DESCRI PTI ON  SPI RAL CONTACT AND PROCESS FOR PRODUCI NG THE SAME [ Field of
the Invention] [0001] 5 The present invention relates to a spiral contact
that exhibits, even in a hot environnent, |ow permanent set in fatigue,
excell ent spring characteristic and excellent electrical conductivity, and
nore particularly to a spiral contact in which a dissimlar nmetal is
diffused and infiltrated into a surface 10 |ayer of the spiral contact to
forman alloy of the dissimlar netal so that the characteristic of the
spiral contact is inproved, as wgrscgIptraox produci ng nethod of the spira
contact. [Related Art] [0002] 15 Fig. 15 is an enl arged perspective view

showi ng a connestoRALtEINTACT ACCPRIHIRSS FeR GROMYINmatHRrdaMEThe connect or
terminal is used, for exanple, as a connector for an autonobile. As shown
in Fig. 1lprié¢he spnpestorvéettdbAal is nmade of a copper alloy thin plate and
includes at least a male termnal 51 and a female 20 term nal 52 capabl e of
engaging wth epmdopot her, [0003] The male termnal 51 and the fenmale

term nal 52 each include a sliding portion S and an other portion N The

slidinmg portiommhe pessen Vi Chkesst i dar chesse ©f £ 60a t 9o 7091 Hyon tadt t tiea ot her
portion 25 N has a Vickers' hardness of 45 to 250 HV. Further, the

di ff erencexipibihe, ¥ivekeln & Har einessoeémepsn owtgernmement eemiinatabilgand t he
female termnal 52, inthe sliding 1
excellent spring characteristic and excellent electrical
conductivity, and more particularly to a spiral contact in which
a dissimilar metal is diffused and infiltrated into a surface

10 layer of the spiral contact to form an alloy of the dissimilar
metal so that the characteristicof the spiral contact is improved,
as well as to a producing method of the spiral contact.
[Related Art]

[0C02]

15 Fig. 15is anenlarged perspective view showing a connector
terminal according to a conventicnal art. The connector terminal
is used, for example, as a connector for an automobile. As shown
in Fig. 15, the connector terminal is made of a copper alloy
thin plate and includes at least a male terminal 51 and a female

20 terminal 52 capable of engaging with each cther.

[0003]

Themale terminal 51 and the female terminal 52 each include
a sliding portion S and an other portion N. The sliding portion
S has a Vickers' hardness of 60 to 700 HV, and the other portion

25 N has a Vickers' hardness of 45 to 250 EHV.

Further, the difference of the Vicker's hardness between

the male terminal 51 and the female terminal 52, in the sliding



portions
har dness

S, is 15 HV or nore. By controlling the difference of the Vicker's

between the sliding portions S of the male termnal 51 and the

female termnal 52 to 15 HV or nore, inserting force 5 (inserting/extracting
force) can be reduced. Thus, the connector termnal is excellent in contact

stability conpared to the case where the nmale term na

term nal
perform
wor ds,

52 have the sane hardness, and therefore the force needed t

51 and the femal e

(0]

inserting/extracting operation is reduced. 10 [0004] In other

whedr + 58 t & N0i & hes N ectepsi@al 51 into the femal e termnal

abrasion will be caused between the sliding portions S of the two

termnals. In the CaASErINEI Ry tige IR Lot il Nt Odec andekbe' § enplgné s m nal
52 are soft and 'have 15 al nobst the sane har dness,

wi |l becogerwddghshand itdieleienre idhe Bnsertndognd of ee rildali mar gagechdhil e

52,

def ormati on resi stance

in the case where the male termnal 51 and_the femal e perninal 52 are hard
and have atmpsé therman®l haggness, 1henveshet angee, agahBsttihg absaséon wil |

beconme high, and therefore the 20 inserting force will increase. However,

in

the case whesereinglyékerspeengirraednessnexiatisoet vee8, e fahgetesni nal 51
and the female termnal 52, the soft side is apt to be abraded, and

t heref orert hejhaseard tRgefloese whidorfiedteasapilldt§UelnpBa @80 chiechaserting

force can be reduced if the difference of the 25 Vicker's hardness between

the both &Rk NAHS nlaSl £ @RAlNzed 5t 0and St HY QImAMY &.e Withh :ISUChhake the
arrangenent, the inserting/extracting 2

10

15

20

25

same hardness, and therefore the force needed to perform
inserting/extracting operaticn is reduced.

[0004]

In other words, when inserting the male terminal 51 into
the female terminal 52, abrasion will be caused between the
sliding portions S of the two terminals. In the case where the
male terminal 51 and the female terminal 52 are soft and have
almost the same hardness, deformation resistance will become
high, and therefore the inserting force will increase. While
in the case where the male terminal 51 and the female terminal
52 are hard and have almost the same hardness, the resistance
against the abrasion will become high, and therefcre the
inserting force will increase. However, in the case where a
difference of hardness exists between the male terminal 51 and
the female terminal 52, the soft side is apt to be abraded, and
therefore the inserting force will decrease. In such a case,
the inserting force can be reduced if the difference of the
Vicker's hardness between the both terminals is controlled to
15 HV or more.

With such an arrangement, the inserting/extracting



resi stance of the connector is reduced and therefore the necessary
inserting force when assenbling the connector is reduced. Thus, not only
the working efficiency of the assenbly operation can be inproved, but also
the fatigue degree of the 5 workers can be reduced. [0005] In Fig. 16, (a)
and (b) are enlarged views of the sliding portions, and show surfaces of Cu
all oy substrates, each surface having a plating |ayer and an all oy forned
by thermal diffusion. 10 As shown in (a) of Fig. 16, a plating process using

one or ”Pé@ii,({&hfﬂée ofpr et @b s sRinRcied f1om-euAgAN QE’@ZQ%%%@& the
MhDFeLCOOPdEPt DTi DZr OHf LVONbLTaUvoDWO nDCOSQAUDALCSI USbO Bi Gand Te i s

perfornednéfet bgryuihaeetahgt M Ge Aoy sybshraify kOl AWdRmed®iAl 1§hin
plate 55. By performng the plating process, 15 an alloy forned by the Cu

al I oy subs¢fated d3rang, te: 6&&?' tBel st ethg fafamdike Apore tABt aksemeup | s
formed, so that the plated surface is hardened to a predeterm ned hardness.

[ 0006] Aé;f)ébé)ti\@oﬁ Ned@)b@nGnd v, Bt alGo itRet RELSHL HGgQQétanﬁhe 20 (see
Fig. 15) of the male terminal 51 and the female termnal 52, a Cu-Sn all oy

58 i s  orgedkbet Weeh Be PHEQ.SAJ| ayer 57 and a Cu layer 56 (or between the
Cu |l ayer 56 and the substrate 53) by thermal diffusion into each other

until thicknessi@foshe pure Sn |ayer 57 becones less than 0.6 pm so that a
surface | ayer 25 54 of the substrate 53 is fornmed by the Cu | ayer 56, the

pure Sn layer By rand the abl ond8b)[ @@R7¢nBarged views of the sliding
portions, and show surfaces of Cu alloy substrates, each surface
having a plating layer and an alloy formed by thermal diffusion,
10 As shown in (a) of Fig. 16, a plating process using one
or more kinds of metals selected from CullAgONiOPbZnUPORBOCr{
MnOFel)CoOPdOPtUTiUZr OHfOVONLOTa Mo WO INnICUSOAVDOALOSiOSHO
Billand Te is performed to the surface of the Cu alloy substrate
to form a metal thin plate 55. By performing the plating process,
15 analloy formedby theCualloy substrate 53 and themetal selected
from the above metal group is formed, so that the plated surface

is hardened to a predetermined hardness.

[0006]
As shown in (a) and (b) of Fig. 16, in the sliding portions
20 (see Fig. 15) of the male terminal 51 and the female terminal
52, a Cu-Sn alloy 58 is formed between a pure Sn layer 57 and
a Cu layer 56 (or between the Cu layer 56 and the substrate 53)
by thermal diffusion into each other until thickness of the pure
Sn layer 57 becomes less than 0.6 pm, so that a surface layer
25 54 of the substrate 53 is formed by the Cu layer 56, the pure
Sn layer 57 and the allcy 58.

[0007]



Thus, good fitting property and stable contact of the term nal and

connector used as electronic circuit conponents can be achieved, and

cont act

reduced,
assenbl y
Furt her,
securely
due to t
Docunent

resi stance can be reduced. Further, the inserting force can
and 5 insertability/extractability can be inproved. Further,

be

efficiency of the autonobile assenbly process can be inproved.

since gripping force does not change, the connector can be

installed with no concern that the connection m ght be di sengaged

he vi brafion % od he;i epghge Q%E@r??t gk stRHRecumitady -of Patent

1] Japanese Pat ent Lald en Publ'i cati on No. 2004- 179055

(Paragrapbe£ﬂ9§21,aﬁagcoéﬂe&QQQB&seabw§V@Iec@r@ﬁp@l@f}@mih ShEHoRdnest 1s
that it will take 15 long tinme to forma thin filmof the dissimlar

by perfor#&i g2, phabiog, Féﬁﬁ?%ﬁté@g rtébeirbt%i{é@&ﬁhr}ge %ebt&%re@a' re{hersi on

process.

Furt her, when p acing the thin filmof the dissimlar netal

netal matepial, iint@ hingh thergissim |l anpmetalyds desigede0 to beg

di f fused,

in order to form an alToy in the surface |layer of the netal

nmet al

onto a

”ater%ﬁ|11&9@£€ab§lf@?ﬁ@iﬂr&@@&biﬂ?t?%ﬁ%hﬁaPﬁ HQ@Ed'?Hﬂ%H§¥“§@§eM%Iy each
other mght be nelted into each other. [0 I'n view of the above

probl ens, o f§; b Se@8y AP @%He 8&tbﬁ%b@i%5§§§em@§y'ﬂb6ﬂ€éé“&é%0b@rPMbgﬁv@dSp'ra'
contact and a produci ng nethod thereof, in which the spiral contact

2“' y has fhetnheparachesi éﬂﬁp?xfugc%ﬁcém&@és babe absonbas the ebanasteristic
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can be securely installed with no concern that the connection
might be disengaged due to the vibration of the engine (see Patent
Document 1).

[Patent Document 1] Japanese Patent Laid-Open Publication
No. 2004-179055 (Paragraph [0032], Fig. 1)

[0008]

However, a problem with such an art is that it will take
long time to forma thin filmof thedissimilarmetal by performing
a plating process and then performing a thermal diffusion
process.

Further, when placing the thin filmof the dissimilar metal
onto ametal material, into which the dissimilar metal is desired
to be diffused, in order to form an alley in the surface layer
of the metal material, there is concern that the metals brought
into contact with each other might be melted into each other.

(00097

Inviewof the above problems, it is an object of the present
invention to provide a spiral contact and a producing methoed
thereof, in which the spiral contact not only has the

characteristic of core metal but also has the characteristic

not



of the dissimlar nmetal, and therefore the spiral contact exhibits, even in
a hot environnent, |ow permanent set in fatigue, excellent spring
characteristic and excellent electrical conductivity. 5 [Di sclosure of the
I nvention] [0010] A producing nethod of a spiral contact according to a
first aspect of the present invention is a nethod in which at |east one
dissimlar netal different froma core netal of the spiral 10 contact is
diffused and infiltrated into a surface |l ayer of the <core netal, wherein

atoms of thecdiessiibdiali et ahe b€, diahbiuset raneh-d nthkt rstiadil ntont her surface
| ayer of the core netal by being heated in a state where the core netal is

brought |&%9isPns pelrenid B Hiteel ssbithé ¢, MBhdlerrdndPO3aL A PLOdyEs NY
met hod of a spiral contact according to a second aspect of the present

i nventi onek&e Al &t hogh # mpvhictha réfc Hegastt i Onandi sekakl aenfetalediffesent from
a core metal of the spiral contact is diffused and infiltrated into a

surface | aygau@fithe,20 core netal, wherein atons of the dissimlar netal
are diffused and infiltrated into the surface |ayer of the core netal by

bei ng 5 heabed-1Hs drOr €8SLhe ZeAvEAYIERNNENt in a state where the core netal
is brought into contact with the dissimlar netal. [0012] 25 According to a

third aspect of[ddwegpresent invention, in the producing nethod of the
spiral contact according to the first or second aspect of the present

invention, a hegabkBgut-eRRehatMé® oo spiral contact according to a first
aspect of the present invention is a method in which at least
one dissimilar metal different from a core metal of the spiral
10 contact is diffused and infiltrated into a surface layer cof the
core metal, wherein atoms of the dissimilar metal are diffused
ana infiltrated into the surface layer of the core metal by being
heated in a state where the core metal is brought into contact
with the dissimilar metal.
15 [0011]

A producingmethod of a spiral contact according to a second
aspect of the present inventiocn is a method in which at least
cne dissimilar metal different from a core metal of the spiral
contact is diffused and infiltrated into a surface layer of the

20 core metal, wherein atems of the dissimilar metal are diffused
and infiltrated into the surface layer of the core metal by being
heated in a pressurized environment in a state where the core
metal is brought into contact with the dissimilar metal.

(0012}

25 According to a third aspect of the present invention, in
the producing method of the spiral contact according to the first

or second aspect of the present invention, a heating temperature



is set such that a lower limt thereof is the tenperature corresponding to
0.4 tinmes the absolute tenperature of the nelting point of the nmetal with
the highest nelting point anong the core nmetal and dissimlar netal brought
in contact wwth each 5 other while an upper limt thereof is the absolute
tenperature of the nelting point of the netal with the | owest nelting point
anong the core netal and dissimlar nmetal brought in contact wth each
other. [0013] 10 According to a fourth aspect of the present invention, in

the produckngeetdinth ofndheaspidwalr contact tpeeebdi NG tinhd heempeeandraspect
of the present invention, the pressure of the pressurized environnent is

set to becdBrdsPpPadbiy tol® . MPomes [ ©Rd4hbid1A¢eortdimie doaxd i £ htaspect of
the present invention, in the producing nethod of the spiral contact

accor di ngmé0t{hg dd st cfoeheeronsl] ashecthefhidiee Pt eaantiigypennicoamohfe
dissimlar neta is titanium (Ti) which is deposited onto the surface of

the core tpBtalrdiedaPhysd cals siaara rdepesi td aighd0 1 h0O35 a Ae Gardi 8gcho a
si xth aspect of the present invention, in the producing nmethod of the

spirals coptpet AeLos Hmaippert hemficr her 86 f L@@ aspethitef t&hpgepheseat
invention, the dissimlar nmetal 1is alumnum (A) which is deposited onto

the surfage ©ie e tGALpo2htNBE A hd et aphy st Ead hey aRAre HepRittiingNpo [ RO 16]
According to a seventh aspect of the present invention, 6
among the core metal and dissimilar metal brought in contact
with each other.

[0013]

16 According to a fourth aspect of the present invention,
in the producing method of the spiral contact according to the
second aspect of the present invention, the pressure of the
pressurized environment is set to be 20.1 MPa but £10.0 MPa.

[0014]

15 According to a fifth aspect of the present invention, in
the producing method of the spiral contact according to the first
or second aspect of the present invention, the dissimilar metal
is titanium {Ti) which is deposited onto the surface of the core
metal by a physical vapor depositicn.

20 [0015]

According to a sixth aspect of the present invention, in
the producing method of the spiral contact according to the first
or second aspect of the present invention, the dissimilar metal
is aluminum (Al) which is deposited onto the surface of the core

25 metal by a physical vapor deposition.

