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NAMVE OF DOCUMENT] DESCRI PTION [ TI TLE OF | NVENTI ON]
MATERI AL FOR ELECTRI C CONTACT AND METHOD OF PRODUCI NG
THE SAME [ TECHNI CAL FI ELD| 5[0061] The present
invention relates to a material for an electric
contact and to a nmethod of producing the sane.

[ BACKGROUND ART] [0002] Wi | e copper or copper
al l oys excellent in electric conductivity have been

' I ti , the
A R BN RS GRBTION et or coppor” al 1oys
, . . Cod
O N N AL oF O L e TR X YGRTRCTANR METHOD

bYPRPRODUGINGTIHESAMEf ace treat ments on copper or

c r alloys are being produced and used. In
pﬁé&@ﬁ“ﬁf\# FIELPDhe el ectric contact parts are often

pl at ed Ot(ﬂ noble nmetals for many uses as materials
for el emrlé contacts. Noble netals such as gold,

sil ver, I ' [ b LG :

Ut hon, e pros Tyt BTt 1d o thetRhiaf 180 b €@t coptact and to a
matedhodbEprbdecing theesamet abi | ity and excel | enth ]

e [ opductivity. In particular, silver has been
Jﬁé&%@%"“i%ﬁ%y industrial fields since it is nost

20 excetdoﬁal in electric conductivity anong the netals

and is relatively inexpensive anong the noble netals.

| n_addi Winie,coppet 8K SopBeliogsexeanentif ROty have been
cl addi ng el ectric contact parts wth these noble

nésed for glemieromact pars forfatongl teney the reonbercdfcases of using naked
consi dered to bﬁ ex.ceJ@I ent .in wear 25 resistance have

bEFPUSEFOPBPT IV PidcERRIRg N W&y@w&td@(ﬁ@emrtéawent of
if pole’ recent .
SRR AL RHRS Sk A0yt b RSP s surtace

| tneatotent® bnl cwppec ontcappersalidyehas bR UcBd R GEE In particular
phones, and termnals of nenory cards and PC cards.

wWhereleeldip sentach parp ese eftentplatedwetir noble metals for many uses as
materials for electric contacts. Noble metals such as gold, silver, palladium,

platinum, iridium, rhodium and ruthenium have been used for various electric
contact materials due to their stability and excellent electric conductivity. In
particular, silver has been widely used in many industrial fields since it is most
excellent in electric conductivity among the metals and is relatively inexpensive
among the noble metals. In addition, various materials have been produced by
cladding electric contact parts with these noble metals.

[0003]

Materials for electric contacts considered to be excellent in wear
resistance have been used for electric contact parts that experience repeated
insertion/desertion or sliding in recent years. These include connector terminals
of harnesses in automobiles, contact switches mounted in portable phones, and

terminals of memory cards and PC cards. With respect to improvement in wear
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2 resis ance, materials for contacts using hardened
silver and hardened gol d have bsen comonly used for a
general purpose. O her exanpl es<of research and

devel opnment include clad materials and pl ated
materials in which mcro-particles are dispersed, and
various surface-treated materials have been devel oped
for inmproving sliding characteristics of the materials

e N T L N
: ; o o .
SR ) U S o
adeseloptant iyaiude alagahbtadialsand ptated mesedals in whiclh micro-particles
SR 3L 0 Bl S e s
. . . r
T e
adjkasipé JIF’GAI #:03-2_9:[084 EUE‘S?" ltm_wnélilrieaarrmﬁed pablished J;pafnese
\ the plating |ayers are conposed o
BaER AP lasionb RangtieRIBH &b TBPEveSEa ERistance, aheasosion
' ' [ [, Il .
ol P 9o 5 A5, L AP b B g s

wirttérneediaieclepers andfa §6idl. datinglasa tbe $@yersor B&opper base material
ipternmediate | ayer, and a _gold or gold alloy plat frig
mﬁ@wns  giveRr hesdnessandsuriacs tpughpass. eseirObeREcigrTs hardness

. AL,
'elgpgﬂgﬁélf’é% gﬁéﬁgﬂfégs{??‘gg%ﬂggewbﬁé R s %rr% %thaﬁ%d to be 230 or less

a conven

28hadqmadriedsy eespuctinalydehie tigo piting 0d)ers Beé @bmpssed of a semi-
:‘Aﬁég]ﬁorti ons . where necessarry_{i to slide are readily worn

Wenat anicl@ﬁeﬁtiper\'viﬂbaé flass 0ft3.0nse 66 &ansyag e intermediate
zig';y@f%'a BishtidA@agiuhg ngrig@f;ﬁ@%BiJFﬁ-tn%Re%llw @%g.ngzwgg thickness of

ective conducti vit 0 exposure‘o
o .5 jre arubsd asitres intWhinhedibfeclaydi, akdesgolafortgat _ng&} Blating with a

tal |ayer may be increased for inproving slide
F&’éﬁ éﬁé@mph{@ 9.9 1Bt advant ageous since the

p[;ﬁ@'éfL@S’tDREoéﬁll wh?ﬂg@ due to a | arge anount of use

of expensive noble net In the plating materi al

descri b@@0dh JP- A-03- 191084, the base netal and

pl ati ngHg\I/evte%l? ir¥ &ebr%a?err?aﬁ ?grs eelgct%rceco%(tegétg Ster%a\t/gdt vr\]/itr?a conventional
hardened silver or hardened gold, noble metals used for portions where it is
necessary to slide are readily worn when used for such portions where it is
necessary to slide, and the sliding contact material often showed defective
conductivity due to exposure of the surface of the substrate. While the thickness
of the noble metal layer may be increased for improving slide resistance, this is
not advantageous since the production cost increases due to a large amount of
use of expensive noble metals. In the plating material described in JP-A-03-
191084, the base metal and plating metals to be processed are defined with a
description of ten-point average roughness Rz of the surface of the top layer.

