Description Title of Invention MANUFACTURI NG METHOD FOR CONTACT FOR

CURRENT | NSPECTI ON JI G CONTACT FOR CURRENT | NSPECTI ON JI G

MANUFACTURED USI NG SAI D METHOD, AND CURRENT | NSPECTI ON JI G PROVI DED

W TH SAI D CONTACT Technical Field [0001] The present

i nvention

relates to a current inspection jig which is used in a current
I nspection apparatus, and in particular, to a contact for a current

I nspection jig which is disposed iﬁe&lﬁgyti?ﬂ”em I nspection |
ren

conmes into elastic contact with a cur i nspection sanpl e.

g and

Background Art [0002] The current inspection has been carried out in
various technical fields. Exanples of the subjects for the current

i nspectiqn,i ude. an el ectroni ¢ devi ce
P Cl'?tle gf:ljnven%on

MANUFACTURING METHOD FOR CONTACT FOR CURRENT INSPECTION JIG,

CONTACT FOR CURRENT INSPECTION JIG MANUFACTURED USING SAID

METHOD, AND CURRENT INSPECTION JIG PROVIDED WITH SAID CONTACT

Technical Field

[0001]

The present invention relates to a current inspection jig which is used in a

current inspection apparatus, and in particular, to a contact for a current inspection jig

which is disposed in the current inspection jig and comes into elastic contact with a

current inspection sample.

Background Art

[0002]

The current inspection has been carried out in various technical fields.

Examples of the subjects for the current inspection include an electronic device

substrate and a circuit wiring substrate such as a semiconductor integrated circuit and a

flat panel display (FPD). These elements are minimized in size, densified in

arrangement, and advanced in performance, and a contact for the current inspection jig

such as a contact probe coming into elastic contact with a sample which is disposed on a

current inspection jig used in the current inspection is also required to be ultrafine and

miniaturized.

[0003]



substrate and a circuit wiring substrate such as a sem conduct or
integrated circuit and a flat panel display (FPD). These el enents are
mnimzed in size, densified in arrangenent, and advanced in
performance, and a contact for the current inspection jig such as a
contact probe comng into elastic contact with a sanple which is

di sposed on a current inspection jig used in the current inspection

i s al so requir qlelifvehRriibitthabicdent Apslidatioh pidpobeZ £Mi eleB@SBImed pipe as the
The inventors of the present application propose a N eIectroForned
pi pe_as 1Bfa&a0t @eleufrliit ihﬁ)%cl%i{ j'igwhich'i@ﬁﬁﬁél'hﬁﬁrolvicﬁdWﬂih%p‘n’%g@ﬁrﬁéthé‘ ly
provided with a spring structure to cope wth the ultrafine,

m ni aturi ] a 3! The N
eIectrofg%ﬁgﬁﬁ%ﬁ%gkggggﬁgrhéﬂ%?%%%§%§&§#§g%%%%E@g@ﬁ#&I%tructure of

Pat ent Lké&%@ture 1 is manufactured to be ultrafine and thin such
that the*éxternal dianeter is 32 p.mto 500 p.mand the interna
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ultrafine spring structure, there is proposed a manufacturing nethod
in whi chHnhfo 60 4m and gheigiernal digmefes ig ﬁq WEd0 4R0 e so thasa hibrslastigr y of
a hollow ultrafine pipe and the resist layer is irradiated with
exposur e PEESHY cabbagrBbideds piThgNiglestobrped ginghis manwiagmrad by applying a
thereon, the etching is performed by using the resist |layer as a
maski ng meangfacairingmaictherb(Natant bitenatre 2 peropedeld byrihe hweptorsmidhgapdigation.
portion is renmoved (Patent Literature 3). Citation List Patent

Li t er at uf@0(J>0006]

In addition, regarding the ultrafine spring structure, there is proposed a
manufacturing method in which, after the resist layer is formed on the outer periphery
of a hollow ultrafine pipe and the resist layer is irradiated with exposure beams to make
a spiral groove of a uniform slit width thereon, the etching is performed by using the
resist layer as a masking material and the ultrafine pipe wall on the formed groove

portion is removed (Patent Literature 3).
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Summary of Invention
Technical Problem
[0007]

Since the Ni electroformed pipe partially provided with the spring structure
proposed in Patent Literature 1 is manufactured ultrafine and thin, and can exhibit a
high elastic property, there is a strong possibility that the current inspection is widely
used in various technical fields in which samples are minimized in size, densified in
arrangement, and advanced in performance.

[0008]

Even though the samples for the current inspection are minimized in size,
densified in arrangement, and advanced in performance, a contact for a current
inspection jig which is made of the Ni electroformed pipe partially provided with the
spring structure is also required to be manufactured with higher accuracy and precision.
[0009]

An object of the invention is to propose a method of manufacturing a contact
for a current inspection jig through which an ultrafine, thin contact for the current
inspection jig provided with an electroformed spring structure can be manufactured with
higher accuracy and precision; the contact for the current inspection jig manufactured

through the method; and the current inspection jig which is provided with the contact.

Solution to Problem
[0010]

According to an aspect of the present invention, a method of manufacturing a



Since the N electroforned pipe partially provided with the spring
structure proposed in Patent Literature 1 is manufactured ultrafine
and thin, and can exhibit a high elastic property, there is a strong
possibility that the current inspection is widely used in various
technical fields in which sanples are mnimzed in size, densified in
arrangenment, and advanced in performance. [0008] Even t hough

t he sanpleggabiabr 4 BEr&H ikspBitidnSPREAN LM AE@roditeMspRAly stbuckhré Sthe method
densified in arrangenent, and advanced in performance, a contact for

a_cur T Ny IRRRRREIhAR d g Bk ISy BRAR Rhvel SiPaburel SAiphGE Pi pe
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t hrough the net hod; and th% current inspection_jig which is provided
with the® §PIrakgIogye Bht Féesﬁtgad%rﬂe{ BERIOE SIREIS LY, Y5ena e 555ish gyetts
of the present invention, a nmethod of manufacturing a contact for a
current @isgskEgineesldo Faesdhan elegEefoapeshiauer afgriondonsinrwikely the spirple
met hod includes: formng a gold or gold alloy plating | ayer on an

out er pergshvensfopned icthe sest dasier; apmening thyrepbtdeyargnd semeorgtheglating

el ectroformed | ayer on an outer periphery of the formed plating | ayer
t hr ough édyecof b epimdl reyooveqontiongfremvda tlsthe N yelactroformd dayeers rpmovgsher y
of the NI electroformed |ayer and exposing the resist |ayer under

| aser beansd rdnooving the@ospnatatialgrlutetae phating éayeesilsft oh ay émer paifherynofhg
etching by using the resist |ayer as a masking material to renove the
Ni el ect tigd Wigledrdfeyesd lafera portion in which the spiral groove is
formed in the resist layer; renoving the resist |ayer and renoving
the platigmifjayer of the spiral groove portion fromwhich the N

el ectroforned | ayer is renpoved; and renoving the core material while

the plating | aywReoidtng 8faho®Br &PedtvTelc RE8INPHROEMIA 0hd6ndNIf a contact for
el ectrofornmed | ayer. [0011]
the current inspection jig which is manufactured through the method as described above
and is provided with an electroformed spring structure is formed as a contactend to a
sample, and the other end is formed as a connection portion to the current inspection jig.
[0012]

According to still another aspect of the present invention, a current inspection

jig is provided with the contact for the current inspection jig as described above.

Advantageous Effects of Invention
[0013]

According to the invention, an ultrafine, thin contact for a current inspection jig
which is provided with an electroformed spring structure, can be manufactured with

higher accuracy and precision.  Since the contact for the current inspection jig is



Accordi ng to anot her aspect of the present invention, one end of a
contact for the current inspection jig which is manufactured through
the nmet hod as descri bed above and is provided with an el ectrof orned
spring structure is forned as a contact end to a sanple, and the
other end is formed as a connection portion to the current inspection
jig. [0012] According to still another aspect of the present

i nvent i OfyovAdSdk e Blzold SRR AIRY flatthe 18ydRItketEided o &mibiben eqRllagt for

i]
the current inspection jig aswg’escrigbed above. Advant ageous Effects

of I nvenichRicdi9Ry.3] Then, it is pRSHN @ OviliOa thiSert MYBBLUIRANig HQvidbl bathithe,
thin contact for”a current Inspection jig which'is provided with an
el ectr of i r: J-NEH : r i |

accur acy A B M S A S ERRN T HRRMBG At A Meh R d3SR o
jigis royi.de i L F I . | | at iing. l.ayer therein, it
o exhi BT BTl BB kRt Ap RIS ) 01 o
provide a current inspection jig provided with the contact for the
current inspection jig which is manufactured with high accuracy and
precisiogggg descrjb%%ggboye and exhibit the excellent conductivity.

