1 DESCRIPTION Title .1 n" cn* PROBE CARD AND METHOD FOR MANUFACTURI NG
THEREGF 5 Technical Field The present invention relates to a p obe card
allowing signals to be transmtted between an integrat
sem conductor testing equipnent, especially t a probe Jmmummmﬂ mmm can
transmt high frequency signals to an jntegrated circuit having a
plurality of pads on a narrow pitch area. Further, the present invention
also relates to a Japanese patent ﬁﬁﬁ&ifﬁibﬁn No. 2000 145975 filed on May
:%EFEIH yr

18, 2000, which is incorporated ef erence. Art
When an integrated circuit is manufactured, testing the m m mlmmm "
characteristic of the integrated circuit nust be perfornmed .dugi.ng

manuf actyng e | N order to performthis test, the installation 20 of a
transm ssion path for a test signal to be transnltted between a wafer
where the int el GHSUND! AETRABI 2ORUMAUARG TIHEING OPEikeAGF testing
equi pnent is required. The transm ssion path may include a contactor on
its dront-end portion, and the test signal generated by the sem conductor
testing equipnment is provided 25 to the integrated circuit by contacting

the contredidL apfeigact

The present invention relates to a probe card allowing
signals to be transmitted between an integrated circuit and
semiconductor testing equipment, especially toaprobe cardwhich

10 can transmit high frequency signals to an integrated circuit
having a plurality of pads on a narrow pitch area. Further, the
present invention also relates to a Japanese patent application
No. 2000-145975 filed on May 18, 2000, which is incorporated
herein by reference.

15
Background Art

When an integrated circuit is manufactured, testing the
electric characteristicof the integrated circuit must be performed
during manufacture. In order to performthis test, the installation

20 of a transmission path for a test signal to be transmitted between
a wafer where the integrated circuit is manufactured and
semiconductor testing equipment is required. The transmissionpath
may include a contactor on its front-end portion, and the test
signal generated by the semiconductor testing equipment is provided

25 to the integrated circuit by contacting the contactor to a contact
terminal of the integrated circuit. Recently, as semiconductor

devices operating at high frequency have been rapidly developed,



termnal of the integrated circuit. Recently, as sem conductor devices
operating at high frequency have been rapidly devel oped, 2 the

sem conductor testing equipnent, the contactor and the transm ssion path
bet ween the sem conductor testing equi pnent and the contactor have been
required to be ready or high frequency2 operation. Mreover, as density
degree (or degree of integration) 5 of recent sem conductor devices has

i ncreaseghd %’@Ji‘f:%@d)&cti&rl hagt iRRPRABPHIR] thARRIR DA R HLESi on pat h

hrough which test signals can be provided to an integrated circuit having
a pl ur aldy oy o nfifs PRASp QO H IR Rb L A GRIudE G 258 AW G SERETR GRS

di agranof a conventional contacting 10 unit 10 through™which a high

frequen b S NpRgnt ' tMeeq, } QRAUGLRLGeSE NY
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-and-fixing unit 16. Thecontactor 1 ITngs to a front-end portion of the

coaxgll Gabkecihe 386icdRIGHELPHS1@SS hasS 1aeRbaska0réRafkEOY AGtt hg nal
(for exanple, a pad, a soldering ball, a gold bunp) of the circuit under

test. THeredxalrettbbedddel spCanteshefli 491 bhepLH alddufie MU eler
testing equi pnent (not shown). The support-a d-fixing unit 16 supports the

coaxi al LA sldanmd HL¥esdtae S IintRyref ddhei 880t 8¢ ing?d plarality

transm ssion of signals between tie external sem conductor testing

equi pnergs d h d rddow dieicH ested s perfornmed through the coaxi al
cable 14. Therefore, when a high frequency signal is transmtted by using

t he contacting puRj.t1 dRowda sdhanaield anagtainles 4 cansaht L 68asicentlactamgpe
greatly reduced. Fig. 2 shows a diagramof a portion of he contacting unit
10 unit 10 throughwhich a high frequency test signal canbe transmitted
between semiconductor testing equipment and a circuit under test,
which is being tested. The contacting unit 10 includes a contactor
12, acoaxial cablel4 andasupport-and-fixingunit 16. Thecontactor
12 clings to a front-end portion of the coaxial cable 14, and,
15 during a test, is contacted to a contact terminal (for example,
a pad, a soldering ball, a gold bump) of the circuit under test.
The coaxial cable 14 is connected to the external semiconductor
testing equipment (not shown). The support-and-fixing unit 16
supports the coaxial cable 14 and fixes the positionof the contactor
20 12.

The transmission of signals between the external
semiconductor testing equipment and the circuit under test is
performed through the coaxial cable 14. Therefore, when a high
frequency signal is transmitted by using the contacting unit 10,

25 attenuation of the transmitted signal can be greatly reduced.

Fig. 2 shows a diagram of a portion of the contacting unit

10 near the contactor 12 in the direction of arrow A of Fig. 1.



10 near the contactor 12 in the direction of arrow A of Fig. 1. 3 As shown

in Fig. 2, the coaxial cable 14 has a signal line 18a for transmtting
signals and a grounding line 18b for grounding. The contactor 12 incl udes
a contactor 12a connected to a signal Iline of the circuit under test and

contactors 12 and 12c connected 5 to a3grounding unit of the circuit under
test. he contactors 12a, 12b and 12c are forned to be "air-coplanar" and

mai nt ai nARHAREAINGE g MBI, ChiHad Hadli®12ldERAk YAl Hagdl &S SibpRl- @ide s 3
shows the contactor 12 contacted to the circuit under tést. The contactor

12a is gt achedmtiecting 8ignalsldne 262c0hdike 1 h8eCidisWdr hatigst,, and
contactors 12b an 12c are contacted to the grounding unit 20b and 20c of

the cired depd@lctigsto The1uaeBt gCtbRgadpbt 19a havimdrddie axislgneabl e 1
can transmt high frequency signals of nore than 100 GHz. Recent

devel opnefe 8F dHtecikBLegRalRY: eLEEWHAC kontakerdad NWhne Yo @ rnketedse
speed operation 15 but also to increase m nuteness and increase integration

of tdhe td hedhdund\CEPiEitdot tHd1eigent @Chhder Widt 1@hshewddeditg.12h, since
the pitch of the contactor 12 is limted by t e diameter of the coaxial

cabl e 14,24 4nd 3 2cQs56B0EI S B@ﬁé@f%@]&wﬁawan@ o o /4 n hAtiegedaede
circuit having pads of narrow pitch s. Further, as the 20 integration

degree ofaddigiy rsditde iflriddy eaged, MNGR-de-gnanber of pads formed on the
circuit is nore than several thousand, it 1is unreasonable in the cost

aspect to formpics SHHAEG tRHE ddtitactlY $H@WhtattdDto Lhasc iBsYiaurdes
nunber of he pads. Further, operating frequency of the next generation

i Nt egr attshtC] rMHE tedrit afrdrn 1 rangmeicted ac ey aliduga-1Herd 20eCGdE) and
the contacting wunit 10 is able to transmt high frequency signals of nore
t hano 10thdSda ddidquengagbabdst buinditcqiresariss i1RH andol 2 ¢ efrs reethtiae tiedansm t
to the grounding unit 20b and 20c of the circuit under test. The
contacting unit 10 having the coaxial cable 14 can transmit high
frequency signals of more than 100 GHz. Recent development of the
integrated circuit is intended not only to increase speed operation
15 but also to increase minuteness and increase integration of the
circuit. According to the contacting unit 10 shown in Fig. 1, since
the pitch of the contactor 12 is limited by the diameter of the
coaxial cable 14, it is impossible to perform a test on a highly
integrated circuit having pads of narrow pitches. Further, as the
20 integration degree of the circuit is increased, since the number
of pads formed on the circuit is more than several thousand, it
is unreasonable in the cost aspect to form the contacting unit
10 shown in Fig. 1 as many as the number of the pads. Further,
operating frequency of the next generation integrated circuit is
25 in the range of 1 to several Giga-Hertz (GHz) and the contacting
unit 10 is able to transmit high frequency signals of more than

100 GHz frequency band, but at present, it isnot required totransmit



4 such high frequency signals of nore than 100 GHz frequency band. Besi des
the contacting unit 10 shown in Fig. 1, a probe card having a plurality of
contactors on a narrow pitch area is conventionally used for testing a
circuit having a plurality of 5 pads on a narrow pitch area. This probe
card is required to be f aster and haye nore pins on a narrower pitch.
Further, the probe card is also required to have fine positioning ability

and scr e Bagh eRebeRey! 81 o1 & dh NARELALIHON0AUGH NSty B
circuit wunder test, to be light in weight for preventing deformtion of 10

the probe cardgid ddie cif RorfHiRtlidd Mg Wei1@lshARd b0 FRYYV.e 185 @R pr ey

adaptability to a circuit of full-face termnal type. Further, 1in order to

prevent sveierprd st 9nhh:amiégrb@gc@n£§§£or§ oft NANAGHEW 4t mRedanee from
the input/output termnal of the sem conductor testing equipnent and the

cont act depfvrtalodadad) ubedifciheestindi b difehit asdvinista BA JmiNta) _ed to
be a predeterm ned value. Hereinafter, four (4) kinds of "conventional

probe pigisdisnd a firidhie danebe aard msd%i@rgebeﬁzidﬁ idetrdidui raled reede
S

points of themare also described. Fig. ows conventional probe pins of

a hori zadsdernaed Bav@nd¥ORA ey BA- a ARG plie chNeripEhéoNtthe RRR)WL
probe type, a needle of dianeter 200-300 umis used, wherein the needle is

made of gardriisahlkbkeedii RedVt Be@veor iRe ?agihaénan%a@@mﬂty%d Agendi ng
to the conventional type, since the end of the needle is as long as 20 nm

the charmgi®ric o pEPEEANG i e apeedt9B8nt dga Bigk YRR 35 Bdl digldaet i on
noi se i s generated. Therefore, neasurable nmaximum frequency is as |ow as

0.2 GHz.urldgd hesst ,SitacBet Dightype wéighobfor pireventibde dufdiantidd JfS
difficult to acconplish area-array 5
10 the probe card and the wafer due to the weight, and to have area-array
adaptability to a circuit of full-face terminal type. Further,
in order to prevent waveform distortion during a test, a
characteristic impedance from the input/output terminal of the
semiconductor testing equipment and the contact terminal (pad)
15 of the circuit under test must be maintained to be a predetermined
value. Hereinafter, four (4) kinds of conventional probe pins used
for the probe card are described in detail, and weak points of
them are also described.
Fig. 4 shows conventional probe pins of a horizontal needle
20 probe type. According to the horizontal needle probe type, a needle
of diameter 200~300 um is used, wherein the needle is made of a
metal like W, ReW, BeCu or Pd and has a tapered end. According
to the conventional type, since the end of the needle is as long'
as 20 mm, the characteristic impedance is changed on the end area
25 and reflection noise is generated. Therefore, measurable maximum

frequency is as low as 0.2 GHz. Further, since this type of probe

pin is made by hand, it is difficult to accomplish area-array



adaptability, high density, |ow weight and fine positioning ability.

Mor eover, since the needle nade of W ReW BeCu or Pd has crystalline

grai ns, scrapes generated through scrubbing with the pad enter into the
crystalline grains of the needle made of 5 this kind of material after
repeated contact with the pad of the ®&ircuit under test, and, as a result,
contact resistance is increased. Fig. 5 shows another conventional probe

pin of adesddisialicyleadidh IR dy,Peowl R T I6R ﬂﬁﬁuﬁ?&?&éﬁe .

devel oped 10 to achieve the area-array adaptability an y, which

vere preyianaii ¢ Mirddi@hord iz aherdl@ Prke PG, R ! ecath egenent

| evel is still unsatisfactory. Further, conpared with the horizontal type,

the vertisgakrpeedheineobeaiNPe dSraled 8Bk rateddt hi-8BSn NGNS A WMehaht
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sliding operation, it is inpossible to achieve satisfactory scru

funcd i orthifd ®in@ 6BOMELEATNEMN f1RIr YRR P B ARECWRY ht ffe IR ANE he
met hod. The nenbrane nethod is devel oped to acconplish goals of 20 high

speed, Righrudensidderand A eand,l 3% it | lontAGORA NGt ddhe Jrenbr ane
nmet hod, netal bunps as probe pins are fornmed on the wring substrate of
pol yi m dexdrdasedlhe hei ght of a netal bunp is as |ow as dozens of _
mcronmeters (um, and it is possible to forma transm ssion path just in

front of the m#tial. Bughowsmridte?Zdrivdrt iROSS b_&abbo}[a@ﬁ%_ﬁ\éev@xﬂﬁc&need
operation. According to this nethod, however, since [oad is applied in the

verti calnedidlectdr@be tylpd.S Ttiel fieditlilcallo neelilev @ rabRowepkuli sS g 1bpagt i on.
Further, 6 since polyimde filmis used as the substrate, the polyimde
filx to achieve the area-array adaptability and high density, which
were problematic of the horizontal needle probe type, but the
achievement level is still unsatisfactory. Further, compared with
the horizontal type, the vertical needle probe type is at least
1.5 times heavier in weight, and it is impossible to achieve the
15 goalofbeinglightweight.Accordingtothestructureof thevertical
type, since it is difficult to perform sliding operation, it is
impossible to achieve satisfactory scrub function.
Fig. 6 shows conventional probe pins made by the membrane
method. The membrane method is developed to accomplish goals of
20 high speed, high density and area-array adaptability. According
to the membrane method, metal bumps as probe pins are formed on
the wiring substrate of polyimide £ilm. The height of a metal bump
is as low as dozens of micrometers (um), and it is possible to
form a transmission path just in front of the metal bump, so that
25 it is possible to achieve high speed operation. According to this
method, however, since load is applied in the vertical direction,

it is difficult to achieve a powerful scrub function. Further,



is not uniformy expanded when a high tenperature test is perforned on the
LSI, so that position alignnent between the pads of the <circuit under test
and the netal bunps is not naintained. 5 Fig. 7 shows conventional probe
pi ns made through photolithography plating. According to photolithography
plating, it is possible to achieve the goals of high precision, high
density and having many pins. Further, since it is possible to forma

transm ssi e b it dehei Pases ofsed B ahes %h'?)st'x%t'es pRsshdl i hid & iaqhi eve
hi gh speed opération. According to the structure, however, it is difficult

t o achi emenategriddral PERphARERIWhEn ATGQYHIE BfpkPaBulls Hatent Pea-f Srmefdil 3,
861, there is disclosed a nethod for nanufacturing a probe Dby using an

i nternaloBtiRs3,519" &l eHatofpdsiltiidh fdllignndfe Hetwisad e o &f ahd or
this probe. 15 However , thls met hod has poor reproducibility because it

uses i nieF@lt SidRsS cad ddd 'tshéj'nﬁc-ifﬂaplU'Burﬁ;% fof mdy aheshd 4k ddie, same
shape. According to Donald L. Smth, et. ., Iin their "Flip-Chip Bonding

on 6zum Pitch Lﬁggg 7 W I&M@{ﬁ&ﬁ{dlﬂ@%&pﬁ@'% &r(l%&_ﬂeedl ngs of
48t h El ectronic nponents and Technol ogy Con Seattle ngt on ( May,

~1998) : &1 EDgraghie be aks ngi. SKd OSLdh iy ff%tﬁﬁgtél)itlfl@@ﬂhﬁﬂyfpll\dt@rné hin

filmhaving an internal stress gradient in the direction of thickness

using astiepdys BB tonediepsee e¢hePiesByoF Mbgh §riepesidd, NFighaldmdityf il m
25 According to this nmethod, since the reproducibility of controlling the

stress igndavind m&;dlﬁ:fngulﬂufmélo,r B iesit nd oSl e st pformd a
According to Soonil Hong, et. Al., in their "DESIGN AND FABRI CATION OF A
MONCOLI TH $arkd#rids S ENSI TR PRBE HABRsEORE a probe pin, it is possible to
10 achieve high speed operation. According to the structure, however,
it is difficult to achieve area-array adaptability.
According to a US patent No. 5,613,861, there is disclosed
a method for manufacturing a probe by using an internal stress
gradient of a thin £film. MoCr is used as a material for this probe.
15 However, this method has poor reproducibility because it uses
internal stress, and it is difficult to form probes in the same
shape.
According to Donald L. Smith, et. Al., in their “Flip-Chip
Bonding on 6-um Pitch using Thin-Film Microspring
20 Technology” ( (Proceedings of 48th Electronic Components and
Technology Conf.; Seattle, Washington (May, 1998) :c1998 IEEE),
there is disclosed a method for forming a MoCr thin film having
an internal stress gradient in the direction of thickness using
a step-by-step increase of pressure while depositing the thin film.
25 According to this method, since the reproducibility of controlling
the stress is poor, it is difficult to form probes in the same

shape.



H GH FREQUENCY ON- WATER TESTI NG' (1 EDM 89, pp. 89-292), there is disclosed
a nethod for manufacturing a probe b accunulating thin 5 filnms of which
stress are different. According to this nmethod, since a plurality of thin
films are fornmed, it is difficult to achieve uniformcharacteristics

bet ween probes and to manufacture propes of the sane characteristic.
According to Yanwei Zhang, et. Al ., i their "A NEWMEMS 10 WAFER PROBE
CARD' (0-7803- - 1. L EE . -399)., there i [ Q d for
manuf act uri ng g‘éééﬁ%ésitﬁg%ﬁo%}pﬁgéégi )r?cte' rA1('.'9Lh'i's 1219%:%83%8??‘%&% eater, the
St I uCt U g AATRINIOR Y ickidifternn ¥, 08 s (1e PIRAECIoARIE QI gt

Shi nichiF?‘(?RZschi, et?bAI oy '[LE@:II’ "grobe Car 15 vm'tEﬁ Probe Pins G own by
the Vaparrod GulstinBicd oWhehebodtneh FEEDMTRANSACT QNS 3y COMCHENES
PACKAG (I%Edﬁl\lD qUFAC%?URI NG TECHN%LOGY- EART A, v%?ﬂg, No%i JUNE 1996),
here is gigal 00 e nBRAPECURL R 4 OB, VRILL idg Rithe
substratd(::#.s'%§L %%gatrﬁ?%ﬂ%ao e Ens as | ong a§ 1-%3 nm Yté?(lgs ng’?]lf%?/lcu t tlo

achigve ¢330 Nigh FReed APYAL 9 NG ddrPte WRIGIrqifYy ¢esthiRehdreipre wth

reference to Figs. 4 to 7 and other references, the~conventional probe
pins ar & ;0f.aby @1&&&;&%\& titﬂtl(h #ave Ghar adidst 11¢s (whigh iR1ttheo

descri be goals. "Theref ore, I's required to develop a probe card which
ca achi e il GARES AT rdb iy SR BRELRE ﬁ&oﬁeagan@eﬁ%{ahuf%@mx@s,

area-array adaptability, scrub function, Iight weight an fine positioning.
Ther ef o oddie J¥ QIR e dnty Hd - tas goad, of providing 8 a probe card

which can transmt a high-frequency signal of nore than 1 GHz frequency.
It is an obj ectaRlodd iP5 eBIweAVERELEN £O.PADYI Ofn A REOPEA NEW MEMS
10 WAFER PROBE CARD” (0-7803-3744-1/97 1EEE, pp.395-399), there is
disclosed a method for manufacturing a probe using bimorphs. Since
this method uses a heater, the structure is complex due to the
wirings for the heater.

According to Shinichiro Asai, et. Al., in their “Probe Card

15 with Probe Pins Grown by the Vapor-Liquid-Solid(VLS) Method” (IEEE
TRANSACTIONS ON COMPONENTS, PACKAGING AND MANUFACTURING
TECHNOLOGY-PART A, VOL.19, NO.2, JUNE 1996), there is disclosed
a “whisker-probe” which is grown vertically from the substrate.
Since this probe is as long as 1~3 mm, it is difficult to achieve

20 high speed operation and light weight.

As described before with reference to Figs. 4 to 7 and other
references, the conventional probe pins are not able to achieve
the above characteristicswhich are the describedgoals. Therefore,
it is required to develop a probe card which can achieve the goals

25 of high speed operation, high density, many pins, area-array
adaptability, scrub function, light weight and fine positioning.

Therefore, the present invention has a goal of providing



card which can achi eve the above described goal and a nethod for 5

manuf acturing thereof. The above-descri bed object can be acconplished by
conbi nati ons of features of the independent clainms. Dependent clains
prescri be further useful concrete exanples of the present invention. t 10
Di scl osure of Invention In order to acki eve the above described goals, the
first aspect of the present invention provides a probe card electrically

coupl ed f g, @Rl BEakI {#16h QR AFAnSRI N DAl Kyl OV AR AR sai_gfria{lclaft maader
test for performng signal transm ssion between the circuit 15 under test

and an e8f NalgEe B Rpllichor testing equipnent, including: a substrate; a
plurality of signal transm’'ssion paths forned on the substrate; and a

plurality of capt agtaf $pfIFEdr Uhe pRASAt 1hGeRt tbRIHd ¥rolidedWdrobe
transm ssion paths on oné side of tThe substrate, wherein the plurality of

cont act 56 1 PRAEaA02 Oh 1 8P APY RIMUHS PRI Bled( 8621 NBHA! A i tHRB For
material) including a supercooled |iquid phase région and contacted to the

contAct mArRIFHJIRAIS i RHARDLON e Mdvdldedtidtied &HjeACWig to the
first aspect of the present invention, by formng anetallic glass

cont act Qe dJRgIUi R 9P 8 oRbR halY ond> A E5 OHRER T ik § £48P8hAANE dllail® .
possible to provide a probe card which can transmt a high-frequency signal

of nor e Jeahderdd %1 iR YREE A DA UrHIRG ARG QI IOicrtRY G IRIsIIE ity

of pads on 9 a narrow area. Further, since mcromachining is nsed, it

i possi blthe thrdBuHY agtwlr- il ural ity of probe pins for high speed
si mul taneously. According to a feature of the first aspect , the contactor
5is forned to be separated fromthe substrate.