However, it is thought
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description of ten-point average roughness Rz of the
surface of the top layer. However, it is thought that
the definition of the surface rdughness of the top

| ayer is not sufficient for inproving the
characteristics of the sliding contact material, since
the top surface is rapidly worn out. While a noble
netal |ayer of the sliding contact naterial has been

B R b TR i srnt or
50 Bl 5 G s, S M s

c igr rapidly yoan aiuk aVeiet £ abblel raetee sayefr of tdslidisly contact material has
For sal vi nngt he above-nenti oned probl ens, the present

i Reenfemred by ectipiding sngthodi thiimemdatnlgplvgs & problem of high
WA B B2 BRI SRBIAPLLRLS oh bt sot sgea inning o
RS 5 B 0350 T X lgSi5 BE AERYy vt
t techeaiogied 60€18ddiAg. a result of advanced studies for

sol ving_t he above-nentioned 15problens, the inventor
of the PPesYHINgitheamovermeatioreslipwbiems, thagresemtrinegntion

f [ ontacts can he endpwed with excellent ..

BB EREE0ED BriORE Bl dOe AR et 8l excEllent in sicing
radtet@tias bi i i

DAL B e PSRy 190 S Bt e

cowmpeniad wanvie progiucad iwtithna tave paachrciige cost)gimtes sndfao®bf producing

( l.irn on a conductive substrate, and a second

| BPe¥@MPt h a 20t hi ckness from 0.001 x (A) Fin or nore

to (A [;(OfOYJS or less on the first |layer, wherein the
second ayel conprises a noble netal or an alloy of

t he nobAs avetalt ophbiganddwpstutis fol s8RMy thBaibdverBniidised

first layer or an alloy thereof. Wile the noble
problems; the inventor of the present invention has found that the material for
electric contacts can be endowed with excellent wear resistance and sliding
characteristics by providing a first layer composed of a noble metal or an alloy
comprising the noble metal as a major component with an arithmetic average
roughness Ra of (A) pm on a conductive substrate, and a second layer with a
thickness from 0.001 x (A) um or more to (A) um or less on the first layer, wherein
the second layer comprises a noble metal or an alloy of the noble metal other
than the element that forms the first layer or an alioy thereof. While the noble
metal of the second layer that serves as the top surface is worn to a certain
extent by initial contact and sliding when it is used as a contact material, powders
of the worn noble metal are preferentially embedded into uneven portions on the
covering that is formed to be the first layer having an arithmetic average
roughness Ra of (A) um composed of the noble metal or an alloy comprising the

noble metal as a major component. Consequently, the noble metal in the second
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nmetal of the second |ayer that serves as the top
surface is worn to a certain extent by initial contact
and sliding when it is used as 4 contact material,
powders 25of the worn noble netal are preferenti aIIy
enbedded i nto uneven portions on the covering that is
formed to be the first layer having an arithnetic
aver age roughness Ra of (A) pm conposed of the noble

3 i P S e o o
oot g et %?%ﬁ&vuc?hgaﬁ%g&t%agaa@éﬁﬂx sqpiea s

depatabt Stete E@td/eélne&brwélﬁy of dffferéiit MBdle lﬁﬂetalépalf H%‘?éone the service
“%farded as a contact state between a plurality of
dli

asr estidinglsoatant meaterialih empfaved, byt Hectie namddebmca‘tmgam‘fects of

o Bkl o LR o e he presen
f’mgh ?rg ﬁgﬁ Bek ;a(;%ﬁbgﬁﬁﬁgﬁgﬁi bgﬁgtg oﬁ%é‘ é{%ge trﬁgﬁwq{e%sfﬁ%

above- nﬁ]mospned findings. [0006] According to the

present invention, the follow ng neans are provided.

(1) A nAceordiflg todhediresentiioverdionathe falowing sieags ase peovided.

Bl o by SrBHRT o et cddgth Sorisiiise RO Pa e Substrate, a
afl&?léyeg g@@%@?&tof ahddle %&QT 6Fmﬁ%%®‘nsr@|ﬂ§rthe fnobhe metal as a

rough pm and, as an

f imagdr domysonerd, wm an(hrltlametlc euapagedughnass &l ¢ (m)tpah and, as an
or an alloy conprising the noble netal as a mgjo

cwﬁ%n‘é)ﬁ?f ofvthe fiirgd I@Weaus‘egom.l%{aﬁ@@mnﬁseﬂrqfrﬁ ootdemtal oran

BBt AR 5ok he B B o0 P Ep LSS Bing hickrness
Bt fRbmaAP 081 lsre(mwerrﬁms% (Rf th@r 184 Oahd Ormi ng the

second layer 1S a different elenent fromthe noble

net al fwhmmrgthdmolblermetall ﬁqremng)thet ﬂ@cmmbllagenelt’éJIe rbl@a metal as a
mla?cgr c%?n c?nrze%rt]tof ﬂwfe g loy %rm|r¥g {h%rsrgcn%dtlgy?er isa |ffereyn? element from
the noble metal forming the first layer or the noble metal as a major component of
the allioy forming the first layer.
(2) The material for electric contact according to item (1), wherein the (A) is
in the range of from 0.05 to 0.5.
(3) The material for electric contact according to item (1) or (2), wherein at
least one layer of the first layer and the second layer is formed by plating.
(4) A method of producing the material for electric contact according to item
(1) or (2), comprising the step of: forming at least one layer of the first layer and
the second layer by plating.