Brief De PEsIPUgn oBDLRIVINGS [ 0014] Fig. 1 is a diagram
schematically illustrating an exenpl ary arrangenent of a continuous
treat nent[o%lﬁﬁarat us which perfornms processes of formng a plating

| ayer on the outer periphery of a core material through plating and
then of forni ngig INp a diaggam sehemegiallyajlustrasingtan exeruplery Feangpmentyor gf
the fon-ned plating | ayer through the electroformng, in which Fig.
1(a) is sopimueuyresimgniapPapiusiyligrh perfermsipecesses i forming a plating layer on
the outer periphery of a core material through plating and then of forming a Ni
electroformed layer on the outer periphery of the formed plating layer through the
electroforming, in which Fig. 1(a) is a plan view and Fig. 1(b) is a side view.
Fig. 2 is a block diagram schematically illustrating a manufacturing method
according to the invention.
Fig. 3 is a diagram illustrating a manufacturing procedure according to the
invention, in which Fig. 3(a) is a side view illustrating a state in which a spiral groove is
formed in a resist layer and an enlarged cross-sectional view partially illustrating a
stacked state of a core material, a gold plating layer, and a Ni electroformed layer at the
portions taken along the lines X-X, Y-Y, and Z-Z; Fig. 3(b) is a side view illustrating a
state in which the Ni electroformed layer is removed through etching from the portion
where the spiral groove is formed in the resist layer and an enlarged cross-sectional
view partially illustrating the stacked state of the core material, the plating layer, and the
Ni electroformed layer at the portions taken along the lines X-X, Y-Y, and Z-Z; Fig.

3(c) is a side view illustrating a state where the plating layer of the spiral groove portion

from which the resist layer and the Ni electroformed layer are removed is removed and



Fig. 2 is a block diagram schematically illustrating a manufacturing
met hod according to the invention. Fig. 3 is a diagram
illustrating a manufacturing procedure according to the invention, in
which Fig. 3(a) is a side viewillustrating a state in which a spira
groove is fornmed in a resist layer and an enl arged cross-secti onal
view partially illustrating a stacked state of a core material, a

gol d pl atahRlak@efessabgtiohaNic®! REialgfimstAgHs Ryeickad sthld®f BRS dok®NS
taken along the lines X-X, Y-Y, and Z-Z; Fig. 3(b) is a side view

i1 ustrath g e ﬁiaﬁn% hyah e N A 6ctNifor2tRahyR P RYB Y edkeh BldngRY €d

t hrough etching fromtihé portion where the spiral groove is forned in

the resi gl RYeryanduay. el ANAEth ] Q3SIRRALY MRl ENRRIISL I core

illustrating the stacked state of the core materia e plating

| ayer, a - Ni 0 Al : L. ORnS: ng the
| e’ xR eV F LB d BERLsRliohdl i b AR EReET
state where t | at,i ng .l ayer of .the.spiral. arqove portion. fr whi ch
The reer SEcki e ahheuingtRlrBhe PR RRclBForfieh Hes APk boRign BKer
renoved apd n.enl e rpss-sectional view partially illustrating
t he stacl?g)&géﬁ%P%esggsgﬂ%‘gQge material, the plating layer, the N

el ectrofornmed | ayer at the portjions taken along the lines X-X Y-Y,
and z-Z, and FF§s %Qﬂaymf 400y brgisie Vi BpFRIe AR RAYPY EAORIGHIF 8 t he
core material is renoved and an enl arged cross-sectional view

parti al | Wrentusesiqnige whichds mapefactyredrascsfingrie the ranwiestyringanetind of ne
Ni electroforned |ayer at the portions taken along the Iines X-X and
Y-Y. the inggnfion. 4(a) and 4(b) are side views illustrating an

exanpl e of a contact for a current inspection jig which is

manuf act ur ed afe®i5ds agrasersediionatener at therconigeinfet thedugknttihgpeciveng i on.
Fig. 51s a cross-sectional view of the contact for the current

i nspect i diusgriatpdiih Figstifated in Fig. 4(a). Figs. 6(a) and 6(b)
are side views illustrating another exanple of the contact for the

current i nspectFign6fa) gnddiiby breisidendaud Alebtuating saother eitangplé of thBeontact
manuf acturing nmethod of the invention. Fig. 7is a

Cr 0SS- SeGér the ahrratit @Wpkdtlongig which & aaaifidired saciRdiag & theheartitthaily f or
the current inspection jig which is manufactured according to the

manuf act wdingl smehdRFedion he i nventi on. Figs. 8(a), 8(b), 8(c),
and 8(d) are side views partially illustrating tip end shapes on the

sanpl e contact g 1 : i i e
i oh 15 manut SO rea SeC oA g 1o e R o BE et B

I nventi om,. DESGE fnglgécﬂan 9& wHIBPH R R tured according to the manufacturing method

of the invention.
Figs. 8(a), 8(b), 8(c), and 8(d) are side views partially illustrating tip end
shapes on the sample contact side of the contact for the current inspection jig which is

manufactured according to the manufacturing method of the invention.

Description of Embodiments
[0015]
An ultrafine, thin contact for a current inspection jig which is provided with an

electroformed spring structure according to the invention can be manufactured as



[ 0015] An ultrafine, thin contact for a current inspection jig
which is provided with an el ectrofornmed spring structure according to
the invention can be manufactured as described bel ow. [0016]

After a gold or gold alloy plating layer is formed on the outer

peri phery of a core material through the plating, a N el ectrofonned
| ayer is fornmed on the outer periphery of the fornmed plating | ayer

t hrough tjherekeetinef or m ng. [ 0017] Exanpl es of the core
material may include an ultrafine nmetal wire and an ultrafine resin
wre hawaglrﬂn external dianeter of 5 pmor nore. Exanples of the
metal wire y include a stainless steel wire, an alumnumwre, and

vt |50t AR e TR B A
resin, gretmhgtenalktﬁrough the plating, a Ni electroformed layer is formed on the outer
periphery of the formed plating layer through the electroforming.

[0017]

Examples of the core material may include an ultrafine metal wire and an
ultrafine resin wire having an external diameter of 5 pm or more. Examples of the
metal wire may include a stainless steel wire, an aluminum wire, and the like.

[0018]

Examples of the resin wire may include a synthetic resin wire which is made of
a nylon resin, a polyethylene resin, and the like.

Further, in a case where the resin wire is employed as the core material, there is
aneed to perform non-electrolytic plating for forming the gold or gold alloy plating
layer. In consideration of the productivity, it is preferable that the metal wire be used
as the core material and the gold or gold alloy plating layer be formed through
electrolytic plating.

[0019]

The gold or gold alloy plating layer is preferably formed to have a wall
thickness of 0.2 um to 1 pm, and the Ni electroformed layer formed on the outer
periphery through the electroforming is preferably formed to have a wall thickness of 5
pm to 35 pm.

[0020]

The contact for the current inspection jig which is manufactured by a

manufacturing method according to the invention and the current inspection jig having



Further, in a case where the resin wire is enployed as the core
material, there is a need to performnon-electrolytic plating for
formng the gold or gold alloy plating layer. In consideration of the
productivity, it is preferable that the netal wire be used as the
core material and the gold or gold alloy plating | ayer be forned
through electrolytic plating. [0019] The gold or gold alloy

pl ating lieyentdcs for &faglpdd)lape dsed aBE chital Pysbeor@lbstritbiip@in Haking.tRe pM
to 1 pm and the Ni el ectroformned | ayer fornmed on the outer periphery

t hrough tpb@beewﬁfchﬁpﬁ@a%ﬁﬁaﬁﬁa&ﬁﬁﬁgaﬁﬁkégrit@d BRchit Rchayfn BSHahd a
thi ckness of 5 pmto 35 pm [0020] The contact for the current