10 Disclosure of Invention
In order to achieve the above described goals, the first
aspect of the present invention provides a probe card electrically
coupled to a plurality of contact terminals provided on a circuit
under test for performing signal transmission between the circuit
15 under test and an external semiconductor testing equipment,
including: a substrate; a plurality of signal transmission paths
formed on the substrate; and a plurality of contactors formed on
ends of the plurality of signal transmission paths on one side
of the substrate, wherein the plurality of contactors are made
20 of an amorphous material (or, metallic glass material) including
a supercooled liquid phase region and contacted to the contact
terminals provided on the circuit under test.
According to the first aspect of the present invention,
by forming a metallic glass contactor (minute probe pin) by
25 micromachining technology, it is possible to provide a probe card
which can transmit a high-frequency signal of more than 1 GHz

frequency to an integrated circuit having a plurality of pads on




According to another feature of the first aspect, the contactor is
extended to a predetermned direction froma surface of the substrate. The
predeterm ned direction 's a direction away fromthe surface of said
substrate. 10 According to another feature of the first aspect, the
contactor is bent in a predeterm ned dgrection fromsaid surface of said
substrate. According to another feature of the first aspect, the contactor

has a V%rﬁéﬁféwa&aat.izajltah@xg,agmﬁ&ew&%?a&ﬁﬁibﬁt idRetHbsiy %%Qs%%%qredi ng
to another feature of the first aspect, the contactor has vertica

el asti cidy mgRifdcdres W fAGR-Afi SAIGE st it 105,01 g theild de on the
contact termnal of the circuit ‘under test when they are contacted. 20
Accor di g niQ 2RI .eature of the first aspect, each of the plurality of
the contactors has elasticity against the surface of said substrate. Each

of the pluralitecfrdifly eentardHisrdass il Eerantaghast | Aty Rgaitlort he
surface of said substrate. According to another feature of the first

aspest, iy fAaarld 2P e RPNt i Hihaluddansd ssion path near the end
of it is nmade of the sanme anorphous material used for the contactor. In

this case, a paddordioly the a¥iditlr IHRSHS HORHRAN Rl ddiendpkd of it
forms a single body together with the According to another feature of the

first carmtaddgdhes énedndles t gr b thehrrhd ried MRt ik £rbfl PR aRRIde from
and in parallel to the signal 5 According to another feature of the firs
card furdfhehei saibsiciest &. Mo pregeseanefetird@VidW is a direction away

from the surface of said substrate.

10 According to another feature of the first aspect, the
contactor is bent in a predetermined direction from said surface
of said substrate.

According to another feature of the first aspect, the
contactor has a vertical elasticity against a surface of the

15 substrate.

According to another feature of the first aspect, the
contactor has vertical elasticity against the surface of said
substrate in order to slide on the contact terminal of the circuit
under test when they are contacted.

20 According to another feature of the first aspect, each of
the plurality of the contactors has elasticity against the surface
of said substrate. Each of the plurality of the contactors has
different elasticity against the surface of said substrate.

According to another feature of the first aspect, at least

25 a portion of the signal transmigsion path near the end of it is

made of the same amorphous material used for the contactor. In

this case, a portion of the signal transmission path near the end



than that of the signal transm ssion path, the 1 being fornmed near the
signal transm ssion pa According to another feature of the f 10

| ow-resi stance unit is made of gold, copper, platinumor rhodium
According to another feature of the f contactor includes a contacting
point made o material on an end of itl0 15 According to another feature of
the f contactor is coated with a netal material. According to another

feature of fherdinissta GGTAUBNEF aditas i ol diagdecdidng uni t
predet erm ned vol tage, the voltage providing unit 20 on a backside of the

one side of theddisdindy Bo A& Faataranst hek feastepict!,hené igrdbe

providing unit is a grounding conductor which According to another feature

of the fdd:d fe@Rhaet Oheltdaspegiouhde npl Dhge, SviifdiAdegrotfde®d formed
transm ssion path. aspect, the probe having | ower resistance

| ow-r esitsd dRCApHPt frdatdhd inr phraspetito the sighaket rambdmiéovn Jadist
aspect, the f a contact-point
5 According to another feature of the first aspect, the probe
card further includes a low-resistanceunit having lower resistance
than that of the signal transmission path, the low-registance unit
being formed near the signal transmission path.

According to another feature of the first aspect, the

10 low-resistance unit is made of gold, copper, nickel, aluminum,
platinum or rhodium.

According to another feature of the first aspect, the
contactor includes a contacting point made of a contact-point
material on an end of it.

15 According to another feature of the first aspect, the
contactor is coated with a metal material.

According to another feature of the first aspect, the probe
card further includes a voltage providing unit for providing a
predetermined voltage, the voltage providing unit being provided

20 on a backside of the one side of the substrate.

According to another featureof the first aspect, thevoltage
providing unit is a grounding conductor which is grounded.

According toanother feature of the first aspect, thevoltage
providing unit is formed on an area other than areas of the backside

25 of the substrate corresponding to areas of the one side of the
substrate where the contactors are formed.

According to another feature of the first aspect, the




first aspect, the t aspect, the probe it for providing a unit being

provi ded substrate. aspect, the voltage 1is grounded. aspect, the voltage
providing unit is formed on an area other than a# 25 of the substrate
corresponding to areas of t substrate where the contactors are forned.
According to another feature of the f @reas of the backside he one side of
the first aspect, the 11 substrate is made of a dielectric material o a

sem conduet ofya fRL &L Il de A0 4 N1 S1MAL: & 'SR 551 OB PRt e Son BuibSeF at e

and the grounding conductor forma mcrostrip li ng&ﬂa i ng predeterm ned
charact e:ﬁétséffai,”E?x@laﬂﬁg;s%ﬁﬁ?ﬁ%&@h@%ﬂs‘%i@a‘ﬂpﬁg@ﬁ, flaad W@ seh-atheahih ieie

aspect, the probe <card is Tornmed on one side of the substrate and further

i ncl udesyr@urtd 0AH &SRO T Jray 8 miwbgt‘_‘ri% DL RENERE: n@h b dH &l KEd €
| ayer nade of a dielectric material near the groundi ng conductor, and the

si gnal t&sde Ss 08 Rt s d.pkded near th dielectric layer, 10 and the
signal transm ssion path and the die ectric layer form a mcrostrip line

A o e R e b

transm téd ARG iHifbri@amBe bReb®ide of the substrate and further includes
a ground conductor layer, which is grounded, and a dielectric layer
made of a dielectric material near the grounding conductor, and
the signal transmission path is formed near the dielectric layer,

10 and the signal transmission path and the dielectric layer form
amicrostrip line having a predetermined characteristic impedance.

According to another feature of the first aspect, the signal
transmission path has a parallel transmitting unit formed to be
in parallel with the surface of the substrate.

15 According to another feature of the first aspect, the signal
transmission path has a penetrating-transmitting unit which is
formed to penetrate the substrate in a direction of its thickness.

According to another feature of the first aspect, the signal
transmission path has an internal transmitting unit extended in

20 parallel with the surface of the substrate inside the substrate.

According to another feature of the first aspect, the signal
transmission path has internal transmitting units disposed at
different distances from the surface of the substrate.

According to another feature of the first aspect, a probe

25 card further includes a plurality of contactors made of an amorphous

material having a supercooled liquid phase region, wherein the

plurality of contactors are electrically coupled to the contactors



in parallel with the surface of the substrate. 15 According to another
feature of the firs aspect, the signal transm ssion path has a
penetrating-transmt ing unit which is fornmed to penetrate the substrate
in a direction of its thickness. According to another feature of the firs
aspect, the signal transm ssion pathibpas an internal transmtting unit
extended in 20 parallel with the surface of the substrate inside the

subst r ateg,-AGCH BhR%k {fe arAe beatHEe A rdiligh Ehess AsRECtrahBRiskaBal

transm ssion path has internal transmtting nits disposed at different

di stancggthrsoghhh%omha% hel PACKERSES 3ire £ HACGRILHRG L another feature
of the first aspect, a probe 25 card further includes a plurality of

contactors adepagbo2didBPEBhausthEst gehalirBaviingnhd FYRerCcapedtli ¢ued phase
region, wherein the plurality of contactors are electrically coupl dto

the ContRellcs ok hal0aMthaep @R Hhdehohariewslkowadle ttheowsd .t he signal
transm ssion paths and fornmed on the backsi de of the substrate. According

to apother feahut®refinghed bhekndsPeehtutle ofC@Neadtidthagpcthakmeend
whi ch narrows towards the end. 5 According to another feature of the first

aspect, dohackdM 3el0h Rad-F inderbangered shade shape whede hehe oFagheof the

fingers has a sharp end. In order to achieve the above described goals, the
second fasRRGE: Plad ke gW8§e/ind.nvention provides a method for formng a 10
contactor on a substrate of a probe card electrically coupled to a

plurality of camtaetietefd 4l fets @HedaBoMB AeSELEBEE Gbdlbs, (R selehd
perform ng signal transm ssion between the circuit under test and external

sem conGigiedt bEsthagpeguepieNhvehbifofioptaci@es £ andttedd Mpd Edrderepat act
termnal, including steps of: formng
10 contactor on a substrate of a probe card electrically coupled to
a plurality of contact terminals provided on a circuit under test
for performing signal transmission between the circuit under test
and external semiconductor testing equipment, the contactor
contacting to the contact terminal, including steps of: forming
15 asacrificial layeronapredeterminedareaof the substrate; forming
an amorphous material layer including an amorphous material having
a supercooled liquid phase region on the sacrificial layer and
the substrate; forming a cantilever of an amorphous material
including a free unit as a portion of it by removing the sacrificial
20 layer between a portion of the amorphous material layer and the
substrate, the free unit being separated from the substrate; and
forming the contactorbybendingthe freeunit towardapredetermined
direction from the substrate.
According to another feature of the second aspect, there
25 is provided a method for forming a contactor on a substrate of
aprobecardelectricallycoupledtoapluralityof contact terminals

provided on a circuit under test for performing signal transmission



15 a sacrificial layer on a predeterm ned area of the substrate; formng
an anor phous material |ayer including an anorphous material having a
supercool ed |iquid phase region on the sacrificial layer and the
substrate; formng a cantilever of an anorphous material including a free
unit as a portion of it by renoving the sacrificial 20 |ayer between a
portion of the anorphous material |ayer and the substrate, the free unit

bei ng sepalakadHd OMENS: SHBSt A 2 fAdn ST sdRi CORLESEoLEBY 1RENdi Ng
the free unit toward a predetermned direction fromthe substrate.

Accor di @autigwéﬂet,h%ef AL tef RALEREARY 2Pt cURRERt 2RriEnRNoVided a
met hod for Tormng a contactor on a substrate of a probe card electrically

coupl ed 101330k 8Ly Y. e8rhasy 4.25LM usPhQvEdedl anya e hetiutiiugder
test for performng signal transih ssion 13 between the circuit under test

and an ext eridabneRil GRRAYGHA Hheshigna segerpeRlbd theusanbasker regabact i ng
to the contact 'termnal, including steps of: form ng an anorphous materi al

layey i el L R LAY AD PROMSnEH erkal uhay ioida portiitesl etk himgubiopkase
region 5 on the substrate; formng a free unit on a portion of the

anor phoys t JHaEAr Nalyehraper rEMo{r;ﬁﬂ?Viar@oﬂtﬁ@zﬁté@rtlﬁ dulstahss alderurtier the
portion of the anorphous material |ayer, the free unit being separated

from t hecyhasly aife it N GrfddipHols e Gartilagiliey hendirkg it foedagini t
toward & predeterm ned direction fromthe substrate. 10 According to

anot her degatytePErblie resapdtaspestand Herhitiap tHobohenttsy 1oy benddabor
includes a step for bending the free unit away fromthe substrate.

Accor di rthe Prasaidiar tbeatirepebdtherngnedd aspecion fhem o Hubetsatet.er i al
| ayer is fornmed by sputtering the anorphous 15 materi al.

10 According to another feature of the second aspect, the step
for forming a contactor includes a step for bending the free unit
away from the substrate.

According to another feature of the second aspect, the
amorphous material layer is formed by sputtering the amorphous

15 material.

According to another feature of the second aspect, the step
for forming the contactor includes a step for causing a plastic
deformation of the free unit toward a predetermined direction from
the substrate.

20 According to another feature of the second aspect, the step
for forming the contactor includes a step for heating the free
unit.

According to another feature of the second aspect, the step
for forming the contactor includes a step for heating the free

25 unit when the free unit is disposed under the substrate.

According to another feature of the second aspect, the step

for forming the contactor includes a step for irradiating infrared




According to another feature of the second aspect, the step for formng
the contactor includes a step for causing a plastic deformation of the
free unit toward a predeterm ned direction from the substrate. 20
According to another feature of the seccond aspect, the step for formng
the contactor includes a step for heatidng the free wunit. According to
anot her feature of the seccnd aspect, the step for formng the contactor
i ncl udes i1yt @ frofe BRI RGhitthe free 25 unit when the free unit is

di sposed under the substrate. According to another feature of the second

aspect, the stpcdr@firdOf JidtbeiHee eatactyr Eﬂﬁlé@&ﬁ;@a%?%%tf, Ohe idtep
radiating infrared 14 I'ight on the free unit. According to another féature

of the $RGORErMsR§the EBALAELBr fiM1 UM dThNGL dN1e cGONEASH DAt 1 GRS R ST €P
for irradiating infrared light on the free unit fromboth sides of the

substratigghr AL UHE NG-ded AN Hefonf &8 & iQfed R S8% iASHSGte ., the step

for formng the contactor includes a step for roviding a bending adjustor

at as predet er MaRRGHNAYIH A FRaBLFEWEE @ReO e @AY aleedt!, OFhE R 3T f ace
of the substrate. According to another feature of the seC nd aspect, "the

step 1GdOEokakAgNghé Mot 9hol delkrde st iR Hobviavhdi dbehdierdi ng
adj ustor of higher transmttance for infrared light than the substrate.

Accor di n@ljtuetdrohbel preakteem@helifoSaEi el tawBedla dikectlien of Yrahathi Ng
the contactor includes a step for roviding a bending 15 adjustor having

fl at nesEi@s T HdUurfacel dUMBhAGEHIHG L0 anot her feature of the sec nd
aspect, the step

According to another feature of the second aspect, the step

10 for forming the contactor includes a step for providing a bending
adjustor of higher transmittance for infrared light than the
substrate.

According to another feature of the second aspect, the step
for forming the contactor includes a step for providing a bending

15 adjustor having flatness less than +/- 10 um.

According to another feature of the second aspect, the step
for forming the contactor includes a step for providing a bending
‘adjustor having flatness less than +/- 2 um.

According to another feature of the second aspect, the step

20 for forming the contactor includes a step for providing a quartz
glass substrate as a bending adjustor.

According to another feature of the second aspect, the step
for forming the contactor includes a step for providing a quartz
glass substrate including a position determining unit for

25 determining the predetermined position toward a direction of

gravity from the surface of the substrate.

According to another feature of the second aspect, the step



for formng the contactor includes a step for roviding a bending adjustor
havi ng flatness less than +/- 2 um According to another feature of the sec
nd aspect, the step 20 for form ng the contactor includes a step for
providing a quartz glass substrate as a bending adjustor. According to
anot her feature of the sec nd aspect, lbhe step for formng the contactor
includes a step for providing a quartz glass substrate including a

posi ti oFfHeEgrfi ho hidodtRlct2r datenkBi AGtdie rpregebeifai ngth pesidingn
toward a direction of gravity fromthe surface of the substrate. According

to anot fa@jﬁs%atdg et ikt dith ARE Engddiacs wefl tl ¥ o GudpeBdig he
contactor includes a step for roviding a bending adjusting nmenber

i ncl udi vy ag @@eLauﬁswa@awgs&if@ctmeﬁegﬁ:aofityh@na@wh@tmgi n a
direction of gravity and a bending adjustor for determning the

predet ergyjiRdt ROHdY e tleatbint ry T HH REdMe @i rgaYdsi filmddwarsird ace of
the substrate. According to another feature of the second aspect, the step

for £orMingeddier O aptari tyndnte e Sheff 4 O ldubrg e anount  of
bendi ng of the free unit by changing thickness of the bending adjustor. 10

Accordi ng to anpeidaaidifreptdrshdtthdihEeaearabfsheciecdid® agpert ,f thie fsaep ng
the contactor includes a step for providing a bending adjusting nenber

havi ng tfer bending taej csiticttr ¢neludesunst ép goassontstdist ireg ehe Agwaindi ng t o
the third aspect of the resent invention, 15 there is provided a

senm conL behddhigpofnchadf rge i Wyakhhyigahg phtisknasd &f phe deiridd nof
contactors nade of an anorphous material having a supercooled |iquid phase
regi on giferqu.urality of pads,

10 According to another feature of the second aspect, the step
for forming the contactor includes a step for providing a bending
adjusting member having the bending adjustor made of a quartz glass
substrate.

According to the third aspect of the present invention,

15 there ig provided a semiconductor chip including: a plurality of
pads; and a plurality of contactors made of an amorphous material
having a supercooled liquid phase region on the plurality of pads,
wherein the contactor is extended to a predetermined direction
from a surface of the pads.

20 According to another feature of the third aspect, the
contactor is extended to a direction away from the substrate.

According to the third aspect of the present invention,
there is provided a semiconductor device including a semiconductor
chip having aplurality of pads, including: aplurality of electrode

25 leads; and a package which packs the semiconductor chip, wherein

the pads of the semiconductor chip and the electrode leads are

electrically coupled to each other through contactors made of an



wherein the contactor is extended to a predetermned direction froma
surface of the pads. 20 According to another feature of the t ird aspect,
the contactor is extended to a direction away fromthe substrate.
According to the third aspect of the resent invention, there is provided a
sem conduct or device including a sem ckdhductor chip having a plurality of
pads, including: a plurality of electrode 25 |eads; and a package which
packs t NanSEIRGQN thad & i £1hi lav IWReT £1 supdrecdisitisd of 1 e SeHasONebeion . chip
and the electrode |l eads are electrically coupled to each other through
contactors mden@odind tAMHPNSrddiHdA dJRUWHY Fr&dded Gantatt ddui d
phase region. According to the third aspect of the present invention there
s proviae@r@i&?&&mwwbgemm&wﬁ ei/Ageal rEEIRHEaN cstiytdiwi ng a
plurality of pads, including: a plurality of external 5 termnal balls; and
a packageniwhelipgcxpliuralsey Ppedst oindcNiding WagsRIFaT e, BEEKtEridle

sem conductor chip and the external termnal balls are electrically
coupbed tormhatdl Galars ;t ahd ol ghackerieawh0ER pdtkke tole 88masbh@hetsr radas, al
havi ng a supercool ed liquid phase region. 10 The above description does
not necegserely thegiadd 6f tkatsemiscormdudt®r phepaiiid thy eftte@haladdkminal

conbi nati ons of the above features also can be construed as aspects of the
present balEntdwmn.elBdtefi dAd96r icelupdrdot oDeavshngshdd thipudh domsacdtors
schemati c diagram of a conventional contacting wunit 10 through which a

hi gh fregudacyf tes amirgphaus maneld alr Aasihyt @dsupet veehed end it e

testing equi pnment and a circuit under test, which is being tested. Fig. 2
shows a tkaqisam of a portion of the contacting unit
10 The above description does not necessarily list all features

of the present invention, and combinations of the above features

also can be construed as aspects of the present invention.

Brief Description of Drawings
15 Fig. 1 shows a schematicdiagramof a conventional contacting
unit 10 throughwhich a high frequency test signal canbe transmitted
between semiconductor testing equipment and a circuit under test,
which is being tested.
Fig. 2 shows a diagram of a portion of the contacting unit
20 10 near the contactor 12 in the direction of arrow A of Fig. 1.

Fig. 3 shows the contactor 12 contacted to the circuit under

test.
Fig. 4 shows conventional probe pins of horizontal needle
probe type.
25 Fig. 5 shows another conventional probe pin of vertical

needle probe type.

Fig. 6 shows conventional probe pins made by the membrane



20 10 near the contactor 12 in the direction of arrow A of Fig. 1. Fig. 3
shows the contactor 12 contacted 40 the circuit under test. Fig. 4 shows
conventional probe pins off horizontal needle probe type. 25 Fig. 5 shows
anot her conventional probe pin of vertical needle probe type. Fig. 6 shows
conventi onal probe pins made by the nerfbrane 17 nethod. Fig. 7 shows
conventional probe pins ade through photolithography plating. Fig. 8 shows
an enbodjdmdg of a sem conductor for testing system 5 30 for testing a
circuit formed on a wafer 7 under test. Fig. 9 shows an enbodi nent of a

signal transm t#ig BHSAE MHvdhdsd0r Brednind maRY astagbet ween t he
ignal transmtting unit 52 and the wafer 70 under test shown 1n Fig. 8.

