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1 DESCRI PTI ON COPPER ALLOY FOR ELECTRONI C MACHI NERY
AND TOOLS AND METHOD OF PRODUCI NG THE SAME 5

TECHNI CAL FI ELD [0001] The prebent invention rel ates
to a copper alloy inproved in platability with
metal s, and a nethod of producing the same. 10
BACKGROUND ART [0002] Copper alloys used in

el ectronic machi nery and tools are given various

ki nds of netal plating, seeking to inpart nore
functionality thereto. Inf35§€¥“B§EDN15 for |ead
frames, for exanple, they are given Ag plating for

wi re bonding, Cu plating as a foundation for the said

Aggp R%L@W(ﬁ@'ﬂﬁgﬂ#@h{l@%h@ﬁlﬁéﬁvANQJ ROOLS AND METHOD
boards. Recent years have al so seen the use of plate

| e&dP ROAES INGEHE ShiMy  gi ving netal plating

t hroughout the surface of |ead frames after formng

| ead by 20 etching or presswork. The netal plating

gl eiLn,includes Pd plating, and N plating as
aﬂé%ﬁ{ﬁﬂgﬁ%%h,ﬁl‘r@reof. [0003] In recent years, further

[ paqses i n packing density and further reductions

ih size and profile have been required of electronic
conponehhs puseht iREntion ebletds ona copperhalingrimpameed mapiatability with
In response to these requirenents, efforts have been

no@tag aneadnethod o PeedCing e sABEr of pins and to

narrow pitches in the fields of |ead franes,
termnals, and connectors. Fromthe viewpoint of

BACKGROUND ART
[0002]

Copper alioys used in electronic machinery and tools are given various
kinds of metal plating, seeking to impart more functionality thereto. In their use
for lead frames, for example, they are given Ag plating for wire bonding, Cu
plating as a foundation for the said Ag plating, and solder plating for mounting on
boards. |

Recent years have also seen the use of plated lead frames prepared by
giving metal plating throughout the surface of lead frames after forming lead by
etching or presswork. The metal plating given therein includes Pd plating, and
Ni plating as a foundation thereof.

[0003]

In recent years, further increases in packing density and further
reductions in size and profile have been required of electronic components used
in electronic machinery and tools. In response to these requirements, efforts
have been moving ahead to increase the number of pins and to narrow pitches in
the fields of lead frames, terminals, and connectors. From the viewpoint of

environmental issues, the solder used in mounting those components on boards
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envi ronmental issues, the solder used in nounting

t hose conponents on boards 2 ggs been required to be
free of lead, and then many | ead-free solders bring
about a rise in soldering tenperatures at the tine of
nmounting on boards. [0004] As pitches are narrowed,
probl ens nmay be caused in the producing 5 nethod of

| ead frames. Specifically, there nmay be cases in which

t | ati. i in.th [ t hod of | .
¢ Pénb8oR sSauhicth et iraut it e sranakadg s e s bring about
p?‘?is%% 'sﬁglérﬂp%nb%?écfﬁp%s LOWB" R of ﬂ%u%ﬂﬂ?'oﬂ%o%r&&.”gt h
of Wwre ondrng, "and shorts may occur between
o@aent | eads. [0005] { 10 In addition, the Cu

atii
pfuating as_a foundation is exposed in areas to which

Ag pl atAagittkeshate gavewsd apre may he caesadeid tha pgoducing
packagi n r,Qcess, a oxidatjon filmon the |ead .
Preao AP eBETE8s or el ek Maah Catdiyin Which the Ag plating
a l; eV [ r PR
HISER 1745 PrRicAd FRNR of Paq FERRE Caul itinaloys pregipitation
oxhdgrdwihniol npejécing farradiheséMeReasingthe @ nderdstferate of wire
surface, 15 to result in |owering of adhesion between
abeamdingr @’ ghaitel Mayserdur deteeeTadiecent ikgdpr obl em

0@%% that, when soldering onto boards is carried
out”, Eackages beconme cracked in a reflow ng furnace.

[ 0006] ﬁeft?ﬂ;itri%‘_ttﬁe ;g!%ﬁ:g%taﬁaasn@uhﬂgﬁgn R SR R81in bas to which

met hod of mting t er of precipites in a

capmeatiral isoyat gweng Bintiovinersit & heatgdpoiantsckalingnooeéss)san
pre_ciﬁ(ié‘f‘ati on of plating, to a certain value or bel ow,
apdatien s padhedead pmeryriase is fomeacht dndhesgiaraasaiso,

e L ] s to certair u r :
ceranlots et BB for s EEPL b B e el Seifing oy piating
t BRWER BHhatsh ¥EoRRe FRRNAkriof ! YSedidid SPBel iBhE frame surface,
al | oy conpositions, cannot be applied to other copper
ald repslt 2 Bwdrroher oft duthasiorchetstesmcse ;) oldreddio deddpad freatsse  Thus,
t%the entire copper alloys have not i )
the problem occurs that, when soldering onto boards is carried out, packages
become cracked in a reflowing furnace.
[0008]

Seeking to resolve those these problems, the method of limiting the
number of precipites in a copper alloy, which form starting points of anomalous
precipitation of plating, to a certain value or below, and the method of limiting the
contents of addition elements or impurity elements to certain values or below,
have been proposed. However, these methods, though effective on copper
alloys having specific alloy compositions, cannot be applied to other copper alloys.
Under the circumstances, methods applicable to the entire copper alloys have not
yet been found.

[0007]

Additionally, although methods of improving the influences of the work
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yet been found. [0007] Additionally, although nethods

of inproving the influences of the work 3 affected

| ayer present on the surface of3a netallic materi al

have so far been proposed, they aimto inprove

adhesi veness and sol der wettability of the netal -

pl ated | ayer, and differ in substance fromthe present

i nvention based on the finding of the relationship

bet ween the anomal ous precipitation of netal plating 5
(effepted iajes gresent prdbepilraceon a petadissmptasial ppvaspda) been
and t he .thi ckness .of the rk affected. layer -

P SELERTFEHR ORI 4 AP RGeS 19 SRidh Weftaili qfthe metal-
¢ ; - . _

B BB oA, hos Py KRBT e bR ILRAEN haspd on the
afvedind @f shepredatiqrishit betwesh thpl adonmgon® badapitedion of metal plating
| oweri ng of adhesiveness of oxidation film and a

st GraRrotscting moecipitatipn, pereidmprecidiatips) andihalthickness @f éhe work
in elteggﬁqoni ¢ machinery and tools. [0009] 15 As a

r%féetﬁ? Y&ur intensive studies on the pr obl em caused
during or after nmetal plating, it has been found that

a work affected | ayer constituted of a Beil by |ayer
(DPCLOBARE OMBINWVBE TEDNanmor phous structure and a

m crocrystalline |layer (lower |ayer) having very fine
clOP&BhI 1 i ne aggregate texture was present in the

PR Bl i e ) QI o
gexight P{a@&ﬁlﬁ? witehetae ahataus ighfeithel RoAtalG@Splelbitation of
hot rolling, cold rolling, buff “polishing and

aplatag inmetalswenrdowerih 06 ddhssiapmesspof atdgtionafiich, windra method of

metal plating was given on this work affected Ia%/er,

t FOCECHWCheSBNe. (k8N b BIAVEIRL ISR SIRSHNBUachinery and tools.
0%%bgi tation of nmetal plating. And further studies

have "been proceedi ng, thereby achieving the present

i nvent i a result of our intensive studies on the problem caused during or after
metal plating, it has been found that a work affected layer constituted of a Beilby
layer (upper layer) having an amorphous structure and a microcrystalline layer
(flower layer) having very fine crystalline aggregate texture was present in the
surface layer of a copper alloy for use in electronic machinery and tools, which
was manufactured in a general process where various steps, such as casting, hot
rolling, cold rolling, buff polishing and annealing, were combined as appropriate,
and when metal plating was given on this work affected layer, there occurred the
problem-causing anomalous precipitation of metal plating. And further studies
have been proceeding, thereby achieving the present invention.