I nspecti Sﬁ?ﬁﬁt?ﬂ%b@h fi %@%H%ﬁf}ﬁh@%ﬁ%ta PRHEAFSHME, | RO cARIA ALY the

accordin Pnventton an e current inspection JIg having the
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|nspect|on acturlng an
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hi gh-density sanples. Herein, the manufactured contact for th

current |HFF§B@E’P|J%ISF‘?C§“T3§ te E“qﬁﬁtliaﬁae el than i sizesurthas hegxierah diaﬁ’eéqr P
such as the external dianeter of about 20 gmto 500 gm and the wall
t hi cknesgbeit 28neyto 005 ugnandoths wvagrihickmess aﬁgﬂxp@t A eh&einmal [The above-
t hi cknesses of the gold or gold alloy plating | ayer and the N

el ect r of ormédnédayalt thackameshss of thicigelll drrzobbalteygpdmdare andd the Nhe
above-nenti oned size of the manufactured contact for the current

i nspect i elecjrofprmed lageidart idetermasd trocdreesp@siencdredh Hetaboye-mentioned size of
predeterm ned portion of the Ni electroforned |ayer is dissolved and
renoved tiangifadired ebcthctfyr therdrrantgnedeticar jig. ndd apditiohoas tobe tberibed
plating layer is dissolved and renoved t hrough the subsequent

pr ocessesaters @ piddateridingfipbalonI AR/ Elastioferngeddegdriedissitheddeandiremsvete | S
formed with accuracy and precision. Therefore, the wall thicknesses

ar e det effoig@thk eMidghend/h piaelerhined pb@ibAloN gletﬁlzﬁm?gqby@hs ik {dheddng
havi ng an accurate and precise size of a slit width. [0021]
removed through the subsequent processes, so that a spiral groove having a desired
shape and size is formed with accuracy and precision. Therefore, the wall thicknesses
are determined from the viewpoint of forming the spiral structure having an accurate
and precise size of a slit width.
[0021]

Next, the resist layer (a wall thickness of 2 pm to 50 pm) is formed on the
outer periphery of the core material which includes the gold or gold alloy plating layer
and the Ni electroformed layer formed on the outer periphery thereof.

[0022]

The resist layer, for example, is formed such that the core material which

includes the gold or gold alloy plating layer and the Ni electroformed layer formed on



Next, the resist layer (a wall thickness of 2 gmto 50 gm is forned
on the outer periphery of the core material which includes the gold
or gold alloy plating layer and the Ni electrofornmed | ayer forned on
the outer periphery thereof [0022] The resist layer, for
exanple, is fornmed such that the core material which includes the
gold or gold alloy plating layer and the Ni electroforned | ayer

fornmed omhe &6 R¥HREryIBELANS iimchted 86 apRotoPa¥RE SifthtcR toht@inRQL Or esi st
chanber containing a photoresist solution for a predeterm ned tine

period. [80R23sist solution foR alpldteiRineddintEperidde formation of the resist
| ayer on"the outer periphery of the NI ‘el ectroforned | ayer, the

resi st | aygf31i s exposed under |aser beans to formthe spiral groove
in the resi st] | ayer. [0024] On performng the | aser exposure,

the core materi -havi n i l.ayer -f.qr med ereon war d
the upper oi de it TRk PR SDEHRh ar e O b e TS e
pr edet er mi.ned, speed ile the core.material rotates around its center
i s, onNiecppheren livar Thardsistiaes D mosHEreb i pieadh 1e Kim b pare
correspondi ng_tﬁwa {)rgdet erm ned range of the spiral structure to be
formed i 8NE T BIgPYHfd@¥Pal direction of the core material is

i rradi at ?gozvz\l'i]th the | aser beans.

On performing the laser exposure, the core material having the resist layer
formed thereon moves toward the upper side or the lower side in the vertical direction at
a predetermined speed while the core material rotates around its center axis. On the
other hand, the outer periphery of the core material corresponding to a predetermined
range of the spiral structure to be formed in the longitudinal direction of the core
material is irradiated with the laser beams.

[0025]

Further, in a case where a positive photoresist is used, the portion exposed
under the laser beams is dissolved by a developing solution to form the spiral groove in
the resist layer. On the other hand, in a case where a negative photoresist is used, the
portion exposed under the laser beams is not dissolved by the developing solution.
Therefore, the portion unexposed under the laser beams is dissolved by the developing
solution to form the spiral groove in the resist layer. The irradiation of the laser beams
will be carried out by taking the situation into consideration.

[0026]

With the formation of the spiral groove in the resist layer, the outer periphery

of the Ni electroformed layer in the spiral groove portion formed in the resist layer is

exposed.



[ 0025] Further, in a case where a positive photoresist is
used, the portion exposed under the | aser beans is dissolved by a
devel oping solution to formthe spiral groove in the resist layer. On
the other hand, in a case where a negative photoresist is used, the
portion exposed under the | aser beans is not dissolved by the

devel opi ng solution. Therefore, the portion unexposed under the | aser
beans i s [gdpsgol ved by the devel oping solution to formthe spiral
groove in thé resist layer. The irradiation of the |aser beans wll

be carried out Nt tRkiBGInk E@pe?fo}n‘r@& b9 sihPHR £QRTE¢e "r&ﬁ%iﬁfﬁ o[nqg%gl]lter

Wth the formation of the spiral groove fn the resist |ayér,

out PR P Sy ) ARPETF bl 5 0 it i
th t chi i f by .usi h st |. . i ni th
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and the &%:ﬁﬁectroforned | ayer is renoved fromthe spiral groove
portion Q din the resist layer. [0028] For exanple, as

descri bed above, the core materi in which the spiral groove is
formed in the FEEPEIAIayS bR R EORIPEET AR PpH e Shil gEae
el ectroforned layer is imrersed. into an el ectropalishing acid
sol ut i on s¥rmed irhthg gesist dasier Byswied o &g oyter Repiphenyey the Weelegtropprmgpdilayer
performed by using the resist |ayer remaining on the outer £eriphpry
of the Nils Biaemsebngr sreelestenpelishisg a¢ié splutiey sryavtaberciegiropaisiied. hdnhis
el ectrofornmed | ayer is renoved fromthe spiral groove portion forned
in the regystheletohang is performed by using the resist layer remaining on the outer periphery
of the Ni electroformed layer as the masking material, and the Ni electroformed layer is
removed from the spiral groove portion formed in the resist layer.
[0029]

Next, with the removal of the resist layer, the gold or gold alloy plating layer is
removed from the spiral groove portion where the Ni electroformed layer has been
removed.

[0030]

For example, the removal of the plating layer is carried out by cleaning the
core material, in which the Ni electroformed layer is removed from the spiral groove, in
a predetermined solution with ultrasonic waves.

[0031]

Finally, the core material is removed while the gold or gold alloy plating layer
is left on the inside of the Ni electroformed layer.
[0032]

In order to remove the core material while the gold or gold alloy plating layer

is left on the inside of the Ni electroformed layer, there may employ a method in which

10



[ 0029] Next, with the renoval of the resist |ayer, the gold or
gold alloy plating layer is renoved fromthe spiral groove portion
where the NI electroforned | ayer has been renoved. [0030] For
exanple, the renoval of the plating |ayer is carried out by cleaning
the core material, in which the NI electroformed |ayer is renoved
fromthe spiral groove, in a predetermned solution with ultrasonic
waves. [ @h3ddre material fsishdichyd fibheneQide oFBbe didds thé&esRIMARE thirbg-t he
gold or gold alloy plating layer is left on the inside of the N

el ectrof %Eéfﬁﬂall AYLFeduldd0Fdd a gap is foﬂnﬁd@eﬂﬁéenttﬁe H@BOYLiphBE dTPMEcore
material while the gold or gol'd alloy plating [ayer is [eft on the

| nsi de Ofy, a1 bha ﬁie%ﬁﬁér%%ﬂglﬁhg%dg?%’eﬁlggu%ﬂ% & ST 1§ l&YttE% i & BRgkran

whi ch the core materi al one si e or si des

t her eof hﬁg § éttﬁe?cc% er&?gq%y%ﬁ%méve%ao tfe@r%cl?rqner%&fiip ngo;fuﬁo% fhor med

bet ween t r peri ery e core

peri phera he ti | a uII ut the core material.
In additi hﬁmcf”ﬁ% @F%r%g?‘g}l dﬁﬁ@v%éle 08 3t8n being i nmersed into
a solutl?gbiﬁ)chen1cally or electrochem cally dissolve the core

mat eri al .

In a case where the stainless steel wire or the resin wire is used as the core
material, the core material is removed by the former pulling method. In a case where
the aluminum wire is used as the core material, the latter chemical, electrochemical
removal method may be employed. In this case, a strong alkaline solution such as
sodium hydroxide and potassium hydroxide having little impact over an electrodeposit
may be used as the solution.

[0034]

According to the manufacturing method of the invention, although it may be
affected by which one of the negative type and the positive type of resist material will
be employed, basically, a width of the slit in the spiral structure portion can be set by
the laser exposure. In addition to that the region for forming the spiral structure
portion can be arbitrarily set in the ultrafine, thin Ni electroformed tube, the width of the
slit in the spiral structure portion can be arbitrarily set, thereby providing the contact for
the current inspection jig having an elastic property with high accuracy:.