Fig. 10 shavesl i +4 18 dpss-sectional view of a probe 10 card 100
according to théﬂgqréfﬂ%%%odinéﬁt of the present invention. Fig. 11 shows

a portion of amlqang sHowLin iR ol fRetCHf 8 sdfibHaast srbedt iRatsytdnhe
present invention. Fig. 12 shows a contactor 92 of the probe card 100

contgcteth &y addidd Lfciauvel Rirndy wWed wL£sdr dd I tesdr . 15 Fig. 13

shows a portion of a cross sectional view of a probe card 100

accor di ngt ot he mief.0RdsRFHIdrTeRboEl MeR® o PrL886hal Y LAh&0DE t 111y Gyskdnshows
a portion of a cross sectional view of a probe card 100 according to the

third enfotinpet fotmkhE gHASERdNsNVESL bABet welet tHOsSHOWS raddnitif a
cross sectional view of a probe 20 card 100 according to the fourth
enbodi mami©fsd hend ples e féeNVENtuder test shown in Fig. 8.
Fig. 10 shows a portion of a cross-sectional view of a probe
10 card 100 according to the first embodiment of the present invention.
Fig. 11 shows a portion of a plane view of the probe card
100 of an embodiment of the present invention.
Fig. 12 shows a contactor 92 of the probe card 100 contacted
to a pad 86 of the wafer 70 under test during a test.
15 Fig. 13 shows a portion of a cross sectional view of a probe
card 100 according to the second embodiment of the present invention.
Fig. 14 shows a portion of a cross sectional view of a probe
card 100 according to the third embodiment of the present invention.
Fig. 15 shows a portion of a cross sectional view of a probe
20 card100accordingtothefourthembodimentofthepresentinvention.
Fig. 16 shows a portion of a cross sectional view of a probe
card 100 according to the fifth embodiment of the present invention.
Fig. 17 shows a portion of a cross sectional view of a probe
card 100 according to the sixth embodiment of the present invention.
25 Fig. 18 shows a portion of a cross sectional view of a probe
card 100 according to the seventh embodiment of the present

invention.



Fig. 16 shows a portion of a cross sectional view of a probe card 100
according to the fifth enbodi nent of the present invent ion. Fig. 17 shows
a portion of a cross sectional view of a probe card 100 according to the

si xth enmbodi nent of the present invention. 25 Fig. 18 shows a portion of a
cross sectional view of a probe cardi800 according to the seventh

enbodi nent of the present invention. 18 Fig. 19 shows a portion of a

Cross sect | onak i ey GhofaPd o cadiflo A0 cReSar shogi d9al RA SR ahtdpenBadi ment
of the present 1nvention. Fig. 20 shows a portion of a cross sectional

Vie“’Ofc@r@fﬂﬁ%e@@f&i%&@o@ﬂ@% IHYh ERbLAEMBhALE aIEDesE 88RE iakehBeonhesent

invention. 5 Fig. 21 shows a portion of a plane vi w of a probe card

according to thegt eng kyeRiRodigmiti & ofNe cRbasesd ot 1WAl haRkw oFiHprdBeshows

a portion of a plrane vi w of "a probe card according to the el eventh

enbodi meat-q0f o d Q@cb%é?ﬂ% WO HE 8RN edbdH i mehtSHBWheF POSEhORNQENE 1 6HOSS
sectional view of a probe 10 card 100 according to the twelfth enbodi nent

of tdie present pigNVeRt kABwsFaIpott i8R0WS 8 nEQ'éfhieOK}i@fu afphapeckee cakdt he
probe card 100 according to tﬁe twel fth enbodi ment of the present

inventi @RcorQWey it Ehe t23thlenbodiméats e pRidddedit AnvRriiess
sectional view of a probe card 100 according to the thirteenth enbodi nent

of the present pignvent is@BwsFadpoZe iBR0WE a anhleom@fﬂ BfCHOpTobecthedal
view of a probe "card 100 according to the fourteenth enbodi nent of the

present 5o rdi¥eNtdcdheFied evéAtihewbodiapites ot heherekape ahviheiond of
t he cont act or
Fig. 23 shows a portion of a cross sectional view of a probe

10 card 100 according to the twelfth embodiment of the present
invention.

Fig. 24 shows a portion of a plane view of the probe card
100 according to the twelfth embodiment of the present invention
shown in Fig. 23.

15 Fig. 25 shows a portion of a cross sectional view of a probe
card 100 according to the thirteenth embodiment of the present
invention.

Fig. 26 shows a portion of a cross sectional view of a probe
card 100 according to the fourteenth embodiment of the present

20 invention.

Fig. 27 shows examples of the shape of the end of the contactor
92.

Fig. 28 shows cross sectional views of a probe card during
processes of the first step of the method for forming a contactor

25 according to the first embodiment of the present invention.

Fig. 29 shows cross sectional views of a probe card during

processes of the first step of the method for forming a contactor



92. Fig. 28 shows cross sectional views of probe card during processes of
the first step of the nmethod for orm ng a contactor 25 according to the
first enbodi ment of the present invention. Fig. 29 shows cross sectional
views of probe card during processes of the first step of the nethod for
ormng a contactor 19 according to th® second enbodi nent of the present
invention. Fig. 30 shows cross sectional views of probe card during

processesfrdiftRy $RFIME HRRHH i diRihRd JOr HY B ehtC oG Qlon .

according to the first embodi nent of the pre gent invention. 5 Fig. 31
shows anot her enROdhFesthows éﬂ&%&@@%gﬂgn&@l WERE ofl 30paBHe L P Rirtiinen

determ ning unit 132 shown in Fig. Fig. 32 shows a di agram of an

enbodi Mo detfahendi fite Ts'%%ofnrd?@té'?idf tR8andyndgifed aBrek 8etd idonft@hdr Fig.
33 shows di agrans of an enbodi nent for bending the 10 free unit 128a

formed igdcdAHify Md HHAGHWSR: dnidbdidMbrith Qs thd iy R tofi rdreradi ment for
bending the free unit 128a by using a magnetic field. Fig. 35 shows a

cross sectionalpiy.ew10Ehawsegh60REUCEMbod SRMhE ol 4he W EI MY RAGSI AT
contacted to el ect ode | eads by using 15 contactors of the present

inventiano Rl tHe PHIT iorf IRt rweGtirenalnid ew ofgrowenicanducty. device
140, wherein pads are contacted to external termnal balls by using

contactors of triey.presehbwkn¥eat h§Pham28f Bestethistei heit Gedr Wt iQY tiHee
I nventi on Now, preferred enbodi nents of the pre ent invention are

descri betheduinithel xes Gyt hed epladidmdts-ishdslgl ot be construed to limt
the clains of the present invention, or the features of
Fig. 33 shows diagrams of an embodiment for bending the
10 free unit 128a formed in a bimorph structure.
Fig. 34 shows a diagram of an embodiment for bending the
free unit 128a by using a magnetic field.
Fig. 35 shows a cross sectional view of a semiconductor
device 140, wherein pads are contacted to electrode leads by using
15 contactors of the present invention.
Fig. 36 shows a cross sectional view of a semiconductor

device 140, wherein pads are contacted to external terminal balls

by using contactors of the present invention.

20 Best Mode for Carrying Out the Invention
Now, preferred embodiments of the present invention are
described, but the described embodiments should not be construed
to limit the claims of the present invention, or the features of
the present inventiondescribed according to the embodiments should
25 not be construed to be essential to practice technical ideas of
the present invention.

Fig. 8 shows an embodiment of a semiconductor testing system



t he present invention described according to the enbodi nents should 25 not
be construed to be essential to practice technical ideas of the present
invention. Fig. 8 shows an enbodi nrent of a sem conductor for testing
system 20 30 for testing a circuit formed on a wafer 7 under test. The

sem conductor testing system 30 includss sem conductor testing equipnent
60 and a probe card 100. The sem conductor testing equipnent 60 includes a

testing souiPredsbody 4080 A teSEndigach 3 SPardhe; b estdds € prpwd  body

40 includes a pattern generator 42 and a waveform adjuster 44. The test
head 5 idGhielosadeSdbINAdst IdANSAddh N U1 (Rie AL JBRRRIH A0 ddlidipé. The

probe card 100 includes a contactor (not shown) which contacts t a contact

term nal eq@f prhdier Cé6 Cithd 4 Q5B Ot tdeL 0Rf Ofnd GsailesndeStor St &8I n

transmtted 10 fromthe signal transmtting unit 52 is trans itted %o t he

waf er 70y nt &Y 1hbrauel 4hedVaRe eRlidmtA bBRY &b Rl acuéputiady from

the wafer 70 under testis transmtted to the signal " transmttin wunit 52

throggh ghe MMobe Safth 100, 1 Jheh PadSF ' @enerBls 42 LanatAl &edasit st gnal s
used for 15 testing an integrated circuit manufactured on the wafer 70

under  t£slandlBewheeEosh MR Ss € 40 Othdede §0 K WY ¢hel yad] & &int
where the waveforns of the test signals are adjusted according to input

char act et tshdhsc ©fnd Mhidtsegeated wédSuhindNdelt 5ast TheTPRobESEasd AR S,  Of
whi ch waveforns are adjust d, are transmtted 20 to the signal transmtting

unit 52 amel ddenapiontiadedt thhdthehs@hBivhi é8 doideictesd aldoneught tdanipibe
card 100 fromthe ignal transmtting wunit 52. Then, the wafer 70 under

test prayf das cAwiduitt Sbed sn thRSKHE HN7d heideeste i IN@lignaantr-drieniitdat
signals are provided to the signal transmtting unit 52 through the probe
cardol00from the signal transmitting unit 52 is transmitted to the wafer
70 under test through the probe card 100, and a signal outputted
fromthewafer 70 undertest istransmittedtothesignal transmitting
unit 52 through the probe card 100.
The pattern generator 42 generates test signals used for
15 testing an integrated circuit manufactured on the wafer 70 under
test. The test signals are provided to the waveform adjuster 44,
where the waveforms of the test signals are adjusted according
to input characteristics of the integrated circuit under test.
The test signals, of which waveforms are adjusted, are transmitted
20 to the signal transmitting unit 52 and then provided to the wafer
70 under test through the probe card 100 fromthe signal transmitting
unit 52. Then, the wafer 70 under test provides output signals
based on the test signals, and the output signals are provided
to the signal transmitting unit 52 through the probe card 100.
25 The signal transmitting unit 52 provides output signals from the
wafer 70 under test to the measuring unit 54. The measuring unit

54 determines whether the wafer 70 under test is good or bad based



25 The signal transmtting unit 52 provides output signals fromthe wafer
70 under test to the nmeasuring unit 54. The neasuring unit 54 determ nes
whet her the wafer 70 under test ' s good or bad based 21 on the output
signals. Fig. 9 shows an enbodi nent of a signal t which perforns signal
transm ssi on between the wunit 52 and2ihe wafer 70 under test shown in 5
only probe card 100 is shown between the signal 52 and the wafer 70 under

test, bdh tas sheputi Bighsamsnm tting system may include a perfornmance
interface 74 for coupling the performance boa: card 100, in addition to

the probe cardrigQ. o Hhdweshni smbbXefedy of Wod Bin&hudanémipivigedseam The
test signals are transmtted through the transmtting system signal

transm hiikd pditfbrmts shfnkl ¢ radhsniisdisn bétwget e sfdigal Brahbaiscgngl a
board 72 and an -d 72 and the probe The wafer 70 under a noving stage

78.  pephatnmgncanboghd wafetheoi Wihdst acesty 4skaswh tihe Rirpbes .cand FiGQ sbhet ween
the signal transmtting unit 52 and the wafer 70 under A plurality of

contmact @nl y8Brebetdate 109 0k shews k@taledr 8hensidhal trdstEttiffeunit
per formance
52 and the wafer 70 under test, but, as shown in Fig. 9, the signal
transmitting system may include a performance board 72 and an
interface 74 for coupling the performance board 72 and the probe
card 100, in addition to the probe card 100. The wafer 70 under
10 test is fixed by a wafer chuck 76 provided on a moving stage 78.
The test signals are transmitted through the performance board
72, the interface 74 and the probe card 100 between the signal
transmitting unit 52 and the wafer 70 under test.
A plurality of contactors 88 protrude from a lower side
15 ofthesignal transmittingunit 52. The performanceboard 72 includes
aplurality of pads 80 and 82 on upper and lower sides, respectively.
The interface 74 is provided with a plurality of “pogo-pins” 90,
each of which has longitudinal elasticity, as contactors. The probe
card 100 includes a plurality of pads 84 on its upper side, and
20 a plurality of contactors 92 as probes on its lower side.

As shown in Fig. 9, according to the present embodiment,
the contactor 88 is contacted to pad 80, and pogo pins 90 on both
sides are respectively contacted to pads 82 and 84. Further, the
contactor 92 of the probe card 100 according to the present invention

25 is contacted to the pad 86 of the wafer 70 under test. According
to the present invention, the contactor 92 is made of amorphous

materials having a supercooled liquidphase region (“*metallicglass



a plurality of pads 80 and 82 on upper and |lower sides The interface 74 is
provided with a plurality each of which has |ongitudinal elasticity, as co
card 100 includes a plurality of pads 84 on its 20 a plurality of
contactors 92 as probes on it As shown in Fig. 9, according to the p the
contactor 88 is contacted to pad 80, @2d p sides are respectively
contacted to pads 82 and contactor 92 of the probe card 100 according to

the 25 ingteentaot eter@ ik tRad 86 t0fi & he crak@lct 601 WRdQY featt%ﬂeh%fpﬁ:?l%ent
i nvention, the contactor 92 is materials havi ng a supercool ed |iquid phase

regi on. dé%ﬂll16#E@%@nb@%@ﬁaaHﬂﬁshBﬁﬁhgkﬁﬁﬂﬁﬁlﬁQéiQy321tHé%%@%%cd@Q%d
respectively pogo- plns" 90 contactors. The probe its upper side,

and s hQWeri Siglise HRIAMN .eMMAEHEN .in DG Rigewi 38 it ilket b cHd 84.
Further, the e present i nventi on under test. Accordi ng nade of anorphous

~r egi on YgupRlrdldd1edhags id2phaBE eFdd on” ey gefahkar to bé d Temperature
characteristic feature of t%

5 range from the glass-transition temperature to the temperature
onwhichcrystallization is started. When the pads are electrically
coupled through the contactors, signal transmission between the
signal transmitting unit 52 and the wafer 70 under test becomes
available.

10 According to Fig. 9, as parts of the signal transmitting
system, the performance board 72 and the interface 74 are included,
but they are not essential and, as shown in Fig. 8, the probe card
100 may be directly coupled to the signal transmitting unit 52.

Fig. 10 shows a portion of a cross-sectional view of a probe

15 card 100 according to the first embodiment of the present invention.
The probe card 100 is electrically coupled to the plurality of
contact terminals provided on the circuit under test, and performs
a function of transmitting signals between the circuit under test
and the external semiconductor testing equipment. The probe card

20 100 includes a contactor 92, a substrate 94, a signal transmission
path 96, a grounding conductor 98 and a hole 102.

The signal transmission path 96 ig formed on the substrate
94. The substrate 94 is made of a dielectric or semiconductor
material. The contactor 92 is made of a metallic glass material

25 on an end portion of the signal transmission path 96 on one side

of the substrate 94. By using micromachining technology on the

metallic glass materials, it is possible to form the contactor



metallic glass material to show viscous fluidity in the supercooled 1|iquid
phase region. Further, in this specification, the "supercooled liquid
phase region" is defined to be a tenperature 5 range fromthe
glass-transition tenperature to the tenperature on which crystallization
is started. Wien the pails are electr2xally coupled through the
contactors, signal transm ssion between the signal transmtting unit 52

and the ﬂre?r%lngl‘fﬁu{:@%n@%ﬁwﬁo Byt | iﬁrai—@tﬁ(‘cpﬂ)f:ﬁlan@oﬁﬁ)a&@rs 9, as

parts o? the s gn transmtting system the perfornmance board 72 and the

interfage fdvaf nf-:ﬂgifgegimuPyénégﬁé!_lﬁf eTROt 65888t bRl 08Ny BSr®EQWI N
Fig. 8, the probe card 100 may be ditectly coupled to the signal

transm §Ling Wi tomeheFiGos1Pa 8805 A ROLhEORODE P LS %% 8R6HH2BAI tiéeew of
a probe 15 card 100 according to the first enbodi nent of the present

i nventi g, 5 T8, PSR CREEIPRel L SIRCEREEARLY £04NpI bt thBes@bythtéy oOf

contact termnals provided on the circuit under test, and perfornms a

fungti 0?4 of AEE@?%%%}'[ L89cBL9BRachal¥eBRoIACi B FEYLt 10NdERet €6htadpErt he
external sem conductor testing equi pnent. The probe card 20 100 includes a

contactgb 92, r3-uRStEabE Bdngaash@hgl fEbANEAE S§LBBrrR8EN996, Fargheyndi ng
conductor 98 and a hole 102. The signal transm ssion path 96 is formd on

the subgpratsncféeothss SURSIUM S ag‘lstir%igzkﬁ? pofrtad ot ekeehtied Qay from
i

sem conductor rmaterial. The contactor S made of a netal is glass

mat er i akpdSgQPs fPa €8 PAN LOBrefet BemghaRahngT &NeId s iR spdklirageonsone
side of the substrate 94. By using m cromachining technol ogy on the

metal lic gl assshBEerthié SsontadoPassiil Eokfear t tihe cxmDEaway £938m
extrenely mnute and also to forma plurality of the contactors 92
subgt anthal kybstpHtbangoushy . cditeacedt 8t WaH2 lisstfiaringd ifva vertical
direction against the surface of the substrate 94. Therefore, the
contactor 92 can elastically contact to the contact terminal formed
on the circuit under test during a test. The contactor 92 pushes
out dirt on the contact terminal (pad) and breaks through oxidized
15 film by contacting to and sliding against (scrub operation) the
pad of the circuit under test, so that sufficiently low contact
resistance is preferably achieved. According to the present
embodiment, the contactor 92 has elasticity inavertical direction
against the surface of the substrate 94 in order to be contacted
20 to and slide on the contact terminal provided on the circuit under
test.

In order to achieve reliable electric contacts of all of
the contactors 92 to the contact terminals (pads) of the circuit
under test, it is preferable for each of the contactors 92 to slide

25 independently on the terminals (scrub operation). According to

the present embodiment, each of the contactors 92 has independent

elasticity in a vertical direction against the surface of the



be away fromthe substrate 94 over the hole 102. For exanple, the

contactor 92 may be forned to be extended away fromthe substrate 5 94.
According to the structure shown in Fig. 10, the contactor 92 is formed to
be bended away fromthe substrate 94. Further, the contactor 92 includes a
straight portion extended away from t2¥ substrate 94 in a predeterm ned
angle with the substrate 94. Since the contactor 92 is forned to be

ext endedsEyrdt®94 Iihd hears st iaie 24 i 4 Cond st hthas: elasdd@ity in

a vertical direction against the surface of the substrate 94. Therefore,

the corndmcie nadr edashigaldy contact to the contact term nal fornmed
on the circuit under test during a test. The contactor 92 pushes out dirt

on the contact A&fdtdidg (RAheabflbbaeRAKEL t HOMIN 10¥idf.2ed, 18 Jidunding
contacting to and sliding against (scrub operation) the pad of the circuit

under tesdndwdcdhags sufiich eid | yréovdedNt Betprsesdsd ancechs Prrederaidey
achi eved. According to the present enbodinent, the contactor 92 has

el as§i cidFtha smbetiriatedd4 doheaki Nide afahngh dhecsmt d @Eer ob itderseirsdd at e 94
in order to be contacted 20 to and slide on the contact term nal provided

0-1 t he Bédstdingingercthiesdmbddimeies tioe aphb@vdineg!| dabdectedecds i Ls cant act s
of all of the contactors 92 to the contact termnals (pads) of the circuit

under testample iof preflenal sroeidensumit WhechprReidys aFrddetsdinlieneld
i ndependently on the termnals (scrub operation). According to the present

enbodi mevd] t &pe h IafottHer Roptac ttissgf3uhasng ridepRIvARIH 98 @lagsSihé aikyl tdyge

vertical direction against the surface of the 24 substrate 94 and can

achi eve pedviadiey elrdat whd choosagirdvidachpretietbemdiartiact f et sl sge .

According to the enbodi mrent shown in Fig. 10, a grounding

10 The grounding conductor 98 may provide grounding voltage.

The grounding conductor 98 may be preferably made of ametal.

Froma viewpoint of manufacturing the contactor 92, it ispreferable

to form the grounding conductor 98 on an area of one side of the

substrate 94 other than areas corresponding to the area on which

15 the contactor 92 is formed on the other side of the substrate 94.

In other words, it is preferable not to formthe grounding contactor

98 on an area of one side of the substrate 94 corresponding to

the area of the other side of the substrate 94 on which the contactor

92 is formed. The manufacturing process is described in detail

20 later, but it is preferable not to form the grounding conductor

98, which is a metal, on an area of one side of the subsgtrate 94

corresponding to the area of the other side of the substrate 94

on which the contactor 92 is formed in order to radiate infrared

light on the contactor 92 from both sides of the substrate 94.

