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DESCRI PTI ON COPPER ALLOY FOR ELECTRONI C MACHI NERY AND
TOOLS AND METHOD OF PRODUCI NG THE SAVE TECHNI CAL HELD
[ 0901] The present invefntion relates to a
copper alloy inproved in platability with nmetals, and
a met hod of producing the sanme. 10 BACKGROUND ART

[ 0002] Copper alloys used in electronic

machi nery and tools are given various kinds of netal
plating, seeking to inpart nore functionality thereto,
In theft use 15 for | ead DESCTERIPTION exanple, they are
given Ag plating for wire bonding, Cu plating as a
foundation for the said Ag plating, and sol der plating

SRPRRALEY SR RIRE RO AT IRERY ARER O SNFfuETHOD

gﬁgqu @b!"(]g-flgggg@gut t he surface of |ead franes

orm ng 20et ching or presswork. The
nmetal plating given therein includes Pd plating, and
Ni plating as a foundation thereof. [0003] In recent
VELHENIGAL FHEkDi ncreases in packing density and
E(ﬁiﬁﬁer reductions in size and profile have been
red of el ectronic conponents used

The present invention relates to a copper alloy improved in platability with

metals, and a method of producing the same.

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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25in electronic machinery and tools. In response to
these requirenents, efforts hagp been novi ng ahead to
i ncrease the nunber of pins and to narrow pitches in
the fields of lead franes, termnals, and connectors.
From the viewpoint of environmental issues, the sol der
used in nounting those conponents on hoards 2 has
been required to be free of |ead, and then many

| eadn L fodiMedah Hdrdd 8f ré'ag,uéna tﬁér??naing %ﬁgg% ers E{Eng about

tenmperatures at the time of nmounting o

As ripetirc belderng tarapeateds abitiodtimesofmayuithgcamubedrdsn t he

produci ng 5net hod of |lead franes. Specifically, there
cases in which the Ag plating given in the

produci thod of |ead fr s causes anonmal oys .

br eci piASPRaleSaare By PSSR aR PR g RS i Haiedyging

| PURHIIGF 146G frRREL NGpRl] ' L iwhihthe Ag plati

s’ﬁ%ﬂs may occur bet%egﬁg%'gggﬁtm?ggg@%?%%gﬁ 101 g plating

agiden irothe groducing phethod @f deadafrémes dausen ansmealquesedcipitation

areas to which Ag plati ng is not given, and when it is

g gwih ta aielesting forpr. doaeby lawedrg tha bonrding skeaath of wire

el e bl BBy Syl g BRE < 7 7 =7

qoeospi tation, of the Cu plating causes formation of
oxide filminferior in adhesiveness on the |ead frane
sur f acdn atlgitica, thesUu platimg aswe foundationds kesosed instreasto which

a nmojd resin and | ea rames. Thus, the problem occurs
t%PI,a?‘WHé% ngbgiyen %(P WI??B "b'éaﬂeé'éedg 8 2 RRFfadNGatocess, an

RAGKARTHIRES PR IBRATIERTE b0r8cd &l foPRY [HHHB3E Sreas also,

anomalous precipitation, for example, porous precipitation, of the Cu plating
causes formation of oxide film inferior in adhesiveness on the lead frame surface,
to result in lowering of adhesion between a mold resin and lead frames. Thus,
the problem occurs that, when soldering onto boards is carried out, packages
become cracked in a reflowing furnace.

[0006]

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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[ 0006] Seeking to resolve those these problens, the
met hod of limting the 20nunber of precipites in a
copper alloy, which formstart3ng points of anomal ous
precipitation of plating, to a certain value or bel ow,
and the nethod of Iimting the contents of addition

el ements or inpurity elenments to certain val ues or

bel ow, have been proposed. However, these nethods,

t hough effective on copper alloys having specific

alfd ¥ d ¢Hy Pebddm s, theasurtzicels sapptadlliedmateriz heve so pipebeen
al l oys. 25Under the circunstances, nethods appl.ic

x:mpmedemeiyraemdopm@m\ea pdyesivenassrstd %Q!@e'b‘él@ ambﬁyrﬂf ‘the metal-
L Tl R
ﬁl‘t‘(ﬁlf‘ng ét?é i}ey IS rék)@tv&@rﬁﬂfeaén 1Bus récﬁéltaﬁ%‘ﬁrbf metal plating

prop o I nprove adhesiv ness and sol de

%t ajddting précibhstion tpdroup bescisitdtiappand dnelthickess df rhhe work
stance fromthe present 1nvention based on the

affmi:edgayﬁr the rel ati onshi p between the anomal ous
precipitation of nmetal plating (e.g. projecting
preci pitation, porous precipitation) and the thickness

Pg%gg?gmé @ﬁ[@gtgﬁ-ibﬁyer. DI SCLOSURE OF | NVENTI ON
[0008]

In accordance with the present invention, a copper alloy having an
excellent platability with metals and causing neither anomalous precipitation of
plating metals nor lowering of adhesiveness of oxidation film, and a method of
producing the same, can be provided for use in electronic machinery and tools.
[0009]

As 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
(lower 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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10l n accordance with the present invention, a copper
al l oy having an excellent platgbility with nmetals and
causi ng neither anomal ous precipitation of plating
nmetal s nor | owering of adhesiveness of oxidation film
and a nethod of producing the sane, can be provided
for use in electronic machinery and tools, [0009] 15As
a result of our intensive studies on the problem

GaY5Ed @%tﬁlaﬁlco\ﬁfgﬂéi g’féc\zyﬁh@%ﬁé)&t% y ah%i *&gsﬁfﬁ&ormatlon layer,

i
found a wor ayer (I:
Beiolyg fingecryétapipersthay@e)thbn thae mfth@lmﬂ@ctbbpf’er alloy (or inner
structure and a mcrocrystalline layer (lower |ayer)

vt eighesopper akoydr grst f@rmedeen H@c@gmralloxeﬁudaee \ayer.