[0035]

According to the manufacturing method of the invention, as described above,
the etching is performed by using the resist layer remaining on the outer periphery of
the Ni electroformed layer as the masking material, thereby removing the Ni

electroformed layer from the spiral groove portion formed in the resist layer.
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[ 0033] In a case where the stainless steel wire or the resin
wire is used as the core material, the core material is renoved by
the former pulling nmethod. In a case where the alumnumwre is used
as the core material, the latter chem cal, electrochem cal renova

met hod may be enployed. In this case, a strong al kaline solution such
as sodi um hydr oxi de and potassi um hydroxi de having little inpact over
an el ect Mogrposit may be used as the solution. [0034]

According to the manufacturing nmethod of the invention, although it

may be affected, Bys ¥k Céﬂld&ﬁﬁe g@ldtopgolﬁeaﬂ@& blﬁ%né‘!’z@@r ﬁ"tﬁiesteﬂtelnﬂﬁ§ tHe'Nte

type of resist naterla wi | e enpl oyed, "basically, a wdth of the

slit in tehfctrﬁ ed I%f tﬂgte%cﬁg}g%ﬂ]&toﬁ%a&g@p%g?ﬁ?% ?Iﬁ]}ﬁnﬂaﬁﬁg%ﬁs&he

exposure. In a e redglon Ira

structur r pe. |
el ectr of %}‘%gé}o Ed Fa%ﬁﬁ&lg%? Hlteo@a{l ht}e/e f%ﬁﬁ%d Q“}P é)ldg’% st?%%%%rr%
portion ca e arbitrarily.se t hereb oV the contact f t he
Current. PHSPREERER oo emadicigotmediuts tﬁtglsttﬁfét‘? Wt mnaﬁ S i iy

[ 0035] or di h nufa i t nventlon
as descr.eb‘:&wga%ﬁft@n e SNty S AERToR BB PR g ir AT gprton

| ayer i.ning.on the quter periphery of the N electroforned |ayer
as the méd Koy sleqtofermed gy Rish hpehrsdiforanadid the rew&@tqf&%maiatea%r
fromthe spiral groove portion fornmed in the resist |ayer. OOBGL

In this casbe usgdies as fhe nyesiee Sit vadihdommadghroveh therlgser syirqsures ansh ths shit
inside the N el ectrofonned | ayer, an etching solution can be

pr event edvifitharithe siiahgiruchire periienien be sette be apnidern slitavidigstdesiredot her
than the formed spiral groove portion. Therefore, only the spiral
groove pdP@3’dn fornmed in the Ni electroforned layer is imersed into
the etching solution and is dissolved. As a result, a slit width in

t he spiral str ltthemedthaftheasdit of the lhpirdlistrettent porofienisaet tb Ubb ehandnii foltmbséis
been fornmed at the renoval of the core material can be used just as

t he precivdathsisidesivdddihe elaztioptbpehy oligh ohdrend efthe naxpasure, coatadt fonche
slit width of the spiral structure portion can be set to be a uniform

slit w dichrrag iagsttiedig $5@98ddcted to the culfent Mepattich fig@hd teatgdrichd i t he
spiral structure portion is set to be the uniformslit wdth as

desi red, pubiRded 88 biacePsPRRIsENPWIGIN RNBpEREdOf the manufactured
cont act or the current |nspect|on jlg IS connected to the current

i nspecti (P@bjgl]g and the other end is pushed to be placed on the sanple
will be i'nproved.

In addition, according to the manufacturing method of the invention, since the
gold or gold alloy plating layer is present inside the Ni electroformed layer when the
etching is performed, the etching solution is prevented from reaching the core material.
If the etching solution is in contact with the core material, the core material is corroded,
and in a case where a pulling method is employed to remove the core material, the core
material may be broken in the middle of the pulling, so that it is difficult to remove the
core material completely.

[0039]
In the invention as described above, at the beginning, the gold or gold alloy

plating layer is formed on the outer periphery of the core material through the plating,
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[ 0038] In addition, according to the manufacturing nmethod of
the invention, since the gold or gold alloy plating |ayer is present
inside the NI electroforned | ayer when the etching is perfornmed, the
etching solution is prevented fromreaching the core material. If the
etching solution is in contact with the core material, the core
material is corroded, and in a case where a pulling nmethod is

enpl oyed 2h@ tHeATRY R tl8erEBFfed By @1 Brmell BR 1SS R REBhESof BRYfoRBePr Oken
inthe mddle of the pulling, so that it is difficult to renove the

core mat ¢k ISRIBLEIE the c[LR3Btming, In the invention as described
above, at theé beginning, the gold gr gold alloy plating |layer is

f or med oTo@ﬂﬁ outer periphery of the core material through the
plating, and then the Ni electrofonned |ayer is formed on the outer

peri phery of t f. ati-ng | aver 4 hrqugh the Lef Qr ming.
5040 Rt 7 B e Pl R A S e B RO BR bR
gol d or gald. al lating. |layer inside the.N .electrofornmed | ayer
o1 be ST istidsde B RheMlantitier iy cslbity i e sk ekl Prpe Yot
etching hy usin he resist layer as the masking material, and .
Fenovi g DT e e PORIRHR B s 38y Fribe pork Pe b ired dpmevine
groove fornmed .in the resist layer”. [0041] . In other words, as
descri bedi&Nbsiectraformed layrs fipan thegrortim of the srigpl grogye Frymed yipthejresist
present inside the Ni electrofon-ned |ayer, it can be prevented that
t he et chil®§sol ution flows back into the Ni electroformed |ayer
portion other than the fornmed spiral groove portion. Then, the slit
wi dt h of [8Md]spiral structure portion can be set to be the uniform

slit width as desired.
In other words, as described above, since the gold or gold alloy plating layer is

present inside the Ni electroformed layer, it can be prevented that the etching solution
flows back into the Ni electroformed layer portion other than the formed spiral groove
portion. Then, the slit width of the spiral structure portion can be set to be the uniform
slit width as desired.

[0042]

In the invention, on etching, the Ni electroformed layer portion (the Ni
electroformed layer portion other than the portion of the spiral groove formed in the
resist layer) which will remain as the spring structure portion is masked with the resist
layer on the outside thereof and with the gold or gold alloy plating layer on the inside
thereof, respectively. In the case, the spring structure portion can be formed to have a
thickness which has been designed as its dimension through the etching.

[0043]

Particularly, since the Ni electroformed layer is configured to be formed on the

outer periphery of the gold or gold alloy plating layer formed on the inside through the

electroforming, there is no concern about that the etching solution is permeated to the
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[ 0042] In the invention, on etching, the N el ectroforned | ayer
portion (the N electroformed |ayer portion other than the portion of
the spiral groove fornmed in the resist layer) which will renmain as
the spring structure portion is nasked with the resist |ayer on the
out side thereof and with the gold or gold alloy plating |ayer on the
i nside thereof, respectively. In the case, the spring structure

portion fé@ﬂta&@aé%d’ﬂ@@eﬁf tBe bﬁl‘ﬁﬂ% ?a;ﬁehhx%ﬂﬁ@?ﬁ e%tr6ﬁnﬂé&la@€@@héj&§hlﬁged as
its dimension through the etching. [004 Particul arly, since

the Ni e's@l‘ﬁh&‘i’ﬁ@@rﬁfa@k LRY&H) dr@ tﬁﬁH‘tﬁabQH& B&nbﬁ f&%g@eeﬁp&ngae EH&GNPUt er
periphery of the gold or gold alloy plating layer formed on the

nsi de_tRIQNGRALOEISLERHT AL 909iMdc LARbE0AS AL seazﬁ@grgoﬁa%eﬁt that the

etching solution 1 s perneat cont act ace tween t he
pl ati ng Iﬁ%ﬁi and the Ni electroforned |ayer (the etching solution
f|OMlbaCi reto) and thus the end portion facing the slit inside

et chi ng. sl ut | SRe Ry St it oilEs U s iGE Soflich iRk RGP ey
P BT RO 20 gt B B Bkt e
be pr eci %e recgsg{ ntelqméc? tohh%\ég a%mq:anrg?or}lsaltsol? haassbeleﬁ dgs?s egeen desi gned.
[ 0045] P ylo gn

[0045]

Forming the slit width of the spiral structure portion to be the uniform slit
width as desired and forming the wall thickness to be the desired thickness (constant
thickness) are significantly important in making the spring unit exhibit the desired
elastic property, and in making the stable durability exhibited even when contraction
motions are repeatedly performed plural times (hundreds of thousands of times to
millions of times} like a probe.

