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SPI RAL CONTACT AND PROCESS FOR PRODUCI NG THE SAME [Field

he
I nvention] [0001] 5The present invention relates to a spﬂ%’lﬂ"ﬂ,‘ﬁmﬂﬁmt
that exhibits, even in a hot environnment, |ow permanent
fatigue, excellent spring characteristic and excellent el ect {94l
conductivity, and nore particularly to a spiral contact in which a

dissimlar netal is diffused and infiltrated into a surface 10 | ayer
of the spiral contact to form an alquﬁ?mﬂ@ dissimlar nmetal so
that the characteristiG.o i IS Pprov. wel | as
to a produci ng net H%ép‘g‘ﬁ‘ %%ﬁ%&%ﬁgggﬁgﬁﬁ%&[%d&@ﬁ&ﬁﬁ S?%%OZ]
15Fig. 15 i p@ 18”&?”9%’ lq,lq;e%q_%tni]ve vi ew showi ng a connector .
term nal according to a conventional art. The connector termnal is
used, for exanpl ejg@s @ connector for an automobile. As shown in Fig.
15, the connector termnal is made of a copper alloy thin plate and

i ncl udessat | eastTie Ml dngr TnRahtddnansl el @ 2@iketntoatad? that
capabl e of engaging with each other. [0003] The mal e term nal
51 and t he tehabitseerienaln 52 c¢aetw imoinede , al ot pdimangor sebn nSE aridyusn
other portion N. The sliding portion S has a Vickers' hardness of 60
to 700 Hv, andelhenot F@ri?s pehefonterifsca ¥hekerweligndnesseofsisml

to 250 HV. Further, the-difference of the Vicker's hardness between
conductivity, and more particularly to a spiral contact in wnich

a dissimilar metal is diffused and infiltrated into a surface
10 layer of the spiral contact to form an alloy of the dissimilar
metal so that the characteristic of the spiral contact is

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

{Related Art]

[0002]

15 Fig. 15 is an enlarged perspective v:‘i.‘ew showing a connectoxr
terminal according to a conventional art. The connectoer terminal
is used, for example, as a connector for an automebile. As shown
in Fig. 15, the connector terminal is made of a copper alloy
thin plate and includes at least a male terminal 51 and a female

20 terminal 52 capable of engaging with each 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

25 portion N has a Vickers' hardness of 43 to 250 HV.

Further, the difference of the Vicker's hardness between

the male terminal 51 and the female terminal 52, in the sliding
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portions S, is 15 HV or more.

By controlling the difference of the Vicker's hardness
between the sliding portions S of the male terminal 51 and the
female terminal 52 to 15 HV or more, inserting force
(inserting/extracting force} can be reduced. Thus, the
connector terminal is excellent in contact stability compared
to the case where the male terminal 51 and the female terminal
52 have the same hardness, and therefore the force needed to
perform inserting/extracting operation is reduced.

[0004]

In other words, when inserting the male terminal 51 into
the female terminal 52, abrasion will be caused between the
s5liding 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 scft 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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resistance of the connector is reduced and therefore the
necessary inserting force when assembling the connector is
reduced. Thus, not only the working efficiency of the assembly
operation can be improved, but also the fatigue degree of the
workers can be reduced.

[0005]

In Fig. 16, (a) and {b) are enlarged views of the sliding
portions, and show surfaces of Cu alloy substrates, each surface
having a plating layer and an alloy formed by thermal diffusion.

As shown in (a) of Fig. 16, a plating process using one
or more kinds of metals selected from Cu, Ag, Ni,Pb,Zn, P, B,
Cr, Mn, Fe, Co, Pd, Pt, Ti, Zr, HEf, V, Nb, Ta, Mc, W, In, C, S, Au,
Al, Si, Sbh, Bi, and Te is performed to the surface of the Cualloy
substrate to formametal thinplate 55. By performing the piating
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-Sn alloy 58 is formed between a pure Sn layer 57 and
a Cu layer 56 (or between the Cu layer 56 and the substrate 53)
by thermal diffusion into each other until thickness of the pure
Sn layer 57 becomes less than 0.6 pm, so that a surface layer
54 of the substrate 53 is formed by the Cu layer 56, the pure
Sn layer 57 and the alloy 58.

[(0007]



portions S. is 15 HV or nore. By controlling the difference of
the Vicker's hardness between the sliding portions S of the nale
termnal 51 and the female termnal 52 to 15 HV or nore, inserting
force 5 (inserting/extracting force) can be reduced. Thus, the
connector termnal is excellent in contact stability conpared to the
case where the male termnal 51 and the female termnal 52 have the
sane hardness, and therefore the force needed to perform

i nserting/ extractimg opecat ifén tisgr pdapedty 10jdD0D4ble contaoy efhépe
words, when inserting the nale terminal 51 into the female termnnal
52, abrasi oRefhirabekhisederePhesrct s SISHMHFGRp6r £ bRl S FHMRHE L Ro
termnals. In the case ere.the male termnal 51 gnd t he fderrEaI ey
terminal 52C3F &Ss¥FRTHRE haAVE CPETAF TGS IHETS ST AT dirediged - Further.
deformati on_yesi stance will bec hi gh, d therefor isnserti
force wil Fﬁ%r easé.nsﬁ\ﬁ)lém &int gg?:ease wﬁ%ﬁe th%emal eq:tetgr?l%er?él SIaQ%d
the femade terpipal; 62 A& hacd .80d; bave .ahmogle t heysamrhar dnesser,
t he resi stance agal nst the abrasion wll| beconme high, and therefore

the 20 inseégg@ﬁb%pr&f@fi@ﬂe&lcyn@fe@ﬁ,faulcl@mwne idbdte Casecebsr€ambe
di fference of hardness exists between the male terminal 51 and the

femal e terninakobd. thertseft, sideei srapiine e cabdadednoanchades eftbee
the inserting force will decrease. In such a case, the inserting

force can becneduted ¢4n tite sdichirel gntesiofl gk wAkshvinekepnge har dridsshe
between the both termnals is controlled to 15 HV or nore. Wth such
an arr angenBARNeERECT RéEPE DS BaIERGEd e o the v A G teC bi-Nefgine
connect%1 i? reduced and thergf 3re t he necessary inserting force when
assenbl thg £ABScOANTRL dPTE S Eddéed. Thus, not only the working

ef SL?”BZJL L Ne BRSSHPDY- GRETAT ) ULpGA BN NEL -dYhn ALiSOL W on
No. 2004-178055 (Paragraph [0032], Fig. 1)
{0008]
However, a problem with such an art is that it will take
15 long time to form a thin f£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 a metal material, into which the dissimilar metal is desired
20 to be diffused, in order to 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 inte each other.
{00091 |
In view of the above problems, it is an object of the
25 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



5 workers can be reduced. [0005] In Fig. 16, (a) and (b) are
enl arged views of the sliding portions, and show surfaces of Cu all oy
substrates, each surface having a plating |layer and an alloy forned
by thermal diffusion. 10 As shown in (a) of Fig. 16, a plating
process using one or nore kinds of nmetals selected fromCu, Ag, N,
Pb, zn, P, B, Cr, WM, Fe Co Pd, Pt, Ti, Zr, Hf, V, Nb, Ta, Mo, W
In, C, S, Au and Te rfo t r f

of t %’l r métal %t R&L ggg ggle %%1 . ac%%t%

the Qu al | oy su Etraﬁglp for ma met &t hi n p a erfornlng

the plating, UPIOCE8Tendi %B%x{) ATRdRY thG ;S%h@a!rle% §é1@§hffaatt%g§é

and the neta ected fromthe above metal group Is forned, so

the plated §Hd’:é§§@nﬂ5 spardeneshd & & diriedeter mdaedxhandaass. el[eQ:QQG]
shown in (a) and (b) of Fig. 16, in the sliding portions 20 (see
Fig. 15) of céheusmmde€ityerm nal 51 and the female ternminal 52, a Cu-Sn
alloy 58 is fornmed between a pure Sn layer 57 and a Cu Iayer 56 (or
bet ween % he[Qust¢thysurs e andiet Ravenbsonht e 53) by thernal diffusion
into each other until thickness of the pure Sn | ayer 57 becones | ess
than 0.6 pm so tHHt1%d surface layer 25 54 of the substrate 53 |s

formed by the Cu | ayer 56, the pure Sn | ayer 57 and the allo

[0007] -3- A ProgygEng 5‘8680?61% ﬁ@lﬁggﬁéﬁtﬁcaﬁo“ﬁr&w& %ﬁtﬁdéﬁt
of the termnal and nnect or sed a electronlc Ci |

can be achi 8VRaCT a %onpagﬁen SI g eaﬂnclecmcan ST uc{ccei gﬁ Eﬂtaﬁst
| nselting TORCe N0 I eAUEEd o ANl N BELE AP LLLL YS! %%t ARLdd ka1
can be inprove asse y ef iciency of the autonpb

assenbl yg pr gggesc£an Q@ff@&é&\é@@ i 1 helte SEAES HELPPLAY ﬁaqxec;v_eo@lm
not change, the connector can be securely installed with no concern

t hat the conbesthetuly ghtrbén ditsengagerha e ssdml her ndirt boa af f fuwed
engi ne 10(see Patent Docunent 1).
and infiltrated into the surface layer of the core metal by belng
heated in a state where the core metal is brought into contact
with the dissimilar metal.
15 (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

20 of the core metal, wherein atoms of the dissimilar metal are
diffused and infiltrated intc 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]

25 According to a third aspect of the present invention, in

the producing method of the spiral contact according to the first

or second aspect of the present invention, a heating temperature



[ Pat ent Document 1] japanese Pat ent Laid-CpéH'Puincatfan No.
2004- 179055 (Paragraph [0032], Fig. 1) [0008] However, a problemwth

such an art is that it will take 15 long tine to forma thin film of
the dissimlar netal by performing a plating process and then
perform ng a thermal diffusion process. Further, when pl acing
the thin filmof the dissimlar netal onto a netal material, into

which the dissimlar nmetal is desired 20 to be diffused, in order to

forman al | 8§ BAtt KEcBuithase 4 erofliTHE Féredieomatidr dle IH@eFatare

concern that the netals brought into contact th each ot her m ght  be
mel ted | nt oCBEESSRRHENT [G0001: | HA BV iR 1P Gy & TREBEEIEe [F [Fhe

o e oLl T BRER oS s NERL L A ek O R M LlE, B 50l ale 6RDLACk A

a produci ng hereof , ichthe spiT contac

the charact Efzé %toir(é I‘ﬁ)étE}: %gdﬁ%i tar%est%lh&%oﬁ&ﬁt QRAL ACLEL REER each

of the dissimlar neta n erefore the spiral contact exhibits,
even in @ hgth&AUHIARMEA uphOWIRRK FBNRMecTel si thd aldsaue: cex&mbd Qitture

spring characteristic and excellent electrical conductivity.

5[ Di scl osur efafhd helt hngnidien] of the metal with the lowest melting point
among the core metal and dissimilar metal brought in contact
with each other.

[0013]

10 According to a fourth aspect of the present invention,
in the producing method of the spiral contact according to the
second aspect of the present invention, the pressure of the
pressurized environment is set te be 20.1 MPa but 510.0 MPa.

(0014}

15 According to a fifth aspect of the present invention, in
the producing method of the spiral contact according to the £irst
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.

20 [0015]

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

25 metal by a physical wvapor depcsition.

[0016]

Bcecording to a seventh aspect of the present invention,



[ 0010] A produci ng nmethod of a spiral contact according to a
first aspect of the present invention is a nethod in which at |east
one dissimlar netal different froma core netal of the spiral 10
contact is diffused and infiltrated into a surface |ayer of the core
metal, wherein atons of the dissimlar netal are diffused and
infiltrated into the surface |ayer of the core netal by being heated

i tate where th : tal is brought int tact. with th
dissi i lar ferdte PREEOOTEP me-hod OA WIRGREERG FRthOd 6P ok SprPalc Y
cont act ac\‘f\ﬁﬁg' 8¢ Eﬁgif%?ﬁ?[‘daéé&ﬁ&_t?;?& %\?m]or( | fceé‘vcﬁf“ﬂr%“ peddnt

nethod in I ¢h at st one dissimlar neta erent froma core

nmetal of thensphtabn CORlachrt ndisfif ysedhand durfeldl ¢ atiedd1NRif plated
surface |l ayer 20 of the core netal, wherein atons of the dissimlar

metal are diohfiusesbaintd Bhi ht c@pesk i (W0 thes st facarsagebnef of heomare
nmetal by being heated in a pressurized environnent in a state where

t he core5nmetial) isrebrddfifghsed ring coht bictatwd hntheldi ssrhatarl apsirabf the
[ 0012] 25According to a third aspect of the present invention, in the
produci ng mephednetal hey speing emiegctinag@coratagwiere hehe i eerrey (Cu)
second aspect of the present invention, a heating tenperature, -5-

is set suchSERAETACF GWer E1E RO S Bt b resPIthat e APEP4tAtact with each
corresponding to 0.4 tinmes the absolute tenperature of the nelting
poi nt of th&%A8Fal with the highest nelting point anong the core
netal and diSSimiﬁﬁlﬁFta| brought in contact wwth each 5 other while
an upper limt thereof is the absolute tenperature of the nelting

poi nt ofgthe met alc ML ol onestq el bkBEcPob Al TRRGsERe €0F&nt R
and dissimlar netal brought in contact with each other. [0013]
in the producing method of the spiral contact accerding 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
15 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
20 or second aspect of the present invention, if the core metal
is constituted by nickel (Ni) plated and deposited cn a copper
(Cu} substrate and the dissimilar metal is constituted by
aluminum (Al), then the heating temperature is between 691K and
934K.
25 [0019]