[0010]
Copper alloys are generally produced by using appropriate combinations
of steps, such as casting, hot rolling, cold rolling, buff polishing and annealing,

and undergo various types of plastic working in the process of production. As a
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25 [0010] Copper alloys are generally produced by
usi ng appropriate conbi nati ons _ of steps, such as
casting, hot rolling, cold rolﬁing, buff polishing and
anneal i ng, and undergo various types of plastic
working in the process of production. As a 4 result
of the plastic working, a work affected | ayer and a
plastic deformation | ayer, showing finer crystalline

I LR ST T —
qumgb?ﬁﬁ%?wbé%rggﬁlﬁr%‘:&r&@é thahr}hbggirpfh%‘c‘cﬁm% glr)ﬁefgpéﬂo@(or inner

ayer ers to a non-uni

Mt OEtESERIper Bflo) BHs fatrRd(ihahe %Eg@mloywa%qd%r. or

the grain size of less than 0.2 p ich is forned
i n the Isdhé¢ acesdrayaentbna’woppdtectdd layelindtars o agion-uniform
various ?Sti C delf ormation pr Oﬁ]essi n

! f pl
STy s S B et agoshos g Hagarg e of less than

(DR DR TR S I REB A er T (MEL LbF URfepiyng various

Wibés of pRistit eefstiriigioal droossdiy as shsd abwes yarid ReccHtituted of a
crystalline aggregate texture. The plastic deformation

| Bgithy lager @ppey iayar) antba raigipasgsialine dayailowendayarhe The Beilby
ryst.al rai ns helre'niscasrthanto.eintr}ga f

eYsTdas, 2h ANTGTRBOYS StfotyFe Wils PednissecrysigRing Ay has a very fine

f - : ' £ (1

PR fedatblfyfe Do RBERER ALY e B3 ptaline

ofggréhatectopies tizdtlthy crfstairgraxarnthemin { craredotiian3nbsé i the
10.0 pm. 15 [0011] Accordi n& to our finding, when a
Hoisier v eiatng leyerca b theln siges gof axarople, Fom phoytd2da s um)

of the work affected . |ayer is.present in the c .
eyl BBy Selior Nt G BiBRAGE by Kioqrber R r inner part of
3hHe 'E%bBH?aH’cS;?C(fd?'éx%Mrﬂ@, fORAtadHiE BRI 96.0W).

progresses preferentially fromsonme nuclel Tornmed at
tfdétiniti al stage of plating 20 and develop into

projection formation, and that the plating | ayer .
becore ASSPHIBY 19 OsRTIBENGnVhERA ReRYTERYMIRIGrecTisiadinggstructure as

95516985 b e e RSl AERL . PR RERRE st ere
is a tendency to cause such anomalous precipitation that nuclear growth
progresses preferentially from some nuclei formed at the initial stage of plating
and develop into projection formation, and that the plating layer become porous
because uniform nucleation is hard to occur on the aforesaid surface layer. The
present invention has been made based on these findings.
[0012]

According to the present invention, there are provided the following
means:
(1) A copper alloy for electronic machinery and tools, having a surface layer
comprising a work affected layer whose thickness is 0.2 um or below;

(2) The copper alloy for electronic machinery and tools according to the
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[0012] According to the present invention, there are
provided the followng 25 meag’o (1) A copper alloy
for electronic machinery and tobls, having a surface

| ayer conprising a work affected Iayer whose
thickness is 0.2 pmor below, (2) The copper alloy for
el ectronic machinery and tools according to the 5
above item (1), which is plated with nmetal; (3) The

Al (b wiieh Sl TEMRE) or 12). which is
(: ted "IVHeIE n@%{%ﬁloﬁor él%):}ré—@? T E2ERE aér{oo isoéccording tg the

Ct roni c S accor

Oébd\.]éelteﬁrhw)eoﬂ (czgrmh{ch);s?mtéﬁmhmr c&n ng 0.05 to 0. 5%

by mass of 0% by nass of Sn and 0.05 to
140% byThms@ppﬁr oy farneiet:tnomznenacdmn@rm aichigols according to any one

e 5 G P P e Bt 20
%)\Pr]natsg o(l)' O/%rt?% iisRie) ?f()o/sb&"i‘rqgss 0102? d’j}oo u?’t%ep%o%?@m%f optionally,

al ance bei and i nevit

| Ry b0, % byli®a6b)n ahetat apierint of Aokakosnebeleticarém the group
machi nery and tool s accordi n?Sto any one of the above

i eansisting)oftte01 &) 0. S%rb(yrm@wg iand 8. 041 1©94.6Y° brmgrassiofpgr, with the
and further

%??%Pﬁ'é‘g SPPFLREH] 51 B1yBableS TRy mmss i n
@21 ATBloiel iy SRS ARRCIRRSAEY Al §°‘9*9'H5 fg;any one

h}f thesHook AemD(1085 (3)9 cOmb¥ishy 2rege 400%Nky rr@as@S)f 1\5 ahd 0.4 to

2.0% by mass of Sn and 0.05 to 1.0% by nmass_of
v@ B bhenassl dndeand fuigheraenapiising optioanlhs G. %‘iﬁq 2 {08 by mass in

Blot Al 45 R LB RTR BL ne RE 4 BB1 0 15
1 b1 LS B RILO01 A D00, R BRs i, 005
tto 220% onmask dftEn ahd 005 toe 8% by nass(&)Zn, with the balance being
Cu and inevitable impurities;

(6) Alead frame using the copper alloy for electronic machinery and tools
according to any one of the above items (1) to (5),

(7) Aterminal using the copper alloy for electronic machinery and tools
according to any one of the above items (1) to (5);

(8) A connector using the copper alloy for electronic machinery and toois
according to any one of the above items (1) to (5);

(9} A method of producing a copper alloy for electronic machinery and tools,
comprising removing a work affected layer forming a surface layer of the copper
alloy to adjust a thickness of the work affected layer to 0.2 um or below;

(10)  The method of producing a copper alloy for electronic machinery and

tools according to the above item (9), wherein the removing a work affected layer

is performed by chemical dissolving treatment;
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(8) A connector using the copper alloy for electronic
machi nery and tools according éo any one of the above
items (1) to (5); (9) A nethod of producing a copper
alloy for electronic machinery and tools, conprising
removing a work affected |layer formng a surface |ayer
of the copper 25 alloy to adjust a thickness of the
work affected layer to 0.2 mor below, (10) The nethod

P ¢ e Ml P RE Bard chBbeEaREial plssOflfbdRhifery and
LR £EBVFHING 18 tM\@ 'é%o@éﬁt@[?ﬁ 6@9 \bvﬁéi%‘" n tHeS reRBEiAg 'é‘iﬁorlkyaﬁected layer
chem cal di Ssol ving treatnent (11) The ne®thod of

pis gt mg debycelpprockx himal ﬁmsoblr@cmaimmtnachl nery and
tools according to the above |tem§ , Wherein the

rédvi nghamashed af pextusing agepper aligyder glestianisymachinery and

8L IR A BB SN s TS A v

a;@,q)e?fdrﬁ@kjso@qéé{rtﬂgd}g}etnp the above item (9), wherein
the removing a work affected layer is perforned by

hea) t ree mexhod Ol BlodTicgwe chppeodliqyrfodelsictrgni maplpneery and
all oy for electronic nachinery and tools accordin

ﬁ%olso%@%@meﬁe A RNe PhBRANCY itepng D)to (IWemdiereinrBe Coppef

R B ST S 8 T IO Ty 00
Offo Z0% @@?’nafééréfhﬁ’f mmﬁhéﬁéomﬁﬂﬁéQrtﬁitleally@ 00441 E@O%"/@%y mass in

by mass 1n a total anmount of at |east one sel ected
fa totat dreognboiatdeasti atd sgjecieddran the ghwgsonsjstimgsef ®P1 to 0.5%

ﬁ@( Riroess s o had 6 Bra % tipdrs of 2o wilkie opigherngsing Cu and
E,%@ g[jgﬁi&cgﬁg‘ a copper alloy for electronic

I nery tool s according to any one of the

a(het\ye I Tremmetifd bbplobidbingespper &g foppRetronial hayhinery and
conprises 2.0 to 4.0% by mass of NN and 0.4 to 0.8% by

nasls acoslingda@nyrane ofdhe ehoyeiiesss (%é@ |(b29awhprelo thesopper
t 2.0%Db t,ot al t
B sosied Db My RessrENagde 30 DR byaBing of Si. and

RifthePEoMpris&s BiohGily, 0.005 to 2.0% by mass in a total amount of at least
one selected from the group consisting 0.05 to 0.15% by mass of Mg, 0.005 to |
0.1% by mass of Ag, 0.005 to 0.1% by mass of Mn, 0.05 to 2.0% by mass of Sn
and 0.05 to 1.0% by mass of Zn, with the balance being Cu and inevitable
impurities.

