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DESCRI PTI ON SPI RAL CONTACT AND PROCESS FOR P

THE SAME [Field of the Invention] [0001] Rmmm""“mlm“m
present invention relates to a spiral contact that, ..
exhibits, even in a hot environnment, |ow per manent set

in fatigue excel l ent spring characterlstlc and

excell ent electrical Cﬁ%ﬂﬁ&y, and nore
particularly to a spiral contact in which a

d'SQT%bﬁﬁAP§§§TAéTQ B&%ﬁ%ﬁé&ﬂok@@dddéﬁﬁﬁTh@%%M%

surface 10 of the spiral contact to form an

(rakhay o@f thie idiepicnihgr netal so that the
characterlstlc of the 'spiral contact is inproved, as

wel | ﬁ_%a produci ng net hod of the spiral contact.
[ Rel at ed t] [0002] 15 Fig. 15 is an enl arged

per spaet pyeskhewi shawkAgna redanest @b at @pAirdal contact that
according to a conventional art. The connector

exh@blitRal evés iusedotl v EXSRERL , AW SORNESAOLhOIn FAtigue,
autonobile. As showmn in Fig. 15, the connector

extellenzl bprimge chafacOppestat! oyndt Ridtdiliaim ardectrical
includes at least a nale termnal 51 and a female 20

coheluitiali 57 sapakire phrengalapgywid B s@icta bEbatact in which
[0003] The nmale termnal 51 and the female term nal 52

a €daebiminelundetalsisddnffpsedi ond S rafidl @ wédeimtpora ismrface
N. The sliding portion S has a Vickers' hardness of

lag@rt o£700e Hpimad ddret axtthero £2Fmpent abhoW dlasthe dissimilar
Vi ckers' hardness of 45 to 250 HV. Further, the

mediaflf es@ntkabdf thiee Miakertsrhardness bdtewemmiral contact is

improved, as well as to a producing method of the spiral contact.

[Related Art]

[0002]

Fig. 15 is anenlarged perspective view showing a connector
terminal according to a conventional 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
terminal 52 capable of engaging with each other.

[0003]

The male 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 N has a Vickers' hardness of 45 to 250 HV.

Further, the difference of the Vicker's hardness between

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

T
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the male termnal 51 and the female termnal 52, in
the sliding - 1 *@0002* portions S, is 15 HV or
nore. By controlling the difference of the Vicker's
har dness between the sliding portions S of the nmale
termnal 51 and the female termnal 52 to 15 HV or
nore, inserting force 5 (inserting/extracting force)
po%@l he gedqgeq RUSr thee connector termnal is

excel lent in contact stablllty conpared to the case

“herﬁthGnEEBQlEﬁg”Eﬂéld§%f@?@n%%e feQﬁleV%%&@Enélhagﬁness

have the sane hardness, and therefore the force need

beE%eeBeEE@r§1i8§§5tb@ﬂ%§%ﬁéQ?%E”Qh%pﬁéﬁé'@@rh?néfdﬂp%gxithe
O[O0 I'n other words, when inserting the male

feh%rl@ n%ler?hln'a‘lt 052t heof e-pgl asf erdp Nalo 2, akiR3Qhg force
be caused between the sliding portlons S of the

ltn\é@ rtt%@/réazltsraclt&nfghe A% )Whee the maledeer.m AdlusBl the
and the fenale termnal 52 are soft and have 15 al nost

cohhecsare tbamndfassisdekes Mbéhoni i esdridAnc & tedill iigcedpared
hi gh, and therefore the inserting force will increase.

toWbhkecass Wiherease whare tekeimallest esnd nehe Yendld: ttheminal
fermal e term nal 52 are hard and have al nbst the sane

52handresde tshaer esirsinance aaghithelretfiiecahhasiforcs Needed to
becone high, and therefore the 20 inserting force wl|l
peirforaade.s ehaviengeiex tina dthienoC age nedteiros a s diddereance of
har dness exists between the male term nal 51 and the
femal[@00dim nal 52, the soft side is apt to be
abraded, and therefore the inserting force wll
decr éasethén words a vese, insehe lings éhei ngléoreemtaaml el into
reduced if the difference of the 25 Vicker's hardness
thigetigaen & Heeyotrie t ev4i nalbsassogovit bl bedceused 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 therefore 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
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15 HV or nore. Wth such an arrangenent, the
inserting/extracting - 2 resistance 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

rﬁ%ﬁéﬁgafe b?@rKﬁﬁ§ @Hn@@téqugﬁd¥e&ﬁggé] anld £h9retbre the

are enlarged views o e sl |d|ng

nd@@éééyyhlﬁggkéiﬁavfHEE@C%ﬁeqfégééﬂﬂfb%?u@§ér3595ector is

each sarface having a plating |ayer and an al

ré%%kﬁ%ﬂ @%u%heﬁﬁgloﬁﬁyfﬂﬁﬁ R rkidsAsrehevwankp &P)tﬂg assembly
Fig. 16, a plating process using one or nore kinds of

I lsecbed , ,
;ﬁﬁ%ﬁg%ﬁﬁ%a% bLe lﬁb@gbgH’F$GtV£hiFP@g@ f{k}&%e éggr$@1of the

woRk e, caﬁ,béﬂnedﬂbed& and Te is perforned to the
surface of the Cu aIon substrate to forma netal

t hi n [ploatsg 55. By perform ng the plating 15 process,
an alloy fornmed by the Cu alloy substrate 53 and the
nmet alznsekgct e6l, f taomahkie (aboyvee reflalr@dupews borte,sliding

so that the plated surface is hardened to a
pdutddetser ahdethdasdréases ¢OAVG 1 Asy Shubwsn rante(sg) eadd surface

(b) of Fig. 16, in the sliding portions 20 (see Fig.
hakSnt et ired é atyernandlarbdlang fdmwendd byl eh¢emal malffusion.

52, a Cu-Sn alloy 58 is forned between a pure Sn | ayer

57 ad¢ sho@m layér)56f(Bigbel apem plet Quw ImyeresH waichg one

the substrate 53) by thermal diffusion into each
owtrirare unitrids tdifi cketessks ofe 1 det dir EroBnChaykey, Hi,bebdmesP, B,

| ess than 0.6 pm so that a surface |ayer 25 54 of the
CrsuMst re,eC3 ba Pos nBd @yt he, G Naydla,580, theIpur® S, Au,
Al, Si, Sb, Bi, and Te is performed to the surface of the Cu alloy
substrate to formametal thinplate 55. By performing the plating
process, an alloy formed by the Cu alloy substrate 53 and the
metal 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

(see Fig. 15) of the male terminal 51 and the female terminal
52, a Cu-8Sn 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 um, so that a surface layer
54 of the substrate 53 is formed by the Cu layer 56, the pure
Sn layer 57 and the alloy 58.

[0007]
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Sn | ayer 57 and the alloy 58. [0007] 3 Thus, good
fitting property and stable contact of the termna
and connector used as electronic circuit conponents
can be achi eved, and contact resistance can be
reduced. Further, the inserting force can be reduced,
and 5 insertability/extractability can be i nproved.

Furt AGls, BRRATILAALD ANl e BUBIBOLLE:sct of the
tegﬁ B@ﬁngnho P@%gérng @hggg%ieEQQORggn%%%E%ltcégmg%nents

securel Yy |nsta no concern t

caﬁ%@%%hl%%e@ ng}d %%MQ@Q?QtQH@et&aﬁ B% ﬁ’é@f@ééorﬂ"u@ther,

he engi ne see Patent Docunent 1). [Patent

th rounEﬂ{ é&tf@fanes?or%%ent L&d 4l Cpe%ePUb|'§§&u@@d NO. and
2004- 179055 (Paragraph [0032], Fig. 1) [0008]

1n§l%\ﬁ%\é%&,1l%y9reql®r%@t\éﬂbtlhlsﬂg;,ch dnarte s thgtovdaW | Irurther,
take 15 106ng tinme to forma thin filmof the

asGefBlRl baligBbakyby fPERé 04t Sioidi Pé a4 ST PGRSScedE] can be
then performng a thermal diffusion process. Further,

impher el atiurg hehe tshinef lglﬁﬁp@flntghefodic%sumelsamdtetoaﬂange, the
onto a netal material, into which the dissimlar netal

coniedesir edn 2@ ts@dmeedlyf finsed,] licd orider ntoo doerosr@an that the
alloy in the surface | ayer of the netal nmaterial,

conhhere iic mhgice b dhsdndheedeial so hheughbrat hde cfothaehngine
with each other m ght be nelted into each other.
(se@O @2 ebrt Wiomwnmen tt e .above problens, it is an object
of the 25 present invention to provide a spira
cont dfttand Boqumehitiligiapanese Patent Laid-Open Publication
No. 2004-179055 (Paragraph [0032], Fig. 1)

[0008]

However, a problem with such an art is that it will také
long time to form a thin film of the dissimilar metal 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 tco form an alloy 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.

[(0009] |

In view éf the above problems, it is an object of the
present invention to provide a spiral contact and a producing

method thereof, in which the spiral contact not only has the

characteristic of core metal but also has the characteristic
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met hod thereof, in which the spiral contact not only

has the <characteristic of core nmetal but also has the

characteristic 4 of the dissimlar netal, and

therefore the spiral contact exhibits, even in a hot

envi ronment, | ow permanent set in fatigue, excellent

spring characteristic and excellent electrical
ofCO&PéJC&H‘sEMilgﬁ[ glest%'lqsuér?d Of:hEE?@fb%er{!ﬂeon%pﬂ&@l%ntact

A producing nethod of a spiral contact according to a
exhlibSts,a5PEEt n0f nRee Py 56 eANY 204 S&rhSnénimelhod, i 1 gue,

S !
Ich at least one dissimlar netal different froma

exE%ﬁgeﬁ%taEpQEn hecgRiiat e 1P €08t agld | exdidifiusad andctrical
infiltrated info a surface |ayer of the core netal

conhereiiriatoms of the dissimlar netal are diffused
and infilfrated into the surface |ayer of the core

[DiBkab sk ebeimng hehaatrehtidrg state where the core netal
is brought into contact wth the dissimlar netal. 15

[ 0011boAopr oduci ng net hod of a spiral contact
according to a second aspect of the present invention
i s aAnetddekimg weittlbdad £ al abtaDrentiagsi acdardimy alo a first
different froma core netal of the spiral contact is
asthefcfrtusgd tardpiresehtr ahednthbn s sarfeickecd ayrerw2@tofat least
the core netal, wherein atons of the dissimlar netal
onar disdiifnfilsedmandliaiff¢renediont @ theesmetateof ayey spiral
of the core netal by being heated in a pressurized
coarpaictohgent £ fused strat e nfiéteatekeicbr e setrdlacieslayer of the
brought into contact with the dissimlar netal. .
cdr@0t2ka25 woeoednngtoms oo f iveddaspént Lot mdeapraazemtiffused
i nvention, in
and 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.

[0011]

A producing method of a spiral contact according to a
second aspect of the present invention is a method 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 and infiltrated into the surface layer of the core metal
by being heated in a pressurized environment in a state where
the coremetal is brought into contact with the dissimilar metal.

[(0012]

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
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the producing nethod of the spiral contact according
to the first or second aspect of the present
invention, a heating tenperature 5 is set such that
alower limt thereof is the tenperature
corresponding to 0.4 tines the absol ute tenperature of
the nelting point of the netal with the hi ghest

isTRIdd NGL PRI Rha®MNg ofdle ¢ohet TRhalredd A Seh81 kBfperature
metal brought in contact with each 5 other while an

co¥RR8bohidint ther@of tsmbbetabsalgda dimesmber£cud of the
the nmelting point of the netal with the | owest nelting

meP@iRy p@MRNML L R LCAELaMB BEh At di §8kBklRél fBL@lpoint among
brought in contact wth each other. [0013] 1

thBCESF dinkg 10aAdf DL i EsPeaktall bhsugresentohByedtyBih each
in the producing nmethod of the spiral contact

othe¢OowHing 4© dgier Seeandraspest o0& tHe gywsete temperature
i nvention, the pressure of the pressurized

ofetNeé rmeeig igd isat ofothe m:d1l MRahbuhe<l OwdstReelting point
[0014] 15 According to a fifth aspect of the present
amionye thieokro rienmettlaéd  phold ddissg mighrocheaf 1t berosyinttalin contact
contact according to the first or second aspect of
witthe epicdserttheimvent i on, the dissimlar netal is
titanium (Ti) which is deposited onto the surface of
the d6Pé3]lnetal by a physical vapor deposition. 20
[ 0015] According to a sixth aspect of the present
i nveAticomding trhe prodtici agresthod 6het bgesgintalinvention,
contact according to the first or second aspect of
int ReeppeednEingvesithoh oft Hdedbpsirall apnhechlac¢erding to the
al um num (Al') which is deposited onto the surface of
sedeadc e Is qiettHle yresphysicuentaper HBpopresgare of the

pressurized environment is set to be 20.1 MPa but £10.0 MPa.

[0014] |

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 deposition.

[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
metal by a physical vapor deposition.