25 The signal transmission path 96 is formed to constitute

a microstrip line having a predetermined characteristic impedance

with the substrate 94 and the grounding conductor 98. The




conductor 98, which is grounded, is provided on the other side 5 of the
substrate 94, on one side of which the contactor 92 is provided. According
to this enbodi ment, the groundi ng conductor 98 is an exanple of a voltage
providing unit which provides a predetermined voltage. In other words, the
groundi ng conductor 98 may be a voltag®e providing unit which can provide a
predeterm ned offset voltage. 10 The groundi ng conductor 98 nay provide

group i peayaktagestIbeigrodaitad T ehdunt oro88rirpyl hee preetiet efrhyi neddbyof a
metal. Froma view point of manufacturing the contactor 2 , it is

pref er abhe kimdfqr mikhecgrountdbngi ngnshe abstGate aa, arlteclofeamefstie of
the substrate 94 other than areas corresponding t the area on which 15 the

cont act @up82rhsef oamaddonitiha 6fheheskdgnalt beaashissaba B4th bA, othdr
words, it is preferable not to formthe rounding contactor 98 on an area

of one sidesopréherspbst tatira thtHin eapandiednrice natetdmen sahteheoother side
of the substrate 94 on which the contactor 92 is forned. The manufacturing
pr ogess basedo S aidhednt acderadd . Zhricaiear,, fbon tite vieprpdenalfeshoengbhf or m
t he groundi ng conductor 98, which is a netal, on an area of one side of
t he substratieetdntGoltespopdeigrabl & heo anadee Gt tlem st epogitdenf ofhghe
substrate 94 on which the contactor 92 is formed in order to radiate
i nfrar e@igniaghi ramsties canpach®s 82af tiwm dxod bisidest bfthehesamaibet pdiieco4. 25
The signal transmission path 96 is forned to constitute a microstrip line
havi ng glpsedeberenindd uskdr doreitihet icontepedan©@ . Vit lrhtilse cagigst &t €94 and
the grounding con ctor 98. The 25 characteristic inpedance of the
m cr ost prefdrahd e ts ftereatri Feabthyhetrer ki oms oleadi thesnd ef fidimsagnehe
substrate 94, thickness of the substrate 94 and width of the signal
transm syieorsnEatsic®b padiid 96 ttd dbeprisftecatsited avifdi mihel womt Ak Bce
mat ching state to the _ '
According to the first embodiment of the present invention, the
signal transmission path 96 shown in Fig. 10 is made of a metallic
glassmaterial, but it isalsopreferable tomake almost all portions
of the signal transmission path 96 with a metal of which resistance
15 is lower than that of metallic glass material in order to lower
resistance of the signal transmission path 96. But, as described
above, because of the strength requirement, the portions near the
endof the signal transmissionpath 96 arepreferablymadeofmetallic
glass material together with the contactor 92 in the manufacturing
20 process of the contactor 92.
Fig. 11 (a) shows one side of the probe card 100 on which
a plurality of contactors are formed. The plurality of contactors
92 are disposed at the same pitchwiththat between contact terminals
(pads) of the circuit manufactured on the wafer under test. The
25 pitch between at least the end portions of the signal transmission

paths 96 is the same with that between the contactors 92. The gsignal

transmission path 96 includes a parallel transmission path formed



5 base of the contactor 92. Further, fromthe view point of strength
requirenment, it is preferable to nake at | east a portion of the signal
transm ssion path 96 near the end of it wit h the sane netallic glass
material used for the contactor 92. In this case, it is preferable to
format | east the portions near the end6of the signal 10 transm ssion path
96 to be integrated with the contactor 92. According to the first

enbodi Mty ¥ gl PrEseid tHy et Pie (AR tisd d@bst FRASN BSpHFaPRED 96 shown
in Fig. 10 is nmade of a netallic glass material, but it is also preferable

to neke wtdmshisdiolpathadnsal 8 phRa1synad aﬁé@lﬂéﬁ?&&b@&eﬂ&iﬁhr%nﬂééirbrﬂ
nmetal of which resistance 15 is | ower than that netallic glass nmateri al

i n orderpdtth] ®itice &% sbaneetel dheositHWlpridsamemiaveanipat hsIhaditor as
descri bed above, because of the strength requirenment, the portions near

the enda afetdlFl ¢ Qbdsd Madset 551 Aty pad drShacti En Pief esathyl oapgle Df tBtallic
glass material together with the contactor 92 in the manufacturing 20

process phsdiiel € ot add HFo2. a b Purdlli yd)o B henst Qo 1sd 2 ddodhesgsrabingar d
100 on which a plurality of contactors are fornmed. The plurality of

contact ots a PRuzatidiysppiRdiabnt Hemat piteh stréd. thatsbel veafosDitlact
termnals (pads) of the circuit manufactured on the wafer under test. The

25 pit chebetvmeisatheeashthbeognd2 pesttadsordindia Epadgndl spoaaani g sdron
paths 96 is the sane with that between the contactors 92. The signal
transm ssiedl pattaP bon ncheldesreuparahder ted@nsm ssion path forned 26 to be
parallel to the surface of the substrate. A parallel transmssion path is
al so parall el tmiganadilh@) paoald el pprabsnisSiobadgrakehrfSiceceft tice qardlsect or
92 of the present invention is nade of a netallic glass material by
m cilomacdard nge thec lmigleogheriet coatacpossi bke foruedpodecarding at o tFiapf
contactors 92 correspondi ng
11(b), a grounding conductor 98 is not formed on a location 99
of the back surface of the side where the contactor is formed,
whereinthe location 99 corresponds tothe locationof the contactor.
As described above with reference to Fig. 10, from the view point
15 of amanufacturingprocess, it ispreferablenot toformthegrounding
conductor 98 on the location 99.
Fig. 12 shows a contactor 92 of the probe card 100 contacted
to a pad 86 of the wafer 70 under test during a test. As described
above, each of the plurality of contactors 92 has elasticity in
20 a vertical direction against the surface of the substrate 94.
Therefore, the contactor 92 can make a reliable electric contact
with the pad 86 in spite of the height variations of the pad 86
and/or contactor 92. With the reliable electric contact between
the contactor 92 and the pad 86, it is possible to reliably transmit
25 test signals during a test.

Further, there is an oxidized layer on the surface of the

pad 86, but it is required to make a reliable contact between the



to a plurality of pads on a narrow pitch area. ""t is also possible to
di spose the contactor 92 corresponding to pads disposed in an areal array
on the circuit under test. Fig. 11(b) shows a portion of a back surf ace of
the probe 10 card to the side where contactors are formed. According to
Fig. 11(b), a grounding conductor 982Ys not fornmed on a | ocation 99 of
t he back surface of the side where the contactor is fornmed, wherein the

| ocat i 0pa89% ¢ e epeNdsnt act Be I PCAIHIAY af téhe. comiactiy is Psedeseblbed
above wth reference to Fig. 10, fromthe view point 15 of a manufacturing

proce$5foktthé_EbﬁtgeebkeenOEOtpré@énhhaesmi@unahngsceaﬁﬂuah@r838 @p.the
| ocation 99. Fig. 12 shows a contactor 92 of the probe card 100 contacted

to a padn86tnbrt B8rwaf eenéOcundartbesbaduki Bendatest. tdstHesphalibed sabove,
each of the plurality of contactors 92 has elasticity in 20 a verti cal

directi enaddal pebsttiRe: surface o thd@adlds bhat@arPhake therefWieel bberic
contactor 92 can nake a reliable electric contact wth the pad 86 in spite

of tshe hehghbtvahkat kaaspall Bee pad 86 and/or contactor 92. Wth the
reliable electric contact between the contactor 92 and the pad 86, it is

possi bl e t:) relgably shoagsaigortiord 68ta sirgBal Sechtii oyl &iledsdbt dFprober,
there is an oxidized |layer on the surface of the pad 86, but it is

r equi r edatra@ 10EkEc ot &l habbe hesd asid eboetnehbefXhe poels &t andehbéon.
contactor 92 during a test. Thus, it is preferable for the contactor 92 to

press amdesbirdpeoratsicnob) ithelpadr86alllncotibdedwebdshet peueantagt of 92 is
contacted to the pad 86 so that it rubs the surf ace of the pad 86 and can

make rekbabhetaleattirial s Sormed afttheidirduie mede B6esti, gndlthsh@uacaiparti on
of a cross sectional view of a probe
10 of transmitting signals between the circuit under test and the
external semiconductor testing equipment. The probe card 100
includes a contactor 92, a substrate 94, a signal transmission
path 96, a grounding conductor 98, a hole 102 and a low-resistance
unit 104. Elements designated by the same reference numbers with
15 those shown in Fig. 10 have the same functions of the corresponding
elements shown in Fig. 10.

The probe card 100 includes a low-resistance unit 104 near
the signal transmission path 96, and the low-resistance unit is
made of a conductor having lower resistance than that of the signal

20 transmission path 96. To be concrete, the low-resistance unit 104
ig formed on the signal transmission path 96. In other words,
according to the second embodiment, both the low-resistance unit
104 and the signal transmission path 96 in unison function as a
gsignal-transmitting path of low resistance through which signals

25 are transmitted. As described above with reference to Fig. 10,

from the view point of strength requirement, it is preferable to

make at least a portion of the signal transmission path 96 near



card 10 O according to the second enbodi nent of the present invention. The
probe card 100 is electrically coupled to the plurality of contact
termnals formed on the circuit under test, and has a function 10 of
transmtting signals between the circuit under test and the external

sem conductor testing equi pnent. The @Bobe card 100 i ncludes a contactor
92, a substrate 94, a signal transm ssion path 96, a groundi ng conduct or

98, a hehe 4fAd Ndid Wil tes ShABCRetHDL i cllasE ibnttalesicandoedthy t he
sane reference nunbers with 15 those shown In Fig. 10 have the sane

functi ogenealkerCorr.eIPORGIiRI cagleemamt S sShoWd iprefiegabl@ tb Henpreke card
100 includes a | owresistance unit 104 near the signal transm ssion path

96, and1bhe reewstesicet ange woil o8 wibele wdsHsanehicion it Rganoveat
resistance than that of the signal 20 transm ssion path 96. To be

concr et @f hBLal DMl §BhSs anpmitil, Hohr thel 01 gRE1 WrdiEniségieh datanssi ssi on
path 96. In other words, according to the second enbodi nent, both the

| owg esiigi Eer UBi Towshddedndt hhee P UfRE whcd@S$ Gied Dt Pt dm OBt 11y pait&oN
function as a signal -transmtting path of |ow resistance through which

si gnal s 22 BbR-teansthhéediniASl desiey ppedeahbie niddofed lewseeisd skiagcelO,
fromthe view point of strength requirenent, it is preferable to nmake at

| east anmp@Edien ofsudie a3 grrald,t rcappErs s indiekedt, h 2Gntienrm, 21 dthsuendrof it
with the sane netallic glass material used for the contactor 92. In this
case, i trhcsliainsoByr €bemahbethe Iownrébbsthnwe rasiistiEnt ey tthE04igaklwhi ch
resistance is lower than that of netallic glass material, near the signal
transm sSisgsndaisi R6 gatn 9@, d erurtrerdteneil awe sissitrdnc e hnfoudie tideol e si gnal
-transm tting path. The |owresistance unit 104 is preferably nmade of a
| oV 0 esilstwailes i staireyd alnitsuch. ass golrdsudapper, iaipkesibld i manntpliat i num
or
resistance of the whole signal-transmitting path of the signal
transmission path 96 and the low-resistance unit 104 at a low level,
so that attenuation of high frequency components can be decreased.
Fig. 14 shows a portion of a cross sectional view of a probe
15 card 100 according to the third embodiment of the present invention.
The probe card 100 is electrically coupled to the plurality of
contact terminals formedonthecircuitundertest, andhasa function
of transmitting signals between the circuit under test and the
external semiconductor testing equipment. The probe card 100
20 includes a contactor 92, a substrate 94, a signal transmission
path 96, a grounding conductor 98, a hole 102 and a low-resistance
unit 104. Elements designated by the same reference numbers with
those shown in Fig. 10 have the same functions of the corresponding
elements shown in Fig. 10.
25 Compared to that shown in Fig. 13, the low-resistance unit

104 of the probe card 100 shown in Fig. 14 is further extended

near to the contactor 92. In other words, according to the probe




rhodium By formng the | owresistance unit 104 near the signal

transm ssion path 96, currents flow mainly through the 10 | owresistance
unit 104. As a result, it is possible to maintain resistance of the whole
signal -transmtting bath of the signal transm ssion path 96 and the

| ow-resi stance unit 104 at a |l ow | evel29 so that attenuation of high
frequency conponents can be decreased. Fig. 14 shows a portion of a cross

secti onalay 8WOf tRePESREactSrCds di d ULALP LY BOnbLal NRat &1 sh eibqiyent of
the present invention. The probe card 100 i$S electrically coupled to the

pluralitys @he S%ha_?ttif&ﬁ%ﬂéﬁoﬁ%b&@@ R e reifosd,t 1underpdesip1 and, has a
function of transmtting signals between the circuit inder test and the

ext er nalnzSe1H LONdds 8f 288 JNEhE @R ERR Ly JNENAMIREs ¢80 81 R rhildigldides a
contactor 92, a substrate 94, a signal transm ssion path 96, a grounding

conduct Hat98.96 410l£ 12 ARk R, | vt aGfiatiid dO4hidH efBfency
desi gnated by the sane reference nunbers with those shown in Fig. 10 have

t he samedupiddins Qfn the [oresPuKlighs&d ements shown in Fig. 10. 25
Conpared to that shown in Fig. 13, the lowresistance unit 104 of the

probe card 100 skpwisighdvuda gdrt Soh Wit Birsnd eadedonteadidw Jfhg griBeact or
92. In other words, according to the probe 29 card 100, the contactor 92

i s coat ethhy160 BetakrdiBLed Bhe 85uehlembd i@t HPRE phreaaal iSHict Rt h 96.
Therefore, it is possible to maintain resistance of the contactor 92 and

the si gnale tgdsdn st o Patd Sediriacd 10w |@glledad hale Flharuaid b of
hi gh frequency 5 conponents can be further decreased. Fig. 15 shows a

porti on ddntad ©65mELEL & EBamedicRIv 1 c arphiObendeatdst0la e BOE A fithdtd drhe
fourth enbodi ment of the present invention. The probe card 100 is
el ecori coft | yrayosnpl tedi ip s idiea 18 Wedwdeh afhe circuit under test and the
external semiconductor testing equipment. The probe card 100
includes a contactor 92, a substrate 94, a signal transmission
path 96, a grounding conductor 98, a hole 102, a low-resistance
unit 104 and a contacting unit 105. Elements designated by the
15 same reference numbers with those shown in Fig. 10 have the same
functions of the corresponding elements shown in Fig. 10.
Compared to that shown in Fig. 13, according to the probe
card 100 shown in Fig. 15, a contacting unit 105 is formed on the
end of the contactor 92. The contacting unit 105 is made of a metal
20 material and may be preferably made of the same metal material
with that used for the low-resistance unit 104. By forming the
contacting unit 105 of low resistance and the contactor 92 on the
end of the contactor 92, it is possible to make a low-resistance
contact between the contact terminal (pad) 86 of the circuit 70
25 under test and the contacting unit 105.
Fig. 16 shows a portion of a cross sectional view of a probe

card 100 according to the fifth embodiment of the present invention.



contact termnals formed on the circuit under test, and has a function 10
of transmtting signals between the circuit under test and the external
sem conductor testing equi pnent. The probe card 100 includes a contactor
92, a substrate 94, a signal transm ssion path 96, a groundi ng conductor
98, a hole 102, a lowresistance uniB0104 and a contacting unit 105.
El ement s designated by the 15 same reference numbers with those shown in
Fig. 10ThavprbBe sawm 1buneki emscetithelgocoappeddtogthbepkural shpwafin
Fig. 10. Conpared to that shown in Fig. 13, according to the probe card
100 showBntBcEit@rmihala Eorteddhibewiitcul )inder t estpdndmhadwfuratiof t he
contactor 92. The contacting unit 10 5 is made of a netal 20 material and
may be pretenabhytiadg sfighhesspeewsehathentertal twuhlerhatstseddf ohet he
|l ow-resistance unit 104. By forming the contacting unit 105 of |ow
resi st apgeezndlt Bemieshactebro2een ihhe eq@igmehtt. heThonpacherc82d 100i s
possible to ma e a | owresi stance contact between the contact term nal
(pad 8inefiutlee ai eouchctBr 25,uadeubkeshtand4the edpghatt trgnemitsi6h. Fig.
16 shows a portion of a cross sectional view of a probe card 100 according
to the biathhoenbadyrsnhdOhgtdenfiesentos nwentdlen. 1020 aThewprebéstandel00 is
electrically coupled to the plurality of contact termnals fornmed on the
ci rcui t umAden o4esahd andohaacaihgunatitonosof El carsatist tesdgsagerdl bybeheeen
the circuit under test and the external sem conductor testing equipnent.
The prokeameardfé@enbei nahbdes i tdottlacteosh@@n ansbbgt rbd é1dd thessgnmel
transm ssion path 96, a groundi ng conductor 98, a hole 102, a
| ow r esifsinatdensurift thd cand eapoortiact ielgmemitts H®wrEliend#hos dési gnat ed by
the sane reference nunbers with those showmn in Fig. 10 have the sane |

10 Compared to that shown in Fig. 13, according to the probe

card 100 shown in Fig. 16, the low-resistance unit 104 is further
extended near to the contactor 92 and a contacting unit 105 is
formed on the end of the contactor 92. The low-resistance unit
104 and contactingunit 105 are respectively made of ametal material
15 and may be preferably made of the same metal material. The probe
card 100 shown in Fig. 16 exploits both results of the probe cards
shown in Figs. 14 and 15.
Fig. 17 shows a portion of a cross sectional view of a probe
card 100 according to the sixth embodiment of the present invention.
20 The probe card 100 is electrically coupled to the plurality of
contact terminals formedonthe circuitunder test, andhasafunction
of transmitting signals between the circuit under test and the
external semiconductor testing equipment. The probe card 100
includes a contactor 92, a substrate 94, a signal transmission
25 path 96, a grounding conductor 98, a hole 102 and a low-resistance
unit 104. Elements designated by the same reference numbers with

those shown in Fig. 10 have the same functions of the corresponding



functions of the corresponding el ements shown in Fig. 10. 10 Conpared to
that shown in Fig. 13, according to the probe card 100 shown in Fig. 16,
the lowresistance unit 104 is further extended near to the contactor 92
and a contacting unit 105 is formed on the end of the contactor 92. The
| ow-resistance unit 104 and contacti 8§ unit 105 are respectively made: of
a netal material 15 and may be preferably nmade of the sane netal material.

The prokeemearté LBOwahawn Hig.Fi1g.. 16 exploits both results of the probe
cards shown in Figs. 14 and 15. Fig. 17 shows a portion of a cross

sectional vi ewcemparedobe tlat dsHdh decehidi.ny3t catderdindg tendhedpirebe of
the present invention. 20 The probe card 100 is electrically coupled to
t he pl urcalrd ¥ 00f showhath FegMm 1A odtch itk eidrE airatisnti syider phest 96and
has a function of transmitting signals between the circuit under test and

the extgidnahes adwcaR@UGitahdee Sinitg 18QU igararm BheEywcaldencafd 2100 i ncl udes
a contactor 92, a substrate 94, a signal transm ssion 25 path 96, a

gr odi R geRNGtees et iachphehlORrangh avh Dyhk reisirsdlaneae tbhsil4teld, ement s
designated by the same reference nunbers with those shown in Fig. 10 have

t he samasd urcthengaele bife Fder.r aspovdilige3thel erebks catdwehownFig. Fig.
Conpared to that shown in Fig. 13, according to the probe card 100 shown
i n Fi g. 187, hootelvetrhe asicgiralinr awns rihes paobeaiclardo 1 0andhbhe Liawkigsi at7ance
unit 104 performa fu action of a 5 signal-transmtting path through which
si gnal s tdreestipaadnt tdmsini sason ipatie 96ate Dirmed .tclBe dndrker ttimrptbbe and
shown in Fig. 13, however, according to the probe card 100 shown in Fig.
17, t hehsiwmnah Rigand i, ssndiheat bw9Bes ssfancedirtic bosdhmireky thransmias
shown in Fig. 13, and the lowresistance unit 104 mainly transmts
10 signals, which is clearly shown in Fig. 17. In the case of the
probe card 100 shown in Fig. 13, it is also possible to form almost
theentireportionof the signal transmigsionpath 96 withamaterial
of high conductivity (low resistance), as described above with
reference to Fig. 10. In the case of the sixth embodiment, at least
15 a portion of the signal transmission path 96 may be preferably
made of a metallic glass material in order to achieve the strength
requirement of the contactor 92. As a result, it is possible to
maintain resistance of the whole signal-transmitting path of the
signal transmission path 96 and the low-resistance unit 104 at
20 a low level, so that attenuation of high frequency components can
be decreased.