Other and further features and advantages of the invention will appear

more fully from the following description, appropriately referring to the

accompanying drawings.
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(2) The material for eiectric contact according to
item (1), wherein the (A) is 20in the range of from
0.05 to 0.5. (3) The material Por electric contact
according to item (1) or (2), wherein at |east one

| ayer of the first layer and the second | ayer is
formed by plating. (4) A method of producing the
material for electric contact according to item (1) or

( rising the step of: formng at |east one
I tECFSE)%ﬁ%R'ﬁngQN @5@'&"\3\‘1‘&'%1 he second |ayer by
pl ating 0007 O her and further features and

advant ages of the invention will appear nore fully

from t heFi§ o)l P, Nds desess REEMSh séRihaRédItifistrating an embodiment
referring to the acconpanying draw ngs. “[BRIEF
DeBOR! (rEEENt iOFemRAN NGS] [ 0007] [Fig. 1] Fig.

ermbod 9. S PR K5F 656k SaGipBrichgmatically strabhg another

“Ulpobief SRS FBAGRCTT Cal L 1) Lustrating

[Fig. 3jFifri 3 Bid. 3 isha eresxSsextiohi RReRfHliRAR iIIG@iréﬁn%a further

illustrating a further different enbodi nent of the

pdiffeeent émibveditrienh of {ei present iFivgntian.i s a partially

Boundar( Bes A RATSL FARE eaross Sepion sg/@matealy

afiaf St a bR uRBaR DAL The HrstliBfe iLiitP 80 orldM4G8F 50%rding to an
embodiment of the present invention.

[Fig. 5] Fig. 5 is a partially magnified cross section schematically
illustrating a boundary according to another embodiment of the present invention.
[BEST MODE FOR CARRYING OUT THE INVENTION]

[0008]

The material for electric contact of the present invention comprises, on a
conductive substrate, a first layer composed of a noble metal or an alloy
comprising the noble metal as a major component, with an arithmetic average
roughness Ra of (A) um, and, on the first layer, a second layer composed of a
noble metal or an alloy comprising the noble metal as a major component, with a
thickness from 0.001 x (A) pm or more to (A) um or less, and wherein the noble
metal that forms the second layer or the noble metal that is a major component of
the alloy that forms the second layer is an element different from the noble metal
that forms the first layer or the noble metal that is a major component of the alloy
that forms the first layer. The alloy having the noble metal as a major component
refers to an alloy comprising 50% by mass or more, preferably 80% by mass or
more, of the noble metal.

In addition, when the first layer and second layer each contain the same
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[Fig. 5] Fig. 5is a partially magnified cross section
schematically illustrating a bogndary according to
anot her enbodi nent of the prese i nvention. [BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON] 15[ 0008]

The material for electric contact of the present

i nvention conprises, on a conductive substrate, a
first layer conposed of a noble netal or an all oy

- AORlR P eleefo s o preecliorbbtueen 46 BORIE tathl elpment and
t BﬁofHerr%'ieﬂqéNﬁF 508 BETRAL inq}ﬁgrﬂr&qggﬁgﬂd Nheh B&hSss ratio

or an all oy conprisin as a

mbiptwearotironsiié metal &lemen laalgrzﬂﬁﬁhérra@m@no@,lso%(b@ mBéQ in the
or nore to (tA pmor |ess, and wherein the noble netal
t

t Regondlayer, the psesssv inveayion l@defnh@,d astidlowset al that is

a naj or onent of the all at for the second
| ayer i gﬁmﬁ st gnerd 38 ‘?ﬁ”?ﬂ%'n gIf&stiayen and another

t BRIm&rRNin®hd B&cdrd B &e} %3(? Pp%y%g%{l ? p?or rmneb otflPI?él rasﬁther noble

a mj or conponent O

I metal eldimenabteyurtaforr&D% gy mabs esdmbalt igefndtRitit the noble
onponent refers to an all oy conprising 50% by mass or

rrmeéa' qiemrst aple BElersemMpRReOf e &rst dyer iediffeltnt from the noble
wh t he f | d d
Tl cleRREEh e RraidtSBubderts i e s8EHaRIEr ot
vvhen t he)RRen ndithér Qr%ﬂ“{éﬁaletrﬁ@ntriﬁ %@fle?LagJe{ fllpgtgﬁefher element in

and another elenent is 50% by nmass 1 nt

I tkyeesecmnddayafren a heblemsstal alentericsoveny dhanotbbt elemértlin the first
ement nd anot her el enent is 50% by nass in the

shg 1 JE‘? safeelgmesd e anoler ¢iemens ingibe; sre@nadayer, the noble

ﬁeltnéei‘r’ﬁemen tasthe rsﬁrlég;ﬁ or?é nt o?ﬂ'?% H%E?ag%&g%ﬁ%h%ﬁra{lp{éegarded as

se aiffeteheylemens fren ﬁotﬂétrﬁétal bleendHt AR5 9P njot E8mponent of
anot her nobl e netal el enent accounts for 50% by nass,

sthetsepondilayey iddihé pegbartinvantionnobl e netal el enent as

th t of the f diff t
ot H MEeR ShEhar SerhAttin the e ey i Ing sme Ananether

t BRNRER AN the é’?’cﬁind |égé.2}hé’\88m BEHLARK tﬁé‘ﬂ?stf e?llseﬂ%né me as the
in the first layer anot hg element 1n hef

| egraposition ofthe secoricilayer, soehat themdtxmmaal @éméh@és the major
elenment in the first layer is not the sane el enment as
a‘PRﬂ‘H%’r‘e'étl Ateafirstiayards set saprded as a difereniislemant fiom the noble

kB Mo oo A B Al MBI i el Bt 70, 5

nobl e "Elhrﬂherebvﬂgﬁrﬁndtﬁ@{eléﬁ\etnhﬁl R 5t LYEPRNABIsaAie noble metal
element as another element in the second layer, and when the mass ratio of the
noble metal element as another element in any one of the first layer and second
layer is less than 50% by mass while the mass ratio of the noble metal element
as another element of the other layer of the first layer and second layer is 50% by
mass, so that it is defined that the noble metal element as the major component
of the first layer is different from the noble metal element as the major component

of the second layer.
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15t he second layer in the present invention,