According to a tenth aspect of the present invention, in

the producing method of the spiral contact according to any one



10According to a fourth aspect of the present invention, in the
produci ng nmethod of the spiral contact according to the second aspect
of the present invention, the pressure of the pressurized environnent
is set to be (:).1 MPa but 1.0.0 MPa. [0014] 15According to a fifth
aspect of the present invention, in the producing nethod of the
spiral contact according to the first or second aspect of the present

[ tion, t di ssim |l | is ti ' Ti ichis.d i.t.ed

ont ot ho SUPFAUE BT Tie SEBPE" ABEL oy "o BRI AT S Aor et aifoh 1 Eric
20[ 0015 ' t ' h j 1.0,
n' Che pr odiEP S et Nt of RS e oF TDonEet deebPares e e

or second agﬁeac}@)ap{iéﬁﬁaeéﬁgmxw\i@a&i.ﬁ@,lafta@ Hb8eHdd Aled B Al cdgper
al umi num (Al') which is deposited onto the surface of the core 25

metal by a pbysifalstMape, depasidnons {0016 rAeeotsh a1l 410 adesevefided
aspect of the present invention, -6- in the producing nethod of the
spi ral cont actl iadddrtdiengdtint@anyhenerdacehia v st theevoredmandl bgurding
aspects of the present invention, the core netal is constituted by

ni ckel (Ni)hppbeediraddsiepesitas sheaceifverCutuyustibsrtteat Ehegpirrier
atons of copper 5 (Cu) are diffused and infiltrated into the surface
| ayer of thB2EBFEAhetl P &%y "Réated ™ nl A" S13HS< wher e the copper
(Cu) substrate anﬂukﬂﬁ core netal are brought into contact with each
ot her. [0017]

BAccording to aﬁ eleventh aspect of the present inventiocn,

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

is constituted by a nickel (Ni) plating, the core metal is
constituted by copper (Cu) plated and deposited on the nickel

{Ni) plating, and the dissimilarmetal is constitutedby titanium

15 (Ti), then the heating temperature is between 778K and 1358K.

[0021]

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

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

[0022]

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

spiral contact according te any one of the first, secend, fourth,




10According to an eighth aspect of the present invention, in the
produci ng nethod of the spiral contact according to the first or
second aspect of the present invention, if the core netal is
constituted by nickel (Ni) plated and deposited on a copper (Cu)
substrate and the dissimlar netal is constituted 15 by titanium
(Ti), then heating tenperature is between 779K and 1358K. [0018]
According to a ninth aspect of the present invention, in the
produci ng nel¢een®i anke wisilfsh asReakt e drdiPr§sSestt hRVERFSIN20 or
second aspect of the present invention, if the core netal is
constituted by ni &4 ](Ni) pl ated and deposited on a copper (Cu)

b d the di .m | . i b ] :
Then t he-hoat i ng Aialaeure I BerileRSRB Tk Sha SadkE> At od Tt ibn.
According tg'ﬁ%%ggéh?%§9%ﬁﬁs8Fsébﬁiﬂgfﬁﬁegl"%ﬁ%&bﬂ@1ff@h%$§ore meta%f

produci ng net e spiral contact according to any one ~-7-.

the firsd, égmds?fﬁjai QuhtBcasneat sr9fed hBAPIESERE ai-BYEMd D8, sudFace
core netal is constituted by copper (Cu) plated and deposited on a

barrier nmatesjel §f edicOudre peatediangd epasitiednaana, copperofLumetal
substrate, and atons of the barrier material are diffused 5 and
infiltratedfomting hehesspfized tayeacifalishehssrehastalrapyebabhgc ehittbg
in a state where the copper (Cu) substrate, the barrier material and
the core netafsirelinmehal e@nd(Dopmiosechy de mysedlan & evbhiheadpdet
of the present invention, 10 in the prod cing met hod of ghe %%;ral c
contact acc6PAFRFE tGAThe R e 1T agBBRtI bR FHe TPV EERMEST v et B 3T
the baryjer terial_.is consti% ted by.a nickel .(Ni.)_.platij J e
t
core ne g! Fggcﬁ%gﬁf?ﬁng B?C%_%%{?_S lfgp?%?%f Hhe %&gﬁoéb?%a<oanﬁk
nickel (N) plLating,; andhdhg disgsimlar nmetal is constituted by
titani um
[0024]
According to the second aspect of the present invention,
since at least one dissimilar metal different from a core metal
15 of the spiral contact is diffused and infiltrated 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
20 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
2% 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



15(Ti), then the heating tenperature is between 779K and 1358K

[ 0021] According to an twelfth aspect of the present

i nvention, in the producing nethod of the spiral contact according to
the tenth aspect of the present invention, if the barrier material 20
is constituted by a nickel (Ni) plating, the core netal is
constituted by copper (Cu) plated and deposited on the nickel (N)
plating, and the dissimlar netal is constituted by alum num (Al),

t hen the heatbnght émpesmitastewi $hiseoheerh®9 ¥Kidndrg3urpey A022F PByeot
spiral contact according to a thirteenth aspect of the present

i nvention i Sspt%ﬁmlb‘%et ﬁémﬁﬁéﬂﬁ@ﬁg)fnﬁf‘ﬁo%%"ﬂ’%%&%ﬁ‘itr 8? E}é?ltr%&ttal
according to anyone of the first, second, %ou %enth

twel fth aspddf8 bivate 5tddat PPHYemIGY. ¢ 60%’16 netal a?\éc
the first aﬁn%?gﬁ g{_?%re%%?eont'a%e 'th'ea o fh%%hl AP it is

di ssim | ar roma core neta e spiral contac

is diffused gaeglwé Lbl I ALPEnL 11909 N ?&%hhwfa%fe JdiacOt @ nERd@ A0

a hot environnent, the core netal "formng the spiral contact al so

t he charactephshite pf 4 hewdbSsimel ar metal, and therefore it is
possible to obtain a spiral contact that exhibits, even in a hot

envi ronnent, | ow peradmnent 10 set in fatigue, excellent spring
characteristic and excellent electrical conductivity. [0024]
According to the fourth aspect of the present invention,
the pressure of the pressurized environment is set to be 20.1
10 MPa but $10.0 MPa, therefore it is possible to form the alloy
only in the surface layer of the spiral contact in a short time.
[0027]
According to the fifth aspect of the present invention,
since the dissimilar metal is titanium (Ti) which is deposited
15 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
20 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
25 onto the surface of the core metal by the physical vaper

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

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

- 10 -




According to the second aspect of the present invention, since at

| east one dissimlar netal different froma core netal 15 of the
spiral contact is diffused and infiltrated into a surface |ayer of
the core netal in a heated and pressurized environnent, the core
metal form ng the spiral contact also has the characteristic of the
dissimlar nmetal, and therefore it is possible to obtain a spiral

contact that exhlbi Sraf gpiLp; @ o%ﬁ hat g%@ﬂ@ﬂwa ’tallow?lf?c?r%@ore

set in fatigue, exce nt spri-ng characteristic and exéell ent

electrical epnductjouisbye £9025]- ACGOL PE trdhedt Rhbd aspasitof ohbe
present invention, the heating tenperature is set such that the | ower

limit thereoh 2hot i@ chQBRE[ AW Se EMKARDOBEIIMIf 401 Judd ahtinmsedllent
absol ute tenperature of the nelting point of the netal with the

hi ghest mel spAgnpaiidramerdsthe.core metal and the dissinmlar netal
-9.. brought in contact with each other while the upper limt

t hereof 3s the abddla#tle tenperature of the nelting point of the netal
with | owest nelting point anong the core netal and dissimlar netal
brought in cont ad¥caRindingaleh tHENERVerHerEPBF e Oft The PY 85688 HHeentgon.

formthe alloy only in _the surface | ayer of the spira ontact in.a
Lhort 11 ma thbeegp nethl I colshiEGeed b thsth [ Debated arcyfaposlcda

fgeggnfoiQVSQtERQ’c&BSePr?é&HrSuBétéJ%%f”&ﬁE“ﬁé&H%jé?“@déngﬂth)sa§%t

diffused and infiltrated into the surface layer of the core metal
10 by being heated in a state where the copper (Cu) substrate and
the core metal are brought into contact with each other, 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
15 possible to obtain a spiral contact that exhibits excellent
electrical conductivity.
[C030]
According to the eighth aspect of the present invention,
if the core metal is constituted by nickel (Ni) plated and
20 deposited on a copper (Cu) substrate and the dissimilar metal
is constituted by titanium (Ti), then the heating temperature
is between 779K and 1358K. Therefore the alloy can be formed
only in the surface layer in a short time, and the core metal
forming the spiral contact also has the characteristic of the
25 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 MPa but 10.0 MPa, therefore it is possible to formthe alloy only
in the surface |layer of the spiral contact in a short tinme. [0027]
According to the fifth aspect of the present invention, since the
dissimlar metal is titanium (Ti) which is deposited 15 onto the
surface of the core netal by the physical vapor deposition, the alloy
can be fornmed only in the surface |layer in a short tine, the core
nmetal formng the spiral contact al so has the characteristic of the
di ssimlar ebtetricead edrehufgrétyt is possible to obtain a spiral
contact that exhibits, even 20 in a hot environment, |ow pernanent
set in fatigue and®del I ent spring characteristic. [0028] According
to the sixth aspect of the Eresent inventi og )f]it ce the djissiml.ar
ont

metal is al um nuftCSRSNIE ER FES dEBYST £EH®S S RECEEFF at® Bt 1 W
core metal DY LRE eh 3! §akayapQ! AELOPLYL QN by thE- Al OMriGan b JorR

onlylnthe surface aer 'n core ne fformng t

spiral cent ta%ergif@d onl% copP@s. {)@9 %ﬂ%‘s@%%é'&‘id ¢Hef dt08: Ml 58k Mdwar

nmetal, and ore It Is possi to obtain a spiral contact that

exhibits, evencdis@ tiglecEBy hONAENIn (RQW, peRsRNEY heatihg {abhpgtecwaerd
excel l ent spring characteristic. 5[0029] According to the
sevent h aspésthafwdere goriesentt IankentTheneby hhecafdéopetal biesformed only
constituted by nickel (Ni) plated and deposited on the copper (Cu)
substrate, andret ensfafedoysar 1 GQuphare tditef used tardeo¥d metpat Bariindo

the surface | ayer of the core_netal
the’spiral contact also has the characteristic of the dissimilar

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

[0032]

i5 According to the tenth aspect of the present invention,
the core metal is constituted by copper (Cu) plated and deposited
on abarriermaterial previcusly plated and deposited on a copper
{Cu) substrate, and atoms of the barrier material are diffused
and infiltrated into the surface layer of the core metal by being

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

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

characteristic and excellent electrical conductivity.

- 12 -




10 by being heated in a state where the copper (Cu) substrate and the
core netal are brought into contact with each other, the alloy can be
formed only in the surface layer in a short tinme, the core netal
form ng the spiral contact also has the characteristic of the
dissimlar netal, and therefore it is 15 possible to obtain a spiral
contact that exhibits excellent electrical conductivity. [0030]
According to the Eég?%@ aspect of the present invention, if the core
netal is constitu nickel (Ni) plated and 20 deposited on a

copper (Cu) SUbStﬁ@égﬂcZir}ﬁ;eEQ?th%i S84 2 SRt Al o‘f%h“e%%éér%?ﬁvﬁa/tion,

titanium (Ti), then't ating tenperature 1s between 779K an

1358K. Ther efrofig bher 8bt a¥ceanaba f md torky bhthbeisuel age )l gyetirgd)
a short tine, and the core netal formng the spiral contact al so has

t he charact ehiesdd e pétihe s2oritstivrieiary oeppdr; (and pllherdfarddépossted

possible to obtain a spiral contact that exhibits, even in a hot

envi ronnént onl owheenmeakeht (¥eb imldtdamiogueandexthe| shitssépiipng metal 1is

characteristic and excellent electrical conductivity. [0031] ,
constituted by titanium (Ti}, then the heating temperature 1s
between 779K and 1358K. 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

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

[0034]

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

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

25 fatigue, excellent spring characteristic and excellent

electrical conductivity.