P Cor ol i pEspRL vagfion Kgg@gteaw%r L% 4 850 SR 8om
RIS GEIAE strle f%?’&?o?%"ﬁré’ HBES ForMAE it i Bless than

002 s \M@clali&ifom@dah ithe surgde Iaty@ﬁbf a@d pper Ay @RfdrgirRy various
and when netal plating was given on thls wor k af fect ed

iteas of Qlﬁ%ficéd@‘@dvﬁh@fd prorespingRestatas b g, andriscenstituted of a

7Y B P et ey RVt oG [keqyenn; The Beiby
é%‘?rﬁdsoéh artebSHBkR] structure, wWHABRES ngﬁér’o@b&%té’}fﬁe %28? h&é biery fine

produced by using appropriate co nat 1‘'ons of

snyalise eggtagate tehadrer olThengastioteformbtiom ayebhhs a crystalllne
pol i shi n%@&nd anneal i ng, and undergo various types of
@lgsgqgaée Kienat the erySta st@@,%thﬁrelprlé@eatseéﬂwa oge in the

ROyt BB ARfiel 817 Sl R kB o' 2% 0

@F?bﬁda’tJH araguslly sieks! bﬁciﬁf’eﬂ gtaAs h the E)LEII% cBHbér ﬁ@gﬁﬁéndner part of

(or inner part o he copper al are
ithre cmpercqipg) (fat exgmple; fraceabaytes.0 to 10 0 um)l n the
Mﬁ nt invention, "work affected |ayer"” refers to a
ni formmcrocrystalli ne structure (for exanple,

armrphgug rdﬁ’r{r{;eféﬁ@urq rﬁieﬁg olnﬁﬁﬁo AlcrdcAysRilin stpucture as

whi ch ayer a copper a

inthey ¢aserkg= théwd?id%lffte&fﬁs@ﬁla%r |§|pﬁt§§érﬂ' |ﬁﬂi@ééﬁ’fjér%|o surface, there
processing as stated above, and is constituted of a

Bed tedansyde causpstch apemgleusiprecipitation thattraicigangrowth

bRt b Rlarenti oo Sorus nycleatdined aqiﬁ%?nq@'s's%’evef Jating
%h?%e%@ﬁfpﬂﬁf@ﬂ)ﬂd&é&oﬁ%ﬁﬁ%@ th fre pl g% 24 ggg F b&come porous

ormation has a cryst l1Tne a texture
bbe&uﬁdmm&rryshuﬂ:le@ﬂc&l isshdrbies @cour on tenafoessdithaorfhb@iger. The
in the mcrocrystalline |layer and their sizes (for
BreRfpt éventionhap Aeenanade sased oprijespirdiags gradual |y
f@{ﬁ‘?ﬁ of crystal grains in the bul k copper alloy (or
part of the copper alloy) (for exanple, from

about Refhrtith t%tﬂegﬂaserﬂt%%?ﬁn%h h é&ﬁ/?d | #& foflowi
our finding, gl nonuni f orm rr} Cerr%grr?/ t al I%Hne owing
gteamst ure as in the case of the work affected layer is

E)resent in the copper alloy surface, there is a
@nden@ﬁopﬁebﬁ'hy os glactronsharshivep ard falsthaying agurface layer

St S S A e P g
ggvel ophé BbPpdH éllo‘?%f Q%cfr@ﬁ@hb%ne%é fRlis & rding to the

plating Iayer beconme porous
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because uniform nucleation is hard to occur on the
af oresaid surface | ayer. The present invention has
been nade based on these findisngs. [0012] According to
the present invention, there are provided the
followi ng 25 nmeans: (1) A copper alloy for electronic
machi nery and tools, having a surface |ayer conprising
a work affected | ayer whose thickness is 0.2 pm or
bel ow; (2) The copper alloy for electronic nmachinery
abolve ey 1aoetcikinglated witb melbbve item (1), which is
|ated with netal;  (3) The copper alloy for ]
Bect r B sopRRIAlieyrior alegtronis @aswee%@v%tqogs arReTdigte the

iftem (1 : hch i | ate | .Ag or Cu; 4
%lﬂ%v%&%')ﬂe(ﬁs QF @ywmh 'gldé%tteﬁalﬁl{hcﬂﬁyéﬁhne?y and t ool( s)
ggcor drR cbgpé‘rnéﬂld?f%r @fecbﬁﬁicﬂh@&l@inbgﬁﬁd fcbls hecdrding to any one
nprising 0.05 to 0.5% by mass of , 0.05 to 2.0% by
ofithe atfovBniteansl (10).1053), o @¥iny 0ddsto ®5%Zpy masd of Gt &5 to 2.0%
a

COTEEL A% o081 0 Wiy 4oL pBR KRS sy, cvtonaty
GRS 8aEhnbs3h o Gttt o s800 B g roe

anskistRY bt @bh o iopuiy s ot & ahdTe0 £ eP0S% Bl Inexsd 6f Zr, with the
el ectroni c machi nery ‘and tools according to any one of

balanabbetng cepper(C)) Bod(iB3vitabieipnpuwities; 2. 0 to 4, 0% by

IS, ChnaoR: st o o o) BB So Lo any ono
I I 0 ;

b4 LRI SEVR OF RimBg 206} £Pat bEMs iR 04 o

DB ByMAEs AOSI, dndGhrther Sorhpeibiyignastoradiy\n008 162.06 Hyomass in
2. Omy mass of Sn and O. OSEXto %ng%/o by ?rass of Zn ym

aitolal atmouphbhatleabeonry selectaddromeipaibie cPRYsing P&S: to 0.15%
s BB 2B a5, 6% 9 B an, 0.05
(17896 bpimah 608 and 0,068 1A SyTyBedof 21k U 6aREs bing
Co #iyinenialsle imperitidove itens (1) to (5);