[0016]

According to a seventh aspect of the present invention,
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strate and the core netal are brought into contact with each
017] 10 According to an eighth aspect of the present invent
PHUCh 8G, RINOG Pinh@ S BT 8he COM ALT ARRAY M %chocfcﬁhﬁ; thi b8

pect of the present invention, 1t the core netal 1s consti

nickel (Nohepbat @fhcand Aaposiiesh@®nadd ¢60RPEH GShk WP aﬁl@eaPQeEQﬁt

dissimla
tenperatu
of the pr
accordi ng
core neta

(Cu) subs

spiral co

10

15

20

25

r netal is constituted 15 by titanium (Ti) , then heati ng

Eﬁvéﬁt@@BMB@WEZ%ﬁKE%@Qall§§856n£99%§ﬁed ofsdig tRid PlQEQd
esent invention, in the producing method of the spiral cont

iaﬁ@ Lbsok1£sy SR é’rcég?gﬁ?&nd(lc%s)p%‘&tbs%att%e Bh&S§RbmsN¥eNtbBPer

is constituted by 'nickel (Ni) plated and deposited on a c

nmet al

and atons of copper 5 (Cu) are diffused and infiltrated into the

copper
ion
uted by
aspect

act
if the

opper

trat e ANd it A Sahm | RF i PBEM ed S BONSht 86 £H BY 1 AlMFURKEA )
then the heating tenperature is between 691K and 934K. 25 [0019] Accor di ng

1o a tent BoaspRetaof phhecnhesentaddi o et T osickogouet hed) of the

ntact according to any one
substrate and the core metal are brought into contact with each

other.

[0017]

According to an eighth aspect c¢f the present invention,
in the producing method of the spiral contact according to the
first or second aspect of the present inventiocon, if the core
metal is constituted by nickel (Ni) plated and deposited on a
copper (Cu) substrate and the dissimilar metal is constituted
by titanium (Ti), then heating temperature is between 779K and
1358K.

[0018]

According to a ninth aspect of the present inventicn, in
the producing method of the spiral contact according to the first
or second aspect of the present invention, if the core metal
is constituted by nickel (Ni) plated and deposited on a copper
(Cu) substrate and the dissimilar metal is constituted by
aluminum (Al), then the heating temperature is between 691K and
934K.

(0019]

According tc a tenth aspect of the present invention, in

the preducing method of the spiral contact according to any one



of the first, second and fourth aspects of the present invention, the core
nmetal is constituted by copper (Cu) plated and deposited on a barrier

mat erial previously plated and deposited on a copper (Cu) substrate, and
atonms of the barrier material are diffused 5 and infiltrated into the
surface | ayer of the core netal by being heated in a state where the copper
(Cu) substrate, the barrier material and the core netal are | am nated.

[ 0020] According to an el eventh aspect of the present invention, 10 in the

produci ng ofet i d 1 @k tt, hes S d ahdcosi ael aapeerdidmthe ghesdenthvaspeeh,of the
present invention, if the barrier material 1is constituted by a nickel (N)

plating, the eofemsetalid soneensuickdtiegcbyppeeppmyi) pCu)cpl aiedeandideposited
on the nickel (N) plating, and the dissimlar nmetal is constituted by

titani um 35 4 Phkrithen tdei e plrerd cuenes BAtE® ahs dedderted 69K abgpd358K.
[ 0021] According to an twelfth aspect of the present invention, 1n the

produci ng (oeh hedhet rhbe, sphd a t reNtoICt hacsHr € @ dcdiheal tant Aiaspeet of the
present invention, if the barrier material 20 is constituted by a nickel

(Ni) ptatiang, 14 hel €04 €ediindlo t8e sAOTRde Uk ¢dr Y eBppasrd ik apl e} ediand
deposited on the nickel (N) plating, and the dissimlar netal is

constitut edabydal inh niiatd Alherd ke tbppbeatdng diiperaddl e Hes bhetween 691K
and 934K. [0022] 25 A spiral contact according to a thirteenth aspect of

the presegateirnventingn the RoeGUeRE ARy alrlke 1pmodiaeicaly net hod of the spiral
contact according to any one of the first, second, fourth, 8
[0020]
According to an eleventh aspect of the present inventicn,
10 in the producing method of the spiral contact according to the
tenth aspect of the present invention, if the barrier material
is constituted by a nickel (Ni) plating, the core metal is
constituted by copper (Cu) plated and deposited on the nickel
{Ni) plating, and the dissimilarmetal is constitutedby titanium
15 (Ti), then the heating temperature is between 779K and 1358K.

{0021]

According to an twelfth aspect of the present invention,
in the producing method of the spiral contact according to the
tenth aspect of the present invention, if the barrier material

20 is constituted by a nickel (Ni) plating, the core metal is
constituted by copper (Cu) plated and depcsited on the nickel
(Ni) plating, andthe dissimilarmetal is constituted by aluminum
(Al}, then the heating temperature is between 691K and 934K.

[0022]

25 A spiral contact according to a thirteenth aspect of the

present invention is produced by the producing methcd of the

spiral contact according to any one of the first, second, fourth,



el eventh and twelfth aspects of the present invention. [0023] According to
the first aspect of the present invention, since at |east one dissimlar
netal different froma core netal 5 of the spiral contact is diffused and
infiltrated into a surface |ayer of the core netal in a hot environnent, the
core netal formng the spiral contact also has the characteristic of the
dissimlar netal, and therefore it is possible to obtain a spiral contact
that exhibits, even in a hot environnent, |ow pernanent 10 set in fatigue,

excel | ent eﬁ%gﬂgh‘: E%Eia%%%rl'f%th' g%@t%x%%' k@Rt b reletlr 1 GaleaqRAUCti Vi ty.

[0024] According to the secon spect of the present invention, since at
| east one d|SS|@bbg jmetal different froma core netal 15 of t he spira
contact is diffused and infiltrated into a surface |ayer of the core netal

in a heated a”dAEES:?é%H;‘régcwfelgg'fPﬁ@ sp%éﬁ‘gafc%% %%%%meta %@gél%ﬁespi ral

contact also has the ristic o Issim refore

it is po%%'n'%'eea\":%@Q@'o%e%%@biﬁh%ﬁ?%é@él tdﬂ%tfe%tbﬂ%m £ c%}hé e 220 hot

envi ronnent | ow permanent set In ati gue, excel I ent Spring aracteristic

and exgel lo%”%h@'s%‘iﬂalcébnﬁgag% WV ieteYis 0923 s n FAGGHAiRD 1 heot e i kd aspect

of the present ention the heating tenperature is set such that t he
l'over 11 mt, Lhepgot 25 c'o%et Hl%t%‘?am%%r at uhe %%'i%ﬁ%?l'tng th@ @otel ERE 1t he

absol ute tenperature of the nelting point of the netal w th the highest

mel ting peiRt:iagoRgct BE1cQte-NRt &kt andsd e iSR! WAL RIAlst 1% of the

dissimilar metal, and therefore it is possible to obtain a spiral
contact that exhibits, even in a hot environment, low permanent
10 set in fatigue, excellent spring characteristic and excellent
electrical conductivity.
[0024]
According to the second aspect of the present invention,
since at least one dissimilar metal different from a core metal
15 of the spiral contact is diffused and infiltrated intoc a surface
layer of the core metal in a heated and pressurized environment,
the core metal forming the spiral contact also has the
characteristic of the dissimilar metal, and therefore it is
possible to obtain a spiral contact that exhibits, even in a
20  hot environment, low permanent set in fatigue, excellent spring
characteristic and excellent electrical conductivity.
[0025]
According to the third aspect c¢f the present invention,
the heating temperature is set such that the lower limit thereof
25 is the temperature corresponding to 0.4 times the absolute
temperature of the melting point of the metal with the highest

melting point among the core metal and the dissimilar metal



brought in contact with each other while the upper limt thereof is the
absolute tenperature of the nelting point of the metal wth [owest nelting
poi nt anong the core netal and dissimlar netal brought in contact with
each other, therefore it is possible 5 to formthe alloy only in the surface
| ayer of the spiral contact in a short tine. [0026] According to the
fourth aspect of the present invention, the pressure of the pressurized
environnment is set to be ?0.1 10 MPa but <10.0 MPa, therefore it is possible

to formt Iﬂ@«o@Fthm QUYnit ddt ihensaddiae@nkayies i pd tm@euggéeaﬂir@p@tt%_treb@ a
short tine 0027] According to the fifth aspect of the present invention,

since thel@'%ﬁb”hb@blﬂ?éateM§eEhE§BéU@I(@Ré il Cihd ARSI @G hat@nto the
surface of the core netal by the physical vapor deposition, the alloy can be

formed Onbﬁth”lbh€s§uﬁé§€§nba 8£nt“aﬁo§ e ddremdha Gofe drBkakifiarm ng
the spiral contact also has't characteristic of the dissimlar netal, and

ther ef or emuettallsorcm?ﬁ %%ar&aqb} A @a8hl d@le €OPRAEE fbbétltembl@lsfsibl%ven in
a 20 hot environne | ow per manent set in fatlgue and excellent spring

char act er icsf £ §rm [[0Q28] 1 o HCHPIFHiL RGO shlig atiext hyasract nefsd e presentt
invention, since the dissimlar nmetal is alumnum (A) which is deposited

25 onto tﬁ@ surshace efighe core netal by the physical vapor deposition.,
the alloy can be fornmed only in the surface layer in a short time, the core
metal form ng thepspiral contact also 10

According to the fourth aspect of the present invention,
the pressure of the pressurized environment is set to be 20.1
10 MPa but £10.0 MPa, therefore it is possible to form the alloy
only in the surface layer of the spiral contact in a short time.
[0027]
According to the fifth aspect of the present invention,
since the dissimilar metal is titanium (Ti} which is deposited
15 ontothesurfaceof thecoremetal by thephysical vapor deposition,
the alloy can be formed only in the surface layer in a short
time, the core metal forming the spiral contact also has the
characteristic of the dissimilar metal, and therefore it is
pcssible to obtain a spiral contact that exhibits, even in a
20  hot environment, low permanent set in fatigue and excellent
spring characteristic.
(0028]
According to the sixth aspect of the present invention,
since the dissimilar metal is aluminum (Al) which is deposited
25 onto the surface of the core metal by the physical wvapor
deposition., the alloy can be formed only in the surface layer

in a short time, the core metal forming the spiral contact also

10



has the characteristic of the dissimlar netal, and therefore it is
possible to obtain a spiral contact that exhibits, even in a hot

envi ronnment, |ow permanent set in fatigue and excellent spring
characteristic. 5 [0029] According to the seventh aspect of the present
invention, the core netal is constituted by nickel (N) plated and
deposited on the copper (Cu) substrate, and atons of copper (Cu) are
diffused and infiltrated into the surface |ayer of the core netal by being

10 heat edpi,n %hé@ﬁ&%@%?i%?ﬁ cCOPP& e (QQ-QSJ]%Hbl%f MR e fao@etgr%rr%fo&r%t al are

brought into contact wmth eac er, the alloy can only in the

surface | gyeq g ﬁoes%@étta'a@tamea %ﬁ:alm%:tcﬁﬁlt 4 wing Lhe gpiveal oGept act

al so has the characteristic of the ssimlar netal, and therefore It is

possi bl e i al t inP I i cal
conductrvr?ygq%gbgaé§r§8@§?§|ﬁgﬁfgk%ﬁ%n%?ghtﬁggspgéﬁl§§gﬁﬁgﬁg%g§é§%hE

i nventiongyify ot he care BLal; J s constituted by nickel (N) plated and 20
deposi ted gn a copper (cu) substrate and the dissimlar netal is
constituted by qpbgg UHI(TI) , then the heating tenperature is between 779K
and 1358K. Therefore'the alloy can be fornmed only in the surface layer in a

short time andabBeoRg Bkdle oLOLALAC A SBIE Bhe GUUAGH: 3h3@nRAsALhe

characteristic o d|55|nllar nmet al éfore it is possible to

obtain a $pif@re ﬁr‘é‘&ta?ccis E'&%tstfi%ﬂ'tl%'d%y n%‘]%@l' MN# Bk LAVAKQRRBRL thOW

permanent set in fatigue, excellent spring characteristic and excellent 11
on the copper (Cu) substrate, andatcoms of copper {Cu) arediffused

and infiltrated into the surface layer of the core metal by being
10 heated in a state where the copper (Cu) substrate and the core
metal are brought into contact with each other, the allcy can
be formed only in the surface layer in a short time, the core
metal forming the spiral contact also has the characteristic
of the dissimilar metal, and therefore it is possible tc obtain
15 a spiral <contact that exhibits excellent -electrical
conductivity.
[0030]
According to the eighth aspect of the present invention,
if the core metal is constituted by nickel (Ni) plated and
20 deposited on a copper (Cu) substrate and the dissimilar metal
is constituted by titanium (Ti), then the heating temperature
is between 779K and 1358K. Therefore the alloy can be formed
only in the surface layer in a short time, and the core metal
forming the spiral contact also has the characteristic of the
25 dissimilarmetal, and therefore it is possible to obtain a spiral
contact that exhibits, even in a hot environment, low permanent

set in fatigue, excellent spring characteristic and excellent

11



el ectrical conductivity. [0031] According to the ninth aspect of the
present invention, if the core netal is constituted by nickel (N) plated
and 5 deposited on a copper (Cu) substrate and the dissimlar netal is
constituted by alumnum (Al) , then the heating tenperature is between 691K
and 934K. Thereby the alloy can be forned only in the surface layer in a
short tine, and the core netal formng the spiral contact also has the
characteristic of the dissimlar 10 netal, and therefore it is possible to

obtain a g@bggklgg@t@ghdugﬁgylgphibits, even in a hot environnent, |ow
permanent set in fatigue, excellent spring characteristic and excell ent

el ectrical condyg@gygty [0032] 15 According to the tenth aspect of the
present invention he core nmetal is constituted by copper (Cu) plated and

deposited on apbanthehqebefhdln fayi s ratfatt%% ;@@s@%mht}eﬁt@ena copper
(Cu) substrate, and atofms of the barrier material a fused and

infiltrated ipo e sMface; bayshsof thhgacere JRtall by Pei pgarqhgated in a

state where the copper (Cu) substrate, the barrier material and the core

metal aregkapkhatadon Thes et hec @ | Qb s ot P& formRd 49BlsY miiN atthgesHif ace
| ayer in a short time, an the core netal formng the spiral contact al so

has the c¢harggkertstia 9% iﬁﬁmﬂhéﬁlﬂﬂlaftﬁﬁ%ﬁkheaﬁéa%ﬁ%@etgﬁﬁekbth§e25
possible to obtain a spiral contact that exhibits, even in a

envi ronnment, b P BET HRNE N S &f3 4K fl“%'r%!ég tﬁécﬁii&?t a%PrBé‘gfor@rté@r agheristic
and excellent electrical conductivity

in the surface layer in a short time, and the core metal forming
the spiral contact also has the characteristic of the dissimilar

10 metal, and therefore it 1s possible to obtain a spiral contact
that exhibits, even in a hot environment, low permanent set in
fatigue, excellent spring characteristic and excellent
electrical conductivity.

[0032]

15 According to the tenth aspect of the present invention,
the coremetal is constituted by copper (Cu) plated and deposited
on a barrier material previously plated and deposited on a copper
{Cu) substrate, and atoms of the barrier material are diffused
and infiltrated into the surface layer of the core metal by being

20 heated in a state where the copper (Cu) substrate, the barrier
material and the core metal are laminated. Thereby the alloy
can be formed only in the surface layer in a short time, and
the core metal forming the spiral contact also has the
characteristic of the dissimilar metal, and therefore it is

25 possible to obtain a spiral contact that exhibits, even in a
hot environment, low permanent set in fatigue, excellent spring

characteristic and excellent electrical conductivity.