[0035]
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According to the ninth aspect of the present invention, if the core
metal is constituted by nickel (Ni) plated and 5 deposited on a
copper (Cu) substrate and the dissimlar netal is constituted by

al umi num (Al'), then the heating tenperature is between 691K and 934K
Thereby the alloy can be fornmed only in the surface |ayer in a short
time, and the core netal form ng the spiral contact also has the
characteristic of the dissimlar 10 netal, and therefore it is
possi bl e to obt ai e spiral toontrect thhatesxth bieksecevert | tha hptesent
environment, |ow permanent set in fatigue, excellent spring

char act eri stihzenh#orxcidl [ienpoebll¢ itcalobesnduetIRAiaL cpphsgf produced
15According to the tenth aspect of the present invention, t

] he core
metal is coR%tFRUREPIFIBGORRINIERE prattREEid aBposST 38 519 hE? rATer
mat eri al previousl |.at ed and deposited on.a_copper strate,
and at ons OPRFH%?B%F$FéFS t%ﬁ9%¥d’a$%uﬁ$qfﬁggaeaggEFH%%%%%%EEdé?éﬁé?S
the surface layer of C | by being 20 heated in a state
wher e th% cgﬁpéﬁe(ﬁﬁ?égﬁb§§%§¥gggﬁhe barrier material and the core

netal are |agi.nakef=sJPEEEL e RELOY¥gean be formed only in the

surface layer 1n a short tine, and the"core netal form ng the spiral
contact also has thesgharacteristic of the dissimlar nmetal, and
therefore it is 25 possible to obtain a spiral contact that exhibits,
even in a hot envitgnnentnclodeperlabnent) sehdi ric at iguehiekcela)erits a
spring characteristic and excellent electrical conductivity. - 12 -

[ 0033] perApectdvag Ybew hesetematide ldypeshopinghespt 83knt contacts
invention, if the barrier material is constituted by the nickel éhﬁg
pl at i ngi0t heceereingttdl a ifd re&ritiadited thy (RWopPperi S RYOPRAERF SaRgetion
deposited 5 on the_nickel I ). plating, and, the dissimlar al s
constitutedtﬁ§epi?éﬂ?%nf%ﬁé;*“ﬁlﬂgﬁ(Fﬁeiﬂe§?+ﬁ% anﬁ%?gFu eS¥§£%eY$%%%
779K and 1358K. ThERERY dDeAH ) 1630 0CLOLFRE Ol ohrlcR el B] SULLACE S

f! d al g the sp

| ayer in a shor I e, an e core ne ormn spiral contact

al so has theg chacacteri stis @fe the dissbAthets 1ohdmt aln @ngd therefore
it is possible to obtain a spiral contact that exhibits, even in a

hot environment, Fow. perignenrczelssi Brbati gaesi@xeaddleihispr ppgducing
characteristic and excellent electrical conductivity. [0034]
15Accor dbng rteahhieo £ wilef $ i sspeott ot tadresopdesgnito itheehtdginembodiment,
in which {a) explains a photoresist coating step, (b) explains
a photomask step, (c) explains a developing step, (d) explains
a plating step, and (e) explains a photoresist removal step;
Fig. 3 includes (a), (b), (c}, (d) and (e), in which (a)-
20 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 porticn C’ respectively shown in (¢} and (e);
25 Fig. 4 includes (a), (b) (c} and (d), in which (a) explains

a dissimilar metal (titanium (Ti)} diffusing and infiltrating

step in the producing method of the spiral contact according

- 14 -



if the barrier material is constituted by a nickel (N) plating, the
core netal is constituted by copper (Cu) plated and deposited on the
nickel (Ni) plating, and the dissimlar netal is constituted by

al umi num (Al'), then the heating tenperature is 20 between 691K and
934K. Thereby the alloy can be formed only in the surface layer in a
short tinme, and the core netal form ng the spiral contact al so has

the charact gpi spic of Lhe disshihlar, MLal, ,and ) heghoreal tolifonat o

possible to Sbtdin a spiral” con |b|ts even-in

envi ronnent alhgg\ﬁpﬂm%@ttﬁﬁoiglﬁcfsﬂdwgtuﬁx (QB(C%l |def‘5) §Qrdnn<9nlarged
characteristic and excellent electrical conduct|V|ty [ 0035] -

Accordi ng t@chBRat i rieRMdraspRechrofdt hes pragend; i nvention, it |s
possible to obtain a spiral contact produced by the producing met hod

of the spiral contict Satecs dirpgst o=@niyeroseoeing ke Ekesple seCcandeating
fourth, eleventh and twel fth aspects 5 of the present invention.

[Brief D@scahptptﬂﬁsﬁrilknﬂ mgshopobsaihe produckng. methattlofdéle (siral
(b) and (c), in which (a) is a perspective V|eM/schenat|caIIy show ng
spiral cont &6P§23D BeRWF IH@Tﬁbt@@fﬁﬂ§?teﬁﬁkﬁﬁ%ﬁﬁﬁ (b) and (c) show

State shore a sertonducion dBIRLePRRCF i BHEH W BonREoFT B ature
ternminals is._i nt,Q t ira n Fj
Is %§<§Ete§ge Lo the o%.'?; lte?n?;@z 3¢l3eS ;%%‘é"iet) B éhh%wS a

IS a process cross section exp alnlng produci ng hod oP

spiral contagh ,2E60610i NGet QbR Hel H@tl@@@&hé@gbur’@am%ﬁg ekl state

expl ains a photoresist coating step, (b) explains a photomask step,

(c) exptai ngnatievelcapicigoshephod @f expl s lacphabtnthd&diinando (e
expl ai ns a photoresist renoval step; Fig. 3 includes (a), (b), (c),
(d) and (e) firatwhnlohdiegnt20 is a process cross section explaining a
produci ng nethod of the spiral contact according to the first

enbodi nent, (b) ari(d)is égp@t,cteis\ﬁefplyose&piegthc@ies@ilﬁﬁhéngrté@t&aproducing

deposi ting steg and % %ﬁf %e% are enl arged schematic
i |l ustrati oREEBPYE L5 bR ahgn g2 %BFFFBﬁd@grté%EEEt’?J\Fe?tye@ﬁ%%f“?“rF

(c) and (e)ln which {a) explains a polyimide film laminating step, (b)
15 explains a polyimide press-laminating step, (c¢) explains a Cu
etching step, (d) explains a substrate bonding step, and (e)

explains an electroless Au plating step;
Fig. 8 includes {(a}, (b) and (c), in which {(a) explains
a dissimilar metal diffusing and infiltrating step in the
20 producing method of the spiral contact according to a second
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 the portion C’ shown

in (a);

25 Fig. 9 is a metal phase diagram (where the temperature
is expressed in absolute temperature scale) which shows a

relationship between the heating temperature and the metal state

- 15 -




25Fig. 4 includes (a), (b) (c) and (d), in which (a) explains a
dissimlar nmetal (titanium (Ti)) diffusing and infiltrating step in

t he produci ng nethod of the spiral contact according - 14 - to the
first enmbodinment, (c) is an enlarged schematic illustration of the
portion C shown in (a), and (b) is an enlarged schematic illustration
of (d) of Fig. 3; Fig. 5is a cross section show ng an

exanpl e of a heating 5 and pressurizing nmethod in the producing

met hod of the t$pi pabdoontaoctetdecorditie tpirhée dintstctenbodideng ;to the
Fig. 6 is a netal phase diagram (where the tenperature is expressed

i n absol ut eseenpdreamiadrsedlie) whi ch shows a rel ationship between the
heating tenperature and the netal state 10 in the gr,oduci gg met hod of
the spiral contadt:%ctdidingreerIherPF% SECEAPRAFREALRINT thE prgdycing

' tion, expl ai th dugi t hod of t.h
Spi ral ContBRLASR & GARSEbTE hETIHAEE BREBHI (S Pntbht arertaoditent,

expl ai s, a ER'VM-&ﬁthdf%am,%iagt@sngt%C HRN et D2 LB LR N9 A explajns

pol yi m press-1amn ep, explains a etching step, (d)
expl ains a M= kPeRdh N St 8Rp1aN8Eks (@ HePXDPbRH A8 sRpE| e8] rlR$s ndu
pl ating st e?);%ﬁ; Fi g.b8 (lcﬁcl uges (a), (b) alﬁdm?(c), pi(?n@v\,hi chpa( a)
expl ai ns a dissatidq@rstmgt,alandi fiEyséngl fint isnbhbtbatkhgt stamwidl tshep20
produci ng nmet hod of the spiral contact according to a second

enbodi nent, (b) iBlcanlénisehetesdhépathc and ysi r atn omishowk hgexplistiase
before the diffusion and infiltration is perfornmed, and (c) is an

enl ar ged schemassénilensiesel odisfushes parti sALCIt5RbIRG | ALER) in the
25Fig. 9 is a netal phase diagram (where the tenperature is expressed
in absotUt ePFeMperE et hOdapPE) “ithi S *e8hofRP B2 T 1 3RGFHS APp t Bet e

heati ng ten‘g&r}g Hrgeenta,nd(bshgs rra?ztl aelrslsélt:c%teg 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);

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

20 Fig. 13 includes (a), (b} and (c), in which (a) explains
adissimilarmetal diffusing and infiltrating 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 (¢} is an

25 enlarged schematic illiustration of a portion 2C’ shown in (a);

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

is expressed in abscolute temperature scale) which shows a

- 16 -



- 15 - in the producing nethod of the spiral contact according to

t he second enbodi nent; Fig. 10 is a process cross section
expl ai ni ng the produci ng nethod of the spiral contact according to a
third enmbodinent, 5 in which (a) explains a photoresist coating step,
(b) explains a photonmask step, (c) explains a devel oping step, (d)
explains a plating step, and (e) explains a photoresist renpval step;
Fig. 11 includes (a), (b) and (c), in which (a) explains a dissimlar
met al di f f usengt Aadshid betwaen ridpediesyt ling t drep<hth tprredarcd hge mettlhdds ofte
the spiral contact according to the third enbodiment, (b) is an

enl arged schentité eiddugdngane ored idwihg pistadt €0peR6E & qdve ingr BSi 6P
and infiltration is perforned, and (c) is an enlarged schenmatic

il lustrati of°BFth pBPeFEMYG shown in (a); 15Fig. 12 is a netal phase

di agram (where the, tenperature i s _expressed in .absol.ute te raj ur
scal ) which shomgl%fr ati Gish aB%E%e%ﬁF?9ﬁ§ ggiﬁﬁﬁwtghﬁggg u%ém%H%

accor i nd £ GoRAPERIT o SeRat b g0R 6 "5 | ReT oL Ca) by e
(€), in whichntd)expt@ide @ ¢ $3ili! akeretal diffusing and

infiltrating step in a producing nmethod of the spiral contact
according to a fowpigh hkedigest suftycd 9fan enl Axped ssehketatecforming

illustration showing a state before the diffusion and infiltration is
perforned, ahd teymisahn Povenliar Fed.sthenwlte ccutfarst haviiog ef phating
portion 20' shown in (a); Fig. 14 is a netal fhase di agram (where the
t enper at ur e layer and an alloy formed by thermal diffusion.
10 [Best Mode for Carrying out the Invention]
[0037]
<First Embodiment>
A spiral contact according to a first embodiment will be
described below with reference to the attached drawings.
15 In Fig. 1, (&) is a perspective view schematically showing
the spiral contact according to the first embodiment, (b) and
(c) show a cross section taken along line A-A of {(a). Further,
in Fig. 1, (b) is a cross section showing horizontally pesitioned
spiral contalcts, and (c) is a cross section showing a state where
20 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 ccntacts
s0 as to be accurately brought into contact with the respective
25 spiral contacts.

[0038]

As shown in (a} of Fig. 1, spiral contacts 7 are insulated
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IS expressed'i n absol ute tenperature scale) which shows a - 16 -
rel ati onship between the heating tenperature and the netal state in
t he produci ng nethod of the spiral contact according to the fourth

enbodi nment ; Fig. 15 is an enlarged perspective view show ng a
male 5 termnal and a female termnal to electrically connect with
each other according to a prior art. Fig. 16 shows a surface

of a Cu alloy substrate formng the termnals shown in Fig. 15, the
surface havingn@ashaeihrr Pareriidel TamaI9 GyPe by HdDy ¢ He Pigpolyimide
di ffusion. 10 [Best_Mde for Carrying out the Invention] [0037

SFirot Bbodiheht o TASSEEal CoRt ARLCOFAMREETD o { PESL MHDOATHEHLY

w Il be described below with reference to the att.ach I aww
In Fig. 1, 88551 Jso%le%e c}giehcetqidvg’yv|£§\‘?v hemarica }89 gﬁgwg%%ﬁgé%ﬁgl
cont act acc%g;{gggto the first enbodinment, (b) and (c) show a cross

section takén along line A-A of (a). Further, in Fig. 1, (b) is a
cross segtion shoyithei290t ahl yrReyddeanedospt 1 altLomlagt sruand ty
(c) is a cross section showng a state where 20 a sem conduct or

devi ce havi Bg sphepical cotneald 08 tefdrimal so (& aospiefer redttotas 10.
solder balls hereinafter) is inserted into the respective spiral
contacts shown i Mi{dypitak cepheciteal loanestrohet erfimakznpresdnmych
the respective spiral contacts so as to be accurately brought into
contact with FRBNEEspecthi@h 25i&pinigalc GRNAEEES [0038] A8 'S § pre

a) of Fig. 1, spiral contacts 7 are insul ated . .
( ) 9 arranged in posftions correspond?ng to spherical connection

10 terminals 2 arranged in a grid pattern on a lower surface of
a semiconductor device (IC chip) 4 as shown in (¢} of Fig. 1.
Further, though contact length of 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

15 connection terminal 2.

[0039]

As shown in {b) of Fig. 1, the spiral centact 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.

