent circuits
of the probe car bﬁ:x%{t‘.re 3. -10 2 5 JUN 2004 Figure 5is a schematic

di agram show ng an” exanpl’é  of contact structure of the present invention
using contact oF-“sglblFféﬁjtﬁ@eénﬁns% #o? | sdiral 1ei SRR heringesi conduct or
substrate aadiyerddmaddty Bf)urﬁleﬁluaﬁlan Smeidtiace £ S ultsd r alresehicgur es 6A and

6B are schemat i 9191]% agrans.s nﬂaﬁaga r%o&@e?gnggc%ggu%trl .on net hod of

t he presen% TAVENnti on in contactors are formed on

a planar sipfae@ ef & @élﬁewa%r% rqgé’nﬁ\/eﬁiib%aFﬁeeefﬂr Gaoed at er

processes. tﬁegelf:&sn fAvrl Canee mhicagisars. showi ng a specific exanple of

contactor of the, E |§E/erg11eond aq.dsn Sgb‘gyﬁ& A g ifrant view of
ure

t he cont act or, a side view of the contactor, and Fi gure 7C is
a bottom ?E’SaWJe%v of Fﬂ%t?‘fﬁ?ﬂrad%fort e present invention wherein

Figure 7a ig a front view of the contactor, Figure 7B is
a side view of the contactor, and Figure 7C is a bottom
15 view of the contactor. _
Figures 8A-8L are schematic diagrams showing an
example of production process in the present invention .
for producing the contactors of the present invention.
Figures 9A-9D are schematic diagrams showing another
20 example of ﬁroduction process 1in the present invention
for producing the contactors of the present invention.
Bigures 10A-10N are schematic diagrams showing an
example of process for producing the contactors of the
present invention on the horizontal surface of a
25  substrate and transferring the contactors to an
intermediate plate.
Figureszs 11A and 11B are schematic diagrams showing
an example of pick and place mechanism and its process
, for picking the contactors and placing the same on a,
30 substrate such as a multi-layered silicon substrate to
produce the contact structure of the present invention.
"Figure 12 1is a cross sectional wview showing an
example of probe contact assembly using the contact
gtructure of the present‘ invention as - an intexrface
35 between a gsemiconductor device under test and a test head
J of a semiconductor test system.
Figure 13 is a cross sectional view showing another

=11 -



Figures 8A-8L are schematic di agrans showi ng an exanple of production
process in the present invention-. for producing the contact g t he
present invention. Figures 9A-9D are schematic di agrans show Uag thelil4 20
exanpl e of production process in the present invention for producing the
contactors of the present invention. Figures 10A-1ON are schematic di agrans
showi ng an exanple of process for producing the contactors of the present
invention on the horizontal surface of a 25 substrate and transferring the
contactors to i nternmedi at e Iate es 11A an% 11B are schenatlc

di agr ans sHGHF éﬁf | CHEI kaﬁﬁﬁﬁ¥§Yéc%SH%%h£ FsnT ?ﬁkf S“ts process
for picki n@tntlkr&u::@nt att it apdepénti ngiveneisan@sonan, Bo-etfleser ate such as

a multi-laygned,sil b&ﬂfbo‘%ﬁ%ﬁt%%tée%?ce RiREUCE 4@ nC0Rt B&dt HekHct ure of the
present invention. F}gure is a cross sectional view show ng an exanpl e

of probe ntRGEHSSR F§°ﬁ§Fﬁ§:FW§ EBntact structure of the present
i nventsi on as arriigutrer idces Bmchetmpbdn &izprmnrcehduttaramexaoelander test and

a test heatk Of,@ SeTHGORIUCLOLFt @RL §¥ég&m fﬁ'\géift%o}@Hasflﬁ CROSs secti onal
V|eM/shomnn%.another -11 be contaci assenbly using

N
the cont adtt&Stlgeegre oFtFﬂélfges%h 1§ eﬁ?&ﬁﬁrﬁ ®8n PRfler fie between a
sem conductartagdevireepumtiered estoag the pyodhetsicon Dtoaes@mfcd;hgluct or test

system 5. hiQure ;ﬂvé§t§b§chenat|c dlagran1shomnng an exanple of cont act
structure of the pres i nvention gaV| tandard silicon

n re
substPat es andFPﬁ re %ﬁF%éTSFESB?S ﬁ%%dgfﬁ?Sgéﬁl?%e %ﬁﬁluc dn process of
the preserft towemtti oﬁtrmctllixégﬁjreflih% arpespednVeBtiPRWegABW Ng a .

plurality paQfin goat @E‘i_fgétﬁﬁkﬁ&é&f&& Qi‘oritf&%taﬂ:gseﬁi AdueRnsliiony @aeh having a

ar ge nuTher, of SO ACLOT S, L0 8RO TIPS ke 1000 2ABRBEY Lp constitute a

desired 51ze

15 Figure ‘16 18 a pergpective wview of the contact
structure of the present invention wherein plural contact
substrates are connected with one another to establish a
probe contact assembly with desired size, shape and
number of contactors.

20 Detailed Description of the Preferred Embodiment

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

25 structure is positiconed, for example, over a
semiconductor device such as a semiconductor wafer 300 to
be tested. When the semiconductor wafer 300 is moved
upward, the lower ends of the contactors 30 contact with
contact pads 320 on the semiconductor wafer 300 to

30 establish electrical communication therebetween. The
contactors 30 are mounted on the contact substrate 20 via
through holes {not shown) at the middle portion so that
an upper portion and a lower portion of the contactor are
projected from the contact substrate 20. The middle

35 portion of the contactor 30 may be loosely coupled to the
contact substrate 20 so that the contactor 30 is movable

when the contact structure is pressed against a contact

-12-



desired size. is Figure 16 is a perspective view of the contact structure
of the present invention wherein plural contact substrates areZdorH8tZ6m:
wi th one another to establish a probe contact assenbly with desired size,
shape and nunber of contactors. 20 Detailed Description of the Preferred
Enbodi ment Figure 5 shows an exanple of contact structure of the present
i nvention. The contact structure is configured by a contact substrate 20
and contactors 30. 1In an application of sem conductor testing, the contact
25 structure is pgsiti or]ned, fqr exanpl e, qver sem conduct or devi ce such
as a seni coHdftor - Raf e %@@mﬁﬁoné}ég?%’ét"é%ervﬁgg'the seni conduct or waf er
300 is noved . upwahd, exdmplleowsr Fegidse o, telaehcomtasttons 330hagntact with

contact pads; 330,98 ihe $RILEQRAUCHOE MBHEIct380piOraD 2estabthsh el ectri cal
communi cat 1 on therebet Weﬁf The C%&a(:t ors 30 are g%uzééed og t he cont act
substrate PHE 44R90UFH hoPBYEAT §RoRA) “BPSFhE M ddi'e pdPTion so t hat
an uppger poswexronpand afl ower pontaon of tdwbsgentidellr ateaighbj ected from

the cont acéx%vﬁihgatﬁo&%arﬁﬁ‘ﬁ mddle 3%.eertbea ofs.the gantggsor 30 may be
" loosely coupled to the contact. substrate,20 so that .t contactor 30 is

movabl e ViHEH-COREUEDBRT abtSTst FRRLUF ﬁoél'pfté’?sélé’pgﬁaierrfgt @g, contact -12 2 5
JUN 2004 tmsgebprtien oft ibesemncarkhic 3 twatertal300 wikth sherekanpl e of
Figure 5, eagh gontactor 30-thas ;a4 eaatidwrMeenki ke ishapeoavgsct he contact

bstrate 20 which _ext di Il d d 33. The 5
over opar (PURH HE HEREL oS o CanT YAy £ P ik ZCBYPBEGR RS cowmuar dl y

to a | ower3z@ngn3she | senivgndsehpr owdited Gt00-est application, the upper end 33
is a base porthancait 1i1kR&-contaElRY) Fdritacaost atie Wobhaatprobe card of the

t est t d the_| d 35 ; il t act 30
Lo cont act FEERLRC chidhr ak® B3084Rha el ehRuterar Harar “s00.

the upper end is fixed to the probe card and the lower

15 end is pressed against the contact target. The lower end
(contact point) 35 of the contactor 30 is preferably
sharpened to be able to scrub the surface of the contact
pad 320. The resilient force promotes such a scrubbing
effect at the lower end (contact point) 35 against the

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

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

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

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

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

produced on a planar surface of a silicon or other
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The cantilever (spring) portion of the contactor 30 functions as a spring
to produce a resilient force when the upper end is fixed to thé Rildbepgdar d
and the lower 15 end is pressed against the contact target. The | ower end
(contact point) 35 of the contactor 30 is preferably sharpened to be able
to scrub the surface of the contact pad 320. The resilient force pronotes
such a scecrubbing effect at the lower end (contact point) 35 against the 20
surface of contact pad 320. Such a scrubbing effect pronotes an inproved
contact performance when the contact goi}nt.scrtu s f.he %xi deils_lurface of the
contact padtSEFLESC SUBEEFREAIE) LDBnPATt PPRE S RductivE “iatlerTal of the
cont act paths2hrurdershowe dxi dégsuef Gce. TREL Fi he ecBAGBOFHowObasi ¢ concept
of the preggnt,, ivention £ padugipge Such Lontackar sdrdsitae present

i nvention, as shown i n Fi gure 6A, _contactors 30 .are, rgd ced_on a pl anar
surface ofmerksihtratB 40 fhiTh FeH%E 153061 g‘???gige 6?mofbﬁer dielectric
subst sat e Adhexi3@ hopliatont allcdlfectively i . badhggive t weakh'hendifonal manner.