[0016]

According to a seventh aspect of the present invention,
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[0016] According to a seventh aspect of the present
invention, - 6 in the producing nethod of the spira
contact according to any one of the first, second and
fourth aspects of the present invention, the core
metal is constituted by nickel (Ni) plated and
deposited on a copper (Cu) substrate, and atons of

inCQH?eﬁré?&&'}lg%@tk%cﬁfd’ﬁs%‘lileag é},»agiy&%ﬁegéé AL O & NGy o any

surtace layer of the core ne el ng heated I n

ondt & where;the caoppehd( Gy RHPSIH Al S aPds t B8 €Ak present

metal are brought into contact with each ot her.

inv@@%4lon,18nAcEor di 4 0 iah cehghtih yaskesly ©fckbe ijNi) plated
present invention, in the producing nmethod of the

anPepbse@rbach aceopgeng(t®) theosfrdsd, HUn$epUHE of copper
aspect of the present invention, if the core netal is

(CeQnstktad £6L Hyd nirekeh £ Ny aplat egt anth&lepegiaiedl8ped of the
copper (Cu) substrate and the dissimlar netal is

corensiddalt ed; Iveiryg thé@tedinif Ta) sthbenwheati Re copper (Cu)
tenperature i s between 779K and 1358K. [0018]
subctatatiengntot lde idrtchmaspécireofodidieyiyr esent convedtiwith each
in the producing nethod of the spiral contact
othmxarding to the first 20 or second aspect of the
present invention, if the core netal 1is constituted
by ni[€kél7](Ni ) plated and deposited on a copper (Cu)
substrate and the dissimlar nmetal is constituted by
al umArgmrCAng, tohen ehghhkatspgct empertat e senthetnmeertion,
691K and 934K. 25 [0019]
in the producing method of the spiral contact according to the
first or second aspect of fhe 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 titanium (Ti), then heating temperature is between 779K and
1358K.

[0018]

According to a ninth aspect of the present invention, 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 to a tenth aspect of the present invention, in

the producing method of the spiral contact according to any one
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According to a tenth aspect of the present invention,
in the producing nethod of the spiral contact
according to any one 7 of the first, second and
fourth aspects of the present invention, the core
metal is constituted by copper (Cu) plated and
deposited on a barrier material previously plated and

of e@?itr%%,ogeéoﬁ@%wfoﬁpeﬁ a%%%gf@g&%th%%‘r@é@ﬂ@ i¥vention,

t arrier naterial are diffuse and infiltrated
thiet Ord B 3Ur { 8¢ nlsaveh 1y bhe Y& ?@dﬁj?lpl%e@éﬁa deposited

heated 1 n a state where the copper substrate, the

onPRaireti e iRA € + 8k 1 F3E iR OGS 81 8BEAlarRY @eﬂfv@ﬂﬂé&% a copper
[0020] According to an el eventh aspect of the present

(CVEabk@Ratel0ahd 4 fEmProruticnganet B et NE1 SPid @i ffused
contact according to the tenth aspect of the present

andnYepilepated e baerderfawd eblvalr of $heodsté mdted bY being
~a nickel (Ni) plating, the core nmetal is constituted
heby ecoppes §€a)e pitaded tid cdepesi ted) osubderatekelhe barrier
(Ni) plating, and the dissimlar netal is constituted
malte rtiiatlarindntie (Chre ndterl tawe Heatimgrddenperature is
between 779K and 1358K. [0021] According to an
t wel filolo2&@gpect of the present invention, in the
produci ng nethod of the spiral contact according to
t he Arceotddiagpectarok levenihegsepect mienhieopresént hemvention,
barrier material 20 is constituted by a nickel (N)
implthei pgeduhéngonetned abf ithe ceiglt apetaby eoppedingujo the
pl at ed and deposited on the nickel (N) plating, and
teridr dispsict Parthetrdedentcomstantitced ByY henbaoniey Mdterial
~then the heating tenperature is between 691K and 934K _
19 oot oouatedphbyak &dskadt @bdorpllagind athfi Fesenmetal is

aspect of the _ _
constituted by copper (Cu) plated and deposited on the nickel

(Ni) plating, andthedissimilarmetal is constitutedby titanium
(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
is constituted by a nickel (Ni) plating, the core metal is
constituted by copper (Cu) plated and deposited on the nickel
(Ni) plating, and thedissimilar metal is constituted by aluminum
(Al), then the heating temperature is between 691K and 934K.

[0022]

A spiral contact according to a thirteenth aspect of the
present invention is produced by the producing method of the

spiral contact according to any one of the first, second, fourth,
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present invention is produced by the produci ng nethod

of the spiral contact according to any one of the

first, second, fourth, - 8 eleventh 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
e12vBhthNendPickah reantag c't% dif ft%%eehr%@%tnfﬂ Ivfernactl%%

Into a surface layer of the core netal in a

envi [gppBRt, the core netal formng the splrm

contact al so has the characteristic of the dissimlar

met ahccardihBeref Ohe Firis POssidler ok SPvedkion,
contact that "exhibits, even in a hot environnent, |ow

siBeeNRRerda o cRt dh@sﬁﬁﬁ.ﬂ.gﬁeme@é@%iﬂﬁgreﬂﬂ FROm a core metal
characteristic and excellent electrical conductivity.

ofl 9 4lp i rAccerdiagtt Ds e raeeanshaspattl tfatdie ipEeseriurface
i nvention, since at |east one dissimlar netal

1agiclf efethef oMcameane met al hts ehviitenseintgl ttentace metal
is diffused and infiltrated into a surface |ayer of

fotrhg ngotdenepalkailncanbeat edl anch s egsuirdlzethcteristic of the
envi ronnent, the core netal form ng the spiral

dieediddta rahsta hasnichehe cafio aetier i s tpios sdfo licheo dibgsiim & @&piral
nmetal, and therefore it is possible to obtain a

cosyiarcal thehtaxctilhitas, everbitsy heveanvhran@dnhetlow permanent
envi ronment, | ow permanent set in fatigue, excellent

sespiinngatébaracercesient aspr exgetiamctd ectticaind excellent
conductivity. [0025] According to the third aspect of

e lielpd njrcede onidnadritviidny,. the heating tenperature is set
such that the lower limt thereof 25 is the
t enpdP&drle corresponding to 0.4 times the absol ute

According to the second aspect of the present invention,
since 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 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
hot environment, low permanent set in fatigue, excellent spring
characteristic and excellent electrical conductivity.

[0025]

According to the third aspect of the present invention,
the heating temperature is set such that the 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 point among the core metal and the dissimilar metal
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tenperature of the nelting point of the nmetal with the
hi ghest nelting point anong the core netal and the
dissimlar nmetal 9 brought in contact with each
other while the upper limt thereof is the absolute
tenperature of the nelting point of the netal wth

| owest nelting point anong the core netal and

br%gﬁitﬂiﬁ%rontrg%tatuleﬁ ottﬁe%%ﬁﬁfé t‘Mé GFS@Ehlﬂﬁf‘@'bhereof
ef or

elt 1s 5 possible to formthe oy only iIn

1st@ﬁesgb%@@ﬁtgaﬁgﬁpggaﬁﬁﬁesgfr@%e O A¢d édﬂﬁ%.%hpﬁﬂne metal
26] According to the fourth aspect of the

w1%e§%mesltniﬁ@m;haa potRE BRESSUIge Aot @ndiLSHd 48%similar
environnent is sét to be >0.1 10 MPa but <--10.0 MPa,

metcRer el fegid L8 RRSTIRke d oK ckabhhetdlhQy ti¥dyfde it is
the surface | ayer of the spiral contact in a short

pdsisi®le {2t A€ andidydoh Dy tiher hé fstult faspetiyof dfhehe spiral
present invention, since the dissimlar netal is

conitlaati Um @ETishoMti thkﬁ deposited 15 onto the surface
of the core netal by the physical vapor deposition,
t he allbagican be fornmed only in the surface layer in
a short tinme, the core netal formng the spiral
cont actoalkdidag hasthide aharaatspricst b€ ofie tdee ghirssiimveartion,
nmetal, and therefore it is possible to obtain a
thspiprals suaet act thhaprexhibitsd evenr@fméntaisotet to be 20.1
envi ronment, | ow permanent set in fatigue and
MBex beltl 640 . OsPPEngtbhaedotreristis.pf9OR8le Yo clondi ngha @lloy
the sixth aspect of the present invention, since the
ordiys$ nnthersundteale Lsyakupd e ALY awhdehtast depesshert time.
25 onto the surface of the core netal by the physica
vaport0027]

According to the fifth aspect of the present invention,
since the dissimilar metal is titanium (Ti) which is deposited
onto the surface of the core metal by the physical 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 possible to obtain a spiral contact that exhibits, even
in a 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
onto the surface of the core metal by the physical vapor

deposition., the alloy can be formed only in the surface layer

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

- 10 -
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deposition., the alloy can be formed only in the
surface layer in a short time, the core netal formng
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 ronnent, | ow permanent set in fatigue and
ha?@ﬁ%l @I@éraé@%ﬁfgt fgaéf‘q}‘?{l'cﬁté Lim2 4 00Ra 1ACCAdk A8 re fore
to the seventh aspect of the present i1nvention, the

itCoEep AL ah1LscSanstd it Ld by Ni chple AN krRlak&di@gnds, even

deposited on the copper (Cu) substrate, and atons of

1inCOPRR eh Pt} ok Ent difdibpedmandnicnidt titpkgdi fk tirdd@xcellent
surface | ayer of the core netal 10 by being heated in

sp#ifhateavherertiReieopper (Cu) substrate and the core
nmetal are brought into contact with each other, the

al  oyooapjbe forned only in the surface layer in a
short tine, the core nmetal formng the spiral contact

al soabasrihag thahacketrefthasbedthe fdt B8ighd Sdnthehakntion,
and therefore it is 15 possible to obtain a spira

theag e inethati £xbnbicti s uexdeby enickeal €Ciy talked and deposited
conductivity. [0030] According to the eighth aspect

onoftHehecqumsentCaunvenbsonatel f ahlkle aommes nef atopser (Cu) are
constituted by nickel (N) plated and 20 deposited on

did fasppernd Cu)f idulrstealt &namd hicheu di ssé dalyer oftthle cose metal
constituted by titanium (Ti), then the heating

byt bapegaheatedi 5n kettwedre WheKeahde1358ker THar efsmbs tttege and
al loy can be forned only in the surface layer in a

thehoreotret g2 landet beogghds motal cohdamtng itthe egysitr githex, the
contact also has the characteristic of the 25 '

aldioysicanl be hermed amdy tiveitdlosurifaceslpyesi bhea tshort time,
obtain a spiral

the core metal forming the spiral contact alsc has the

characteristic of the dissimilar metal, and therefore it is

possible to obtain 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
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
dissimilar 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 excellent

- 11 -



10

15

20

25

‘contact that exhibits, even in a hot environnent, |ow
permanent set in fatigue, excellent spring

characteristic and excellent - 11 electrica
conductivity. [0031] According to the ninth aspect of
the present invention, if the core netal is

constituted by nickel (Ni) plated and 5 deposited on

18 c¢2RRER d&gﬁyﬁli e and the dissimlar netal is
© anStltutGSM% i um (Al), then the heating

tenpepgkyne is betmeen 691K and 934K. Thereby the
alloy can be forned only in the surface layer in a

shor jcbbBindNdot PR CRI Rt HBL fbe EOIE Nhe R s @lnvention,
contact al so has the characteristic of the dissimlar

ifl@Heet@d re andehnen ef R it this A0S} bh £ckO1 Oblidl Npdated and
spiral contact that exhibits, even in a hot

de@R¥iiteament a tevpper eAgnuisstrafe 4:8d igue, dl@sqedlll%m metal
spring characteristic and excellent electrical

iscepddetitvitkyd. by083dhinth ARTP) dilgn tithd e d@Hd tagpeetature
of the present invention, the core netal is

iscphastvekut 6d1kyasapp®K ( Qhe pitat ethecandldgposhtiesl famed only
barrier material previously plated and deposited on a

incoppesur{dxg layest tate,shand atosp aidtdhe bareimstal forming
material are diffused and infiltrated into the

theuspacel leyaradf aflbe heos éheetlad rdyt dei syl 20 fhela¢ ed ssimilar
a state where the copper (Cu) substrate, the barrier

mermgtler rakd dhdrefiereoi® netralsshitd d &wi nhtedn Jheyiatyl tdvetact
alloy can be forned only in the surface layer in a

thaltoekhtibmg s ,aptent he xdrd gRVAkohgemtngloiecsphamgnt set in
contact also has the characteristic of the dissimlar

fTardiale, armkaedkkerdior espring 28hposstbréstdcobeaicdn gxcellent

spiral contact that exhibits, even in a
electrical conductivity.

[0032]

According to the tenth aspect of the present invention,
the core metal is constituted by copper (Cu) plated and deposited
<x1abarriern@terialpreviouslyplateﬂanddepositedcn1acopper
(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 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
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.
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hot environnent, | ow permanent set in fatigue,
excel l ent spring characteristic and excellent

el ectrical conductivity. - 12 [0033] According to
the el eventh aspect of the present invention, if the
barrier material is constituted by the nickel (N)
plating, the core netal is constituted by copper (Cu)
platq@oggq deposited 5 on the nickel (N) plating,
and the dissimlar nmetal is constituted by titanium

(Ti) acienibhe: heakl D04 SMPeLALNE bF thReLWestn ¢ 4¥Sention,
and 1358K. Thereby the alloy can be fornmed only in

i f P8 P ACE haYEFi1 A1 18 SHQLE 1L h By ANEhe he GRe (W) Ylating,
formng the spiral contact also has the

tHeh@b BE RISt { § R sithe FHeSh Pidodpell (OBf dlat@fand deposited
therefore it is possible to obtain a spiral contact

ont heheeXhidudis, (RYEN dIb@i P! aAv rendedtissieWlar metal is
permanent set in fatigue, excellent spring

coldariatiteyd siyi eiandiexcerient theheehs ilad t Gondiwigaddtire is
[0034] 15 According to the twelfth aspect of the

bewesent7 19K emd AB58K.f TtHea-dmar rdhey atatsr icaln it formed only
constituted by a nickel (Ni) plating, the core netal

in sheomstifdce ddhvieyr capperhor@) ipkatadd amet depesnhéedl frming
the nickel (Ni) plating, and the dissimlar netal is

theospt rblitethtactablsoras CAk) chd heat ¢ hes heatdfnghe dissimilar
tenperature is 20 between 691K and 934K. Thereby the

megld oy ac@ntberkdomedionly dassittle $or bateihagespirah contact
short tine, and the core netal formng the spira

thednteaxdtibditse hasnt he xhatacnarironmendf, Lhe Péssanpeharset in
nmetal, and therefore it is possible to obtain a spiral

fadorowret  e¥eellshli bi s8rivgencharacherishvir ommeht exeedlent
permanent set in 25 fatigue, excellent spring

e lgmracrad | QnAIGHd dtel | ent
[0034]

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
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
fatigue, excellent spring characteristic and excellent
electrical conductivity.