12



[0033] According to the eleventh aspect of the present invention, if the
barrier material is constituted by the nickel (Ni) plating, the core netal
is constituted by copper (Cu) plated and deposited 5 on the nickel (Ni)
plating, and the dissimlar netal is constituted by titanium (Ti) , then the
heating tenperature is between 779K and 1358K. Thereby the alloy can be
formed only in the surface layer in a short tine, and the core netal
formng the spiral contact also has the characteristic of the dissimlar 10
metal , and theretone)it is possible to obtain a spiral contact that
exhibits, even in a hot environment, |ow permanent set in fatigue,

excel | ent springcgBanagyeld ﬁhb%lmr@wngeet ofekBetd i LAl nCQRUEELE VR Y.
[0034] 15 According tothe twelfth aspect of the present invention, if the

barrier matrefidbak8i€ensttdriladi Pr.cashiekebddy tholmaldiad. (nfhelgerggetal is
constituted by copper (Cu) plated and deposited on the nickel (N) plating,

and the dicggl ddtamealals ic%ns‘%@'ﬁ%ﬁzbﬁ%&@o?ﬁe@' ')nﬁ%(téb)an& hepokhecheat i ng
tenperature is 20 between 691K and 934K ereby the alloy can be forned

only in the spefacedsayernin pishary,ti sBa aMb t Ressone18®t ahefOr Ming the
spiral contact also has the characteristic of the dissimlar netal, and

t her ef or e dohsicS tR@es Bhert 0afbLA ITR) SPHHA 1 GANtRGH i d @by 18ven in
a hot environnent, |ow permanent set in 25 fatigue, excellent spring
char act er ixgli@eand7excahnkent ssel eehiredly ¢arddatbyi tyn BA032kmtd only

in the surface layer in a short time, and the core metal forming

the spiral contact also has the characteristic of the dissimilar

10 metal, and therefore it is possible to obtain a spiral contact
that exhibits, even in a hot environment, low permanent set in
fatigue, excellent spring characteristic and excellient
electrical conductivity.

[0034]

15 According to the twelfth aspect of the present invention,
if the barrier material is constituted by a nickel {Ni) plating,
the coremetal is constituted by copper (Cu) plated and deposited
on the nickel (Ni} plating, and the dissimilar metal 1is
constituted by aluminum (Al), then the heating temperature is

20  between 691K and 934K. Thereby the alloy can be formed only in
the surface layer in a short time, and the core metal forming
the spiral contact also has the characteristic of the dissimilar
metal, and therefore it is possible to obtain a spiral contact
that exhibits, even in a hot environment, low permanent set in

25 fatigue, excellent spring characteristic and excellent
electrical conductivity.

[0035]
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According to the thirteenth aspect of the present invention, it is possible
to obtain a spiral contact produced by the producing nethod of the spiral
contact according to any one of the first, second, fourth, eleventh and
twel fth aspects of the present 5 invention. [Brief Description of Draw ngs]
[0036] Fig. 1 includes (a), (b) and (c), in which (a) is a perspective view
schematically showi ng spiral contacts 10 according to a first enbodi nent,
(b) and (c) show a cross section taken along line A-A of (a) in which (c)

shows a state i on
Cormnals i MPesfdLfs R AORALELALnERURR Rt M e A esh, D]
process CcHesy &%ik?f‘e eXRIA g s QQECdd}Qtahéépg@&Qegd%f Erﬂ? Baﬁéhn Ont aCt

according to t Irst enmbodi nent;, in whi expl a otores st

coating Skepnolhys il @ %a%@ﬂ@%ﬁ%&é@ g (6 8P PLaknse %h%emge' ng

step, (d) explains a plating step, and expl aln a phot oresi st renoval

step; F'gseéoh80|?gﬁ§tﬁa)el%@knﬂﬂnan&(Qwéyfkﬁ‘Qiﬁﬁﬁﬁﬁm?ﬁgtﬁé)prggeh§ a

process cross section explaining a producing met spiral contact
accordi ng;Lgehbe first embodinent, (b) and (d) respectively explain
dissimlar nmetal depositing steps, and (c) and (e) are enlarged schematic

|IIustrat| f n : ion C respectively shown in (c) and
(e); 25 F|§9§3@|R%Fgg%§k?a? ?Q(g) ?é?ggid (d) , in which (a) explains a

di ssim | ar netak0@§gianiun1(Ti)) diffusing and infiltrating step in the
produci ng net hod o he spiral contact according 14

Fig. 1 includes (a), (b) and {(c}), in which (a}) 1is a
perspective view schematically showing spiral contacts
10 according to a first embodiment, {b) and (c} show a cross section
taken along line A-A of (a) in which (c¢) shows a state where
a semiconductor device having spherical connection terminals
is inserted into the spiral contacts shown in (b);
Fig. 2 is a process cross section explaining producing
15 method of the spiral contact according to the first embodiment,
in which (a) explains a photoresist coating step, (b) explains
a photomask step, (c} explains a developing step, (d) explains
a plating step, and (e} explains a photoresist removal step;
Fig. 3 includes (a}, (b}, (c), (d} and (e}, in which (a)
20 1s a process creoss section explaining a producing method of the
spiral contact according to the first embodiment, (b} and (d)
respectively explain dissimilar metal depositing steps, and (c}
and {(e) are enlarged schematic illustrations of a portion C and
a portion C’ respectively shown in (c) and (e);
25 Fig. 4 includes (a), {b) (c) and {(d), in which (a) explains
a dissimilar metal (titanium (Ti)} diffusing and infiltrating

step in the producing method of the spiral contact according

14



to the first enmbodinent, (c) is an enlarged schematic illustration of the
portion C shown in (a) , and (b) is an enlarged schematic illustration of
(d) of Fig. 3; Fig. 5is a cross section showing an exanple of a heating 5
and pressurizing nethod in the producing nethod of the spiral contact
according to the first enbodinment; Fig. 6 is a netal phase diagram (where
the tenperature 1is expressed in absolute tenperature scale) which shows a
rel ati onshi p between the heating tenperature and the netal state 10 in the

produci ngtget figg of i tde sdi ik act @ccardi Bg tenthegehi r sthempedisment ;
Fig. 7 is a process cross section explaining the producing nethod of the

spiral comnjagttaseobdidithe ddve fdd stsrypdhnent, ankinyhi st @ah1exgkai ns a
polyimde filmlamnating step, (b) 15 explains a polyinde press-lam nating

step, (C)sexpmatng alCustehehbngost €n) 6€) reypl 8ins a substrate bonding
step, and (e) explains an electroless Au plating step; Fig. 8 includes (a),

(b) and (c), inrykichi(sah €xphaidect @rdisssiwiinlasn net ahp té ffusi Rgaandg
infiltrating step in the 20 producing nmethod of the spiral contact

accor di ngata greesendz enhodé nead, if Mhd iy ged heeherathe kphiustration
showing a state before the diffusion and infiltration is perforned, and

(c) is ancenkargedcsehampyi €oi khesthatioBnpbdifigngertion C shown in (a) ;
25 Fig. 9 is a nmetal phase diagram (where the tenperature is expressed in

absol ute tenperaiﬁreesggl@)mwhh@hpﬁagwsd@agf@hakh@@@@i@hbetémserhh@r@eating
tenperature and the netal state 15
is expressed in absolute temperature scale) which shows a
relaticnship between the heating temperature and the metal state
10 in the producing method of the spiral contact accerding to the
first embodiment;
Fig. 7 is a process cross section explaining the producing
method of the spiral contact according to the first embodiment,
in which (&) explains a polyimide film laminating step, (b]
15 explains a polyimide press-laminating step, (c) explains a Cu
etching step, (d) explains a substrate bonding step, and {(e)
explains an electroless Au plating step;
Fig. 8 includes (a), (b) and (c), in which (a) explains
a dissimilar metal diffusing and infiltrating step in the
20 producing method of the spiral contact acccrding to a second
embodiment, (b} is an enlarged schematic illustration showing
a state before the diffusion and infiltration is performed, and
(c) is anenlarged schematic illustration of the portion C’ shown
in (a});
25 Fig. 9 is a metal phase diagram {where the temperature
is expressed in absolute temperature scale) which shows a

relationship between the heating temperature and the metal state

15



in the producing nmethod of the spiral contact according to the second
enbodi nent; Fig. 10 is a process cross section explaining the producing

nmet hod of the spiral contact according to a third enbodinment, 5 in which
(a) explains a photoresist coating step, (b) explains a photomask step, (c)
expl ai ns a devel oping step, (d) explains a plating step, and (e) explains a
phot oresi st renoval step; Fig. 11 includes (a) , (b) and (c) , in which (a)
explains a dissimlar metal diffusing and infiltrating step in the 10

produci ng; et o g fdddih S RidtdoC ot 8L FLfdidghda-i he ddYdidg eabedi ment ,

(b) is an enlarged schematic illustration showing a state before the
di f fusi onsapdnhntinbbaakhkan; i s perforned, and (c) is an enlarged schematic
illustration of a portion 2C shown in (a) ; 15 Fig. 12 is a nmetal phase

di agram (where the. tempekat tbeesd sroxprRasedd Bxpbaohihg dirmperatiyiggscal e)
whi ch shows a relationship between the heating tenperature and the netal

state inpmkhgoRr OUEh NG pEENDE Nt ddte axiorali nGORlAGt tagear inpediRehhe third
enbodi ment; 20 Fig. 13 includes (a) , (b) and (c) , in which (a) explains a

di ssim | ak nmgh adn didf esigigiigndai phbtbrasivg Sdepidd saea?f,oq_%qi Bgp1Hehbod of
the spiral contact according to a fourth enbodi nent, b) is an enl arged

schemati cai phasbhiad k Ot SHOWdJeatphahe Reiore ofhey diddgisien arflains
infiltration is perfornmed, and (c) is an 25 enl'arged schematic illustration

of a porthop1a€inghewapi nafa) () EkPiaidsi § pnoBbabspbasecflbaglantéphere the
tenperature is expressed in absolute tenperature scale) which shows a 16
Fig. 11 includes (a}, (b) and (c¢), in which (a) explains
a dissimilar metal diffusing and infiltrating step in the

10 preoducing method of the spiral contact accerding to the third
embodiment, (b) is an enlarged schematic illustration showing
a state before the diffusion and infiltration is performed, and
(c) is an enlarged schematic illustration of a pertion 2C shown
in {a):

15 Fig. 12 is a metal phase diagram (where the temperature
is expressed in absolute temperature scale) which shows a
relationship between the heating temperature and the metal state
in the producing method of the spiral contact according to the
third embodiment;

20 Fig. 13 includes (a), (b) and (c), in which (a) explains
adissimilarmetal diffusingand infiltrating step in aproducing
method of the spiral contact according to a fourth embodiment,

(b} is an enlarged schematic illustration showing a state before
the diffusion and infiltration is performed, and {c) is an

25 enlarged schematic illustration of a portion 2C’ shown in {a};

Fig. 14 is a metal phase diagram (where the temperature

is expressed in absclute temperature scale) which shows a
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rel ati onship between the heating tenperature and the netal state in the
produci ng nethod of the spiral contact according to the fourth enbodi nent;
Fig. 15 is an enlarged perspective view showing a nale 5 termnal and a
female termnal to electrically connect with each other according to a
prior art. Fig. 16 shows a surface of a Cu alloy substrate formng the
termnals showmn in Fig. 15, the surface having a plating I|ayer and an all oy
formed by thermal diffusion. 10 [Best Modde for Carrying out the Invention]

[0037] <Fiesht Ephodi pRidcnakSphe e LAMHAEEMPEERE dE BGHDt Relidstl enbodi ment
will be described belowwth reference to the attached drawings. 15 In Fig.

1, (a) isia pes shestidiey mewheehefatheadp yrshawnithcd he snidialg eentast
according to the first enbodinment, (b) and (c) show a cross section taken
al ong li ngoArAnhoémbadimEyether, in Fig. 1, (b) is a cross section show ng
hori zontal ly positioned spiral contacts, and (c) is a cross section show ng
a state where 20iq. SEf CONGNCEONL a eyl Coe oy HPi BPheiénabhonDAgChI RAle
terminals (also referred to as solder balls hereinafter) is inserted into
the respeetirmenspidral acOsialcd $cshowali fo ebkctrilkalaghesheatt waamnesthon

term nals pressing the respective spiral contacts so as to be accurately
brought i Btheeontastdwhyhttbhe pespechirye 25 spiral contacts. [0038] As
shown in (a) of Fig. 1, spiral contacts 7 are insulated 17
Fig. 16 shows a surface of a Cu alloy substrate forming
the terminals shown in Fig. 15, the surface having a plating
layer and an alloy formed by thermal diffusion.
10 [Best Mode for Carrying out the Invention]
[0037]
<First Embodiment>
A spiral contact according to a first embodiment will be
described below with reference te the attached drawings.
15 In Fig. 1, {a) is a perspective view schematically showing
the spiral contact according to the first embodiment, (b) and
(c) show a cross section taken along line A-A of (a). Further,
in Fig. 1, (b) is a cross section showing horizontally positioned
spiral contacts, and (¢} is a cross section showing a state where
20 a semiconductor device having spherical connecticn terminals
(also referred to as solder balls hereinafter) is inserted into
the respective spiral contacts shown in (b), the spherical
connection terminals pressing the respective spiral contacts
so as to be accurately brought into contact with the respective
25 spiral contacts.

(0038]

As shown in (a) of Fig. 1, spiral contacts 7 are insulated
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fromeach other by a guide frane 8 (a polyimde plate or polyimde film.
Fur the r, the spiral contacts 7 are horizontally positioned and held by
the guide frame 8, and supported by a board 9. Incidentally, an arrangenent
constituted by a plurality 5 of the spiral contacts is referred to as a
spiral contactor 10. The spiral contactor 10 is installed, for exanple, in
such a manner in which the spiral contacts 7, 7, ...7 thereof are arranged
in positions corresponding to spherical connection termnals 2 arranged in
a grid pafftremneoth athewelty sughade fafaree 8eaipdnducidy pli@edey pee yilmCdehi p) 4
as shown in (c) of Fig. 1. Further, though contact |ength of the wound
spiral corftidet . Fadthelr Sthemed rialecootattd ©n sherted n z divea topbaet tiengtth can
be properly changed in accordance with the size of the spheri cal

connect i omandehrilnaby2 £t hE5 guA@a9Jf rAmes Bowanidn sQippoatteld @y B, bideecs@i.ral
contact 7 has a flat spiral (wound) shape when left alone, and the w dth of
the spiral gradnakbgnintieases dropamdgdrecetti pcafstitenspd rat at pwardlity root.
A base material nickel (Ni) is used as a core material for formng 20 the
spi ral 5 contfathe 7spArall gssintacars dret aéf¢sred ffaiseda asgli ra hfddritraatted: ilGt.o a
surface | ayer of nickel (the core netal). The dissimlar netal is a netal
different from The shissa Inclartacthetral 0 disckebtaTheddifssi akbkaplegtial smay be,
for exanple, titanium (Ti), alumnum (Al) or the |like, so that the spira
cont act 7 a2aralesoihas:itdhet lvhapactérdsttiactaf 71 Ae .al lthye refo ft iee aorengetal and
the dissimlar netal. Further, an electroless Au plating is perfornmed to an
surface thereofiti8®ns corresponding to spherical connection terminals

2 arranged in a grid pattern on a lower surface of a semiconductor
10 device (IC chip) 4 as shown in (c) of Fig. 1.

Further, though contact length of the wound spiral contact
7 1is 1.5 times the rotation herein, the ccntact length can be
preperly changed in accordance with the size of the spherical
connection terminal 2.