[0046]

According to the invention, in order to prevent, in advance, the etching solution
from being permeated to the inside of the Ni electroformed layer (the etching solution
flows back thereto) to corrode the end portion facing the slit inside the Ni electroformed
layer and the very inside in the process of performing the etching with the use of the
resist layer as the masking material to remove the Ni electroformed layer from the
portion of the spiral groove formed in the resist layer, a layer member serving as the
resist and masking material in an etching treatment process is formed on the outer
periphery of the core material before the formation of the Ni electroformed layer on the

outer periphery of the core material.

[0047]
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Formng the slit width of the spiral structure portion to be the
uniformslit width as desired and formng the wall thickness to be
the desired thickness (constant thickness) are significantly
important in making the spring unit exhibit the desired elastic
property, and in making the stable durability exhibited even when
contraction notions are repeatedly perfornmed plural tines (hundreds

of thousands ofin tHig®Ray,tsthc@ithd laP&SFothed b8 Joutck K6righePy OPBe cbRQdfbrial
According to the invention, in order to prevent, 'in advance, the

et chi ng gt IRTofhAInREINONPAEARALS ARy dr ] tﬁ@ajtaepeﬁ{plﬁéé?%f%ﬁ core

<]
el ectroforned | ayer (the etching solution flows back eto) to

corrode Yhe&idPRS LA, LAR) BOIGHE Bl s et SeanFlaSkig oanec

| ayer an e very inside in the process o etchin

with the LSt v.er Ki rial .10 renpv
the N orlE 8 fmiBh R Rsoh ST Al DR IR BPA REOE B¢ SrEBIRYS
formed in the resist | r .l ayer .menber sew as the.resist and
mski ng HETREAPN §F ol AT e g gl hECogpRSn t ne
outer perj hek¥ of the core material before the formation of the N
el ectr of Eyer on the outer periphery of the core material.
[ 0047] In this way, since the layer formed on the outer
peripherﬁo%g]the core material before the formation of the N
el ectrofornmed | ayer on the outer periphery of the core material has
no choi ce but #d& ¥ampsef agncthpd of menyactyring peultjafine. dbinrconseiddiior ay er
even after the formation of the spiral structure portion, the gold or
gol d al | 6yrren iesppttenpae whichds provided gothcnoeairofatmet Ispynpétatciurg ubiag en
in consideration of the conductivity. Exanple 1 [0048]

SUS wire having a diameter (5 um to 450 um) as a core material will be described.

[0049]

Fig. 1 is a diagram schematically illustrating an exemplary arrangement of a
continuous treatment apparatus which performs processes of forming a gold plating
layer 12 on the outer periphery of the core material through plating and then of forming
a Ni electroformed layer 13 on the outer periphery of the formed gold plating layer 12
through the electroforming, and Fig. 2 is a block diagram schematically illustrating an
example of a manufacturing method according to the invention.

[0050]

A supply unit 1 is provided with a reel 10 around which the SUS wire 11
serving as the core material is wound.
[0051]

The SUS wire 11 is reeled out from the reel 10 of the supply unit 1 by a
transport roller 14 of a containing unit 5, and transferred to a gold plating unit 4 through
a cleaning unit 2 and a current-supply and transport unit 3.

[0052]
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An exanple of a nmethod of manufacturing an ultrafine, thin contact 20
for a current inspection jig which is provided with an el ectroforned
spring structure using an SUS wire having a dianeter (5 pmto 450
Ism) as a core material will be described. [0049] Fig. 1is a
di agram schematically illustrating an exenplary arrangenent of a
continuous treatnent apparatus which performs processes of formng a

gol d plating | gnekcichrin@mnltPes ehtrBéd WK b PR&IeYerBineli Ak ka%hﬁ@écﬁﬁt'i&i ora
t hrough plating and then of forming a N el ectrofornmed | ayer

t he out eryd3g %bﬂhﬁsfomfbﬁa &%1@19 ﬁﬁ%tﬁ %EH%I ég?‘f 9 SV EIre 121 slt {léﬁfég h t he

el ectroform ng, and Fig. is a am schemati ca
|IIustraE an exanpl e of a nanufacturlng nmet hod accordlng to the
inventio .@?%050] A supply unit 1 is provided with a reel 10

Phoa; "M oM e Bld Al ol PRHIASifi%n et e BTG Sl i,
b | | 4 of i )
SroPL or Rhdmpls n%wnﬁeﬁ% ﬁ(&‘rﬁg‘?ﬂ g, tnfity B SEORE P T‘:rﬁﬁ%lqld%alﬁnd a
t 1 n
ﬁﬁ.r [ egt i ﬁgﬁﬁﬁ@f wr{tg ? 'g?lml\%@ga@ﬁ 12 igformedon &efw#cfa%%giaheay

weak acidic solution, in mhlch the quter periphery of the SUS wre 11
i s c| ean®{jthe SUS wire 11 which has been transferred into the gold plating unit 4.

[0054]

Then, the SUS wire 11 of which the outer periphery is formed with the gold
plating layer 12 by a transport roller 15 of the containing unit 9 provided with a cutting
unit (not illustrated) is transferred to a nickel electroforming unit 8 through the cleaning
unit 6 and a current-supply and transport unit 7.

[0055]

The cleaning unit 6 contains the predetermined weak alkaline solution or the
weak acidic solution, in which the outer periphery of the gold plating layer 12 is cleaned.
[0056]

The nickel electroforming unit 8 contains the predetermined electrolytic
solution, for example, a nickel sulfonic acid solution, and through the electroforming, a
predetermined wall thickness (3 pm to 50 pm) of the Ni electroformed layer 13 is
formed on the outer periphery of the gold plating layer 12 of the SUS wire 11 which has
been transferred into the nickel electroforming unit 8.

[0057]

The transport speeds of the transport rollers 14 and 15 of the containing units 5

and 9 are adjusted depending on how much wall thicknesses of the gold plating layer 12

and the Ni electroformed layer 13 will be formed on the outer periphery of the SUS wire
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[ 0053] The gold plating unit 4 is filled with a predeterm ned
el ectrolytic solution, for exanple, a non-cyanide Au solution, and
through the plating, a predetermned wall thickness (0.2 i.tmto 1
nm) of the gold plating |ayer 12 is fornmed on the outer periphery of
the SUS wire 11 which has been transferred into the gold plating unit
4. [0054] Then, the SUS wire 11 of which the outer periphery
is formediwith the gold plating layer 12 by a transport roller 15 of
the containing unit 9 provided with a cutting unit (not illustrated)
is transfggyged to a nickel electroformng unit 8 through the cleaning
unit 6 and a current-supply and transport unit 7. [0055] The

cleani ng unit Geonkekns e PRRURLETT ARFLINRRKLSLKE dagyspfut i on or

t he weak aci dic 'sol utrion, phery o e gold
plating | ' 0p56 . The ni | _electrof anni ng
Gt 6 cSREEbTobhe Bt ERRR ok e outer Brodely Bty s BRbiCLhR'e.
a nickel sulfonic acid.soluytion, ,and.thr h.the electrofgrmng, .a
o edet or BN LY R Rt Anba R Rt ds Prriidge T MeoRtinifrea
| ayer 13 is fornmed on the outer periphery of the gold plating | ayer
12 of th¥88s wire 11 which has been transferred into the nickel
electroformng unit 8. [0057] The transport speeds of the
transpori WSiers 14 and 15 of the containing units 5 and 9 are
adj ust ed dependington how rmuch wal | thicknesses of the gold plating

i ﬁ%@

|l ayer 12 and t AexRitheebde wirst ldrinehichatiie goliplgling laye 12anddee Bh t he
outer periphery of the SUS wire
electroformed layer 13 are formed on the outer periphery is immersed into the
photoresist chamber containing a positive photoresist solution for the predetermined
time period, and a predetermined wall thickness (2 pm to 30 um) of a resist layer 30 is
formed on the outer periphery of the Ni electroformed layer 13.
[0060]
Next, the SUS wire 11 moves toward the upper side in the vertical direction (an
arrow 42) or toward the lower side in the vertical direction (an arrow 43) at a
predetermined speed while the core material rotates in a direction of an arrow 40 or 41
around the center axis of the SUS wire 11 in which the resist layer 30 is formed. At
the same time, the outer periphery of a spiral structure portion 14 (Fig. 3(d))
corresponding to a predetermined range of the spiral structure to be formed in the
longitudinal direction of the SUS wire 11 is irradiated with the laser beams.
[0061]
Thereafter, the resist layer 30 of the portion exposed with the laser beams is
immersed into the developing solution to be dissolved, so that a spiral groove 31 is

formed in the resist layer 30 (Fig. 3(a)). With the formation of the spiral groove 31 in

the resist layer 30, the outer periphery of the Ni electroformed layer 13 is exposed from
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11. [0058] Then, the SUS wire 11 in which the gold plating

| ayer 12 and the Ni el ectrofonned |ayer 13 are stacked on the outer
periphery is cut by a desired length, for exanple, 30 mm by the
cutting unit (not illustrated) which is provided in the containing
unit 9. [0059] Next, the SUS wire 11 in which the gold plating
| ayer 12 and the Ni el ectrofonned |ayer 13 are formed on the outer

peri pher yhd SorligmeheRdné §if] ERRvEBPIOHERESIrighaper containing a
positive photoresist solution for the predeternined tinme period, and
a predetgaﬁhTed wal | thickness (2 i.un to 3012nm) of a resist layer 30
Is formed on"the outer periphery of the Ni electroforned |ayer 13.