20 Abasematerial 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

25 (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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- 17 - fromeach other by a guide franme 8(a polyimde plate or
polyimde film. Further, the spiral contacts 7 are horizontally
positioned and held by the guide frame 8, and supported by a board 9.
5Incidentally, an arrangenent constituted by a plurality of the

spiral contacts is referred to as a spiral contactor 10. The
spiral contactor 10 is installed, for exanple, in such a manner in
which the spiral contacts 7, 7, ... 7 thereof are arranged in

posi tions c&FEESHBRMI FRYy 2 IPHeec&heEBRhection 10 terninals 2
arranged in a griﬂﬂg ttern on a |lower surface of a sem conductor
device (IC chip) Ishown i n (c) of Fig. 1. Further, though
contact |length of_t wound. spiral .co Cle 7. .5t h :
rotation herein, %%%ﬁgﬁﬁtég% €ﬁ§tﬁﬁc§%?6§f&Pégeﬁrngﬁgﬁgg I perical
accordance w i th p i : I t

(0030) e T ) S o T ehacap Tar Cantact T ne B
flat spigal s{:‘ﬂ@ﬂmd&om MmheRel ebttadionercand bhecivd dih refi Eberact 7
spiral gradually increases fromthe tip of the spiral toward its
root. 20 AbasehnmiesphbrbtekelonNickibs tsed nad 2 heaoecsat Bderlf rborthe
formng the spiral contact 7. A dissimlar netal is diffused and
infiltratedcenteratstafdddd apersidé, mockéhe( sherabr vaveddl } s dhgormed
dissimlar netal is a nmetal different fromthe dissimlar nmetal

ni ckel . The S@i&stailearonraeRd haymbeace dheeSifi i€alt Ferpf U osteyminal
al um num (Al) or the Iike, %ﬁTthaErt e spiral_contact 7 also has_the

char act eri sti-cE'ofthtHe §EPG§ 'U1° CRETR rcéjnﬁé'fgl—"é‘r?dsijhjéajdjr%é”ioﬁi” af round
metal . ertQ E’s%ﬂe§£§§£r8$§§éc€ﬁm9k%&%ﬂ%aﬁs2,_t%é larger the contact

length of the spiral contact 7 with the spherical connection

terminail 2 is, the more reliably the spiral contact and the

spherical connection terminal 2 come into contact with each other.

And also, when the large contact length of the spiral contact
15 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
20 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.
25 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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perfornmed to an surface thereof. [0040] Further, as shown in
(c) of Fig. 1, when the spherical connection ternmnal 2 of the

sem conduct or device 4 presses the 5 spiral contact 7, the contact
portion of the spiral contact 7 with the spherical connection
termnal 2 becones wider fromthe center toward the outside, and the
spiral (wound) is deforned so as to be concaved to enbrace the
spherical connection termnal 2. Further, since the spiral contact 7
i s spirallyawousdirarbgndolfattherspheetesdn corndts$bnl tar metal 2nd tthe
| arger the contact length of the spiral contact 7 with the spherical
connecti on Ferfi Rarad will tingprdile &9 dsEE eRBTEpi rand chherriorndhe

the spherical connectjon termnal 2 co i nt ontact wth _each
ot her. And BP¥EMeRHhedt t%WSanetESn?‘%ng? é”ffdt%h i cﬁﬁée\g‘pi"?“éﬁ‘ @b%tk%fép

15 7 with the spherlical .ganncetiqn tenmnal 2.Ls ] ange, oxenLic Lhs,
surface of fhe spheri Caf "Cornection térn nal I §" cont dminated w a

foreign gatieg, ﬂgpgl a?ﬂ;eﬁ?ed o“p?%%ﬁ@@ gRLd gEFuFPac% he gk erpyed, @th@knon

oxide filmon the surface of "the spheric connection termnal 2 can

be scraped bacausen ehet ieodd idd BHe HEdMVEABNMe @fi dkhBoBPiidlo epataatal
so that stable electrical contact can be achieved. [0041]

Herein the dnfthsiothandidy idcttbatbi dhe ofut fwecead i mhkabonetattaid. zhe
briefly described bel ow. 25If a core nmetal (referred to as "one

met al ") havithgsat tiesitne atometaf theebethedetal amutiugd 1ot HAE Dnee alnte
different therefromdeposited thereon is heated in that state, then
the - 19 - eaghonEheh tHE @icact AReaneerv@en athéhgi 3SPRF| dre net dihe

a0 0oy 601 SaTEL Bl o 200 08, e eperay, cand Lherelone, (o
holes and the Ii kFuréhnerS‘,uglt;'e %ig%ggioﬁ g%da%n%t%\@ohngloso can be caused
by pressure, in which an interatomic distance between the metals
becomes small due to being cold pressed. When the interatomic
distance decreases to several Angstroms, since free elecirons
15 are communized, the ztoms at a crystal latiice 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]

20 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 methed of the spiral contact according
to the present embodiment.

25 In Fig. 2, (a) explains a photoresist coating step (Step
Si}. As shown in (a) of Fig. 2, a photoresist 5 is uniformly

coated on an upper surface of the copper foil (Cu substrate)
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5 the nmetal of the opposite side due to a diffusion phenonenon in
whi ch the atons of the netal on one side nove into the netal on the
ot her side across the surfaces of the both netals. At this tine, the
atons of the both nmetals nutually diffuse into each other. The ease
of the nmovenent of the atons due to the 10 diffusion is determ ned
froma diffusion coefficient thereof. Further, the diffusion
and infiltrqtion al so can be caused by pressure, in which an

i nteratom c "di stance between the netals becones snall due to being
col d pressed. V%epoégﬁ interatom c di stance decreases to severa
Angstrons, since free electrons 15 are communi zed, the atons at a

crystal lattice pghnt;drutaldy eRberass aMiHbeAEBKOLRep dueed 0sdhe ns
mut ual novenent of the netal atons, and therefore the atonms diffuse
into the oppesent inalericd Fig0042]a 20 tphadkcEnga tedhied ahtbhehs pianed
contact according to the present enbodinment will be described bel ow.
Fig. 2, Figsh3pambs Ehg.splimamiecpnoress Greoxs§igectli oascoyepkd o pg winer
produci ng nmet hod of the spiral contact according to the present
enbodi nent . sEBEACEi gf Phe (Rhot@gsisdishisSa phodtidresimadec 64t ?H@ Re@ppmask
(Step S1). As shown in (a) of Fi%. 2, a @hotore i St IS gniform "
coated on af tppRf i dde 20FOr HeS 't SFPER L of 1T trr 40&) PROSFIas

1. [0043] In Fg. 2 %% | al Qﬂx L& éﬁ?
. X ml
As shown i n (BJRF R BY FPos et shalke B Raagacr it B hEfe e
shape as th%i?HErBLtQOQﬁépﬁh&% & Eig. 1) is covered on an upper
surface of thé photoresist™ 5, and the inmage of the photomask 6 is
printedipn a contaggadamnner. Incidentally, the photomask 6 also can
be exposed at a suitable magnification by projecting |ight onto the
phot omask 6. In Fig. 2, (c) explains a developing step (Step S3). As
shown in (c) of Fig. 2, after the photoresist 5 (see (b) of Fig.
2) is developed and a photoresist £ilm is formed, places covered
by the photomask 6 (black painted places in (b) of Fig. 2) have
15 no photecresist 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
20 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 l is exposed
25 s0 as to form the spiral contact 7. On the other hand, nothing

is plated and deposited into the places where the developed

photoresist fiim 5a) is formed.
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10[ 0044] In Fig. 2, (c) explains a devel oping step (Step S3).
As shown in (c) of Fig. 2, after the photoresist 5 (see (b) of Fig.

2) is devel oped and a photoresist filmis formed, places covered by

t he photomask 6 (bl ack painted places in (b) of Fig. 2) have 15 no
photoresist filmfornmed thereon, and therefore the copper foil 1 is
exposed in those places. On the other hand, in places not covered by
t he phot omask 6, a devel oped photoreS|stdeveIo ed photoresist filmba
is formed on the 2xgoseduebppelre foi¢kel sidfias l?opiégﬁﬁi PV drige Hlﬁﬁﬁé
(negative image) of the spiral contact 207.,

0045
(d) expl ai n&°% SRa6I FEPRIED OMSPEp-SHE REC !ﬁ ¥Rf P&Ptﬁf“askgf a{lﬁe
t al t I kel N ted t I t t
o aces wher BV dipere #%wélp‘h S e L R
7.
cont act Qlwftc%g@ (f@%h@angs £ Rh t@%g&%&@%t%eg& O1n

t he pl aces ere eve tor esi st I's fornmed
AS a resyl tthw%teﬁckﬁie élh\hae g tmeags@rgpfcanw@t i ﬁ@%&e&@%e@?'ﬁéﬁnted

exposed owing to the provision of the photomask 6 and havi ng no
devel oped pbot oress st i fdixathe kepger, £8alt habyt heisyi tadtooriracti ng
is formed as if the photomask 6 is traced. In 5 this step, the shape
of the spirabrioniract tRdhsopreglhsely painted on the surface of the
copper foil 1 by using photoengraving (printingé t echnol ogy.

I nci dental |y, thendiiderteddyof tehetNciglems rg Fageliiglasing Fyeymis
10[ 0046] In Fig. 2, (e) explains a photoresist removal step
(Step S5). A3 SPowh Wh (e) of Fig. 2, by renoving the photoresist,
only t spiral c 4%ﬁt 7 remains on the surface of the copper foi

1. 15[ 0047] n'Fig. 3, (a) explains a dissimlar neta

depositing step (ﬂl_%ggSG) A sggggams @bnBEoFLgi s 3 r b S %‘Qeﬁ‘ {Step

sputteringnet hod, fons are osited onto the upper surface of
the spiral gontagd shdwer AR (b SEePig. Henfi RenbbengPtral peddagtist,

is fornmed
only the spiral contact 7 remains on the surface of the copper
foil 1.
15 [0047)
In Fig. 3, (a) explains adissimilar metal depositing step
(Step 56) . As shown in (a) of Fig. 3, by using a sputtering method,
Ti atoms are deposited onto the upper surface of the spiral
contact 7 formed in Step 5. Herein, the spiral contact 7 is formed
20 on the Cu substrate 1, and the Cu substrate 1 is fixed to an
anode 13 of a sputtering system 12 in amanner in which the surface
having the spirzl contact 7 formed therecn faces a cathode 14.
[0048}
In the sputtering method, when a high negative voltage
25 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 plius
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20 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 fornmed thereon faces a cathode 14. [0048] In the
sputtering method, when a high negative voltage 25 is applied to a
target 17 attached to the cathode 14 and argon gas is blown into a
vacuum chanber 16, due to the high electric field, the argon gas wi |
becomre plasma state and will be plus, - 22 - ionized. Wen

a
vol tage is appLred: H‘B‘t%énD@h‘é’%ﬁ@&eli?%ﬁ%detdhEeE‘é?%d@elﬂnoﬁﬁgo% and
ions (Ar4) accel erated a high s d.hit t such_a
process is g?f(iﬁtrpé’(ﬁief 6% a?rﬁé)ﬂ b%ln%?iﬁ bA°56 ﬁf'ﬁ ‘?‘g torfL Hotrgsd AT
magnet i ¢ f| d.by n q?]Qp r

i mprove sput gr?anggseetf %Pm%ﬁ%@% SEOQ&;l&hﬁ%ﬁﬁ% fg)al t I%%Srl%%t ﬁgsﬁﬁﬁﬁn
filmis foragd, by, {de SPYt heLERY ABlhed Wbl eleis c?ad%'e'@ﬂb?f R¥iynet on
(Physi cal Vapor Deposition) here, the thin filmalso can be formed by
ot her meg hodsesustha®e a & aGHdMsEapes €epogsidven spetheding O¢ H0ency.
In Fig. 3, (b) is a process cross section showi ng a state where Ti
atoms are deposi tEttigterttad lyur sdcboofnt hiee baisien nbilr i ad fiwlcsl HySttée
6A). As shown in (b) of Fig. 3, athinfilm7b of Ti atoms is

uni formy dépé§t@édn@nm?ﬁb0§uwha@é 4B tthekbageois PRt erfraisigiagkelapor

(see (c) of Fig. 3) and the surface of the Cu substrate 1. CEOOSJ
Depdsition) here, the thin film also can be forme ther

methods such as a vacuum vapor deposition method.
10 [0049]

In Fig. 3, (b) is a process cross section showing a state
where Ti atoms are deposited on the surface of the base material
nickel (Step 6A). As shown in (b) of Fig. 3, a thin film 7b of
Ti atoms is uniformly deposited on the surface of the base

15 material nickel (see (¢} of Fig. 3) and the surface of the Cu
substrate 1.