15 [0039]

As shown in {b) of Fig. 1, the spiral contact 7 has a flat
spiral (wound) shape when left alone, and the width of the spiral
gradually increases from the tip of the spiral toward its root.
A basematerial nickel (Ni) is used as a corematerial for forming

20 the spiral contact 7. A dissimilar metal is diffused and
infiltrated into a surface layer of nickel (the core metal).
The dissimilar metal is a metal different from the dissimilar
metal nickel. The dissimilar metal may be, for example, titanium
{(Ti}, aluminum (Al) or the like, so that the spiral contact 7
25 also has the characteristic of the alloy of the core metal and
the dissimilar metal. Further, an electroless Au plating is

performed to an surface thereof,.
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[0040] Further, as shown in (c) of Fig. 1, when the spherical connection
termnal 2 of the sem conductor device 4 presses the spiral contact 7, the
contact portion of the spiral contact 7 5 with the spherical connection
termnal 2 becones wider fromthe center toward the outside, and the spiral
(wound) is deforned so as to be concaved to enbrace the spherical
connection termnal 2. Further, since the spiral contact 7 is spirally
wound around the spherical connection termnal 2, the |larger the contact 10
l ength of the spppabjcontact 7 with the spherical connection terminal 2 is,
the nore reliably the spiral contact and the spherlcal connection term nal

2 cone into contaetnwkthagaghophhen. (cfndraksg, whepntRechar ggneent-act
| ength of the spiral contact 7 with t e spherlcaf connection termnal 2 is

I arge, eV%Bnh@c%@ohhﬁfeﬁrHIﬁﬁﬂ?ez off the ShIdrcRlctcANReGt ke terddna] t2el S
contam nated with a foreign matter, the adhered foreign matter can be

renoved, apdran @éh@ch'b”1@Het8@h§é@EE§6%6Hoﬁ|B¥5%%&6%@&%%1 coRRacki on
terminal 2 can be scraped because of the sliding novenent of the spiral

contact, @thhate St E @leebhneak icantachingD £aacbReaCH @Ytk rdP04L]
Herein the diffusion and infiltration of the dissimlar netal will be

briefly desekkkedohgkawntfcarsone, nidltHd efgrrad M%u%% 'QRe deEbahel having
a 25 dissimlar nmetal (referred to as "the other netal ) di fferent

t her ef r omgdepositied cbhengen & cheated dne bbabribau%ortrr@ikjt_&meah%ﬁu n the
contact area between the dissimlar netal and the 19
2. Further, since the spiral contact 7 is spirally wound around
the spherical connection terminal 2, the larger the contact
10 length of the spiral contact 7 with the spherical connection
terminal 2 is, the more reliably the spiral contact and the
spherical connection terminal Z come into contact with each cther.
And also, when the large contact length of the spiral contact
7 with the spherical connection terminal 2 is large, even if
15 the surface of the spherical ccnnection terminal 2 is
contaminated with a foreign matter, the adhered foreign matter
can be removed, and an oxide film on the surface of the spherical
connection terminal 2 can be scraped because of the sliding
movement of the spiral contact, so that stableelectrical contact
20 can be achieved.
[0041]
Herein the diffusion and infiltration of the dissimilar
metal will be briefly described below.
If a core metal (referred to as “one metal”} having a
25 dissimilar metal (referred to as “the other metal”) different
therefrom deposited thereon is heated in that state, then the

atoms in the contact area between the dissimilar metal and the
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core netal wll swing due to heat energy, and therefore the novenent of
atons of the netals will be caused with the help of the holes and the |ike.
In such a case, the atons nove into the netal of the opposite side due to a
di ffusi on phenonenon 5 in which the atons of the nmetal on one side nove into
the metal on the other side across the surfaces of the both netals. At

this time, the atons of the both netals nmutually diffuse into each other
The ease of the novenent of the atons due to the diffusion is determ ned

froma di fdousl erteaeffici entindededfto 1ﬂefﬂréﬁéfg%h§nai thdgiegnrandne
infiltration also can be caused by pressure, in ich an interatomc

di stance hetweentt bg BRbAlsS ofhesemetan®l liduepko cheisra ¢alkth phessedp Wen
the interatom c distance decreases to several Angstrons, since free

el ectrons ofakBeCRATEBI 284, t i€l O rAkuahChysi 8¢, | @iid i Lomoivarytal |y 15
interact with each other due to the nmutual npvenent of the netal atons, and

t her ef or e thize mattans o theseppdtsa the iekpenent o @ateKifalsd oh0@hehomAnphoduci ng
nmet hod of the spiral contact according to the 20 present enbodinent will be

descri bed ibeliBWchFiige aAontd G 3hande FAT. orft e SRHOCRSSe CIOSS IRCHRAT
expl ai ning the produci ng nethod of the spiral contact according to the

present empodineericheln skidg. aZrosa) texplsairFs casphet @hesibsit heaatdang .step (Step
25 S1). As shown in (a) of Fig. 2, a photoresist 5is uniformy coated on
an upper suwifsagemef, the sepperofothe (K3rsulsidlad ejutubl1130 diffuse inte
each other. The ease of the movement of the atoms due to the
diffusion is determined from a diffusicn coefficient thereof.
10 Further, the diffusion and infiltration also can be caused
by pressure, in which an interatomic distance between the metals
becomes small due tc being cold pressed. When the interatomic
distance decreases to several Angstroms, since free electrons
are communized, the atoms at a crystal lattice point mutually
15 interact with each other due to the mutual movement of the metal
atoms, and therefore the atoms diffuse intc the opponent
material.
[0042]
A producing method of the spiral contact according to the
20 present embodiment will be described below.

Fig. 2, Fig. 3 and Fig. 4 are process cross sections
explaining the producing method of the spiral contact according
to the present embodiment.

In Fig. 2, (a) explains a photoresist cocating step (Step

25 S1). As shown in (a) of Fig. 2, a photoresist 5 is uniformly
coated on an upper surface of the copper foil (Cu substrate)

1.
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[0043] In Fig. 2, (b) explains a photomask step (Step S2). As shown in (b)
of Fig. 2, a photomask 6 patterned into the sanme shape as the spira
contact 7 (see Fig. 1) is covered on an upper 5 surface of the photoresist
5, and the inmage of the photonmask 6 is printed in a contact nanner.
I ncidentally, the photomask 6 also can be exposed at a suitable
magni fication by projecting Ilight onto the photomask 6. [0044] 10 In Fig.
2, (c) explains a developing step (Step S3). As shown in (c) of Fig. 2,
after the photornesusy 5 (see (b) of Fig. 2) is developed and a photoresi st
filmis fornmed, places covered by the photomask 6 (bl ack painted places in
(b) of Fig. 2) maveigno2phqbor exipstihisl & bapwetakheseen, @redpt kenef ase the
copper 15 foil 1 is exposed in those places. On the other hand, in places
not cover ethdoy tie (phobanmsl. 62, aa devet afeslk photaaresirsddlevel oped same
photoresist filmb5a is formed on the exposed copper foil 1 so as to forma
reverse i @@ aegaid veiramgednodct e (sperrlg cant astcovera2D oh0dd Sppler Fi g.
2, (d) explains a plating step (Step S4) . As shown in (d) of Fig. 2, the
met al pat eurdade elcelt HeNiphdte relsdtsed Sandnddepesiitradeonlty tort @Hdremals&ces
where the copper foil 1 is exposed so as to formthe spiral contact 7. On
t he ot her chardpraatbungn2s ¢snphat ashrangk deposideatt 4 ityo, tthe phacesastker e t he
devel oped photoresist filmb5a) is forned. As a result, the nickel (N) is
pl at ed ontéoatbe dmeesexPbsed at a suitable magnification by projecting
light onto the photomask 6.
[0044]
10 In Fig. 2, (c) explains a developing step (Step S3). As
shown in (¢} of Fig. 2, after the photoresist 5 (see (b) of Fig.
2} is developed and a photoresist film is formed, places covered
by the photomask 6 (black painted places in {(b) of Fig. 2) have
no photoresist film formed thereon, and therefore the copper
15 foil 1 is exposed in those places. On the other hand, in places
not covered by the photomask 6, a developed photoresistdeveloped
photoresist film S5a is formed on the exposed copper fcoil 1 so
as to form a reverse image {(negative image) of the spiral contact
7.
20 [0045]
In Fig. 2, (d) explains a plating step (Step S4). As shown
in {d) of Fig. 2, the metal material nickel (Ni} is plated and
deposited only onto the places where the copper foil 1 is exposed
so as to form the spiral contact 7. On the cother hand, nothing
25 1s plated and deposited into the places where the developed

pnotoresist film 5a) is formed.

As a result, the nickel (Ni}) is plated ontoc the places
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not bei ng exposed owing to the provision of the photomask 6 and having no
devel oped photoresist 5a fixed thereon, so that the spiral contact 7 is
formed as if the photomask 6 is traced. In this step, the shape of the
spiral contact 7 is precisely painted 5 on the surface of the copper foil 1
by using photoengraving (printing) technology. Incidentally, the thickness
of the NN plating layer is 15 to 30 pm [0046] 10 In Fig. 2, (e) explains
a photoresist renoval step (Step S5). As shown in (e) of Fig. 2, by

renovi ng hhe Pl 9T8Ricied oRhYy £86 PIgY)y1GARAGE hE IR Nk hgngur face
of the copper foil I. [0047] "15 In Fig. 3, (a) explains a dissimlar netal

deposi ti nﬁaﬂﬁﬁ %&Sﬁ@@eﬁ%ed B0 SO 4 LR)f 1Qfe FitGe rdorlY sUSkRdtathe
)

sputtering mnet Ti atons are deposited onto the upper surface of the

spiral cogpach] dohOEHEy iy %%%H@@-aﬁbiﬁifhetéﬁbéﬂﬁiéﬂ #anrt agh céqi sthor med
on the Cu substrate 1, and the Cu substrate 1 is fixed to an anode 20 13 of

a sputtertRgsSusigm i dikge CRNNGE sip'ir\&ﬁi Ebntdier U § a6 cihaviyngat Heegpiral
contact 7 formed thereon faces a cathode 14. [0048] In the Sputtering

net hods wWhgNtachisgh rRegaldrvendldagrr i iappl i19f §91i8qt sheebeAdratiaghed to
the cathode 14 and argon 25 gas i's blown into a vacuum chanber 16, due to

the high eLecheiggli ebdhnbhgggrgon gas will become plasma state and will be
plus ionized. Wen a DC volfage is applied between the anode 13 and 22

Incidentally, the thickness of the Ni plating layer 1is
15 teo 30 um.
[0046]

10 In Fig. 2, {e) explains a photoresist removal step (Step
S5). As shown in (e) of Fig. 2, by removing the photoresist,
only the spiral ccontact 7 remains on the surface of the copper
foil 1.

[0047]

15 In Fig. 3, (a) explains adissimilar metal depositing step
(Step S6) . As shown in (a) of Fig. 3, by using a sputtering method,
Tiatoms aredepositedontotheupper surface cof the spiral contact
7 formed in Step 5. Herein, the spiral contact 7 is formed on
the Cu substrate 1, and the Cu substrate 1 is fixed to an anode

20 13 cof a sputtering system 12 in a manner in which the surface
having the spiral contact 7 formed thereon faces a cathode 14.

[0048]
In the sputtering methed, when a high negative voltage
is applied tc a target 17 attached to the cathode 14 and argon

25 gas is blown intoc a vacuum chamber 16, due to the high electric
field, the argon gas will become plasma state and will be plus

ionized. When a DC voltage is applied between the ancde 13 and
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the cathode 14, argon ions (Ar+) accelerated to a high speed hit the target
17. Such a process is perfornmed for a period of from 30 mnutes to 2 hours.
A magnetic field caused by a magnet on the cathode 14 side serves to

i nprove sputtering efficiency. 5 Incidentally, although the thin filmis
formed by the sputtering nethod which is a kind of PVD (Physical Vapor
Deposition) here, the thin filmalso can be fornmed by other nethods such as
a vacuum vapor deposition nmethod. [0049] 10 In Fig. 3, (b) is a process

Cross secth@n-sheygagq A %&%b% 1Mﬁ§rﬁhﬂ“ 9&9@§e§é€eQQQ9§'ﬁ??hQﬁxkﬂﬁhiErface
of the base naterial nickel Step 6A) . As shown in Fi'g. 3, athin

film7b ofneTtaakops: s smm‘ Q Fgwcégg% tRA e f%lﬂré%@rpédtd’ie rhage
material nickel "(see (c) of Fig. 3) andthe surface of the Cu substrate 15

1. [0050] 30l ﬂlﬁhges3to(9)hb§r§n Enhagged & Chied B iaddddIghy &t &r@? nek of
portion C shown in (b) . shown in (c) of Fig. 3, Ti atons di ssim | ar

netal ) arepdepashbgd an %H@eSQ%E%%% eb &ﬂ%r@%&e thﬁékgh@akf@h%ﬁ%hc§N
which forns the spiral contact 7. Further, ons are al so deposited on

the sugface of the:GdnsHBSLT ke chbugh the Sti%ﬂ[% MBMEr i s | BophBEr bport% as
shown in (a) of Fig. 3, the argon ions hit the target 17 so tha at ons

e, ooy Rty derany oRack Lo deoru 00 Ehe g icant ST, a0t
upper  surnkaee i0fi ochhe i | 8he @MNLALL 11 228 0OV FBriBH AN k€Y rRf nblig. 23
such as a vacuum vapocr deposition method.
[0049]

10 In Fig. 3, (b) is a process cross secticn showing a state
where Ti atoms are deposited on the surface of the base material
nickel (Step 6A). As shown in (b) of Fig. 3, a thin film 7b of
Tiatomsisuniformly depositedon the surface of thebasematerial
nickel (see (c) of Fig. 3) and the surface of the Cu substrate

15 1.

[0050]

In Fig. 3, {(c) is an enlarged schematic illustration of
a porticn C shown in (b). As shown in {(c} of Fig. 3, Ti atoms
(dissimilar metal) are deposited on the surface of the base

20 material nickel (Ni) which forms the spiral contact 7. Further,
T1i atoms are also deposited on the surface of the Cu substrate
1 in the same manner.

In other words, as shown in {a) of Fig. 3, the argon ions
hit the target 17 so that Ti atoms are emitted from the target

25 17 to deposit on the spiral contact 7, and thereby the thin film
7b of titanium (Ti) is formed on the side surfaces and upper

surface of the spiral contact 7 as shown in (k) and (c) of Fig.
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3. [0051] In Fig. 3, (d) is a process cross section showng a state where
al um num (Al) atons are deposited on the surface of the 5 base materi al
nickel (Ni) (Step 6B). As shown in (d) of Fig. 3, athin film7b" of the A
atons is uniformy deposited on the surface of the base material nickel
(see (e) of Fig. 3) and surface of the Cu substrate 1. [0052] 10 In Fig.
3, (e) is an enlarged schematic illustration of a portion C shown in (d).
As shown in (e) of Fig. 3, Al atoms (dissimlar nmetal) are deposited on the
surface ok _the base material nickel (N) which fornms the spiral contact 7'.
Further, Al atons are also deposited on the surface of the Cu substrate 15
1 in the same npoger} The details regarding the deposition of alum num (Al)
will be described later in the second enbodinent. [0053] In Fig. 4, (a)

expl ai ns a di ssisigiay. wet al) di § fuphBgeaBderbéidddtdNGriapd St ePaSIA) - IN
Fig. 4, (b) is an enlarged 20 schematic illustration of (c) of Fig. 3, and

(c) is anygalargednsehemeii £ dddstdral ipofitapent kas Sushawe bR (g of
Fig. 4. As shown in (b) of Fig. 4, the nickel (Ni) plating forns the base

material fgoerengpberhal hiekel henspi (8tesoptACtAd. sWSwn MEAL i @Negr appye, Ti
atons are deposited on the side surfaces 25 and upper surface of the spiral

contact 73bysthe:speii®rvpg sethed Al Thr&8POSstbNIraFRay T8dpobuttfesy the Cu
substrate 1 of the dissimlar netal (Cu) 24
the surface of the base material nickel (see (e) of Fig. 3} and
surface of the Cu substrate 1.
[0052]

10 In Fig. 3, (e) is an enlarged schematic illustration of
a portion C’" shown in (d). As shown in (e) of Fig. 3, Al atoms
(dissimilar metal) are deposited on the surface of the base
material nickel (Ni} which forms the spiral contact 7’ . Further,
A1 atoms are also deposited on the surface of the Cu substrate

15 1 in the same manner. The details regarding the deposition of
aluminum (Al) will be described later in the second embodiment.

fC053]
In Fig. 4, {(a) explains a dissimilar metal diffusing and
infiltrating step (Step S7A). In Fig. 4, (b} is an enlarged

20 schematic illustration of (c) of Fig. 3, and (c) is an enlarged
schematic illustration of a portien C shown in (a} of Fig. 4.

As shown in (b) of Fig. 4, the nickel (Ni) plating forms
the base material (core material) of the spiral contact 7. As
mentioned above, Ti atcoms are deposited on the side surfaces

25 andupper surface of the spiral contact 7 by the sputteringmethod
(Ti depositing area 7Tb}.