Fig. 18 shows a portion of a cross gsectional view of a probe
card 100 according to the seventh embodiment of the present
invention. The probe card 100 is electrically ¢oup1ed to the

25 plurality of contact terminals formed on the circuit under test,

and has a function of transmitting signals between the circuit

under test and the external semiconductor testing equipment. The



10 signals, which is clearly shown in Fig. 17. In the case of the probe
card 100 shown in Fig. 13, it is also possible to formalnost the entire
portion of the signal transm ssion path 96 with a material of high
conductivity (low resistance), as described above with reference to Fig.
10. In the case of the sixth enbodi ner®2, at |east 15 a portion of the
signal transm ssion path 96 nay be preferably nmade of a netallic gl ass

mat eri alpidbedicded t0oachtBigelhe Ridttddy Jequl é@ﬁg%aeé she Laigehor 92.
As a result it is possible to maintain resistance of the whol e signa

-transi Fﬂx‘d‘i&nﬁ%&ﬁdﬁ e o gnal ﬂd@f&ﬂf%cﬁfﬁxﬂfﬁ&% and e 102, a
| ow-resistance unit 104 at 20 a ow | ev so that attenuation of hlgh

f r equenawbweagIRArcC athi el o B s horft bt iy Prowe: a @or tR 1Mt Cr oss
sectional view of a probe card 100 according to the seventh enbodi nent of

the presRiyigridheenblyofhe indrelFereaicd AQHbessabBei thodle) sﬁ@WﬁlﬁdFtl the 25
plurality of contact termnals formed on the ircuit under test, has a

funcg i on fhdveangid tdanty RirgtalchdIete tde-r@s)| otngrai%rmetr&sg sﬂﬂﬁlri he
external sem conductor testing equipnent. The 3 probe card 100 includes a

contactgm %4.g.a ubstrate 94, a signal transm ssion path 96, a grounding
conductor 8, a hole 102, a |owresistance unit 104 and a contacting point

107. Elements aiegdgral ed bilathehsaieid efief.enge avabeasnyl tb draserPHamn in
Fig. 5 13 have the sane functions of the corresponding elenments shown in

Fi g. 13.cdzaimarcedhiocomt Aat FsBowWDsi, nb&tl. tHe , s Bt di rghdmoi o gsh owar d
100 shown in Fig. 18, both the signal transm ssion path 96 and the
| ow r esisaidande Urovi- Ak gredas mrmitf ot iper fdrmd &l Ewidaiadn tefansm tting path
t hrough which signal are transmtted,
10 signal-transmitting path through which signals are transmitted,
as in the case of Fig. 17. According to the seventh embodiment
of the present invention, a contacting point 107 is provided on
the end of the contactor 92 and the contacting point 107 contacts
to the contact terminal provided on the circuit under test. The
15 contacting point 107 is preferably made of a “contact-point
material”. The contact-point material is defined to be a material
having high electric conductivity, high thermal conductivity, low
contact-resistance, lowadhesiveness, poor welding characteristic
and high corrosion-resistance. Since the contacting point 107
20 directly contacts to the contact terminal of the circuit under
test, stable signal transmission is achieved. Moreover, by coating
the surface of the contactor 92 other than the area where the
contacting point 107 is provided with a metal material, attenuation
of high frequency components can be decreased.
25 | Fig. 19 shows a portion of a cross sectional view of a probe

card 100 according tothe eighthembodiment of the present invention.

The probe card 100 is electrically coupled to the plurality of



as in the case of Fig. 17. According to the seventh enbodi nent of the
present invention, a contacting point 107 is provided on the end of the
contactor 92 and the contacting point 107 contacts to the contact term nal
provided on the circuit under test. The 15 contacting point 107 is
preferably made of a "contact-point ®8terial". The contact-point material
is defined to be a material having high electric conductivity, high therns

conduct k¥ht¥ct! W niGRINAES rfi@$ b thecs r oW HENEE L ¥8 B Shd 0o Fuakding
characteristic and high corrosion-resistance. Since the con acting point

107 20 difr eebhygmsertiagt siballkebeertast ther plifahief uhBerciceeti hnundae
test, stable signal transm ssion is achieved. Mreover, by coating the

sur f ace egf etrhe 1c @i endul oot ke tihan elqul pakeek .Whehe phebeceatactbog poi nt
107 is provided with a netal mat erial, attenuation of high frequency

conponenhgledesbe deamteated 929 B gubifrehenwssa ROELibaA1Otranemession
sectional view of a probe card 100 according to the eighth enbodi nent of

t he r egafh H8Yyenyirodndihbecoi@bersarnd,18thdke eloacind callby-zespkedntet he
plurality of 33 contact termnals formed on the circuit under test, and

has a fumdti 006 . oflénenssiddd ighai ghalys thet y&ee tdferdrncsidunbedes wiedt and
the external sem conductor testing equipnent. The probe card 100 i ncludes

a cont acheise9hown SUbBigatim Rdveals game furitsiomsbarttbe patite86onding
groundi ng conductor 98, a hole 102 and a |lowresistance wunit 106. Elenents
desi gnakdénantisheheane irefraena® .nunbers with those shown in Fig. 10 have
the sanme functions of the corresponding elenents shown in Fig. 10.
According to Fiagcoi8ing towigsild arcéowriresiB6ansef oniredl 04 4 sndarmekde
signal transm ssion path 96, and the | owresistance unit is nmade of a
corduct ereadrarhagsigweEl tresisstizaden panhtdmt aall the low-resistance unit
is made of a conductor having lower resistance than that of the
signal transmission path 96. To be concrete, the low-resistance
unit 106 is formed on the signal transmission path 96. It is
preferable that at least a portion of the signal transmission path
15 96 ig directly attached to the substrate 94. As described above
with reference to Fig. 10, from the view point of strength
requirement, it is preferable to make at least a portion near the
end of the signal transmission path 96 with the same metallic glass
material used for the contactor 92. As a result, since the electric
20 resistance of the whole signal-transmitting path is decreased,
it is preferable to form the low-resistance unit 106 having lower
electricresistance thanthemetallicglassmaterial near the signal
transmission path 96. The low-resistance unit 106 is made of a
metal, preferably gold. Further, as described above with reference
25 to Fig. 13, the low-resistance unit 106 may be made of other

low-resistance metal, such as copper, nickel, aluminum, platinum

or rhodium. By forming the low-resistance unit 106 near the signal



signal transm ssion path 96. To be concrete, :he |owresistance unit 106
is formed on the signal transm ssion path 96. It is preferable that at

| east a portion of the signal transm ssion path 15 96 is directly attached
to the substrate 94. Ns described above wth reference to Fig. 10, from
the view point of strength requireneri4 it is preferable to nmake at | east
a portion near the end of the signal transm ssion path 96 with the sane

metal | i o Hansi sdidrerpaadn Used diFrdites Gord aet W12 - mdSn By restdligh Stee the
el ectric 20 resistance of the whole signal-transmtting path is decreased,

it is priferddstdandonmitcne okQnakesisdance, Uri i s196s8a¥l 80 aBimeLlectric
resi stance than the netallic glass material near the signal transm ssion

path 96.reldtestaved &F shenseqgtailtt#8shsssbde Wit gereiah, 1welferab) ol d.
Furt her, as described above with reference 25 to Fig. 13, the

| owr esigiance detuatih Ey hhghmagdeqaeneyhesmpbadht €St&h I Rid®iclsedlch as
copper, nickel, alum num platinum or rhodium By formng the

| ow § esisirade & Henthii g0 regaenthe compBakbnB4 of I albrdsss Ofl Pidy LhrdigH ent s
are flowng mainly through the |owresistance unit 106. As a result, it is

possi bl ecHed dragrie 1 tran e t5it B o h el 151y el ow TG HAS e ERGi) a
| ow | evel, so that attenuation of high frequency conponents can be

decr easethe ZrButeH ridheochdgl tbireggeneiye o0 eGSRt yCHbMBBhEnt EOYE Nthe
through the signal-transmtting path mainly flow on the surface facing

t he gr oungdtrentc arehucdadi 198, pddre By dfodniataltey leswpaneidtsarde threit cuog ent
can easily pass by formng the | owresistance unit 106 under the signal
t ransm ssider paid dgndD Fransissimwspacpo¥d i on of a cross sectional view
of a probe card 10 0 according to the ninth enbodi rent of the pre sent
i nveat ion. Tieigr abeslvawsl alpOrt sorlethreadd gectipnad vhewlvef alpyrade ty of
card 100 according to the ninth embodiment of the present invention.
The probe card 100 is electrically coupled to the plurality of
contact terminals formedonthecircuitundertest, andhasa function
of transmitting signals between the circuit under test and the
15 external semiconductor testing equipment. The probe card 100
includes a contactor 92, a gubstrate 94, a signal transmission
path 96, a grounding conductor 98, a hole 102, a grounding conductor
layer 108 and a dielectric layer 110. Elements designated by the
same reference numbers with those shown in Fig. 10 have the same
20 functions of the corresponding elements shown in Fig. 10.
According to Fig. 20, a grounding conductor layer 108, which
is grounded, is formed on one side of the substrate 94. A dielectric
layer 110, which is made of a dielectric material, is formed near
the grounding conductor layer 108. The dielectric material 110
25 may be made of a different material from that used for the substrate

94. According to the ninth embodiment, the signal transmission

path 96 is formed near the dielectric layer 110.



contact termnals formed on the circuit under test, and has a function of
transmtting signals between the circuit under test and the 15 external

sem conductor testing equi pnent. The probe card 100 includes a contactor
92, a substrate 94, a signal transm ssion path 96, a groundi ng conductor
98, a hole 102, a groundi ng conductor35l ayer 108 and a dielectric |ayer

110. El enents designated by the sane reference nunbers with those shown in

Fig . 10 have hheo2aiR _t?cptfllért%ék%‘%agﬁ_i(ﬁ‘@s%@%eﬁ@(ﬁfi@f.nﬂoﬂtﬂgg\%ﬁnémom in
Fig. 10. According to %lg. 20, a groundi ng conductor layer 108, ich is

groundedyshamf 85RBH gatan_@ssif%mgf al Recsuhstrpt €194, Andial eekriac | ayer
110, which is nmade of a dielectric material, is fornmed near the groundi ng

conduct grehayeirmif8d fhardiekbeskiic FRbennakbell@odathBy hethRdaeof a
different material fromthat used for the substrate 94. According to the

ninth eghpdi#aBE, ok hensi Wl gt B YodudRaih 986 iThef EnaAREcBe2isthe
dielectric layer 110. 35 According to the probe card 100 shown in Fig. 10,

t he ssi gRabebibaBEMbESEBR RALRCBErigr TEna AbCHeskimA nkdnByWdiieh ehasia
predeterm ned characteristic inpedance, together with the substrate 94 and

the gropadiengagondedt @br98neThabehataet oni sthecknesped@neReobubberate
mcrostrip line is determned by dielectric mnaterial used for the

substrabe 94g whheknegsthe thgnaubsibabeis84oangavhdbB.ofint bRisi gask,
transm ssion path 96. In this case, because of the strength requirenent,

the thi pkressc@rf the sihgigtit eeqldrenent ( the it ekides of fhedabetraned
t hi ckness, and the kind 10 of dielectric material may be limted.

Accor di Bg shound peohereatitahO@ phedetemmEngd 26ickhessigarall theaksndssi on
path 96 together with the grounding conductor layer 108 and the dielectric
| ayier 13F Bdelecariccmaskeripll mag e dimited.
According to the probe card 100 shown in Fig. 20, the signal
transmission path 96 together with the grounding conductor layer
108 and the dielectric layer 110 forms a microstrip line of a
predetermined characteristic impedance. Therefore, the
15 characteristic impedance of the microstrip line is not affected
by the thickness or material of the substrate 94 which is restricted
by the strength requirement but determined by thickness andmaterial
of the dielectric layer 110 and width of the signal transmission
line 96. Therefore, by controlling the thickness and material of
20 the dielectric layer 110, it is possible to form a minute signal
transmission line 96. Thus, according to the probe card 100 shown
in Fig. 20, it is possible to dispose the contactor 92 on a narrow
pitch area while the impedance matching condition is maintained
to the base of the contactor 92.
25 Fig. 21 shows a portion of a plane view of a probe card

according to the tenth embodiment of the present invention. The

probe card 100 includes a contactor 92, a substrate 94, a signal



predeterm ned characteristic inpedance. Therefore, the 15 characteristic
i npedance of the mcrostrip line is not affected by the thickness or
material of the substrate 94 which is restricted by the strength

requi renent but determ ned by thickness and material of the dielectric

| ayer 110 and width of the signal tran¥m ssion |ine 96. Therefore, by
controlling the thickness and material of 20 the dielectric layer 110, it

i'S possittendmidoin %a@hﬂgéﬁ Sl rodh@NEMSsieoM b | MhO§rodhdsngacass di ng
to the probe card 100 showmn in Fig. 20, it is possible to dispose the

contact 01192 HIF A bRWweRn!l 681ghearvhyl 8i§hali 6PLAINLEs 18H CHH s cndi tion
is maintained to the base of the contactor 92. 25 Fig. 21 shows a portion

of a pl ame sHeaw ah &iprope, Cehd gRsed thda e the tentbreghoshaenttmt he
present invention. The probe card 100 includes a contactor 92, a substrate

94, a sighaliBparalarINMivsshoth@ad ;%0 RthamiFNWlilnGe bBe B ZEorheng
grounding line 112 is forned between nei ghboring signal transm ssion |ines

96. 5As shewrcdunding. 12de 112 9t Awgbsgiblsadddppsebsrdmskapalk dniery and
in parallel with the signal transmssion line 96. By formng 5 the

gr oundi ngeldghisodiidy signad Posssbl €sion UpRILo6. Crassigabk wrmignission
nei ghboring signal transm ssion lines 96. The signal transmssion |ine 96

t oget herlivé bettduygraieat W et h gheussh-a101 ¢ 1 8eochhdiharinme opt &das ddpesnamnd
can be applicable to high frequency signal transmission. 1In this case, the

char act et 1sé4 ¢ andpedabeapm ideikdrant 0 éd ghyf tdgudiicyatienadl t ¥ndries sidast rat e
94, width of the signal transm ssion path 96, width of the grounding |ine
112 and Iih stlaie ecdet Wedre cherasitgrdlstticadspedanes pat deOératmed hey grloaindi ng
line 112. Fig. 22 shows a portion of a plane view of a probe card
accdoodi ngateridk ef evientdulentocmieed, ofidtie @f edentsignEhtimmsmission
path 96, width of the grounding line 112 and distance between the
signal transmission path 96 and the grounding line 112.
Fig. 22 shows a portion of a plane view of a probe card
according to the eleventh embodiment of the present invention.

15 The probe card 100 includes a contactor 92, a substrate 94, a signal
transmission path 96, and a grounding line 112. According to the
probe card 100, two grounding lines 112 are formed between
neighboring signal transmission lines 96. Therefore, it ispossible
to further suppress cross talk among neighboring signal

20 transmission lines 96 than the tenth embodiment shown in Fig. 21.

Fig. 23 shows a portion of a cross sectional view of a probe
card 100 according to the twelfth embodiment of the present
invention. The probe card 100 includes a contactor 92, a substrate
94, a signal transmission path 96, a grounding conductor 98, a

25 hole 102, a grounding line 112 and a backside pad 84. The signal

transmissionpath 96 includesapenetrating-transmittingunitwhich

is formed topenetrate the substrate inadirectionof its thickness.



15 The probe card 100 includes a contactor 92, a substrate 94, a signal
transm ssion path 96, and a grounding line 112~ . According to the probe
card 100, two grounding lines 112 are fornmed between nei ghboring signal
transm ssion lines 96. There --fore, it is possible to further suppress
cross tal k anong nei ghboring signal 287transm ssion lines 96 than the tenth
enbodi nent shown in Fig. 21. Fig. 23 shows a portion of a cross sectional

vi ew of 18,0F Oy / 3EE FOP0 GRS H IOt bP £ 1B tiieebbhba et dbnBENpeEothed

present Tnvention. The probe card 100 i ncludes a contactor 92, a substrate

94, a siggaknkr 8AsHL38L0RaRABA . 9GheapaheeRdi-iagCeRdusattI8g andt hel e 102,
a grounding line 112 and a backside pad 84. The signal transm ssion path

96 incl gdeserapepehiaki BE- af MRRAN kbkBgikNi bfwhiigh cosdubeivedyto penetrate
the substrate in"a direction of its thickness. 37 |nput and/or output of

signals to/ fremetdes oM astaned212 s Pepkpedetbamt & rdicahackspdeapad184.
The penetrating-transmtting unit is preferably nmade of a netal naterial

of Iy ghygenduebi BibnalTheaaspuading baot 552 hscbedird apathef cagidnd in
parallel 5 with the signal transm ssion path 96. According to the twelfth

enbodi NMefbodi henkeneheabiengti-baAsg-tiran@mdRitti ngf unfie fghdle stibaadni ssion
path 96 is fornmed in the direction of thickness of the substrate 94. By

form ng thhRsaiandnngathngs 112, fbrmedans echdalididiicf dfhehickness of
penetrating-transmtting unit of the signal 10 transm ssion path 96 is

nai nt ai pe, sARE tidhtieS oRQS SyblFerd nguppeesFouRHAny llahk amangineedhheri ng
signal transm ssion paths 96. According to Fig. 23, one grounding line 112

corr espeRAThifcORE thiedRanetirandmostiremspaitt %9, unit:, offr amet keigrniadw poi nt
of suppressing cross talk, a plurality of grounding lines 112 can
correspaeidnsmibzioncpatgred ibrmaniani sshed, paidhi®6is posshble o soppereas
pluralIZiggg talk among neighboring signal transmission paths 96.
According to Fig. 23, one grounding line 112 corresponds to one
signal transmissionpath 96, but, fromthe view point of suppressing
cross talk, a plurality of grounding lines 112 can correspond to
15 one signal transmission path 96. Further, in case a plurality of
contactors 92 are integrated, one grounding line 112 may correspond
to a plurality of signal transmission lines 96.
Fig. 24 shows a portion of a plane view of the probe card
100 according to the twelfth embodiment of the present invention
20 shown in Fig. 23. According to this plane view, there are shown
the contactors 92, the substrate 94 and the holes 102. According
to the probe card 100, the contactors 92 are distributed on the
substrate 94. This probe card 100 has an area-array adaptability
so that it may be used for testing a circuit where contact terminals
25 (pads) are distributed in a plane (area).

Fig. 25 shows a portion of a cross sectional view of a probe

card 100 according to the thirteenth embodiment of the present



contactors 92 are integrated, one grounding line 112 may correspond to a
plurality of signal transmission lines 96. Fig. 24 shows a portion of a

pl ane view of the probe card 100 according to the twelfth enbodi nent of
the present invention 20 shown in Fig. 23. According to this plane view,
there are shown the contactors 92, th&8substrate 94 and the holes 102.
According to the probe card 100, the contactors 92 are distributed on the

subst r atiev34t i OA.STRAAPEr6BEd-AP8 1E6 B Ridss Adrida iy ad g 998, t hat
it my be used for testing a circuit where~ contact termnals 25 (pads)

are di styrihgbedats g4 RiNe §23§83] - t FRABenLEs ShWath PNt ASNsIdwi? 161 €58
sectional view of a probe card 100 according to the thirteenth enbodi nent

of the presARy,3BccbRIERY itdNthd Rirdbll @bed aaind 28 conthedes sCord Fokhles 92a
and 92b, a substrate 94 and a sSignal transmi ssion path 6. As shown in the

drawi ng.on2eeehds ek Cof hthdd R taaltd $A0, ThBecsRt dSEd OIS A Bakpdedon
both sides of the substrate 94. The contactor 92a is disposed 5 on one side

of tdhe dshe iAIIE thLCOBLSPOHNE JUor Padratksphrdcts aupdd ofneles ctiestitand
the contactor 92b is fornmed on the backside of the substrate 94 in place

of the padied4 tsheWn and fhg Onthiecy 92al ist Farsrds sinokhpabhckE@iidecbfdes a
penetrating- t ansmtting unit 97 for electrically connecting the

cont act @ 84Bserdt82n iAsplgserdibetelPad By ehvivhhi @fiey.epcertieo shigthal24,
the penetrating -transmtting unit 97 is preferably nmade of a netal

mat er i alt reindilighs icenguehi ¥6 tincldday aepénébnse)ngFurahenitasngdeaacit vad
above, a portion of a parallel transmtting unit of the signal

t ransm £Hros ot i &H1 1 ebongatedngrthead@t &ttt ois bha atidr dHs cAsdelslee ideldst r at e

94 is preferably 15 made of a netal material f or enabling high speedsignal
transm sdicare witTheafetaaricoto $aly .i 34 pate péneat net fhd + crghami asitdenit
COﬂtaCt%& is preferably made of a metal material of high conductivity
(low resistance). Further, as described above, a portion of a
parallel transmitting unit of the signal transmission path 96
elongatedinparallelonthesurfaceof thesubstrate 94 ispreferably
15 made of ametal material forenablinghigh speedsignal transmission.
The contactor 92b is made of a metallic glass as the contactor
92a.
By forming the contactor 92b on the surface of the backside
of the substrate 94, the probe card 100 also has elasticity on
20 its backside as well as the other side on which the circuit under
test is contacted. Referring to Fig. 9, since the contactor 92b
provided in place of the pad 84 is reliably contacted with the
pogo-pin 90, the signal transmission between the interface 74 and
the probe card 100 can be reliably made. Further, according to
25 the thirteenth embodiment, since contactors 92a and 92b have

elasticity on both sides of the probe card 100, it is possible

for the contactor 92b to directly contact with the contactor 88



92a. By formng the contactor 92b on the surf ce of the backside of the
substrate 94, the probe card 100 also has elasticity on 20 its backside as
well as the other side on which the circuit under test is contacted.
Referring to Fig. 9, since the contactor 92b provided in place of the pad
84 is reliably ontacted with the poga%in 90, the signal transm ssion
between t e interface 74 and the probe card 100 can be reliably made. Fur

her, accef dilg & g2%l tthearddhi 4ot hoLtipost ment, since contactors 92a and
92b have elasticity on both sides of the probe card 100, it is possible

for the contactmig92lg sipowls EepblyieardMatcrbsd skt iconllaciew FBa3Prowd the
signal transm ssion path 52. Fig. 26 shows a portion of a cross secti nal

Vi ew of @aypd ob®o fedstkdDty acs itk NEbuirr ddiecH astidepithdnerdpdie Pdredenithe
present invention. This probe card 100 includes a plurality of contactors

5 92a anth@aix igm oudishgrbbyedsrdIacantdc938esan pabgiandicsy 84 @tk i ghned
transm ssion paths 96. As the probe card 100 shows in Fig. 25, ~contactors

92a and 92 aadeo 119y Fedundibet Tawd s 93afaride3byhs sudkeralé. o4 Badeoiyact or
92a i s disposed on one side of the substrate 94 to correspond to a pad of

t he circtirdnsmiesidespathangé i s ctnd astslie 12206 dlvwediwrFride dmcksi de
of the substrate 94 in place of the pad 84 shown in Fig. 9. The contactors
92a and O2htarteors exta iagd bgb avdpfetnéd @atiottl Bedew aft tite Sdubtirate
transm ssion path 96. The signal transm ssion path 96 includes internal
transm t24 ng The tcont@sdordSRaand Giespekedgahednenspdeadt ethé csulbeetsand ace
of the substrate 15 94 inside the substrate 94, and a penetrating
transm t24 hg anrtespehrmhgabqibd of ahdi ¢ 2ctw Dnunflertieckdnessd athet dentsadasdr at e
94. The <contactor 92b is made of a netallic glass as he contactor 92a.
10 92b is formed on the backside of the substrate 94 in place of the
pad 84 shown in Fig. 9. The contactors 92a and 92b are electrically
coupled to each other via the signal transmission path 96. The
signal transmission path 96 includes internal transmitting units
95a, 95band 95celongated inparallel tothe surface of the substrate
15 94 inside the substrate 94, and a penetrating-transmitting unit
elongated in a direction of thickness of the substrate 94. The
contactor 92b is made of a metallic glass as the contactor 92a.
As the probe card 100 shows in Fig. 25, by forming the contactor
92b on the backside of the substrate 94, the probe card 100 of
20 the fourteenth embodiment has elasticity on its backside as well
as the other side on which the circuit under test is contacted.