(3) Wien another elenment in the_first layer is the
same as another elenent in the €econd | ayer, the
conposition of the first layer is the sane as the
conposition of the second |ayer, so that the noble
netal elenent as the nmmj or conponent of the first

| ayer is not regarded as a different elenent fromthe
nobl e Zﬂg al elenment as the nmjor conponent of the
second @Eﬁ. Furt her, when another elenent in

the firsgig layer cﬂo%stsB@ti@ﬁ‘Q@héJﬂF{i@aIﬁﬁ%ﬁrﬁmﬁﬁ%mﬁ%dim%nt of the

anot her el enment in the secon ayer, he “nas

r présendinvenéonofhe firet ialyeed esrprividsd andidsifedeesEit ddhductive
any one of the first |layer and second layer is |ess
t RHRsSKEAS bip thissembadimenthandihss secandolayer 3 figsfunihierr erovided on the

onttiars I 2 & osRaeclisn sbhedphiaihiesliay Hsgb S Stpbodiment
t Bpthd érebénﬂiﬁbéﬂt@m.tﬂﬁtuphaﬂa{?@gi Bf et %&e?kgpé;ﬂ%r c?;?no;ﬁmé’%d of the

maj or conponent of the first yer 1's

t fiest tepfelr @ avet sécaridelampet 3 as ptdvidethpOthe oomARENE substrA® 1 in this
second | ayer.. %QOOQ] . Fig. 1is a cross
sBEodimath driflt 8 dsapI0jose sertionachegatisaliyiiostrating adtrther different

' ion.. The. fi | ' /i, ded
oA MREREN o ¥ BPee il inditlion [ Tie wiitavar 4 i on the
egbRdlidiRBIsubatibtd e &8€ BRTbJJAYBAt, 3nldS &Wérfﬁglagéroé’drﬂﬁgsed of the

on the 5 first layer. Fig. 2 is a cross sectio
stitsé layer 2nd/seddnasliayer 8 mglozaty pbeovideboditme nhdefiaydret so that the

presgent. i nventi on. under |l ayer 4 of the caoverin
BiFRiCtionG0Ska eRueHLLY SAYNOIHs @i el Use SUMGF Pabermstal. With
B 00 OSSR s SRR Bao Bipgpenci

_ I ment”. Cross sec _
| slibsttatatl, fg exahule hesy Be fpreviesd opRbathBRbitiod whBee the covering
present invention. The underl ayer is provided on the

16yeheerprsed of the first layer 2ranch$ecanddayend ie proaiteda(in accordance
' | d of the fi | 2 d
S5 1 PglY BhirECSRER R BVer o ¥ bl s pEilash hyegninedirst layer
td i . . . i . R
S SRR PR BB s

3to 3 Hbe sndace ay tve firstgyeh@ drothal tonduotive dedsvatet his OIpractically
conductive substrate 1, for exanple may be provide

ofnEves with ansgithmstc average peioboess RegoflB)) aymrand the second layer

oF S Rttt Tulckidis. 8K A0 REARET S onoBE (@S ybT pripss as
| styun sc¥thbcdllyan kFle.nﬂWhYcrpiEté’\ﬁ&rﬂi_aWﬁwfdrﬁfﬁd LiR¥8 sedtion of a

and second |layer 3 is shown by a liner ITne as a
shogndary betweenthe finst myer andisgsond layer3 |t is pessibid as shown in the

ke B kBl 2o o BB RIS NSRS & e dense
" HWEBRERR BrtiBhs B tHIM orfBEnIdEpSRBAE IHEEright plating is applied on
the second layer 3. Otherwise, the surface may be slightly shaved by lapping
after plating so that the second layer 3 is coated on only the shaved concave
portions. The thickness of the second layer 3 is defined by an arithmetic average

thickness when the second layer is applied dense on the concave portion and
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20 3 is forned with a thickness fromO0.001 x (A gmor
nore to (A) gmor |ess as shown schematically in Fig.
4 which is a partially nagnifi € cross section of a
boundary between the first |ayer and second |ayer. It
is possible as shown in the partially magnified cross
section in Fig. 5 that the second layer 3 is forned
dense on concave portions and thin on convex portions
when bright plating is applied on 25the second | ayer
3thincpRéhereBvex rtislr f ace may be slightly shaved by

| appi ng ﬁqéﬁ plating so that the second layer 3 is
coat ed [8 |y the shaved concave portions. The

thi ckneggpgér, hitReSSCIRSH draa\fﬁél v«\:ﬁ/ d)fsthgé‘é hit&sisb¥r &Romposite
arithmeti c aver age t hi ckness en the second |ayer 'Is

ampptered pdepaxedduy ddverlngrwpper poatdoppeaal¢by o arstes drfmmmum
convex portion. ni ckel or i

omaéﬁflaéua %mp&yedﬁewwrw@twe rSUQS&%Wp\@ﬁdt fr iha Bydtenal for electric

CRRACCH B pf R BAEBRET & el oyed for che

conductpommpubstrate used for the material for
el ectric contact of the present invention. [0011]
Wi | e t\Wilenie uhdgrayesfofithe fifstiayerirage be mpagvided or not provided in

ctﬁsr‘étvr'a%tee‘?@ﬂqr@iecgﬁégé%%%? Al Bie RE HiAveinksst 1 dhder aver composed
an a@%]%r 15?\% gac{?%%ke?rco%%ltaélj am’aﬁg 6‘!’ ?U‘b“aallt’ PF&%%L& *H'an alloy of