[0013]
Other and further features and advantages of the invention will appear
more fully from the following description, taken in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0014]
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0.1% by mass of Ag, 0.005 to 0.1% by mass of M, 0,05
to 2.0% by nmass of Sn 20 and 0.05 to 1.0% by nass of
Zn, with the balance being Cu anhd inevitable
impurities. [0013] Ocher and further features and
advant ages of the invention will appear nore fully
fromthe follow ng description, taken in connection
vvith the 25 acconpanying draw ngs. BRI EF DESCRI PTI ON

001 Fig. 1lis 0Ss-sect | onal
bhot ogr S Tt A geseetiand Bpotasiasn &f RicoPpabaldiesSIM
FLBserdalisn @ schematic diagram depicting a
cross-section of a copper alloy j conprising a work

af f ect efigl 2yeh skhahthtiz Dh@si Ge?@flﬁ @&trb@@sé@t‘}tﬁf ofa cBpper alloy
BEST MODE FOR CARRYI NG THE [ 0015]

Hee@priainger wotkhaffeeted dayeri harh aipdastio deOUBaTMH}S@Ibeéd
in detail. In order to avoid anomal ous precipitation
in metal plating and ensure an 10 excell ent

p E@\WUG%F%R%&@RQEQG%PWWH hﬁvﬁfr\?ﬁﬁm i nventi on

requires t he wor ected layer has a thickness
rgueed to the limt of no effect on crystallinity
under precipitation of the netal plating.

Speci fi Idaranyaftert thespfﬁﬁ@ﬂ@ﬂaﬁmt@ﬁ wik be describisiddrsiedail. be
adj ust ed

o) oL o8 43 Dt iR BRI S ensure ar
geié%éﬁlhngpﬁéétflfiﬁ‘ﬁ?%s&fg{erég }frp"lﬁé? é‘%érﬁ%ﬁﬁﬂgﬁﬁ?éw&é@tﬁa@the work
whaffedied dayarehagi v tickne sk hred gcgapeey thel linely obho effect on crystallinity
under precipitation of the metal plating. Specifically, it is preferable that the
thickness be adjusted to 0.2 um or below. For uses requiring high reliability in
particular, it is more preferable to adjust the thickness of the work affected layer
to 0.05 um or below.
[0016]

Examples of metal plating which can be given to the copper alloy of the
present invention include Ag plating, Cu plating, solder plating, Sn plating and Ni
plating. The present invention is especially preferable for application to Ag
plating or Cu plating given to copper alloys for uses in such as lead frames,
terminals and connectors.

[0017]

Examples of a copper alloy usable as the copper alloy of the present
invention include not only Cu-Sn-series and Cu-Zn-series ailoys of solid-solution
type but alsc Cu-Cr-Sn-series, Cu-Cr-series, Cu-Ni-Si-series, Cu-Fe-P-series and
Cu-Ni-Sn-series copper alloys of precipitate type. Among these alloys, those
especially suitable for appiication of the present invention are Cu-Cr-Sn-series

and Cu-Ni-Si-series copper alloys used for multi-pin lead frames with narrow lead
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present invention include Ag plating, Cu plating,
sol der plating, Sn plating and N plating. The
present invention is especiallﬁgpreferable for
application to Ag 20 plating or Cu plating given to
copper alloys for uses in such as |ead franes,
term nals and connectors. [0017] Exanples of a copper
all oy usable as the copper alloy of the present
i nvention include not only Cu-Sn-series and
dﬂk%ﬁ5series al l oys of solid-solution 25 type but
29538 -Cr-Sn-series, Cu-Cr-series, Cu-N -Si-series,
-Fe*P-series and Cu-N -Sn-series copper alloys of

preci pilhafr@elt HREthe"ODTr-Shseied|doBpsr alldiosen have strength and
especially suitable for application of the present

i elgeinicicondaciviigusatisfmtoryas lesd feamdeut iNipraieraideitieat the chemical
copper .allqys used for nulti-pin |ead frames with

RSt fem e 8 Ml 118 teyouMd erGRder that ¢ he

Cu- Cr - S Selij es , : :

o) eorr REREILAR DRSS aBUtiBN dfeRddugiid BREIERBA in copper and

i theftaf @italoihd Siaéndthef eheabegér allbyc ouiasi Cr anaddef @od too small
is within the follow na_@range. Chromium (Cr) is an

afapunoit hasditmeffeeten g Prengthienhenesment; sdpiserhandhe amount

L R R 2P oB SR Tantise SRR e Shl Pt Fherctore, the

?rfaf’é?%b%ﬁaﬁ g iﬁ?ﬁ@@@s‘énﬁﬂﬂéﬁﬁ@ﬁ'@fr' m"@b}o‘go owihyihgss,  In this
mount 1s too large, the eftect o? Cr addition

rreagbetheaahgeelf 0of tcaKdraby enassiisenefeopreferabie, 30d the range of
preferable range in the present invention is from0.05
td2d0 Sod Wyoynmess is fartnere prefaigele. t he range of 0.1 to

0. 45% Ss_1s_nor referable, and t range..Qf . .
0.2 10 8 kb haLE FoFpli SRS dRer bIPuh AR B sgjutions in
8 N d EOhicR§ s8R bILABN LRI BESeh@ BAY AGHISEH Haling the effect of
solutions I1n copper, and providing solid-solution
rrenrdrkalclg iecreasing thestreegtrhiavihegubbeqeditenid workidg The addition
remar kably increasing the strength in th subs,?ql;l\ent e
fthese elaments 1ha | angxnt produces little eftect, while their addition in a
large amount impairs electric conductivity. In order to ensure electric
conductivity desirable to electronic machinery and tools, the Sn content is
preferably 0.05 to 2.0% by mass, and the Zn content is preferably 0.05 to 1.0%
by mass. The Sn content is more preferably from 0.1 to 0.5% by mass, far more
preferably from 0.2 to 0.4% by mass, and the Zn content is more preferably from
0.1 to 0.5% by mass, far more preferably from 0.15 to 0.3% by mass.
[0019]

For further enhancement of strength, either silicon (Si), or zirconium (Zr),
or both may be added to the Cu-Cr-Sn-series copper alloy.

The Si is an addition element forming a Cr-Si precipitate in combination
with Cr, and enhancing copper alloy strength by complex precipitation of Cr and

Cr-Si.  The addition of Si in a toc small amount produces little efiect, while its
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of these elenments in a small anount produces little
effect, while their addition in,a |arge anount
inmpairs electric conductivity. T n order to ensure

el ectric conductivity desirable to electronic

machi nery and tools, the Sn content is preferably
0.05 to 2.0% by nass, and the Zn content is preferably
0.05 to 1.0% 20 by mass. The Sn content is nore

DSEIGSH 3 BB S DU o e TR 3 e prsen

Clﬁ@érﬂmn iSe @PESnﬂ@h?fs%r@@rﬁb!}ﬁéﬁ]ﬂjst@d o b9 Farkfé 0. W$§O 5% by
far nore preferably fromoO 3% by mass. 19]

Fops$ unbhaepr@@rlahtyc@ﬂértb Ood Yosthyr mmgshfaremarberremrablycﬁm to 0.3% by
(Si), or zirconium (Zr), 25 or both may be added to
t"R@8%%u- Cr- Sn-seri es copper alloy. The Si is an

conbi ndigan i el talknda BEREML Y Gy and thereby
SERHRIHY S Elog strRhefH. Pi THad h@cﬂ‘ntr@ﬁ ofwr and tocQ%m%'ll amount

The addition of SI in a too small anbunt produces
| protibecefittlectffechhihile thessfct atidi addition meachescsdtaragen when the

TR P RSP b0 RGP rrray
50095 1 B o 009,000 SR PR RIS IR0 50 o

bMas@&éﬁmoEe%rrefesaw Dadel 0i3ep b?'rﬁé@lt causi ng
reC|1p| tation in copper and thereby enhancing copper

dPP8Y] strength. The addition of Zr in a too snall
anmount oduces I|tt| effe ile the effect
a1 1 Jhe il iaEowiniah S PBlTiane Fsom g AEETgrabgy in § range of
t981av3e,, J he present invention, the Zr content is
pre era?JO @Efdusted to the range of 0.01 to 0.5% by
@631} nore preferably 0.05 to 0.4% by 10 nass, far
nor e preferably 0.1 to 0.3% by nass. [oozog The t ot al
2

armunt lafordsr ahthenb udWidSizeriesmapper poyeen apedsyrengthpand

&%C%fondgctcl)v%tyts%t;sfacé)ry s 1833 frames, it is preferable that the chemical

composition thereof is within the following range.

Ni and Si are addition elements forming a Ni-Si precipitate by control of
the addition ratio between Ni and Si, and providing precipitation reinforcement to
increase the copper alloy strength.  When the Ni content is too smali, sufficient
precipitation reinforcement cannot be achieved; while, when the Ni content is too
large, the electric conductivity is impaired. In the present invention, the Ni
content is preferably from 2.0 to 4.5% by mass, more preferably from 2.0 to 4.0%
by mass, far more preferably from 2.5 to 4.0% by mass.