Further, the Cu substrate 1 of the dissimilar metal (Cu)
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exi sts below the | ower surface of the spiral contact 7. [0054] As shown in
(c) of Fig. 4, by heating Ti atons deposited on the base nmaterial nickel
and the Cu substrate 1, Ti atons 5 are diffused and infiltrated into the
upper surface and side surfaces of the base material nickel (Ni) . In other
words, Ti atons (as the dissimlar netal) are diffused and infiltrated
into the surface |layer of the base material nickel (Ni) , so that an alloy
of nickel (Ni) and titanium (Ti) (nanely, a dissimlar 10 netal diffusing
and infil tkakitBgbanea) the 19wker BRE flaket BifS theUkbaea 1l ayertadturt.her, due to
the existence of the Cu substrate below the spiral contact 7. Cu atons (as
the dissimlar mepak) are diffused and infiltrated into the |ower surface
of the spiral contact 7, so that the alloy of nickel (N ) and copper (Cu)
(nanely, 15 a dpssspbharimetal of ffigsi a9 Bpchéafidd rat i@y eapoéd tied
formed. Further, in the boundary between the alloy (the dissimlar netal

di f f usi ng candhienbialskr akitegianea) ckelanddt Raeakhoyubkheatd 95i mil akomet al
diffusing and infiltrating area) 7d, an alloy of nickel (N) , titanium

(Ti) and eeppan fEQekd snpafhifallly atedmedto2@hEunbber, surtrerceekald isede
compounds TiNi3 and TiNi are forned in the boundary (Ti-N) of the

di ssi m | asurgaks byrtherbakstes fet ahl igi ceapounds, Tirluhhel GaNa3 and Ti Cu
are formed in the boundary (Ti-Cu) of the dissimlar nmetal. [0055] 25 Fig.

5 is a cressmseqhisonhshewsrgman sexarpke jobra Bedtused and PHESIHrkaziedg
met hod. As shown in Fig. 5, the pressurization setting value is set to be
?0.1 MPa huft o<dRe & U cLoByedes f the Base material nickel (Ni), so that
an alleoy of nickel {Ni) and titanium {Ti) (namely, a dissimilar
10 metal diffusing and infiltrating area) 7c¢ is formed in this
surface layer. Further, due to the existence of the Cu substrate
below the spiral contact 7, Cu atoms (as the dissimilar metal)
arediffused and infiltrated intc the lower surface of the spiral
contact 7, so that thealloyof nickel (Ni} and copper (Cu) {namely,
15 adissimilarmetal diffusingandinfiltratingarea) 7d is formed.
Further, in the boundary between the alloy {the dissimilar
metal diffusing and infiltrating area) 7c¢ and the alloy (the
dissimilar metal diffusing and infiltrating area) 7d, an alloy
of nickel (Ni), titanium {Ti) andcopper {Cu) is partially formed.
20 Further, intermetallic compounds TiNi; and TiNi are formed
in the boundary (Ti-Ni) of the dissimilar metal.
Further, intermetallic compounds TiCu,, TiCuNi; and TiCu
are fcrmed in the boundary (Ti-Cu) of the dissimilar metal.
[0055]
25 Fig. 5 is a cross section showing an example of a heating

and pressurizing method. As shown in Fig. 5, the pressurization

setting value is set to be 20.1 MPa but £10.0 MPa. Considering
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the productivity, the pressurization setting value is set wwthin such a
range that after the diffusion of atons has been perfornmed for about 30

m nut es,
cont act .

the alloy will only be forned in the surface |ayer of the spiral

Further, in the pressurizing chanber, 5 heating is perforned by

using a heater. Incidentally, an argon gas cylinder of 10.0 MPa is used as
a pressurizing source. Incidentally, although the diffusion and
infiltration of atonms can be acconplished in a short time under pressure,

the diffugk

Y R iRfildy, " 8he Y f s 1AL 1RIS Qe EBDNE & AGLOTMRIdehgdt i DY

bei ng heat ed under the normal pressure (atnospheriC pressure) [0056] Fig. 6

s a netakyphaseadhadiam cwherer e itreiBebatl dif & tohs BXPIREIeHekRoahsgl ut e
tenperature scal e) which shows a relationship between the heating

t enper at uegrang dtheo MEhAlt &t ,at Be a8 dywal PIRSSUbe zed Wi haEeBtr£dke NI and
Cu are heated in a state where the core netal is brought into contact with

the dissimplae ofehdlspidsishombadn, Fugenbr, tier e eMPeiAEHERDES, ggt

such that a lower limt thereof is the tenperature corresponding to

tinmes 4 henahgohyt &5 tipRyatdd ®yohisiRg feldd g Paindli fhdhe yTehal avgbh the

hi ghest nelting point anong thée core netal and dissimlar nmetal bfought

contact wykh eachngtheprwhbl @ RPa WBPREeHi Akt at peegafiri sihhesabsekute
tenperature of the nelting point of the netal

0.4

in

with the | owest nelting point

anong the core PRc{@éata g A SSdidakheed af £hs 0ygnd A nEaNkagt: ;Wnt hreach

ot her.

The above is a condition set to allow the atons to be diffused

into the guphaceahayEra@iohpei Sdd aln GORhGt. tShRCantBe p2Bssure, the

10

15

20

25

diffusion and infiltration of atoms alsc can be accomplished
bybeing heatedunder the normal pressure (atmosphericpressure).

[0056]

Fig. 6 is a metal phase diagram (where the temperature
is expressed 1in absolute temperature scale} which shows a
relationshipbetween the heating temperature and themetal state.
In a pressurized envircnment, Ti, Ni and Cu are heated in a state
where the core metal is brought into contact with the dissimilar
metal.

As shown in Fig. 6, the heating temperature is set such
that a lower limit thereof is the temperature corresponding to
0.4 times the absolute temperature of the melting point of the
metal with the highest melting pecint among the core metal and
dissimilar metal brought in contact with each other while an
upper limit thereof is the absolute temperature of the melting
peint of the metal with the lowest melting point among the core
metal and dissimilar metal brought in contact with each other.
The above 1s a condition set to allow the atoms to be diffused

only into the surface layer of the spiral contact. Since the

26
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metal with the highest nelting point is titanium(Ti) , the lower limt is
set to 779K that equals to 0.4 tines the 1948K (which is the nelting point
of titaniumin absolute tenperature). Further, since the netal with the

| owest nelting point is copper 5 (Cu) , the upper Iimt is set to 1358K
(which is the nelting point of copper in absolute tenperature scale). That
is, the lower I|imt of the heating tenperature is set to 779K, and the
upper |imt of the heating tenperature is set to 1358K. Thus, atons of

di ssi m | apfEt alitaf endif{sses: anrd +13Q %@iﬁttirsat@@ahmba the) swHacswtayer of
the spiral contact, and therefore it becones possible to obtain the spiral

contact wWhifht 84 seethas tthekchanactgnasti€o of. 4 hamald @neofl otbe disaseni | ar
netal. The heating duration is within a range between 30 mnutes to 2

hours. 15;0Q%é] nBW thetgn gk ihecal ke¥ahRuhUch aap@inere sbRgerhbgreitani um
(Ti) is a diffusion material for inproving the spring characteristic and

copper (Cphrtged, dffdsican materl ivdleH Ohe IJRAVNBYLERE SONEKIGE ¥bpYert he
core material is sandwi ched at 20 its upper, |ower and side surfaces between

titaniam (&), WHLhppes 1hei diifsf 4st o mBEeKi aln f iisn@}ﬁ@%ie'lg;itﬂ@e?épﬁtng
characteristic and copper (Cu) which is the diffusion material for

i nprovi ngort BgppeeRdugt hkbyurandehpetBetireashul bl | aygat NeE 2l teeMPONEE
(mul tilayer aIFoy) is formed under high tenperature. 25 Thus, the spring

characterishie of dhe neRitidlg eeHpRGhthre $si S8 Ve 1K t i@ hkNupPer
characteristic of tltanlun1é%|) (nanely, excellent shape nenory
performangey;capd the hddting temperature is set to 1358K.
Thus, atems of dissimilar metal are diffused and
10 infiltrated intoc the surface layer of the spiral centact, and
therefore it becomes possible to obtain the spiral contact which
also has the characteristic of thealloy of the dissimilar metal.
The heating duration is within a range between 30 minutes to
2 hours.
15 [C057]
By forming the alloy in such a manner, since the titanium
(Ti) 1s a diffusion material for improving the spring
characteristic and copper {Cu) is a diffusion material for
improving the conductivity, the core material is sandwiched at
20 its upper, lower and side surfaces between titanium (Ti) which
isthediffusionmaterial for improving the spring characteristic
and copper (Cu) which is the diffusion material for improving
the conductivity, and further, a multilayer metal compound
{multilayer alloy) is formed under high temperature.
25 Thus, the spring characteristic of the spiral contact 7
is improved by taking in the characteristic of titanium {Ti)

(namely, excellent shape memory performance), and the
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conductivity of the spiral contact 7 is inproved by taking in the
characteristic of copper (Cu) (nanely, excellent conductivity). [0058] 5
In Fig. 7, (a) explains a polyimde filmlamnating step (Step S8). Herein
t he description will be given for the alloy of nickel (N) and titanium
(Ti) (the dissimlar netal diffusing area) 7c and 7d (see (c) of Fig. 4)
which are fornmed by diffusing and infiltrating atons of titanium (Ti) into
the base material 10 nickel (Ni). [0059] As shown in (a) of Fig. 7, a

pol yi m dectahbﬁﬁlc%ik}a%iyngfathe%ﬁigali Soft sPOSEA Hn ey Al frace a¢fi nighencopper
foil (Cu substrate) 1 on which the spiral contact 7 is forned. 15 [0060] In

Fig. 7, (RheeXplms Pl idn d@fpr%s_agp_le@m n@ting sh&Re1¢ St eRxed)1eAE Shown
in (b) of Fig. 7, the polyimde film38 is heated and pressed onto the

out er nost cpekupheralyyaortion 7e of the spiral contact 7, and the spiral
contact 27 is fixed to the 20 back side of the polyimde film38. [0061] In
Fig. 7, (c) explappgja Cu etching step (Step S10). As shown in (c) of Fig.
7, the copper foil (Cu substrate) 1 is renoved by etching. Thus, the spiral
contact 7 can bepspigalty upraixpedids bhouginide hole 183 idfadihey Reky m de

filn)8_fron1the bapk side tomard the_front side. At this time, the
di ssim | ar(seiaksti.t aeirdEh (Hk) d6epPSHE £6n O T hen Ly ististicat ey atihey

sputtering nmethod is 28
of nickel (Ni) and titanium {Ti) (the dissimilar metal diffusing
area) 7c and 7d (see {(c) of Fig. 4) which are formed by diffusing
and infiltrating atoms of titanium (Ti) intc the base material
10 nickel (Ni).

[0059]

As shown in (a) of Fig. 7, a polyimide film 8 having a
hcle 8a is disposed on the surface of the copper foil (Cu
substrate) 1 on which the spiral contact 7 is formed.

15 [0C60]

In Fig. 7, (b) explains a polyimide press-laminating step
(Step S9). As shown in (b} of Fig. 7, the polyimide film 8 is
heated and pressed ontc the outermost peripheral portion 7e of
the spiral contact 7, and the spiral contact 27 is fixed to the

20 back side of the pelyimide film 8.

[CC61]

In Fig. 7, [(c) explains a Cu etching step (Step S10). As
shown in (c) of Fig. 7, the copper foil (Cu substrate) 1 is removed
by etching. Thus, the spiral contact 7 can be spirally upraised

25 through the hole 8a of the polyimide film 8 from the back side

toward the front side. At this time, thedissimilarmetal titanium

(Ti) deposited on the Cu substrate by the sputtering method is

28
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al so renoved when the Cu is renoved by etching. [0062] In Fig. 7, (d)

expl ains a substrate bonding step (Step Sli). As shown in (d) of Fig. 7, a
plate (not shown) , on which 5 a thernosetting conductive adhesive 11 is
thinly and uniformy applied, is brought into contact with a bonding surface
7a (see (c) of Fig. 7) of the outernost peripheral portion 7e (see (b) of
Fig. 7) of the spiral contact 7, and therefore the adhesive 11 is
transferred to the bonding surface 7a. The spiral contact 10 7 is brought

into contackoWihoRe8ORREN9LEO tbalstPSmQGQQ'B? e§Hﬁiﬁ$e 7a faces a wring
conductor 9a arranged in a predetermned position of the board 9, and the

wi ring conductoro®gpnd the bonding surface 7a are nmade electrically
conductive to each other and are heated and pressed onto each other. Thus,

the spiral 15 contacy, 77] s(hpaked ands ps essssk ot o kgaediﬂhglggelsohdﬂeﬁor 9a
formed on the surface Iayer of the board 9. At this tine, bondi ng

surface 781190 aipthdhe rpdhgsrerid. (1 hey fﬂl%&:'fet' rmg;te@%wn reéhnx):hiéh
applied, is firmy stuck to the board 9 by "bei ng heated and pressed. 20

[ 0063]5 | na Rtk rifo s d 180 1 X RIHAT B L bBakEkESS1 Als RIAt1R0 asbedn i £ SERPy S12)
As shown in (e) of Fig. 7, the electroless Au plating is perforned to the

surface of bb@eéphkﬁ%r%@@%épingo ddwisact R thSRiBehd LOMtAGif a7kl (8oé be
oxi di zed, and t herefore connection 25 with |ow electric reS|stance can be
achi eved. (£006¢]ri <Sggond ERBOGH PBAGsESDeripheral portion 7e (see (b)
of Fig. 7} of the spiral contact 7, and therefore the adhesive
11 is transferred to the bonding surface 7a. The spiral contact
10 7 is brought into ccentact with a board 9 so that the bonding
surface 7a faces awiring conductor 9a arranged in a predetermined
position of the becard 9, and the wiring conductcr %a and the
bonding surface 7a are made electrically conductive toeach other
and are heated and pressed onto each other. Thus, the spiral
15 contact 7 is heated and pressed ontc the wiring conductor %a
formed con the surface layer of the board 9. At this time, the
bonding surface 7a, onwhich the adhesive 11 (thermosetting epoxy
resin) is applied, is firmly stuck to the board 9 by being heated
and pressed.
20 (0063]
In Fig. 7, {(e) explains an electrcless Au plating step
(Step S12). As shown in (e) of Fig. 7, the electroless Au plating
is performed to the surface c¢f the spiral contact 7. Thus, the
spiral contact 7 will not be oxidized, and therefore connecticn
25 with low electric resistance can be achieved.
[0064]

<Second Embodiment>
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Next, a spiral contact according to a second enbodinent w | be described
below with reference to the attached drawi ngs. The second enbodi nent
differs fromthe first enbodinent in that: in the first enbodi ment, the
dissimlar nmetal titanium (Ti) is 5 deposited on the upper surface and side
surfaces of the spiral contact, while in the second enbodi nent, al um num
(Al') is deposited as the dissimlar netal. Incidentally, in the second
enbodi ment, |i ke conponents are denoted by |like nunerals as of the first

enbodi nent and gber expl Aatd On-dier@ofa dWdraihg ewl kit 8dcond0ehB885hehp Fi g.
8, (a) explains a dissimlar metal diffusing and infiltrating step (Step

S7B) . | nyki@.bBdebBlibsdate BoY aR@80re SEIEIEL k6 thé UstatHandebwlgysof Fi g.
3, and (c) is an enlarged schematic illustration of the portion shown in

(a) of Fighe skxcha ERBEELmecAS $homard BroR) tid thirgt Smpbhemaheke] tHNE)

plating forms the base material (core material) of a spiral contact 7'. A

atonms ar ej depRsi it ORRRI KM  Suhbagess andl appest surdiace iafm 2@ ihhesspi r al
contact 7' by a sputtering nethod (Al depositing area 7b'). Further, the Cu

substrat eddpbbheedi s8itHd aipprt alk raxkeshsd HedOW IhEdOyRIT suef ageral the
spiral contact 7'. [0067] 5 As shown in (c) of Fig. 8 by heating the Al

atoms depeshtgdt, ovHihe basethat eyd @Andi €kebd anent he sQurswbst rete lisAl
atons are diffused and infiltrated into an upper surface and side 30
deposited as the dissimilar metal. Incidentally, in the second
embodiment, like components are denoted by like numerals as of
the first embodiment and the explanation therecf will be omitted.
1C [0065]

In Fig. 8, (a) explains a dissimilar metal diffusing and
infiltrating step (Step S7B}). In Fig. 8, {(b) is an enlarged
schematic illustration of (e} of Fig. 3, and (c) is an enlarged
schematic illustration c¢f the portion C’ shown in (a) of Fig.