[ 0060] Nex 1 thd §8§ e 1 %vlﬁ% ﬁ'ig\ési?%lt We%l%?fbr&%ﬁ% th%irgs?sti N

the vertical direction (an arH%W/ the” ['ower "srde 1n the
vertl ol S5V SR e BBl R RGERLTPELSY Bl I
LA LRI MAL NI B L NS TCNET A HE S
Coi ral s AR BISRS BEIFGPHBANE Her s DGR GTARIE P BERY GG PN
SIS wire t}il'elNii (fleétgorfgr?l‘ile%tlgjgervij?:tag tﬁehrgaslk?lfgel‘lx’latggazlil:’rgo' thl‘;;lto t%gl 1 electroformed

layer 13 is removed from the portion of the spiral groove 31 formed in the resist layer

30 (Fig. 3(b)). In this way, the outer periphery of the gold plating layer 12 is exposed

from the portion where the spiral groove 31 is formed (Fig. 3(b)).

[0063]

Next, with the removal of the resist layer 30, the SUS wire 11 is subjected to
ultrasonic cleaning in pure water at a temperature (about 50 degrees) higher than a room
temperature, so that the gold plating layer 12 is removed from the portion in which the
Ni electroformed layer 13 corresponds to the removed spiral groove 31 (Fig. 3(c)). In
this way, the outer periphery of the SUS wire 11 is exposed from the portion where the
spiral groove 31 is formed (Fig. 3(c)).

[0064]

Finally, the SUS wire 11 is stretched from its one or both ends to make the
cross-sectional area thereof small; a gap is formed between the outer periphery of the
SUS wire 11 and the inner peripheral of the gold plating layer 12; and the SUS wire 11
is pulled out. Therefore, the SUS wire 11 is removed while the gold plating layer 12 is
left on the inside of the Ni electroformed layer 13, thereby forming the ultrafine, thin

contact 20 for the current inspection jig which is provided with the Ni electroformed

spring structure (Fig. 3(d), Fig. 4(a), and Fig. 5).
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Thereafter, the resist layer 30 of the portion exposed with the |aser
beans is immersed into the devel oping solution to be dissolved, so
that a spiral groove 31 is fornmed in the resist layer 30 (Fig. 3(a)).
Wth the formation of the spiral groove 31 in the resist |ayer 30,
the outer periphery of the N electrofonned |layer 13 is exposed from
the portion where the spiral groove 31 is forned (Fig. 3(a)). [0062]
Next, theg wire 11 in which the spiral groove 31 is fornmed in the
resi st |ayer 30 which has been formed on the outer periphery of the

Ni el ectrof onnagle bagé 2b3ot thelcOBAISB ek %Hﬁmﬁ*&@cﬁ%é&%@%écﬂ%&‘%&%‘ d
solution to be el ectropolished. Therefore,” the etching is perforned

by using ;{ ?ﬁnﬁ R5k Etr&fﬂﬁ?éd Be LRI 8 ?Eﬂruﬂa’a \ﬁlhﬁh@%{)ﬁfpl&%%l&? I%e hIe he

Ni el ectroforned a er as the I'ng materil SO t

g ﬁétv;"E?ﬁ#ﬂéﬁ%é%*f%ﬂ%%ﬁl@%ﬁgﬁﬁfﬁh@e%f%ts{?%ir% A il .
t

por £ on aﬁ@rﬁ 21 saP?aé’} h Hi e ¥f8f°ﬁ@ad %@egv*f?%%%ﬂo%ﬁ%%\ggﬁ the

Ne

su)l:()jt ec\tMefg‘)lchPq gg% @%ctpt%éﬂ%f‘{‘?dﬁ%r%éfdﬁ tSB‘r'h '&f’tetge gﬁﬁ\é\c@{rgtlﬁl >

(about 50 degrees hi gher_ than a room tenperature, so that the gold

pl ating Fepeyedsitom the goldplating laygs thandshe Nl slecirpfopmed yehks, pyhich have
electroforned | ayer 13 corresponds to the renoved spiral groove 31
(Fi g. 3(&psn formed pn shepaper neriphetioEthepdys pirerly semvingvws taoeprgimaterial, j s
exposed fromthe portion where the spiral groove 31 is formed (Fig.
3(c)). [ odelg]the gold platipp dasfer {2 istlnl o8B inside of theiNs edectrefarmed 14yeohd.i t s
one or both ends to nmake the cross-sectional area thereof small; a
gap is fo0Ged bet ween the outer periphery of the SUS wire 11 and t he
i nner peripheral of the gold plating |ayer 12; and the SUS wire 11 is
pul | ed out. Thé&hedi,oheportihe cGuSpandiag fdlthe Spire pawed 3whin ke Nhdegrifalmed
plating layer 12 is left on the inside of the Ni electroforned |ayer
13, ther ¢dyr t Disdissglvic ehroligh ahbietuhing i fome @ Bpiedd ts1i291 of 16 thd WEelettrdfemied

i nspection jig which is provided with the N el ectrof orned spring
st ruct ur gayef i 3.thetbh) formings thd 65iral s@istulel @rtidn 14.
[0067]

Fig. 4(a) is a side view illustrating an example of the ultrafine, thin contact 20
for the current inspection jig which is manufactured according to the manufacturing
method of the invention and provided with the electroformed spring structure, in which
the spring structure portion denoted by the reference numeral 14 is formed partially.
[0068]

In addition, as illustrated in Fig. 6, the contact may be manufactured just like
contacts 21 and 22 for the current inspection jig which includes tubular shaped portions
23 made of the Ni electroformed layer provided with the gold plating layer on the inside
thereof and a plurality of spring structure portions 24a, 24b, 25a, 25b, and 25c.

[0069]

The contact 20 for the current inspection jig according to the invention has
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[ 0065] The contact 20 for the current inspection jig

manuf actured as descri bed above is a thin NI el ectrofonned tube which
is provided with the gold plating |ayer 12 on the inside thereof and
partially includes the spiral structure portion 14 as illustrated in
Fig. 3(d), Fig. 4(a), and Fig. 5. The thin N electroforned tube
which is provided with the gold plating layer 12 on the inside

thereof igef %ﬁ@ﬁaﬁgat stiddhe gpg Wi w)ftﬁeég g'yhgeft@rmvcﬁ I@&Pﬁ%ﬁ 90! d

plating layer 12 an e N ect r of or ned r 13, been

o SRR S RO g

mat eri al , latin yer 1 on’t e of

the N elL .Coth’tfP% & Fﬁfe‘sﬂsag?gc? g?l‘}l%fls L‘ng gl}th rI;Ii I eectr{ﬁ%%gf:% Lapgroﬁo\%ﬂ-c 5

corresponding to groove or med 1 ayer
13 is dissol.yed through, the efchi to for spiral, slit 3la i he
N el ect POTGIRN HFer RS Eelabdh or Bramitt Rl BLAE 0 Suin i paf
portion 14. [0067] Fig. 4 is a side viewillustrating
exanpl e 5 it BrUgR @OrtR 1 i bRy i Rl e e B S I gRE R
jig which is manufactured according to the manufacturing nmethod of

t he i nvedtrgal dadcist 8¢ied t h t he el ectrof onned spring structure,
in which the spring structure portion denoted by the reference
nurrer al 190903 forned partially. [0068] In addition, as
illustrated in Fig. 6, the contact may be manufactured just |ike
contacts 21 andfugtherf the abbree mumerisat valwesgels 12003 id pdhamshp? mely bdest to

t ubul ar shaped portions 23 made of the Ni electroforned | ayer

provi ded nwinetal tvhlesynl agcpiandervgti depean conditloes.i nsi de t hereof and a
plurality of spring structure portions 24a, 24b, 25a, 25b, and 25c.