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

(7) A terminal 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 tools
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 pm 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 go any one of the above
items (1) to (5); (9) A nmethod of producing a

copper alloy for electronic machinery and tools,
conprising renoving a work affected |ayer formng a
surface | ayer of the copper 25 alloy to adjust a

t hi ckness of the work affected layer to 0.2 pmor

ket pw, Th@t@n}athﬂaﬁ‘oﬂﬁbﬁ@éngfa @5;5?5@#%4"89 for SIOGRR1Ic %éc%’nery and
for” el ectroni c machinery and tools according to the
dboleeadcoeding 9 thenhigo\e itern r(e) vemeeinripeaemovingsd vack affected layer
l.ayer is performed by chem cal dissolving treatnent;

ds P@ﬂﬂm%QYrﬁéﬁMwh@m'B@'éﬂ%&qi\‘i@géreé‘b’ﬁﬁ@r al l oy for

T2k ( Oe AR A HrtalPHastiom R gt e alert ety and
Itéol@eercfcerdm t@meew&ier Rshgo), werém&ﬁglrémﬁg’@maﬁected layer
(12) hod of producing a copper alloy f

e‘seetfotmedbfydtelattteaynanm;i tools according to the above

(43Per fTslerBaToy Harpaurigaeniaber algs ot hamainery and
I

ABSHRBR 5o S7ART b B 36y 1811 £ PIcIRaREY 0 Sbooer

(8H3y comisels .05 €0 TIPS rAhsDYf CRTNDS &£2.09 B9 rﬁ@ssﬂoﬁ% and 0.05
by mass of Cr, 0.05 to 0% by mass of Sn and 05 10

tto 110D%ybyrasa s Zof ama furtiret chmmnsas optiprallyes.01 to 0.5% by mass in

Prodzrodirst alleast sheriiniieazo {Sﬁg@areﬁﬁtg%%%ﬁt’ §2F 0¥ 10 0.5%
b9 PSP RS0 81 By 3R dﬂlw 1 e ke Ry €L and

Wwith t al ance bel inevita

linpuitable espuritied; acd4) The met hod of producing a copper
alloy for electronic machi nery and 15 tools according
t(64hny Theenethodf pipeveing eetaphey plley fqrelgctraftie fr@qh"rtq% and

885@ H5oBrioH i S BLS Y s obk et i Dot ekl #¥conper
}/%ﬁf{ riées% @%34@% %;/Q%é’é’ of REsnd 0.48¢0 @B b?%@%toﬂgl and

east one selected fromthe group consisting O.
tfortﬁerlmplyseuasptlomallygo 0!&15(1052 0% By Atdskyn aetekal ahwkg\t of at least
0005to 1% by mass of M, OSta%;lg%by S‘i of
SHERS %@d 6rq'75t IFPUPRAPISHEED 8P trR, 15 PN TDRes BEMENE Q05 to
aell%go eﬁ' kﬂoq} '1%’[2#{15{&5‘5%1‘ M HLES to 2 2,Q% by mass of Sn

her an ures vant dges o

igheembs ed 1V@%|by6\’ﬁ§§§bf PRI Rith whé hafah@mwehﬁg €aldrvheditable
description, taken in connection wWith the 25

amporitesyi ng dr awi ngs.
[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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BRI EF DESCRI PTI ON OF DRAW NGS [0014] 7 a
cross-sectional photograph of a copper alloy under SIM
observati on. Fig. 2 is @ schematic diagram
depicting a cross-section of a copper alloy conprising
a work affected layer 1 and a plastic deformation

| ayer 2. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[ 0015] Hereinafter, the present invention will be
described in detail. In order to avoid anomal ous

pr eci pFigatliisa drossrseationsl ahptagraphl obasgppeaalloy under SIM
10excel lent platabiiity of a copper alloy, the present
PRYINEIAM requires that the work affected layer has a

1 SCTRG gE3 SRab a MhEio SELSSEe oo coprr o

BbilboriBihg SRk bifedkliVaydrtt Asd Brasicddferrbigdn laber 2.
t hi ckness be adjusted to 0.2 umor bel ow. For uses

requiring high reliability in particular, it is nore

B BDE £ R AR N B TRYERRE o1

E@b'a‘ |l es of netal platina which can be given to the
opper alloy of the present invention include Ag

pl at i nGerdiHafbrthagresent HOEndRWilNGe d8l§cr|itbéd inngetaind N

plating. The present invention is especial

pr ef er kibbrdler do awpipl drcunalons peedigitatom iatmelgl @atlug, and ensure an
Ie,n? g%é I§|Pty c?f acgg;?peerr a?lloly,ot%% Jrggen Siﬁ\?eri\tlon reqnlres that the work

aﬁected layer has a thickness reduced to the limit of no 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 pm 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 alloys of solid-solution
type but also 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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term nals and connectors. [00171 Exanpl es of a

copper alloy usable as the copger all oy of the present

i nvention include not only Cu-Sn-series and

Cu-Zn-series alloys of solid-solution 25type but al so

Cu-Cr-Sn-series, Cu-Cr-series, Cu-N-Si-series,

Cu- Fe-P-series and Cu.-Ni -Sn-series copper alloys of

precipitate type. Anong these alloys, those especially

gjllc(;}? ple for application of the present invention are

Sn-series and Cu-N -Si-series copper alloys used

floo18ul ti-pin lead franes with narrow | ead pitches.