or copper or a

NEYppee nidioe @@@kﬂdé@rfoeémbiia asa Babwrblfdlffusfon of the components
dlfoSI on of the conponents in the substrate or fo

i Iﬁﬁh@\suhgtramg‘pvmgylrw adhﬁslmrqitﬂee svbetrate. |Vé{9en a layer of

afesdliing 8 ks Gomatlish popialarinB el f¥krate is
pl%hhbe tﬂyemat. i %Qﬁfdu?é’reénUn%é?lé?%‘r‘tréé&%rﬁ‘%ufzh 48Mush rPIatlng or

plating or 15Strike plating is ctive for Inprovi
asthlespiamgss effedtiveofor meveving aghesibehessuamnd for p?bueraing
underlayers may be provided, and various constitution

ofubsiitione PIHER) sindgFiayersemay &I Rropidsdi arel vaeg%eprn@pt@tﬂpns of the

ARl EaR) 8% prEiaeBe SRR G b PGk i as

1sr§écﬁﬂ6ait|6ntdﬂcal/ering. The preferable thickness of the underlayer is from 0.1
to 1.0 um in total.

[0012]

The first layer composed of a noble metal or an alloy having the noble
metal as a major component, with an arithmetic average roughness Ra of (A) um,
is a noble metal layer excellent in electric conductivity. The (A) is preferably from
0.05 to 0.5, more preferably from 0.1 to 0.2. Wear resistance as a sliding contact
material is decreased when the (A) exceeds 0.5 due to large surface roughness,
and sliding characteristics become poor. While the thickness of the first layer is
not particularly restricted, the thickness of the first layer as a covering layer is

desirably from about 0.2 to about 5 um since larger thickness of the noble metal
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20[ 0012] The first |layer conposed of a noble
metal or an alloy having the noble netal as a major
conmponent, with an arithmetic average roughness Ra of
(A) prri, is a noble netal |ayer excellent in electric
conductivity. The (A) is preferably fromO0.05 to 0.5,
nore preferably from0.1 to 0.2. Wear resistance as a
sliding contact 25material is decreased when the (A)
exceeds 0.5 due to large rface roughness, and
SIPVAT s Uil BBinsreas el BTGl Gosbr . Whi T t he
thickne$ﬁ)g the first layer is not particularly
restric J the thickness of the first |layer as a

coveri nig theyeesérst idesitionhkhe holble rabil that Portrothabfiiret la§er and
um since |arger thickness of the noble netal 9 |ayer

r eeeAndslayer ianhe icesery daventiomutavieoposibe stapdemts@ectrode potentials.
BB R B G R BB Y el B P bOeil ! Blatinum
P e R i e e

cppperablepal | adi um plati num iridium rhodi umand
rut henium Gold, silver, palladiumand platinumare
pr ef er agpwever, the nobleeets thattf@rrn%theefl tayer phitte neplgenetal as a

BRitiohto i os i By PRRISHETTRR RSePe Bl Farpat frpi the noble
dirfet 4 rtﬁé\ttfofrhg Rhd Bécé}ﬂﬂaﬁ}'eil@r t’ﬂg AbbleMAétal 88 BEMAJ R component of the
second | ayer or the nobl'e netal as a nmj or conponent
ofllaynibahfdrons thesecbod hayerhe second | ayer. [0014]

The sec .Bﬁ layer is a covering layer with a thickness
of (A 8t 1ess conposed of a noble netal other than

he o ool 4r |9 EBGefid Blvel Wffa fic@Rst 2 (APYm or less

t her eof € Seco ayer
apsmpssed of éfne’blﬁlmemhitﬁer than the element applied in the first layer or an

alloy thereof. The second layer protects the first layer, and is a different noble
metal layer from the first layer having good conductive characteristics. While the
second layer serves as an initial sliding surface, a layer having low contact
resistance characteristics necessary for a contact material as well as surface
lubricity and wear resistance necessary for a sliding contact material may be
formed by embedding the second layer into the concave portions of the uneven
surface of the first layer with a roughness Ra of (A) um. The amount of the
second layer may be just enough for being embedded in the concave portion of
the first layer, and the thickness of the second layer is from 0.001 x (A) um or
more to (A) um or less, preferably from 0.001 x (A) um to 0.5 x (A) um. The first
layer is covered with the second layer at a thickness of roughness Ra of (A) um
or more as defined for the first layer, when the thickness of the second layer is
more than (A) um. This thickness impairs the effect of the second layer while the

production cost is increased due to the increased use of the noble metal.
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metal layer fromthe first |ayer having good
conductive characteristics. Wi le the second | ayer
serves as an initial sliding sdPface, a | ayer having

| ow contact resistance characteristics necessary for a
contact material as well as surface lubricity and wear
resi stance necessary for a sliding contact materia

may be 20 fornmed by enbeddi ng the second | ayer into
the concave portions of the uneven surface of the
first 18PdPIwith a roughness Ra of (A p.m The anount

Zﬁbtegge‘z\%'ﬁ Brigt¥ Shedllo BB Fe13iimGvatfigos Rhay S Mg, cladding,
a@ébdr%ﬁd&itfé‘ﬁ%s@jﬁérfh@ P8¢ %%é@%? pt&dddi riq/‘ih% @8ierial for

p.mor nore to pm oi | ess, preferabl
OeIGOﬁlocc(n@ctmﬁthe) pfbsénx n(v,é)'ntlpm aﬂlbasifmrreslayéﬁof myee‘rrsi layer and
covered with the second | ayer at a thickness of
r SRANGIS¥eHS reeferably M‘dﬁe@@b’éﬂ%{@gﬂ@ﬁddbﬁ mere prederable to form