Then, the r%‘}{lte%%eﬁétégplaét%"rew Jon@aLL s SbSHT @€ ABesti@ebe mounted on
the contact substrate 20 of Fig such a?i?a ceram.c srtljb%%ate, a

. . éjlrlie S t cunted & .
printed cita®f toHodFE, TCOVEH ptPoreiWer t R oREadCHEERanTS MR a verti cal
di recti on,coritack. espbetrate hrde difneddoonag nmnniey . d n ieF&ieranpl e of
Figure GB’digé%tciBHt actors 80 Argrdr eduead: OfaR kel wikkf age of a silicon
or other -13 2 5 JUN 2004 dielectric substrate 40 in the horizontal
di r edfi on 9 2 PREXNER e?l%%\ﬂ?cg‘ﬁnl&?rﬁme 6. Then, the contactors 30 are
transferred fr@npthessulistiat ehd® td perdidsi vexammitberrfo0th8uch as an
adhesi ve tapgacadbesivend iprafuntd ;adbasive phaten qulgueet 7ueliy "adhesi ve

tape" or “internediate plate')..The cont rs e.adbesi ve tape 90
é 2 s g s 1 OO QLA Pautd it R IR P

are renov BF e B t'o Be “motin i trate 20 of Figures
5 in a vera beskomdviewtitmrecit. e. The recantantes &P hJishae fafA8r with use
15 an upper end (base portion) 33, a middle point having a

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

diagonal beam running between the upper end and the

middle point, a straight portion 36 and a lower end 35
.having a contact point. |

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

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

contact. target such as a semiconductor wafer under test.

when mounted on the contact substrate 20 of Figure 5 or

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

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

contact substrate 20 and the lower end 35 is projected

from the lower surface of the contact substrate 20. The

straight portion 36 is inserted in the through hole of

the contact substrate while the jaw (flange) 34 functions

30 as a stopper against the upper surface of the contact

substrate 20 as shown in Figure 14.

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

- 36 preferably has a reduced width which promotes the

spring action by the spring portion and the middle

35 portion. In this example, as shown in the side view of
Figure 7B and the bottom view of Figure 7C, the contactor
30 has the same thickness throughout. Thus, when



10 of a pick and place nmechanism Figures 7A-7C show a specific exanple of
the contactor of the present invention wherein Figure 7Ais S fﬁ n %iemt
Figure 7B is a side view, and Figure 7Cis a bottomview thgr o# T
contactor 30 of Figure 7 has 15 an upper end (base portion) 33, a mddle
point having a jaw (flange) 34, a spring portion (cantilever) having a

di agonal -beam runni ng between the upper end and the mddle point, a
straight portion 36 and a |lower end 35 having a contact point. 20 The
upper end 33 contacts with a probe card Su jure 12 and the

c
| oner end BSOERMRREtSMCCRERRECT cthiYdbtt! Eﬁ&@f‘rsﬁé %e a? €conduct or
waf er undegifésén sz:rram:BuﬁDedfoﬁ‘lgheecsm aotlwubrst régm2Qioh Figure 5 or

Figures 12; }éce§% mHFpBE QQQu§§e@ngo§h%o§HﬁhQ9tHQrQb%@agéofciﬂt'|ever) are
proj ect ed Prom t per surface o tac%Hsubstrate 238and t he | ower

end 35 is 5P8§i‘é%tt3é’(f mF‘FSﬁt"t‘ e |I(9WEL sﬁ??% e&e B WYt dBstrate 20.
The sirai glak q}mbrcmbn%dnﬁfem ttédckneshe domdogghvaolategfialishe cont act

substrate yh é]%pésal‘t‘_’e(if k-3B898) ﬁéré UE'PrEéQ“t:% 3135 BwsSIRPRReagal NSt the
upper surfac contact su str as sgown in Fiqure 14. In the

front vi evvléff’e‘F&'r ffr opduct e ?FFSF% HRTOIECHT B FTYShas a reduced
wi dt h whi clihgr eratel: td® stpx i by bbei gnnbyctcbne sprFagupor Pi ds:and the

m ddl-e 35 QOIiSd . ach gns exa e, s sshewn boid Si deobiogw,of Figure 7B
and the bottom vi‘ew, of ure ‘t he i(? act or, ? Q g3 t he sane thickness
t hr odghout I=F$AUEm whERC 0’1 ?‘SSDﬂ‘BN 509 @‘t%&é’i n§~tA& EBnt actor 30 on the

pl anar surface Kifgurebe 82si8lli core sablsemaitic 40iadraigyuekodiny oaky one
deposi ti Onexaqt;%es% 15@66&%16%%6&1:31‘ @brfS¥Fdiurg nkhen€ Panaekebrby

conducti ve ter he case wher e_the contactor. 30 tvvo or nore
di fferent ti sprecsert‘g Y g er:‘?laltl ngure tsg 4 Sacsrl?égggv\o or nore
tinmes to fbatﬁmitdw és ﬁgmedl%ryér §U@f5t(¥§ﬁ§ué9|‘tﬂél%t3@r italPicalike production

process. a gilicon substrate. Other dielectric substrate is also
feazible such as a glass substrate and a ceramic
gubgstrate. The sacrificial layer 42 1is made, for
example, of silicon dioxide (8i0,) through a deposition
process such as a chemical vapor deposition (CVD). The
20 sacrificial layer 42 is to separate contactors 30 from
the silicon substrate in the later stage o©f the
production process. |
An adhesion promoter layer 44 is formed on the
sacrificial layer 42 as shown in Figure 8B through, for -
25 example, an evaporation'process. An example of material
for the adhesion promoter layer 44 includes chromium (Cf)
and titanium (Ti) with a thickness of about 200-1,000
angstrom, for example. The adhesion promoter layer 44 is
to facilitate the adhesion of conductive layer 46 of
30 Figure 8C on the silicon substrate 40. The conductive
layer 46 is made, for example, of copper (Cu} or nickel
. (Ni), with a thickness of about 1,000-5,000 angstrom, for
example. The conductive layer 46 1s to establish
electrical conductivity for an electroplating process in
35 the later stage. '
In the next process, a photoresist layer 48 is
formed on the conductive layer 46 over which a photo mask
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The exanple of size in the contactor of Figure 7 is: a= 400p.m b=50 Lm
c=50/.m d=50.m e=140pm f=900um 10 g=1600m h=100gm i=50/.m2 5:§%Q%m
and k=1900i nn. Figures 8A-8L are schematic diagrans showi ng an ‘exanple
production process for producing the contactor 30 of the present
invention. In Figure 8A, a sacrificial layer 42 is forned on a substrate
40 which'is typically 15 a silicon substrate. Qther dielectric substrate is
al so feasible such as a glass substrate and a ceram c substrate. The
sacrificial layer 42 is made, for exanple, of silicon dioxide (Si Q2)
through a 88pd&i Promisginbddsignede toadea sERefife arlvpsl t ERspcdieti on (CVD) .
The 20 sacrif) ciadht ayer s¥@wn SihOFsgpas aBR. comhac phpso3takkomo t he silicon
substrate LiobdS |akelinbagfoly [ g IAAUEL 8B, PLOCSSS; o Afhsaghes! on
pronoter |ayer 44 is fornmed on the Lacri icial Tayer 42 as shown. in

Fi gure 8B thibukmh, d96rlores &anie Phat@¢apsE atfBe ptdcesd® AS exanpl e of
mat erisal fRe11 hen&dbheshorhpr cad er pbddeiveddad neblilesschieyatume( Cr) and
titanium (T itk i f-_ab - 00 . for exanpl e.
The adhesi%llﬁgt_:po\r@oetr?g gr&%%%d?s?c}%t gH%SagF?%pt%’astgé t%%négﬁgesg"l@éﬁéof conductive
| ayer 46 oAcBOgirffistgdsotate sthe FRPIQNSSEFLt €040 eFhBY cSRBucti ve | ayer
46 i s madeppadier pexaiphe, odftlcoppatk (S0Uhaetdens ckebre)( Mfterwithl a t hi ckness
of aboul 1.,000:2.000 afdsbiam Jor orexabl e Thaceongucling ayer 46 Is fo

establish i cal conductivit or_an electroplating process in 35 the

| at ellOst agovalgkt ndMiExespt otesialdeyiis) or e SMYR | aFRAY48MEEMYEor med on the
conduct i vevdtaweryaetoyer suks ciind photo saskitile- po2ybmIddl 2004 50 is

precisel y ald gned 58,06 RARGd ich whhravh obele dd/Nnd @R s@s shown in

Fi gure 8D. e photgmrrask 50. shows, a two di nensi onal mage,of t he
cont act or 2R Wi EASSAYeY RPYHAS @YK t he2 Phst 6 eSO FSyEF 48. As is 5
wel | knowlayert he aftFigos: t§E creasingekn apentgmtdwgattern "A".

15 Thus, the top view of Figure B8F shows the pattern or
opening "A" on the photoresist layer 48 having the image
{ghape) of the contactor 30.

' In the photolithography process in the foregoing,
-instead of using the uv light, it is also possible to

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

25 or light source (laser).

The conductive material such as copper (Cu), nickel

(Ni), aluminum {(Al), rhodium (Rh), palladium (Pd},
tungsten (W) or other metal, nickel-cobalt (NiCo) or
other alloy‘ combinations thereof is deposited

2Q (electroplated) in the pattern "A" of the photoresist
layer 48 to form the contactor 30 as shown in Figure 8G.
Preferably, a contact material which is different from

that of the conductive Iayer 46 should be used to
differentiate etching characteristics from one another as

35 will be described later. The over plated portion of the
contactor 30 in Figure 8G is removed in the grinding

(planarizing) process of Figure 8H.
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phot oresi st can be used for this purpose. if a positive acting resist is
used, the photoresist covered by the opaque portions of the nazr 58
hardens (cure) after the exposure. Exanples of photoresist mat: 5 UN 2004
i ncl ude 10 Novol ak (M Cresol -formal dehyde), PMVA (Poly Met hyl

Met hacryl ate), SU-8 and photo sensitive polyimde. In the devel opnent
process, -the exposed part of the resist can be dissolved and washed away,
| eaving a photoresist |ayer 48 of Figure 8E having an opening or pattern
"A". 15 Thus, the top view of Figure 8F shows the pattern or opening "A"
on the photore§ﬂ§t lafpue APYRE MFOCHES| nBge RS hampeagedt héogont act or  30.