[ 0018 In order that the Cu-Cr-Sn-series

copper lalordsr thahthnaﬁi@-cert%ﬁgties apRper alloyrdap have strength and
uct|V|t sat i ory ad fr S, (At is i

SERE spruietyay sehsBEidinasdtaa Eamsse s BietbiabiSthiet the chemical

oA HGHNEA Ui FHRIBlIowing rang&Nr om um (&) i s an

addi'tion el enent causi ng precil glta fon in copper and

t her ebCiromummi(Qy) istareagditiowtlenfentcappitg mrleb@)taudfhmrcopper and
Cr is added in a too snall ampunt, it has little

dhetebly etnham@gsﬁttmm pf theneorneralioy. Wihes Criseddefién a too small

amount. i st ffect of Cr ad an reac

RR0Y, fhe e S o P8 sEienBl e Marmentot, hbfg AERERE amount
rl@ﬂﬂ?la'r ttﬁ& cREESEEr ’aﬂéﬂﬁﬁﬁ r@AHes 4 FeQHIQfs%'qua@io@ S¥hb¥fore, the
nmass, I'S range, range of 0.1 to 45% by nass
ipseﬁenalﬂe pasde mafhleeyreaant |hhenman|gércmﬁi 0003td 0.5% BYmimss. In this
mass is far nore preferab and zinc

range.dhe range of 84 & @A Igv sl gw%gmr@f(eéanlat arshibe; range of

B4R B0 Sy KL o e M e rrar kbl y  nox oasi ng.
the st men@d) dnd £iRe (Zh’P&t@Wﬁorﬁ@lé%é@ﬁé fdriting EBIQI solutions in

addition of these elenments in a snmall anount produces
Icopper asfifprovidingnédlig-sdieiion exiofior¢emnentraral fusthge havwog e effect of

el ectric conductivi,t order . to ens
SPBAKARY ererning 014 SeRath A HieSthsatent podEorkng. The addition

t I
R BRI £ i o bl oo SFABIe alion n
uargé eﬁﬂ/@@ﬁ iPyaretectid eoftudtRiy.enh drien @nslrrefeiﬁo@bé y
fromO0.1 to 0.5% by mass, far nore preferably fromO. 2

wenduatistydasiteble tarrieetrenizmanhinasyaniddostss thepbetentent |5
QB 68017 by ey el ind 2 GMiitSS BPardreliy? 8105 to 1.0%
by mass. The Sn content is more preferably from 0.1 to 0.5% by mass, far more
Ipreferably 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 too small amount produces little effect, while its
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For further enhancenent of strength, either silicon
(Si), or zirconium (Zr), 25 or_both nmay be added to
the Cu-Cr-Sn-series copper all¥y. The Si is an
addition element formng a C-Si precipitate in
conbination wwth Cr, and enhanci ng copper all oy
strength by conplex precipitation of & and Cr-Si. The
addition of Si in a too snmall amount produces little
effect, while its 9 addition in a top |.arge anoun

€ | t
AGHIEPN B @R (AP apUNEN, EPPITS flechic ¢ %F'g nt!n the present

PRI, 38 5 BBl O RbelypusEa athd e foo s oy
Pals, her&%f’&reﬂ%\bw@%tofcm%mé{ AaREef £ Madreyprfstalblp 001 899.3% by

by mass. Zr is an addition ement causi ng
maesi pitation in copper and thereby enhanci ng copper
all oy strength. The addition of Zr in.a too smal

LN, I
amountZige @ieddition elenentagsing wepipbgﬂﬂ%'fb?%w apd thereby

diti rati e f
SRR cO8R Ty Setofh: °The oA o 2FRHS oSl drfount
poalLeesiie aticisiek e diet bprgadafion.r@achias SatbPatioy when the
mass, nore preferably 0,05 to 0.4% by 10 nmass, far
amoeanpoeZeisabbyargel trothe B%sbpt imsestiorn,dbe @y content is prgéerably

total amount of Si t d Z tent J
SelerIBtberange PRAGY BI0-87) TS, ST PeRRblY P9 0-4% by

d258. B PRl uitBleraP g 10 DRI heRe T eat st act ory
It

@920pad franes, is preferable that the chem cal
conposition thereof is within the foll ow ng ranqe.,
Ni andTist tetakaraddit ¢fodi csinéengrans Loeentant is pefegpbly in a range of

recipitate by control of the addition ratio between
&Ii(ﬁatﬁéi-é?", bbﬂ%’sﬁr ovi di ng precipitation reinforcenent
@@qul ncrease the copper alloy strength. When the Ni
ont

ntent is too small, sufficient precipitation
r ei nf oihcgraenthat aine Glu-NeSasdviey eshpertallog cantteavetsterigith and

gl(f)eg{ri?‘,néoridicii\?i?y satisfactory as lead 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 small, 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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| arge, the electric conductivity is inpaired. In the
present invention, the NI contegt is preferably from
2.0 to 4,5% by mass, nore preferably from2,0 to 4. 0%
by mass, far nore preferably from2.6 to 4.0% by nass.
25The degree of reinforcenent becones the maxi num when
the addition amount of Si is about one-fifth the
addi ti on anount of Ni. Accordingly, the Si content is
I 0/0) to 1, 0% by
%ﬁeﬁ%\’aﬂ{grfér @%%Eﬁegg atb%ég 1?29 85%)/ &w%rérass far nor e
doegey ably 0.4 to O. 8% by mass, 10 especially far
nore preferably 0.5 to 0.8% by nass. [0022]
or der t!8 orr@@rtﬂaefwrtbﬁnﬂmwmemt@rfstm g, Agy Mmgn wmd Zn may

ded h -
T 8 T BRI NP ob SbRSAM | on ol orent
ot cnagnEARAIMCls 8K PRI SmBA IHefH S, foafridloy strength

precipitation I n copper

duidiorming afsolid) solatian oo caasial| pradipitationiascdpipit.| €The addition of Mg
effect, and that in a toqg |arge anmount |owers hot