L’%ﬁ'it@tt{‘ﬁiﬁset d\/\%en t ?gé rﬁycf{)z'%ﬁ eﬁiciﬁa\lfq% Og:[ﬂ?))éld?edoplatmg

t MRty IbRY; ¥ i
RS SR ﬁpf”ﬁe'é‘?%*;%zﬁ%gqﬁiE*%?ffﬁ%‘?ﬁ%%‘agn%?%f‘?d s

loref@ably avbirethedrdf dac|itating thindilhi ltonbedomed, meinlved’sonally used
et i R 5 ke g s
(ﬁ'&flﬁér% r‘ﬁ%ptb%hﬁs#{ ﬁ?v@éfﬁﬁﬁ%aél@)@%&g% flfétt Iéfe?%'i' second layer,

ayer o ayer an [ayer

pmretb@thabyefspa@strm;@é drspptain arder wdupéprew th®h&cessary amount of
preferable to formboth the first and second | ayers by

pihgtnakge matal e conventional |y used plating methods may
be apprh%@r ftel y selected for use, an el ectroplating
nmet hod éeferable as a nethod of facilitating thin

films t?hé’@o@c/é}{rf&sﬁ_ ﬁg@m‘%mrsggﬁﬂ VeHﬁtﬁQns%ﬁiﬂ??bl@@%pectwe of

of the el ectroplat convent

eﬂhecﬂurfamleaappmgiraxﬁt:moﬁﬁhei layer soch & brigktd sehti- blnghuaatﬂ lmhatt surfaces.
to | ocal g the first layer or second | ayer,
e|aa§»@°¥§len gfiegt mpehe abtaiped Snivnbyteepresgn tﬁ‘yﬁﬂ%@% various

tgc?dlﬁ\?é:s?%?sebréfsﬁﬂtéléghtsogné Hf‘spré?@éoe pgﬁ’ltcPels may be preferably
compounded in at least one layer for enhancing the effect of the present invention.

[0017]

The present invention enables an electric contact material excellent in
sliding characteristics and wear resistance and having a long service life to be
produced with a low production cost.

[EXAMPLES]

[0018]

The present invention will be described in more detail based on examples
given below, but the invention is not meant to be limited by these.

After applying pre-treatments such as electrolytic degreasing and acid

washing to a C14410 belt (copper substrate) with a thickness of 0.3 mm and a



[0016] The covering | ayer of the present invention is
applicable irrespective of 16the surface appearance of

the | ayer such as bright, sem -1Bright and matt

surfaces. Wile a sufficient effect nay be obtai ned

only by the present invention, various additives,

di spersion agents and di spersed particles may be
preferably conpounded in at |east one |ayer for

enhancing the effect of the present invention. [0017]
20l ot;ﬂggarm plaﬁ%hasgm@ﬁae@@s shovel sctatle 1d@enewoduced to

BB B BB bt FEhARCP P REMEES B L w BB Foon anc
PIQBiRSs até Bx@mpR¥ P oduct| on cost. [EXAMPLES] [0018]

25The present 1nvention wll be described in nore

det ai | Bbsﬁdclmessﬂrqdohs;lgﬁmgelaybehmw calculatelleas an average value
invention is not meant to be limted by these

AP iBe thisknoshaegsuarad ahtheatnds snen %Qlt@%éwfac@us@g a fluorescent

dﬁ%é??lﬁbgﬁlc@ﬁ%?a Igﬁy z nga%?u%(t%(fﬁ#%ng §‘:T Y Wanufactured

by SlI) with a collimator diameter of 0.5 mm and a measuring time of 60 seconds.



i nvention

The thi ckness of

of the thickness neasured at 10 points on an arbitrary
manuf actured by SI1) with a collinmator dianeter of 0.5

surface using a fluorescent X-ray filmthickness

each plating | ayer was cal cul ated as an average val ue
measuri ng apparatus (trade nane: SFT 9400,

Table 1 were produced to obtain the materials for
el ectric contacts in exanples pf the present

width of 18 mm pl ated base materials as shown in
and in conparative exanpl es.

L0'0/NY 8°'0/0'¥/OVY QUON g ajdwiex3 aAijeledwo)
10'0/NVY €0°0/0"¥/OV SUON G 9|dwex3 aAelsedwo)

—  SQ0BEY cl . €'0/0'p/bY 2 0/9Ms By pue G°0/IN v |dwex3 aAjesedwo)
N b &= o s 9°0/0'v/bY SUON ¢ a|dwex3 aAesedwo)
S o SHEW I €'0/0'p/0Y SUON Z 9/dwex3 aajeledwo)
—-Swdooma o €'0/0 v/0VY 2 0/HIS by pue G'0/IN | aidwex3 aAjelredwo)
o ©.cHBOAY T O = €0/5°0/0Y auoN 61 8|dwex3

R T T G'0/0 ¥/0Y SUON g| a|dwex3
oo Z2ET .2 T L"0/0 ¥/BY SUON /| 8jdwex3

5 CICEVY -~ o G0°0/0 t/BV SUON 9} sjdutex3
wo 2T W= 20~ 6L 0/0w/Byyblg Z'0/us By pue G 0/IN Gl o|dwex3
S5 - 3008y 2= 2lai  §'0/0'¥/0OViybug 2 0/ by pue G'0/IN | 9|dwex3
o2 SR T - o 2°0/0°L/Pd §'0,/ND ¢} alduwex3
o _ 1008V » <X 2'0/0'LIPd G'0/IN 2l aidwexy
OCOLOPEHY O D_|o 2'0/0°L/Pd QUON L1 a|dwex3