The degree of reinforcement becomes the maximum when the addition
amount of Si is about one-fifth the addition amount of Ni.  Accordingly, the Si
content is preferably adjusted to a range of 0.25 to 1.0% by mass, more

preferably 0.4 to 0.9% by mass, far more preferably 0.4 to 0.8% by mass,
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[0021] 15 In order that the Cu Ni -Si -series copper
al l oy can have strength and Sctrlc conductivity
satisfactory as | ead franes, is preferable that the
chem cal conposition thereof |s within the foll ow ng
range. Ni and Si are addition elenments formng a Ni-S
precipitate by control of the addition ratio between
Ni and Si, and providing precipitation reinforcenent

t t th. Wi the Ni
SenaemibIS RS ohaRrabLlrs I e bk e fati ot 1o N

@b?ﬁﬁrcemsnt cannot be achi eved; while, when the N
is too large, the electric conductivity is

I mpai r ad.ortier fofartheeeghandaienbbRistith evidl Ag OARt 8ntandsZn may
preferably from2.0 to 4.5% by nmass, nore preferably

f b added to thanCoMi-Piysarwsscoppar alloy.e preferably from

2.5t 0% d

beconed IPRRCSH I SRR AA TR BT e g inor B R CoppesR Iy strength
- fif

ALK o e Eprd R FERnd) ibbopnsy; W Jpggedion of Mo

ainrsa@esmbll @ndint fad itk &fedtessd thadirea (o6 &frge&%@u@ ldwers hot
to O. 9%by mass, far nore preferably 0.4 to 0.8%

negrkabilty obingeti al heMaaeonteriis prefesaklp fipnp 05 to Q)%%)y mass,

Sharsardetebt 697 0,65 g Pl O\emethd hefly e Be'eighldrom 0.1 to
F@.ZWSX‘%%‘ e§be S%E%f@%‘ﬂ?ﬁoﬁl 0.9% 109, W"tﬁsﬂnﬁ% (M)

is an tion I ncr'easi ng copper

str engt&lvebYA@plsmmgdcatlezmIeiedmsmtl intie@singr capgies |al1gy strength by
preC| pitation in copper. The_addition of M

sieENingGa@satid seladonin £prPRIT f edhe agiifiontRftAg i %\tQQ)W‘a“ amount

ARREREE TR eRLRUBIR bt i 55 Be B iy 5 URares 18 st o ag

Pigfigsrating ddms@ A% trpc&t15%ebéf&%3%e Aﬂrdoh@éd’(@é Breferably 0.005
preferably fromo0.1 to 10 0.2% by mass, éspeci al

podl. 2vaby inassomode pBefemltly 07065 @r&%&sby mass, further preferably 0.01
o 0.1% by mass, and far more preferably 0.02 to 0.05% by mass.

Manganese (Mn} is an addition element improving hot workability of ingot.
The addition of Mn in a too small amount produces little effect, while that in a too
large amount impairs electric conductivity. The Mn content is preferably 0.005 to
0.2% by mass, more preferably 0.005 to 0.1% by mass, further preferably 0.01 to
0.15% by mass, far more preferably 0.07 to 0.12% by mass.

Sn and Zn are elements forming solid solutions in copper, and providing
solid-solution reinforcement and further having the effect of remarkably increasing
the strength in the subsequent cold working. The addition of these elements in a
too small amount produces little effect, while their addition in a too large amount
impairs electric conductivity of the copper alloy.  In order to ensure electric

conductivity desirable to electronic machinery and tools, the Sn content is

preferably limited to 0.05 to 2.0% by mass or below, and the Zn content is
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Silver (Ag) is an addition el enent increasing copper
alloy strength by formng a ﬁghid sol ution in copper.
The addition of Ag in a too small anmount produces
little effect, while that in a too | arge anount
saturates the effect of Ag addition, and causes a
rise in cost. Therefore, the Ag content is preferably
0.005 15 to 0.2% by nass, nore preferably 0.005 to

b0y 055 AL o o el Bt e
RSFL085% (1)t e O SRR L ph 0215 maso, n

sielAn eomtant ispnodusreterabiytfremal il éc 0, 7%yl reatdhat in a
too large amount inpairs electric conductivity. The
023htent is preferably 0.005 to 20 0.2% by mass,

f I : .19 f . :
or ot or a1 R GI Rt <8 ooty hae M Bin il e avetesgry i 2
Ora%eto‘?o%é‘;??@@bf’ﬁﬁﬁ%asgn and Zn are elenments formng

sol i'd solutions in copper, and providing

qO0024]} sol uti on rei nforcement and further having the
effect of remarkably increasin the strength in the .
subsequBrife earsenhinentgn. mﬁ@%%d@ftrﬁmﬁ)"@f by gagwical dissolving

e [, 5.%. | . u ces i
SITRENE, PRt B, A5 s Tl PR 8 2R G oh g fment sueh as
| SRAeFifg VR hFpldNAUSH iy tHf wbheafaide ayal bPihe édbper alloy.
order t0 ensure electric conductivity desirable to
ehlerhatvely, inecismpogsibledotapgls a nébo8of copaieng chsstallinity of the
preferably limted to 0.05 to @O%by nass or Eel ow, .. .
eﬁ{ao&Hﬁ'QUZr?réBﬁf%YSt?@”QP”EC%P heaitpatnant iBdhe Hap-@8dizing

t . : (. :
kel s oW g WO AIEERHIR o CorfBE B BafE fARarke crvstaline
Gthuctire2¥0thy i, dedbinatidielagar 60 BBlinhs paH $r bulk) of the
preferably fromO0.1 to 0.7% by nmass. [0023] 5 The

tappRer aloy mnddb disanpears bf thagiasetpf pitysicghfredimeng such as

pr ef er.abl

RN there afk EsHRtonRvasi BR, SR eheel REEaBRad By
GheneAt tifleSS W idnethod of removal by chemical or electrochemical
dissolving treatment or heat treatment is suitable as an industrial method.
[0025]

In the chemical dissolving treatment, it is possible to use an acid solution
containing a combination of acid and oxidizer. In the combination, sulfuric acid,
nitric acid, hydrochloric acid, hydrofluoric acid or phosphoric acid can be used as
the acid, and hydrogen peroxide, chromate or persulfate can be used as the
oxidizer. Among these combinations, the combination of sulfuric acid and
hydrogen peroxide is preferred over the others from the viewpoint of the
dissolution speed, consideration for the environmental aspect and workability.

[0026]

For the electrochemical dissolving treatment, anodic electrolysis in an
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treatnment, el ectrochem cal dissolving treatnment and
physi cal treatnent such as 10,sputtering can be
applied in renmoving the work aﬁéected | ayer of the
copper alloy. Alternatively, it is also possible to
apply a nethod of repairing crystallinity of the

anor phous or mcrocrystalline structure by heat
treatment in the non-oxidizing atnosphere so that the

eGP B0 SPTSh R SRTOTETRY B Sy
the:.i . . . t . : : ,
B BRACBEN OTBHED 1 B RPRRRT ool A0 sppicae

aBlecaplytit €bluiignstdedtsiniab & Hoepholi€ hitkinsreas ithbld fde 15 E8oper alloys
applicable therein and the treatnent tine. So the

ne¢druseddt theinprarervlyagheseorh Bnd exeekarit netipking edfect.

d[irq?)izlj\/i ng treatment or heat treatnent is suitable as
ai-rhdustrial nethod. [0025] 20 In the chem cal

di ssol vidgd ﬁ@é’t?t%@en&thé'rggiinﬁg@%i r‘%'d%giﬁ%a pgﬁgeﬁga%s%here furnace

solution containing a co ion O

oxardbe eitilizddh tMerec opddifiatily omatclk iebting ¢n agiathnealimd furgace or

acid, hydrochloric acid, hydrofluoric acid or

pPRIYTROLE heating i arcopéinugusianrealingefuamaas, is anglinghle sgeang as the

peraxi de, chromate ersul f.ate can be used as the

O Bt EE ehe dhe BRAENS 4FI<AE hnttrtEEl GpbBRdor In order
| . ; o . for

e b S e YRR SNG] BSHEG hErPLAN Bment. the

Sipertthg ioensiddeiraf atorodphierd, leeichras therateisphe aspidoidrageh, is

wor kabi | i té' [0026] For the el ectrochem cal ) .