[0050]

In Fig. 3, {¢) is an eniarged schematic illustration of
a portion C shown in (b). As shown in {c) of Fig. 3, Ti atoms

20 (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
25 hit the tarxget 17 so that Ti atoms are emitted from the target
17 to deposit on the spiral contact 7, and thereby the thin film

b of titanium (Ti) is formed on the side surfaces and upper
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In Fig. 3, (c) is an enlarged schematic illustration of a portion C
shown in (b). As shown in (c) of Fig. 3, Ti atons 20 (dissimlar
netal) are deposited on the surface of the base material nickel (N)
which forns the spiral contact 7. Further, Ti atonms are al so
deposited on the surface of the Cu substrate 1 in the sane manner. In
ot her words, as shown in (a) of Fig. 3, the argon ions 25 hit the
target 17 so that Ti_atons are enmtte romthe tar 17,.t,0 depasit
on the spir&PTEBRE &8t tﬁ?? %ﬁ’l’dr;]hgf’%?cghe FhPACYT 1M gglj ot it n?g%slg'

(Ti) is forged on the side surfaces and upper - 23 - surface of the
spiral contact 7 as shown in (b) and (c) of Fig. 3. [0051] In Fig. 3,
(d) is a process E5 P58 section showing a state 5 where al um num (Al)
atons are deposited on the surface of the base material nickel (N)

(Step 6B). As shomn E'igj(g) Qfy EeG pFocaskhtrodd lsec?hon afhdieghh sdnrs
is uniformy deposited on the surface of the base material nickel
(see (e)s5of whkge B)urandinsurflacetaofs tdree Qepeshsedate the bOfGe52]of the
In Fig. 3, (e) is an enlarged schematic illustration of a portion C
shown in (dpaspsmabewnal miaelof(NE) g.(SBep AFBlat d¥es shdivesiimi (Al petRl9)-
are deposited on the surface of the base material nickel (N ) \M‘liq?h
forms the sgiral tebatheim 770" pdy ther AL 18t Aps go i idremar sdenepnsFe &t
on the surface of the Oﬁl substrate in the age mnner. Jje'gke deé?i&!sd
regardi ng t FESERPOSIT 64 BFC AR REhtEia) W oe>dese?i Bed 1%t & 1
the second %E??ghgﬁg£'the Cu substrate 1.
10 [0052]
In Fig. 3, (e) is an enlarged schematic illustration of
a portion C’ shown in (d). As shown in (e) of Fig. 3, Al atoms
(dissimilar metal) are deposited on the surface of the base
material nickel (Ni) which forms the spiral contact 77 . Further,
15 Al 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
20 infiltrating step (Step S7A). In Fig. 4, (b) is an enlarged
schematic illustration of (¢} 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
25 mentioned above, Ti atoms are deposited on the side surfaces

and upper surface of the spiral contact 7 by the sputteringmethod

(T1 depositing area 7b).
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[0053] In Fig. 4, (a) explains a dissimlar netal diffusing and 20
infiltrating step (Step S7TA). 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 fornms the base materi al
(core material) of the spiral contact 7. As 25 mentioned above, Ti
atons are deposited on the side surfaces and u 6%§5urf ce of the

spiral contact 7 BFHRE sput (et PHESHERRR (}FI St 24r Bat ) S
24 - Furth strat 1 of .th t
ol ow t he. | GHET ERTHEE OF L RECEP R AFACo maror oL 6BBar SAS Shotin |

(c) of Fig. 4, by[ ting Ti atons dep05|ted 5 on the base materi al
ni ckel and the Cu substrate 1, Ti atons are diffused and infiltrated

into the upper sud age,ang, sideq %upiﬁc es of tde haseinatenk degysikek
(Ni). In other words, Ti atons (as t di ssinmlar metal ) are diffused

and infid trakethé Basd h&t&uﬁbacmbayeram:f Hrlee chasebmatetéal, mjclaebms
(Ni), so that 10 an alloy of nickel (N ) and titanium (Ti) (nanely, a
di ssimlar aetadififddacsiang andilhtatedatity theeapp?e psrfaceeind pide
this surface layer. Further, due to the existence of the Cu substrate
bel ow t he sﬂﬂrédic%fé)rﬁfaéﬂﬂba@ e ol 3lagiehel ditsis) mIPaPtﬁéFa‘FW%‘SrreTl
diffused and infiltrated into the | ower surfac

contact 7, 8b°Fhat?t H’é‘eald!iéﬁlwlﬁFc‘R%Taj(Nla)rea Baﬁa 3“%%@&‘1
Furt her i n-PhG BSURUEI S bOrHEer s RBC ATy FHe Elaéé.z'%e P g tha
diffusing agd dnfdy) beatidig aieg) ot @?gaﬂmn k9 (I(éﬂk@l)zoa%§§élmlll%r
met al using and in rating area an a | oy of “nickel (N),
titani um (ThhraNdacEPREMS @hd IihMakthakhy bosdedic is formed in this
surface layer. FPurther, due to the existence of the Cu substrate
below the spiral contact 7, Cu atoms (as the dissimilar metal)
are diffused and infiltrated into the lower surface of the spiral
15 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) 7¢ and the alloy (the
20 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.
25 Further, intermetallic compounds TiCuy, TiCulNis; and TiCu

are formed in the boundary (Ti-Cu) of the dissimilar metal.

[0055]
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Further, internetallic conpounds TiNi3 and TiNN are forned in the
boundary (Ti-Ni) of the dissimlar nmetal. 25Further, internetallic
conpounds TiCu4, TiCuNi 3 and TiCu are forned in the boundary (Ti-Cu)
of the dissimlar nmetal. [0055] - 25 - Fig. 5is a cross
section showi 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 .Cl10.0 MPa. Considering the productivity, the pressurization
setting val ue is Bt & £hid C5O8acHEHE angeoYhad 3ar egpmpHe ofi ARG OO
of atons has been perf.orned fq&5$b3Ut 30 nin%Les, thﬁlallo% mﬁll_@nky
be formed i APEHE ACe PR Ut RSP AP TSt Bett M FRFERBFE TR 1He
ressurizin anbe i i r{Qr b Si at . :
p ge%@zrqg Jahne &_lLts QQT_ESO g)r% %Q Ilng&'@’l ?é}ﬁ’t.’ if‘@.(ﬁab%% @gnSJ.derlng

e
I nci dental |y, "an argon gas cylind a 1s used as

pressuri zi ngng o%‘ct:}tgiltggimgéééﬂ;riazlattrigH%tttEL%gd‘jféiwg-g@g%ngithin

infiltration of atons can be acconplished in a short tinme under

pressures; thacHid tusgonnand o thé aliifg0s0bn A0aBoR$ 88 stRebFer Formed
acconpl i shed by being heated under the normal pressure (atnospheric

pressure). IbpCGMEAk 30 minutEbg.theé aXley wel hbnphasef dimeg amthsheref adwe
tenperature is expressed in absolute tenperature scale) which shows a
rel ati onshi papetwdeme hpihedrciongatenparahar e iahea heepedal zigiatkanker ,
a pressurized environment, Ti, Ni and Cu are heated in a state 20

where the c8ea8tHBgals PSrBPEUFHIPT MedngohthEdteRi-t FnE e &llivyi pRrargon
metal. As shown i i heati,ng tenperature is set such that a

Tover 1§ mi ¢ SPROFBLIMIEE (s A CThOTR dre Sen 1 e8 ot o 073 PHESC he
absol utg, t enper at yf e, é)énéa'leiﬁéiéﬁgu&?ltpé é){f%fkeio%5aH8ti§4fi‘MtEQtEQﬁ of
hi ghest el ti ng p0|ﬁ% anong “t'he” cor e*nmetal "an
atoms can be accomplished in a short time under pressure, the
diffusion and infiltration of atoms also can be accomplished
by being heated under the normal pressure (atmospheric
pressure) .
15 [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 envircnment, Ti, Ni and Cu are heated in a state
20 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
25 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 upper
limt thereof is the absolute tenperature of the nelting - 26 -
point of the netal with the | owest nelting point anong the core netal
and dissimlar nmetal brought in contact with each other. The above is
a condition set to allowthe atons to be diffused only into the
surface layer of the spiral contact. Since the 5 netal with the

hi ghest nelting point is titanium(Ti), the lower limt is set to
779K t hat e@eapg o téwmﬁ%gvlttﬁeta@meemww PRE" et T4 HY TP6i TS

of tIt&ﬂIUﬁ]ln bsol ug,e te erat

The | onest MEREL A bt Re Feoah gl %(éa?ug@ﬂe%sag SFr i Secg, Shagt-
1358K (Mhlc%hls %?@é?ﬁ %'an@?%ﬂ&?%%to£?|§¥¥gw éﬁ%lgo be diffused

t enperature §Eaf the

temperature s, S%Ltsotﬂcz%r@a&% tla?eypegrtﬂlé ragncafl tcbﬁatla@@tl BYnce the
tamaaunelssettol hus, atoms of dissimlar netal

are diffygseeheand witft {:hé&h@%elslﬁtrﬁbl‘dl%gspldsi@@&s|t&M&i’n:ﬁfm the) spihealower
contact, and 15 therefore it becones possible to obtain the spiral
contact whi dimaksps hast tthe7thiaracternstis wof Ot.Betabhéoyitof UHMEK (which
dissimlar nmetal. The heating duration is within a range between 30
mnutes to zsh¢@ﬁsmqymxam PROBY fodr raifgnene ahI@VSPﬁu§acﬁe§Pﬁﬁﬁh@¥e)
since the titanium (Ti) is a diffusion material for inproving the
spring char &8FEPPEL T TERATRVFSER L (CRD F8® & PP URT Ui IFaPeR PAI- S BPPPeT

PrOVIng, LR, FOnGHet YLt L1, £OCE 10 BEARL b SN et 8 L
10 of copper in abscolute temperature scale). That is, the lower
limit of the heating temperature is set to 779K, and the upper
limit of the heating temperature 1is set to 1358K.
Thus, atoms of dissimilar metal are diffused and
infiltrated into the surface layer of the spiral contact, and

15 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,

[GO57]

20 By forming the alloy in such a manner, since the titanium
(Ti}y is a diffusion materizl 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

25 1is 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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25 is the diffusion material for inproving the spring characteristic
and copper (Cu) which is the diffusion material for inproving the
conductivity, and further, a nultilayer nmetal - 27 - conpound
(multilayer alloy) is fornmed under high tenperature. Thus, the
spring characteristic of the spiral contact 7 is inproved by taking

in the Ch@éﬁ&é&ﬁasﬁmﬂﬁfléyé@@lll@ygﬁi)s_ ERanElYun8Xseh] @Mt Shigh&ture.
menory performance), and the 5 conductivity of the spiral contact 7

is inproved by frald NGHe s ahaghertiestise ief 0e0pRer sp bl 1 (Paiedyt 7
excel l ent conductivity). 005 ] In Fig. 7, (a) explains a polyimde

filmlamnatimgrstep 3P (Stepy S8 . T @iy e saserd P ons widdudbe(T1)
given for the alloy of nickel (Ni) and titanium (Ti) (the dissinilar

met al di f fiushdDy Ar eaxcdtliant 76hépee frehodly Fipgrfdkrmaice)) ,ar earfdr neek

by diffusing and infiltrating atons of titanium (Ti) into the base

mat er bal odekett {N)y dS5[MBYPpiral cohtashomnisnifproobédPby.takimy in

polyimde film8 having a hole 8a is disposed on the surface of the

copper fothe (Cohsubstraterit omfwhi cdppdre spfudl comtredty,7 |sxdakad

[0060] 20In Fig. 7, (b) explains a polyimde press-lamnating step
conductivity).

{0058]

In Fig. 7, {(a) explains a polyimide film laminating step

10 (Step S8). Herein the description will be given for the alloy
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).

15 10059]

As shown in (a) of Fig. 7, a polyimide f£ilm 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}]

20 In Fig. 7, (b) explains a polyimide press-laminating step
(Step 59). As shown in (b) of Fig. 7, the polyimide film 8 is
heated and pressed onto the cutermost peripheral portion 7e of
the spiral contact 7, and the spiral contact 7 is fixed to the
back side of the polyimide film 8.

25 [0061]

In Fig. 7, (¢) explains a Cu etching step (Step 510). As

shown in {(c) of Fig. 7, the copper foil (Cu substrate) 1 is removed
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(Step S9). As shown in (b) of Fig. 7, the polyimde film8 is heated
and pressed onto the outernost peripheral portion 7e of the spiral
contact 7, and the spiral contact 7 is fixed to the back side of the
polyimde film8. 25[0061] In Fig. 7, (c) explains a Cu
etching step (Step S10). As shown in (c) of Fig. 7, the copper foi
(Cu substrate) 1 is renmoved by etching. Thus, the spiral contact 7
can be spirally upraised through the hole 8a of the polyimde film$8
from the babk sidenowdhdst Hdef pphrakicgetagt t Kes e MpirTphéy upraised

di I tal tit (T d d bst b h
hottor o Eﬁﬁ%‘eﬁ%&lﬂf‘%‘h&%&%m&&&s%&lﬁ% &1 h 63 39 2k 'Sh3e
tchi 0062 b

Ston (3t cp 8303rc asng, fnk, Yigh o P SR AR 2 GHPSLLA SN

whi ch a them&gi&m“grﬂo g:%ts&¥@dagrbe§{ev%u1§ub§tfﬂéqlt§§r and %l;mtcgmrag

10 appli ed, rou into contact wth a bonding surface see

(c) of Fg. métn8h weapéﬁ efdmSledP@hkRheRal cPOrd i moted( ageeébmlmj
Fig. 7) of the spiral contact 7, and therefore the adhesive 11 is

transferred to thpodendi ng surface 7a. The spiral contact 7 is
brought into contact with a board 9 so that the bonding 15 surface 7a
faces a wring cohmuti®r Pa @ramngéding a predetadeninadipgsstepnlofer
the board 9, and the wiring conductor 9a and_the bonding surface 7a
are made el 8811+ B¢ ISheBndactiv et §igach Gt ReRLENHNAF & WRY edOR it ich
pressed onto each other. Thus, the sp