= O GEOMP = — 10| > 2'0/0°L/Pd SUON 0} ajdwex3
O — — 4@ © SX— D  ¢£'0/0¥/OV SUON 6 9|dwex3
g J@MIEN-pP D —  €0/0pOV SUON 8 ajdwex3
—_-c . 5@%. 853 IToc® £°0/0° /by 3UON / 9|dwex3
o oS0 .—— J=2 €0/0¥/0V Z'0/o3US By pue G°0/IN 9 s|dwex3
COoo geMY.-— <00 €0/0/0Y 2°0/2141S By pue G'o/IN G 9jdwiexg
=S 400RY. £O [=.—  €0/0¥/0Y 2 0/ by pue g'o/nD t 9|dwex]
2.—OA@IMY omWo~  €0/0/0Y Z' 0/s by pue G0/0D ¢ a|dwex3
o._ Q0w oo _|.. — £0/0v/0V Z°0/21141S By pue G'0/IN ¢ o|dwex3
O cqOMY — SN|c T ¢0/0F/BY BUON | 8|dwex3
o ST) ssauwpigic - (wr) ey (wr) (wri) Joke| sy} jo ssauxoly L
C O[5k puodPG © X |- S8aujoly | 1Jehe isiid /1oAejlapun Jo aous)six]
m 255 s @%m@@ma&oo pue uonuaAul Juasald au) Jo sejdwex3 Jo s|ielaq 1 a|qel

Fooool O« O

(1L aiqel]
[6L00]




10

15

20

25

15Pl ating liquid: AGCN 5 W.., KCN 60 g/L, K2CG3 30
g/L Plating conditions: current density 2 Al dng,
tenperature 30C [Ag plating] Pl1&ing |iquid: AgCN 50
glL, KCN 100 giL, K2CO3 30 g/L Pl ating
conditions: current density 0.5 to 3 A/drn2,
tenperature 30C 20[Bright Ag plating] Plating |iquid:
AgeN 5 g/L, KCN 100 giL, K2CO3 30 g/L, NaS203 1.58
git., Plating conditions: current density 1 A/dng,

t enper atl@P20130C [0022] [Pd-Ni plating: Pd/N (%

0050, 581354 11 e Y BBy Pl Pavore

CRRMibheAPlatiigl drehodenséby, 1 A/ dn2, tenperature 30C
[Pd plating] "14 Plating liquid: Pd(NH3)2Cl2 45 WE,

NHKiQilatindd0 mUL, (NH4)2SO4 50 g/ L Plating conditions:
BTt i NitNHa5Ou ) B00 GimNe 88 en > Uep % uiL

Plating conditions: current density 15 A/dm?, temperature 50°C

[Co plating]

Plating liquid: CoSO,4 400 g/L, NaCl 20 g/L, H:BO3 40 g/L

Plating conditions: current density 5 A/dm?, temperature 30°C

[Cu plating]

Plating liquid: CuSO4-5H,0 250 g/L, H,SO,4 50 g/L, NaCl 0.1 g/L

Plating conditions: current density 6 A/dm?, temperature 40°C

[0021]

[Ag strike plating]

Plating liquid: AGCN 5 g/L, KCN 60 g/L, K,CO3 30 g/L

Plating conditions: current density 2 A/dm?, temperature 30°C

[Ag plating]

Plating liquid: AQCN 50 g/L, KCN 100 g/L, K,CO3 30 g/L

Plating conditions: current density 0.5 to 3 A/dm?, temperature 30°C

[Bright Ag plating]

Plating liquid: AGQCN 5 g/L, KCN 100 g/L, K,CO3 30 g/L, NaS,03 1.58 g/L

Plating conditions: current density 1 A/dm?, temperature 30°C
[0022]
[Pd-Ni plating: Pd/Ni (%) 80/20]

Plating liquid: Pd(NHs),Cl, 40 g/L, NiSO, 45 g/L, NH4OH 90 mL/L, (NH4),SO4 50

g/L
Plating conditions: current density 1 A/dm?, temperature 30°C
[Pd plating]
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[Au plating] Plating liquid: KAti(CN)2 14.6 g/L,
C6H807 150 g/L, K2C6H407 180 9/, EDTA-Co (11) 3 g/L,
pi perazine 2g/L Plating conditilns: current density 1
Al dnR2, tenperature 40C [Ru plating] Plating |iquid:
RuUNCC13- 5H20 10 g/L., NH2SO3H 15 W _ 10PI ati ng
conditions: current density 1 AldnR2, tenperature 50C
[ 0024] The results of neasurenents of the
d%nam' c friction coefficient and contact resistance of
t

latipa i BN Holo il 4210 g NibiétH 90 mhfle (Nt 50015008t ng
SBRh B PR gt T ™ T

mat er i qbgzg r electric contacts. [0025] [ Measurenent
of dynamc Triction coefficient] The dynam c

f[Aucplatimgjcoef fi ci ent was measured using a Bauden
prent . e measuring conditions we

friction test equi Th d re
aiBlating lligwist: Ké‘m(éhl)zmﬁrﬁﬂ-, SoldeP7 Hal 9/lprbeH.Or 186 9/L, EDTA-Co
bl dlta oA, L2t e, 103 mmimin, rectprocat i ng
Filk e e A
cetu platinglesi st ance after the measurenment of the
Paiins fguid: RuNOCh 3,0 S0 gL, NRSom Ts gt Y

Plating conditions: current density 1 A/dm?, temperature 50°C

[0024]

The results of measurements of the dynamic friction coefficient and
contact resistance of the parts used for sliding contact under the following
conditions, and the production cost are shown in Table 2 below with respect to
the above-mentioned materials for electric contacts.