The probe card 100 has multi-layered internal transmitting
units 95a, 95b and 95c¢. According to Fig. 26, two layers of wiring
lines are provided inside the substrate 94. The contactors 92a

25 are located to correspond to the locations of pads of the circuit

under test, and contactors 92bare located to correspond to pogo-pins

90 (see Fig. 9) disposed on the interface 74. Distances among pads



As the probe card 100 shows in Fig. 25, by formng the contactor 92b on
t he backside of the substrate 94, the probe card 100 of 20 the fourteenth
enbodi ment has elasticity on its backside as well as the other side on
which the circuit under test is contacted. The probe card 100 has
multi-layered internal transmtting uridts 95a, 95b and 95c. According to
Fig. 26, t o layers of wiring lines are provided inside the substrate 94.

he cont 3t @he 828cu2b @@t A te hrleD ek ERSIINENbOL L Nendl S d PisnPlarrds of
the circuit under test, and contactors 92b are | ocated to correspond to

POgo- pi Rfene¥h10S£8eki €o B sPaTRes e8rORet Nerdiithleaee i Adcohda i AHE @6 tATONG
pads 40 of the circuit under test are extrenely short, and pogo-pins are

gener al lghes @i dtarResspaead taet Pelst ronuel hedSotdi k@ NRtR0 Folirtdeerithe
di stances anong the pads. Thus, according to the fourteenth enbodinent, in

order tenHennddl |h Crade ddheletmbdans, Fup earthed Yorithe tsrgnala
transm ssion paths 96 have internal transmtting wunits 95a, 95b and 95c,

whi ch argh@dopgahed iyrzal erdeémi Osibepastefarieawd i hberadbdrsaistmi®4, ingnsi de
the substrate 94. Inside the substrate 94, the internal transmtting units

95a, 9Shiraitk HHn, @3 piref asApl wHidHedd @ lkegatdd irl aaf=Ad d1n t dibeect i on
of thickness 10 of the substrate 94. According to the probe card 100 shown

in Fig. sMfaddofi gher gabstranend4d | iigidd thedbabandafbcoandiridicde nitey nal
transmtting unit 95b are disposed at different distances from the surface
of the siltwitee P4 | nHaadtdw@rmibYratani®ttingd miigh 953ahe sBkgrald 95¢
transm ssion path 96 inside of the substrate 94 is shown 15 in one

di mensi are pr&fgralRby formesl qoyied audbl el hipetodiniahé@ine et hon olf ayeirckrigss Wo

di rensions, and the internal transmtting units on the wiring |ayers are
extendedf mh¥Ysdbsechtorst. Begordingstovichepanpeesand lidte shbapeiwfFiidhe end

of the contactor

26, the internal transmitting units 95a and 95c¢ and the internal
transmitting unit 95b are disposed at different distances from
the surface of the substrate 94 inside the substrate 94. Although
the signal transmission path 96 inside of the substrate 94 is shown
15 in one dimension in Fig. 26, it is preferable to form the wiring
layers in two dimensions, and the internal transmitting units on

the wiring layers are extended in XY directions.
Fig. 27 shows exampleg of the shape of the end of the contactor
92. For example, the contactor 92 may be formed to have a sharp
20 end which narrows towards the end, as shown in Fig. 27(a). Or,
the contactor 92 may be formed to have a round end which also narrows
towards the end, as shown in Fig. 27(b). Or, the contactor 92 may
be formed to have a two-fingered fork shape end, where each of
the fingers has a sharpend, as shown inFig. 27 (¢) . Or, the contactor
25 92 may be formed to have a two-fingered fork shape end, where each

of the fingers has a round end, as shown in Fig. 27(d).

Now, with reference to Figs. 28 to 34, there is described



92. For exanple, the contactor 92 may be fornmed to have a sharp 20 end

whi ch narrows towards the end, as shown n Fig. 27(a). O, the contactor 92
may be formed to have a round end which also narrows towards the end, as
shown in Fig. 27 (b) . O, the contactor 92 may be forned to have a
two-fingered fork shape end, where eactH of the fingers has a sharp end, as
shown in Fig. 27 (¢ ~. O, the contactor 25 92 may be formed to have a

two- fingaie@thddoEbrsheprihpct cohereteashwhont e donteritedas a dendykend,
as shown in Fig. 27(d). Now, with reference to Figs. 28 to 34, there is

descri begkdinagl eihed Sulst@t8 NgE . EHBIRE terd W€ Fod 15F ot rae tegidhrial a
contact termnal, on a substrate of a probe card for perform ng signal

transm sstisnited yReD Bdvadin Cthd eieiit asidand e £xd etial extsermgbnduct or
testing equi pment by electrically coupling the 5 contactors to a plurality

of the couhiEdndedtbmnad sty spimment ey céY&an 1 ctey doghl irddecmet hod
for formng a contactor includes a first step for formng a free unit by

sepas at | dghttctedits s td Gl ud 1 Ay abryiw oty Hemiiadle WARssdddys )
froma substrate, and a second step for form ng a contactor by bending the
free unithe tQrAsidesndebedstn Tied aekhbdl fny £birgsng28candazfoghiove ades
enbodi nent of the first step of the method for formng a contactor, and
Figs. 3 Firet34tsbofioantemnndy refiteefunhhe ksecepe rsitamgobnf endipwrtaion
contactor. Figs. 28 (a) to 28 (f) show cross sectional views of a probe
card durofigapranegsesuofldjer f (mstaklep gfaddel aggod fam  ubstgratld, a

contactor according to the first enbodi nent of the present invention,
wher ei n and resecond st2@afot formeirad bi comt astsot dyelbending awhreefrby dmirtd ng a
cantilever 128 of an anorphous material (nmetallic glass) . Referring to
Fi g30 28Ad4 aedarizied fin) dethlié belsw, eibmpsli htand @@ sbowi ang drbeodimentuni t
128 a is described in detail, here inafter.
of the first step of the method for forming a contactor, and Figs.
30 to 34 show an embodiment of the second step of forming a contactor.
Figs. 28(a) to 28(f) show cross sectional views of a probe
card during processes of the first step of the method for forming
15 a contactor according to the first embodiment of the present
invention, wherein a free unit 128a of a metallic glass layer is
formedby formingacantilever 128 of anamorphousmaterial (metallic
glass) . Referring to Figs. 28(a) to 28(f), the first embodiment
for forming the free unit 128a is described in detail, hereinafter.
20 First, as shown in Fig. 28(a), Si0O; layer 120 is formed on
a substrate 94 by a low temperature CvDmethod. Here, it ispreferable
to use a substrate 94 which is not deformed by heat and made of
an insulating material. According to this embodiment, a substrate
94 made of Si is used.
25 Then, as shown in Fig. 28 (b), the Si0; layexr 120 ig partially

etched by the photolithography process, and an SiO; sacrificial

layer 120a is formed on a predetermined area of the substrate 94.



20 First, as shown in Fig. 28 (a) , Si02 layer 120 is fornmed on a
substrate 94 by a |l ow tenperature CVD nethod. Here, it is preferable to
use a substrate 94 which is not deformed by heat and nade of an insulating
material. According to this enbodinent, a substrate 94 nmade of Si is used.
25 Then, as shown in Fig. 28 (b) , thd2Si02 layer 120 is partially etched
by the photolithography process, and an Si02 sacrificial |ayer 120a is

formed oRea,paegel pimidedi@rgspDied henh YMstgaifd¥ of42heTBOBst#apel gun de
is applied on the surface of the substrate 94 and the sacrificial |ayer

120a andnhatdenedcrili¢biaanlalem nooe bhagehatddhebayeheén,i andepasihas on
the harden Ed polyimde |layer, and a predeterm ned portion of the

deposi t edydrl 4yRI Isyetthdd Gepoaytadcondt iy Harderd pelerimidedlapape for a
metallic glass |layer 126a, which is forned |ater, by a photolithography
processandha psdapeephnihbé petealdhcofltass daysyitbalf daved liat ecched
determned in this photolithography process. Then, the polyimde |ayer is
dry-set chedybycdstdindg e & gmiddtgrminddghapa formasketd D1l At tglragd Yagkehi ng
the polyimde |ayer, as showmn in Fig. 28(c), the Al layer is wet-etched
away, andeht,ewhatiii isdBormy@rlatsdwmpas; ac pbiotiold thodraehshapecekst. hehe
nmetallic glass |ayer 126a, which is forned later, is disclosed. As shown
in Fig. sh8pe)of tttee metallliic dasss|lyesr 126a Sorhbdnbatrdoriredebgrspnetier i ng
a netallic glass material on the sacrificial [|ayer 120a, the substrate 94
and t heipokhisi dhotayethdadtaphycprdcegs .t Thehi,starbpdilyemideZi&yalr is used
as the netallic glass material. Then, as shown in Fig. 28(e), the pol mde
| ayer 124vi-etcbedhby awdyg Ohet remsuibdnoafd d4yewrhesnet aalskc gl ass | ayer
126a 20 and the sacrificial |ayer 120a remain. The sacrificial |ayer 120a
10 After dry-etching the polyimide layer, as shown in Fig.
28 (¢), the Al layer is wet-etched away, and the polyimide layer
shaped according to the shape of the metallic glass layer 126a,
which is formed later, is disclosed.
As shown in Fig. 28(d), the metallic glass layer 126 is
15 nowformedbysputteringametallicglassmaterialonthesacrificial
layer 120a, the substrate 94 and the polyimide layer 124. According
to this embodiment, ZrCuAl is used as the metallic glass material.
Then, as shown in Fig. 28(e), the polyimide layer 124 is
etched away. On the substrate 94, the metallic glass layer 126a
20 and the sacrificial layer 120a remain. The sacrificial layer 120a
remains between a portion of the metallic glass layer 126a and
the substrate 94.
Fig. 28(e’) shows a plane view of the probe card shown in
Fig. 28(e). According to the method for forming a contactor of
25 the present invention, it is possible to form a plurality of minute

metallic glass layers 126a simultaneously by using micromachining

technology of a metallic glass material. According to Fig. 28(e’),




remai ns between a portion of the netallic glass |ayer 126a and the
substrate 94. Fig. 28 (e') shows a plane view of the robe card shown in
Fig. 28(e). According to the nethod for formng a contactor of 25 the
present invention, it is possible to forma plurality of mnute netallic
gl ass layers 126a simultaneously by ud4Bng m cromachi ning technol ogy of a
nmetallic glass material. According to Fig. 28 (e') , 43 there are shown

three (8hewetakbi gnelassnkayers)lrbaaloiaedians thgesacipbackakmbayen 120a
and the substrate 4, as an exanple. As described above, since the shape of

the netahki gagtasschiayelayd26mos fed ethd natbdnrddwmtoqf atshanpekyinpide | ayer
124, according 5 to the first enbodinent, the netallic glass |ayer 126a has
a shar paseadsshapedsipwiie| Nsth@e 27 Bhagd &t tde Hedwllid Blgss28af/k)y , the
sacrificial |layer 120a is etched away, and a cantilever 128 of an

anor phoagsani erdét ertiimédidy e hgltass) the polyiamiddylayemuiag tbeogdengfi ci al
| ayer 12oa, 10 the netallic glass cantilever 128 includes a free unit 128a
sepd at ed the dirdicenbbatimahe, Yhe ARtddddd edsallowesr aceardasg thakpe

first step of the method for formng a contactor of the first enbodi nent
of the phésehhpel BWeRh an, Fib.i @70a3sible to provide a nmethod for formng a
plurality 15 of mnute netallic glass cantilevers 128 by using a
sacrificial | ahen,l2Bashbunt hergiqc @y tfi)ng the tshicy idileddilmiaert heoa
nmetallic glass layer 12 6 is forned by sputtering, but it is of course
possi bl és etched awagr, kndva reniddevieirka2BhefPHn rmorpthioslse oaterialeam
deposition, coating nethod or CVD nethod. 20 Figs. 2 9 (a) to 2 9 (d) show
Ccross sdakitaidli cvwykass ofi saf qamedek. By arethatimignghesecessasiafll Tdweeof ROk, st ep
of the method for formng

10 themetallicglasscantilever 128 includesa freeunit 128a separated

from the substrate 94.

As described above, according to the first step of the method
for forming a contactor of the first embodiment of the present
invention, it igpossible toprovide amethod for formingaplurality

15 of minute metallic glass cantilevers 128 by using a sacrificial
layer 120a. Further, according to this embodiment, the metallic
glass layer 126 is formed by sputtering, but it is of course possible
to use other known methods like the PVD method including electron
beam deposition, coating method or CVD method.

20 Figs. 29(a) to 29(d) show cross sectional views of a probe
card during processes of the first step of the method for forming
a contactor according to the second embodiment of the present
invention, wherein a free unit 128a of a metallic glass layer
(metallicglassg) 128ais formedbyremovingaportionof the substrate

25 94. Referring to Figs. 29(a) to 29(d), the second embodiment of

the first step for forming the free unit 128a is described indetail,

hereinafter.



a contactor according to the second enbodi mrent of the present invention,
wherein a free unit 128a of a netallic glass layer (netallic glass) 128a
is formedby renoving a portion of the substrate 25 94. Referring to Figs.
29 (a) to 2 9 (d) , the second enbodi nent of the first step for formng
the free unit 128a is described in det#il, hereinafter. 44 As shown in
Fig. 29(a), a polyimde layer 160 is fornmed to have a predeterm ned shape

for a metallic xg agsowrdyiet ,Fadhi Cip (d)s, forgad dmids , 1Oret hes s ubst e P4 by
a photolithography process. The shape of the netallic glass |ayer 162a

forned @ efave dehreidatRethinzd BhiapieS FRROLOhEt HDUL 8PHYa s OLLFSr, Mieikh as
shown in Fig. 29 (b) , the netallic glass layer 162 is forned by

sputt er i g farmetdld ter gbasshasubstahtennd be £phstbatiehof4aphe phscdy yi i de
| ayer 160. In this case, ZrCuAl is used as the netallic glass material. 10

Then, asTishghapedtige méfaltlc glldits Doyt Mede dcnsd 180etd s @itcdrash ravay -
Therefore, the netallic glass |layer 162a remains on the substrate 94.

Accosdi ngn ttth i depiet Stk Hegr sty pigo@e€odHnt act or  of the present invention,
it is possible to forma plurality of mnute nmetallic glass |ayers 162a

si mul t aneousl y Thyensiazgshbwii L anrc.hpi(by , t ehdndegyl id od aset dhiee ASS
material. Fig. 2 9 (c I) shows a plane view of the probe card shown in
Fig. 2 94 cormeichpraiuntgdming §.mex D ic blhss hheseial rah shewubdreecd 3)
nmetallic glass |ayers 162a formed on the substrate 94, as an exanpl e.
Accor di nzg tand hehes godnd redeo diayent 16t0he Inethlibi cageassrtayerid62se@®Bdas a
sharp end shape shown in Fig. 27 (a) , as in the first enbodinent. Then,
as showthe hettplRi® ¢ifss mapsede: er mi ned portion of the substrate 94
under the netallic glass |ayer 162a is etched
10 Then, as shown in Fig. 29(c), the polyimide layer 160 is
etched away. Therefore, the metallic glass layer 162a remainsg on
the substrate 94. According to the method for forming a contactor
of the present invention, it is possible to form a plurality of
minute metallic glass layers 162a simultaneously by using
15 micromachining technology of a metallic glass material.
Fig. 29(c’) shows a plane view of the probe card shown in
Fig. 29(c). According to Fig. 29(c’), there are shown three (3)
metallicglass layers 162a formed on the substrate 94, as anexample.
According to the second embodiment, the metallic glass layer 162a
20 has asharpendshapeshowninFig. 27(a), aginthe first embodiment.
Then, as shown in Fig. 29(d), a predetermined portion of
the substrate 94 under the metallic glass layer 162a is etched
away, and a hole 102 is formed. Ag a result, aportionof themetallic
glass layer 162a is separated from the substrate 94. To be concrete,
25 the free unit 162a separated from the substrate 94 is formed by

- etching away a predetermined portion of the substrate 94 under

the front end of the metallic glass 1l62a.



away, and a hole 102 is formed. As a result, a portion of the netallic

gl ass layer 162a is separated fromthe substrate 94. To be concrete, 25 the
free unit 162a separated fromthe substrate 94 is fornmed by etching away a
predeterm ned portion of the substrate 94 under the front end of the
nmetallic glass 162a. 45 Fig. 2 9 (d 145 shows a pl ane view of the probe
card shown in Fig. 2 9 (d) . As shown in the draw ng, one hole 102 is

formed under tiwey meteald i)c stbagsal py&fie kbikaw JRUttheapeobei 88rd Osiasah hiel
.enbodi ment, holes are formed under each of the netallic lass |ayers 162a.

3 5 As desgriZzed)abageshbih irefreleeaeawti aghi @te O d @)oot 0s2£8rhéd under
according to the second enbodi nent of the first step for formng a

cont act thehet A2l peedenis 1axwenl 628, but , i scqsdiny o baohev ditbodi maithod for
forming a free unit 128a by renoving a predeterm ned portion of the

subst r atleo Bels vancker £ dreried Ninddn edch hef el matoa 0l s glldk 8 ayeredb2e62a.
Further, according to this enbodinent, the netallic glass |layer 126 is

forned by sputtxs idegcriiled abbseofitlueferpnse bbeFid. 294 a9t ber2 kpwn
met hods |i ke the PVD nethod including electron beam deposition, coating

met hod cicédMEd 1ed vad thiel gecodl é@od dmeht (&) tHwWiekasstepcfoomdrnvirens of
a probe 15 card during processes of the second step of the nethod for

form ng a catti@sdvrofaater dpregent theehtish, efrbodlsnpossbibl é hto Prseide
i nvention, wherein the contactor is formed by bending the free wunit 128a.
Ref erri ng MexHadg$or3fotming ;a IdefeehinittiEsd ibysreewbddgne dreddt ddvei rsetond
step for formng the contactor 92 by bending the 20 free unit 128a is
descri besbrnioeicdl the arbeitnaltteep4 Unddthast remb edidhehtthe metbilddciglidss28a
formed according to the first enbodinent of the first step shown in Fig.
28 L8 uskmlyer 162a. Further, according to this embodiment, the metallic
glass layer 126 is formed by sputtering, but it is of course possible
to use other known methods like the PVD method including electron
beam deposition, coating method or CVD method.
Figs. 30(a) to 30 (e) show cross sectional views of a probe
15 card during processes of the second step of the method for forming
a contactor according to the first embodiment of the present
invention, wherein the contactor is formed by bending the free
unit 128a. Referring to Figs. 30(a) to 30(e), the first embodiment
of the second step for forming the contactor 92 by bending the
20 free unit 128a is described in detail, hereinafter. In this
embodiment, the free unit 128a formed according to the first
embodiment of the first step shown in Fig. 28 is used.
First, as shown in Fig. 30(a), the substrate 94 is reversed
fromthe pogition shown in Fig. 28 (f) . In other words, the substrate
25 94 is disposed to make the free unit 128a toward the direction

of gravity.