RdEeARIE ngSeteabaigit healisdnsushas 2 Selldyre fuinage issuitable from

ettt BTN on Saaph e ARERT Lnenest gsaioent

bdg] i ke chromic acid to phosphoric acid or sulfuric
acid 1s applicable. Electrolytic solutions containing
phosphdkn msgectiormpétreuvoabdftedted [avee of tpperesaht oyper alloy is
because of their proven track record and excel | ent
daaﬁ%f'ﬂvﬁae Srpidgof the [‘»98%(#} axe phiherasnar Alay Peing observed under

h’ﬁgbhﬁgafiéh.a Iﬁedjrﬂgf {PmaRE ai QELE dig{iﬁ'&wgétﬁ/e%wéﬂ%%ﬁﬂes, itis

advantageous for the structures {o be observed in a state that they are magnified
about 10,000 times with an electron microscope, and the use of such an
observation device as SIM or FE-SEM is especially favorable. Further, itis
preferable to adopt in section work a method of forming no work affected layer, so
such an apparatus as FIB can be used to particular advantage.
[0029]

Using Figs. 1 and 2, the cross-sectional structure of the copper alloy is
explained.

Fig. 1 is a cross-sectional photograph of a copper alloy under SIM
observation.

Fig. 2 is a schematic diagram depicting a cross-section of a copper alloy
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can be utilized. Mre specifically, batch heating in
an anneal i ng furnace or contlnuous heating in a

conti nuous anneal i ng furnace i 43 applicable so | ong as
the heating tenperature and the heating tine are
appropriately conbined. In order 10 to prevent surface
oxi dati on of copper alloy during the renoval

treatnment, the heating in a reducing atnosphere, such

as the atnospher of dr ggen advi sable. So the
SR SRa A Rk Afiectuh Ber S L5l 5 Py et Rt [3Yer 2

concantSal aﬁf‘nﬂa(ﬁ%’ﬂﬁef#ff‘fﬁﬁ@%;% %z\*gt%ﬁ%&\édﬁa{sﬂ@@%zs opof a
| BSRKCeN3 mpﬁé?eay@fu &nafa‘ @ﬁdr@@lryé@a)nﬁfe |@§/e|t h%loWeewétr) The

copper alloy is nmade by the profile of the surface
| Rgidyy lafet héaswp@nomhcmﬁ tbzéhun@ assheveirocystaline Iayer 4 has a
nificatio In or a cleagr distincti

b‘éﬁ%é‘é‘ﬁ %f‘(?fa@ﬂﬁ @@Qre%te t%"'fuét"olva ap@stis dﬁB?‘”t%ﬁ'@” ’aye*’ 2 present
Sﬁﬁd&rb@étﬁ%h%ﬁm@rﬁ %ﬁg%ﬁgd q ;@cé%r%%?mt &?Eta‘i Eﬁéfn?ﬂ%n the

ect
mnc‘dr@@rg@ﬁﬂmeaaﬁertmj usestdwrs ichigan, e whseaffctiéd iyer 1 (the area
device as SIMor FE-SEMis especi al | y favorabl e.

Renalesad with ai lroken dhef isltleanodifidegtt in arystalinestrugitie om the

thod ,of form n k, aff d | ayer,
paiadeionstion Blele. paq e uojavs Af spadinaniitshable.
[@@ggi Using Figs. 1 and 2, the cross-sectional

ructure of the copper alloy is 25 explained. Fig. 1
I's a crussweAckffestad Iakotvagesphtief adcaapfeemedl doeyrding to the
under SIM observation. Fig. 2 is a schematic diagram
dﬁgr@em §recessgs sedbeicoaregfasgsdio pieeh Hie ickngss thereof varies

GERP e M ety 31 REMPEns Y Smdho M efhrtBSphGtion spots when
IQ%b‘é@F\Jéda\frfo%?trﬁ rluﬁ?eﬂl'orﬂb)lr ﬁu%g&)b&’o%?r@att&?' |"bl¥erefore a
l'ayer 3 (upper a mcrocrystalline |ayer
(thakeess af/me)wofkfmfecmai laypr isayens Grevest lmha:rkesphmﬂson within the

texture, and the mcrocrystalline |ayer 4 has a
field of observation under magnification, and the mean of thickness values

measured at 5 dlfferent observation spots is defined as the thickness of the work
affected layer.
[0031]

The present copper alloy for electronic machinery and tools is a copper
alloy having in its surface layer a nonuniform and fine work affected layer
controlled so as to have a thickness of 0.2 um or below by removing treatment.
By the thus controlled work affected layer being given metal plating, anomalous
precipitation can be prevented and the platability of the copper alloy, including Ag
plating and Cu plating which exerts an influence upon adhesion of oxidation film,
is improved.

[0032]

The present invention provides an improvement in the platability of a
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5 very fine crystalline aggregate texture. The plastic
deformation | ayer 2 present qgerneath the work
affected layer 1 is coarser in'Crystal grains than the
m crocrystalline layer and, as shown in Fig. 1, the
work affected layer 1 (the area enclosed with a
broken line) is clearly different in crystalline
structure fromthe plastic deformation | ayer 2. So

[ B30 SRk TR st ede SaCkagRs o P B AT T PGSt duRRent in the
T o5g 66U HR8 14489 2 1RIEEECR], BRGSSSAL 9.8 on various

are’cases i mhlch | €ss ereo var i

WybBE f tbppéi fllahsafiffatirnodlldycorapaatio s and e ty. In addltzon,

ditferent observation spots when it is observed under
négrvresenlt ingantnn n@m: atssmmembs@tammm anth@ledppeecimtation in
15 thi ckness af f ected neasured at .
SIS IEREE N Delaling oh Sl s (1 PR aseE & AagTatiteery sy BRIing.

ﬁ@%z%?%'{%g@?e{‘?‘g”e’ﬂ{b%%mt an of thickness val ues

eren ation spots is defined
apoBBe thickness of the work affected layer. [0031]
20 The present copper alloy for electronic machinery
and t odlead ka@e@o%pévnalaland;ﬁqmaepms uamgttbemwﬁ@pper alloy for

ShhoafiedRrdined fiffiarha’s FRlisiadon ek bithiiss the troubles
b§§cﬁ%a?>¥e Vr?[ﬁ%bﬁlﬁ)ﬁéf %BgPer §|Y don f@?&r‘?ﬁmép dspictive

ayer ‘being glven
apu@raimubmgsmemcﬂst phti @hkare bigh rbﬁamh@\immbednmmd(bgmg and
platab|I|ty of the copper alloy, including
RRGaE-raAdNMO prosepsrs kA /RO &t die HS%ﬁtagafsuPéﬁ@éempf@ﬁreto
ﬁ@@?é on of oxidation film is inproved. [0032] The
i nvention provides an inprovenent in the

IOI at abifpd ﬁréﬁen@w{%ntlé@Wi%e"He‘s@bﬁb@(yarf Rrdue Uﬁ&llttﬁa%ed on the
t hi ckness of a work fected layer present in the

clofjpemgadtaygplesr bah:teella\;@mdnas 0oR intendedtd bsvjiméied thereto.
exerts its effect on various
EXAMPLES
[0035]
Example 1
Copper alloys having chemical compositions shown in Table 1 were made
into 0.15-mm thick copper alloy sheets by undergoing casting, roiling, buff
polishing and annealing in succession. These copper alloy sheets were each
given degreasing treatment and pickling treatment, and then subjected to
treatment for removai of their respective work affected layers by chemical
dissolution. Each of the thus treated materials was coated with Ag plating, and

Ag platability was evaluated.

[0036]
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types of copper alloys differing in alloy conposition
and property. In addition, the _present invention can
al so ensure prevention of anomaPous precipitation in 5
sol der plating, Ni plating or else as in the cases of
Ag plating and Cu plating, thereby offering an
excel lent platability. [0033] Lead franes, termnals
and connectors using the present copper alloy for
tronlc machi nery and tools have satisfactory
yl%@%s because the troubles 10 ascri bable to the

p|,@“(ﬂpl! Ayopéomp@gmgar(n@sb%y don't occur in their
eRecct | Ver MUFYAD I Mo M PREUTIER N 9y [Win [ Cu
Ao R L B T o = the-wle Sthgs | Balance
SHBseeent —tterat bo HobUa] OHa B Ssgr | mrehtonl wi i Saance
%descr bed-i .i5.apé5 et-ai-I--based—en-th 0?2 f-ol--ow ngggiggg
ex?:ml es—butr—therRhveniFofysnotintended—tg-be
A P | N £ A7 -\5‘1’\1\ 5-0 p Al Ev.annal-a4 bnoﬁ‘-i O-.:E..-.., Balance

rcTu T U, I Ll O UUOJ aIICJ.LUW Cl
|f”ﬁ" e efeto— t -—Exanp opp

al | oys haV| ng chem cal conpositions shown in Table 1

rg into 0.15-mm thick copper alloy sheets by

¢ 0|ng casting, rolling, buff polishing and

anneal | 0 Ug?venﬁﬁﬁé%erﬁl@eﬁmn d gﬁ%oﬂ%egléétrolys:s for 30

were each @ gr easi ng

t secinmerih a degretbiag sohnjaec et @ontbrn%altﬁtﬁgﬂl of Gleaner 160S (trade
renmoval of their respective work affected |ayers b

chaifiec atoazBedibysdeliex ore.) Eaﬂ:waefkephat ahervperatatesef 60°C, under a
rurpens) i EhEA: dahd ProbaiyingareqBisny Whsperigrmed at room
M eraRIFB B irR&rs(dFPR? % seconds in an acid pickling solution containing
100 g/l of sulfuric acid.
[0038]

Each of the work affected layers underwent removal treatment by
immersion in an aqueous solution containing 100 g/l of sulfuric acid and 15 g/l of
hydrogen peroxide at room temperature. Herein, five specimens of each copper
alloy were prepared for examples of the present invention so that their individual
work affected layers after the removal treatment had different thicknesses of 0,
0.02, 0.05, 0.1 and 0.2 um, respectively; while one specimen of each copper alloy
was prepared for a comparative example so that its work affected layer after the
removal treatment had the thickness of 0.3 um.