:n Lhe phog 9&&}&&9@ al&B}dEl@é@&ﬁS HaRrikge agf@@mh rﬂg tHikkhead obyusing tﬂe w
ight, it Ls_also possi e to oset ot t 48 with an
el ectron b%%’l:ﬁ“d}g Tay¥ a¥i% ior?%v\ﬁ%?ﬁe haY %?% %raﬁ %ﬁ a? XIS% al so

possi bl e t Boxhinert &y firkte kaveri nefgethe tdemteshpaet (SSREUEEEre on t he

phot oreesi S&a&@ﬁ'@arl)481byn@a<éms%lﬁ}g the pﬁb@ééﬁﬁﬁlcﬁi AGuethsa-ditrrect wite
el ectron beam p@jx)%%d E%klgc?rm ({f‘s;ec%% é' asxer%urt Lhel‘éﬁ]“d‘é%' ve materi al

such as copper™¥ pal | adi um
(Pd), tungst enizEw léYEJothelthﬁeFQFtaCFﬁCtﬂ@el -cobaf®. (Nr®o) BfXtother all oy

combi nat i ops-ddrgy, eQBe'&&%&@%hbedle%%I( alsegkr pphedatl)in B kheipattern "All of

t he photoresist . to f rmthe ctor Figure 8G
Pref erabl y 2k @&H?aéfocr%ctseﬁ afﬁ?/\%l Ch | %ﬂ%g %gr eﬁ&p r%g?'ntl] hai?gof t he
conduét i verdsipdr Leageshébl dsbeenaert tlay W T feheatcedt é’réFéﬁF’h@g

charact er i GfHss draaploacoRnaidighing 3bewhtérdre-Gesed bedibping. The over

plated porti 0, ofsmghg G &)% r E? |§|]6;dlg3u 8GiS SLenmy¥ed; é:[_] the grinding
(pl anari zi n%) process? O%‘}E g 58%JU 2001 '%E bove not ed
process nedAdsE rébeds edtFird prEHGuBP nGhEENEE d?‘?tﬁ’ﬁ_\ﬂoﬁg %ﬂ ft2rent

t hi ckness dfé,pa]:fa(ﬁéﬂ‘l fugpnt whe Of i Infod  sOinsktictties @ 0l. ayPercthedagetyinaf t er

15 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 8K.

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

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

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

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

35 contactors 30 from the silicon substrate 40 to the
adhesive tape. Figures 9A-9D only show the latter part
of the production process in which the adhesive tape 50
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formng a first layer of the contactors (conductive 5 material), if
necessary, the processes of Figures 8D-8H are repeated to fof@ng a.Ju;Necxgngl
llayer or further layer on the first layer of the contactors. In the next
process, the photoresist layer 48 is renoved in a resist stripping process
as shown in Figure 81. Typically, the 10 resist layer 48 is renoved by wet
chemi cal -processing. other exanples of stripping are acetone-based
stripping and plasma O, stripping. In Figure 8J, the sacrificial layer 42
is etched away so that the contactor 30 is separated fromthe silicon
substrate #9.ipnftMeer et ching 15 process is conducted so that the adhesion
pronoter |ayer ridfhrangh tdh@w@oadbieddass wayen #b eanevabanyewm fthem t he

contactor 30 as_ sh Qun i.n E£§§£‘% z?fwhgﬂ% Eﬂ&gﬁﬁg"ggg%&l eq_,aggbe sel ect ed

to etch th%rocfeasserssoﬂﬁ Ahd not t t he confact I'n
ot her wor d&s JEQinCé’te@hl{lhéh%o?%ﬁﬁétq ENiRPARI4ABTRFeHOUt Behi AdSthe cont act or
30, as; not ggl abwwe, ptdRseondifct iRieuxat e, al amse(icmmmtrhe eaptact or 30 nust

he different from t.eni ughi v Y. Benal ly, the
cont act or i mse(eilglr?%ltﬁ‘cg‘fl T%r)or%ba%; %? %e?é)%gi)t (eé%ll 2 %éé@ﬁow% in the

per spect i v‘éhallcéwtéﬁtﬁg@r @ogkhap| %u‘@j?flttaﬁéorp?%d%@ﬁ’ﬁ? 5PoEE8s in Figures
8A- SL shov&d@ylyfeor&pecmﬂ act as Ihtdd abowct wath predaceéhon poocess, as

shown 1N AU gBG.A P08 PR J QG NEDEh, O SO AR AL, Produced al

t he’ samstl ur e 59 di agrams. showm ng an exanpl e
of pridductttesn aﬁ#’ééé‘ﬁ% fape JLBHOENRGLT He PIEGRY adt d’IéC]dfjetsthBFEsent

i nvention.cyged ke tHihssiexai@hesr answadhes e tapesivet éidedratie plate) 90
s Incorpopatadl piihe pradueLi of m@rocl%saaaeuwséaeﬂe e ;35,cont act ors 30

fromthe siTicon substrat he adhes|ve ta ures A-9D only
show t he |igtdlédegappy ‘??F“bﬁﬁewﬁ?‘ﬁlﬂl@'i‘i’iﬁ?t&rff 8sS°% % fB8dhesi ve tape
90 -17 2 SZgJUN 2688netix: iplalevedr tape, an electrlcally charged

15 plate or tape, and the like.

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

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

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

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

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

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

35 contactor 30 where the contactors are transferred to the
adhesive tape or intermediate plate. In Figure 10A, an
electroplate seed (conductive) layer 342 is formed on a
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Figure 9A shows a process which is equivalent to the process shown in
Figure 81 where the photoresist layer 48 is renoved in the r@iSsU,[;N
stripping process. Then, also 5 in the process of Figure 9A, an adhesf?g@
tape (intermediate plate) 90 is placed on an upper surface of the
contactor 30 so that the contactor 30 adheres to the adhesive tape 90. As
not ed above with reference to Figure 6B, within the context of the present
i nvention, 10 the adhesive tape (internediate plate) 90 includes other
types of adhesive nenber, such as an adhesive filmand adhesive plate, and
the |ike. Fhbshuhesi va0t #pacho g sorpicidludés B9 WHRER attracts the
contact or 3QpstEde s meggnat igyat alee ds hape, for ebestgliecablfy charged 15
plate or tape, and.the like.. I.n the pr S Lh.Fi.gur , the
sacrifici aFBPP%ﬁ/e?Cﬂg P3 Bt e Q\#\}gy s‘@%?lh%t stt q\eé@(r:%%?a%?ora%gg@on t he

adhesi ve t apeOOD5 i &0 eprgizad. f rint t HEa®LS c onAs LB € nCc#BeL Anot her
etching progess bsacoadpstmd s tdhat ddea 28yadhesioaspenswhetnl ayer 44 and
t he conducti ve | 46 re om t t S shown in
Filgur e 9C. Figirs oGl esudh S Aiaet 87 A RSEERRLAR Phoclhd? DO e

wi t hout et chi ngI® heheoReket BFOR®SS t hie EdadrRt 08 AntaCtd¥ed for the
cont act or 3@phsusdcde4@i §§ efented pamh THrbeerbhesial lefyetrhe4¢onducti ve

| ayer. Although the broducti oo progess ;ikn.Ehgur es, 9859 sbowssonl y one
contactor, "{nh an actual pro ucf_l on process, a_large nunhber of contactors
are prioducetckal taedadaniViGaevithfushigkpegyetndhier 190 ¢3At%ct ors 30 are
transferreslctdr 3qddavadhesi viehd apenddotane sepmtated fBemthe silicon

subst r at eﬁ%é&@ﬂ%@& 3y @5eis0vR; bk ddie ko yieWoetl 12bj.qur e 9D.

Fi gures 107 are schemati c_di agrans_ show ng;éa further exanpl e of
product i onipr EFERRs By tHEoBORTHF e SUBBEER atft®ort™3d *@HéfelPRe contactors
are transfaid ed photdemaihexiveld gpediseilnt el hpaddt eopthte. tha Figure 10A,

an glectrgplale 5eed166oPdyesi ¥8) eksysta 3A42H skentedien quvis
light as shown in Figure 10E. The photo mask 350 shows
a two dimensional image of the contactor 30 which will be
developed on the surface of the photoresist layer 348.
In the development process, the exposed part of the
20 regist can be dissolved and washed away, leaving a
photoresist‘layer 348 of Figure 10F having a plating
pattern transferred from the photo mask 350 having the
image (shape) of the‘contactor 30. In the step of Figure
10G@, contactor material is electroplated in the plating

25 pattern on the photoresist layer 348 with a thickness of
about 50-60um. An example of the conductive material is
nickel-cobalt (NiCo). The nickel-cobalt contactor

material will not strongly adhere to the conductive
substrate 346 made of nickel-cobalt.