B adtesi smal ampuntiges litte efiegt, @hettbat injastosr laraa amoynt lowers hot

b ythS? . T TR te g bEER DB 8510 ol by mass,

JrﬁQrer/Pe'Pé’raBPySﬁomQﬁ@@% 9'1'5% %&%@ésa*i’udhérf'r% Orfdrdifly from 0.1 to

0.17% by mass lver "(Ag) is an addition

). 2%elny mawres;mmqjtyqnptmrablalfrw Ost3 m@ﬂﬁ%)byfmsm ng a
solid ution.in copper. The additigon of Ag in
smal | Gh Aqir'%aucaégp itign ¢lemest fnseeasing, ppep@rh%ﬂoy. Sﬁre@gth by

t'I‘Bﬁ’n gre%olﬂi@&lﬂ'ﬁor?ﬁ\t é)g)te‘?s LR% S{kfjlﬁ% o?hgﬁiaatgg's diMamount

uses a rise iIn ererore content

Ipﬁo@uﬁselﬁtﬂ@ le¥febt, APfie 18attia &to%%@é Arpéent sH0’tes the effect of Ag
preferably O. 005 to 0.1% by mass, further preferabl
éoably 0.005

@agiitiane aodpuubgs Aeiss, inzest.f aFharefose pihefAey a@ntgenosme

3 SrehiBY RERSVIES PReRBMARD @ 9. Db tyiigaes. Tier Sreterably 0.01
399,195, AeebMa YR iR b TRl PIBYH BTt

fect, in t oo e anount

el ectr |Martglméset(l\/w) ﬂalan Haditivh elmbﬁmnprevmgefoemkability of ingot.
0.005 to 20 0.2% by mass, nore referabwy 005 to
d. h@@@tlmgwnﬂnﬁh@@rsmlba@mm groguogs {i eoeff_as%vdyle that in a too

B Sl TPeRuP st ot seRl ol e LA tp B8 Breferably 0.005 to

PRy MRS, MbRY El‘@fé\%bﬁpd) '0@5%8'0“1%% ﬁ\ﬁbé‘ffgﬁﬁsﬂﬁr'é*fer%g 0.01to

further having t fect of remarkably i1 ncreasing t
$t t&hgihmaes, tfhemsubd pesfeeatily O 7diovidd R%nigy niEss. addi ti on
of these elepents in a .

n 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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25t 00 small anmount produces little effect, while their
addition in a too large anount inpairs electrlc
conductivity of the copper aII&y In order to ensure
el ectric conductivity desirable to electronic

machi nery and tools, the Sn content is preferably
limted to 0.05 to 2.0% by nass or below, and the Zn
content is 11 preferably limted to 0.05 to 1.0% by

Th
mef%b&v ffva'?é‘d & 8105 %R BB y The o ePniSTSanag, gferably

1?%1183 9 t(izsbgﬂn?ggﬁgﬁmré p'?@fve%]ﬁ\P ﬁ'foﬁgﬁblgt}éoqj %?”b)?rﬁ'ass, and

tﬁ@'ﬁr?@éﬁteﬁf .sAaoré\/BreféfablySfﬁemva@ W%f@r@béy ina

range of 0.0 . 0% by mass. [0024] In the
ppoesent i nvent| on met hods of rermval by chemi cal
di ssol vin

treatnent, el ectroche [ vin
t r eat nER ?raabarﬁﬁygﬁ fgonigria ngﬂ’ﬂ %1 0 & tg«feé?P'Md“ a
can b ng the work affected | ayer of
‘aHge 03;5&2& ?ﬂ ?éjf bkl%%%at ively, it is also possible
[0924 ply a method of repairing crystallinity of the
anor phous or mcrocrystalline structure by heat

t r eat niartheipresdrd imantior; tiethods of mmﬂ%by chemieitdisspdving
wor k affected | ayer cones.to hav

teatmanir eleg¥osReical desabing fa%aaimﬁfgﬁnsﬁvagf@i tgpineh!Sicn as
%Fglﬁfcﬁr g éaerP ?étapﬁﬁé%mwemoﬁ%q Eﬁlfw%ﬁx 68 88 I?Jér@fﬂ;@ﬂﬁpper alloy.

€ case Sl ca reatnent

Aﬁefﬁﬁﬁ@él?f it RPalsb PRESIHAY © A@sly & métrwdsof&epamnghﬁyﬁamalty of the
applicable therein and the treatnent tinme. So the

amphgbust or mimoelystajlinersirdatiane by heatdreatment i 'Eh@l non-oxidizing
ment  or. h tr eat nent

gt:q%:’%g %patf‘- efﬁtbfemk a[ff@@g%:f laygT ROMRS tgh g}g‘t abhe & &stalline
L?(?Q /hth fﬁeﬁﬂ%ﬁaﬁﬁ%%?ﬁ Tayeg ogﬁgtﬁlpgéi Saﬁ%%umﬁof the

al ni ng Ion O I zer.