[ 0069] ThHeordntact 20 for the current inspection jig according to the
i nvention has

In a case where a short length L1 of the contact 20 is manufactured, after a tube
body made of the Ni electroformed layer 13 in which the gold plating layer 12 is formed
on the inside thereof is cut at every 1 mm, the SUS wire 11 is removed, so that a
plurality of the contacts 20 can be manufactured at the same times.

[0072]

In other words, as described above, in a case where the SUS wire 11 having the
entire length of 30 mm is used as the core material, the spring structure portion 14 is
formed through the laser exposure such that the portion in the range of 0.1 mm from the
one end is formed in a tubular shape, the portion in the subsequent range of 0.8 mm is
formed to be the spring structure portion, the portion in the subsequent range of 0.2 mm
is formed in the tubular shape, and the portion in the subsequent range of 0.8 mm is
formed to be the spring structure portion.  After being subjected to the process
illustrated in Fig. 3(c} and before being removed, the SUS wire 11 is cut at every 1 mm

using the laser beam. Thereafter, when the SUS wire 11 is removed, 30 pieces of the

contacts 20 can be manufactured at the same time. As described above, in a case
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been manufactured using the SUS wire 11 of the 21 pm external

di anet er through the above-described processes, in which the entire
length Li is 1 nm the lengths L2 and L4 of the tubular shaped
portions nade of the Ni electrofornmed |ayer 13 which is provided with
the gold plating |layer 12 on the inside thereof are 0.1 mm the

| ength L3 of the spring structure portion 14 is 0.8 mm the external
di anet er yfile ihs SPE Witk 1@5@3%6%6{1 L&l S or BBl ES o ggrehﬁnvgé- tﬂﬁg'\a id HZéa]

Furt her, the above nuneri cal ues Li, L2, L3, L4, col

be set tg, \[,%MREEBI% rH6 ihtd &%ﬁﬁ%ﬂﬁ?&@ﬁ%ta?e ﬁie%%%sgg/ t%%'é%ﬁﬁ the[ 81(2171]

In a case where a short |engt e contac i'S manufactured,
after od f th r of,or 1 i t he
gol d pl aiplgﬁgongay%‘rf g%hlgc ng%% 26ﬁp1 éoﬂlhseicgegftereeg?h ga"”é%ﬁm ePpevery
1 mm th re 11,sre ved that .a plurality of the contacts
20" Chn beTRigh bR ek tal Be saBe 1075 In ot her

wor ds, iﬂgﬁ cribed above, in a case where the SUS wire 11 having the
entire | of 30 mmis used as the core material, the spring
structure portlon 14 is forned through the | aser exposure suych that
the portion i nltpdditionga ubrafipe; thmﬁ ash? ¥anfor Gieecuprat ingporhpmag Whichds

t ubul ar shape, the portion in the subsequent range of 0.8 mmis

f or med t@fQYédquélﬂEﬁﬁMg?]@ﬁfﬂfﬂfmﬁéprmﬁ stiustire ilhstrgged in Big- 4(5) ota be
subsequent range of 0.2 mmis formed in the tubular shape, and the
portion inmnpfpstusedsdyldntascatigSUs wite 81 having tHeantieallengthlof 30 men spr i ng
structure portion. After being subjected to the process illustrated
in Fig. 3ggctehth theloerexpesurg ta fonmvbelspringestr8tiSrapartor] 14 beerchx erdire
every 1 mmusing the | aser beam Thereafter, when the SUS wire 11 is
renoved, 18@tpibefoesthefrembeal ctha SISt wir2 01 &edut hiehave audesicdd leegth aking ilee same
tinme. As described above, in a case where the SUS wre 11 is

st r et chedusty anQRAd @enhitd BUSRE S 110ishems @m0V alerefdie) £plusility sRel t 0
t ake hol ding portions into consideration which are necessary to be

fornmed atoithés 0fcbd hiFactizé@ at the shiib eimfedse, 25 to 26 pieces of the
contacts 20 each having the entire length of 1 nm can be manufactured

at the sagg4yi me. [0073]

The contact for the current inspection jig may be provided with the spring
structure formed over parts or the entire length just like those illustrated in Fig. 3(d), Fig.
4(a), and Fig. 5, or that illustrated in Fig. 4(b).

[0075]

In either case, according to the manufacturing method of the invention, the
etching is performed by using the resist layer 30 as a mask in which the spiral groove 31
is formed through the laser exposure to dissolve and remove the predetermined portion
of the Ni electroformed layer 13, and then to remove the portion of the gold plating
layer 12 corresponding to the spiral groove 31 from which the Ni electroformed layer 13
is removed, so that the spring structure portion 14 is formed. Therefore, the spiral
groove 31 having a desired shape and size is accurately and precisely formed, and thus

the spiral structure which includes the spiral slit 31a having the accurate, precise size of
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In addition, an ultrafine, thin contact 20a for the current

i nspection jig which is provided with the Ni el ectrofornmed spring
structure illustrated in Fig. 4(b) may be manufactured. In this case,
the SUS wire 11 having the entire length of 30 mMmis subjected to the
| aser exposure to formthe spring structure portion 14 over the
entire length; before the renoval, the SUS wire 11 is cut to have a

desired Hﬁﬂﬁﬁ@d&ﬁ&ﬁﬂb% Aser beam and then the SUS wire 11 is
removed. Therefore, a plurality of the contacts 20a can be

nanufactﬁé@ﬁsat the sane tinme. [0074] The contact for the
current inspgction jig may be provided with the spring structure

formed over parts ar the,entire | t.hJust |Jjke.those jillustrated in
Fa s o pferng o ARaddaRie ol OF e iEnt mpitGhofGg)

[ 0075] ... In either cas according to the manufacturing ethod
of the i AVt isaro e Bl nO ETed B St e SRy e e ASTE Gy o
30 as a nask iq‘mthh he spiral groove 31 is fornmed through the

| aser exp¥sTRRBGUERGIOFRE CAME IP¥TY0R cemexiibib s carenbel s lrIPRMYof
the NI electroforrned |ayer 13, and then to renove the portion of the
gol d pl atlibiigPrresyeris ppe ebthe@sersriinsnes descrilied abpye, avhigh egnhe eahibited from
which the N electrofornmed |ayer 13 is renoved, so that the spring

st ruct ur éhpvruciugnimwhich theowidgulof thp sliteTlerie thetspialspiuchire pertion & Blto be
having a desired shape and size is accurately and precisely forned,
and t hus thewanifopinrséit wedthastdesiredwhi ch i ncl udes the spiral slit 3la
havi ng the accurate, precise size of the slit wdth can be forned.
[0076] [0077] The ultrafine, thin contacts 20 and 20a (Fig. 4) for
the current inspection jig which is provided with the el ectroforned

spring struct uMbe douaéteo the edrratmpdetins jiOadchbrlinpiothasiaveidegerivebene
of the invention can exhibit the excellent elastic property. This

property inven@B€hafbdeh enapuRRréd @Sh tias (1S4l inkddealT e NYb&tbieatedbe
exhibited fromthe structure in which the wwdth of the slit 3la in

the spiralycsis Fﬁivmea WA the01d Hathff 1al @ tR&efnn€ 10Nk, HeBxddrhdl dALl G5
desired. [0077
is 80 wm; the length L3 of the spring structure portion 14 is 2 mm; and the number of
windings is 25, in which a spring load has been 2 gf/0.2 mm. In addition, the contact
for the current inspection jig according to the above-described invention has been
manufactured such that the wall thickness of the Ni electroformed layer 13 provided
with the gold plating layer therein is 10 pum; the external diameter @1 is 50 pm; the
length L3 of the spring structure portion 14 is 2 mm; and the number of windings is 40,
in which the spring load has been 4 gf/0.2 mm.
[0078]

The ultrafine, thin contacts 20 and 20a (Fig. 4) for the current inspection jig
provided with the electroformed spring structure which has been manufactured
according to the manufacturing scheme of the invention use their one ends as contact
ends to the sample and the other ends as connection portions to the current inspection
jig.
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The contact for the current inspection jig according to the
above-descri bed invention has been manufactured such that the wall

t hi ckness of the Ni electrofornmed |ayer 13 provided with the gold
plating layer therein is 10 Inn; the external dianeter 91 is 80 mm;
the length L3 of the spring structure portion 14 is 2 nm and the
nunber of windings is 25, in which a spring |oad has been 2 gf/0.2
mm | n adodrdjon, the contact for the current inspection jig according
to the above-described invention has been manufactured such that the

wal |t hi ckness 19thi$ &i8eNh Fed agd)! QAR RY Heo®id bh3thB FMleAGShMhdr 17 @in
gold plating layer thereinis 10 pm the external diameter 91 is