30 In the case where the contactor has two o©r more
different thickness, the above noted process may be

repeated for producing the contactor by forming two or

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

further layers on the first layer of the contactors.
In the next process, the photoresist layer 348 is
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25 JUN 2004 substrate 340 which is typically a silicon or glas substrate.
The seed | ayer 342 is nmade, for exanple, of copper (Cu) or nLiléeUU(\NQﬂgé
with a thickness of about 1,000-5,000 angstrom for exanple. A
chrone-inconel 5 layer 344 is fornmed on the seed |ayer 342 as shown in

Fi gure 10B through, for exanple, a sputtering process. In the next process
in Figure 10C, a conductive substrate 346 is formed on the chrone-inconel

| ayer 344. The conductive substrate 346 is nade, for exanple, of 10

ni ckel -cobalt (NiCo) with a thickness of about 100-130pm After passivating
t he conductémevesubst patesidt6stuirping aresese {ayEcwBYgmWFiguEet hi ckness of
abgut 1(30; 169/ . ”‘Iggg‘iéﬁfém@oi)ﬁ ltia@ {égﬁdug&iwtﬁmt tﬂ;]a?iei ﬁsﬂfﬁ %@ Fi gure 10D
and a photo nams IS eci sely aligned s a e otoresis ayer
398 1" ox pRREIEEERT e BOF ML OO L T FER 48 Shdit FiRelEt ToE. The
phot 0 mask3850 Fhewsondamctiwe divhsatsiabnab46 igge oitin Fabegrehetor 30 which

will ke doyghongd andiecsusf a6ea0k WRanpEQt RIS 5t reanervadB. In the
devel opnent proc

ss, the ex ed rt. of the esi st .cap. be dissol ved
and vvashedw%ﬁ/%ﬁd%ﬁé‘é‘\f? n@t’?fn%gﬁ‘ot o&ggi ISCIRATS %Zgﬁlgf © P&HFQW@Z havi ng a
plating patdsmater déhervied fheompnhacpbion ¢ Onas ks3B! HavFagithe | mage
(shape) oflcfjn_e contactor 30. In the step of Figure 10G contactor nateri al
is electroplated in the gl’lati ng 25 gatt.err‘}vhgnhtape h%tsggfgskgtel ayer 348
with a thicknefeddre Houtoed-BEERTAR Exanpl e of the conduckive materi al
is niockel tioolaimed{ dF€a)latThedi ok @llaceBabt TOMPRCToFVTHAERr?al Wi Il not
st rORgI y adher&deacibes conducirhke adsebsi & aberdddciaderwéemi ekel - cobal t . 30
In the case, where the cgntactar, h e. .dj t i ckness, the
above not eatfihr?rségss!is:a?r%y&geanér gtpheea%&tt\fg%}: 8%?583&%&%%%%%&%% or by forning
two or novetcohetieesy e thay epentaghasy, 34f 1334 f & n§ORIRFFEYS | ayer of the
cont act or yudskraeeeseary, thes pr aheaseaheof adedHivgur espd OB01AGE ar e r epeat ed

to fOLM a SGE00d LANCLS coddiict 6L dtiSeRN4 8 chid Sbok AVES-OT the
30 are transferred from the conductive substrate. 346 to
the adhesive tape 90 as shown in Figure 10L. Figure 10M
shows a top view of the adhesive tape 90 having the
contactors 30 thereon and Figure 10N is a cross sectional
.20 view of the adhesive tape 920 having the contactors 30
"thereon.
Figﬁres 11A and 11B are schematic diagrams showing
- an example of process for picking the contactors 30 from
the adhesive tape (intermediate plate) 90 and placing the
25 contactors on the contact substrate 20. The pick and
place mechanism of Figures 11A and 11B is advantageously
applied to the contactors produced by the production
process of the present invention described with reference
to Figures O9A-9D and Figures 10A-10N involving the |
30 adhesive tape. Figure 11A is a front view of the pick
and place mechanism 80 showing the first half process of
the pick and place operation. Figure 11B is a front view
of the pick and place mechanism 80 showing the second
half process of the pick and place operatiomn.
35 In this example, the pick and place mechanism 80 is
comprised of a transfer mechanism 84 to pick and place
the contactors 30, mobile armg 86 and 87 to allow
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In the next process, the photoresist layer 348 is -19 2 5 JUN 2004 renoved
in a resist stripping process as shown in Figure 10H |In Figurg 51QJUI\}t2ID§4
conductive substrate 346 is peeled fromthe chrone-inconel |ayer 344 on
the substrate 340. The conductive substrate 346 is a thin substrate on 5
which the contactors 30 are nounted with a relatively weak adhesive
strength: The top view of the conductive substrate 346 having the
contactors 30 is shown in Figure 10J. Figure 10K shows a process in which
an adhesive tape 10 (internediate plate) 90 is placed on an upper surface
of the compuererts 30f Fhe hHamesisk BIGHENGER Bt WBertt e 289hési ve tape 90
and the copiast®isns30 itabgeeater tdeh dchawhbet waersitthensontaet ors 30 and

t he conducti,ve bst.rat e 346. t Y/ is 15
renoved fr %‘rir? %%%E?s%ioendtg}c%{l vxg%glgb%ﬁ%eec\@ﬁg?' t gaggﬁ?%lcfooﬁ g%%gggar e
transf er r e@® f R&¥ATIhe fOBnEERTR R SUBSPr 4TI E61ERT HHRFSidhes ™€ tape 90 as

shown § n Fi gath €F Ol me Fhgilisgn 143V isdiowksa 4 opuatiiew ofrri hes adhesi ve tape 90
having the__contactors 30 t n Figur ONLL$ i 8nCHLRSS sSgCt i onal 20
vi ew of th%eﬁlg#e@%v%m?%lﬁgl 9@%%\%?9 t teloggm?lggt o?ltsm%:l%on thergon. Figures 11A
and 11B ar épketremuaratdPayr aRAF SHEWPNECT dite £aRPpTF & Ut piPoced8®f or pi cki ng
the contactessisld fopte ihecadhesdyvefbapexgipiter nedi at meglaatiepr 90 and
pl acing the 2> &roe“ts%%ﬁkéaﬁgc%‘g CoRfAGh 8 Y831 4:Af @s2QoclResPligk -and  place

i

mechani sm B gur €s , i s advant ageously applied to the
cont & or s& ;ﬁ%ﬁ%@?"ﬂ?eﬁhén%%cﬁ}’&ﬁ 8A “PriEEESof the present invention
descri bed with mef ebepeeion,0 EhgurathedAveOlragred FDguraesinOALRON i nvol vi ng

the SO adngslydARE.adl S Gl Audrie el IBEcYhEN 90 hBSLRECKneand place
mechani sm show ng the first half pr %c]%és][s f the pick and ﬁLace
0 Gh‘%

oper at i on. Pk 1PEBEE QNS 32 4T WHENY pre’ B &€e techani sm 80
showi ng t hehs ecampkdtalve prapiess 8of ante 8pi ok &hd phekeanpepaticen.

15 mechanism 80. As shown in Figure 11A, the transfer
mechanism 80 picks the contactor 30 from the adhesive
tape 90 by suction force of the suction arm 85. After
picking the contactor 30, the suction arm 85 rotates by
.90 degrees, for example, as shown in Figure 11B. Thus,

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

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

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

35 test (DUT) and the test head such as shown in Figure 2.
In this example, the probe contact assembly includes a
routing board (probe card) 260, and a pogo-pin block
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35 In this exanple, the pick and place nechanism80 is conprised of a
transfer nmechanism 84 to pick and place the contactors 30, nobile arns 86
and 87 to allow -20 2 5 JUN 204 novenents of the transfer mech%rﬁ s 4ih
X, Yand Z directions, tables 81 and 82 whose positions are adjustable in
X, Y and Z directions, and a nonitor canera 78 having, for exanple, a CCD
i mage sensor therein. The 5 transfer nmechani sm 84 includes a suction arm 85
that perforns suction (pick operation) and suction release (place

oper ati on) operatl ons for the contactors 30. The suction force is created,
for exanpl fr8y BipRgatId ProFiesduPEes uERe aCRRG UM TAREYEGctPon arm 85

rot at es i nthaOoedgyr edeiar ih rneidyuarghe. such as 90 degrees. In operation, the

adnesi ve (ape ShDARACLNer, SARACL 801 AN I coBRkasUbSt rat e 20

havi ng the cations 32 (or throu positioned on the
respect i vec’fa"Ex‘Pr}s":s"l PTENH0 FEOBHefhen il aﬁFa%‘ébEl'Bra}Fé‘cl?Qm st 80. As shown
in Fi gure bdde ddieibhaisfofr catcifanhene &G pitcks Bhel< @rbgetoed30 fromt he

adhesi ve %gpggg%ppg rSUGLEQBe T QECRLQM ddi2SHCIdaRLaLEL B30 ATt gr  pi cking

t he contac he suction arm 85 rqtates by 90 d rees for exanpl e,
as shown i PORFafif @OrEEONTHYSLS RFPRELEHi EFPRL 7 oer“fﬁr ts fe6Rt 2Bt or 30 i"s
changed frtomtdﬂmmfmr ismbatahteli2®ct i Dn tle theesemtt iicakndioect&on. This

orientatio %‘;\;AB If-PELNANLSMdsh | UAL %s%xamﬁor@ng3aarﬁer§98 skilled in
the art kn a ere are many ot her e the orientation of

t he dént ac-‘trbt'resmeﬁﬁét% W&ﬁ??erthh%l §f?+1@ e‘? hé;ﬁ’ ptr e§°Pha%tont act or 30
on the bondbaigatecatt drms32 (cantiircegh dhabes)inohinhé sphlstrdiye 20. The

contact or A0 5.8l | AEhadcl QubBe, SON! ACkne SUBAELA20 Pyndei BY bonded to
the surface or inserte i.n the hrou ur iS a cross
secti onal AERtIHoW? CLY IEEHHHT éPF ¥%‘E931 %gtlﬁﬁko%;’f%ft Fﬁﬁgﬁ?‘é for formng.
a probe cmmm'atas%@mm y wEirey ehéowomy acisnsl b unevamensgf inhehe
i5 vertical direction when pressed against the semiconductor
wafer 300 and the probe card 260.