@dﬂﬁémﬂbyo&hd saubisappsaracigl thencase of ploysical Itlyedtmeht sutah:as
acid, hydrofluoric acid or phosphoric acid can be use

sputteringathere amdeﬁyngmgeaas petcsige apphiatathersin and the.
REHEHAT S e BRI o tA S AP AT b el
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, hydrochioric 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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25 hydrogen peroxide is preferred over the others from
the viewpoint of the dissoluti speed, consideration
for the environnental aspect and workability. [0026]
For the el ectrochem cal dissolving treatnent, anodic
electrolysis in an 12 acidic solution can be
utilized, wherein an electrolytic solution prepared by
addi ng an inorganic acid |like chromc acid to

f i
AR Bafien 2ah izt WL e SraR, S Epronared by adding
@ ihahjamid acidtiike ahopmes acit ko phobseaicsacidbr shikiric atidveapplicable.
track record and excellent polishing effect. 5[0027]
/@e@tr@wrﬁéaeluve@%pﬂ@mmnm Qb‘tJW@FICrﬁ%C? perisiditale fasithe copper alloys

Lb%iéﬁ??teiﬁeﬁ oS p L RBLerE AT b URRERT R Srkce or

#inuous heating in a continuous annealing furnace
|s a plicable so long as the heating tenperature and

t he hedisithg Heattreatrrentp peatitd it 2 redudmdi ordekbri-atmossiesre furnace
10t o prevent surface oxidation of copper alloy during

A8 Reewdizer. + Maremprcificalie bateh hwngﬁna@wmﬁhﬁg furnace or

TRORABAR Reaf R A ol i REETRETS Ehard HLAS Rapie’sq jpny as the

THeRRA Sermbe P St REBtHIRINME %‘\“@8 EFop‘Pltdte‘N é@l'n'bir{éd In order

for oxygen concentration during eat treatnent
(O pESjent SArfaca srigketion of obppdmeaIlmyrdurmfgftbetreluilok/aMeeatMent the

he present er-alloy is nmade by the profile of the
i‘@ﬁf'geén F‘é?@ﬁ‘c'gg #rﬁesafa%seﬁum P%V‘%éﬁm@%’@%%@)ﬁﬁr@ﬁ@@rls
TRORLblCAd Plhe Bbdkc Qacﬂeeﬁatg/ &r}nh@& é@tﬂtable from

1
Bet waen  stTuctur esR h%?[mé Lavaht ageous

e Vieluponst df@télﬁlltgbéﬁéx&@@nldbn%eﬁtréﬁﬁ Hhﬂrﬁ tHeehedttRatment.
magni fi ed about 10,000 tines with an el ectron

W& scope, and the use of such an 20observati on

‘35?1 oA INEPILoD s dis 318 Badpeerl té%ve?és%%'t fapRersalloy is
9¥ e ;Br% QS EE @fdéred?ttﬁé’ c{)ﬁé{&f alloh Bbéé}ved under
appar al Us as can e us to pa cul ar a

it fication. In order to make a clear distinction between structures itis
advantageous for the structures to 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, it is
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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Using Figs. 1 and 2, the cross-sectional structure of

the copper alloy is 25expl ai ned. Fig. 1is a

cross-sectional photograph of13 copper alloy under SIM

observation. Fig. 2 is a schematic di agram depicting a

cross-section of a copper alloy 13 conprising a work

affected layer 1 and a plastic deformation |ayer 2. As

is apparent fromthe Fig. 2, the work affected layer 1

Is made up of a Beilby layer 3 (upper layer) and a

cunoprising stvedrki aftected kyen 1 (@nchvie plastiy defornetien Baya i,

| ayer 3 has an anprphous.t ure, .ang th .

m cr oﬁ%@t%ﬂﬁrﬁ’é{?ﬁgpe i:'gwgtﬂ%\e vork, ag?ﬂggéﬂfsrﬂa'lsl Mage up of a
I ne., r

SRR G B dfre] RO R PR Sy SRR 2P (gREETavén.  The

BERSIaYel Hhas Bht @hofihdiudtektnes) drivethbmierasystaliaellaye 4 has a

| ayer and, as shown in Fig. 1, the work affected | ayer

\ery fine caystallive ciggseghteitextute. br Oreplastin dpfarmatipe daysf 2 present

R
FgheaBIRRIN & 08 £ i YEEDACHR! B (e aca

SeI6E81 Bith RISOREAIING) isstledimediersrtt i 8sa%aline vtnictbrd fiem the
t hi ckness thereof varies within the field of view or

plastiodptorination dayen@. diSa thesattworayere are spadiydistingibshable.
dgt if observed under magnification by m croscope
BsBf vati on. . Therefore, a 15thi ckness of the work

at fect Atk hanehitoelmantaffiedin HeahBUAKRIMEAMOI A to the

withint ervation under rmagni fication;

ekl piBedssirg, ishi thkrease vadasds whicts theethicknes thereof varies
different observation spots is defined as the ,
whiiskhe dieidoef viaw atdn icoaTrasisos @nmeng:riffefgr pppen@tiga spots when it

igr ssgp\}%dp lgr? ehﬁgbhi%atfigr{ b)? lnﬁgrtorsggﬂ)ec oHE‘éR;‘aﬂSﬁ.y ?ﬂgrefore, a
thickness of the work affected layer is measured at its thickest position within the
field of observation under magnification, and the mean of thickness values
measured at 5 different 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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alloy having in its surface |layer a nonuniform and
fine work affected | ayer contr hled so as to have a
thickness of 0.2 .trif or below by renoving treatnent.
By the thus controlled work affected | ayer being given
nmetal pl ating, anomal ous precipitation can be
prevented and the platability of the copper all oy,

i ncluding Ag 25pl ating and Cu plating which exerts an

S 5206y 1984AHE A DOl 6 LR PRy gt prrent n e
| cBP Y eiMBPsuifacé e/l tababii dvbdbwaand x&ePReEffadt MWvarious
by reducing the thickness of a work affected Iayer

plyeee of copperralioyspsliffering inaloy wohaesitioayand propertg. uln addition,
bel ow, ar{d exerts its effect on var,ioui tgrgels of I
BpRipsen |BYRNAM ¢a} Rlsg STRUR PrRYCRER SRR Precipitation in
08 lond AN PP o8 168 SBked VALl ¢l faine

pthatégeffdlingrhmbkodiemt pRitaisiigs i n the cases of Ag
lating and Cu plating, thereby offering an excell ent