[0035]
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el ectrical conductivity. [0035] - 13 According to the
thirteenth aspect of the present invention, it is
possible to obtain a spiral contact produced by the
produci ng nmet hod of the spiral contact according to
any one of the first, second, fourth, eleventh and
twel fth aspects 5 of the present invention. [Brief
Deschi pt.i f awi ngsl . 4[ Fi g. incl ud a
oy st BRIt de B8l L BspterlCbblathd Phresent
- icaglly.s L L pi tS, s [
T o fr s S O P PR ESTARE i i AR 3 Rhuced
oy} RKEN 268001 hMRe ok A (e LBWNCHLELENOUE ARG any

ere a sem conductor devic avi ng spheric

onOBRechLop f&f Mnal 5,4 i %p&&%%ﬁt@?eb@ﬁ@htgﬁds$Wéf¥th aspects

contacts shown in (b); Fi IS a process cross

ofSeHd YrdaiNng frgduci ng 15 nethod of the spiral
contact according to the first enbodinment, in which

(e XRIRI M B AP OMEsWwingat i ng step, (b) explains
a photonmask step, (c) explains a devel oping step, (d)
expl gigngeja plating step, and (e) explains a
phot oresi st renoval step; Fig. 3 includes (a), (b),

(c), rid). andife)udés wh)Gh (B) ad i(8)a RMOGAESICICT 08P is a
section explaining a producing nethod of the spira

peideanii wccoribng sohémet fta51yenbadiviegt , sphraand ddhtacts
respectively explain dissimlar netal depositing

acsicepiin@and 4 €)i rsanshife) imdrer eribarged ($0hehaviaccross section
illustrations of a portion C and a portion C

talespedidne | M rshdwd iaf (@) amd wWhe)ch 26 )Fishowk isncdtedes where
(a) , (b) (c) and (d) , in which (a) explains

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
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)-
is a process cross 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);

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
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a dissimlar netal (titanium (Ti)) diffusing and
infiltrating step in the producing nethod of the

spiral contact according - 14 to the first

enbodi nment, (c) is an enlarged schematic illustration
of the portion C shown in (a) , and (b) is an enl arged
schematic illustration of (d) of Fig. 3; Fig. 5is a

cr sectLon j ex | e of heat,i :
ro O o e b ng ot e g ehematic
; ick-al + j first { ment .

113055t CS AShRECPE ARG, L0obtarl 1P, RO TN o graee

schem@¥Re338d sith 2030l Wee (HMREr atiy e scal e) which
shows a relationship between the "heating tenperature

and vhg metal stab8slfelpibhesipdusingenBhpod 9F 4 BRating
spiral "contact according to the first enbodi nent;
anbdl Bredsu$iaiPLORBEH OB QRS BECHE OB EXRY Fhdi ML td¥e the spiral
producing nethod of the spiral contact according to
cohft@chi Belcoaied MeNtehe iAL MY S in®ddai ns a
polyimde filmlamnating step, (b) 15 explains a
pol yrhigde 6pres g- maffanabhageStepgrd) (@plral R%1ea tGhperature
etching step, (d) explains a substrate bonding step,
isangkf ¥ ssexphiai ol eect empesst Adeplsatilry siteich FsBows a
8 includes (a), (b) and (c), in which (a) explains a
rediasdiomshdrp betateditfifeuséagi agd drpfadatnatd agd sthepmébal state
the 20 producing nethod of the spiral contact
inatberdrodutbng msecood ehirddi spitral( bpntscanaendadjeg to the

schematic illustration showwng a state before the
fidisftf egibodiamahti;nfiltration is performed, and (c) is
an enl arged schematic illustration of the portion C

showk'igi.n7 (®) 2 B Ip cPobs et eppdsd ndinggeagnproducing
(where the tenperature
method of the spiral contact according to the first embodiment,
in which (a) explains a polyimide film laminating step, (b)
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 dissiﬁilar metal diffusing and infiltrating step in the
producing method of the spiral contact according to a second
embodiment, (b) is an enlarged schematic illustration showing
a state before the diffusion and infiltration is performed, and
(c) isanenlarged schematic illustration of the portion C’ shown
in (a);
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
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is expressed in absolute tenperature scale) which
shows a relationship between the heating tenperature
and the netal state 15 in the producing nethod of
the spiral contact according to the second
enbodi nent; Fig. 10 is a process cross section
expl aining the producing nethod of the spiral contact
. r .
1rGEAP 0010 SIS O RHTERL 1 LR, Aidflasng co ene

sePBALORRSKSHERt ;(C) explains a devel oping step, (d)
explains a plating step, and (e) explains a

phot pr gSi1sf 1 E@MPYELe 85 @Ros s det 1dn bRELEEBS nG@he PRbducing
and (c), in which (a) explains a dissinlar retal

me@hblusenghangpi piildsddg A& dihd e 21@npredesbBaiment,
met hod of the spiral contact according to the third

ineWhogh Medt .exdlaiirss @anpeBtargedsscheaping dddpistiat e@Blains
showing a state before the diffusion and infiltration

a pBopenksknetep aAntt) EXplias ndnaedda¢ Yesli sgheremsd i o d) explains
Illustration of a portion 2C showmn in (a) ; 15 Fig.

a p2aking seedl, phaseedi agpamiashar ehbhereedper abmoeali Step;
expressed in absolute tenperature scale) which shows a
rel arFignshi pilbelwéen tdie héat eng tenppermtwiriecland )t kgplains
netal state in the producing nethod of the spira

a chrdsaioti leccomdtay tdd fiftuesinghiamd erhédileat ingd0 Fiegp 13 the
includes (a), (b) and (c), in which (a) explains a

proidssiimgl methetabfdihé uspihga hncbrtrtddt tacatamiinst dp itlheathird
producing nethod of the spiral contact according to a

empogdrimengnbdd neatan ¢b)ajgeds @rmmtgad isdveratEtsdon showing
illustration shom@ng a state before the diffusion and

a phitethefionm the peffoshed anthdnfé) tiratapn2ss af zfqjeeed, and
schematic illustration of a portion 2C shown in (%? ;

(c) 1is an enlarged schematic illustration of a portion ZC shown

in (a):

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;

Fig. 13 includes (a), (b) and (c), in which (a) explains
adissimilarmetal diffusingandinfiltrating step in a producing
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
enlarged schematic illustration of a portion 2C’ shown in (a);

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

is expressed in absolute temperature scale) which shows a
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Fig. 14 is a netal phase diagram (where the

tenperature is expressed in absolute tenperature

scale) which shows a - 16 relationship between the

heating tenperature and the netal state in the

produci ng net hod of the spiral contact according to

the fourth enbodinent; Fig. 15 is an enl arged

Iy j i . Al rIpN
e P e L P R e £ EmpR TP LB W ol state
1rOLREr o AGG0E ShBd On S RIF @heAbhs rBl OcodfaslOMECSrding to the
ace of a a ate

sur oy substr ormng the termnals

foﬁgQWﬂe%%o@ﬂ%en¥§, the surface having a plating |ayer
and an alloy forned by thermal diffusion. 10 [Best

Moderfigr €arryi ag %Hﬁa&@%dl?%%@b@%%hve[@$%a sHoWiSly a male
Enbodi ment > A spiral contact according to a first

t @HROGIINBAYE M bha e tlesiGidbed edove wd I ¢ ebenereewt€h each
the attached drawings. 15 In Fig. 1, (a) I1s a

othRrSpeHInE Ny ew sChemmid cald.y showing the spiral
contact according to the first enbodinent, (b) and

(c) shew ascehsmssecsiphataken alanaglide Astfated)forming
Further, in Fig. 1, (b) is a cross section show ng

thieoriezatitnallsy ghsir iioned g.Sais,altheortladtase adri(e) a lating

cross section showing a state where 20 a sem conduct or
lagend eexchawi g 1sphefdreadd connesdnnel terffumlan. (al so

referred to as solder balls hereinafter) is inserted
[ Bierstto Mddee froas eotd wiengs piutalt heomractrsc isdrown in (b), the

spherical connection term nals pressing the

respd®idvé spiral contacts so as to be accurately

brought into contact with the respective 25 spiral
<Fdowmtadimbodiment>

A spiral contact according to a first embodiment will be
described below with reference to the attached drawings.
InFig. 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,
inFig. 1, (b) is a cross section showing horizontally positioned
spiralcontacts,and(c)isiacrosssectionshowingeastatewhere
a semiconductor device having spherical connection 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
spiral contacts.

(0038]

As shown in (a) of Fig. 1, spiral contacts 7 are insulated
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[0038] As shown in (a) of Fig. 1, spiral contacts 7
are insulated - 17 fromeach other by a guide frane
8 (a polyimde plate or polyimde filnm. Further, the
spiral contacts 7 are horizontally positioned and
hel d by the guide frame 8, and supported by a board
9. 5 Incidentally, an arrangenent constituted by a
u j e j 1.5 9 S I t Lo
T e b g R A PR E S LR P8 & B Fimice
£ihfgtal Fedenber eXAEpl 8pi b8 SUCH SaBONer iy dMhinghitRRca1ly
spiral contacts 7, 7, ... 7 thereof are arranged in
polR9%n@RS a5l 'h%%.%o’ﬂvg' RGd u3RREFGHe BONRSE istPpokled by a
termnals 2 arranged in a'grid pattern on a | ower
poaHif ace of a sem conductor device (IC chip) 4 as shown
in (c) of Fig. 1. Further, though contact |ength of
the wadRdesphNal,CAAt @6kandehént. SohéEsutbE BPtatdlAtrality
herein, the contact |ength can be properly changed in
ofacrer sineLl Wdrit ddies Siszee@bribe sphey aCapirdd contactor 10.
connection termnal 2. [0039] As shown in (b) of Fig.
1, theespbisdl comtacitor hasisaihkakllspi reédr ewampde, in such
shape when left alone, and the width of the spiral
a glaathiedd |ih iwicigasese fsphrdhecdohpaotst e 3piral’ ttomaredt are
its root. 20 A base material nickel (Ni) is used as a
arcargaratier imbs fotodor oongespbedspgr ab cpheadicad. chnnection
dissimlar netal is diffused and infiltrated into a
tesurifnedes |2ayerragfgad ckela (grhied gartearet alr) .a IHwer surface of
dissimlar netal is a netal different fromthe
a dieggioniridarct oretdalv imiecKEC. cihp) déssbnshavnnin alcheyf Big. 1.
for exanple, titanium?25 (Ti), alum num (Al) or the
li ke,Fug@,memattlncbneglgqunaaqtoheagthbf the wound spiral contact

7 is 1.5 times the rotation herein, the contact length can be
properly changed in accordance with the size of the spherical
connection terminal 2.

[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
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
also has the characteristic of the alloy of the core metal and

the dissimilar metal. Further, an electroless Au plating is
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al so has the characteristic of the alloy of the core
metal and the dissimlar netal. Further, an

el ectroless Au plating is 18 performed to an surface

t hereof. [0040] Further, as shown in (c) of Fig. 1,

when the spherical connection termnal 2 of the

sem conduct or device 4 presses the 5 spiral contact

pekrolRLcent %I%t RAdIQn 9fe fhe spiral contact 7 with

the spherical connecti on Sermnal 2 becomes wider from

the ?gqber toward the outside, and the spiral (wound)

is deforméd so as to be concaved to enbrace the

spheki,¢ah eONRRCLHRRL §HM %@' of2 71N thern o3 %% PRPerical
spiral contact 77is spirally mound around 10 th

cdﬂ%@%ﬂfﬁﬂ't@QﬁQﬁSﬁ'@Qﬁ?€ﬁ€1§@%1é6n&£@%é@&ﬂﬁﬁxﬁ@@ presses the
contact length of the spiral contact 7 with

spiRhkar iceak ae@NNectheNcohaBt NBbreibs, of h@uémsf;elfﬁ iact 7
the spiral contact and the spherical connection

wilt@r fhBadplle €08R] IdHrH CAUUAC t et Ratar IbeRidiRis wihBE from the
al so, when the large contact |length of the spira

cetariratbwh>d’ thet ButBedsphendcahe cOPNELT | Ofoured)MinAldeXormed
is large, even if the surface of the spherica

scCOHNEChHée Gvricvadab ehbracectné aphratiet Wbdhnact boRit@rminal
matter, the adhered foreign matter can be renobved,
2 .aAdraheexi glenéée ltheorptilta Isaohaaet of itshepspheiliycabund around
connection term nal 2 can be scraped because of the
thel ishhreg 120 Inovemeed t 0fn t berspnadl 2¢cobhhacflargert ltdte contact
stable electrical contact can be achieved. [0041]
ladgtén it Hdvadisfiusi lorccartchdtinfi Iwirtdt itdre efphteeical connection
dissimlar nmetal will be briefly described bel ow. 25
termimadore et ath¢ repeeredliabdy tbaesperal" Fohdweichg amd the
spherical connection terminal 2 come into contact with each other.
And also, when the large contact length of the spiral contact
7 with the spherical connection terminal 2 is large, even if
the surface of the spherical connection terminal 2 1is
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 stable electrical contact
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