7 h d
P cased ont § THEFTH 99 g S0 CEBHTEL 67 2SRcPOr Rt g &M SURTECE HyaHY
of the P(?ard 3 At thi ?Jrouggt 1nh:e 985'9%1 wﬁlﬂﬂf .(fa%&é"f‘mgo%é’%&h?gh%(ee

adhesive 11 P%ernbsé? epoxy resin) is ap y stu

to the board ? Y P& ng, h@@hﬁg @n@epﬁ%@%rﬂp@@@%h gémcﬁa Ge ?seéeOb>

explains an e ectroless Au plating step (Step S shown in
of Fig. 7, btherelecty glreshe Apiplaat i bggta&: per Eﬁanﬂ@bﬁ@fdﬂmtaurémme

t he splral contact 7. Thus, the -

11 is transferred to the bonding surface 7a. The spiral contact
7 is brought into contact with a board 9 so that the bonding

15 surface 7a faces a wiring conductor %a arranged in a
predetermined position of the board 9, and the wiring conductoer
9a and the bonding surface 7a are made electrically conductive
to each other and are heated and pressed onto each cthexr, Thus,
the spiral contact 7 is heated and pressed onto the wiring

20 conductor 9a formed on the surface layer of the board 8. 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]
25 In Fig. 7, (e} explains an electrcless Au plating step

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

is performed to the surface of the spiral contact 7. Thus, the
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spiral contact 7 will not be oxidized, and therefore connection with
| ow el ectric resistance can be achi eved. (0064] <Second Enbodi nent >
5Next, a spiral contact according to a second enbodinent wll be
descri bed bel ow withreference to the attached draw ngs. The second
enbodi ment differs fromthe first enmbodinent in that: in the first
enbodi nent, the dissimlar netal titanium (Ti) is deposited on the
upper surface.and side surfaces of the spjral 10 .caontact, while in
P second. SRbOALIREAH BritdmmORSE PE-RboY £B8 P Tarna SarhrTaon
metal. Incidentally, j§ e G odi v il s nponents are
denot ed by ?’?&é é\aarére?% %E%sc %fe%q%gaggrgs?égen%%ﬁ#eln%%e%ﬁd t he

expl anation therepjoaij! be omtted. [0065] 15In Fig. 8, (a) explains
a dissimlar netal diffusing and infiltrating step (Step S7B). In
Fig. 8, (b) <sscandephpsgaseschematic illustration of (e) of Fig. 3,
and (c) is an enlarged schematic illustration of the portion C shown
in (a) of Fig. 8.NOf0G66piral contscshaworidingbyo of seicgnd8embhéiment
nickel (Ni) plating fornms the base naterial (core material) of a

spi ral cont adil e dakcailoeps balewdeidst e &erorre he tdiedet tanfet ésawinlgs -
upper surface of the spiral contact 7' by a sputtering nethod (A
deposi ti ng dhexEeePns §mbodiment giffpes IrpRdhauf supserRpeinepi i@ that:

di ssimlar tal xi sts pel ow the |o surface of the spiral _. .
contact 7' Q%_g%% éirst e odghent, them§£ssimilar metai tité%ium (Ti) is

deposited on the upper surface and side surfaces of the spiral

10 contact, while in the second embodiment, aluminum (Al) is
deposited as the dissimilar metal. Incidentally, in the second
embodiment, like components are denoted by like numerals as of
the first embodiment and the explanation thereof will be omitted.

{0065]

15 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.

20 (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 depcsiting area

25  Tb").

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

below the lower surface of the spiral contact 7'.
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[ 0067] As shown in (c) of Fig. 8 by heating the Al atons
deposited on the base material nickel and the Cu substrate 1, Al
atons are diffused and infiltrated into an upper surface and side 5
surfaces of the base material nickel (Ni). In other words, alum num
(Al') (as the dissimlar nmetal) is diffused and infiltrated into the
surface | ayer of the base material nickel (Ni), so that an alloy of
nickel (Ni) and alum num (Al) (nanely, a dissimlar netal diffusing
and infiltrating HQQQQB 7c' is formed 10 in this surface |ayer.

Further, due to the existence of t.he substr.at e _bel ow .t he iral
Cont net ' 7S o atbna R ouR EhECuPE A & ri S RS p A dfep S cea

infiltrated | t f i 7%,
L 8l oy of O EReIPTN M, BIB R 3 SR LeRkAGkeTy, 8O 0
di ffusing andc.13; kRfELy rahd NO, A 18)at 6 ih%ofgﬁnﬁgger surfa&Iriersidd

t he boundary between the alloy (dissimlar neta i ffusing and
infiltragi nguaceads 76 and bhseahkoyr {4 ssiskénr (met al 14 &€ st Ngoad
infiltrating area) 7d', an alloy of nickel (N ), alumnum(A) and
copper (Cu) ziismpauhi aAlly 20a4$ othed.dissinmilakEurtdierl) | hs erdigtfalskedc and
conpounds AINi 3 and AINi are fornmed in the boundary (Al -N) of the

di ssim|ar Aefiltr&ed Hayto theeywticgd Leyedrpbngsbadora tgad aA1GySkel
are formed in the boundary (Al -Cu) of the dissimlar netal.

25[ 0068] (Ni1) , mythatian glhey A° phate! dilagranf ehwHBiBuRH&L) (namely,

e e RS Rha APREL G L STRBERLE S, REb el ThE e
tae 0, 2SR AL M O B temlo0 0 c.
dissimlar gebalrate 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 an alloy of nickel
(Ni} and copper (Cu) (namely, a dissimilar metal diffusing and
15 infiltrating area) 7d’ is formed.
Further, in the boundary between the alloy (dissimilarx
metal diffusing and infiltrating area) 7¢’ and the alloy
{dissimilar metal diffusing and infiltrating area) 7d’, an alloy
of nickel (Ni), aluminum (Al) and copper (Cu) is partially
20 formed.
Further, intermetallic compounds A1Nis and A1N1i are formed
in the boundary (Al1-Ni) of the dissimilar metal.
Further, intermetzllic compounds Al1Cup, and AlCu; are
formed in the boundary (Al-Cu} of the dissimilar metal.
25 [0068]
Fig. 9 is a metal phase diagram (where the temperature

is expressed in absolute temperature scale) which shows a

- 31 -



5As shown in Fig. 9, the heating tenperature is set such that a | ower
limt thereof is the tenperature corresponding to 0.4 tines the
absolute tenperature of the nelting point of the netal with the

hi ghest nelting point anong the core netal and dissimlar netal
brought in contact with each other while an 10 upper limt thereof is
the absolute tenperature of the nelting point of the netal with the

| owest neltin golnt a t he %ore met al, and di_ssim

blr?)ught hi n EBhE&t gg‘&ﬁe%t‘t SR IR Ak Ug ® adﬁglt'wgﬁ%éz‘étsﬁate'
t to_be dif t f
al’ow the a Orgspggssgrjf%ecﬁ %é% é{nll. nh? ﬁeﬁgéfrcfu %Pe h%% £d%n gkecate

spiral cont ince t he hes pol nt

ni ckel (Ni) mﬁéiﬂﬁ trQWES & 'm@ttal' S5 ﬁ%u%r@t QK éma&qwﬁtﬁ tth% @1é15 traﬂea%

the 1728K ( I's the nelting point of nickel in absolute

tenperaturepsegale). Further, since the metal with the | owest nelting
point is alumnum (Al), the upper limt is set to 934K (which is the
20 nmel timg point xf sAlowm AuNFi§. absalhet eebeiperiadnperascake)s Fdatsuch

that a lower limit therecof 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

10 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
only into the surface layer of the spiral contact. Since the

15 metal with the highest melting peoint is nickel (Ni), the lower
limit is set to 691K that equals to 0.4 times the 1728K {which

is the melting peint of nickel in absclute temperature scale).
Further, since the metal with the lowest melting point is
aluminum {(Al), the upper limit is set to 934K (which is the

20 melting point of aluminum in absclute temperature scale). That
is, the lower limit of the heating temperature is set to 691K,

and the upper limit of the heating temperature is set to 934K,
Thus, &atoms of dissimilar metal are diffused and
infiltrated into the surface layer of the spiral contact, and

25 therefore it becomes possible to gbtain the spiral contact which
alsoc 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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is, the lower limt of the heating tenperature is set to 691K, and
the upper limt of the heating tenperature is set to 934K Thus,
atons of dissimlar nmetal are diffused and infiltrated into the
surface |l ayer of the spiral contact, and 25 therefore it becones
possible to obtain the spiral contact which also has the
characteristic of the alloy of the dissimlar netal. The heating
duration is_ wthin a range between 30 mnutes to - 32 - 2 hours.

[ 0069] 2 heur$orning the alloy in such a manner, since the

al um num (Al') is gm%gfusion material for inproving the spring 5
characteristic and copper (Cu) is a diffusion material for inproving

the conducti vi ty,a}% '}%rﬁﬁgﬁ Rl %rlil%El frll\l's)klcz'li\? )?r%%%é!’r? hgf_jn@é &!htesaﬂ.ﬂ'@ﬁ{um

Iower_and side surtaces bétween al idm num _ mhlch is a diffusion
material forahpproying therspLbAY kharAGhier Eski ci ©RPeEneCdprin

which is a difrfusion material for inproving the 10 conductivity, an

further,sa aubbkabeayetstiet abndoapopdd (Ow) tid ayediatboydn i safeoringd for

under hi gh tenperature. Thus, the spring characteristic of the

spi ral cont acbr3ving theprovea thyigyunibruneriinhtahiah (has goedndpt¢hmy

characteristic, and the conductivity of the spiral contact 7' is

i nproved byat itsupper, lower and sideé surfaces between aluminum (Al) which
is adiffusion material for improving the spring characteristic
and copper (Cu) which is a diffusicon material for improving the

10 conductivity, and Zfurther, a multilayer metal compound

{(maltilayer alloy) is formed under high temperature.

Thus, the spring characteristic of the spiral contact 7'
is improved by aluminum (Al) which has good spring characteristic,
and the conductivity of the spiral contact 7’ is improved by

15 copper {Cu} which has excellent conductivity.

Thereafter, Step S8 to Step 512 (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

20 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

25 upraised through the heole 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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15 copper (Cu) which has excellent conductivity. Thereafter, Step S8
to Step 512 (see Fig. 7) of the first enbodinent are perforned in the
sanme manner as the first enbodi nent except that alum num (Al) is
substituted for titanium (Ti). Thus, simlar to the producing steps
of the first 20 enbodi nent, the polyimde film8 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 th

pol yi mi de fPF#PSdléﬁﬁiFhéﬁm?ﬁ%dﬁﬁﬁﬁépeﬁB1+S€€ﬂ°§88§¥4%&%51@9|§urther'
removed by chin spiral _c act be s

Uprai sed th‘ﬁ%ﬁgﬁugﬁérﬁ’é?eléa%SPB?ﬂe Byt i ot Bl 1o
side to the f gggm§% At this time, the- d|SS|n1Iar netal al um num

(A) dep05|Peg & Cu substrate by the sputtering - 33 -

[0070]

5 <«Third Embodiment>

Next, a spiral contact according to a third embodiment
will be described below with reference to the attached drawings.
The third embodiment differs from the first embodiment in that:
in the first embodiment, nickel (Ni) is used as the core metal

10 of the spiral contact, while in the third embodiment, copper
(Cu) is used as the coremetal 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.

15 [0071]

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

20 [0072]

In Fig. 10, {b) explains a photomask step (Step S522). As
shown in (b) of Fig. 10, the photomask 6 patterned into the same
shape as a spiral contact 27 (see the spiral contact 7 of Fig.
1) is covered on the upper surface of the photcresist 5, and

25 the image of the photomask 6 is printed in & contact manner.
Incidentally, the photomask © also can be exposed at a suitable

magnification by projecting light onto the photomask 6.
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nmet hod is al so renoved when the Cu is renoved by etching. Further,
the substrate is bonded, and the electroless Au plating is perforned.
[ 0070] 5 <Third Enbodi nent > Next, a spiral contact according
to a third enbodinent will be described below with reference to the
attached drawi ngs. The third enbodinent differs fromthe first
enbodinment in that: in the first enbodinment, nickel (Ni) is used as
the core netal 10 of_the spiral contact, while in the third
enbodi nment , coppeFO %ﬁb is used as the core netal of the spiral
contact. Incidentally, i he third.embodi nent .. |i.k on
denoted by Ilike nﬁ%e%%ﬁsn%% 0 Stﬁép%?%% ? %ﬁﬁ%ﬁgﬁ#%aﬁge hég%l§ §253 .
expl anati on,th il).b i.tte 1 . EkQ (
A% gﬁgﬁﬁ.i’\ﬁ !c) %forg?l?. % §£:'189%%&1}5e pEsotgﬁle@J_E!t S(g)Qe%f @:))

expl ains a photoresist coating step (Ste own in

Fig. 10, th%prPéprl%gJits JotS1apud anel ¥ QoAladqRtt he1dPReFoSHERACE e
of the copper forl ( substrate) 1. 20[0072] In Fig. 10, (b)

expl ai nssa phetesaskvstp byStep HttomaAk 6hmMe blatk)pafntkdgplifestie
phot onask 6 patterned into the same shape as a spiral contact 27 (see
t he spiral contatte¥goflFi dhavk) nicspboteredisn fihen dppeedsthtaeen pfand
the photoresist 5, and 25 the inage of the photomask 6 is printed in
a contact nahsseforacileseabey, fohke lphst orReied 14 shetaP lrcasspasede
at a suitable nmagnification by projecting |light onto, the hotonasg %i

- 34 - [ooPper hand, | ynptgeR _,Ce(%)noe,&moafi%dabaew?oﬁhﬁm%'b

(0) “of P 4 <507 P8Ry S i A BhGt oS CEToF: P 16 FARRBAS EHE &
Fi 0. 10§ have ho phor sy ol S riFSresn Fhatoon “and Ehararere t ner
copper foil sLik-a1expRegs: isy these places. On the other hand, in the
pl aces not covered by the photonmask 6, a devel oped photoresist film
Sa is forned on thepexposed copper

In Fig. 10, (d} explains a plating step (Step 524). As

shown in (d} of Fig. 10, nickel (Ni} {as a barrier material)
15 is plated only on the places where the copper foil 1 ig exposed,

and copper {Cu) (as a core metal) is plated and deposited onto

the plates where nickel (Ni) is plated s¢ as to form the spiral

contact 27. On the other hand, nothing is plated and deposited

onto the places where the developed photoresist f£ilm 5a) is
20 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 1s traced.