Then, as shown in Fig. 30(b), a bending adjustor 130 is



First, as shown in Fig. 30 (a) , the substrate 94 is reversed fromthe
position shown in Fig. 28 (f) . In other words, the substrate 25 94 is

di sposed to nake the free unit 128a toward the direction of gravity. Then,
as shown in Fig. 30(b), a bending adjustor 130 is 46 provided at a
predeterm ned | ocation under t substréfe 94. The bendi ng adjustor 130 is
preferably of rigidity, and, in this enbodinent, a quart By disposing the

bendi ngpagi;ugtar ad 38 %keae@éeﬂ@h@anla@at5ohtuhaeposhébbarfaceoofrohethe
anount of bending 128a when the free unit 128a is bent. In order to

det er m geLERLaPESH | AMObendi®l adgusbormin ¥ pre@iably htsusspraterabl e
adj ustor 130 having position determning unit 10 determning unit 132 is

used toodeteqiiiney | hendosin itoni Adniidimelil) at gaaptedglassi sedstostei on
under substrate 94. The position determning unit be a menber of a
predet egyidiaghd£itg Bhierbdidiig adjubeocsurl@ee afpridieteandineg pdgision, 130.
IS position determning unit 132 is determ ned predeterm ned distance
bet \Bee_ni_t:hﬁs Spt_ﬁé@ﬂ@Be asl doie feandhegamdinst of HStdimy aconhectfireg thet
determining unit 132 on the substrate 94, it the bending adjustor 130 at a
predet engbaedheROthubgireat and4. 1Z8a hendieng.adj ustor 130 is preferably of
hi gher transmttance for infrared light than t 94. Further, the bending
adj ustor 130 i snndede® to determine the position of the bending adjustor
130, as shown in Fig. 30(b’), it is preferable to use a bending
adjustor 130 having position determining units 132. The position
10 determiningunit 132 isusedtodetermine the positionof the bending
adjustor 130 at a predetermined location under the surface of the
substrate 94. The position determining unit 132 may preferably
be a member of a predetermined length in the vertical direction
from the surface of the bending adjustor 130. The length of the
15 position determining unit 132 is determined based on the
predetermined distance between the surfaces of the substrate 94
and the bending adjustor 130. By contacting the end of the position
determining unit 132 on the substrate 94, it is easy to dispose
the bending adjustor 130 at a predetermined position under the
20 substrate 94.
The bending adjustor 130 is preferably made of a material
of higher transmittance for infrared light thanthat of the substrate
94 . Further, the bending adjustor 130 is made of a material having
high rigidity and flatness less than +/- 10 um in order to form
25 contactors 92 of uniform amount of bending. The flatness of the

bending adjustor 130 is preferable to be less than +/- 5 um, and

further preferable if less than +/- 2 um.



high rigidity and flatness less than +/- 10 e surface of the preferably a
substrate z glass substrate. predeterm ned position, g of the free unit
e bending adjustor a to use a bending 132. The position position of the
bending the surf ace of the L32 may preferably vertical direction The

|l ength of the based on the f the subslirate 94 end of the position is easy
to dispose position under the nmade of a material hat of the substrate E

a material havithen,Mkskswerid 8i§orin {daf negsofed Deghd LOAACIAEERL of
uni form anount of bendi ng. The bendi ng adjustor 130 is preferable to be
| ess t hagh the FoeMiniand2 84l tieel , el ehabheedfl ilo@%Si 4 haRadhatddWRrough
the Si substrate 94 and quartz glass bending adjustor 130. The
bending adjustor 130 is preferably made of material which is not
5 deformed by heat when the infrared light is irradiated. Since the
free unit 128a is heated within a very short time period, it is
preferable to irradiate both sides of the substrate. As described
above with reference to Fig. 11 (b), the grounding conductor 98
made of metal is not providedon areas corresponding to the locations
10 of free units 128 on the backside of the surface of the substrate
94 where the metal cantilevers 128 are formed. Since the infrared
light can not pass through metal, it is impossible to irradiate
the infrared light on the free unit 128 from the backside of the
substrate 94 if the grounding conductor 98 is provided on the whole
15 surface of the backside of the substrate 94. Therefore, according
to the embodiment shown inFig. 11 (b), since the grounding conductor
98 is not provided on areas of the backside of the substrate 94
corresponding to the locations of free units 128, it is possible
to irradiate the infrared light from both sides of the substrate
20 94,

The metallic glass has characteristics of being amorphous,
high yield strength, high breaking tenacity, high
corrosion-resistanceandhighhardness. Further, themetallicglass
also has characteristics of plastic deformation and less viscosity

25 at ahigher temperature. According to the present embodiment, ZrCual
of Zr series is used as the metallic glass, and it is possible

touseothermetallicglasses, suchas Pdseriesor Ti seriesmetallic



47 Then, as shown in Fig. 30 (c) , infrared light is irradiated on the
free unit 128a. Here, the infrared light is rradiated through the S
substrate 94 and quartz gl ass bendi ng adjustor 130. The bendi ng adj ustor
130 is preferably made of material which is not 5 deformed by heat when the
infrared light is irradiated. Since t8 free unit 128a is heated wthin a
very short time period, it is preferable to irradiate both sides of the

subst r ala 5 A% A83C PR e rARMR WM tLf erence to Fig. 11(b), the grow ding
conductor 98 mmde of netal is not provided on areas corresponding to the

| ocations 10 ofryfef egedNidi: 1%%%&8%@29&%@61@% hg Mfﬂﬁ%é’fsttalﬂ%,
substrate 94 where the netal cantilevers 128 are forned. Since the

infrarednd hAklcdeARNQIf RASS o RIR¥RITRIRIbrdilng $d FRepeBiered Ty adi ate
the infrared light on the free unit 128 fromt e backside of the substrate

94 if therreurd ng eRadUEOUNI’ 158RriYiHéRE QN ihhe sideddl sinfiagg of the
backsi de of the substrate 94. Therefore, according to the enbodi mnent shown

in 9. phhddblregivncatt %MW@.@&@L@O@M@@&&(Q&‘H&%reQY%@ hed tamcar eas
of the backside o the substrate 94 corresponding to the |ocations of free

units 2&hd Erks yosshbla theohdh adixaidd dthed MhEaseddll e bhothdahiblsl des
of the substrate 20 94. The netallic glass has characteristics of being

anor phousee Uheb Y2&4 & rohi BBEhNside gl Raké st Lno€iolsy,, tAbGhole free
corrosion-resi stance and high hardness. Further, the netallic glass also

has chanafitteniofd Ghows Plasidic RifyriRidion ard diesm virs ¢ag).t Bodd)at 1
hi gher tenperature. According to the present enbodi nent, ZrCuAl of Zr
series ithissethsas, e mrad lurt gliees @aNdbdrdt idowinettd|aparto fiisen adHeer
nmetallic glasses, such as Pd series o Ti series nmetallic 48

10 substrate 94 due to gravity.

After the end of the whole free unit 128a is contacted to
the bending adjustor 130, irradiation of the infrared light is
gtopped. Since the freeunit 128a ismadeof ametallicglassmaterial
showing viscous fluidity in a supercooled liquid phase region,

15 remaining internal stress inside the bent free unit 128a ig almost
zero (0) . Temperature of the free unit 128a is gradually decreased,
but the remaining internal stress of the free unit 128a remains
almogt zero (0). Therefore, as the temperature of the free unit
128a is decreased, the free unit 128a is not deformed and maintains

20 its shape when the irradiation of infrared light is stopped.

Then, as shown in Fig. 30(e), the bending adjustor 130 is
removed, and a contactor 92 with a desired amount of bending is
formed.

As described above with reference toFig. 4, themetal needle

25 made of W, ReW, BeCu or Pd has crystalline grains. According to

these types of metal needles, scrapes generated through scrubbing

with the pad enters into the crystalline grains of the needle made



gl asses in anot her enbodi nents. The free unit 128a nmade of ZrCuAl is in an
anor phous state, and viscosity of it is changed according to tenperature.
To be concrete, if the free unit 128a is heated in a supercooled liquid 5
phase region, it shows viscous fluidity. Therefore, by heating the free
unit 128a through irradiating infraredt9ight on the whole free unit 128a
fromboth sides of the substrate 94, the whole free wunit 128a shows

pl asti c gehoritpkiion aF mRewriA1Fhgted80tepeatad tbhSacaSEith hehd el Wi t
128a is bent downward apart fromthe 10 substrate 94 due to gravity. After

the end wfe tdigathal @nldege et inda b5 goRtagled dontdde Randinthad)ust or
130, irradiation of the infrared light is stopped. Since the free unit

128a i s imdeffed MlAddrad aske MRtaN1alc gBAONWORENE peadent | iHvlididh a
supercool ed |iquid phase region, 15 renmaining internal stress inside the

bent freRdihbt 1?8re eyakBOIE neZeFDiNd) TheleTRRA! the cIndredr o2 midd 128a
is gradually decreased, but the remaining internal stress of the free unit

128as r ersl Nche ahd Wl Ze Il 48 -makhere{oress asxddEl drmesmdace of the free
unit 128a is decreased, the free unit 128a is not deforned and mai nt ai ns

20 its sdtapeacten dtics rdatbatddreofthafdaiwsht igl imetsdbppesiledhen, as
shown in Fig. 30 (e) , the bend ng adjustor 130 is renoved, and a

contactor 92 wAdrardiasy ked:lke altveofiebendbad émbod nmererl o fAShd gy drad
above with reference to Fig 4, the netal needle 25 made of W ReW BeCu or
Pd has cinsdradiomevizhaiaferefeeotd BdgQ RBese sypefiodt neiled neeredl leise
scrapes generate through scrubbing wth the pad enters into the

cryst al |gTes g rcaint idfevidre 106edlt ef simed £ronoinetild iki gtlass material , afridker

repeated contact with the pad of
10 then the contactor 92 is formed by bending the free unit 128a of
the metallic glass cantilever-128.

Further, according to the embodiment described above with
reference to Fig. 30, the contactor 92 is formed by using the free
unit 128a shown in Fig. 28, it is also possible to bend the free

15 unit 128a shown in Fig. 29 by the method described above with
reference to Fig. 30. In other words, it is possible to form the
contactor 92 by irradiating infrared light on the free unit 128a
shown in Fig. 29 and deforming the free unit 128a. By bending the
freeunit 128a shown in Fig. 29, it is possible to form the contactor

20 92 shown in Fig. 10, for example.

Fig. 31 (a) shows another embodiment of the bending adjustor
130 andthe positiondeterminingunit 132 shown inFig. 30. According
to Fig. 31(a), a bending adjusting member 131 includes a bending
adjustor 130 and an engaging unit 133. The engaging unit 133

25 suppresses movement of the substrate 94 inthedirectionof gravity.
As shown in the drawing, the bending adjusting member 131 includes

a recess having the engagingunit 133. According to this embodiment,



the circuit under test, and, as a result, con act resistance is increased.
In contrast, the netallic glass of the present invention does not have
crystalline grains. Therefore, the contactor 92 made 5 of the netallic

gl ass material has excellent contact characteristics conpared to the
conventional netal needles. Accordind0o the above descri bed enbodi nent of
the present invention with reference to Figs. 28 to 30, first, the netallic
gl ass cantiHsue theBehgabongednit om yeidalfidriddasy prbetitshg angtaikd drohen
the contactor 92 is fornmed by bending the free unit 128a of the netallic

gl ass cad liemardel 231 1FuiEt Bae, befedndi Ag ot ihg wetiee neat , ditscird kadaabove
with reference to Fig. 30, the contactor 92 is formby using the free

unit 128 sdinWe it Fiogm 38prbtrusishsenpebsi bheide eIl dheHe erenkiingi t
128a shown in Fig. 29 by the nethod des ribed above with reference to Fig.

30. In oidpistiidsmentder SL3 SSIHY e domwalilhef adm aedr@lirfP dojugviagj ati ng
infrared light on the free unit 128a shown in Fig. 29 and deform ng the

f r ees uniierdazia.138y okerrdt Rg éMgagifi¢aintt t13828a sbomedi AcEdpding, td trHes
possible t formthe contactor 20 92 shown in Fig. 10, for exanple. Fig. 31

(a) showshaspwidferhenbadsteateodst Zt Nenxdditng gdrusbar of 18K aitsidwe waddi tion
determning unit 132 shown in Fig. 30. According to Fig. 31 (a) , a

bendi ng &l ke ippermetdionlaflt habende aga djerndi ingy mempersl 8L i s} redfiad-adily
engaging unit 133. The e gaging unit 133 25 suppresses novenent of the
subst r ateorhdted he the edideonwadl off aetgubsthsatshownin prides to amppredshe
bendi ng adj usting enber 131 includes a recess having the engagi ng unit
133. Acomrvimgnt cof hilse esddomti reerd ,9460in attidncugpi 2dmet Ehgdigregt bomt 133 i s
formed by providing a stair on the inside wall of the bending adjusting
menber 131, it Tlse dleser portion of the bending adjusting member 131
functions as the bending adjustor 130 as shown inFig. 30. Therefore,
as in the case of Fig. 30, at least the lower portion (or, bending
adjustor 130) of the bending adjusting member 131 is preferably
made of amaterial of high transmittance for infrared light. Bending
15 amount of the free unit 128a is determined by the distance between
the bending adjustor 130 and the engaging unit 133. In other words,
the engaging unit 130 performs the same function of the position
determining unit 132 shown in Fig. 30. In order to achieve the
strong requirement of the flatness, it is preferable to make the
20 bending adjusting member 131 with quartz.
Fig. 31 (b) shows another embodiment of the bending adjusting
member 131 shown in Fig. 31(a). The bending adjusting member 131
includes a first engaging unit 133, a second engaging unit 135
and a bending adjustor 130. According to this embodiment, although
25 the first and second engaging units 133 and 135 are formed by

providing stairs on the inside wall of the bending adjusting member

131, it is also possible to form protrusions on the inside wall



possible to forma protrusion on the inside wall of the bending adjusting
menber 131. The inside wall of the bending adjusting 5 nmenber 131 over the
engaging unit 133 is formed according to the shape of the substrate 94. At
| east a portion of the inside wall of the upper portion of the bending
adjusting nenber 131 is preferably céhtacted to the side wall of the
substrate 94 in order to suppress novement of the substrate 94 in the

hori zonbgl tHEre&eha Oy ok el nP Wi t1kan ohet herdenshidigyady ustiitng3genber
131 functions as the bending adjustor 130 as shown in Fig. 30. Therefore,
as int @@f%%%%s@fs b Eemedth o@tt Heegghs t AL & overn PRetdidRdtdlon SLBEERGLY .

adj ust or 0) of the bending adjusting menber 131 is preferably made of a
mat er i alpueh Hairgheié BRAAL hfITRS T 1 D6 ardtkdd il onBerdiagond eagagihgof the
free unit 128a is determ ned by the distance between the bendi ng adj ustor

130 andubhhe engagiamd Whiel s3cdad khgabliey wands 135t bappreagiead mokieneh80
perfornms the sanme function of the position determning unit 132 shown in

Fi 9.5 300fl Bherseiding adivetert heo sh rorgdiequtienest gfavie, f Fakeees, it is
preferable to nake the 20 bending adjusting nenber 131 with quartz. Fig.

31 (b) shows prefbenbeabodi sEpdreds tier benthal meierdntngf retrebeentilihgshown
in Fig. 31 (a) . The bendi ng adjusting nenber 131 includes a first

engagi ngddhigt ok333 0y ednd engagigidelnial 1135 tlendeachandt nhatenstiay 130.
According to this enbodi nent, although 25 the first and second engagi ng
uni ts 133 jard ihdp membelol BE bdtywedt aHedisrgoatiaand Hirdtherigesyidry walitsof t he
bendi ng adjusting nmenber 131, it is also possible to form protrusions ~on
the insiids wald 13B. of the bendi ng adjusting nenber 131. The first engagi ng
unit 133 suppresses novenent of the substrate 94 in the direction of
gramity. Furt ITére 1émgtlhefdibegf neg uatiorl 28301 ¢ sletiespdsed mnthédiscamoe
engagi ng
between the bending adjustor 130 and the first engaging unit 133.
Therefore, according to the bending adjusting member 131 of this
embodiment, it is possible to control the bending amount of the
free unit 128a by changing the thickness of the bending adjustor
15 130. For example, it is possible to control the bending amount
of the free unit 128a by properly changing the bending adjustor
130 disposed on the second engaging unit 135 with a plurality of
bending adjustors 130 of different thickness according to the
desired amount of bending.
20 Although the method for bending the free unit 128a by using
gravity with reference to Fig. 30 is described, it is also possible
to use centrifugal force, electric field or magnetic field to bend
the free unit 128a. Further, it is also possiblé to bend the free
unit -128a by forming the free unit 128a as a bimorph structure.
25 Fig. 32 shows a diagram of an embodiment for bending the

free unit 128a by using an electric field. An electrode 152 is

provided under the free unit 128a. In order to bend all of the



unit 135, and the second engaging unit 135 suppresses novenent 5 of the
bendi ng adjustor 130 in the direction of gravity. Further, it is
preferable to suppress horizontal novenent of the bending adjustor 130 by
using the inside wall of the recess of the bending adjusting nenber 131
bet ween the second and first engagingbdinits 135 and 133. 10 The | ength of
the free unit 12 8a is determ ned by the distance between the bendi ng

adj ust orerb30uand st Neshi F6imeATYitHe Whicl elddrfatbesf e siamnffi®4t,0 the
bendi ng adj usting nenber 131 of this enbodinent, it is possible to control

the benditngsapeeftrabléheo tdlee tH lelbBadae qbangsn:gaf@@ dditHenesslef the
bendi ng adjustor 15 130. For exanple, it is possible to control the bending

anobunt  Rfrfizhe bEeehdndibdZBac &Y Pr apei,y bghapgl fing heo beagk ngouaeal sioor
130 di sposed on the second engaging unit 135 with a plurality of bending

adj ust orchel 30ebt rdikf B3 2Nt HNFekBaSsi AW Blsd® tidhe nétest 18 vaTeddfe of
bendi ng. 20 Al though the nethod for bending the free unit 128a by using

gravi ty aMd Bheed E@Esdd 55 go £%>Qsii&idé3%itb§§e. itt b8 &ls6 pheFedide t0
use centrifugal force, electric field or magnetic field to bend the free
unit 128 skdrtherfréd urstale8apossd plosittdvieendlthgef 406 thmidlet28aday

formng the free unit 128a as a binorph structure. 25 Fig. 32 shows a
di agr amuf aaneggbadenedlcige . @ndippd viley abr etednirt c1P8al @ybetsiawn athe
electric field. An electrode 152 is provided under the free unit 128a. In
order tErdmndrdltl 10Bat ArdShe felesctinndes 1B28a ther fedeouni hel 2wl iss $enftace of
the substrate 94, it is preferable to nakethe surface of the substrate94.
el ect r odvwiE ahd algetandehasehobénce the free unit 128a is made of a
10 metallic glass material having viscous fluidity in a supercooled
liquid phase region, the free unit 128a maintains its shape even
when the voltage source is off. According to this embodiment, it
is possible to form contactors simultaneously by using an electric
field.
15 Figs. 33(a) to 33(c) show diagrams of an embodiment for
bending the free unit 128a formed in a bimorph structure. As shown
in Fig. 33(a), the metallic glass cantilever 128 includes
piezoelectric members 154a and 154b. The piezoelectric members
154a and 154b are formed to be extended or shortened in a direction
20 of length of the metallic glass cantilever when a voltage is applied
tothem. Avoltage toextend the piezoelectricmember 154a is applied
to the piezoelectric member 154a from the state shown in Fig. 33(a) .
At the same time, another voltage to shorten the piezoelectric
member 154b is applied to the piezoelectric member 154Db.
25 Since the piezoelectric member 154a is extended and the

piezoelectric member 154b is shortened, the free unit 128a is bent

downward as shown in Fig. 33 (b). Here, it is preferable to heat



Then, by applying voltage source to the electrode 152, the free unit 128a
is set to a negative voltage 5 and the electrode 152 to a positive
voltage. It is also preferable to set the free unit 128a to a positive
voltage and the electrode to a negative voltage. By applying an electric
field between the free unit 128a and5Bhe el ectrode 152, the free unit 128a
is bent toward the electrode 152. Since the free unit 128a is nmade of a 10

metal | gqrgl 338Maheki abshavinge¥ 6ROUSLALEI ghdYe tha BARERGOA aded iiqui d
phase region, the free unit 128a mamintains its shape even when the voltage

sour ce igerf¥ iGowhe@idi M3 ditheered MRt 1i28a 1i% ReTPPAE thd Frde
contactors sinultaneously by using an electric field. 15 Figs. 33(a) to

33(c) shewtdiadsaPe@ned iFadiaent figr bek@neineg tifte ify e@clrid. Thedg
formed in a binorph structure. As shown in Fig. 33(a), the nmetallic gl ass

cant i | evgir1L28 dirg] geef I R7aek8aiHd ?i@a%%&tﬁéan@mexléémamed RiseE0

electric nenbers 154a and 154b are forned to be extended or shortened in a

diresti an AQfed.en@! hiifs ittadi!, altHeC piledt®e 16 le WRimbaIeN 154¢0ldnage is
applied to them A voltage to extend the piezoelectric nmenber 154a is

appl i ed 1440 bhe £bezOalBeld EnBEHPRY i AP B tfateB | Batssdhee travidta1fiig: 33
(a) . At the sane tinme, another voltage to shorten the piezoelectric

nmenber pdlsd St appl itk tRit he spivdaalest i f € wiRiisint Sdhe pd% a1 titie:
pi ezoel ectric nenber 154a i 3 extended and the piezoelectric menber 154b is

short enathmidiss flsea antitldd8adrsnbentet domttheds 6ho8naD $tigke 33r(d)
Here, it is preferable to heat 53 the free unit 128a. Under the state

wher e t herd neecawidblle 8adte wherh dsviwwrskn ot berdgtihelf seetamnd 28a i s
stopped. The free wunit 128a becones stiff as it is bent when it is cool ed.
Thenp most bent state.
Fig. 33 (c) shows a contactor 92 generated in a stable state
which is between the original state and most bent state. According
to this embodiment, by forming the free unit 128a as a bimorph
structure, it is possible to form contactors simultaneously.

15 According to Fig. 33, the piezoelectric members 154a and 154b are
formed to be adjacent to each other, but, according to another
embodiment, it is also preferable to formthe piezoelectric members
154a and 154b on both sides of the free unit 128a in order for
the piezoelectric members 154a and 154b to sandwich the free unit

20 128a. Further, after forming the contactor 92 by bending the free
unit 128a, it is also possible to remove the piezoelectric members
154a and 154b by, for example, etching.

According to Fig. 33,the method for bending the free unit
128a by using two (2) piezoelectric members 154a and 154b is

25 described, but it is also possible to bend the free unit 128a by
using one (1) piezoelectric member.