dissimilar metal (referred to as “the other metal") different

therefrom deposited thereon is heated in that state, then the
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dissimlar netal (referred to as "the other netal")
different therefrom deposited thereon is heated in
that state, then the - 19 atonms in the contact area
between the dissimlar nmetal and the core netal wll
swi ng due to heat energy, and therefore the novenent

of atons of the netals will be caused with the help
at%fm E‘ﬁ ?Héeéo Qcérb dd @% w'eréns‘ﬂBQ 15@% i % ?%é’fsand the
neta posi e Si 0 a

cd#éfmﬁﬁkﬁpaHHQDQHFﬂﬂ? %@'ﬁg %hgnggﬁg§o hdt@%%£§fgre the

on one sSi move Into the neta on t er si

moARRRIR e SW{2CES tfe 1R AR, ']ﬁlt@es Msed RiiSH TR help
the atons of the both netals nutu ffuselnto

ofe%% abhet. adhecgase f, the sme;\hegeegsef the A OR% & into
the 10 diffusion is determ ned froma diffusion

th%o @rfefﬂaq tihReos 1 tRUrdikRY .quddhe Hisf I rrs i phenomenon
|nf|Itrat|on al so can be caused by pressure, in which

iraRhi Bhef Aé 0l SmélicH aneembeb1esn drie sTRfeahdvebe6OBBShe metal
smal |l due to being cold pressed. Wien the interatomc

orditHeaAne ede GieRs &% o sS ey lurigsly O the meaH metals. At
el ectrons 15 are comuni zed, the atons at a crystal

tHiad tiiee , pahet agvhgabkythénbetacietdId acks 0l yefi filese into
to the nmutual novenent of the netal atons, and
eddiercafrare the ataars odf ffhes endwinerithe foppeneittoms due to the
material. [0042] 20 A producing nethod of the spiral
diddhtsacin decdedierginedt ieompa esefif uehodiaweifii aidrit bthereof.
descri bed below. Fig.-2, Fig. 3 and Fig. 4 are process
cr os§ugedteirgnshe eXlfaisdiionga td e rgridducitigmel hod-aof behlmused
spiral contact according to the present enbodinent.
bypreaskirg, 12} wharhexpliaitesagopliot @t esinte bedmiesy shepetals
Ste
bécomég small due to being cold pressed. When the interatomic
distance decreases to several Angstroms, since free electrons
are communized, the atoms at a crystal lattice point mutually
interact with each other due to the mutual movement of the metal
atoms, and therefore the atoms diffuse into the opponent
material.

(0042]

A producing method of the spiral Contact according to the
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 coating step (Step

S1). As shown in (a) of Fig. 2, a photoresist 5 is uniformly

coated on an upper surface of the copper foil (Cu substrate)

- 20 -



10

15

20

25

S1). As shown in (a) of Fig. 2, a photoresist 5is
uniformy coated on an upper surface of the copper
foil (Cu substrate) - 20 1. [0043] In Fig. 2, (b)
expl ai ns a photonmask step (Step S2). As shown in (b)
of Fig. 2, a photomask 6 patterned into the sane 5
shape as the spiral contact 7 (see Fig. 1) is covered
1.0n an upper surface of the photoresist 5 and the
‘image of the photonmask 6 is printed in a contact
manneep ghpcidental ly, the photomask 6 also can be
expose8 at a suitable magnification by projecting

Ilgh&nO@tgtbe RROt QuRsl 165 :!aopﬁ'ngﬂ)ﬂl]aslknsE' %fteg)c)sz As

expl al ns devel opi ng step (Stép S S omn i N

sh%fwnl:'lgl (B) 8kteigthg, p@%l%@&h§§k56 (psﬁ&e(ﬂ)ecpflrﬁ'_'cg the same
IS developed and a photoresist filmis forned

shB C8S v epeda1byothecphotgrasii §. (hl a6k Paintedn an upper
places in (b) of Fig. 2) have 15 no photoresist film

sufr@aRd dfhemeomh ara ddigrefnr arde neoppeige fof lthk iphotomask
exposed in those places. On the other hand, in places

6 Aet peaveeadihyatdenphot afmske H. Bu@hﬁi/@{wleﬂy, the photomask
phot or esi st devel oped photoresist filmba is formed on

6 bhecexposedeappper 40id shiizablasmboni 6t oraivavey $eojecting

i mge (negative image) of the spiral contact 20 7.
1i[g0@4intd nthe gphatomak expl ains a plating step (Step

S4) . As shown in (d) of Fig. 2, the netal materia

ni ckdloO@Mil) is plated and deposited only onto the

pl aces where the copper foil 1 is exposed 25 so as to

f or mInh&igpi Ral (cbneaplainsCa déveebopieng hairel (fotdp rfp)
shown in (c) 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
foil 1 is exposed in those places. On the other hand, in places
not covered by the photomask 6, a developed photoresistdeveloped
photoresist film 5a is formed on the exposed copper foil 1 so
as to form a reverse image (negative image) of the spiral contact
7.

[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 other hand, nothing

is plated and deposited into the places where the developed

photoresist film 5a) is formed.
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is plated and deposited into the places where the
devel oped photoresist filmba) is forned. - 21 As a
result, the nickel (Ni) is plated onto the places not
bei ng exposed owi ng to the provision of the photomask
6 and having no devel oped photoresist 5a fixed
thereon, so that the spiral contact 7 is forned as if

the EQOEOE@%l@ | $pkr ﬂg‘é‘iel' N3) th'sspita%d gﬁ%os@%eplaces

of the spiral cobntact reC|se y painte

no$UbL 26§ Slpdhey GRRRRY £h0the 1o Yy 451 819 @%ee&%@efmwk 6 and

(prlntlng) technol ogy. Incidentally, the thickness of

habﬁ%gNhopB§§émngQYEﬁotére§§sE05§0ff%eé1kﬂé¥ggﬂ |§b'%ﬂ%t the

expl ai ns a photoresist renoval step (Step

spﬁ§a§h@8ﬁt58t(¢)1§ff5%ébdf%s hy £8ED¥HhBEHBEK 6 is traced In
photoresist, only the spiral contact 7 renmains on the

ther § 86e, ahe BRagoRPetnefiradl cb8thBO47 ] sl pr&d Ose By painted
(a) explains a dissimlar netal depositing step (Step

onSGhe AS fH@ML i nttéea)cg;ﬁp&gfosl bybysuREng pRWilcRNgIGVing
met hod, Ti atons are deposited onto the upper surface

(pefinttheggpiteahnodenfyact 7 formed in Step 5. Herein, the
spiral contact 7 is formed 20 on the Cu substrate 1,
and thei@ensubsif,atdel thd ckineed bd ahe ano@gaat3nef layer is
sputtering system 12 in a manner in which the surface
15haw B¢ time spiral contact 7 formed thereon faces a
cathode 14. [0048] In the sputtering nethod, when a
hi gh [A€d&fli ve voltage 25 is applied to a target 17
attached to the cathode 14 and argon
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 contact 7 remains on the surface of the copper
foil 1.
[0047]
In Fig. 3, (a) explains a dissimilar metal depositing step
(Step S6) . As shown in (a) of Fig. 3, by using a sputteringmethod,
Ti atoms are deposited onto the upper surface of 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 13 of 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 method, when a high negative voltage
is applied to a target 17 attached to the cathode 14 and argon

gas is blown into a vacuum chamber 16, due to the high electric

field, the argon gas will become plasma state and will be plus
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gas is blowm into a vacuum chanber 16, due to the high
electric field, the argon gas will becone plasm
state and will be plus - 22 ionized. Wen a DC

vol tage is applied between the anode 13 and the

cat hode 14, argon ions (Ar+) accelerated to a high
speed hit the target 17. Such a process is perforned

idBQEe@JPQBIHd CfJéMQ fg Q ggﬁehobggaggﬁsthg‘anode 13 and

nagnetlc caused net on e cat hode 14

th%' QQ R60¥ 4 Arg Q¥hs S *tesbeglg%teae&% h1%h speed hit

nC| ent al al’t houg thin mis forned

enEPUbLeELng) rr%mg V‘Ek%@eé% fs@&dfaa;m&a/@owgyﬁé%d of from

Vapor ~ Deposition) here, the thin filmalso can

30‘c ar g <Ry et hepoy Bt hﬁ?dfﬁaggﬂé@lélsfﬁel@cé’é{f%é/@w a magnet on
deposition nethod. 10 [0049] In Fig. 3, (b) is a

thl RGeS QS sS e is@FveROWNd mp rofvat @puherenti «3tfAE ency .
are deposited on the surface of the base materi al

ni ckehc(deerafA)., AStshawh idthd hhiof Figm 8s @otheB by the
film7b of Ti atons is uniformy deposited on the

spattfcadeofmébieobas@ ith nbd ewi dtind ck€l Hgee (PBysO&al Vapor
Fig. 3) and the surface of the Cu substrate 1. [0050]

Delpp sHitd.on3d, HeXe, sttt e ar fetnsshesatan bkl @stmati @y other
of a portion C shown in (b) . As shown in (c) of Fig.

methols atumis a0 o disssium lvaparetddpo sarte adepesiticetl on t he
surface of the base material nickel (N) which forns
t he dpPicd&l] contact 7. Further, Ti atons are also
deposited on the surface of the Cu substrate 1 in the
sane Imafingr . 3] n(lot her avwralse s as s ect1pa) shbwkng.a state
3, the argon ions 25 hit the target 17 so that Ti

whegtren® 1 s eoresriatricedepooht efleott fhgesurface of the base material

nickel (Step 6A). As shown in (b) of Fig. 3, a thin film 7b of
Ti atoms is uniformly deposited on the surface of the base
material nickel (see (c¢) of Fig. 3) and the surface of the Cu
substrate 1.

[0050]

In Fig. 3, (c) is an enlarged schematic illustration of
a portion C shown in (b). As shown in (c) of Fig. 3, Ti atoms
(dissimilar metal) are deposited on the surface of the base
material nickel (Ni) which forms the spiral contact 7. Further,
Ti 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
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
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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 23 surface of the spiral contact

7 as shown in (b) and (c) of Fig. 3. [0051] 1In Fig.

3, (d) is a process cross section showng a state 5

where alum num (Al) atons are deposited on the surface

f e erial_. ni (NL) - . S -
st ooy e g i F ey 1l AR b dy A5T0N e Fi.
g.uniformy deposited on the surface of the base

material nickel (see (e) of Fig. 3) and surface of

t he ®do qqstrate 1. 10 [0052] In Fig. 3, (e) is an

enl arged schematic illustration of a portion C shown

in (dh pAS. shown)i As(8)pMBcdd P.cPsAse@t8BB showing a state
(dissimlar netal) are deposited on the surface of "t he

whRA%e a 1R @Rl (ANl CkebmkNare WREEBs | 0EABoh hEnSPii@tace of the
contact 7° . Further, 15 Al atons are al so deposited

ba@R e esurfiacs Helt hauiGu Syt ra)e. s ighdWie iSAMRY) of Fig.
manner. The details regarding the deposition of

3,alaumiwm(iAlm W'l lothe Héesar idteshd aterurditdha sepibited on
enbodi nent. [0053] In Fig. 4, (a) explains a

thd ssirfakar ofetlad Wdidd naitegiandnidReilnfséérad) vF sigp 3) and
(Step S7TA). In Fig. 4, (b) is an enlarged schematic
sudflatst roat ite afu ()bsfradtieg.1.3, and (c) is an enl arged
schematic illustration of a portion C shown in (a) of
Fig. [40583 shown in (b) of Fig. 4, the nickel (N)
plating fornms the base nmaterial (core material) of
the dpi Falg.cOnt det ¥s s erbanged i sneshabbvell Mistataonson of
are deposited on the side surfaces
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, -
Bl atoms are also deposited on the surface of the Cu substrate
1 in the same manner. The details regarding the deposition of
aluminum (Al) will be described later in the second embodiment.

[0053]

In Fig. 4, (a) explains a dissimilar metal diffusing and
infiltrating step (Step S7A). In Fig. 4, (b) is an enlarged
schematic illustration of (c¢) of Fig. 3, and (c) is an enlarged
schematic illustration of a portion 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 atoms are deposited on the side surfaces

and upper surface of the spiral contact 7 by the sputteringmethod

(Ti depositing area 7b).
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and upper surface of the spiral contact 7 by the
sputtering nethod (Ti depositing area 7b). - 24
Further, the Cu substrate 1 of the dissimlar nmnetal
(Cu) exists below the |lower surface of the spiral
contact 7. [0054] As shown in (c) of Fig. 4, by
heating Ti atons deposited 5 on the base nateri al

ni ckeli-and.t henObubaldalacly Jk ahome sane dlitised (cu)
and infiltrated into the upper surface and side
ex3¥tkaces of chie 1kase matetlal M el JPhinh1. dohealdier,
words, Ti atons (as the dissimlar netal) are
di ffysggdsand infiltrated into the surface layer of
the base material nickel (N) , so that 10 an alloy of
ni ckgk §hbhnand fdt &y wmg(Tu) EQ@E@éﬁ’in% T $HJMd @eposited
metal diffusing and infiltrating area) 7c is forned in

ont Rhe osdel ageelraker nikweihend due ta thesexattenge af atoms
the Cu substrate below the spiral contact 7, Cu atons

areagiitfifesdids sindl Liart iMkirdltled ane odithieusepean@urface and side
infiltrated into the | ower surface of the spiral 15

suedricast of, the bhst hheeal bOoyndékel ckel) (N cukrcopp®s, Ti
(Cu) (nanely, a dissimlar nmetal diffusing and

ationfsi | (farsatihrg dasedni 14d metfhadnmade Burftthered iand Hefiltrated
boundary between the alloy (the dissimlar netal

indiof fhsing ek latelt o Attihegbasea)a Yer fand rtilekedl By ) ¢ tde that
20 dissimlar netal diffusing and infiltrating area)

an7d]llan af Indyckefl iNG¢kednd NidtartiurariTam (Tapeand xopperinilar
(Cu) is partially forned. Further, internetallic

mederipalirfdsisting JrechdimiNiteaeiforaeea) i ict he oumgdr yn this
(Ti-Ni) of the dissimlar netal. 25 Further,

sunfiegemba e ki FudippundsieTiCihe gktankgcamt TheCu substrate

below the spiral contact 7, Cu atoms (as the dissimilar metal)
are diffused and infiltrated into the lower surface of the spiral
contact 7, so that the alloy of nickel (Ni) and copper (Cu)
(namely, a dissimilar metal diffusing and infiltrating area)
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) and copper (Cu) 1is partially
formed.