[0025]

[Measurement of dynamic friction coefficient]

The dynamic friction coefficient was measured using a Bauden friction
test equipment. The measuring conditions were as follows:

R = 2.0 mm, steel ball probe, slide distance 10 mm, slide rate 100
mm/min, reciprocating No. of sliding 100 times, load 10 g, 65% Rh, 25°C

[Measurement of contact resistance]

The initial contact resistance after coating and the contact resistance after
the measurement of the dynamic friction coefficient were measured by a 4-stylus
method. The measuring conditions were Ag probe R =2 mm and a load of 10 g,

and the resistance at a current intensity of 10 mA was measured.



25 nmet hod. The neasuring conditions were Ag probe R =
and the resistance at a

2 rnmand a | oad of 10 g,
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16 [0027] In Table 2, the costs required for
producing the materials for electric contacts in the
exanpl es and conparative exanpllés were classified into
4 stages 0, A and x) fromthe |lower cost to the

hi gher cost. The total evaluation was al so classified
into 4 stages (i(c), 0, Aand x ) frorn the good to

t he poor evaluation. The ranks of (c) and 0O are
considered to be in a practically applicable |evel.

[ 0028] [PRE7hbove- mentioned results show that a stable

o P RS e o AR B et 7 et
COSHtAEL ik B ?R%ﬂﬁ%s! and E&ﬁ?érégfggréxta IBYRPE cRissified into 4 stages
reci procal sliding is about 100 tines 1n the sanples

of©Camparaid we) flrarnhé éswdr, cabt tétthebhighdr 6ostTMithe total evaluation
production cost was high in the sanple in Conparative

Ewaspise dasgiied ifie destagen(@s GereandtX ) fiom heganaddalthg poor

| i bl | l.. | N TRl AL APPLI | UT 0029
RPN TThS ks R T L GardGR Pah A ptatticaly

| Ay@rRbbRNeGan be used for the material for electric
contacts subjected to repeated insertion/desertion or
sl i di ng08@8h as connector termnals of the autonobile

harness, contact sw tches 20 nounted on the portable,
phone ahie eBPYE-masiopedirRaulferhnY thatrausiahle dmasmicdriction

coefficient and contact resistance are obtained in the examples. On the contrary,
the contact resistance increases when the number of reciprocal sliding is about
100 times in the samples of Comparative Examples 1, 3, 4, 5and 6. The
production cost was high in the sample in Comparative Example 2. All these
samples were not in a practically applicable level.

[INDUSTRIAL APPLICABILITY]

[0029]

The material for electric contacts of the present invention can be used for
the material for electric contacts subjected to repeated insertion/desertion or
sliding such as connector terminals of the automobile harness, contact switches
mounted on the portable phone and terminals of the memory card and PC card.

[0030]

Having described our invention as related to the present embodiments, it
is our intention that the invention not be limited by any of the details of the
description, unless otherwise specified, but rather be construed broadly within its
spirit and scope as set out in the accompanying claims.

This application claims priority on Patent Application No. 2006-075231
filed in Japan on March 17, 2006, and Patent Application No. 2007-065855 filed

in Japan on March 14, 2007, each of which is entirely herein incorporated by



[ 0030] Havi ng descri bed our invention as
related to the present enbodi nents, it is our
intention that the invention ndf be linmited by any of
the details of the description, unless otherw se
speci fied, but rather be construed broadly within its
25spirit and scope as set out in the acconpanying

cl ai s. This application clains priority on
Pat ent Application No. 2006-075231 filed in Japan on
MEfeeNEg, 2006, and Patent Application No. 200T065855
filed in Japan on March 14, 2007, each of which is
entirely herein incorporated by 18 [ NAME OF
DOCUMENT] CLAIMS [Claim 1] A material for electric
sliding contact, conprising, on a conductive
substrate, a first layer conposed of a noble netal or
an alloy conprising the noble netal as a major
conponent, with an arithnmetic average roughness Ra of
(A) pm and, as an upper |ayer of the first |ayer, a
second | ayer conposed of a noble netal or an all oy
conprising the noble netal as a major conponent, wth
a covering thickness of fromO0.001 x (A) prn or nore
to (A) pmor less, and
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wherein the noble netal formng the second | ayer or
the noble netal as a 10 ngj or1§lorrponent of the alloy
form ng the second layer is a different elenment from
the noble netal formng the first |ayer or the noble
nmetal as a major conponent of the alloy formng the
first layer; wherein the (A is in the range of from
0.05to 0.5. [Caim2] 15The nmaterial for electric

@\]nAe @FW@WEWF@L% to Claim1, wherein at |east

ayer rst ayer and the second |l ayer is
[Gairved] by plating. [Caim 3] A net hod of
produci ng the material for electric sliding contact

accor dﬁ\ﬁgateﬁaldpaemclnc slighinepporiphly CORPrISnGp oafa Canstueting
SRR RS A B babl e RNE o AES ) O RERDhe
ﬁ(%lbfi‘ﬁétaf 8¢ HRAa8F chbRPorBhE Wit are6PNttRIaRagé PdiiBhhess Ra of
(A) um, and, as an upper layer of the first layer, a second layer composed of a
noble metal or an alloy comprising the noble metal as a major component, with a
covering thickness of from 0.001 x (A) um or more to (A) um or less, and

wherein the noble metal forming the second layer or the noble metal as a
major component of the alloy forming the second layer is a different element from
the noble metal forming the first layer or the noble metal as a major component of
the alloy forming the first layer;

wherein the (A) is in the range of from 0.05 to 0.5.

[Claim 2]

The material for electric sliding contact according to Claim 1 , wherein at
least one layer of the first layer and the second layer is formed by plating.
[Claim 3]

A method of producing the material for electric sliding contact according
to Claim 1 , comprising the step of: forming at least one layer of the first layer and
the second layer by plating.

[Claim 4]

An electric sliding contact formed of the material according to claim 1.