[0039]

The Ag plating was performed at room temperature in an Ag plating bath
containing 5% g/l of silver potassium cyanide, 75 g/l of potassium cyanide, 10 g/l
of potassium hydroxide and 25 g/l of potassium carbonate under a current density

of 1.0 A/dm? until the plating thickness reached 3 um.
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No. & Sn Zn N Si My Fe P Ag Mh Cu A 0.3 0.25 0.2 -

- - - - - - Balance B- - - 3.00.650.15 - - - -
Balance C- - 0.15 - - - 2.3 J%3 - - Balance D -
0.1- - - - - - - - Balance E- - 0.5 2.50.6 - - -

0.03 0.1 Balance [0037] The degreasing treatnent was
perfornmed by cathodic electrolysis for 30 5 seconds
in a degreasing solution, which contained 60 g/l of
Ckﬁﬁ@gr 160S (trade name, produced by Meltex Inc.)

a s kept at a tenperature of 60C, under a current

density o [ Gl Fgﬁn )
perf or rr%%ft%ﬁ' e?%gl%%%gw a%aﬁsﬁe y f%ﬂ‘g‘(%?%ﬁ _ or*‘ﬂ?s%ﬂa plated
SeGPsstsof Ba@Nsisdifienividd bbgersel Windena eeisicticbbs ®f 4500

g/l of sulfuric acid. 10 [0038] Each of the work

affagoifieatipay dngde hydtayemcerConpeation) eandthet nwyber of projecting
imersjon in a eous ;sol ution containing 100 g/] of
SAneR SR aPlatE 18 e SBrthe P BIEHo A SaEs SatnlesomThe

t ﬁ‘;ﬂ)cﬁ{ic% uf sacﬁ'ﬁggﬂléltepféu\(‘%c%% d FQ"IQ? a8l cPafhed ARPRImber of
alT'oy were prepdred tor exanples of the present

| aNeMkicwR mrecihatestgwriunit Ardbvislighalsr tvanls péf meied was rated as
| ayers after the removal treatment had different [

t Hcwhesdbe nemiger was fiom ptos0 per mmandng! ipwap rated as “x* when
respectjvely; while one eci men of each copper all oy

WiRE THTBRET WaS G5RsT HEM L RET UM exanpl ¢ so that its
mgﬁh4ﬁffected | ayer after the renoval treatnent had

the thickness of 0.3 m [0039] 20 The Ag plating was

per f or nEdhlattico cxulte np Example 1iareamodd ipnlTabiend. bat h
containing 55 g/l of silver potassium cyanide, 75 g/l

of potassium cyanide, 10 g/1 of potassi um hydroxide

and 25 g/1 of potassium carbonate under a current

density of 1.0 A/dn2 until the plating thickness
reached 3 m




16 [0040] As to the Ag platability of each copper

al |l oy speci nen, the Ag-pl ated il'?urface of each

speci men was observed under a croscope of 450
magni fi cati ons (made by Keyence Corporation), and the
nunber of projecting 5 anomal ous precipitates forned
on the Ag-plated surface was counted. The condition
of each Ag-plated surface was rated as "0OO' when the
nunb?é gé anonmal ous precipitates per unit area was
smal 18P4¢han 5 per m2, it was rated as "0" when the
nuan%bmgg from5 to 10 per m2, and it was rated as
"x" the nunber was greater than 10 per mP._ 10

[ 004 Lk?Evaifuat I ORllogs (Hickniess o anmpk effactade | Ehaluation of Ag
Tabl ¢ 00/ T&hkﬁ(ﬁm&lloy Thlcknesspbﬁamka

af f ected—Evalvationof—Ag —Remapks—No:—tayer plly©

O

platability 0 GO 0. (2-00—A-0,05-00-0-21-0+-0-2
0.02|00 B 0.05 €0 0,1 0 0.2 802

A 0.05

0.1

0.2

0

0.02

B 0.05

0.1

0.2

0

0.02

This C 0.05

invention
0.1

0.2

0.02

D 0.05

0.1

0.2

0.02

E 0.05

0.1

0.2

0.3

0.3

Comparative

example 0.3

0.3

XXX X | X C)C>C>C>C)C>C>C>C)C)C>C)C)C>C)C>C>C>C)C>C>C>C>C)

Mmoo m >

0.3
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0O 0.02 0OThis C0.050 invention 0.2 0 0.20 O
) 0 O 0O 0.02 OOE

O 0.02CODO0.05 00 0.10 1

0.0500 0.10 0.20A0.3%x 0.3 x Conparative C
0.3 x exanple D0.3 x E 0.3 x 18 [0043] Exanple 2
Ag plating was perforned in the sanme manner as in
Exanpl e 1, except that electrolytic dissolution was
used as the nmethod of renoving the work

[0043]
Example 2

Ag plating was performed in the same manner as in Example 1, except
that electrolytic dissolution was used as the method of removing the work
affected layer of each copper alloy, and the Ag platability was evaluated using the
same criteria as in Example 1.

[0044]

The removal of the work affected layer of each copper alloy was
performed by anodic electrolysis in an aqueous solufion containing 700 g/l of
phosphoric acid at room temperature under a current density of 10 A/ldm?.
Herein, five specimens of each copper alloy were prepared for examples of the
present invention so that their individual work affected layers after the removal
treatment had thicknesses of 0, 0.02, 0.05, 0.1 and 0.2 um, respectively; while
one specimen of each copper alloy was prepared for a comparative example so
that its work affected layer after the removal treatment had the thickness of 0.3
pm.

Evaluation results in Example 2 are shown in Table 3.




5 affected | ayer of each copper alloy, and the Ag
platability was eval uat ed using the sanme criteria as
in Exanple 1. [0044] The renov P of the work affected
| ayer of each copper alloy was perforned by anodic

el ectrolysis in an aqueous sol ution containing 700 g/l
of 10 phosphoric acid at roomtenperature under a
current density of 10 A/dnR. Herein, five specinens of
each ﬁﬁggﬁr all oy were prepared for exanples of the
presé vention so that their individual work

af f ectf hayers after the renoval treatnent had
t hi cknesses of 2,..0.05 .0..1-and 0.2 m

oo OoO— Yt v- Iy Iy

respeediy ké’ |Alhay oheiclkpess ofemordfaffeatdd ¢ &ppleiatiah lobpg
was prepared for MOcodpaemmﬁwb exanpl e so L plattbityi t s

wor k faffected Tayer after tne r%noval trearment h

E\/ﬁrm!

t he thickness of] 0.3 —m—FEvalu on—esuH-s—+n—Exanrp
2 are shown in Table [3 i ?&%(ﬂMﬁ] Table 3

o
<

Remar ks Al | oy Trioﬁness of wor R-0% f ect ed Eyal uati 6h of

Ag No. layer (pm pljatability®O 0.02 G A 0.@Qb» OO

0010 0.20 0|0 QU200 7

0

0.02

B 0.05

0.1

0.2

0

0.02

This c 0.05

invention
0.1

0.2

0.02

b 0.05

0.1

0.2

0.02

E 0.05

0.1

0.2

0.3

a3

Comparative 03

example 03

o
XXX X X000 0|00|0@ 090 00|Be 00| BI© O

mo|oom >
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B0.0O500 0.1 0 0.20 0OThis 0.02 OO invention C
00500 0.10 0.20 0O 0.02 00DO0.05 00 0.10
00,20 00O 0.0200EO0.05 0 48.10 0.20A0.3x B
0.3 x Conparative C0.3 x exanple D0.3 x E 0.3 x
20 [0046] Exanple 3

[0046]

Example 3

Ag plating was performed in the same manner as in Example 1, except
that heat treatment was used as the method of removing the work affected layer
of each copper alloy, and the Ag platability was evaluated using the same criteria
as in Example 1.