Further, intermetallic compounds TiNij and TiNi are formed
in the boundary (Ti-Ni) of the dissimilar metal.

Further, intermetallic compounds TiCu4, TiCuNis3 and TiCu
are formed in the boundary (Ti-Cu) of the dissimilar metal.

[0055]
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are formed in the boundary (Ti-Cu) of the dissimlar

metal. [0055] - 25 Fig. 5is a cross section show ng

an exanple of a heating and pressurizing nethod. As

shown in Fig. 5, the pressurization setting value is

set to be ?0.1 MPa but <10.0 MPa. Considering the
productivity, the pressurization setting value is set
wi t hizn 5 such a e f .t [ j :
At ome TRas” HeeR BecTered Tor abocts 50 minar o5, % feneating

an@l hPY¥s¥i L 2 ORb ndie dPr BRAsH Bwh NG, $YKf 868 ¢HA¥eEsaliriBgtion
spiral contaci. Further, in the pressurizing chanber,

seReatigngai sepesfosmd By usi NgvAs heat ef10 Inedentahlsy dering
an argon gas cylinder of 10.0 MPa is used as a

thﬁfw&égiﬁgtyspl&'hfé%régsdf‘ﬁiQ‘@I‘éﬁ's'e)t’ti@ﬂgt%thﬁl@ ith€et within
e

diffusion and infiltration of atons can

sudBCOMInigeherat 1 i 3hORE dil fEniAes fRiessdIhes Bd¥h performed
diffusion and infiltration of atons al so can be

f oacLespt 3PN ubys peihrga heay &d 10nsieT v blref eeid@lin the surface
pressure (atnospheric pressure). 15 [0056] Fig. 6 is

lageted ik hphasier i agnaactWRircHdye ienpey pteseurl 8ing chamber,
expressed in absolute tenperature scale) which shows a

heaelialy dashe pfbehaedry tuse teat hagtéenpRtia@i deret 8y t keen argon
nmetal state. In a pressurized environnent, Ti, N and

gaGu carlendeat ed i1 .4 HMPat 6 2 sslteras tehe s metialg isource.
brought into contact with the dissimlar netal. As
showdincndengal8y,t Abtheaghngha eiféustivneang iseffisusdtion of
that a lower limt thereof is the tenperature

atoowsr egpohdi agcooplshedi hpsa t fleovbsoing andapergsmuge, the
of the nelting point of the 25 nmetal with the highest

digdsiieg paoichtl ndriditg atiernc ofe aomsl adiw® can be accomplished

by being heated under the normal pressure (atmospheric
pressure) .

[0056]

Fig. 6 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 a pressurized environment, 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 point 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
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dissimlar nmetal brought in contact with each other
while an wupper limt thereof is the absolute
tenperature of the nelting - 26 point of the netal
with the lowest nelting point anong the core netal
and dissimlar nmetal brought in contact with each
other. The above is a condition set to allow the
t i fof [EYAN! - el
pota %ngf.tpn%’?nedda{l %ﬁ%ﬂ +R8 yo»héeg‘gn%gfté]%%t@%ﬁt Qﬁ{ﬁfﬁaq}le core

e spiral contact. Since t the hest

w8 1o BT 1ol L i e

ThieS abBEeMeLt & NG Mol o Pfs ddl LRNLYALLNL BRSO YLE to be diffused
tenperature). Further, since the nmetal with the

orl1GWE S RN RG QIR 1ia9eGORFER hel Gk rall ROHRRET. I9ifde the
iS set to 1358K (which'is the nelting point 10 of

me@APRL th &r@a&?ub@tt@@p@m@ Wl nkCak &)1t aiadm i(§4 )L, hehe lower
lower |imt of the heating tenperature is set to

1ifmA¥Kisapdtt be Upperchdd Mduadfs theoheat ihgstEmPer 3k ewhich
is set to 1358K. Thus, atons of dissimlar netal are

isdifHaisedl andg bbBhihkt et edi i 4 iurt hen sebkatatkayempfrature) .
the spiral contact, and 15 therefore it becones

Furassi| eihoecaiiaimatibhew 5Ph rtdle toweactmelt iy dlodathas copper
the characteristic of the alloy of the dissimlar

(Qwt,athe ddpehéadaming slweat torl I KM(Whiinhal $ ahgembit We@point
30 minutes to 2 hours. [0057] 20 By form ng the

ofaldogppam isud s Inveren eremps e teh es daltegni hat( s, ithe lower
di ffusion material for inproving the spring

lighdr adt ehesheat and topperat @ is setdichf UsPBn andethalupper
for inproving the conductivity, the core material is

ligrrtdwifcde dteatiing Ummarerdtowmes ignd el deo siitTlies
between titanium (Ti) which 25 is the diffusion
nateﬂm@ﬁ,foﬁtpﬁﬁrogﬁngdﬁﬁél@b}ﬁﬁg metal are diffused and

infiltrated into the surface layer of the spiral contact, and
therefore it becomes possible to obtain the spiral contact which
also has the characteristic of the alloy of the dissimilar metal.
The heating duration is within a range between 30 minutes to
2 hours.

[0057]

By forming the alloy in such a manner, since the titanium
(Ti) 1is 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
its upper, lower and side surfaces between titanium (Ti) which
is the diffusion material for improving the spring
characteristic and copper (Cu) which is the diffusion material

for improving the conductivity, and further, a multilayer metal
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characteristic and copper (Cu) which is the diffusion
material for inproving the conductivity, and further,
a multilayer metal - 27 conpound (nultilayer alloy)
is formed under high tenperature. Thus, the spring
characteristic of the spiral contact 7 is inproved by
taking in the characteristic of titanium (Ti)

nm r f ure
cohBRIRLY ﬁmhhgg&t ﬁm@e@ @?D{%nr?ﬁ HIBNGE)gh %@ﬁgteggt .

S conductivity e spira t 7 1s Inprove

takifag,kn the sharagtenisiicePis€oPReF (Hd)sdiNM®Eldbntact 7
excell'enf “conductivity). [0058] In Fig. 7, (a)

1 s€XRbRbRe @ bROkWikTInde ikl kM aMaRAIRG 184E8R oF0 t($E@R UM (Ti)
S8). Herein"the description will be given for the

(na&nb@ro,of dicelaledtNl )srpk tihanb e (FercbinendEssi mi;nar the

metal diffusing area) 7c and 7d (see (c) of Fig.

condiueh 131 e yf ermedebypdichfiusbAgacand igfiddratddp@AttAEng in
of titanium (Ti) into the base material nickel (N).

thdd [N crAsrishovn | 8f(akoplped 9. (Gu) a pabyedide fdxdo@llent
8 having a hole 8a is disposed on the surface of the
cotapper viiaiyl) .(Cu substrate) 1 on which the spira
contact 7 is fornmed. [0060] 20 In Fig. 7, (b)
expl 400884a pol yi m de press-lamnating step (Step S9).
As shown in (b) of Fig. 7, the polyimde film8 is
heat &d End. pf es&ad eonptl@ itntse aopb ey mpstie pei iphlemmailnating step
portion 7e of the spiral contact 7, and the spiral
(Scept 860 .2Fersihi xbd testhépthbavkwildebofgiten polyitficd@lloy
filma8. 25 [0061]
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) into the base material
nickel (Ni).

[0059]

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

[0060]

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 onto the outermost peripheral portion 7e of
the spiral contact 7, and the spiral contact 27 is fixed to the
back side of the polyimide film 8.

[0061]

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
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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 renoved - 28 by etching. Thus, the
spiral contact 7 can be spirally upraised through the
hole 8a of the polyimde film8 fromthe back side
toward the front side. At this tine, the dissimlar

by{‘rﬁ{é‘}kinéltﬂmy 6‘1—@ ﬁ§2995é5@a%$€3n%m%§{ laltfugyralsed

e spuffer nd is al SO renove

th&%ﬁg eghgy Sﬁ.ghﬂﬁ]%f t[hQsO% 1911%'egflzm éd%r&?fpék?é 'PJ%CQ( side
subst 3 d)

rate ondlng step ( shown in (

tolihd g-%hé‘?£35€ Ghefe . Sh@%“%hlgntW%bChtH%tHEEEPﬁﬁiékn%etal
conductive adhesive 11 is thinly and uniformly 10

ti®BRkLed,(TH$ QEBHQQEeBnEH @Q@t@@tsdbéﬁkét@Qﬂﬂ%%& sputtering
surface 7a (see (c) 7) of the outernost

meR8bUPREr al1 ROVl w(h%@le t(h@ cwofi Firemokle Ployt R& ching.
spiral contact 7, and therefore the adhesive 11 is

transbewrped to the bondi ng surface 7a. The spiral
contact 7 is brought into contact with a board 9 so

t hat thheibondi ngdl5expnbdee éashacesakewobind@dng step (Step
conductor 9a arranged in a predeterm ned position of

sithe beasHo®n and(dheMimiigng 7Goadutéoe (Qat asttbwe, on which
bondi ng surface 7a are made el ectrically conductive

a theemobetthey aoddaceiheadddtesinke Arlessethontip aathiniformly
other. Thus, the spiral contact 7 is heated and

appldssihdient ot det virtiacngodf acandich o b@adiomnedrbacehta (see
surface | ayer of the board 9. At this tine, the

(Howrdi AggsuTf acle the ocortewtmiosht pkeipdkesilvpottion 7e (see (b)
(thernosetting epoxy resin) is applied, is firmy

ofsfugk 7o ¢ohethdmmidal lpprissiatg 7heanddtagte preesde adhesive

[0063] 25 In Fig. 7, (e) explains an electroless Au
1piat Fpgngfepred to the bonding surface 7a. The spiral contact

7 is brought into contact with a board 9 so that the bonding
surface 7a faces a wiring conductor 9a arranged 1in a
predetermined position of the board 9, and the wiring conductor
9a and the bonding surface 7a are made electrically conductive
to each other and are heated and pressed onto each other. Thus,
the spiral contact 7 is heated and pressed onto the wiring
conductor 9a formed on the surface layer of the board 9. At this
time, the bonding surface 7a, on which the adhesive 11
(thermosetting epoxy resin) is applied, is firmly stuck to the
board 9 by being heated and pressed.

[0063]

In Fig. 7, (e) explains an electroless Au plating step
(Step S12). As shown in (e) of Fig. 7, the electroless Au plating

is performed to the surface of the spiral contact 7. Thus, the
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(Step S12) . As shown in (e) of Fig. 7, the

el ectroless Au plating is perfornmed to the surface of
the spiral contact 7. Thus, the 29 spiral contact 7
wi Il not be oxidized, and therefore connection wth

| ow el ectric resistance can be achi eved. [0064]
<Second Enbodi nent> 5 Next, a spiral contact according

spﬁgﬁﬁ éSﬁQQQteﬁﬁﬂﬁhﬁHBE béquidQQe@?sgﬁgrgﬁgfg%ég%\M&Hﬁection

erence to the attached draw ngs. he second

witrbadiment Gififens firamthe fHi e enpodiygnt in that:

in the first enbodinent, the dissimlar netal titanium
(Ti) (bpeadeposited on the upper surface and side
surfaces of the spiral 10 contact, while in the second

<sRRd MMog idlawEsnum (Al) is deposited as the
dissimlar netal. Incidentally, in the second

enbogierRNt 2 E%Kﬁaﬁoa@ﬁﬁgatsa@&@;&ﬁﬁ@ttﬁﬂ DP¥EdddR embodiment
nunerals as o the first enbodi nent and the

wiaxpbarrdqani vdepreobwwidh Pefemehtedso the065fadBed rawings.
Fig. 8, (a) explains a dissimlar netal diffusing and

Thenetbhatdnip Hitnegh t{ St EPeSEB)ron RhEI Bir$; embpdimedt in that:
enl arged schematic illustration of (e) of Fig. 3, and

in( ehel §iast esias@iatentscharadicsimidstr attad oftédhtum (Ti) is
portion C shown in (a) of Fig. 8. 20 [0066] As shown
dappsiteddbnFibe Sppe¢hesuiftkad an pipleasunfatesnsf thwe spiral
base material (core material) of a spiral contact 7'.
colitacit,omehale depddid edeonnd hempiodie memtf, acekurainturuppl) is
surface of the spiral contact 7' by a sputtering
depstsideed Als tepodi 33yl bareanet28 .7Bnpidentally, in the second
embodiment, like components are denoted by like numerals as of
the first embodiment and the explanation thereof will be omitted.

[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 of the portion C’ shown in (a) of Fig.
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
the spiral contact 7’ by a sputtering method (Al depositing area
Tb’") .