15 8.

(0066]

As shown in (b) of Fig. 8, the nickel (Ni) plating forms
the base material (core material) of a spiral contact 7'. Al
atoms are deposited on the side surfaces and upper surface of

20  the spiral contact 7’ by a sputtering method (Al depositing area
b’ .

Further, the Cu substrate 1 (the dissimilar metal) exists
below the lower surface of the spiral contact 77.

[0067]

25 As shown in (c¢) of Fig. 8, by heating the Al atoms deposited
on the base material nickel and the Cu substrate 1, Al atoms

are diffused and infiltrated into an upper surface and side
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surfaces of the base material nickel (Ni) . In other words, alum num (Al)
(as the dissimlar netal) is diffused and infiltrated into the surface

| ayer of the base material nickel (N) , so that an alloy of nickel (N)
and al um num (Al') (nanely, 5 a dissimlar metal diffusing and infiltrating
area) 7c¢' is formed in this surface layer. Further, due to the existence of
the Cu substrate below the spiral contact 7 , Cu atons (as the dissimlar
netal) are diffused and infiltrated into the |ower surface of the spiral

contact 7suxfs@ed hat aRealda@e ofatdckel (NReRNdNEPPPEn X H)wd@dply, a
dissimlar nmetal diffusing and infiltrating area) 7d' is fornmed. Further,

in the boyngaiyuetisggn (he alHoydidissailbkrarmet®l pl & f HugiFageandand
infiltrating area) 7c¢c' and the alloy (dissimlar netal diffusing and

infiltrating pfeMeddntarhdl kQyrideofapbeked th baseahttkpum (M Jkand
copper (Cu) is partially formed. Further, internetallic conpounds ALN 3and

AN are foinedo tRathen bourgasy {Akdd Nl Ahe sdisSintnd Qa1 et @dme Ry t her,
internetallic conpounds Al Cu2and andAl CU3 are forned in the boundary (Al -Cu)

of the dissiigkhiaiaetrdtal d0rFAQ68L dridbin®iisrat IRyalrahase’ disagsamed wher e
the tenperature is expressed in absolute tenperature scale) which shows a

rel ationsi el weeitadee ll%F}'@tri._nQuB:QH’E@E af e ec Anthd ke iRRAlCeSHEt he did a
pressuri zed environnment, Al, Ni and Cu are heated in a state 25 where the

core nmetatuhb St PEOHGBY ol §pNtaticoMtiR tt e, dusHond aks thetd@d s s Asi B4wewn in
Fig. 9, the heating tenperature is set such 31
metal) are diffused and infiltrated into the lower surface of
the spiral contact 7', so that an alloy cf nickel (Ni) and copper
10 (Cu) (namely, adissimilarmetal diffusingandinfiltratingarea)
7d’ is formed.

Further, in the boundary between the alloy (dissimilar
metal diffusing and infiltrating area) 7¢’ and the alloy
{(dissimilar metal diffusing and infiltrating area) 7d’, analloy

15 of nickel {Ni), aluminum (Al) and copper (Cu) ispartially formed.

Further, intermetallic compounds AlNis and AL1Ni are formed
in the boundary (Al-Ni) of the dissimilar metal.

Further, intermetallic compounds A1Cu; and AlCusare formed
in the boundary (Al-Cu)} of the dissimilar metal.

20 [0068]

Fig. 9 is a metal phase diagram (where the temperature
is expressed in absolute temperature scale) which shows a
relationshipbetween the heating temperature and themetal state.
In a pressurized environment, A1, Ni and Cu are heated in a state

25 where the core metal is brought into contact with the dissimilar
metal.

As shown in Fig. 9, the heating temperature is set such
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that a lower limt thereof is the tenperature corresponding to 0.4 tines
the absolute tenperature of the nelting point of the netal with the highest
mel ting point anong the core netal and dissimlar netal brought in contact
with each other while an 5 upper limt thereof is the absolute tenperature
of the melting point of the nmetal with the | owest nelting point anong the
core netal and dissimlar netal brought in contact with each other. The
above is a condition set to allow the atons to be diffused only into the

surface |ayer Of e $PhE @l tKOPLGETi s FHACRhPErARuREL @br%égokﬁﬁn i ghest
melting point 1s nickel (Ni) , the lower |imt is set to 691K that equal s

to 0.4 tiges diie 728KabwbiGRe LenpheaBRLLI 9O MR Rle10fi Y pkehti Brapsol ut e
tenperature scale). Further, since the nmetal with the lI'owest nelting point

is alum nma{Aldtn die HRRRIs Y 1k iing %%tinttoa%ﬂ&) {wBi ebrisméher neld i ng

poi nt 15 of alum numin absolute tenpérature scal é That is, the | ower

limt of §hesheali nondespesabedet | Sn S@nt L-069Hsn adlf her pppefnild mtg of the
heating tenperature is set to 934K Thus, atons of dissimlar netal are

di ffused agde, infild raleddmtg the sudace layle Oft dhe $pthalmepniasct, and
20 therefore it becones possible to obtain the spiral contact which al so has

the charagteri sid ¢nefmbhgrabi oy 9fe 1RRedLSRAM | R JBIAl amolRerheatd ng

duration is wthin a range between 30 nminutes to "2 hours. [0069) 25 By
form ng theeal |9y il sSUGH 13 P TREREN. b BLRSEEL LNE RIMWHAUR; t6ALdchSo@ndi f fusi on

material for inproving the spring characteristic and copper (Cu) is a

di ffusi onppmtgid@l f0L 38ndition set to allow the atoms to be diffused
only into the surface layer of the spiral contact. Since the
10 metal with the highest melting point is nickel (Ni), the lower
limit is set to 691K that equals tc 0.4 times the 1728K (which
is the melting point of nickel in absolute temperature scale).
Further, since themetal with the lowest melting point is aluminum
(Al), the upper limit is set to 934K (which is the melting point
15  of aluminum in absclute temperature scale). That is, the lower
limit of the heating temperature is set to 691K, and the upper

limit of the heating temperature is set to 934K.
Thus, atoms of dissimilar metal are diffused and
infiltrated into the surface layer of the spiral contact, and
20 therefore it becomes possible to obtain the spiral contact which
also has the characteristic of thealloy of thedissimilar metal.
The heating duration is within a range between 30 minutes to

2 hours.
[0069]

25 By forming the alloy in such a manner, since the aluminum
(A1) 1is a diffusion material for improving the spring

characteristic and copper {(Cu) is a diffusion material for
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i nproving the conductivity, the core material (Ni) is sandwiched at its
upper, |lower and side surfaces between al um num (Al) which 1is a diffusion
material for inproving the spring characteristic and copper (Cu) which is a
diffusion material for inproving the 5 conductivity, and further, a

mul tilayer netal compound (multilayer alloy) is formed under high
tenperature. Thus, the spring characteristic of the spiral contact 7' is

i mproved by al um num (Al') which has good spring characteristic, and the

Conductiq@%@ LGS eLEAh.EONEAEL T Sl SRLQLSY Yy 1P SCOPRER, (GH)q Wh ch

has excel uctivit r éaf ter see

Lhe f11 st o ga0d) gt 1%%]:%&&@ iRl e, ﬁg%eg%}nﬁﬁf;lﬁt%ﬁ N fi g r@cﬁ)

enbodlnen? exc at alu 1S su stltute anlum

Thus, s Lar gt geLbeo R pfs) %to%pfmgi?&fﬁg S hgfIRRCLIERL 5 LD, o

polylnlde |s 0S€éd on the's ace’o contac

EEE ESEEeé?%OdO&P(ﬁ%iﬁﬂgf@*F# h%l i fﬁ#ig RO aielfﬁoﬁ%;%ﬁﬁt*—?éﬁﬂ i Zed e
T
subst it e}, &duétwggygug% EOLDG ¢ 8§SO¢&{1§1§%9 fiOELACt Lo Gy be

splraﬁﬁy uprar sed yimde Tilm romthe

back i de by LheayLront sy e Arcthls thae: e, dieatoilpr petal al um num

(A) dep6 ed o stra sputterin is also

eroved hen 06,0 L SURNEG B pEPeR L, e SUBstpe, i,
Embodi meng 2 ; NeXty Q;Pbﬁ%l‘ﬁ%t Pz&t ARERRHI95884 %ptr'l'nrgdcﬁé‘PQQJcé'Pi‘étlé”?
and the conductivity of the spiral contact 7’ is improved by
10 copper (Cu) which has excellent conductivity.

Thereafter, Step S8 to Step S12 (see Fig. 7) of the first
embodiment are performed in the same manner as the first
embodiment except that aluminum (Al) is substituted for titanium
(Ti). Thus, similar to the producing steps of the first embodiment,

15 the polyimide film 8 is dispesed on the surface of the spiral
contact 7’ and the copper foil (Cu substrate) 1 so that the spiral
contact 7' is fixed to the back side of the polyimide film 8,
and then the copper foil (Cu substrate) 1 is removed by etching.
Thus, the spiral contact 7' can be spirally upraised through

20 the hole Ba of the polyimide film 8 from the back side to the
front side. At this time, the dissimilar metal aluminum (Al)}
deposited on the Cu substrate by the sputtering method is also
removed when the Cu is removed by etching. Further, the substrate
is bonded, and the electroless Au plating is performed.

25 [0070]
<Third Embodiment>

Next, a spiral contact according to a third embodiment
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wi |l be described belowwth reference to the attached drawings. The third
enbodi ment differs fromthe first enbodinment in that: in the first

enbodi ment, nickel (Ni) is used as the core netal of the spiral contact,
while in the third enbodi nent, copper 5 (Cu) is used as the core netal of
the spiral contact. Incidentally, in the third enbodinent, |ike conponents
are denoted by like nunerals as of the first enbodi nent and the expl anati on
thereof wll be omtted. [0071] 10 In Fig. 10, (a) explains a photoresist

coating S&?Pﬂb%%@sc?@%)ed b%lo?pﬁ‘ﬂ"ﬂpifbf%%erﬁ]eelgiogthel%’ttta%e(QihQEQ{rglz%ﬁ 5is

uniformy coated on the upper surtace copper foil (Cu su rate) 1.

[0072] " 8oL ehoclifbn?xl BEOPs O RUPLARRSK, St A 22h cnés: shown
in (b) of Fig. 10, the photomask 6 patterned into the same shape as a
spiral cophache &4 ASriaRIAE] pqeRkACkn ) ofs Fldq A che E@yered.on the
upper surface of the photoresist 5, an the 1mage of the photomask 6 is

rinted ipra n 0 ci de , a n be
gxposed a?fatggi%gg%%ﬂaﬁggﬁ???éa%?g%gbgﬁS#%%e%%?ﬁ%pgﬁgﬁgyﬁﬁ?g't%gﬁ%ﬁgtonask
6. 73 Ei i LR : shown
in (E:%O of ]‘EFS?‘H ,e&agtsetgl_@t ?‘% %;tgﬁe% glt?é/%b?géégiﬁtea%ztg's%ﬁeﬁ%a%}ﬁiss
devel Opediﬂn?hﬁ PLEFI:E?r@IﬁbéBi%éBH‘ | $1%ar osd §1Q§¥Q' éf@sdgﬁé{@éﬁdbﬁylﬁ?@

t he %% of Fig. 0

phot omask 6 ack painted places in F 10) have

photoresi gt ELL M for pgde hBeF 80, 2Rdqi3%nt and the explanation thereof

will be omitted.

[0071]

10 In Fig. 10, (a) explains a photoresist coating step (Step
521} . As shown in (a) of Fig. 10, the photoresist 5 is uniformly
coated con the upper surface of the copper foil (Cu substrate)
1.

[0072]

15 In Fig. 10, (b) explains a photomask step (Step S52Z2). As
shown in (b) of Fig. 10, the photomask 6 patterned into the same
shape as a spiral contact 27 (see the spiral contact 7 of Fig.
1) is covered on the upper surface of the photoresist 5, and
the image of the photomask 6 is printed in a contact manner.

20 Incidentally, the photomask 6 also can be expcsed at a suitable
magnification by projecting light onto the photomask €.

[0073]
In Fig. 10, (c) explains a developing step (Step S23).
As shown in (c) of Fig. 10, after the photoresist 5 {(see (b)

25 of Fig. 10) is developed and a photoresist film is formed, the

places covered by the phcotomask 6 {the black painted places in

(b) cf Fig. 10) have no photoresist film formed thereon, and
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therefore the copper foil 1 is exposed in these places. On the other hand,
in the places not covered by the photomask 6, a devel oped photoresist film
5a is formed on the exposed copper foil 1 so as to forma reverse inmage
(negative image) of the 5 spiral contact 27. [0074] In Fig. 10, (d)
explains a plating step (Step S24). As shown in (d) of Fig. 10, nickel (N)
(as a barrier material) is plated only on the places where the copper foi

1 is exposed, 10 and copper (Cu) (as a core netal) is plated and deposited

onto the platesahere kel 0N 1 2oPLast 59 PSS SAmAe BRI £l

contact 2 t nothing rs pla osited nto the

pl aces hstgothRadayel APedePboLaresisl Ld/BAA) s o1k odBopsea Lesult,

t he copper nto the places not beil osed owm ng'to the

provi si O”dQ(ze%g?eét?@QE@?é‘s?s@“@ilrﬁ%’éz;\% ;f%frq\%‘éeéﬂp\?ﬂep@hgé%ﬁ;?%%ggﬁfi xed

thereon, so t spiral contact ormed as If t 6 is

raced. | bBiihisssten. chheoshape ofetbe sphidl (SOBLacke27uLacpr gE! SELY 20

formed on the surface o € coppér y USI ot oengravi ng

(printd ng n | pgi dental Iy, the thickness of the Cu plating |ayer
IS léjtoga%?%gle#ﬁgX%Eigkhess of the NN plating layer is about 0.5 pm 25

[0075] In Fig. ﬂ@@7iﬁ) expl ains a photoresist renoval step (Step S25) . As
shown in (e) of Fig. 10, by renoving the photoresist, 35

In Fig. 10, (d} explains a plating step (Step $S24). As
shown in (d) of Fig. 10, nickel (Ni) {(as a barrier material}
is plated only on the places where the copper foil 1 is exposed,

10 and copper {Cu) (as a core metal) is plated and deposited onto
the plates where nickel (Ni) is plated so as to form the spiral
contact 27. Cn the other hand, nothing is plated and deposited
onto the places where the developed photoresist film 5a} 1is
formed.

15 As a result, the copper (Cu) is plated onto the places
not being exposed owing to the provision of the photomask 6 and
having no developed photoresist 5a fixed thereon, so that the
spiral contact 27 is formed as if the photomask 6 i1s traced.
In this step, the shape of the spiral contact 27 is precisely

20 formed on the surface of the copper foil 1 by using photoengraving
(printing) technology.

Incidentally, the thickness of the Cu plating layer is
15 to 30 um. The thickness of the Ni plating layer is about 0.5
um.