[0047]

The removal of the work affected layer of each copper alloy was
performed by heat treatment of 2 hours in a heating furnace with a reducing
atmosphere of hydrogen. Herein, five specimens of each copper alloy were
prepared for examples of the present invention so that their individual work
affected layers after the removal treatment had thicknesses of 0, 0.02, 0.05, 0.1
and 0.2 um, respectively; while one specimen of each copper alloy was prepared
for a comparative example so that its work affected layer after the removal
treatment had the thickness of 0.3 um.

Additionally, for reducing the thickness of the work affected layer of each
copper alloy to 0, 0.02, 0.05, 0.1, 0.2 and 0.3 um from the original value of 0.4 um,
the heat-treatment temperatures were set at 600, 585, 565, 540, 500 and 450°C,
respectively.

[0048] .

Evaluation results in Example 3 are shown in Table 4.




Ag plating was perforned in the sanme manner as in

Exanple 1,
nmet hod of
copper all oy,
using the sane criteria as in Exanple 1.
of the work affected | ayer of each copper

performed by heat treatnent of 2 hours in a
10 at nosphere of

r enoval

al | oy

heatin
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was
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renmovi ng the work af
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[0050]

As can be seen from Table 2, Table 3 and Table 4, the projecting
anomalous precipitates formed on the Ag-plated surface were few in every
example of the present invention and, when the thickness of the work affected
layer was thinner than or equal to 0.05 um, the number of anomalous precipitates
formed was very few and the Ag platability was particularly excellent.

Even when the copper alloys were different in alloy type or in method for
removal of their work affected layers, they achieved the same results so long as
their work affected layers had the same thickness. In any of those cases, it was
possible to obtain excellent Ag platability by reducing the thickness of the work
affected layer to 0.2 um or below.

In every comparative example, on the other hand, the nonuniform and
fine work affected layer remained on the surface of the copper alloy without being
properly removed, so the anomalous precipitation ascribable to the work affected

layer occurred to cause deterioration in Ag platability.

[0051]

Exampie 4
Copper alloys having chemical compositions shown in Table 1 were made

into 0.15-mm thick copper alloy sheets by undergoing casting, rolling and
annealing in succession. These copper alloy sheets were each given
degreasing treatment and pickling treatment, and then subjected to treatment for
removal of their respective work affected layers by chemical dissolution. Each of
the thus treated materials was coated with Cu plating, and Cu platability was
evaluated.
[0052]

The degreasing treatment was performed by cathodic electrolysis for 30

seconds in a degreasing solution, which contained 60 g/l of Cleaner 160S (trade
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[0054]

The Cu plating was performed at a liguid temperature of 45°C in an Cu
plating bath containing 65 g/l of copper cyanide, 110 g/l of potassium cyanide and
7.5 g/l of potassium carbonate under a current density of 1.5 A/dm? untif the
plating thickness reached 0.1 um. |
[0055]

The Cu platability of each copper alloy was evaiuated by tape peel testing.
After the Cu-plating, a sample was cut to a length of 30 mm and a width of 10 mm
from each of the copper alloy sheets, and heated using a hot plate for 7 minutes
at 350°C in the atmosphere. On the oxide film thus formed on the sample
surface, an adhesive tape (631S made by Teraoka Seisakusho Co., Ltd.) was
stuck, and then peeled off. At this peeling-off, cases in which almost no
exfoliation was observed were rated as “©", cases in which exfoliation was
observed in some spots were rated as “O", and cases in which exfoliation was

observed in at least one-half the total area were rated as “x".




25 evaluated. [0052] The degreasing treatnent was
perfornmed by cathodic electrolygis for 30 seconds in a
degreasi ng sol ution, which confained 60 g/1 of C eaner
160S (trade 23 nane, produced by Meltex Inc.) and was
kept at a tenperature of 60C, under a current density
of 2.5 Aldn2. And the pickling treatnent was perforned
at room tenperature by inmrersion for 30 seconds in an
ﬁ@bg6fi0kling solution containing 100 g/l of sulfuric
aci’d.”” 5 [0053] Each of the work affected | ayers

under wanfa i SN RAlsults SRERBRpIDY aré RRBHAIIR Tabfe 4N ,
aqueous sol ution containing 100 g/l of sulfuric acid
and 15 g/1 of hydrogen peroxide at room tenperature.
Herein, five specinens of each copper alloy were
prepared for exanples of the present invention so that
their individual 10 work affected | ayers after the
renoval treatnment had different thicknesses of O,

0.02, 0.05, 0.1 and 0.2 m respectively; while one
speci nen of each copper alloy was prepared for a
conmparative exanple so that its work affected | ayer
after the renoval treatnment had the thickness of 0.3
m { [0054] 15 The Cu plating was perfornmed at a
liquid tenperature of 45C in an Cu plating bath
contai ning 65 g/l of copper cyanide, 110 g/l of

pot assi um cyanide and 7.5 g/l of potassium carbonate
under a current density of 1.5 A/dnR2 until the

pl ating thickness reached 0.1 pm [0055] 20 The Cu
platability of each copper alloy was eval uated by tape
peel testing. After the Cu-plating, a sanple was cut
to a length of 30 mrmmand a width of 10 nm from each
of the copper alloy sheets, and heated using a hot
plate for 7 m nutes




at 350C in the atnosphere. On the oxide filmthus
formed on the sanple surface, Zgn adhesive tape (631 S
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0.3 x EO0.3 X26] [0058] Exanple 5 Cu plating was

performed in the same manner as in Exanple 4, except

that electrolytic dissolution was used as the nethod
of renoving the work 5 affected | ayer of each copper

agjg% and the Cu platability was eval uated using the
sane J:riteria as in Exanple 4.

Example 5

Cu plating was performed in the same manner as in Example 4, except
that electrolytic dissolution was used as the method of removing the work
affected layer of each copper alloy, and the Cu platability was evaluated using the
same criteria as in Example 4.

[00509]

The removal of the work affected layer of each copper alloy was
performed by anodic electrolysis in an aqueous solution containing 700 g/l of
phosphoric acid at room temperature under a current density of 10 A/dm?.
Herein, five specimens of each copper alloy were prepared for examples of the
present invention so that their individual work affected layers after the removal
treatment had thicknesses of 0, 0.02, 0.05, 0.1 and 0.2 um, respectively; while
one specimen of each copper alloy was prepared for a comparative example so
that its work affected layer after the removal treatment had the thickness of 0.3
pm.

[0060]

Evaluation results in Example 5 are shown in Table 6.
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This 0.02 G0 invention C0.0500.120 0.20 0O
0.02 Co D0.05 @ 0.1 0 O-ZgSOO 0.02 OO E 0.05
OO 0.10 0.20A0.3x BO0O.3x Conparative CO0.3 x
exanple D0.3 x E0.3 x 28 ] [0062] Exanple 6 Cu

plating was perforned in the sane manner as in Exanple
4, except that heat treatnent was used as the nethod

of renoving the work affected layer 5 of each copper

3bbgg], and the Cu platability was eval uated using the

ame criteria as in Exanple 4.

Example 6

Cu plating was performed in the same manner as in Example 4, except
that heat freatment was used as the method of removing the work affected layer
of each copper alloy, and the Cu platability was evaluated using the same criteria
as in Example 4.

[0063]

The removal of the work affected layer of each copper alloy was
performed by heat treatment of 2 hours in a heating furnace with a reducing
atmosphere of hydrogen. Herein, five specimens of each copper alloy were
prepared for examples of the present invention so that their individual work
affected layers after the removal freatment had thicknesses of 0, 0.02, 0.05, 0.1
and 0.2 wm, respectively; while one specimen of each copper alloy was prepared
for a comparative example so that its work affected layer after the removal
treatment had the thickness of 0.3 um.

Additionally, for reducing the thickness of the work affected layer of each
copper alloy to 0, 0.02, 0.05, 0.1, 0.2 and 0.3 um from the original value of 0.4 um,
the heat-treatment temperatures were set at 600, 585, 565, 540, 500 and 450°C,
respectively.

[0064]

Evaluation results in Example 6 are shown in Table 7.
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As can be seen from Table 5, Table

able 7, the exfoliation area of

As can be seen from Table 5, Table 6 and Table 7, the exfoliation area of
the oxidation film formed after Cu-plating was small in every example of the
present invention. When the thickness of the work affected layer was thinner
than or equal to 0.05 um, the exfoliation area of the oxide film was very smali and
the Cu platability was particularly excellent.