Further, the Cu substrate 1 {(the dissimilar metal) exists

below the lower surface of the spiral contact 7'.
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Further, the Cu substrate 1 (the dissimlar netal)

exists below the | ower surface of the spiral contact

7. - 30 [0067] As shown in (c) of Fig. 8, by

heating the Al atons deposited on the base materi al

ni ckel and the Cu substrate 1, Al atons are diffused

and infiltrated into an upper surface and side 5

surf aggg79f the base material nickel (Ni) . In other

wor ds, aIun1nun1(AI) (as the dissimlar netal) is

di ffﬂ§%&ﬂg inl 4 L)‘frﬂfdy rE)?hteB%l%lérE@é;%ll AY&fs Yeposited
the base material nick so that an alloy o

onNicelkelbaEl nagRd 1 al1u Ry ( éln)d ErRMY supdtda%% M,| &1 atoms
nmetal diffusing and infiltrating area) 7c¢' is formed

ark0 difF ey S d aaer i By tedUWANSr an dUBpk e EB@face and side
exi stence of the Cu substrate bel ow tﬁe spi ral

suegRlact of ,tKa Bhesbmbasrtihe rdiseam hay) metal praee words,
diffused and infiltrated into the |ower surface of

alté nspi r ahlpontact the, @Dsshatlan aldwyl)of iBi ckeffused and
(Ni) and copper (Cu) (nanely, a dissimlar netal

indiififrusiteg ando dbeinitfdcatliaygrmodarhddbass Magamich]l nickel
Further, in the boundary between the alloy (dissimlar

(Nt abo difdtuanngl hog dihhiikbkeat (M) arehpléninand(Ahe (namely,
alloy (dissimlar netal diffusing and infiltrating

a dires)mybhr metadldioffusifngeckelnf{iNiYra@ingrenas) (7A’) iarfdrmed
copper (Cu) is partially 20 forned. Further,

in vhésnevafite Lappourise tAleNd 3ahtk AloNicher exfeterde ¢f the Cu
the boundary (Al -N) of the dissimlar metal. Further,

substtenarist ap el ewcdmpoupds rAlCoRE ALGI3 aFe atomsed(as the
the boundary (Al -Cu) of the dissimlar netal. 25

dijspggg]lar metal) are diffused and infiltrated into the lower

surface of the spiral contact 7', so that an alloy of nickel

(Ni) and copper (Cu) (namely, a dissimilar metal diffusing and

infiltrating area) 7d’ is formed.

Further, in the boundary between the alloy (dissimilar
metal diffusing and infiltrating area) 7c¢’ and the alloy
(dissimilar metal diffusing and infiltrating area) 74’, an alloy
of nickel (Ni), aluminum (Al) and copper (Cu) is partially
formed.

Further, intermetallic compounds A1Ni3 and A1Ni are formed
in the boundary (Al-Ni) of the dissimilar metal.

Further, intermetallic compounds AlCu, and AlCu; are
formed in the boundary (Al-Cu) of the dissimilar metal.

[0068]

Fig. 9 is a metal phase diagram (where the temperature

is expressed in absolute temperature scale) which shows a
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Fig. 9 is a netal phase diagram (where the tenperature
is expressed in absolute tenperature scale) which
shows a - 31 relationship between the heating
tenperature and the nmetal state. |In a pressurized
environment, Al, N and Cu are heated in a state

where the core netal is brought into contact with the

redia33ioRdradlh HhOBLALn the/Be ac'@i)x\i\? t'eﬁhp%'r%tu%e 108 heatd 1?91 state.

tenperature IS set such Flower Timt there

Int e Armaratdd en¢orhasraRdi 0, v afd4d !aggshéah.eed in a state
absol ute tenperature of t he neltlng poi nt of the

whidBleat n¥iddy-d hethl gheslr oRIHt N8t HUIHE AORY thhen € i@ similar
nmetal and dissimlar netal brought in contact with

me@agh other while an 10 upper limt thereof is the
absol ute tenperature of the nelting point of the

met ahswshBwhhen! pygst 9 etiié Nge POiny BB dNer£ar€ set such
metal and dissimlar netal brought in contact with

theach Doher.linihe e f 3 sathentkmpOnaSete tanmtd Pvridichg to
atons to be diffused only into the surface |ayer of

0.#heispisr ahecaint @it e Siengee tdteudd afetake melhihepoint of the
hi ghest nelting point is nickel (Ni), the lower [limt

meita lseti thotGelKighattegaat $nyopOidt t amesg tttee 128K metal and
(which is the nelting point of nickel in absolute

ditsenperlatume tsdalbejoughFurirheron tsiatc evittihe emethaloblietrth winhide an
| owest nelting point is alum num (Al), the upper

uppiem fimg tsehereo93uK fwhiadisdlsittehéepPemektirrgopdile meflting
al um numin absolute tenperature scale) . That s,

paing péwehe neial ofl thhehhebowest tendamm pednitsagengtithe core
691K, and the upper limt of the heating tenperature

mejta lsanc §1984ki lakueetal dmoughtdilssFantaftnet B each other.
diffused and infiltrated into the surface |ayer of

Thengbgpier af 2 oftReEttiamdFe 25 RedOrofFBei @t%?,o‘i‘ﬁesbe diffused

%_SSIb|e to obtain the spiral contact which _
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 0.4 times the 1728K (which
is the melting point of nickel in absolute temperature scale).
Further, since the metal with the lowest melting point is
aluminum (Al), the upper limit is set to 934K (which is the
melting point of aluminum in absolute 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
therefore it becomes possible to obtain the spiral contact which
also has the characteristic of the alloy of the dissimilar metal.

The heating duration is within a range between 30 minutes to
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al so has the characteristic of the alloy of the

dissimlar netal. The heating duration is within a

range between 30 minutes to - 32 2 hours. [0069]

By formng the alloy in such a manner, since the

alumnum (Al') is a diffusion material for inproving

the spring 5 characteristic and copper (Cu) is a
> diffsion material for inproving the conductivity,

the core material (Ni) is sandwi ched at its upper,

| ower; @@;%]si de surfaces between al um num (Al) which

is a 8'f usion material for inproving the spring

charagt eplathg t@0d 100RPeH £6in eSS 8iALETUSE QN uminum

material for inproving 'the 10 conductivity, and
(Aflyrther, sa gukkhkayar metakisonpeynd ifgrddid@yarne

alloy) is fornmed under high tenperature. Thus, the
chSRaidte rGhariact &id stbgpet tha)spid ad goptastiod makt&rial for

i mproved by al um num (Al) which has good spring
ingharaciet hetddhdudid it €pediatd Mht¥robh1t e )SPErsiindwiched

contact 7' is inproved by 15 copper (Cu) which has
atexceldpenrir ,coodeetand & yde BigiferfdLbhet Gbep a3irdihunt €pl) which

S12 (see Fig. 7) of the first enbodinment are
igperdiof fuesh o mizhe rdartef aaNngrr @Asi idhe hki 5t ingrmdediaedristic

except that alum num (Al) is substituted for titanium
andTcpppeThiGy) sinidian st @ d hfef oy dohuciang rditadp$oef itgeoving the

first 20 enbodi nent, the polyimde film8 is disposed
capniudid wsiinf,aceraf  fthethegui r ala contlacitl é¥erandnettedd compound

copper foil (Cu substrate) 1 so that the spiral
(mogritidetyer &lsldyixeics tio el baole sildigytoft emee rggolsg mi de

film8, and then the copper foil (Cu substrate) 1 is

r enoviédishy teechb ngng THhisractrer s ralofcsheaspizal cegntrct 77
~spirally 25 upraised through the hole 8a of the o
lspbW?FﬁV@@ by qaﬁwglqula%rﬁptlﬁédhlch has good spring characteristic,

and the conductivity of the spiral contact 7’ is improved by

spring

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, the polyimide film 8 is disposed 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 the hole 8a 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
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back side to the front side. At this time, the
dissimlar netal alumnum (Al) deposited on the Cu
substrate by the sputtering - 33 nethod is also
renoved when the Cu is renoved by etching. Further,
the substrate is bonded, and the el ectrol ess Au
plating is perforned. [0070] 5 <Third Enbodi nent >

mo b e e R P e ARy R Rl e
tHQY§M atghfsagFﬁgeﬁnb%%@n%HeCEI §oié§§1AH ﬁa%ghg is

enbodi ment 1 n first e Odl ment, ni
peMrrie3y used as the core netal 10 of the spi ral
contract while in the third enbodi ment, copper (Cu)
S uzg@m the core nmetal of the spi ral contact.
Incidentally, in the third enbodi nent, |ike

<TEAMRP FHc 1l tdenot ed by |ike nunerals as of the
first enbodi ment and the explanation thereof wll be

om t veet, 12 [PALEL lodnktia@t BQcol@h XRlAiNE M rd embodiment
photore3| st coating step (Step S21) As shown in (a)

widfl be@Heskdkiddepphoofesi skforesicent é o ¥tts6Ré@ARNings.
t he upper surface of the copper foil (Cu substrate)

The tRQrH0&2ddimetrt ¢li & r o Bropxphaifiy & phbbadrsktsiephat :
(Step S22) . As shown in (b) of Fig. 10, the

irphokoffa skt beplad d enard, i i okd he(Nsigne s siBapeaastiae sppralmetal
contact 27 (see the spiral contact 7 of Fig. 1) is

ofcover expioralt eonugaeer, swiriflac e roft Heheephot @mesidsiimemnt ,artbpper
25 the image of the photonask 6 is printed in a

(@onf actsetaanehe core metal of the spiral contact. Incidentally,

in the third embodiment, like components are denoted by like

numerals as of the first embodiment and the explanation thereof

will be omitted.

[0071]

In Fig. 10, (a) explains a photoresist coating step (Step
S21). As shown in (a) of Fig. 10, the photoresist 5 is uniformly
coated on the upper surface of the copper foil (Cu substrate)
1.

[0072]

In Fig. 10, (b) explains a photomask step (Step S22). As
shown in (b) of Fig. 10, the photomask ¢ 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.

Incidentally, the photomask 6 also can be exposed at a suitable

magnification by projecting light onto the photomask 6.
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Incidentally, the photomask 6 al so can be exposed at a
suitable magnification by projecting |ight onto the
photomask 6. - 34 [0073] 1In Fig. 10, (c) explains a
devel oping step (Step S23). As shown in (c) of Fig.

10, after the photoresist 5 (see (b) of Fig. 10) is

devel oped and a photoresist filmis fornmed, the 5
placqgoggyered by the photomask 6 (the black painted
places in (b) of Fig. 10) have no photoresist film

formed therean, qgﬁ chatehal & Reeadpach Loy Yeep s23).

exposed 1 n these aces. the other hand, in

AsPlsReRs: NGt @9Verediky. e Rhatamsk @hoacor@%\i@torse%fg (o)

photoresist filmba’s formed on the exposed copper

off @iy, 1189 85 dSdigRd dRyver gﬁoit%%i%'ﬂ_egﬂﬂn@s | fR9R)d, the
of the spiral contact 27. [0074] 1In Fig. 10, (d)

p1HsABT e Bl BY fife AP At 8P 6524he PSackh®Mhtdd (Baces in
of Fig. 10, nickel (Ni) (as a barrier material) 15 is

(0! atredrignl v 09N Hahe RIAeeS IR dthe 0P FRIrne@i lthkrde®n, and
exposed, and copper (Cu) (as a core netal) is plated

thaié fdeposhtedoppte rohe Dliat exparese ini ekebe (P acés. on the
plated so as to formthe spiral contact 27. On the

ottidrehdmnd,imotie nglasepl abedcandrdapbyi tee powtonal& 6, a
pl aces where the devel oped photoresist filmb5a) is 20
defvarlropchd Adod oresllstt, filen Gapper £ tg¢di on piled exkardead copper
the places not being exposed owing to the provision
fadfl tlheogphet armadlort andevemdeng magederelggied’e image) of the
phot oresi st 5a fixed thereon, so that the spira
spdortlactoradts Flormed as i f the photomask 6 is traced.
25 In this step, the shape of the spiral contact 27 is
precildéIng ]

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,
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. On the other hand, nothing is plated and deposited
onto the places where the developed photoresist film 5a) is
formed.

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 is traced.
In this step, the shape of the spiral contact 27 is precisely

formed on the surface of the copper foil 1 by using photoengraving

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

phot oengraving (printing) technol ogy. 35

Incidentally, the thickness of the Cu plating |ayer is

15 to 30 pm The thickness of the Ni plating |ayer is
about 0.5 Pm [0075] 5 In Fig. 10, (e) explains a

phot oresi st renoval step (Step S25). As shown in (e)

of Fi ; I NGyt t st , Ly 1Sy rral :
N Ll ey e e R e A

151eol 99761, THE kR ikikdesklor(@he Q@%P'ﬁia'%%n?g %%E”iéA)asIbol%t 0.5

metal diffusing and infiltrating step (Step S27A).

uml 9. 11, (b) is an enlarged schematic illustration
before the diffusion and infiltration is perforned,
and (ep7is3 an enlarged schematic illustration of the

portion 2C shown in (a) of Fig. 11. 15 As shown in (b)

of Firg. rid. 1he @OPReP1&TH} PlAItRG d<A/9t rehBeabaseep (Step
material (core material) of the spiral contact 27. As

sament RensHoahove, (d) ot iy .ane,dpposénedi f thwe middresist,
surfaces and upper surface of the spiral contact 27

orlly bhéraputdretadcyg 27mekhadngTon deposutfage asfeahd7ddpp@P foil

Further, the Cu substrate 1 of the dissimlar netal
1.(Cu) exists below the | ower surface of the spiral

contact 27. [0077] As shown in (c) of Fig. 11, by

heat i[0§ 7H] atons and the N plating deposited on the

base material Cu, and the Cu substrate 25 1, Ti atons

are dinf Fugedibnda)nékplraheda iditss intid auppetadwiififesing and
infiltrating step (Step S27A). In Fig. 11, (b) is an enlarged
schematic illustration before the diffusion and infiltration
is performed, and (c) is an enlarged schematic illustration of
the portion 2C shown in (a) of Fig. 11.