E{IOQB@bi lity. [0033] Lead frames, terminals and
ol ect r o TRIERE ey RRATG 6P8 ot Grg e Siespyt coper alloy for
%%lgét:tg@?if??ﬁé’éfﬁrferg%o‘t%}ém éé%%g&rgtwg)?élas bgcéllt?ﬁee’lthre troubles

ity o copper alloy ccur In

rasspibablevte the glatability ofed bosiser dilog dengweeuhindheir respective
reliability in not only pqckaglgﬁrg% and onboar d- nountin
grredusisg neiheds) ansd apsyrigh ecliabiifeinsupisudupagkaging an

o mdeifblargorsanry 2 Al PellaEaifbs RGP thereto.

Ibb94) owi ng exanples, but the invention is not
intended to be limted thereto. EXAMPLES
The present invention will be described in more detail based on the

following examples, but the invention is not intended to be limited thereto.

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, rolling, buff
polishing 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 Ag plating, and

Ag platability was evaluated.

[0036]
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[0035] Exanple 1 20Copper alloys having chem ca
conpositions shown in Table 1 were made into 015-nm

t hick copper alloy sheets by dhdergoi ng casting,
rolling, buff polishing and annealing in succession.
These copper alloy sheets were each given degreasing
treatnment and pickling treatnent, and then subjected
to treatnent for renoval of their respective work
affected | ayers by chem cal 25dissolution. Each of the
Tdkls treated materials was coated with Ag plating, and

deg nogG
ctrol Gi 4 T | 40 axuon T A LR oT g . o
vii ch_co®Bail B0 68.4N| of O eaner -160S (It rade rane, - | Balance
pBoduced by |Netlkx 1 &-9,‘19M1ﬁ:m- t A {enparatus %alance
df 60C, | under_a :Qr1r5=nt'd=nsj'tv of 1 2.5 [{QHRD. And_theBalance
pPckling tredth@ent was pe ed-al_room fehper at ure | Balance
by i mret si-on for | 8® de® niQﬁ an_acid lpick DrQ?’ 0.1 | Balance
sol ution containing 100 g/l of sulfuric acid. 10[ 0038]
Each of the work affected iayers underwent renoval
[008af mrent by i nmmersion in an aqueous sol ution

i Z‘L,ﬂ»?%eé%%sa% Gealiph e peramaLty pagel Speyaysis for 30

%%cﬁ% il o ggﬁa n, AHIQY Ol ﬁpgﬂ %ﬂC_fléHner 160S (trade

ﬁlgf“ At ERy N EImBBSitBR Ahies gy [ 0036] — 15 T0037]

ese I'nvention so t
hBfheY | ﬂi&]ce&lftywmbltéﬂlﬁﬁ) afd haselapt at taeemqobmtummnmm under a
treatnent had "di fferent thicknesses of 0, 0.02, 0.

OutcaltiTs/y o5 AdtpECt ARG LE pmlmgatraaf@@ﬁé'@%wf@'med at room
SRR P S e BB 80 3SR Sifon contining
ﬁﬁU‘b‘/ladf Sulk6AL gBRt had the thickness of 0.3 pm [0039]

[0038]

Each of the work affected layers underwent removal treatment by
immersion in an aquecus 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 O,
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.

[0039]

The Ag plating was performed at room temperature in an Ag plating bath
containing 55 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/ldm? until the plating thickness reached 3 um.
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20The Ag plating was perforned at roomtenperature in
an Ag plating bath containing W of silver
pot assi um cyani de, 75 g/l of potassium cyanide, 10 gil
of potassi um hydroxi de and 25 gfl of potassium
carbonate under a current density of 1.0 Alcin? until
the plating thickness reached 3 pin. [00401 As
to the Ag platability of each copper alloy specinen,
t@g pI ated surface of each speci nen was observed
er’a mcroscope of 450 magnifications (made by
Keyencea&ad ther &g bRifabiligsd daeh cdppbeallsyf specaheat theidrplated
anonmal ous preci pltat es formed on the Ag-plated surface
veigfagsuefieatch spesiroenivasi mhsaoﬁe@ancﬂer/@nmrasmpesoﬂabe

RSBl (madd ariEvanes Gatgoduan) naha mugtss of praiecting

ién%ﬁﬁﬁ@b@?gmﬁﬁatﬁg goﬁfﬁ?d‘ I?ﬁe ﬂ;jrﬁ%d%ﬁéé% ric&fht&@ The

geriitton beMg-Wte&%&rfaé@[thlecE&@“@aWh@ﬁ the@suhilser of
in Exanple 1 are shown in Table 2, 100421 Table 2

TMaRAYS Peecipitates RET eattareayas srpater tRvab per non’,df wag rated as
DJ@I Ren thé/ number was from 5 to 10 per mm?, and it was rated as “x*“ when

the number was greater than 10 per mm?.
[0041]

Evaluation results in Example 1 are shown in Table 2.