Even when the copper alloys were different in alloy type or in method for
removal of their work affected layers, they achieved the same results so long as
their work affected layers had the same thickness. in any of those cases, it was
possible to obtain excellent Cu platability by reducing the thickness of the work
affected layer t0 0.2 um or below.

In every comparative exampie, on the other hand, the nonuniform and
fine work affected layer remained on the surface of the copper alloy without being
properly removed, so the anomalous precipitation ascribable to the work affected

layer occurred to cause deterioration in the Cu platability.

INDUSTRIAL APPLICABILITY
[0067]

The copper alloy of the present invention is excellent in platability.
Therefore, the copper alloy is suitable for use in, for example, parts of electronic
machinery and tools, such as semiconductor lead frames, terminals and
connectors. Further, the method of producing a copper alloy of the present
invention is suitable for a method of producing such a copper alloy excellent in

platability.

[0068]
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




the oxidation filmforned after Cu-plating was small
in every exanple of the pr esent, i nvention. Wen the
t hi ckness of the work affected™l'ayer was thinner 5
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preci pitation ascribable to the work affected 15 | ayer
occurred to cause deterioration in the Cu platability.
| NDUSTRI AL APPLI CABI LI TY [0067] The copper all oy of
the present invention is excellent in platability. 20
Therefore, the copper alloy is suitable for use in,
for exanple, parts of electronic nmachinery and tools,
such as sem conductor |ead frames, termnals and
connectors. Further, the nethod of producing a copper
alloy of the present invention is suitable for a
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platability. 25 [0068] Havi ng described our invention
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the details of the 31 description, unless otherw se
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spirit and scope as set out in the acconpanying
clainms. 32 CLAIMS 1. A copperaalloy for electronic
machi nery and tools, having a surface |ayer
conprising a work affected | ayer whose thickness is
0.2 mor below. 5 2. The copper alloy for electronic
machi nery and tools according to Cdaim 1, which is
plated with nmetal. 3. The copper alloy for electronic
machi nery and tools accordi ng pgu§l aim 10 1, which is
plated with Ag or Cu. 4. The copper alloy for

el ectronic machinery and tools according to Claim 1,
conprising 0.05 to O.5@6by mass of Cr, 0.05 to 2. 0% by
mass of - gncepner@llos for @ealronis byachireyyemdagolsahgving a sirface

erambaTay itk afared s inessdackleen it Briow

group consisting of 0.01 to 0.5%by mass of Si and

0.01 to 0.5% by mass of Zr, with the bal ance being Cu

and i neiTrabtepdanalioy foredectbonid heachopsgranal tbols daaording to Claim
el ectronic machinery and tools according to Caim 20

11, whyahds Blated with reetal. 0% by mass of Ni and 0.4 to

0.8% by mass of Si, and further conprising,

optionally, 0.005 to 2.0% by mass in a total anount of

at | easy Trfén&)p‘-b%'r%%g/gorfél%ﬁ&h@ redCHfery A ©blsétddr@Ag to Claim
to 0.15% by nass of , 0.005to 0.1 %by mass of Aqg,
01,0@hick ds Platedivithh ApersCof Mh, 0.05 to 2. 0% by nass of

Sn and 0.05 to 1.0% by mass of Zn, with the bal ance

being Cu and inevitable 25 inpurities. 6. A lead frane

tjglolng tl{‘a ?@o%?%fb%f%hgb%*'%{ %@T%rﬁg ‘r&%ﬂiiﬁergaa%w tBstyac%Bgding to Claim
1, comprising 0.05 to 0.5% by mass of Cr, 0.05 to 2.0% by mass of Sn and 0.05
to 1.0% by mass of Zn, and further comprising, optionally, 0.01 to 0.5% by mass
in a total amount of at least one selected from the group consisting of 0.01 to
0.5% by mass of Si and 0.01 to 0.5% by mass of Zr, with the balance being Cu

and inevitable impurities.

5. The copper alloy for electronic machinery and tools according to Claim
1, comprising 2.0 to 4.0% by mass of Niand 0.4 to 0.8% by mass of 3i, and
further comprising, optionaily, 0.005 to 2.0% by mass in a total amount of at least
one selected from the group consisting 0.05 to 0.15% by mass of Mg, 0.005 to
0.1% by mass of Ag, 0.005 to 0.1% by mass of Mn, 0.05 to 2.0% by mass of Sn
and 0.05 to 1.0% by mass of Zn, with the balance being Cu and inevitable

impurities,

6. A lead frame using the copper alloy for electronic machinery and toois

according to Claim 1.
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{ 7. Atermnal using the copper alloy for electronic
machi nery and tools according 49 Caiml. 5 8. A
connector using the copper alloy for electronic
machi nery and tools according to Claim1. 9. A nethod
of producing a copper alloy for electronic machinery
and tools, conprising a renoval of a work affected
| ayer formng a surface |ayer of the 10 copper all oy
to adjust a thickness of the work affected |ayer to
0.2 pmor below 10. The nethod of producing a copper
al | oy f7op telraisial 0sing thaebpper yianidr elcatlopicavaehitiengahd tools
Caim9, wherein the renoval of the work affected
lapgerding to pddifrot ned by chenical dissol ving treatment.
15 11. The nethod of producing a copper alloy for
el ectronic machinery and tools according to Claim9,
wher ei g ht%ﬁn%%‘@sw%ih%% k)18 %?&%l@&r&xﬂé’ ?r\’adh%e% and tools
per f or ned electr em c dISS ['ving treat nment
kﬁmoﬁhﬁgﬂ@tﬁ@dw@f produci ng a copper alloy for
el ectronic machinery and tools according to Claim9,
wherein the renoval of the work affected layer is
perfor heat. treat.nent he et hod of :
P oduc o EEREY S Aot AP e RatHTn e hippy and

0 r
gﬁ?:gyeéé@ §;ﬁgeégfégﬁ%%é?toogagb%ﬂ%9%y maséler Fd“rﬁfnﬁé)ﬁ%%{rface layer of the
20pYebyliopgsadilis S trokhd3sQF the mﬂor@%‘fbyteﬂiaagerotb OZE ,pnaod below.
further conprises, optionally, 0.01 to 0.5% by mass in
a total amount of at |east one selected fromthe

group n t 5% of,
0. 011 034 e sheeflor bubducifo 3 orke! aTRR Brilo e fhachipery anc
GolankcbRfNg ta oA @Wlﬁér@lr?ﬁ}e anovH?%f frRE Werk Afected layer is
produci ng a copper alloy for electronic machinery an
tpeofosmadduy diargicabdi€balvimgdreathremei n t he copper al |l oy
conprises 2.0 to 4.0% by

11. The method of producing a copper alloy for electronic machinery and
tools according to Claim 9, wherein the removal of the work affected layer is

performed by electrochemical dissolving treatment.

12. The method of producing a copper alloy for electronic machinery and
tools according to Claim 9, wherein the removal of the work affected layer is

performed by heat treatment.

13. The method of producing a copper alloy for electronic machinery and
tools according to Claim 9, wherein the copper alloy comprises 0.05 to 0.5% by
mass of Cr, 0.05 to 2.0% by mass of Sn and 0.05 to 1.0% by mass of Zn, and
further comprises, optionally, 0.01 to 0.5% by mass in a total amount of at least

one selected from the group consisting of 0.01 to 0.5% by mass of Siand 0.01 to




5 mass of N and 0.4 to 0.8% by mass of Si, and
further conprises, optionally, 340.005 to 2.0% by mass
in a total ambunt of at |east one selected fromthe
group consisting 0.05 to 0.15% by mass of My, 0.005
to 0.1 % by mass of Ag, 0.005 to 0.1 % by mass of M,
0.05 to 2.0% by nass of Sn and 0.05 to 1.0% by mass of
Zn, with the balance being Cu and inevitable

| OT8, ikyi R8ss of Zr, with the balance being Cu and inevitable impurities.

14. The method of producing a copper alloy for electronic machinery and
tools according to Claim 9, wherein the copper alloy comprises 2.0 to 4.0% by
mass of Ni and 0.4 to 0.8% by mass of Si, and further comprises, optionally,
0.005 to 2.0% by mass in a total amount of at least one selected from the group
consisting 0.05 to 0.15% by mass of Mg, 0.005 to 0.1% by mass of Ag, 0.005 to
0.1% by mass of Mn, 0.05 to 2.0% by mass of Sn and 0.05 to 1.0% by mass of

Zn, with the balance being Cu and inevitable impurities.