As shown in (b) of Fig. 11, the copper (Cu) plating forms
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
method (Ti depositing area 27b).

Further, the Cu substrate 1 of the dissimilar metal (Cu)
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

and side surfaces of the base material copper {(Cu). In other

words, Ti atoms (as dissimilar metal) are diffused and
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and side surfaces of the base material copper (Cu). In
other words, Ti atons (as dissimlar netal) are
diffused and - 36 infiltrated into the surface |ayer
of the base material copper (Cu) , so that an all oy
of copper (Cu) and titanium (Ti) (nanely, a
dissimlar netal diffusing and infiltrating area)

in?%@k%%%@@ggntbg%ﬂgi§h§ﬂ&%§gﬁgeﬁySE'tﬁ%”ﬂ 'méké%#éi copper

e existence the N ting below the spira

nt a5t vk 2Rl F$)S Il | )par
5P L S8y SOTRREE ppL Ll 1Y Qnamesy,

a dihes 5P T4 meeRt adlf £7s i kP ahRatn 8N 1aldtah Phreqpreic { S4brmed
and nickel (N) (nanely, a dissimlar metal diffusing

indBHikNfh}FE8E I TWye AT e r vk | SOk BBEhe 10k FHEEREE of the Ni
internmetallic conpounds TiCud4r TiCuNi 3 and TiCu are

plbenagtbé Dok heieboyndal Yednlad2 70fntdhee dbe Sl {86 dissimilar
metal. [0078] Fig. 12 is a netal phase di agram (where

methe )t afpedattgedi Sne@Xph £55€6dat &d absod Wit tiper atutifice of
scale) which shows a 15 relationship between the

theesh1 ngl tcermercat 0N e sndhiblieamatldloyst Atepddr dCu) and nickel
pressurized environment, Ti, Ni and Cu are heated in a

(Ndb at(@mamalsr,e & hil coiel het ahetsl bddfifhsingt andodnddtltrating
wth the dissimlar netal. As shown in Fig. 12, the

arkeat i2Ag tienferatedr.e i s set such 20 that a lower |imt
thereof is the tenperature corresponding to 0.4 tines
t he &bsthete iebpemataléiofcompownrds g yoi AtCoNismnd TiCu
nmetal with the-highest nelting point anong the core

argetfalrmeed 1nditdsi mduadarst alT imCougiet ithec ghitsscitmidigth metal.
each other while an upper limt thereof is the
absoll@Pd8tenperature of the nelting 25 point of the

metal with the | owest nelting point anong the core
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 a pressurized environment, 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. 12, 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 point 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
point of the metal with the lowest melting point among the core
metal and dissimilar metal brought in contact with each other.

The above is a condition set to allow the atoms to be diffused
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metal and dissimlar netal brought in contact with
each other. The above is a condition set to allowthe
atons to be diffused - 37 only into the surface

| ayer of the spiral contact. Since the netal with the
hi ghest nelting point is titanium (Ti) , the |ower
l[imt is set to 779K that equals to 0.4 tines the

on&§4gﬁtgwgh%hsu&%akgel eE'%Q Q%'nEF%&aﬁ'E@ﬂ%Q%E'n81nce the

ute tenperature scale). since

me%tla\bl%ttnlet he h@%%ei@irﬁ%%&ﬂ?@ DL 58 LORREN T Chhe lower
the upper ?ls set to 8K V\hlchlsthe mel ti ng

1iRQiNt 5 Qét 0@@Dﬁf9K r’ckﬁ’a@%'qhﬂa@st eRrpPer at Ul fe SO L9 4B (which
is, the lower Ilimt of the heating tenperature is set

1st@hg§%ﬁt1§@ppébﬁtQﬁpgitahhﬁhﬁx@%b%@@uﬁ%aiéﬁﬁbrature scale) .
tenperature is set to 1358K. 10 Thus, atons of the

Fudtseir)l b ancauid maca1difinsed addest &éélﬂlrrﬂj 9@1hratps copper
the surface | ayer of the spiral contact 27,

(cuher ehenppgdr hesoiess pesst b1 35K ehhakh iéﬁehénhéﬁilng point
contact 27 which also has the characteristic of the

ofaldo@ypedf inhebsdilssiemitlepatettalre Bialkgat imgtdursgt itee lower
is wthin a range between 15 30 mnutes to 2 hours.

1iMA@78f tBy Hestdimg tdipatdtoyre NsSsyelh aonANAR) ,asd ndee upper
the titanium (Ti) is a diffusion material for

1immipr @f ridpet e axpmiong englearagotrey iist isstansd daisi. (Cu)
is a diffusion material for 20 inproving the
condUttisyi tat,ontsheoLotkenwiesiiall lisrsetdtdls aexcdifénsed and
in conductivity, and the core material (Cu) is

inddidwiadieed imta ttheupperfadeov@yeand Sitde syrifradesdntact 27,
titanium (Ti) which is a diffusion material for

andphevedgrehet speéones drrersidtle itst pbtaéndtharsmielral gontact
mul tilayer nmetal conpound 25 (nultilayer alloy)

27 ofeeh uRdeP Hiagh FRRpatatactenNstiicat phgthe alloy of the

dissimilar metal. The heating duration is within a range between
30 minutes to 2 hours.

[0079]

By forming the alloy in such a manner, since the titanium
(Ti) 1is a diffusion material for improving the spring
characteristic and copper (Cu) is a diffusion material for
improving the conductivity, the core material itself is
excellent in conductivity, and the cocre 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 lower side of the corematerial (basematerial

Cu). The Ni plating is used as a barrier material so that the
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is perforned to the |lower side of the core materia
(base material Cu). The Ni plating is used as a
barrier material so that the - 38 core material is
formed by copper (Cu). Thus, the spring characteristic
of the spiral contact 27 is inproved by taking in the
characteristic of titanium (Ti) (nanely, excellent

, d f

coeﬁz‘%%s.%%g.% Y (BB ER) B oveE}%b? E’SE. AT
Cnon By Phe ol FORREI e MATPLE (£E G0 BN coneact 27
isf '1@%%’%0%5)*%%&#1@5 e¢ FEirg. c%)ar%r erzqrsftqrcrr%% 'trittali‘t‘ium (Ti)

manner -as Fst 10 embodi ment except t hat

(nkhg@1hase Jmtariale coppes e(QQéﬁog?teﬁéﬁkogﬂlnbé and the

substi'tuted for the base mater| ni ckel (base

coﬂ@h%&h%ﬁtbek BRet 40 £01 & JRialte 2Thys, 1ﬁﬁﬂbbéﬁ g9 ddheng in
produci ng "steps of ~the first enbodi nent, the

theol YHH Secdd M B8id S dESpespthean t surﬁaﬁ@mf tR&cellent
spiral contact 27 and the copper |I (Cu 1

cotldRstriatie))l so that the spiral contact 27 |s fixed to
t he back S|de of the polyimde film38, and then the

coppeheteblfte®@) ssebstsate)sdep SS1EMNathd)f igtsthiei@®odiment
Thus, the spiral contact 7 can be spirally upraised

(stelr quigh the hekep8aroftmeHe ipoluHem stane fdmmdr f aeMthbe first
back side toward the front side. At this tine, 20 the

emiosidimantaexaepal that artheinast jnadepasilt edppart @i material
substrate by the sputtering nethod is al so renoved
Cuheés shestitusedefroverhe ypset mhicagiaFuntidkee] (dese material
substrate is bonded, and the electroless Au plating
Nii)sapetheromde f&O8D] THE <BdmitllarErbodhesmtoducing steps of
the first embodiment, the polyimide film 8 is disposed 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 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 thé 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 sputtering method is also removed when the Cu is removed
by etching. Further, the substrate is bonded, and the electroless
Au plating is performed.
(0080]
<Fourth Embodiment>

Next, a spiral contact according to a fourth embodiment

will be described below with reference to the attached drawings.
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Next, a spiral contact according to a fourth

enbodi nent wll be described belowwith reference to
the attached drawings. - 39 The fourth enbodi nment
differs fromthe third enbodinment in that: in the

third enbodi nent, the dissimlar netal titanium(Ti)
is deposited on the upper surface and side surfaces

Thengé h]?tl’?pln{bao 1 e%q:t gf%gf%\h érquxjx ghgh&froé”e&@)o iment in that:

ep05| ed ast

é'@ﬁl?‘ éﬁ%éﬁiméﬁ@'q§ﬂ§%&E%%m&ﬁaghﬁ8£gyr%Dﬁanlum (Ti) is

corrponent S ar enot e

g %%ﬁ;t%?f‘s%ﬁt? P A T il o e e

co:l'l%ac(ta) Sxpl @i g afll sphal-{Ar e%b@llm@'nftf U%Mnﬂﬂﬂn 181) 1is
infiltrating step (Step S27B) In Fig (b) 1s an

%s@rt%%ﬁas5€1'?§rﬁilté§lﬂdlé1§tn{eacta'lon Ik%%ﬁ%%ttaﬁ‘@y‘}“ i U@kﬁé’rfourth
and infiltration 1s perforned, and (c) is an enl arged

endfRBMRING 1k |kké3I:6ﬁ bﬁ@n@E af@%é?ﬁfﬂécp%yzﬁglkéh&\ﬁﬂetﬁls as of
(a) of Flg 13. [0082] 15 As shown in (b) 13,

t Hehen £AQ Reib oldPeri! S d weféw@anawﬁeorb@ﬁergatf% 1a1 béQﬁrﬁQ:ted
material) of the spiral contact 27'. Al atons are

deposiobed jon the side surfaces and upper surface of
the spiral contact 27' by the sputtering nethod (Al

depogint Fg. ¥8.eaad7bxpla2fisFudiReimitlike ftalbsifaieidg and
of the dissimlar netal (Cu) exists below the | ower
irfliriftace iofg tshespistalp saneact I27Fig. [ 0983]bAsi showerlarged
(c) of Fig. 13, by heating Al atons and the N
sqileatdtng ddiossttred iom tdeef doas e hreatdErfifals i@n, aardd itrtfel l@ration
substrate 25 1, Al atonms are diffused and infiltrated
id peofolreedppendsicf ace an enlarged 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
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 27’ by the sputtering method (Al depositing
area 27b’).
Further, the Cu substrate 1 of the dissimilar metal (Cu)
exists below the lower surface of the spiral contact 27'.
[0083]
As shown in (c) of Fig. 13, by heating Al atoms and the
Ni plating deposited on the basematerial Cu, and the Cu substrate
1, Al atoms are diffused and infiltrated into the upper surface

and side surfaces of the base material copper (Cu). In other

words, aluminum (Al) {(as dissimilar metal) is diffused and
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and side surfaces of the base material copper (Cu). In
other words, alumnum (Al) (as dissimlar netal) is
diffused and 40 infiltrated into the surface |ayer
of the base material copper (Cu) , so that an all oy
of copper (Cu) and al um num (Al') (nanely, a
dissimlar netal diffusing and infiltrating area) 27c'

1n'f§ltfrgrt%%d PEg th% %ﬂrga]a&,ﬁl ?égzrof':f:'ﬁ Il‘ﬂse &da tlh(éopper

exi stence o el ow the spiral contact

(ca{, s8Ik aﬁtgff’o%%% cg ék”}d@)r el éhﬁm?ﬁ@mddif US(%@mely,

and Tnfiltrated Tnto the ovver surface of the spiral

a @9@%@%&?%&'mé%%ﬂiﬁﬁffﬂbfﬁéoyn@flﬁPPP€fat£ )agBd) 27¢’ is
nickel (Ni) (nanely, a dissimlar netal diffusing and

folrREll thathDg AfedcLidydss, fFran@dr 10uButbhele existence of
internmetallic conpounds Al1Cu2 and A1Cu3 are formed in

thtehﬁlb?madamg LAl ot n&f s hea di sshtdd@r2 et alickd10Q84ms |
4 is a metal phase di agram (where t he

dits@i'ﬂ@'l&truhl@tall?} gxpre@ssedsed ahgolnt £1 40P atdd® the lower
scale) which shows a 15 relationship between the

sult€alceng ft eApespiuae aodtabe PRt alsst@ties dm #Alloy of copper
pressurized environment, Al, N and Cu are heated in a

(Csthabad mbekelt hel comanmeahgl ai dibsoughbriméoa tantffising and
wth the dissimlar netal. As shown in Fig. 14, the

inlfeattirag iremeareat) U8 d’s isetfcauadd. 20 that a lower |imt
thereof is the tenperature corresponding to 0.4 tines
t he absthetre temperegtakliof tbepoehtisnl@intamd PA€us are
nmetal with the highest nelting point anong the core

forpteal iandhedibsgindidryr (Fgt-&lu)bradudgiite idi scomtidetr wiatal .
each other while an upper limt thereof is the
absoll@O84tlenper ature of the nelting 25 point of the

metal with the [owest nelting point anong the core
Fig. 14 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 a pressurized environment, Al, Ni and Cu are heated in a state
where the core metal is brought into 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 to
0.4 times the absolute temperature of the meiting point of the
metal with the highest melting point 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
point of the metal with the lowest melting point among the core
metal and dissimilar metal brought in contact with each other.