501. 1m  t,RsdPRAhE cdnta@lend REHERENWPR, BE Lifel BiEIRREd! H?ﬂ}jl&ﬂeaﬂsn%%ge fiFerand

t he nunber of windings is 40, in which the spring | oa een 4

gf /0. 24%@%9?%%% as the conhB&idd dordd 108he EfHrdht g‘ggé%%[lzigtzgeand 20a

(Fig. e current 1 nspection Jig provi
electroLE spring structure which has been manufactured according
to the hufacturing scheme of the invention use their one ends as

contact ends to the.sanpl nd.t he. other ends as nnectj qn Rpor.ti.ons
to the current ?I? WQGS%%’{’F‘EHE]SF}@@ 1 g’@? 12 C':m%u&wﬂIpr‘ln ?ﬁfssm%eﬁ{fg to lﬁl%’f’
4(a), the one en enaqt ed he referenc ureral 17 e used as
the cont 48¢2 @ﬁ&ﬂa 39 tolrtulg’es‘ﬁﬁgg é‘f’utfeﬁlém& %?ﬂcghﬂofglgﬁ gordgrt @%‘Slh °CREEence
nuneral 16 can he used as_the connection portion to the current
i nspect | GFPFFIPN L9 EeRd as the contaqt eaditn the sHnPlgsso; thit fhe pug @l qfihepaptacy
a conductive pin 26 is inserted to the inside, and a tip end 27 of
the pin 26 e cegens inspeetion jignepnpe used avibe soneciend dothespmplge curr ent
inspecticwléig is used as the contact end to the sanple, so that the
one end OP0%lhe contact 20 for the current inspection jig can be used
as the contact end to the sanple. [0081] In a case of the form
i | lustrated i nlfFagasedf thehlorpiiliust@teday Fige 7f fhx @th 2embp be fised ioothe genioned
by the reference nuneral 18 in the drawi ng through a nedi um such as a
swage, wdkabtegby tredeferenae hemerael8 in the drawing through a medium such as a swage,
welding, and an adhesive.
[0082]

In addition, in a case of the form illustrated in Fig. 7, the conductive pin 26
inserted to the inside may be manufactured by an ultrafine wire made of a metal wire
excellent in conductivity, for example, platinum, rhodium, or an alloy thereof, or an
ultrafine tungsten or BeCu (beryllium copper) wire which is subjected to the Ni plating
and then the Au plating.

[0083]

In a case where the one end denoted by the reference numeral 17 of the contact
20 for the current inspection jig is used as the contact end to the sample, or in a case
where the tip end 27 of the pin 26 abutting on the one end of the contact 20 for the

current inspection jig is used as the contact end to the sample, the shape of the contact

end may be various shapes such as a taper shape (Fig. 8(a)), a bent shape (Fig. 8(b))

23



[ 0082] In addition, in a case of the formillustrated in Fig.
7, the conductive pin 26 inserted to the inside may be manufactured
by an ultrafine wire nmade of a netal wire excellent in conductivity,
for exanple, platinum rhodium or an alloy thereof, or an ultrafine
tungsten or BeCu (berylliumcopper) wire which is subjected to the N
plating and then the Au plating. [0083] In a case where the
one end ; : ac 0 for the
current ﬁﬁgﬁiﬁgFgﬁhFﬁﬁuﬁgiﬁ%gg%gé t%eté%ﬁ%gggkgﬁgﬁFggpﬁg'%g.'Ie or
in a cas Omﬁﬁre the tip end 27 of the pin 26 abutting on the one end
of the contact 20 for the current inspection jig is used as the

contact end to , p fr. 0, nd be

vari ous shapesT%E%ﬂﬁggpgsﬁg%gﬁa@ﬂ%ﬁ@nﬁﬁﬁghﬁé§%?%%ﬁ%mﬁéﬁngﬁgﬂggTﬁ¥g.
8(b)) Lth a radius R moot h flat .s e (Fig. .8(c)),, and. a crown
chabe ( PG g g CotfasbpmPe HTRtpRels S5 SRRBE vhon B by vy o'
Fig. 7) for the current .inspection_jig may. be ysed as a contaci probe
for i nep@bLShe WabkrFiteds Fhe oo He Rugnaipairelon e Rrogiden 40 s L o
is manufactured. In_addition, the current inspection_ jigs provided

wi th t he ceBAstact endadVaide Zoand ey’) far higgurrpyf inspectionJig #e usest fos the
inspection jig are used for the current inspection of other

ul t r af i n€urrpntgpspgetien efotiesiiraimneqhigheiensitysamples@g wellres theeymest i on of
the el ectronic device substrate, the circuit wiring substrate, and

t he |i keingpe@8s]of the electragic destigesubstiate, dkeeipiuitryirisgisehiitnatenand be likhe

i nvention has been described with reference to the acconpanyi ng

dr awi ngs J0Q8%¢ i nvention is not linmted to these enbodi nents, but
various nodifications can be nade w thout departing fromthe

t echni cal scopélitieitcjthe axenpdayrabeyoslimads 6f thaidveatiel Risrteen Begcribadijthe,
in the exanple, the gold plating |ayer 12 serving as the core

mat eri al réfaenbernthé acdvethafing deavain € thedavétioanynaflinhife! tSfzsyi re 11
through the plating, but the plating | ayer nade of the gold alloy may

Fgog g ]r Medmbbaineats, 8ht YaRugfodi fRlaBbhs@n b Yiide Witlat @paring! B e St
technical scope which can be understood from the claims. For example, in the
example, the gold plating layer 12 serving as the core material has been formed on the

outer periphery of the SUS wire 11 through the plating, but the plating layer made of the

gold alloy may be formed instead of the gold plating layer.

Reference Signs List

[0086]
11 SUS wire (core material)
12 gold plating layer
13 Ni electroformed layer
14  spiral structure portion
30 resist layer

31 spiral groove
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11 SUS wire (core material) 12 gold plating |ayer 13 N el ectrofonned
| ayer 14 spiral structure portion 30 resist |ayer 31 spiral groove
3la spiral slit 20, 20a, 21,22 contact for current inspection jig

31a spiral slit

20,20a,21,22 contact for current inspection jig
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Claims 1. A method of manufacturing a contact for a current

i nspection jig having an el ectrofornmed spring structure, the nethod
conpri si ng: formng a gold or gold alloy plating | ayer on an
outer periphery of a core material through plating and formng a N

el ectrof orned | ayer on an outer periphery of the forned plating |ayer
t hrough el ect r of or m ng; formng a resist |ayer on an outer
periphery of the N electrofornmed | gygmsand exposi ng the resist |ayer
under | aser beans to forma spiral groove in the resist |ayer;

perforning etch pgmby o@ﬁiaﬂgfaataﬁngﬁ%bﬁﬂacﬂ f8Y £ bwdéht dsPBONNG: IR dnal to
remove the Ni el ectroformed |ayer of a portion in which the spiral

groove | glefc%f%?ﬁed E‘;Exi]rgg"st t%&étthe]i RA¥hbd c?m{_nﬁsm%r emoving the resist

| ayer and renovi ng at|ng ayer piral groove portion
from whi ch theghi ;e 2 d eﬂ 0. fﬂn H5ydr® % .er hery of a cdr&T0V! N9
the core materia th §§e¥ I'S N Aner

peri pher e Iectr rnEd act

cur ent il 91!8%*1 Pyt F&l%& i%%f@f%gﬁe?ﬁ?ﬁgﬁaﬂ oy ﬁtateﬁta%:rpﬁ*&ri o
accordin one end o e contac or e
current ?1?%% ‘fBlg]“Pg &yﬁ?tg{ﬁ“@ggﬁiﬁﬁ?ﬁr@wgel ect r of ormed spring
structure is f?rned as a ?ontact end to, % %nd t he ot her end
is formed as a QFHH%H?S Y6+ ¢ YhOYter RKP E‘i)’ror él?‘FiNl g lpygg and 3.

A current inspection jig which is provided with the contact for the
current CHRSEME theFesist yalf:%l&ealaﬁa hegmg [ty forma spiral groove in the resist layer;

performing etching by using the resist layer as a masking material to remove
the Ni electroformed layer of a portion in which the spiral groove is formed in the resist
layer;

removing the resist layer and removing the plating layer of the spiral groove
portion from which the Ni electroformed layer is removed; and

removing the core material while the plating layer is left on an inner periphery

of the Ni electroformed layer.

2. A contact for the current inspection jig which is manufactured through the
method according to claim 1,

wherein one end of the contact for the current inspection jig provided with an
electroformed spring structure is formed as a contact end to a sample, and the other end

is formed as a connection portion to the current inspection jig.

3. A current inspection jig which is provided with the contact for the current

inspection jig according to claim 2,
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