25 (0075]

In Fig. 10, (e) explains a photoresist removal step (Step

S25). As shown in (e} of Fig. 10, by removing the photcresist,
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only spiral contact 27 remains on the surface of the copper foil 1. [0076]
In Fig. 11, (a) explains a dissimlar nmetal diffusing and 5 infiltrating
step (Step S27A). In Fig. 11, (b) is an enlarged schematic illustration
before the diffusion and infiltration is performed, and (c) is an enl arged
schematic illustration of the portion 2C shown in (a) of Fig. 11. As shown
in (b) of Fig. 11, the copper (Cu) plating forns 10 the base material (core
material) of the spiral contact 27. As nentioned above, Ti atons are

deposi ted the sid r.f.ac ang r rf f iral..c ct 27
by the spag?gfﬂﬁﬁﬁhhgpﬁgﬁc?T?§d%posH#?%g Q@%gu%ﬁﬁf% Egrt %?#E>ﬁg gﬁif
substrate;1 of the dissimlar netal (Cu) 15 exists below the |ower surface
of the spiral contact 27. [0077] As shown in (c) of Fig. 11, by heating Ti
atons and the P@Opgﬁting deposited on the base material Cu, and the Cu
substrate 1, Tr atons are diffused and infiltrated into the upper surface

20 and side. Surfages of 1LNGa PSR LAY Lahs SORRETaL Qca | MiOLEs naords, T

atons (as di ssi r‘'metal) are used and I'trated into the surface

| ayer of EH?i%’#{??t?ﬁg%’F% @g@%ﬁrszf&? I’nrresfﬂ haty_an gl 'i%yagf?ﬁ?lQlE’géd(.C“)

and titanium ssimlar i f'fusing an rating

o Ta LA T P P B UE S LRy CRUADRTprdumt oy s estence
metal) aresdiifpsafegnddpfidit1at &d IO e o QG 1S 84650k at3Bn of
the portion 2C shown in (a)} of Fig. 11.
As shown in (b) of Fig. 11, the copper {Cu) plating forms
10 the base material (core material) of the spiral contact 27. As
mentioned above, Ti atoms are deposited on the side surfaces
and upper surface of the spiral contact 27 by the sputtering
methed (Ti depositing area 27b).
Further, the Cu substrate 1 of the dissimilar metal (Cu)
15 exists below the lower surface of the spiral contact 27.
[0077]
As shown in (c) of Fig. 11, by heating Ti atoms and the
Ni plating deposited on the basematerial Cu, and the Cu substrate
1, Ti atoms are diffused and infiltrated into the upper surface
20 and side surfaces of the base material copper (Cu). In other
words, Ti atoms (as dissimilar metal) are diffused and
infiltrated into the surface layer of the base material copper
(Cu), so that an alloy of copper {Cu) and titanium (Ti) (namely,
adissimilarmetal diffusingand infiltratingarea) 27c is formed
25 in this surface layer. Further, due to the existence of the Ni
plating below the spiral contact 27, nickel atcoms (as dissimilar

metal} are diffused and infiltrated into the lower surface of
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the spiral contact 27, so that an alloy of copper (Cu) and nickel (N)
(nanmely, a dissimlar netal diffusing and infiltrating area) 27d is forned.
Further, internmetallic conmpounds TiCu4, TiCuNi3 and TiCu 5 are fornmed in

t he boundary (Ti-Cu) of the dissimlar nmetal. [0078] Fig. 12 is a netal
phase di agram (where the tenperature is expressed in absolute tenperature
scal e) which shows a relationship between the heating tenperature and the
netal state. 10 In a pressurized environnent, Ti, NI and Cu are heated in a

state wheie sbheaqorsn iRt el SsBrauahhni 410 ¢t a6hpdtt fd)hendissddl ar
metal. As shown in Fig. 12, the heating tenperature is set such that a

Lower [imyifthgegelyi S dNes1RIDEF abURE SHTRSPRNGMAGNnA 1tkatdrd didws the
absoluten%éhpératurg of the nelting point of the netgl W th tﬁg hfgﬁest

mel ting poidgti ampherdde core netal and dissimlar netal brought in contact
with each other while an wupper Iimt thereof is the absolute tenperature of

the melting paigierfr t he t@baltamitik thepbawast tieh], nd i int a gAY he core
20 netal and dissimlar nmetal brought in contact with each other. The above

is a conditd ofysRdd Lo athOWsined At eTiacbe & fflusesi sonhyldptpethe, surface
| ayer of the spiral contact. Since the netal with the highest nelting point

is titanium (Tipgo7djhe lower limt is set to 779K that equals to 0.4 tines
t he 1948K (whi c[h 25 1s the nelting point of titaniumin absolute tenperature

scale). Furthefqsimnce gt Repagebal pwhth §DgqlovestndBl ti g RO rd Sy £OPPer
(Cu) , the upper 1Timt is set to §358K (which is the nelting point 37

is expressed in absolute temperature scale) which shows a

relationshipbetween the heating temperature and themetal state.

10 In a pressurizedenvirconment, Ti, Ni and Cu are heated in a state

where the core metal is brought into contact with the dissimilax
metal.

As shown in Fig. 12, the heating temperature is set such

that a lower limit thereof is the temperature corresponding to

15 0.4 times the absolute temperature of the melting point of the

metal with the highest melting pecint among the core metal and

dissimilar metal brought in contact with each other while an

upper limit thereof is the absolute temperature c¢f the melting

point of the metal with the lowest melting point among the core

20 metal and dissimilar metal brought in contact with each other.

The above 1s a condition set to allow the atoms to be diffused

only into the surface layer of the spiral contact. Since the

metal with the highest melting point is titanium (Ti), the lower

limit is set to 779K that equals to 0.4 times the 1948K {(which

25 is themelting point of titanium in absolute temperature scale).

Further, since the metal with the lowest melting point is copper

(Cu), the upper limit is set to 1358K {which is the melting point
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of copper in absolute tenperature scale). That is, the lower [|imt of the
heating tenperature is set to 779K, and the upper |imt of the heating
tenperature is set to 1358K. Thus, atonms of the dissimlar netal are
diffused and 5 infiltrated into the surface |layer of the spiral contact 27,
and therefore it becones possible to obtain the spiral contact 27 which

al so has the characteristic of the alloy of the dissimlar netal. The
heating duration is within a range between 30 mnutes to 2 hours. 10 [0079]

By form ngrthepgét oynidbssichea f@ﬁ%@fat@té‘c&éi@ ) Uitk upy, (dhe 1Swér
di ffusion material for inproving the spring characteristic and copper (Cu)

is a diffushop drterd deakahg LBRpEYERArEhes conducd ivigwy, ahbetﬁérﬁgﬁ@ierla|
itself is excellent 15 in conductivity, and the core materi al

sandwi chegdiait bt Sthdpesatloyetcapsrstdee susfasescbyisbsani um (Ti) which is
a diffusion material for inproving the spring characteristic, and further,

a nultilayer netals cogpersdofmitd | @yesimi10y)mesalf arreed; undesedi gh
tenperature. N platlng is perforned to the 20 | ower side of the core

materiszal {Hase: FRtSAT Bht&Uhhe TherdkeplayéNOof | ShalSeSli Bs1 acbrfséerampteri al
so that the core material is forned by copper (Cu). Thus, the spring

char act er 484 i thefe fdre Sp béboﬁ@@tgéészglelﬁbldB@HQY?@h@ys @Ebmgcéﬁt&@@
characteristic of titanium(Ti) 5 (nanely, excellent shape nenory

per f or mange)sh i @Rt 1Eh £ ORULCER 34 d Ve Of 1 d ¥ §Pithal a COBY et 1/di SsimProved by
taking in the characteristic of copper (Cu) (nanely, excellent 38
metal. The heating duration is within a range between 30 minutes
to 2 hours.
10 [C079]
By forming the alloy in such a manner, since the titanium
(Ti) is a diffusion material for improving the spring
characteristic and copper (Cu) is a diffusion material for
improving the conductivity, the corematerial itself isexcellent
15 in conductivity, and the core material (Cu} is sandwiched at
its upper, lower and side surfaces by titanium (Ti} which is
a diffusion material for improving the spring characteristic,
and further, a multilayer metal compound (multilayer alloy) is
formed under high temperature. Ni plating is performed to the
20 lower side of the corematerial (basematerial Cu). The Niplating
is used as a barrier material so that the core material is formed
by copper (Cu).
Thus, the spring characteristic of the spiral contact 27
is improved by taking in the characteristic of titanium (Ti)
25 {namely, excellent shape memory performance), and the
conductivity of the spiral contact 27 is improcved by taking in

the characteristic o©of copper (Cu) {namely, excellent
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conductivity). Thereafter, Step S8 to Step S12 of the first enbodi nent (see
Fig. 7) are perforned in the sanme manner as the first enbodi nent except
that the base material copper (base material 5 Cu) is substituted for the
base material nickel (base material Ni) as the core netal. Thus, simlar to
the producing steps of the first enbodinent, the polyimde film8 is

di sposed on the surface of the spiral contact 27 and the copper foil (Cu
substrate) 1 so that the spiral contact 27 is fixed to the back side of 10
t he polylggﬁghgﬁlggg§ and then the copper foil (Cu substrate) 1 is renoved
by etching. Thus, the spiral contact 7 can be spirally upraised through the

hol e 8a of the mlndarde [ iduud sr om bhep bagkosides tomasd ddiod e si de.

At this time, the dissimlar netal tltanlun1(T|) deposited on the Cu

substrat e(dye t}hﬁ% 157 sput-berdad Jmiiod A stipd s@amempyafdewhanr the G dsx renoved
by etchlng her, the substrate is bonded, and the el ectrol ess Au

pl ating ézﬁocﬂfﬁrﬁ&[@%‘icd&oﬁﬂht EE@H:F&HE E@%%@qn&apgerN%ase an S F@d1 contact

according to a fourth enbodinment w |l be described below wth reference to

the attached :dr aw-ag3 tutEerbourid h?‘d@%oﬂﬂa%%@&a@ hiers1f (omsé headdi v

enbodinent in that: in the third enbodinent, the dissimlar netal titanium

(Ti) is gepesd ted @BrbhﬁeHQPerTﬁwéfQ&ﬁhfﬂ&i’%bd%héub§§8§§1ﬁg thepspiral 25
contact, while in the fourth enbodi ment, al um num eposited as the

di ssi mi | andretaler |gicianald Y1tHé1pbh§lan'd'ét hllﬁﬁbosﬂs n@ﬂgpoéédfeomm@nent S
are denoted by like nunerals as of 3
surface of the spiral contact 27 and the copper foil (Cusubstrate)
1 so that the spiral contact 27 is fixed to the back side of
10 the polyimide film 8, and then the copper foil (Cu substrate)
1 is removed by etching. Thus, the spiral contact 7 canbe spirally
upraised through the hole 8a of the polyimide film 8 from the
back side toward the front side. At this time, the dissimilar
metal titanium (Ti) deposited on the Cu substrate by the
15 sputteringmethodisalsoremovedwhentheCuis removedbyetching.
Further, the substrate is bonded, and the electroless Auplating
is performed,
[0080]
<Fourth Embodiment>
20 Next, a spiral contact according to a fourth embodiment
will be described below with reference to the attached drawings.
The fourth embecdiment differs from the third embodiment in that:
in the third embodiment, the dissimilar metal titanium (Ti) is
deposited on the upper surface and side surfaces of the spiral
25 contact, while in the fourth embodiment, aluminum (Al) 1is

deposited as the dissimilar metal. Incidentally, in the fourth

embodiment, like components are dencted by like numerals as of
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the third enbodi nrent and the explanation thereof wll be omtted. [0081] In
Fig. 13, (a) explains a dissimlar netal diffusing and infiltrating step
(Step S27B) . In Fig. 13, (b) is an enlarged 5 schematic illustration
before the diffusion and infiltration is perforned, and (c) is an enl arged
schematic illustration of the portion 2C shown in (a) of Fig. 13. [0082]
As shown in (b) of Fig. 13, the copper (Cu) plating forms 10 the base
material (core nmaterial) of the spiral contact 27'. Al atons are deposited

on the siwde sHifacedHIthatpPehid sWef @6e1 argdt tderapireal iont Betordt t ey, the
sputtering nmethod (Al depositing area 27b'). Further, the Cu substrate 1 of
the dissimlar metgal] (Cu) 15 exists below the |ower surface of the spiral
contact 27'. [0083] As shown in (c) of Fig. 13, by heating Al atons and the

Ni plating depasi ted.orsf he ) basglaaherd ali sGiumiand hbeaCudsibstingend, Al
atons are diffused and infiltrated into the upper surface 20 and si de

sur f aces ioff itier Daisey rateyy | (@t egopReB)(Coh. FL§. ot Ber (b nwoi dsan alrudryen (Al)

(as dissimlar nmetal) is diffused and infiltrated into the surface |ayer of

the base Jwmiatdtalc GAPREIt r{tGn ,besbtdatheaniad Aoy f LePPeTf (1GWa Eith
alum num (Al') (nanely, a dissimlar nmetal diffusing and infiltrating area)

27¢' is 25 fermedned,t Bhe sdf facer] ayiebrgEdr sbeematiue 101 dderexi Gt @yce of
the Ni plating below the spiral contact 27', nickel atonms (as dissimlar
metal ) arghdligdusiach argt igrduit riat ech)i go wihe l1onver 40
[0082]
As shown in (b) of Fig. 13, the copper (Cu} plating forms
10 the base material (core material) of the spiral contact 27'.
Al atoms are deposited on the side surfaces and upper surface
of the spiral contact 277 by the sputtering method (Al depositing
area 27b"}.
Further, the Cu substrate 1 of the dissimilar metal (Cu)
15 exists below the lower surface of the spiral contact 277.
fCC83]
As shown in (c) of Fig. 13, by heating Al atocoms and the
Niplating deposited on the basematerial Cu, and the Cu substrate
1, Al atoms are diffused and infiltrated into the upper surface
20 and side surfaces of the base material copper (Cu). In other
words, aluminum (Al) (as dissimilar metal) is diffused and
infiltrated into the surface layer of the base material copper
(Cu), so that an alloy of copper (Cu) and aluminum (Al) (namely,
a dissimilar metal diffusing and infiltrating area) 27c¢’ is
25 formed in this surface layer. Further, due to the existence of

the Ni plating below the spiral contact 27', nickel atoms {as

dissimilar metal) are diffused and infiltrated into the lower
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surface of the spiral contact 27", so that an alloy of copper (Cu) and
nickel (Ni) (nanely, a dissimlar netal diffusing and infiltrating area)
27d" is formed. Further, internetallic conmpounds Al Cu2 and Al CU3 are forned
5 in the boundary (Al -Cu) of the dissimlar netal. [0084] Fig. 14 is a
nmet al phase diagram (where the tenperature is expressed in absolute
tenperature scale) which shows a relationship between the heating
tenperature and the netal state. 10 In a pressurized environnment, A, N and

Cu are healethdd & iRl @piwhar @dhhtaceone  netal thatbaguUghioy b P LQifaact Wi th
the dissimlar mnmetal. As shown in Fig. 14, the heating tenperature is set

such thafc@d lQwenikikeit (hher edmé syl he dierpanaby Re€anrespending 41 15 0.4
times the absolute tenperature of t%e melting point of the nmetal with the

hi ghest nﬁﬂfifﬁkggﬁﬁ%lé@@@g 1he cpserdgmiad . and dissimlar netal brought in
contact with each other while an wupper Iimt thereof is the absolute

temperature of pha sl tiRgerROtal]l OF dh@omiadl At ifakdaicovest feidddg point
anong the core 20 netal and dissimlar nmetal brought in contact with each

others The ahoveolSdar ¢onmitdon setehd® @ domiher atonsito be diffused only
into the surface |layer of the spiral contact. Since the netal with the

hi ghest neltinggudat is nickel (Ni) , the lower [|imt is set to 691K that
equals to 0.4 tines the 1728K (which 25 is the nelting point of nickel in

absol ute tenperatdlr & 456al @) metEUrbhgke §i£‘§§ar§1h?wﬂ§i@|tw\étﬂbrﬁ9§@ié%t _
melting point is alumnum (A) , the upper limt is set to 934K (which is
the melting papbPbss4d in absolute temperature scale) which shows a
relationshipbetween the heating temperature and themetal state.
10 In a pressurized environment, Al, Ni and Cu are heated in a state
where the core metal is brought inteo contact with the dissimilar
metal.
As shown in Fig. 14, the heating temperature is set such
that a lower limit thereof is the temperature corresponding tc
15 0.4 times the absolute temperature of the melting point of the
metal with the highest melting pcint amcng the core metal and
dissimilar metal brougnt in contact with each other while an
upper limit thereof is the absolute temperature of the melting
point of the metal with the lowest melting point among the core
20 metal and dissimilar metal brought in contact with each other.
The above is a condition set to allow the atoms to be diffused
only into the surface layer of the spiral contact. Since the
metal with the highest melting point is nickel (Ni), the lower
limit is set to 691K that equals to G.4 times the 1728K (which
25 is the melting pcint of nickel in absclute temperature scale).
Further, since themetal with the lowestmelting point is aluminum