The probe card 260, pogo-pin block 130 and contact
structure are mechanically as well as electronically
connected with one another, thereby forming a probe

20 contact assembly.  Thus, electrical paths are created
from the contact point of the contactors 30 tc the test
head 100 through the cables 124 and performance board 120
(Figure 2). Thus, when the semiconductor wafer 300 and
the probe contact assembly are pressed with each other,

25 electrical communication will be established between the
contact pads 320 on the wafer 300 and the test system.

The poge-pin block (frog ring} 130 is equivalent to
the cne shown in Figure 2 having a large number of pogo-
pins to interface between the prcbe card 260 and the

30 performance board 120. At upper ends of the pogo-pins,
cables 124 such as coaxial cables are connected to
transmit signals to  printed circuit boards {pin
electronics cards) 150 in the test head 100 in Figure 2
through the performance board 120. The probe card 260

35  has a large number of electrodes 262 and 265 on the upper
and lower surfaces thereof. When assembled, the base
portions 33 of the contactors 30 contact the electrodes
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present invention. The probe contact assenbly is used as an interface

bet ween the sem conductor wafer 300 under 35 test (DUT) and the test head
such as shown in Figure 2. In. this exanple, the probe contacﬂZanémbEMM
includes a routing board (probe card) 260, and a pogo-pin block -21 2 5
JUN 2004 (frog ring) 130 provided over the contact structure in the order
shown in-Figure 12. The contact structure is configured by a plurality of
contactors 30 nounted on the contact substrate 20 A 5 base portion 33 of

each of the contactor 0 ect an u urf e of the contact
substrate 26%- A TBHnf ‘E‘ftﬁﬁffeﬁcﬁé%@’l gl[';o]a’é%t % F‘B%?h urface of
t he cont acinsehstmatice 20radas t €3 prtesdrn- pm’/er'theorpltazh spr i hgeportion

bet ween t hg,bags %ﬂdc@@ré?»tanﬁeé@ecﬂ& diRtar sEdit g RRLhiAg that is coupl ed
to the cont act substrate has a_cantil ever sh i nc é/ned upwardly from

the cont actPSBRITHRE PRRs c&ﬁtoact EFE4° neBF 15 %gﬁtaﬁ‘t‘l | 3bSely inserted
i n t hrroughlbodelyy omtdresagbnimcthe sobsowngt en@Ed nola hlamnepnbhitowi ng a snal |

nmovenent igthe ke ﬁsrtﬂﬂ@lspgltﬁggttc%@;tmﬁaeﬁ e%@%@&@heaatwa
seni conduct or _wafer 30 e card rope (gard 260,

pogo- pi n b ARG AHEF Fong‘{) udPEFes &2 é’aﬁ%cﬂh%re@&mo wel | as
el ectroni caé3 yas cmideesedowhtdhh Ore Gmdker padshéy2dbwheor nragsed probe 20

contact asgeny. tﬁgugem%@&j@t@ nggps;;@re created fromthe contact
poi nt. of the cqntacto he tes through t he cables 124 and

:
per f dPmance bo rlguffoli(ﬁ gawggoff 8 Tfsona\ihgﬁe‘t’tﬁeogéﬁ?c%ﬂﬁ Tor wafer 300
and the probeleontficrrabsemsintagite asesHes wistihgeddis ocpretact25 el ectri cal
communi catd@moduke bBe %teaglriegbﬁﬁl betavesnt. he Theopkabt Badica20 on the

waf er 300 and e test stem 0 in_block (frog ri 130 is
equi val ent*¥65theé ?)?leuss%é/a h etljprfgl gq?ta\‘iﬁeﬁn gh a%vecnu cgr& of pogo- pins

to interfdesthdDii@enanfetpe dtf@?tcateedZEEC]an%Ft Wn3€9np51=$1é)1f¢ra?hce board 120.
At upper emdsHfs tdi@PQrg0- RhBSprobe contact assembly includes a

conductive elastomer 250, a probe card 260, and a pogo-
pin block (frog ring) 130 prbvided over the contact
structure. Since the contactor 30 has the spring
(cantilever) between the base portion 33 and the middle

20 portion as mentioned above, such a conductive elastomer
is - usually unnecessary. However, the conductive
elagtomer may be still useful for compensating the
unevenness of the gaps (planarity) between the probe card
260 and the contact structure.

25 " The conductive elastomer 250 is provided between the
contact structure and the probe card 260. When
asgsemblaed, the basgse portions 33 of the contactors 30
contact the conductive elastomer 250. The conductive
elastomer 250 is an elagtic sheet having a large number

30 of conductive wires in a vertical direction. For
example, the conductive elastomer 250 is comprised of a
silicon rubber sheet and a multiple rows of metal

" filaments. The metal filaments (wires) are provided in
the vertical direction of Figure 13, i.e., orthogonal to.

35 the horizontal sheet of the conductive elastomer 250. An
example of pitch between the metal filaments is 0.05mm or
less and thickness of the silicon rubber sheet is about
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cabl es 124 such as coaxial cables are connected to transmt signals to
.printed circuit boards (pin electronics cards) 150 in the test head 100
in Figure 2 through the performance board 120. The probe car §69P§E E S a
| ar ge nunber of el ectrodes 262 and 265 on the upper and | ower 8

t hereof . When assenbl ed, the base portions 33 of the contactors 30 contact
the el ectrodes -22 25 JUN 2004 262. The el ectrodes 262 and 265 are
connected through interconnect traces 263 to fan-out the pitch of the
contact structure to nmeet the pitch_of the pogo-pins t he pogo-pi n bl ock

130. Becaude?ifle cPifitact 678 ‘%tla‘feeeéa%%‘%%q y"le HE@?P‘éﬁdl?Vt%nt hrough hol es
of the contkEaeti pslhsir abe 1A, UThpaspramigsvé Chalilid évetlsy nafrielte contactors

30 produce resiti paglqn%%%vé] Sc‘segegg o) mgwegﬁg&{@%tag(% as well as

toward the contac en pr ess agai nst the sem conduct or wafer

300. 10 Fi §fir e AbaSta cFlodctaget | gal Whew SREFFRE andt¥RitioBxanpl e of
pr obe zont aatoasseaddd/ insthg prhubec onhbatt asseubluref dfidiespnesent

| nvention. Iaelzprot%g ngg%oraﬁmlylﬁ' §hy%%ﬁt§§e@@r'£5ﬁrﬁga9s bet ween t he

devi ce under = test such as shown in Figure 2. 15 In

this exanpPBt2erd ficobBe GYACE %‘é}%%qﬁﬂtf ?ﬂcﬁ%&e@aﬁne’éo‘?ﬁl:cttf“@e el ast oner
250, a proheddérs dp260iocandf atpegaonpentbdt o8k (ifsr agngdrgd 180 provi ded over

the contacty StdW¢deess Sl A6 &&@c&%e%%n 3@ baschbe s Bgg (cantilever)
bet ween t he JE’)ase portion 33 m ddl s _ment | oned above,

t he e 20 partion a
such ¥ conaﬁcﬁlieilétéﬁég?‘bﬁ%dd%lesp%%nl ¥ USE «E?gaﬁf q?%\fﬁé’\?é’?'lg A he
conduct i vehokt ast.ongEn s ecagtipilkl usefadnthot ednpersat i29g ishe unevenness

of the gapg,{® andidl¥) Lelkweshet havPhgbencasds+ahfaand srlhchant act
The conductive_el omer 250 i s ded bet t he contact

structure. st v
S et ur o SREPT a2 ey e A P SRR CLATIbREY ITACLOBER: { i ons 95 of
t he cont actorens8Gnotdrtract An hexaomiduofi v@l@traasﬁtSomfr eReh OThéheonducti ve

15 gilicon wafers 22,-22, is about 0.5mm. The based portion

33 of the contactor 30 having the cantilever shape spring
is projected from the upper surface of the contact
substrate 20. The contactor 30 has a flange like portion
{jaw) 34 to be fitted with an upper surface of the
20 contact substrate 20 close to the through hole 25, A
contact point 35 at the tip of the contactor 30 is
preferably sharpened to promote the scrubbing effect on

the surface of the contact target.
The process of forming three layered substrate 20
25 and through holes thereoh ghown in Figure 14 is briefly
explained in the following. First, the second wafer 22,
and the third wafer 22, are directly bonded through, for
example, silicon fusion bonding. Then the wafers 22, and
22, are polished both front and back, and through holes
30 are created therethrough by an etching process. Such a
deep trench etching is achieved, for example, by reactive
ion etching using a reactive gas plasma. The size of the
through holes on the second and third wafers 22, and 22,
may be smaller than the flange like portion 34 of the

35 contactor 30 when it is necessary to form steps in the
through holes for the purpose of mounting the contactors
30.
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el astonmer 250 is an elastic sheet having a | arge nunber 30 of conductive
wires in a vertical direction. For exanple, the conductive el astoner 250

is conprised of a silicon rubber sheet and a nmultiple rows Of-thJ”qN 2004
filanments. The netal filaments (wires) are provided in the veftical -
direction of Figure 13, i.e., orthogonal to 35 the horizontal sheet of the
conductive el astoner 250. An exanple of pitch between the netal filanments
is 0.05rmor less and thickness of the silicon rubber sheet is about -23 2
5 JUN 2004 0.2mm Such a_conductive el astoner is_produced by Shin- Etsu