The above is a condition set to allow the atoms to be diffused
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metal and dissimlar netal brought in contact with
each other. The above is a condition set to allowthe
atons to be diffused - 41 only into the surface

| ayer of the spiral contact. Since the netal with the
hi ghest nelting point is nickel (Ni) , the |ower

limt is set to 691K that equals to 0.4 tinmes the

on%%i%ﬁtg“@ ghsuk%aggelgggﬁi 834 ng ngaﬁ'ﬁgﬁkabg Since the

ute en‘per ature Sl nce

me@ﬁﬁ.%l%tﬁfé hﬁé}‘%’@tc‘tme'ﬁlltn 3%09 ltnﬁ_s'ﬁlcl@éﬁnh\mm (t'%@ lower

e upper [imt'i1s set to K (which 1st ting

1lm%niso£e@|wqwﬁ 'tﬁlla%b%%hﬁtl% tgnpes at U s SGAl 28K (which
is, the lower Iimt of the heating tenperature

isl §h§%ei@11§§%lnta%cf hhexuppen dpdB fuod ttéﬁ{%)etl%a:tdr@scale) :
tenperature is set to 934K 10 Thus, atons of the

Fudk 88irT)i | A JBBt Bhe aR@ tailf fbised end lowbisk! e idit foint is
the surface | ayer of the spiral contact, and

althenefor@it, hecomgspdossimie 19 obtats bbBexspivhakh is the
contact which also has the characteristic of the

medkliay pbihbeoHiSsiniidad imebbkolutber &eed +agukirsdd1®d) . That
is within a range between 30 minutes to 15 2 hours.

is[,0088] loWyrfoimi hp i kteahkay ing suRpelabapBels setha® 691K,
the alum num (Al) is a diffusion material for

andnmphevipge t heimspr iof) thehaeactiani sempeaaduceppers€tCio 934K.
is a diffusion material for 20 inproving the
condUbtibyi tayrontsheo Lot ke ndtiesiall latrseldtdls aexcdifénsed and
in conductivity, and the core material (Cu) is

ingaddwiatleed iatoi theuppefackoheyeands silte spirfalcemriiact, and
alum num (A) which is a diffusion material for

thiemerfoviengt tieecogysrs pgsséhaedot ebicetinct heyse ifradt dertagt which
mul tilayer nmetal compound 25 (nultilayer alloy) is

alfser peg t@@d@tpahqigﬁe;@%@q—: Stiuklee aplulom (a%/|tﬁp§ dlSSlmllar metal.

The heating duration is within a range between 30 minutes to

2 hours.

[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 diffusion material for
improving the conductivity, the core material itself 1is
excellent in conductivity, and the core material (Cu) 1is
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 alloy) is formed under high temperature. Ni plating
is performed to the lower side of the corematerial (basematerial

Cu). The Ni plating is used as a barrier material so that the
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is perforned to the |lower side of the core materia
(base material Cu). The Ni plating is used as a

barrier material so that the - 42 core material is
formed by copper (Cu). Thus, the spring characteristic
of the spiral contact 27" is inproved by alum num

(Al') which has good spring characteristic, and the

ccgALL ALY A AN Spi Al gomiacic AT, 1 s i mproved by
el

) whi chh exc ent nductrvrty

Ther ﬁLEerth%EgﬂugﬁgEﬁa?ggge§}§t 593: ?%ral contact 27’

enbodi ment are perforne

nate?%% b%gil {%%seﬁggsgrﬁﬁfhagﬁ§ﬁ§g éPéﬁgltute %rlStlc’
antdh%h%aeen%tc% ﬁtynb%kehe@ﬁf et Shd aky 107 Niyg %éﬂb%ed by

core netal h simlar to t e produci ng steps

codped i (st Qﬂﬂgﬁi TR e 1Rl idB AR ddilyn& 1 s di sposed

on the surface of the spiral contact 27' "and the

coppehefr@iale te@l ssubstBats) sdesosihals the Sﬂ%rsad embodiment
contact 27" is fixed to the back side of the

(s yiig de7f i ke 8peafidrihBan ihhe eoppafe fRAANELUad5the first
substrate) 1 is renoved by etching. Thus, the spiral

enbIHiarint éxecaptbenspitiad lna s‘éoﬁt@té@ﬂaﬂhé@;ﬁﬁért headwhiterial
8a of the polyimde film8 fromthe ba si de toward

cuhhesf sapststdeedAfot Ritse bia¥®, matBeidilssidkéBr (WBidlmaterial
al umi num (Al') deposited on the Cu substrate by t he

Nigpuait ehengopetreithi s Twen memived wbenhéherddiudsng steps of
renoved 20 by etching. Further, the substrate is
theorddedt ambotliecelttecthel pesyiRiidpl At lmgs iss perfmrgmtl.on the
[0086] Al though the preferable enbodi ments are
suwtescrd befl abevepirtle quressrit PhVeanidortlies ooppér nitbed (Cu
to the above enbodi nents 25 but various changes can be
suksderatielhduso dépdr thagspiom tdentemitr 2’ 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 the hole 8a 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
bYetching.Further,thesubstrateist@nded,andtheelectroless
Au plating is performed.
[0086]
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 from the spirit

of the invention. For example, although the thin film is formed

by the sputtering method when depositing the film of the
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of the invention. For exanple, although the thin film
is formed by the sputtering nmethod when depositing
the filmof the 43 dissimlar nmetal onto the core
nmetal, the thin filmalso can be forned by other

met hods, such as chem cal vapor deposition (CvD) and
ot her ki nd of physical vapor deposition (PVD), instead

i Ze 8 Wk 8 BB S PR (1R Bhzo can
bep%lo\f:h@ddg bjcﬂ'bkv\ﬂg{:ﬁggaedsﬁ@ht e ét‘ﬁgcctaacf x%pchh%&posulon

copper f of & spiral” con or me

d\fbgt Qﬁd%oéryéH% fdi‘ gh&%ﬁ‘ggg%%@%% gbs}g‘i'gﬁ’ft ?ﬁ/m d8nstead

in also can
ofd %Sﬂn fl%l%tdaka Eg bﬁggtﬁ._&ﬁﬁg RO bATALtI LS aé M thin
rface layer o spiral “contact can be others
flfl‘?d %%trﬁ%éerPn@a Ag, N, Zn, P, B, C, M, Fe, Co,
, T, Zr, Hf, V, Nb Ta, Mo, W In, C S, Au,

AI %,rt%%,r,%l%ﬂ@u 8. tﬁ’@r%bwm&ag flmelglc@f@gs@s&uo% the

preferable to be ad he” ot her dissimlar

sUPHARISo t @ HeOok Hp & &Iollqy orﬁzuhﬁﬁﬁrth@lsbﬂ@ﬁgrbdﬁ\ﬁact is formed,
diffusion and infiltration of atoms is mai nl y

irPenkosHeFihid@ Anes IHmi 26d i8QVs £ OPTRHe ﬁbtl yahs@eCadsin also
be acconplished by bei ng heated under the normal

cdf essWd il Mmspheitdingressure) though it will take a
little longer tine. 20 - 44 CLAIMS 1. A producing
nmet hedirathea ,spicaimeé0atracétabhs Wo ol di ffeastl andieinfiltrate
dissimlar netal different froma core netal of the

irgu riathe Sseofitaet Lagedi foffusddce andirantf | tonated icahob® others

surface | ayer of the
selected from Cu, Ag, Ni, Zn, P, B, Cr, Mn, Fe, Co, Pd, Pt, Ti,
Zr, Hf, V, Nb, Ta, Mo, W, In, C, S, Au, Al, Si, Sb, Bi and Te. Particularly,
the element B is preferable to be added to the other dissimilar
metals to form an alloy.
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 little longer time.
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core netal, wherein atons of the dissimlar netal are
diffused and infiltrated into the surface |ayer of
the core netal by being heated in a state where the
core netal is brought into contact wth the
dissimlar netal. 10 2. A producing nethod of a spiral
contact in which at |least one dissimlar netal
different froma core net@ A%Mghe spiral contact is
diffused and infiltrated into a surface |layer of the
core netal, wherein atons of the dissimlar netal are
di ffused 15 and infiltrated into the surface |ayer of

1.the.§pé§oHEE§hngepﬁb& %ﬁ%alnc@nQﬁg%syﬁ'%ﬁgch at least

environnent in-a state ere the core

oy egges_mﬂtas} ﬁeeg@%wﬂfé@eﬁbefl%% Rl mBeh @l o £ Zhd N iral

produci ng nethod of the spiral contact according to

cotl eak  ds Pfugedvmﬁd @.mltlt&%ab&%@t !Lﬁgot§r59ﬁrﬁtdér €al/8r of the
set such that a lower Iimt thereof is the

cdrRTReEAN YT QB OET BSPOAEE NG 1l d4 sstimABa rt her bSOt IR ffused
tenperature of the nelting point of the netal wth

ariden hi ghest e HEl it N8 nRoS it f XF® NG yieheo E@he BBtaImeand bh&eing
dissimlar nmetal brought in contact with each other

hasfid® iana26t sppeihdididhd hyreoteita 1t he BbSONt €into contact
tenperature of the nelting point of the netal with

witdre drenvesits SmRdliang rpxidlt. anong the core metal and the
di ssimlar nmetal brought in contact with each - 45
other. 4. The producing nethod of the spiral contact
according to claim?2, wherein the pressure of the
2 .pr esqupiroedcenyg mehhedtob a sisietalt comdadl. inMPaibotat least
:-10.0 MPa. 5. The producing nethod of the spiral
orcotizctirddear dieng 1t dif€eaent 1foom 2 osher setatthef the spiral
dissimlar netal is titanium (Ti) which
contact is diffused and infiltrated into a surface layer of the
core metal, wherein atoms 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.

3. The producing method of the spiral contact according to
claim 1 or 2, wherein 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 point among the core metal and the
dissimilar metal brought 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

metal and the dissimilar metal brought in contact with each
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I's deposited onto the surface of the core netal by a
physi cal 10 vapor deposition. 6. The produci ng net hod
of the spiral contact according to claiml or 2,
wherein the dissimlar netal is alum num (Al') which
I's deposited onto the surface of the core netal by a
physi cal 15 vapor deposition. 7. The produci ng net hod
ot%f the spiral contact according to any one of clains
and 4, wherein the core netal is constituted by
nlckel (N|) pl ated and deposited on a copper (Cu)
substrate 20 and atons of copper (Cu) are diffused

4.and gBéh@gRgnﬁ 88 ofugﬁ@' .ﬁ¥fr 6&F§J¥Eégyé%dlng to

el ng at In a state ere € copper

clg9H92SUQ%E&%E% ang %ﬁ%s%%&% Qﬁi%%eab%eg Ru9hte 4 %%eronment

contact wth each o 25 8. The producing nethod of

ist lg.,eetsmor de CONt1AGIPAGRA &MY d MpL!l @i M 1 or 2, wherein
if the core netal is constituted by nickel (N)

pl ated and deposited on a copper (Cu) substrate and
the 46 dissimlar netal is constituted by titanium

5.(Ti ) rhehgrotileinBeatt REAt efPEat s erd B dtven abtY¥cding to
and 1358K. 9. The producing nethod of the spira

cle@ht acdr agatakdith the b edBhinddr aetdl Whereiamim {he) which
core netal is constituted by nickel (N ) plated and

isdeppsistiedddnd ocoppesutCutresubstiateonnthdtel by a physical
dissimlar netal is constituted by alumnum (A), then
vaploe degatding drenperature i s between 691K and 934K 10
10. The produci ng nethod of the spiral contact
according to any one of clains 1, 2 and 4, wherein
the core netal is constituted by copper (Cu) plated
6.and @épopirvddcangambahpdeofnthersml rabrevittast yaquatdichg to
and deposited on a copper (Cu) substrate, and
claim 1l or 2, wherein the dissimilar metal is aluminum (Al) which
is deposited onto the surface of the core metal by a physical

vapor deposition.

7. The producing method of the spiral contact according to
any one of claims 1, 2 and 4, wherein fhe coremetal is constituted
by nickel (Ni) plated and deposited on a copper (Cu) substrate,
and atoms of copper (Cu) are diffused and infiltrated into the
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 of the spiral contact according to
claim 1 or 2, wherein if the core metal is constituted by nickel

(Ni) plated and deposited on a copper (Cu) substrate and the
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atons of the barrier material are diffused and
infiltrated into 15 the surface |ayer of the core
netal by being heated in a state where the copper
(Cu) substrate, the barrier material and the core
metal are |am nated. 11. The produci ng nethod of the
spiral contact according to 20 claim 10, mherein i f

dlts'l‘i{n%”' et ﬂ?lt erd al gﬁt%ﬁ%&&t &t utlbcy urd! (’E\'P@y the

core ne I'S COﬂS e y CO pe

he%%é%%dt%%.eQ%Q%§'t%§ %%th%%nnhg@% a%@b l?ﬂ” ng, and

m lar metal I's constituted by titanium(Ti)
, then the heating tenperature is between 779K and
1358K. 25 12. The produci ng nethod of the spiral

g.cont agh ﬁESQEQhH?IﬁchSJj%E”QTQe é}ﬂe‘faei %dﬁtéé’ce aQ%forr'cﬁrng to

material " 1s constituted ni ckel

clralﬁht 1 NG oL NEnEOE Bn ML &yl éoEQQﬁé’délUtl%chMsEQQQ€éd K}Qr‘])lckel
plated and deposited on the nickel (Ni) plating, and

(Nihe p1dicesl BnldakemRisalt das os0rs tobleed (o )alsuMstu@teAlahd the
then the heating tenperature is betmeen 691K and

di%34ki 12 rl et 1SPi § aboseRt @Gt epr @UGEd M URIE (R PAUERhBE the
met hod of the spiral contact according to any one of

he@ltain® thnperadurkl ianthetliderr A8 K and 934K.

10. The producing method of the spiral contact according to
any one of claims 1, 2 and 4, wherein 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 heated in a staﬁe
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
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.

12. The producing method of the spiral contact according to

claim 10, wherein if the barrier material is constituted by a
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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 aluminum (Al), 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 one of claims 1, 2, 4, 11 and

12.
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