Fig. 34 shows a diagram of an embodiment for bending the



application of voltages to the piezoelectric nenbers 154a and 154b 5 is
stopped. At this nonent, the piezoelectric nenbers 154a and 154b are to
return to the original states, but since the netallic glass of the free
unit 128a becane stiff when bent, the piezoelectric nenbers 154a and 154b
can not return to their riginal state,b54and are in a stable state which is
between the on final state and the 10 nost bent state. Fig. 33 (c¢) shows a
cont act Gire?2 enernated by s il enadradtei c Wi | sadwes the @iigi nal
state and nost bent state. According to this enbodinent, by formng the
free unidmck2Bianedst abirr{’agr@tiétlrdé@ﬁﬂl%s iHavihd Qe dnp fPrivreid a6t or s

si mul taneously. 15 According to Fig. 33, the piezoelectric nenber 154a and

154b ar ehd euirrddeoolberRE] Becdtulix a2®a .Ohbakt Bubm €66 aidhie: 1® lanaiher
enbodiment, it is also preferable to formthe piezoelectric nenbers 154a

and 154b = B%&gﬁé@&%ﬁist&i%gds@ﬂ Ubi bt 3288 heérwidlet HeOhaghb€ic layer
pi ezoel ectric nmenbers 154a and 154b to sandwich the free unit 20 128a.

Furtder 158 tzeid taemmagntbel o fdedter3d dnd Bgndhagahbant e bemdind 23m, it
is al so possible to renove the piezoelectric nenbers 154a and 154b by, for

exanpl e, t1ad ehe8aniACras ] RHeha Hd fired3nitthe sl Bokfteid be adidmpdha free
unit 128a by using two (2) piezoelectric nenbers 54a and 154b is 25

descri beghedritid tshHowsahviecpessithuedieyhentet hagnétee Layér 128 dryd usiang one
(1) piezoelectric nenber. Fig. 34 shows a diagram of an enbodi nent for
bendi ng fitee Shid riemante It Bowsrdg e miggtedid A d7 elat Acicombuehd,0 thi s
enbodi nent, a magnetic |ayer 155 having nagnetismis fornmed on the surface
of the fitedaupreféz8blelpariofn ahd hagregiet Layeayrss tkbbe ahtiagmetthb7 i s
di sposed. Di stance between the magnetic |ayer
10 surface of the free unit 128a in order for the free unit 128a to
be easily bent. When the magnetic layer 155 is contacted to the
magnet 157, heating of the free unit 128a is stopped. Then, the
magnetic layer 155 is removed by etching, and the contactor 92
of a predetermined amount of bending is formed.
15 Referring to Figs. 30 to 34,embodiments of the second step
of a method for forming a contactor are described, but it is also
possible to bend the free unit 128a by another method. For example,
the free unit 128a is heated to the supercooled liquid phase region,
andthen, it isalsopossibletobendthe freeunit 128abyamechanical
20 force.

Fig. 35 shows a cross sectional view of a semiconductor
device 140, wherein pads are contacted to electrode leads using
contactors of the present invention. The gemiconductor device 140
includes a semiconductor chip 142, electrode leads 146 and a package

25 148. The package 148 packs the semiconductor chip. The semiconductor

chip 142 includes a plurality of pads 144, and the plurality of

pads 144 are contacted to contactors 150.



5 155 and the nmagnet 157 is determ ned by the anount of bending of the
free unit 128a. When the free unit 128a is heated to a tenperature where
it shows viscous fluidity, the nagnetic |ayer 155 and the free unit 128a
are bent toward the nagnet 15Y. At this nonment, it is preferable to form
the magnetic layer 155 to be thin on td 10 surface of the free unit 128a
in order for the~ free unit 128a to be easily bent. Wen the magnetic

| ayer 155 is codmeitddnaliile thegpatisldd4 aratting «lfeddicode dreddd t14828a i s
stopped. Then, the magnetic layer 155 is renoved by etching, and the
cont act aireb2onbhcaefirgaehesinwieed bohdithg ofadbehdwnoin Fibar aed.actoddiey ri ng
to Figs. 30 to 34, enbodinents of the second step of a nethod for formng
a cont aciortleyr edaeseridetobueviicd S4a sdt [des dddsddle henddritady etheuni t
128a by anot her nethod. For exanple, the free unit 128a is heated to the
super cogerit ll4quiaddptias eegixsde ladid hew, thioughatcwt posstHl ¥4 madend t he
free unit 128a by a nechanical 20 force. Fig. 35 shows a cross sectional
vi evs f @& arinmearadlctorgl ey inee eld@ ]l Wieeicomads caree 160N tcartrethgdomdeltect r ode
| eads using contactors of the present invention. The sem conductor device
140 i ndhelesnt asereordudéscribed Wi, o fotarate tloe@dgsl4db abdB 4, package
25 14 8. The package 14 8 packs the sem conductor chip. The sem conduct or
chi p 14ZzlendetidedsapthealdrtaaforEatlso Bk oalt hedpldinrald tie afontpadorki4 are
contacted to contactors 150. f 55 Conventionally, the pads 144 and the
el ectr oded eadsbd F®rareel by miactaab o, Wtr s eredi gle As shahy ifod g.
35, according to the sem conductor device 140, it is possible to contact
the padshe4braratbtdrs el drtarodad qadds UG toff owaraomidntlers. 150 nade 5 of
a netallic glass material. The contactors 150 correspond to

10 Further, the contactors 150 have elasticity in a direction

away from the pads 144. Therefore, the contactors 150 are contacted
to the electrode leads 146 with pressure, and reliable contact
can be achieved between the contactors 150 and the electrode leads
146.

15 Fig. 36 shows a cross sectional view of a semiconductor
device 140, wherein pads are contacted to external terminal balls
by using contactors of the present invention. The semiconductor
device 140 includes a semiconductor chip 142, external terminal
balls 158 and a package 148. The package 148 packs the semiconductor

20 chip 142. The semiconductor chip 142 includes a plurality of pads
144, and the plurality of pads 144 are contacted to contactors
150.

The contactors 150 correspond to the contactors 92 described
with reference to Figs. 9 to 34, and the details of the contactors

25 150 are omitted. Since the contactors 150 can be formed by
micromachining, it is possible to easily form the contactors 150

on the pads 144 of narrow pitches. The contactors 150 are contacted



the contactors 92 described with reference to Figs. 9 to 34, and the
details of the contactors 150 are omtted. S nce the contactors 150 can be
formed by mi cromachining, it is possible to easily form the contactors 150
on the pads 144 of narrow pitches. 10 Further, the contactors 150 have
elasticity in a direction away fromtdfe pads 144. Therefore, the contacto
s 150 are contacted to the electrode |eads 146 wth pressure, an reliable

cont act tahd@adiechievedThet pres 156 &pateldof Bidd0l pnebiea @l el tvoded eads
146. 15 Fig. 36 shows a cross sectional view of a sem conductor device

140, wheyetrediasisilidifegesi-aall etbimigxd ®anak 18 Ml s®altendbytdsidigp
contactors of the present invention. The sem conductor device 140 incl udes

a sem camduciaar mhigrthbhedderiad gaykageall4 Hady 1S and ikgahadoaahel 48.
The package 148 pack the sem conductor 20chip 142. The sem conductor chip

142i ncl yseskalgbl, 1 endivhel rpladtalrid yweafi rpadsirtdar e acmdral it .t plRdraal i3sy, of
pads ted to contactors The contactors 150 correspond to the contactors 92
descsi bethe abhhacebesasoatofbrped ch tloe pddsanh t het detas h1eb pdesible
contactors 25 150 are omtted. Since the contactors 150 ca be formed by
m cr omadiv fiowgy the cenpassobkel’d @adiHey padisnibbeandntalkés drlserd hntarett he
pads 144 of narrow pitches. The contacto s 150 are contacted 56 to the
pads 1560 Tle peedss 156t are el ectrical) contacted to the corresponding
external termnal balls 158. The sem conductor chip 142 can be attached to
t he package l4&shwpgarentsr firioxetheoabbee gaskaipetids, bycdoyditd ng rds n.
Further, according to Fig. 35,
present invention, it is possible to provide a probe card including
10 a contactor made of a metallic glass and a method for manufacturing
thereof. Although preferred embodiments of the present invention
aredescribedindetail, the technical scope of the present invention
is not limited by the described embodiments. It is apparent to
one skilled in the art to change or modify the described embodiments.
15 According to the claims, it is apparent that the various
modifications or changes are also within the technical scope of

the present invention.

Industrial Applicability

20 According to the present invention, it ispossible toprovide
a probe card which can transmit high frequency signals to an
integrated circuit having a plurality of pads on an area of a narrow

pitch.




5 the contactors 150 are fornmed on the pads 144, but it is also possible
to formthe contactors 150 on the pads 156 an nmake them contact to the
pads 144. As apparent fromthe above description, according to the present
invention, it is possible to provide a probe card including 10 a contactor
made of a netallic glass and a nethod %r manufacturing thereof. Although
preferred enbodi nents of the present invention are described in detail

the technical scope oft e present inptetd®n is not limted by the

descri bed enbodinents. It is apparent to one skilled in the art to change
or nodify the des ribed enbodi ments. 15 According to the clains, it is
apparent that the various nodifications or changes are also wthin the
techni cal . scopeod cdhe dIrasentcd IMeHdudiled WIS rp Bl rLPRly biddinad0
According to the present invention, it is possible to provide a probe card

whi ch catefrhansne g)x’@:ivg.laefd AU NEYr S DN Url O tdt EBLEFERE 8EmLhd Glidndnavi ng
a plurality of pads o an area of a narrow pitch. 57 CLAIM5S 1. A probe card

el ectri catdysmepl el Beorwedh Usald tyivdutoninddr testn Nl SaPprovtseshon a
circuit under test fox performng signal transm ssion between said circuit

under t esémbdshdicext et ddt ing esdneDmakict orcdmstisnggui pment, conprising: a
substrate; a plurality of signal transm ssion pa hs fornmed on said
substrate; and : qukgatate; of contactors fornmed on end of said plurality
of signal transm ssion paths on one side of said substrate, wherein
a plurality of signal transmission paths formed on said
substrate; and
a plurality of contactors formed on ends of said plurality
of signal transmission paths on one side of said substrate, wherein
said plurality of contactors are made of an amorphous material

comprising a supercooled liquid phase region and contacted to said

contact terminals provided on said circuit under test.

2. A probe card as claimed in claim 1, wherein said contactor is

formed to be separated from said substrate.

3. A probe card as claimed in claim 1 or claim 2, wherein said
contactor is extended to a predetermined direction from a surface

of said substrate.

4. A probe card as claimed in any one of claims 1 to 3, wherein
said contactor has a vertical elasticity against a surface of said

substrate.

5. A probe card as claimed in any one of claims 1 to 4, wherein




said plurality of contactors are nmade of an anorphous material conprising
a supercooled liquid phase region and contacted to said contact termnals
provi ded on said circuit under test. 2. A probe card as clained in claiml1,
wherein said contactor is formed to be separated fromsaid substrate. 3. A
probe card as clained in claiml1l or cl@8 m2, wherein said contactor is
extended to a predetermned direction froma surface of said substrate. 4.
A probe pandaee &l bredon bABKiANEi §ha Ll Hdferki dPich paltel 8bAr $21d end
contactor has a vertical elasticity against a surfacé of said substrate.

5. A profeiealdndge elfai iR dant aABEgHIRIOha €4 A1 B ukeliordr sWRAIRIMt R ot
| east a portion of said signal transm ssion path near said end of it is

made of the same anorphous material used or said contactor. 6. A probe card
as claimed in any one of clanms 1 to 5 further conprising a grounding |ine,

whi ch i 5 groyeask feiredd e mrin dpmmndi rRamd leltd & i dgnal
transm ssion path. 7. A probe card as clainmed in any one of clans 1 to 6

further cogfmd e Grd@Mdigsi1Sk)CRhiBhti dgyvbladeayeforfsd TiApsagdian t hat
of said signal transm ssion path, said lowre istance unit being forned

near saificcn Gited id ghErE SR OrEPaddtd &idhdll cheataitkfsok | atwed in any one
of clains 1 to 7, wherein said contactor conprises a contacting point nad
of a contact-point material on an end of it. 9. A probe card as clained in
any one of clains 1 to 8, wherein said contactor is coated with a netal

mat eri al7. 10.proky aberd ardl Els itheri MR driy ahe @ dfaigilrd ¢ El-dHad her
conprising a voltage providing unit for providing a predeterm ned
comprising a low-resistance unit having lower resistance than that
of said signal transmission path, said low-resistance unit being

formed near said signal transmission path.

8. A probe card as claimed in any one of claims 1 to 7, wherein
said contactor comprises a contacting point made of a contact-point

material on an end of it.

9. A probe card as claimed in any one of claims 1 to 8, wherein

said contactor is coated with a metal material.

10. A probe card as claimed in any one of claims 1 to 9 further
comprising a voltage providing unit for providing a predetermined
voltage, said voltage providing unit being provided on a backside

of said one side of said substrate.

11. A probe card as claimed in claim 10, wherein said voltage
providingunit is formed on an area other than areas of said backside

of said substrate corresponding to areas of said one side of said



vol tage, said voltage providing unit being provided on a backside of said
one side of said substrate. 11. A probe card as clainmed in claim 10,
wherein said voltage providing unit is formed on an area ot her than areas
of said backside of said substrate corresponding to areas of s id one side
of said 59 substrate where said contacihrs are forned. 12. A probe card as
clainmed in claim210, wherein said substrate is nade of a dielectric

mat er i al sustaratseniitonsdusi i cRteddvdrs satrel Soanad . transni ssion path, said
substrate and said voltage providing unit forma mcrostrip |ine having a
predeterm ned characteristic inpedance. 13. A probe card as clained in any
one of clains 1 to 12 further <conprising a plurality of contactors made of
an anor phousA et she adardays Ngl fimePel e ool £0nl 1 gpi whehase regi on, wherein
said plurality of contactors are electrically coupled to said contactors
formed on sai ok siskeritsald madstsfte dieDaghrsaimhiségnal &Fafsnm ssio

paths and forned on said backside of said s strate. 14. A nethod for
form ng secitdradioroomatsubsiyate of a probe card electrically coupled to
a plurality of contact termnals provided on a circuit under test for
perform ng sigredid rexigmak stoandret sweibon Spatch i sid t suinglerat @ séandnsha Hd
external sem conductor testing equipnent, said contactor contacting to
sai d comta@alttage provimdingeonr fsimg nsicepstafip ¥iierhagiagsgoredetodmhinader on
a predeterm ned area of said substrate; form ng an anorphous materi al
| ayer coriparasver bet aoroimbedsncent eri al having a supercool ed |iquid phase
egion on said
13. A probe card as claimed in any one of claims 1 to 12 further
comprising a plurality of contactors made of an amorphous material
having a supercooled liquid phase region, wherein said plurality
of contactors are electrically coupled to said contactors formed

on said one side of said substrate through said signal transmission

paths and formed on said backside of said substrate.

14. A method for forming a contactor on a substrate of a probe
card electrically coupled to a plurality of contact terminals
provided on a circuit under test for performing signal transmission
between said circuit under test and an external semiconductor
testing equipment, said contactor contacting to said contact
terminal, comprising steps of:

forming a sacrificial layer on a predetermined area of said
substrate;

forming an amorphous material layer comprising an amorphous
material having a supercooled liquid phase region on said

sacrificial layer and said substrate;




sacrificial |ayer and said substrate; 60 formng a cantilever of an

anor phous material conprising a free unit as a portion of it by renoving
said sacrificial layer between a portion of said anorphous nmaterial |ayer
and said substrate, said free unit being separated from said substrate;
and formng said contactor by bending &aid free unit toward a predeterm ned
direction fromsaid substrat 15. A nethod for form ng a contactor on a

substrate of a fywbitg cacenelieeierCak! ¥n Conptsitol® matdriral idompfi Hiqct
termnals provided on a circuit under test for perform ng signa

transm ssifeecbghieeds Saipdréiictubf LNdss reask iagdsandesder el ci S mpauct or
testing equi pnent, said contactor contacting to said contact term nal
conpri sigrwdePsa PortnndY SHl @raieishsudaieidial aypfe it i Sag an

anor phous material having a supercooled |liquid phase region on said
substr atfibstf @t Nosai d reedinidi tOba MPrddpdy ffed o vbnd A D Vi SttA1d Al

| ayer by renoving a portion of said substrate under said portion of said
anor phougndmat erial |layer, said free unit being separated fromsaid
substrate; and form ng said contactor by bending said free unit toward a
predet erm ned didg@einresdidrectidbiob By dendilty itk fatid aowand a
contactor as clained in claim14 or claim15, wherein said anorphous
mat er i ala lgwredet srfiiniat d hyectspor t Bromgssid el pdoels material . 61 17. A
met hod for formng a contactor as clainmed n any one of clains 14 to 16,
wherein said step for formng said ¢ ntactor conprises
15. A method for forming a contactor on a substrate of a probe
card electrically coupled to a plurality of contact terminals
provided on a circuit under test for performing signal transmission
between said circuit under test and an external semiconductor
testing equipment, said contactor contacting to said contact
terminal, comprising steps of:
forming an amorphous material layer comprising an amorphous
material havinga supercooledliquidphase regiononsaidsubstrate;
forming a free unit on a portion of said amorphous material
layer by removing a portion of said substrate under said portion
of said amorphous material layer, said free unit being separated
from said substrate; and

forming said contactor by bending said free unit toward

a predetermined direction from said substrate.

16. A method for forming a contactor as claimed in claim 14 or
claim 15, wherein said amorphous material layer is formed by

sputtering said amorphous material.



a step for causing a plastic deformation of said free unit toward a
predeterm ned direction fromsaid substrate. 18. A nethod for formng a
contactor as clainmed in any one of clainms 14 to 17, wherein said step for
formng said ¢ ntactor conprises a step for heating said free unit. 19. A
met hod for formng a contactor as claiéiked in any one of clains 14 to 18,
wherein said step for formng said contactor conprises a step for

provi di ng7 a pbeaehdd fad BStRingta doRt 88ebe’dy pEdinedild 8y drveEt-Paims
direction of gravity fromsaid surface of said substrate. 20. A nethod for

form ng a4 cantiaGt Qheasial 8418 Gst & Hatt FokhinghsaelNcosah @t &t efborhs¥F i d&E M ng
sai d contactor conprises step for providing a quartz glass substrate

conpri si Gt @sit tans dad el Plristd MaeEorhat idat 6f MdidFreal dnpt egehLrdi ned
position toward a direction of gravity fromsaid surface of said

substr at£. p2ddeterifod doredoishnfrémconiacéapsesacéai ned ' n any one of
clains 14 to 18, wherein said step for formng said ontactor conprises a

step for providing a bending adjusting me er conprising an engaging unit
for suppressing novenent of said substrate in a direction of gravity and a

bendi ng B8] AshethddIf odef riing csAt dct predetRaiimaad ipasit drtd off avbd Thiél
direction of gravity fromsaid surface of said substrate. 62 22. A

sem conduettoy 10hi pheeephi 8ang: step Moy dorininef spadsconatdcaop! esmbtiyeof
contactors made of an anorphous material having a supercooled |iquid phase
regi on oa siaep pduriadatingfsphdsfreahnenttn said contactor is extended to a
predeterm ned direction froma surface of said pads. 23. A sem conduct or
devi ce conprising a sem co ductor chip having

19. Amethod for forming a contactor as claimed in any one of claims

14 to 18, wherein said step for forming said contactor comprises

a step for providing a bending adjustor at a predetermined position

toward a direction of gravity from said surface of said substrate.

20. Amethod for forming a contactor as claimed in claim 19, wherein
said step for forming said contactor comprises a step for providing
a quartz glass substrate comprising a position determining unit
for determining said predetermined position toward a direction

of gravity from said surface of said substrate.

21. A method for forming a contactor as claimed in any one of claims
14 to 18, wherein said step for forming said contactor comprises
a step for providing a bending adjusting member comprising an
engaging unit for suppressing movement of said substrate in a
direction of gravity and a bending adjustor for determining said
predetermined position toward a direction of gravity from said

surface of said substrate.



—

a plurality of pads, conprising: a plurality of electrode |eads; and a
package whi ch packs said sem conduc or chip, wherein said pads of said

sem conduct r chip and said electrode |leads are electrically coupled to
each other through contactors nmade of an anorphous material having
supercool ed liquid phase region. 24.62 sem conductor device conprising a
sem co ductor chip having a plurality of pads, conprising: a plurality of
external terminal ball ; and a package whi ch packs said sem conduc or chip,
wherein said pads of said sem conduct r chip and said external termna
bal | s ape.ehesemieahbviceoupbhdpt ecpehsehger through contactors nade of an

anor phous material having a supercooled |Iiquid phase region.
a plurality of pads; and
a plurality of contactors made of an amorphous material
having a supercooled liquid phase region on said plurality of pads,

wherein said contactor is extended to a predetermined

direction from a surface of said pads.

23. A semiconductor device comprising a semiconductor chip having
a plurality of pads, comprising:

a plurality of electrode leads; and

a package which packs said semiconductor chip,

wherein said pads of said semiconductor chip and said
electrode leads are electrically coupled to each other through
contactorsmade of an amorphous material having a supercooled liquid

phase region.

24 . A semiconductor device comprising a semiconductor chip having
a plurality of pads, comprising:

a plurality of external terminal balls; and

a package which packs said semiconductor chip,

wherein said pads of said semiconductor chip and said
external terminal balls are electrically coupled to each other
through contactors made of an amorphous material having a

supercooled liquid phase region.