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

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

(printing) technelogy.
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10 foil 1 so as to forma reverse inage (negative imge) of the
spiral contact 27. [0074] In Fig. 10, (d) explains a plating
step (Step S24). As shown in (d) of Fig. 10, nickel (Ni) (as a
barrier material) 15 is plated only on the places where the copper
foil 1 is exposed, and copper (Cu) (as a core netal) 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 ated and .
deposi ted onto t hEPPYHTES Miar & h‘éha‘ég%?%spe%glﬁ:ﬁ%t (Szlueg’ig%1 l?glﬂ’?%%ﬁ 3%
20 forned. a fesult, the_c r i I

pl aces not %gl%% Bgssréléef eovL\énhﬁgcfk nghcgpgﬁoevlﬁ%%lﬁtgfn%t %ﬁ%ﬁg{%%g[ﬁg,s
and havi ng gfa.devel oped photoresist Sa fixed thereon, so that the
spiral contact 27 is fornmed as if the photonask 6 is traced. 25 In
this step, the shapeyof the spiral contact 27 is precisely forned on
the surface of the copper foil 1 by using photoengraving (printing)
technology. - 35 ¥n Fig. 10, (encegehipid ¢, pidiedduicknessoodl tshepClStep
plating layer is 15 to 30 pm The thickness of the Ni plating |ayer
is about 0.52pin RA9OGIBWwNSEn R)g.of10ig(e)0.ekpl atneviinpHhdorbskeresist,
renoval step (Step S25). As shown in (e) of Fig. 10, l%y renovi ng the
phot or esi st OnéH| SPisiA Y GPREBGE &0t rove frhrannid oAU Ehace ff hke oPPeRefoil
copper foil 1. [0076] 10ln Fig. 11, (a) explains a dissimlar netal
di ffusing ard infiltrating step (Step S27A). In Fig. 11, (b) is an
enl arged schemati £ @éfstrati on before the diffusion and infiltration
is performed, and ? s an enlarged schematic illustration of the

portion;@C shown 0 (a) of, Fi9- edliains a dissimilar metal diffusing 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.

15 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).

20 Further, the Cu substrate 1 of the dissimilar metal (Cu)
exists below the lower surface of the spiral contact 27.

[0077]
Bs shown in {(c) of Fig. 11, by heating Ti atoms and the
Niplating deposited on the basematerial Cu, and the Cu substrate

25 1, Ti atoms are diffused and infiltrated intc 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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15As shown in (b) of Fig. 11, the copper (Cu) plating forns the base
material (core material) of the spiral contact 27. As nentioned
above, Ti atons are deposited on the side surfaces and upper surface
of the spiral contact 27 by the sputtering nethod (Ti depositing area
27b). 20Further, the Cu substrate 1 of the dissimlar netal (Cu)

exi sts below the | ower surface of the spiral contact 27. [0077] As

Geposi 160 ofTERE B AR FAT CiF oo Ve i SUBLUTH BgE pR Fopper

deposited o , and substrat e

atons are di S i.0f i d. | UPREE 5 nd
surfaces of ({:'lt’%j;’ %gsglqgrrtatagr%gé}?tggpceéﬂ%%];(ggi n ot é?g%%gﬁ i (rgdtn%%sy'
(as dissimhan seBhak ) -t odidftised nrantha 1861 re rdtifdd 45 &d d7EnOEd g
surface | ayer of the base material copper (Cu), so that an alloy of

copper (Cu)ianthid tamitdie(Tiyef NanRttera dissiontharesedadnd bEushagii
and infiltrating area) 27c is formed in this surface |ayer. Further,

due to the pXastimmbelol thHweshirdl phatinyg el wivkdle asping alascons siowi 127,
ni ckel atoms (as dissimlar nmetal) are diffused and infiltrated into
the | ower suetatk agfe Chidfgpptapne dimiddit rakedsonthdiban cakelroyupface of

copper (Cu) and nickel (N) (nanmely, a dissimlar netal diffusing and
infiltrati nah%ﬁ@&faémri%a%%?moﬁo gbif&raflh%lrl,oﬂ Rf &9RRER (e é&ﬁ%&ﬁﬁf@

Ti Cud, TiCuN ?5??91‘%%17 Qélag e, formed i-rn ft? Q?‘%bgli%g?é¥négigﬁ§-%n9{lépaetj_ng

di ssim | ar S I'agram

(where the E?QEF@‘F&”PS & Lxir essed in absolute tenperature scale)
whi ch shows a )

10 Ffurther, intermetallic compounds TiCuy, TiCuNis and TiCu
are formed in the boundary (Ti=-Cu) of the dissimilar metal.
[0078]
Fig. 12 is a metal phase diagram (where the temperature
is expressed in absolute temperature scale) which shows a
15 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
20 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 peoint ameong the core metal and
dissimilar metal brought in contact with each other while an
upper limit thereof is the absolute temperature of the melting
25 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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15 rel ati onship between the heating tenperature and the netal state.
In a pressurized environnent, Ti, NI and Cu are heated in a state
where the core netal is brought into contact with the dissimlar
nmetal. As shown in Fig. 12, the heating tenperature is set such 20
that a lower limt thereof is the tenperature corresponding to 0.4
times the absolute tenperature of the nelting point of the netal with
t he highest nelting point anong the core tal . dissimlar,

n net al
brought in EBRY atitSutiF SE¥EH2GENERYSHITR G%ﬁéF?IFﬁ??aT%er%&ﬂcﬁ ghe
the absolute tepperature.of . th | ting 25 . point. .of .the metal, wth
the | owest WEHe ﬁ&tg&ﬁﬁihéﬁ%ﬁggﬁ%gté8ﬁg“ﬁb aﬁsgﬁ§agﬁ§§itﬂﬁdrkﬂgﬁawer
brought in to wikh : ve | it ety s
ol L ow the atohbe oo Bevar T oty oy edReLe B Lo P Rl Lot R oy

the spiral ¢ontache1iFBotRe J¥eL Bl aidndi b R SR ghesterfRIrtENG P Nte)i.S
titanium (Ti), the lower Iimt is set to 779K that equals to 0.4

times the 1948Knémhischckstidhpet®l Wik@ o Nbwekt tridlanngnpéinabhsaatper
tenperature scale). 5 Further, since the netal with the | owest
mel ti ng poi ntuj s thepperex Cupittimesepper L335H tiwhsckdis tloe 1338Kngwin it
is the nelting point of copper in absolute tenperature scale). That
is, the | oweE ¢topper oin thsHesei hgmpenperer A lies -sératol y79K)e arftiex
the upper limt of the heating tenperature is set to 1358K.  10Thus,
atoms of theélBishithsr NaRtIRT HeEPEFRAFUSRA SREY RPi | 115t 834 hbD ARET

f I . t i [ . t 27 d.th f i b
surface | averspl (DS BRIl conLact T a0 Herelay e bl becomes
charactggistic ofpfhe ald gy ofr the dissimdal, mia e healdd and

duration is within a'range between
infiltrated into the surface layer of the spiral contact 27,

and therefore it becomes possible to obtain the spiral contact
27 which also has the characteristic of the alloy of the
dissimilar metal. The heating duration is within a range between
15 30 minutes to 2 hours.
[C079]
By forming the alloy in such a manner, since the titanium
(Pi) is &a diffusion material for improving the spring
characteristic and copper (Cu) is a diffusion material for
20 improving the conductivity, the core material itself is
excellent in conductivity, and the core material (Cu) 1is
sandwiched at its upper, lower and side surfaces by titanium
(Ti) which is a diffusion material for improving the spring
characteristic, and £urther, a multilayer metal compound
25 (multilayer alloy)} is formed under high temperature. Ni plating
is performed to the lower side of the corematerial (basematerial

Cu). The Ni pliating is used as a barrier material so that the
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15 30 minutes to 2 hours. [0079] By formng the alloy in such
a manner, since the titanium (Ti) is a diffusion material for

i nproving the spring characteristic and copper (Cu) is a diffusion
material for 20 inproving the conductivity, the core material itself
is excellent in conductivity, and the core material (Cu) is

sandw ched at _its upper.,. | ' rf-aces by titanium (Ti)
Wi ch | o CR% PRt e B Bsb Bt o e

eria i MProvi ng the spring

characteri sti Cn gnd THLIE LA @fi‘%%ﬁﬁ Bl eagPauNda2ontact 27

(rmul tilayer alloy)’ enperat ure. plating iIs

perfor m‘v‘q st Q4 r]:%Vle (Y %ia%ng)ra i&lh%h%o%%a%tcﬁ:reiﬂlst(il@%%h Rt iddm Q"ﬁi')

The NI plating s Uséd as a rrier material so that the - 38 - core

naterial(ggw%gﬁgfdt e?%%ﬁééﬁ (§%Qpe memorJhuﬁerEBﬁméﬁﬁémg_ and the

characteri contact 27 is inproved by taking in the

char agt erd 3 dl&at%vite'ﬁ} a v () £ Dot va ciexeeli ke nhpshapa BRMAYing in

per f or mance), e 5 conductivity of the spiral contact 27 is

i mproved By, t akj 09, & Fhee £har aet erdapdes: of (@@pper(né@é)lgc namgigellent
excel l ent conductivity). Thereafter, Step S8 to Step 512 of

the first.gpdinenty(see Fig. 7) are performed in the same manner as
the first 10 enbodinent except that the base material copper (base
materi al Cu) i srisabsiftat edsfas Ithedbasepnstier bdl theckekstbaseodiment
material Ni) as the core netal. Thus, simlar to the producing steps
of the firstcemhadi Mmentare heepddyried den f then 8aing diaspesed onthdefirst
surface of the spiral contact 27 and the copper foil (Cu 15

subst pat e}mbosdtmehatetdeptspiladl tbenbase Rrcesidl xepres t(hespagkter ol
of the polyimde film8, and then the copper foil (Cu substrate) 1 is
removed bguet chingpstihusied Horspheaba somatatrizyl carksd Spipsgl pgterial
uprai sed through the hole 8a of the polyimde film8 fromthe back

si de towaNd)the fhomors detadr This, tshpilap thdhd ssofducdnaetgps of
titanium (Ti) deposited on the Cu substrate by the sputtering nethod
i s al so rehevEdrahesmpp@diment s ?QﬁnRR#Y%WAQQ(ﬁ%1WQB E§r CREPOSERgOD the
substrate is bonded, and the electroless Au plating is perforgeqi

[ 0080] 25suESaEEh CEnbeE neREsal contact 27 and the copper fol (Cu

15 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
27 can be spirally upraised through the hole 8a of the polyimide
film 8 from the back side toward the front side. At this time,

20 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]
25 <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 cont act accordl ng to a fourth errbodl ment wi II be
descri bed below with reference to the attached drawings. - 39 - The
fourth enbodinent differs fromthe third enbodinent in that: in the
third enbodinment, the dissimlar nmetal titanium (Ti) is deposited on
t he upper surface and side surfaces of the spiral contact, while in
the fourth enbodi nent, alum num (Al) is 5 deposited as the dissimlar
nmetal. Incidentally, in the fourth enbodi nent, |ike conponents are

denot ed by FPREMAErAPROHTGH EHE 21 Fa%ﬁﬁ&at%ﬁ egRgdipent in that:

expl anation . thereof will be omtte

E di sil?,m | atPntalt dF’Ifjf %fgk?%%l’%ﬁ{&wlgh?n TO%J, aﬁgmgt%%%(ﬁ(aéé Jéﬁl e
' 9. ziap fﬂ?cﬂ%ntaiﬂgdu@? ré?%c%ﬁc% Ar%‘c?% ?E' oy PEIOL %lft @ﬁedsplral

di ffusi on an ation i IS an en

schemati c 'EBH%&&@“Q&P& t_ttte tﬁ)l%rtfd?i}t%c entiRiehB, (%hu&flnﬁhg (243 is
(0082] 15As shown in (b) of Fig. 13, the copper (Cl) plating formns

the bases mahepbalté& Qe ABtEIdSAlmiiak héeaSpiThat deppsaty, A4 thél falams
are deposited on the side surfaces and upper surface of the spiral

contact 27' ehpotiheesiputitiée agnpetdrots @Ak deposid bpgl akeanZiéy'als as of
20Further, the Cu substrate 1 of the dissimlar nmetal (Cu) exists

bel ow t he | sherchdyefeedineniearspihakxpoatation7her¢0d83N LA aovied.n
(c) of Fig. 13, bE/ heatl ng Al atons and the Ni plating deposited on