Pol yner Co. LtdheRaphfie GheFtav@ifeableé: itf Préiskadkdts Frgifea™¥ is a cross
secti onal paaw shosiceg @etaithsough tebeacksshractiesrdf drhecHy esent

i nvention .5 i.ncarporated..jn.,th (o] t :aSS Figures 12 and
13, The. cditat GReg0 pzg ity e @eRbr RR RO A A8 APLY Aol o 1 e
contact skt faFet2vafar 2 fmiferlimredt ad fHsd@rebpnied off dthe he contact or
30 i s5insefcedd mnal dHirdughaflealse 225. afile 2eont agbrpentiacm,at the | ower
end 10 of _t r ai ok i pQLt i 1S_L. rted_jin t hrough hol e 25.
In this exsgggf:é{j t %%om%&suggfr%eﬂ 28J{| a' tilfgpgf/e%en% substrate
havi ng t hé&rshahear dssibreésnabiiaf grswp0on ad3p ofndPeXasad are st acked
and fusi ogub@inded d4fvbo ehe armitwer. Aubeteadtel epoddddaidckiesshdls each of the
15 silicop gﬁ%grs 22,.-223 is about 0.5mm The based portion 33 of the
contactor '3 aving the cantil ever shape spring .is projected fromthe
uppet? surf ace BiTt¥e Toritsadt PeIERsEEaYe PV PREVERRt AL tHF™WEehas a fl ange
|'i ke portbéncofitaw) sSdriarure bilbtkd Wwoihtart wppetrstud)aceE ahet he 20 cont act

substrat e, 2056)0se; to- e hrQugh halg,g5. oA 1600 agh,paint 35 at the tip
of the contactor 30 is preferably sharpened tp%hgerormte the scrubbing -

ef fect on®OPRRCSHT adl SradveContrudlar s . 3t 0BRIE ofi T or mi ng t hr ee
| ayer ed sBbgtret e6R20an@56Band Thisughahplesshdver eorplsheintiynoEi gure 14 is

briefdy sxptaiiedidtlbesl gkl e¥hoger Atlccutbenifaang oebepe222
assembled with one another to build a contact structure
of desired size and desired number of contactors. In
Figure 15, although each contact structure block includes
contactors 30 assembled in a sgingle line, a contact
20 structure block of the present invention may include
contactors aligned in two or more lines, i.e, a matrix
mannexr.
Az noted above, one of the features of the present
invention is-the capability of combining a plurality of
25 contact structure blocks 20 to create a contact structure
{probe contact assembly) of increased overall size and
number of contactors. In the example of Figure 15, four
contact structure blocks 20 are prepared to be connected
to one another. Although not shown in the example of
30 Figure 15, but shown in Figure 16, each contact structure
block 20 has a connection (engagement) mechanism such as
teeth and recessés at the outer edges thereof.
Figure 16 is a perspective view of the contact
structure formed by a plurality of contact structure .
35 blocks 20 of the present invention. In this example,
five contact substrates are connected with one another to

create a contact structure having an overall size which
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and the third wafer 223 are directly bonded through, for exanple, silicon
fusion bonding. Then the wafers 222 and 223 are polished botzh f JONt 2p04d
back, and through holes 30 are created therethrough by an etching process.
Such a deep trench etching is achieved, for exanple, by reactive ion
etching using a reactive gas plasma. The size of the through holes on the
second and third wafers 222 and 223 nay be snmaller than the flange |ike
portion 34 of the 35 contactor 30 when it is necessary to formsteps in the
t hrough holes for the purpose of nmounting the contactors 30. -24 .2 5 JUN
2004 Then, ishenrf i isteors emu2pirle pél i BHedsits Pfonthando5a6k surfaces and
t hrough hokesu2b. & epTé@at edrbh Ehep1fditst omafanud2kabyohhetdeep trench

etching noted ahove. _The first. wafer 221 is i d i.gn bonded to
the 5 secoRgaHd T r & Rafsts Eaiw%nﬁmﬂé?é Fgr%lk%‘gﬁl és{%'l%%ﬁ%!%&% i con oxi de

| ayers of , (fafexstardd e, Bat chuhstinshe&henicopbast etuhss 13teFePdbl$ grown on al |
of the expeged msiHdgces cohtite Lamcl, 58bsésiatedl pricdueedni asthis manner.

10 Figure 15 js ]%lj%g'?cpegﬁl vo%é/' ﬁ%\f S%O%Q%Yg__rkn%arggrﬁCoglfdugggg_,act structure

bl ocks (contact® atesy | résent i nvention each having a |arge
nunber of waisn aeroks SOtppbElved t hr ough the process shown in Figures 6A
and 6B. This exgmieishowsnpaep! whal righof add Cofi aedgsaibstr ahes or contact

structure placks 20,Lo be. asscublad W Lb. o AnakhGE La.byi kg a cont act

structure SO 4&siFEFEFZ8 Aha ‘desiTe contacfors, In Figure 15,
al t hd@gh exrh nssweger 66 ucTie S0k Fhel teRid SCortdctBrs®38%assenbl ed in
a single lgnecha eeBtast 680 agkr wtikursamal dek tdfe tigghyr esedt Lefventi on may
i ncl ude contactar Lign i . r.Q I NQS, ol , ri X mnner.
As noted aebcp e, %ﬁ%’%ﬁkf hgg? t%lﬁggo?g?gge 11resent55 iaﬁ\%eﬁté_icg%gi s the
capabi | i t Ypoficotbifiiefgby prar #hity ofpus, the left edge of one

contact substrate 22 fits with the right edge of the

15 another contact substrate 22. aAlthough not shown in

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

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

proximal end of another contact substrate 22. Instead of

using the projections and grooves, it is also possible to

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

edges described above. The contactors 30 will be mounted

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

According to the present invention, the contact

25 structure has a very high frequency bandwidth to meet the

test reguirements of next’ generation semiconductor

technology. Since the large number of contactors - are

produced at the same time on the substrate without

involving manual handling, it is possible to achieve

30 consistent quality, high reliability and long life in the

contact performance. Further, because the contactors are

assembled on the same substrate material as that of the

device under test, it is ©possible to compensate

positional errors caused - by temperature changes.

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

contactors in a horizontal direction on the silicon

substrate by uging relatively simple technique. The
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25 contact structure blocks 20 to create a contact structure (probe contact
assenbly) of increased overall size and nunber of contactors. 2I513%v3 0
exanpl e of Figure 15, four contact structure blocks 20 are prepare é@ %e
connected to one another. Although not shown in the exanple of 30 Figure
15, but shown in Figure 16, each contact structure block'20 has a
connecti on (engagenent) nechani smsuch as teeth and recesses at the outer
edges thereof. Figure 16 is a perspective view of the contact structure
formed by a plurality of contact structure 35 blocks 20 of the present.

i nvent i on. comtadii sSteimipire, prpdecednbracthe ubstsentesiryieatéonnééted with one

anot her toiokreate anaomltlgﬁt eastfrl@qbﬂeﬁ hawi sarhl@\herrﬁﬁdha%lléﬁlVW| ch -25 25

JUN 2004 |s an |nte of .the si Z8 of .the_co ntact ruct ure
bl ock. For® tlhci"l altqlusg?’at |Tt51n adco%?ac’f%% pLogu ﬁ%% shown on the

cont act sdbﬁsttfn@t esth@d\mfetby eSS éaﬁmﬂmcrrga@:hea@mﬁt@@teogabxtrat es 22 in
S thig mnjgiicd qelntt@gtlagssn@érylmndi@&b&edaﬁélze }_:Sd-!ﬂ&&géa regyi valent to

t he size 3ﬁéﬁF1§ﬁFPdﬁ h se qgnqp torncng gan be 2, §3 %bllshed In this

exanpl e, es 0 coﬁF%cPr%uhstraten%re provi ded
Wi th engagerrentAltté@tlﬁhB—'zﬁlﬂ@ meﬂé@é}sg@ho@%“emhéssﬁ%léﬁcﬁh&tooth 55 and

the size of; e raee8ssndudeibha BaAEIAN 1tthenug&sé a@@ﬂebeatededges
however, th 03|t|on f th tooth 5_and %E% ¥ |s shifted by one
rate

unit. Thus R %%c 18%3 a@ontar%a 5 PrEE=Wirth t he right
edge 16f th@@taﬁet REE eeﬁsai@xe stibstigiite 0. thY t3RAYGh tROELEAYWN in  Figure
16, a projseet iwHis pHevigediay afdital agshdell cihemsont grbussubstrate 22

to Tt 4 NefLooks 0. ah,a, cPLOXIBL-60d Ol Angtal, spntaetosubst rate 22

Instead o usi ng-t 0j ections and grooves, is also pOSSIb|e to 20
use the teeth and recesses such as in the right and | eft edges described
above. The contactors 30 will be nounted on the contact substrates 22 in

t he manner shown.in
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Figures. 1Gin through holes 25. According to the present invegtion, the
contact 25 structure has a very high frequency bandwidth to éi~ﬂﬂﬁ28@$8t
requi renents of next generation sem conductor technology. Since the |arge
nunber of contactors are produced- @t the sane tine on the substrate

wi t hout 1nvolving manual handling, it is possible to achieve 30 consi stent
quality, high reliability and long life in the contact perfornmance.