(A1), the upper limit is set to 934K (which is the melting point
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of alum numin absolute tenperature scale) . That is, the lower |imt of
the heating tenperature is set to 691K, and the upper I|imt of the heating
tenperature is set to 934K. Thus, atons of the dissimlar nmetal are diffused
and 5 infiltrated into the surface |ayer of the spiral contact, and
therefore it becones possible to obtain the spiral contact which also has
the characteristic of the alloy of the dissimlar netal. The heating
duration is within a range between 30 mnutes to 2 hours. 10 [0085] By

form ng tde Al i i 8UEHs 81 ARBNEEmp SEACErd N Alm Apme (&) ths Al f fusion
material for improving the spring characteristic and coppér (Cu) is a

di ffusi OrtLﬂ?ift?rdfa'thfeohea'tHH&OUéﬂﬁeEQ@uEé’nﬁé“‘stétV'tby69t1¥f£e gREe AL gIdal i tself
is excellent 15 in conduct|V|ty, and the core material (Cu) Is sandw ched at

its upper;;honedr angh sidde siy fagase by @ldnhumd Alg sdigh is a diffusion
material for inproving the spring characteristic, and further, a nultilayer

netal conpound 7y tidayes akl %)e Ifi s iR Urﬁ’éj@él high Td%@&%rs%fd‘”aﬁmd Ni
plating is perforned to the 20 | ower side of the core material (base

mat erisal Qi 1+ ddheedN i R AHHRY surg deedagerackbathbesp MR Brddht 0t [ halq the
core material is formed by copper (Cu). Thus, the spring characteristic of

the spiralnCURRL (2hecdies PIAUS Yo %'blt@lfﬂaufmé@p)lr"ﬂ' eBnhas+gapd-spring
characteristic, 25 and the Conductivity of the spiral contact 27" is

i nproved Dyso fARPELe CEH)aWRbeh shag @%‘Eﬁle'aeﬂtof%% HYskYmiThergafder, Step
S8 to Step S12 of the first enbodi nent

The heating duration is within a range between 30 minutes to
2 hours.
10 [0085]
By forming the alloy in such a manner, since the aluminum
(Al) is a diffusion material for improving the spring
characteristic and copper (Cu) is a diffusicn material for
imprcving the conductivity, the corematerial itself isexcellent
15 in conductivity, and the core material (Cu) is sandwiched at
its upper, lower and side surfaces by aluminum (Al) which is
a diffusion material for improving the spring characteristic,
and further, a multilayer metal compound (multilayer allcy) is
formed under high temperature. Ni plating is performed to the
20 lower side of the corematerial (basematerial Cu). The Ni plating
is used as a barrier material sc that the cocre material is formed
by copper (Cu}.
Thus, the spring characteristic of the spiral contact 27’
is improved by aluminum {Al) which has good spring characteristic,
25 and the conductivity of the spiral contact 277 is improved by
copper (Cu) which has excellent conductivity.

Thereafter, Step S8 to Step 512 of the first embodiment
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(see Fig. 7) are perfornmed in the sane manner as the first enbodi nent

except that the base material copper (base material Cu) is substituted for
the base material nickel (base material N) as the core netal. Thus,

simlar to the producing steps of 5 the first enbodinment, the polyimde film
8 is disposed on the surface of the spiral contact 27' and the copper foi
(Cu substrate) 1 so that the spiral contact 27" is fixed to the back side
of the polyimde film@8, and then the copper foil (Cu substrate) 1 is

removed bys&t chi ng. 7Thyse the rSpiddl GPNHRCt sdfe TnEARPe a3PIdH | 41 Mpr ai sed
t hrough the hole 8a of the polyimde film8 fromthe back side toward the

front sidgud¥iddie ddd®pr thie dheshddd @f{at@%tﬁll abgpkRunb S &L )ndeposit ed on

the Cu substrate by thé sputtering nmethod is also renoved when the Cu is

removed @y eltsCQthtlE‘dﬁ:Eﬁefortﬂ?e LB rake i s 1banded; @BQsé heaed ecdr ol ess
15 Au platlng is perforned. [0086] Although the preferable enbodi nents are

descri bedyabuehet BErBrgELAL | i TV EN] lmnﬂsam% lthen %@9@@&5%@@@%
enbodlnents but vari ous changes can be nmade wi t hout departing fromthe

spirit 20108 fihesd Rw@Hd ik For HeX anhemidkt Roughgt he dhipofédmid sc{or med
by the sputtering nethod when depositing the filmof the dissimlar netal

onto the gore et gk, thie ddimnfitonabse oan é%ﬁfﬁﬁéﬁgoﬁﬁthﬁﬁhlﬁeﬁﬂpds
such as chem cal vapor deposition (CVD) and other kind of physical vapor

deposi ti afy{ M se QSE@%Q@ t(?lfe bgi pg1lddRdLd Lo the Spudd e Be®idod as
long as the thin filmcan be fornmed. Further, although the polyimde film
is di sposediOncthehed43doiyimide film 8, and then the copper foil (Cu
substrate) 1 is removed by etching. Thus, the spiral contact
10 7 can be spirally upraised through the hole 8z of the polyimide
film 8 from the back side toward the front side. At this time,
the dissimilar metal aluminum (Al) deposited on the Cu substrate
by the sputtering method is also removed when the Cu is removed
by etching. Further, the substrate is bonded, and the electroless
15 Au plating is performed.
[008¢]
Although the preferable embodiments are described above,
the present invention is not limited to the above embodiments
but various changes can be made without departing frem the spirit
20 of the invention. For example, although the thin film is formed
by the sputtering method when depositing the film of the
dissimilar metal onto the core metal, the thin film alsc can
be fcrmed by other methods, such as chemical vapor deposition
{CVD} and other kind of physical vapor deposition (PVD), instead
25 of being limited to the sputtering method as long as the thin

film can be formed.

Further, although the pclyimide film is disposed on the
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surface of the copper foil, on which the spiral contact is forned, 1in the
polyimde filmlamnating step, the polyimde resin also can be applied by
coating. Further, dissimlar nmetals to be diffused and infiltrate 5 into
the surface | ayer of the spiral contact can be others selected from
CuDAgLNi UZnOPDBDCr UMnOFeECoLPdLPt DTi UzZr OHf LVONbOTaD

MoDWDI nOCDSDAuUDA11Il Si ESbUBI and Te. Particularly, the elenment B is
preferable to be added to the other dissimlar netals to forman alloy. 10

Further, alihougbrithe dhhhusiRn 1angdn i 'clhtmé 580 rafl AONBct S MY
perfor rred in a pressurized environnent, it also can be acconplished by

bei ng heatr?‘%h!é”?@lyiﬂﬂ?déoﬂ’lnﬁﬁ 1RH8924H @ g é@é;ﬁ/‘é&ﬁ{'@bethﬁ%i%%@%lﬁ hough it

will take a little longer tinme. 15 44 CLAl 1. A produci ng nethod of a
spiral copde idpphidLd B} d&asingone dissimlar netal different froma core
metal of the spiral 5 contact is diffused and infiltrated into a surface

llayer of the aen& st ak; sWhenehR ﬂéﬁ)ﬁ}"sodco heqdirgasayl Qﬁdrﬁﬁ{ﬁl@faecéj'ffused
and infiltrated into the surface | ayer of the core netal by being heated in

a state W@th@%u%@a%e”?é@ér b$ tHePs9NEa1 BEALEERIAG be Wrhia rishse i saddn | ar

metal. 10 2. A produci ng nethod of a spiral contact in which at |east one
di ssimi | irff 181 £0d p QIR 21600 © alpip ['j sRitalr 0 ¢ORbagkd S
di ffuseda% PIA%'[ ralt %]nto a su P@I?ac%ﬁ%tgyer of ¢ 1 core et aF wherein

atons of ﬁ&@wgﬁ§ﬁd@é@humﬂfﬁsﬁﬁgbﬁﬁféﬁﬁﬁe.Partlcularly,theelement
B is preferable to be added to the other dissimilar metals to
form an alloy.
10 Further, although the diffusion and infiltration of atoms
is mainly performed in a pressurized environment, it also can
be accomplished by being heated under the normal pressure

(atmospheric pressure) though it will take a 1little longer time.

15
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15 and infiltrated into the surface |layer of the core netal by being heated
in a pressurized environnent in a state where the core netal is brought
into contact with the dissimlar netal. 3. The produci ng nethod of the
spiral contact according to 20 claim1l or 2, wherein the heating
tenperature is set such that a lower limt thereof is the tenperature
corresponding to 0.4 tines the absolute tenperature of the nelting point of
the netal wth the highest nelting point anong the core netal and the
dissimlar metal brought in contact gufgiueach other while an 25 upper limt
thereof is the absolute tenperature of the nelting point of the netal with
the I owest nelting point anong the core netal and the dissimlar netal
brought in contact with each other. 45 4. The produci ng nethod of the

spiral contact meeodiditid detblal Bf2a spierLl Rdte Y esswhecaf at heeast
pressurized environnment 1s set to be ?0.1 MPa but <10.0 MPa. 5 5. The

produci ngom@tdiad; iofi 1he nepianali ggatrast ags@raidiad get@llabm ¢hersgiravherein
the dissimlar netal is titanium (Ti) which 1is deposited onto the surface

of the cotent@iali PYiarpBEsi §3k 1 VEIPIOT r ALRDSntbOoA. s b £oe The 3 edueh dig
met hod of the spiral contact according to claiml1 or 2, wherein the

di ssi m | agoretrdtdls, dheFelwmatbhy vhicle dissdenqsidt edrant erthei seidace of
the core netal by a physical vapor deposition. 15 7. The produci ng net hod
of the spifa@lingantaet caCLRtdithe bQrface layer of the core metal by being
heated in a state where the core metal is brought into contact
with the dissimilar metal.
10
2. A producing method of a spiral contact in which at least
one dissimilar metal different from a core metal of the spiral
contact is diffused and infiltrated into a surface layer of the
core metal, wherein atoms of the dissimilar metal are diffused
15 and infiltrated intc the surface layer of the core metal by being

heated in a pressurized environment in a state where the ccre

metal is brought into contact with the dissimilar metal.

3. The producing method of the spiral contact according to
20 claim 1 or 2, wherein the heating temperature is set such that
a lower limit thereof is the temperature corresponding tc C.4
times the absolute temperature of the melting point of the metal
with the highest melting point among the core metal and the
dissimilar metal brought in contact with each other while an
25 upper limit thereof is the absolute temperature of the melting
point of the metal with the lowest melting point among the core

metal and thedissimilarmetal brought in contact with each other.
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any one of clains 1, 2 and 4, wherein the core netal is constituted by
nickel (N) plated and deposited on a copper (Cu) substrate, and atons of
copper (Cu) are diffused and infiltrated into the 20 surface |ayer of the
core netal by being heated in a state where the copper (Cu) substrate and
the core netal are brought into contact with each other. 8. The producing
nmet hod of the spiral contact according to 25 claiml1 or 2, wherein if the
core netal is constituted by nickel (N) plated and deposited on a copper
(Cu) substrate and the dissimlar netal is constituted by titanium (Ti) ,
then the 46 heating tenperature is between 779K and 1358K. 9. The produci ng
met hod of 4t he sthé¢ gdrahntiacd reatdidig the sphabm dontadt wbebedmnyfcéhe core
netal is constituted by nickel 5 (Ni) plated and deposited on a copper (Cu)
substrat ecanadmt he Wheséthl e NBt@bsiiBe CONSthE UbLsls Hiyr 8F i &l fAhnient t hen
the heating tenperature is between 691K and 934K. 10. The produci ng net hod
of the spisaketonbapé accordpagbt® <10.anypene of clainms 1, 2 and 4, wherein
the core netal is constituted by copper (Cu) plated and deposited on a
barrier material previously plated and deposited on a copper (Cu)

substrate, and atons of the barrier material are diffused and infiltrated
into thessurfariee l@yRiu@ing hee iy Jtettake bpikelngoheatedatdoadshat €015
where the copper (Cu) substrate, the barrier material and the core netal
are | am naletm 11dr ZThehpreducigdiethadl et mdeSpisral t £ontactT igceidhng to
claim 10, wherein if the barrier material is constituted by a 20 nickel

(Ni) platipgdepbei coseomesd alhé Ssunonsid tdft ethebyoecepperal by a physical

vapor deposition.

10
G. The producing method of the spiral contact accecrding to
claiml or 2, wherein the dissimilar metal is aluminum {(Al) which
is deposited onto the surface of the core metal by a physical
vapor deposition.

15

7. The producing method of the spiral contact according to
any cne of claims 1, 2 and 4, wherein the coremetal is constituted
by nickel (Ni) plated and deposited cn a copper (Cu} substrate,
and atoms of copper (Cu) are diffused and infiltrated into the
20 surface layer of the core metal by being heated in a state where
the copper (Cu) substrate and the core metal are brought into

contact with each other.

8. The producing method cf the spiral contact according to
25 claim 1l or 2, wherein if the core metal is constituted by nickel
(Ni} plated and deposited on a copper (Cu) substrate and the

dissimilar metal is constituted by titanium (Ti), then the
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(Cu) plated and deposited on the nickel (Ni) plating, and the dissimlar
nmetal is constituted by titanium (Ti), then the heating tenperature is

bet ween 779K and 1358K. 25 12. The produci ng nmethod of the spiral contact
according to claim 10, wherein if the barrier material is constituted by a
nickel (Ni) plating, the core netal is constituted by copper 47 (Cu) plated
and deposited on the nickel (Ni) plating, and the dissimlar netal is
constituted by alumnum (Al) , then the heating tenperature is between 691K

and 934K natlihg ASRid Pt eent astoPrpsducer dy dde progici ng net hod of the
spiral contact according to any one of clains 1, 2, 4, 11 and 12. 48

9. The producing method ¢f the spiral contact accerding to
claim 1 or 2, wherein if the core metal is constituted by nickel
5 (Ni) plated and deposited on a copper (Cu) substrate and the
dissimilar metal is constituted by aluminum ({(Al), then the

heating temperature is between 691K and 934K.

10, The producing method of the spiral contact according to
10 anyonecfclaims1l, 2 and 4, wherein the coremetal is constituted
by copper (Cu)} plated and deposited on a barrier material
previcusly plated and deposited on a copper (Cu} substrate, and
atoms of the barrier material are diffused and infiltrated into
the surface layer of the core metal by being heated in a state
15 where the copper (Cu) substrate, the barrier material and the

core metal are laminated.

11. The producing method of the spiral contact according to
claim 10, wherein if the barrier material is constituted by a
20 nickel (Ni) plating, the core metal is constituted by copper
(Cu) plated and deposited on the nickel (Ni) plating, and the
dissimilar metal is constituted by titanium (Ti)}, then the

heating temperature is between 779K and 1358K.

25  12. The producing method of the spiral contact according to
claim 10, wherein if the barrier material is constituted by a

nickel {Ni) plating, the core metal is constituted by copper
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(Cu) plated and deposited on the nickel (Ni} plating, and the
dissimilar metal 1s constituted by aluminum (A1), then the

heating temperature is between 691K and 934K,

13. A spiral contact produced by the producing method of the
spiral contact according to any cne of claims 1, 2, 4, 11 and

12.
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