t he base materi al lland the Cu substrate

In Fig. 13, (a) explains a dissimilar metal diffusing and
10 infiltrating step (Step 827B). In Fig. 13, (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. 13.
[oo82]
15 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 sputteringmethed (Al depositing
area 27b").,
20 Further, the Cu substrate 1 of the dissimilar metal (Cu)
exists below the lower surface of the spiral contact 27'.
[(0083]
As shown in (¢) of Fig. 13, by heating Al atoms and the
Niplating deposited on the basematerial Cu, and the Cu substrate
25 1, Al atoms are diffused and infilirated 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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25 1 AI atons are dlffused and |nf|Itrated into the upper surface
and S|de surfaces of the base material copper (Cu). In other words,
alum num (Al) (as dissimlar netal) is diffused and - 40 -
infiltrated into the surface | ayer of the base material copper (Cu),
so that an alloy of copper (Cu) and alum num (Al) (nanely, a

di ssim |l ar netal diffusing and infiltrating area) 27c' is fornmed in

t hi f th d t e f 5 t N

3 Lot ey U en 5, B A ) 3088 i il
diff d fi It | t
e

di ssimlar gepaks ﬂrhi]‘.é‘:.s'rﬁ‘@taalnqj:dﬂ'ffdsa.hgfj%hﬂg1%E§§%r2€ﬂqglasréé)rm is
10Further, internetallic conmpounds Al Cu2 and Al Cu3 are fornmed in the

boundary (Akoﬁdéd ofn thesdissfddd aayset aturf{¥i84Hue to theFegistdnis &
nmet al phase diagram (where the tenperature is expressed in absolute
t enper atur etseale)platiicly shovs thd Spigladt consacp DEt,weerkeheahens | (5§
tenperature and the netal state. In a pressurized environnment, A, Ni
and Cu are Héasewilar anedtadt eatihedief fusetond h@fhltlf%t% Ga§Rt thatlpwer
contact with the dissimlar nmetal. As shown in Fig. Ehe heat i ng

t enper at ur eSPEf3ee udRe26PERat %Pﬁ?ﬁﬁﬁ'QﬁlWIFOtF@?éd?lﬁé PHe copper

terrperat_ure res ondin 9 s th abso ute tenperatu re of o
the ol ti ng (Bl AP BREHENLH (RRFRIT R RiHALe HERH T SoratShory
the core "EﬁﬁklfPQating area) 27d’ is formed.
10 Further, intermetallic compounds AlCuz and AlCu; are
formed in the boundary (Al-Cu) of the dissimilar metal.
[0084]
Fig. 14 is a metal phase diagram {where the temperature
is expressed 1in abksolute temperature scale) which shows a
15 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
20 that a lower limit thereof is the temperature corresponding to
0.4 times the absolute temperature of the me‘lting 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
25 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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dissimlar metal brought in contact with each other while an upper
limt thereof is the absolute tenperature of the nelting 25 point of
the metal with the I owest nelting point anong the core netal and
dissimlar metal brought in contact with each other. The above is a
condition set to allowthe atons to be diffused - 41 - only into the
surface layer of the spiral contact. Since the netal wth the highest

| N).. the | | i
Caual 8t 0BT B (R TINRCWAFERE 1L (916 REICF Rg CBBL AL of Rl ko™
in absol ute,l erperatuL g, Px#?é (ag\:ﬂgtkat oirt BGEn %é‘&lﬁ%ﬁ' WED ey

| owest neltlng pornt iI's a e upper Timt is Sef to 934K

(which is thenpelitd @@tp%netglq{ t@q'a‘ﬂnb@@éﬂé RoAbsel tieed @meel ALY &(which
scale). That is, the lower Iimt of the heating tenperature is set to

691K, and the W&él'th.mgtp@inﬁ e heakénNdnt evPel vt ¢irtemperaetir & osGR4K..
10 Thus, atons of the dissimlar netal are diffused and infiltrated
into thessuFfiacieet ayeinoé the spitral witht abe, langstheredftdng igoint is
beconmes possible to obtain the spiral contact which also has the
char act eri selembiun he Rl | oyhofuries dilgdinitpapeketal 734%e (Hekih g the
duration is within a range between 30 mnytes to 15 2 hours Pogﬁg
By forning PRECHY @P%“ﬁ SHH W i &R 25 etﬁ%m%?{ﬁﬁ‘“}ﬁﬁns(:ﬁ% ' t

di ff t | _f h h t
Cou e Gt Léﬁaeo&O?f%fe TRafYid e?%%?ﬂﬂgﬁ%"@ﬁicc%ﬁcﬁ' %eR0 0o CamReT
core materi de %ﬁee'u Cﬁl‘rgf oeﬂ“tth'e”h& tt'e FE é@e‘EOES 934K.

mat eri al i's san I t's upper, e surfaces by

al um num(Al ) mlmé, S & dhd féh:SI ORe naigﬂnmafxorméﬂmr%@gdimsw Bl
characteristic, and further, a multilayer metal conpound 25

(mul tilayer 1afiwﬁat§dfl@rﬂafdhund&rfin@natyewpefatm espiMalpkahtagrj sand
performed to the |lower side of the core material (base material Cu).
The N pl at thgréfoused mscandsmaprserbmterdkdlaisothdapitrhé cong2ct which
also has the characteristic of the alloy of the dissimilar metal.
The heating duration is within a range between 30 minutes to
15 2 hours.
[0085]
By forming the alloy in such a manner, since the aluminum
(al) dis a diffusion material for improving the spring
characteristic and copper (Cu) is a diffusion material for
20 improving the conductivity, the core material itself is
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
25 (multilayer alloy) is fermed under high temperature. Ni plating

is performed to the lower side of the corematerial (base material

Cu). The Ni plating is used as a barrier material so that the
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core material is formed by copper (Cu). Thus, the spring
characteristic of the spiral contact 27" is inproved by alum num (Al)
whi ch has good spring characteristic, and the conductivity of the
spiral contact 27' is inproved by 5 copper (Cu) which has excellent
conductivity. Thereafter, Step S8 to Step S12 of the first

mbodi t Fig._ 7). ' h the first
e T S el 1] QUL e manner s the {1 1ot
LU orThtuhse Qﬁ espﬁ%nec{ Iﬁ%lapr I ié%!is@l%sgf r@ﬁﬁerskaﬁlé:a#??%ga@é Ahe

core nmetal. Thus,” simTar oducing 'steps o

e I R
SPirel COAUh ATl S dinaly O becbspisidecntLes poly) g i

Thus, gghgoﬁﬂ%@:&cﬁ&n% Lcl‘f?}'ran%cgé%@@l%g aldyaupr Al sed. through the

hol e romthe back side toward the front

side. At this tijm.4dMedi s3idy lsar cetabpab i A 31 4epesidRd rht
the Cu substrate by the sputtéring nethod is al so renoved when the Cu

I's remved gD P%? et gNi nge E‘é@f'&%eéif h[%og%%st%ﬁ‘f ﬁ&HHtQEd%@ t?x’éd %j{}gt

el ectrol ess Au ating 1s perforne oug e prefera

enbodi mendrg, M Qndles &Hdeed ahavernd hes 4 @8Rt LAveRLhep | iy it.8d
to the above enbodinentEQQS buttvarious chanégg gg%b%g L%%ggaﬁ% %Rﬁéi

departingdy am thesspitibdofol Nend nuent kaRerkan gxapehe(pahd heugh the
thin filmis formed by the sputtering nethod when depositing the film

of the diiSsiay kak ABtalmOPLD. theu €018 nBld ot BRet BiAchbEAyal SO, c ¥
be fornmed by ot her nmethods, such as chem cal vapor deposition (CVD)

and ot her:Hd it fc physiddalentapehedepositiian €PVER) 8 i8sdeaso8fq bl nthe
limted to the sputtering nmethod as long as the thin
surface of the spiral contact 27’ and the copper foil {(Cu
substrate) 1 sc that the spiral contact 277 is fixed to the back
side of the polyimide film 8, and then the copper foil (Cu
15 substrate) 1 is removed by etching. Thus, the spiral contact
27" 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
20 byetching. Further, the substrate is bonded, and the electroless
Au plating is performed.
[0086]
Although the preferable embodiments are described above,
the present invention is not limited to the above embodiments
25 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 £ilm of the
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5 filmcan be forned. Furt her, although the polyimde filmis
di sposed on the surface of the copper foil, on which the spiral
contact is forned, in the polyimde filmlamnating step, the

polyim de resin also can be applied by coating. 10Further, dissimlar
metals to be diffused and infiltrate into the surface |ayer of the
spiral contact can be others selected from Cu, Ag, Ni, Zn P B, Cr
M, Fe, Co, Pd, Pt, Ti, Zr, H, V., Nb,

Si. sb, B a&i@sTeilpapetad 4950 t?‘ﬁeCBF%ﬁ%%aJB |t§‘eprtg‘flélr 56[“8 ﬂ)s% can
dded to th h t f

Further . al ERobGrMEnEIArTTe: BRCATIET 1Tt Par T oH oF At aie™ deparHipn
perf or med '”(c%gﬁ”a% Hﬁﬁﬁﬁ%ﬁﬁvq BH%;@{‘&az L ék%p%%'lt%napﬁﬂim' i@é‘@&d
by being heate e nor e

ssure (atnospheric pressure)

though it wijl bE@K? Bl itdd %ol Qﬂgeépﬁﬁ‘-f@arln%ometﬂéd as QloANdVBs theAhin
pr oduci ng net hod a spiral contact in which at |east one dissimlar

nmetal di &f errentn Eaama £orwedetal of the spiral 5 contact is diffused
and infiltrated into a surface |l ayer of the core netal, wherein atons
of the dissiml arFaetldr ard tdiclitybis ede ol viimfiidiet £alwdis mippdsedsanf e
| ayer of the core netal by being heated in a state where the core
metal is broughecemiotkoRPRREY WOEA el S5 Eie SRl rAvtAnt arbvkef ermed,
the heating is perforned at_a pressure not Iess than. 0.1 a and f
nore than 1(}1’0"—]1\@&0lY’a‘mlﬁep}?%&Pﬁ@n?@%%&tS?' ErpPPAr 1BbE d:cetSli“na 50
whi ch at Ieast ne_di S|Crinlar nett different froma core netal of

t he spi ral ﬁtﬁ@? s dl?¥f% d"&id infiltrated into a surface

| ayer o the core FPEﬁ%r A 13& Afs %quyei ﬁgéénnnﬁaﬁklﬁffate

di ffuse andlnfl ated’lntot ace ayer o the core netal by
bei ng heat eq i %h@r%%§@@béeda§e¥|ben%ﬁetspmrals&aheawbee@ntb@ 60K&rs

nmetal is brought into contact with the dissimlar netal,
selected from Cu, Ag, Ni, Zn, P, B, Cr, Mn, Fe, Co, Pd, Pt, Ti,
7r, HE, V, Nb, Ta, Moy W, In, C, S, Au, AL, Si, Sb, Bi and Te. Particularly,
the element B is preferable to be added to the other dissimilar
15 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.

20
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20wherein a pressure of the pressurized environnent is not |ess than
0.1 MPa and not nore than 10.0 MPa. 3. The produci ng net hod of the
spiral contact according to claiml1l or 2, wherein the heating
tenperature is set such that 25 a lower limt thereof is the
tenperature corresponding to 0.4 tinmes the absolute tenperature of
the melting point of the nmetal with the highest nelting point anong
the core netal and the - 45 - dissimlar netal brought in contact

wi th each other while an upper limt tbsaees is the absolute
tenperature of the nelting point of the metal with the |owest nelting
poi nt anong the core netal and the dissimlar nmetal brought in
contact with each 5Sother. 4. The CE)roduci ng method of the spiral
contact accordi ng & ®rHdaichnt Betod \ieped il tdhe CANS3F R Har ethaRtieast
titanium (Ti) which is deposited onto the _surface of the core, netal

by a physi calPn2o?ipdl epdS§i-ei ot L a5 e FhE X PR GUGEF Rg™RES hoth oSt ie 72t

TBLAl i 5 8| uiPRGRELA) CRAFRST S WbhBETt B U O ERE SUFFACE DY Sne® the

o oduced by FREprSat: g Rst ROt Ait Pre - pte Bahalt G2t ara et =

any one of Claﬂh%éil@}%t%d iﬁto4§hé surface layer of the core metal by being
heated in a state where the core metal is brought intec contact
with the dissimilar metal,

10 wherein the heating is performed at a pressure not less

than 0.1 MPa and not more than 10.0 MPa.

2. A producing method of a spiral contact in which at least
one dissimilar metal different from a core metal of the spiral

15 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 layver of the core metal by being
heated in a pressurized environment in a state where the core
metal is brou;;ht into contact with the dissimilar metal,

20 wherein a pressure of the pressurized environment is not

less than 0.1 MPa and nct more than 10.0 MPa.

3. The producing method of the spiral contact according to
claim 1 or 2, wherein the heating temperature is set such that
25 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 amcong the core metal and the
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15

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 lowesi melting point among the core
metal and the dissimilar metal brought in contact with each

octher.

4, The producing method of the spiral contact accerding to
claiml or 2, wherein the dissimilar metal is titanium {Ti) which
is deposited onto the surface of the core metal by a physical

vapor deposition.

5. The producing method of the spiral contact accerding to
claiml or 2, wherein the dissimilar metal is aluminum (Al) which
is deposited onto the surface of the ccre metal by a physical

vapor deposition.

6. A spiral contact produced by the producing method of the

spiral contact according to any one of claims 1 and 2.