Fur , -he he_.contactors are assenbled on the sane substrate
natgpﬁillgsgﬁﬁz@ng?§he devi ce under test, it is possible to conpensate

positional errors caused - by tenperature changes. 35 Further, it is
possible to produce a | arge nunber of _contactors in,a horizontal, direction

on fhe sPl cesfacsuFtyuttelnsy 1T ngSEaPatsheny silRpLE CELNGGIECTHRE - 26 25

JU 4 tghhueturesphpducgd. by the present invention is |ow cost
angb%?ghcggg%ggencygand hag %igh ngchanical strength and reliability. The

cont act st ragcthwras psodatedte byaviegrethoduoh thied ogr esemtlngyémriogyghar e
advant ageously 5 a ﬁlied in_testi a s nicquuctor waf er, packaged LSI,
mul ti - chPpPRbad'e g ﬁefh%uFFi%e?ngﬁﬁﬁe%g’b%?n-in testing. Although only a
preferregd grbedi iept oEscepeattbeal bychl bushyauadranslgesadebed kemei n, it
w |l be appreciated that nan¥hnndifications and variations of. the present

10 i nventPRRAUGFEVPoSEIATE Fln 5ﬁPgBPthéﬂéﬁoW€u9589mYﬁﬁﬁ%ﬁﬁﬂ%ﬁtﬁpn t he
purvi ew of o t he, appanded @ik Wihhout cdeparsingride sRidddeand iipt ended
scope of the 1nvention. 2 5 JUN 2004 28 WHAT IS CLAIMED I'S: 1. A contact
st ruct ureorfipr i gsd abFi shi g telrseriiadal rorievt iWghicwi ts compassetardet s,
conpri sing:

| om0 AP ERELAEL S LBELLELS URYLRD A LONIDalELer s Laniag gl vover
uni f or M ys magee@fesianen the through hole provided on the contact

substrate in a vertical direction, a contact portion
integral'to the intermediate portion and positioned at one
end of the contactor to function as a contact point, and a
base portion provided at another end of the contactor, and
a spring portion upwardly inclined relative to the surface
of the contact substrate and provide between the base
portion and the intermediate portion;
wherein the spring portion has a straight beam shape and
exerts a resilient contact force when the contactor is
pressed against the contact target, and a part of the
intermediate portion is indented to reduce its width or
thickness for promoting flexibility of the contactor,

2. A contact structure for establishing electrical connection

with contact targets as defined in Claim 1, wherein the contact

substrate is formed of a single or a plurality of semiconductor

substrates bonded to one another.

3. A contact structure for establishing electrical connection

with contact targets as defined in Claim 1, wherein each of the

contactors 1s provided with a projection at the intermediate

portion thereof to be fitted with the contact substrate.

4. A contact structure for establishing electrical connection

with contact targets as defined in Claim 1, wherein the contact



conductive material throughout and nounted vertically on ont act
substrate where each of the contactors is conprised of an |§t rwéllﬁlﬂé
portion which is conprised of an internediate portion which is
substantially straight and is insegged in the through hole provided on the
contact substrate in a vertical direction, a contact portion integral to
the internediate portion and positioned at one end of the contactor to
function as a cont ct (gl nt %019 a _base ortlon r.ovi ded. at another end of

t he ¥HRHEAST , 18n r Phg Dot oAFoud %I‘i’?/dl e e &tgtrl vE19 T he

sur fiaGen Oﬁrbheo&‘i)cﬂ‘é@(?tto'subﬁbr adotansk PV deibet veaidie bases peréi on and
the internmedi ate portion; wherein the spring portion has a straight beam

shap caridledeem aoantddlq ithe ceavestoTotde TRvdF oUFE -cont act or i's pressed
against the @tCtsEPﬁchlé %a@gr rtbqus ?x? él@ﬂ%latforﬂﬁ’%&‘[
t r flexi |ty of t he

indeﬁted reduce Its ness pronoti ng
contwid:thor co&ta&tcorttaa:cgets r uect urc@i’r:o'recbstJabl |G;1mimg e]l,ectwh@aalmontrtee:tl on

th tt t def i ned bstr at
< PoPraa %rea atfol Eo0p- oPar 4l ) GF el T ORBRC BF | RuBtY LIS Bonded Lo

one S@BQEBgrte 3.irA contraeti At urd At iest abldshingugiert ricah condect i on
with contact targets as defined in Claim1l, wherein each of the contactors

i s prEVREEd IR tHhks tpradjeceR@nmauntRe On drifedFaRB2ChoPEPERTRREr d6F 20 be
fit act substrate. 4. A contact structure for establishing
el eé’t%?;c\gg%ﬁcgggggg?%n with contact targets as defined in Caim1l, wherein
t he 6cont actcc thcHUN 2004t 20 stibst eatebild sh@nr}ecﬂ@‘ctfrllrc@tl arehrsedonth

sem ¢o duct fers . which bonded one . anot her._. i ch t.hrough
“yhol & rgong%ga&@df%e&s n%%n??ﬁ'g l%o?ﬁ?%?og‘s ST et ﬁ‘r 5:\3“,39}1 cq\Smﬂ“a,&otcont act
strughyteater hast abl ieslaR@rein@C dctan icannectdder Wddesciaacioft afget s as
defined in Cdaiml, wherein the contactors are fornmed on a planpar surface

of SOHNBFBEPEI CtREMsIPRTEGtn aURBFF3bATalatdi FBEt | YA HNnd SFERSV ed™f rdm t he
di ebegtrf¢-syhst Fake1aRd LBOURLERE 00 (R GAHAC SHRHINALE idYRitrary

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

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

substrate;



vertical direction. 6. A contact structure for establishing electrical
connection wth contact targets as defined in Claiml, wherein the contact
substrate has an engagenent nechani sm at outer edges thereof f8rd JUN 2004
connecting other contact substratesypt the outer edges in a side-by-side
fashion to create a contactor assenbly of arbitrary size and arbitrary
nunber of contactors. 7. A contact structure for establishing electrical
connection, with contact argpts.a% gefined i@hglginkﬁ im@g e?n Lhe
engagement® medRIM IO | fcPIGES TEEECT AR CFetBss8S SRSVIGAG AL tRE  but er
edges of (e ecanlgaGhgsubsphate maskucivexr Weye t pRbtbhesisngaggrentaieet h and
recesses in one outer edge fit with the engagenent teeth and recesses in
an opposite oGEPPsddge tdfe ophRForedvhttact 2¥ebstisbe VitHavdR edsseilt ng a

plurality of cc?l%%gﬁl SbSLEALES ﬁa%ﬁsteﬁéi hokRe Kot aghenyagaghly of

! _ &
desired size, shape and nunber contactors. 8. A contact struacture for
est abl i shi ng émeger bcalkheorpetticorrswit h contact targets as defined in

Claima1l, erein the.,contact substrate is nade of _silicon, ceram ¢ or
o (R kPP fal e P U e | SnfRe ePL bl e bast A, i 1
contact targekssagreeti sgdthe phaktBrisiwvbersiysrthe contact substrate is
made of dielectric material. 10. A nmethod for producing a contact

struct ur é2) cokprMEPAg tHife CTHIAVRTTY R &psObf COPAYNCEOFRi AG t& *dddr i ci al
layer on a supface,ofi 45 | bﬁ_orthéupﬁlBEéE@éigtgl%rzoﬁﬁ IR HdYi d1q1gri ng a

photoresi st |ayer "on the sacrificial layer; ( aligning a photo nask over
t he phot or esi shel apeduandvex pasiendatlhe eplsdt ofedihst domfactwinsh hawirayi ol et

| ight through_the, photo mask, the photo ma pncludin i t he
“jcontactors; (8y deV ?%ﬁﬁ?%ﬁ?%ﬁte#ﬁ?gb r&hewﬁﬁﬁée o%gthg“%%%éggﬁgﬁgg%n a

surface of thetphogptesinzird ayepartepf ard ngntdemedndaet postiade iof
conductive mater alel" o' PELIEINS; 00 thE Rhetores! 8 efHetsPY figpositing
promoting flexibility of the contactor, a contact
portion integral with the intermediate portion and
positioned at one end of the contactor, a base portion
provided at another end of the contactor, and a spring
portion having a straight shape and upwardly inclined
toward the another end and formed between the base
portion and the intermediate portion;
(f) stripping the photoresist layer off;
(g) removing the sacrificial layer by an etching process
) so that the contactors are separated from the silicon
substrate; and
(h) wmwounting the contactors on a contact substrate having
through holes to receive ends of the contactors
therein so that at least one end of each of the
contactors functions as a contact pad for electric
connection.
11. A method for producing a contact structure as defined in
Claim 10, after forming the contactors by depositing the
conductive material in the step (e), the method further

comprising a step of placing an adhesive tape on the contactors



the conductive material, each of the contactors having an internediate
portion which is substantially straight where a part of the internedi ate
portion is indented to reduce its width or thickness for propuotijng 2004
flexibility of the contactor, a comjjact portion integral with the
intermedi ate portion and positioned at one end of the contactor, a base
portion provided at another end of the contactor, and a spring portion
havi ng strai ght shape and u rdly incliped taoward the apother, .end and
for e bRt hedfPttie BASECRor Pror MhuCPHEF e 6P midicat &7 Fortean (17

St rifepicdid vdhe jphaot oresi st layer off; (g) renoving the sacrificial |ayer by
an etching process so that the contactors are separated fromthe silicon
subdt?r-at & BHdqh) IMDUREPAGCIRE BoFORERETS SO U TRy a GO RISt e-Havi ng

t hrough f}%lﬂ%wri%g’ %ct%;lg\éeo%rgds of the contactors therein so that at |east
one end of each of th contactors functions as a contact pad for electric

connecti da) 1ForAimet hea f erorphodiicieng suteditadet stadect e asletefiihed in

Claim 10, after form,ng the contactors ,by.depaositin he, conductive
meterial in tREPEEERLLE) MOLRELNL: BT OREREEC CASmBrPSEAG " st ep of | pl aci ng
an adhesiyg t @pemafgt hea cophaticafesidt 2 SayéN 2QQ4 senthatcatppertisus f aces
of the contactors are attached to the adhesive tape. 12. A nethod for
produci ng a c8HP&EEa&fructure, conprising the followi ng steps of: (a)

L_orrri ng %)CO%‘M hii}‘@ subst & &t epgade erfere@Fér%HotSQQQHEU Vet erial on a
ielectric substrate; (b)  formng a photoresist |ayer on the conductive
substrate; (ckxambsgnonghe mlottomeskstoveayehewphbt orldgiagt dlgyerl itk
_...\)g;ggfi Toe he ERThAER Iy LBREonabi! LAY Bhtko! Al SRESHERALNGPNOtO

image of the contactors;

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

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

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

(f} stripping off the photoresist layer;

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

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

contactors adhere to the adhesive tape wherein

adhesive strength between the contactors and the



i mge of the contactors; (d) devel oping patterns of the inmage of the
cohtactors on a surface of the photoresist layer; (e) form ng % h8N 2004
contactors made of conductive material in the patterns on the photoﬁesfst
‘layer by depositing the conductivegymaterial, each of the contactors having
an internediate portion which is substantially straight where a part of
the internediate portion is indented to reduce its width or thickness for

promoting flexipility of the contactor, a cantact rtion integral with
Phe T nt er ed: SEBSSNR o2 B3| CRBHET at THb. eRBED! PREYESR acktf - a
base portion cphewicdedsataniavinRg cansiucaiight sabapeaaag upwardly inclined
toward the another end and fornmed between the base portion and the

interneditdte peeliay; (Ehest reppiwetire tmalstddeesi §0 | alilat (dHhgeeling
the conducti V%oﬁlﬁl%%ttrog%e o 'h%g.a%f?:%tsﬁcizteortsape}]@?ee% Jr%@etd‘qfrﬁ]nglﬁcé ree

substrate; (h) placing an adhesive tape on"the contactors on
conductive subshdaceive thastupper sudfaces of the contactors adhere to

t he adhesi,ye tape, wher ei adhesi ve strength between the,cqntactors and the
25 JUN 300, ATS3NEARGs | FES asE e AChr g8 t Fan THHE Het A HE S oM act or s

and the condughk¥etsubstir ecohtapesti g tthe-aluesiye pubstiatie 5o that
the contactors on the adhesive tape are separated fromthe conductive
substrate; an8h¢j FoRbarti AYPEREaEBRtract on a contact substrate by

i nsgRting t?ygo%%“t a&{)r?éa&ﬂ“ thr ouigl, Hol ?8Fpr%\élt%%%ﬁn§he ecl%’&ttaﬁtcall
substrate. ) probe contact assenhbly for establishing electrica
connesteohiwnt Witbntaotatar gergeteonpemprnging: cont act substrate having a

) o 24 Y ko RBRERC! QLBse TRUE SMARETON BaRLANT G & OledRUNNS 1€
mounted thereon;

a probe card for mounting the contact substrate and
establishing electrical communication between the
contactors and electrodes provided on the probe card; and
a pin block having a plurality of contact pins to interface
between the probe card and a semiconductor test system when
the pin block is attached to the probe card;
wherein the contactors are uniformly made of same
conductive material throughout and are mounted vertically
on the contact substrate where each of the contactors has
an intermediate portion which is substantiélly straight and

-) is inserted in the through hole provided on the contact
substrate in a vertical direction, a contact portion
integral to the intermediate portion and positioned at one
end of the contactor to function as a contact peint, and a
base portion provided at another end of the contactor, and
a spring portion upwardly inclined relative to the surface
of the contact substrate and provided between the base
portion and the intermediate portion:
wherein the spring portion has a straight beam shape and
exerts a resllient contact force when the contactor is

pressed against the contact target, and a part of the



establishing electrical comrunication between the contactors and

el éctrodes provided on the probe card; and a pin bl ock having o gw 2@@@
of contact pins to interface between the probe card and a sem conduct

test systemwhen the pin block is ggtached to the probe card; wherein the
contactors are uniformy made of same conductive material throughout and
are nounted vertically on the contact substrate where each of the

cont actors_.has n . nternediate, %or.ti on ich is substantiall,y. straight and

i s i nsertBF T SHE thr BAGRIREI ¢ Pr 6TCFEEEn Yhe TETNERct Tt EuBSEt e°Fn a

vertical whiraidsan,for Gofdnanti RPriladibiintgocd the e tiariernedi ate portion
and positioned at one end of the contactor to function as a contact point,
and - bdse PERR® onCPREFFHed 285 eERdtherf Thd dFtamel vitact ®techRbcah spring

por tdh RSl s d kb Redot ekakgges_t 9st @%ga%ha% cﬂfaigmf,on&%feﬁﬁbst rate
and provi ded between the %ase ortion and the internediate portion;
whertdien ¢dretapt i agbporeien imasfarmed abfhta beiamglshape andlumedrittyy aof
resilient c nttact farce \é\gnen t(p%ﬁcont actort is pressed agai nst the contact
t ar J&T TRES E0r (/33 Th@ PG GY 5064 285 55Eer medi at e portion is indented
to rneduce i tisraddt hcontathi ckBesabior moaMOtdNGdliebid | ty1 @bt henl
contactor. 14. A probe contact assenbly for establishing electrical
conf@ENEET LRt Widdht SRRt 3G gee5IRSS dafi Aediradaia mMledm iver efherede

con sypstrat e fo a,S] or,.;apl yral.i . .senic ctor
waf 1;eer%gﬁnboﬁﬁl)e;ltht%to %%lztga%é?%grgswﬁg{}%?%%e wclga)crl{{aagt aga%sés%ergtlflyo o%pcest abl i shi ng
el.edntiecakdiesenepbrbohon t hheovavctte atget Sidsedef wheld i ph€l aiantdB;t wherein

eacgugfstt h%econt actors is provided with a projection at the internediate
por tion theféof to be fitted with the contact substrate. 16. A pr obe

conttact assemlbe f aforesd@bl | shsagbel ectbircalestepiiectingn W Idticoindzact
targets as . defined in Claim13, wherein_ the contact substrate is formed of

t hr EBPPEFER S of L& B TBHARTH or2 T Wl erds WAkt Eh"af el Bofrd@d™ d Jene’bfifstifer on

whi ghet BoAYERthQLBStrate is formed of three layers of semiconductor
wafers which are bonded to one another on which through hceles
are provided for mounting the contactors therethrough.
17. A probe contact assembly for establishing electrical
connection with contact targets as defined in Claim 13, wherein
the contactors are formed on a planer surface of a dielectric
substrate in a horizontal direction and removed from the
dielectric substrate and mounted on the contact substrate in a
vertical direction.
18. A probe contact assembly for establishing electrical
connection with contact targets as defined in Claim 13, wherein
the contact substrate has an engagement mechanism at outer edges
thereof for connecting other contact substrates at any desired
edges in a side-by-side fashion to create a contactor assembly
of arbitrary size.
19. A probe contact assembly for establishing electrical
connection with contact targets as defined in Claim 18, therein
the engagement mechanism includes teeth and recesses provided at
the outer edges of the contact substrate in such a way that the
engagement teeth and recesses 1in one outer edge fit with the

engagement teeth and recesses in an opposite outer edge of other



are provided for nmounting the contactors therethrough. 17. A probe contact
assenbly for establishing electrical connection with contactzt@rgﬁgzyﬁ$
defined in Caim13, wherein the contactors are forned on a planer ace
of a dielectric substrate in a horjgzontal direction and renoved fromthe
di el ectric substrate and nounted on the contact substrate in a vertical
direction. 18. A probe contact assenbly for establishing electrical

connectlon wi th cont act targets as defined in C|a|n113 wherein the

cont it & s FHRFETRES r ant iy METC SRS st dtL Wil Yed§ds COMeASf for
CO“@%HdﬂHhﬂéémﬁoC@§E§§11§NbﬁﬁéaE%ﬁtéEté@ya@%%h&@@ d%ﬁﬁ%%ﬂﬂb&i§iﬂg by- si de
fashion to create a contactor assenbly of arbitrary size. 19. A probe
contd@reassehiiiupkfegy ofstcasitiasitiong -el ectrical connection with contact
targets as defined in Claim18, therein the engagenent nechani smincl udes
teeth and recesses provided at the outer edges of the contact substrate in
such a way that the engagenent teeth and recesses in one outer edge fit
with the engagenent teeth and recesses in an opposite outer edge of other
2 5 JUN 2004 34 contact substrate, thereby assenbling a plurality of
contact substrates to establish the contactor assenbly of desired size,
shape and nunber of contactors. CONTACT STRUCTURE AND PRODUCTI ON METHCD
THEREOF AND PROBE CONTACT ASSEMBLY USI NG SAME Abstract of the Disclosure A
contact structure for establishing electrical connection with contact
targets. The contact structure 1is fornmed of a contact substrate and a
plurality of contactors. The contactor has an internediate portion which
is inserted in the through hole provided on the contact substrate in a

m)vertical direction, a contact portion which is connected to the

“internediate portion and positioned at one end of the contactor to
function as a contact point for electrical connection wth a contact



target, and a base portion which is provided at other end

cont act or,

and a spring portion having a cantil ever shape upwar

relative to the surface of the contact substrate and provided

base porti
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15
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on and the internmedi ate portion.

CONTACT STRUCTURE AND PRODUCTION METHOD THEREOF
AND PROBE CONTACT ASSEMBLY USING SAME
Abstract of the Disclosure
A contact structure for establishing electrical

connection with contact targets. The contact structure

is formed of a contact substrate and a plurality of
contactors. The contactor has an intermediate portion
which is inserted in the through hole provided on the

contact substrate in a wvertical direction, a contact

‘portion which is connected to the intermediate portion

and positioned at one end of the contactor to function as
a contact point for electrical comnectiocon with a contact
target, and a base portion which is provided at other end

‘of the contactor, and a spring portion having a

cantilever shape wupwardly inclined relative to the
gurface of the contact substrate and provided between the

base portion and the intermediate portiom.
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