0.2 0 18 [0043] Exanple 2

Ag plating was

perfornmed in the sane manner as in Exanple 1, except
that electrolytic dissolutionlfas used as the nethod
of renoving the work 5affected | ayer of each copper

al | oy,

sane criteria as in Exanple 1. [0044] The
the work affected | ayer of each copper alloy was
performed by anodic electrolysis in an aqueous

sol UPP8a] cont ai ning 700 g/ of 10 phosphoric acid at

r OOI‘[i_qIP?ITE

Her e

and the Ag platability was eval uated using the

renoval of

erature under a current density of 10 A/ dnR.
i ve speci nens of each copper alloy were

pref
t hei
rent
0.1
each
exar

and 0.2 pm
copper all
Ipl e so

This
invention

ared for exaypls
REMdiksi du%&%r
val- tr nt-—had

STHEKERS ARRTRAfeCRYC!
@me layers afte

|r~|1noeeoe of !'\ O-

VEARa%8ntdl
‘Rﬁtﬁwap Mo

S prepareﬂ(ﬂbr a conpa

rati ve©

0.05

0.1

0.2

0

0.02

0.05

0.1

0.2

0

0.02

0.056

0.1

0.2

0.02

0.05

0.1

0.2

0.02

0.05

0.1

0.2

0.3

0.3

Comparative
example

0.3

0.3

m oo m x>

0.3

XIX| X[ X|X[O|O|®|®|0|0|0|0|®|®|0|C|®|®©|©|0|0|e|0|®|0|0|®
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15 that its work affected | ayer after the renoval
treatnment had the thickness of180. 3 pm Eval uation
results in Exanple 2 are shown 1n Table 3. 19

Thi ckness of work affected Eval uati on of Ag |ayer
(pmplatability 0.02 0.05 0,1 0.2 O(ct 0.02(0) 0.05

[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 solution containing 700 g/l of
phosphoric acid at room temperature under a current density of 10 Aldm?.
Herein, five specimens of each copper ailoy 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.



0.10 0.2 00.02 0.050.10.90
19

[0045]
Table 3

Alloy | Thickness of work affected | Evaluation of Ag
RemAIs No. [ layer (pm) platability

0

0.02

A 0.05

0.1

0.2

0

0.02

B 0.05

0.1

0.2

0.02

This

invention c 0.05

0.1

0.2

0.02

D 0.05

0.1

0.2

0.02

E 0.056

0.1

0.2

0.3

0.3

Comparative

example 0.3

0.3

X|X|x|x|x|Ol0O|@|®|@|0|0|®|®|©|0|0|0|®|B|0|0|0|®|®|0|0|©|©|©

moom >

0.3




10

16

20

6 Conparative exanple 20 [0046] Exanple 3 Ag
pl ating was perforned in the sgge manner as in Exanple
1, except that heat treatnent s used as the nethod
of renoving the work affected | ayer 5of each copper
all oy, and the Ag platability was eval uated using the
sane criteria as in Exanple 1. [0047] The renoval of
the work affected | ayer of each copper alloy was
p@{fgLned by heat treatnent of 2 hours in a heating

0 e wth a reducing 10 atnosphere of hydrogen.

I-g{(g,hpejl ve speci nens of each copper alloy were

for exanples of the present invention so that

thei r iAgblatidgatas\peoratddint tee dameenrmnakt as in Eeample1 except
renmoval treatnent had thicknesses of 0, 0.02, 0.0

that heat treatmesivasdisescas thel methasi ofgeamaying e werk aﬁﬁected layer
SR R A U RIS B S s THRD g some crtria
rmvgj(a,;,@et{_eat ment had the thi ckness of 0.3 km
[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.



Addi tionally, for reducing the thickness of the work
af fected | ayer of each copper alloy to O, 0.02, 0.O05,
0.1, 0.2 and 0.3 ttmfromthe2driginal value of 0.4
tim the heat-treatnent tenperatures were set at 600,
585, 565, 540, 500 and 450C, respectively, 20 [00481
Eval uation results in Exanple 3 are shown in Table 4.
21 [0049] Table 4 | Aloy ; Thickness of work
affected No. ' layer (pm) Evaluation of Ag

pl at afl049%y 0.02 0.05

Table 4

Alloy | Thickness of work affected | Evaluation of Ag
Remarks | No.” | layer (um) platability

0

0.02

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 0.3

example
P 03
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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 pm, 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]
Example 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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0 0.02 0,05 A0.3 0.3 0.3 0.3 0.3 22 [0050] As
can be seen from Table 2, Table 3 and Table 4, the
proj ecti ng anomal ous precipitdBes forned on the

Ag-pl ated surface were few in every exanple of the
present invention and, when the thickness of the work
af fected | ayer was thinner than or equal to 0.05 jim
t he nunber of anonal ous precipitates formed was very
few and the Ag platability was particularly excellent.

name, produced by Meltex Inc.) and was kept at a temperature of 60°C, under a
current density of 2.5 A/dm?.  And the pickling treatment was performed at room
temperature by immersion for 30 seconds in an acid pickling solution containing

100 g/l of sulfuric acid.

[0053]

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 O,
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.

[0054]

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

The Cu platability of each copper alloy was evaluated 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 “0", and cases in which exfoliation was

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



Even when the copper alloys were different in alloy
type or in nethod for renoval gf their work affected

| ayers, they achieved the sanme results so |ong as
their work affected |ayers had the sane thickness. In
any of those cases, it was 1l0possible to obtain

excel lent Ag platability by reducing the thickness of
the work affected layer to 0.2 mn or bel ow In
qpess] conparative exanple, on the other hand, the
nonuni formand fine work affected | ayer renmained on

t he suBvabatioh rebelts vpipeamplel bsrenshidvaruin Tablad. pr oper |l y
renoved, so the anomal ous precipitation ascribable to
the work affected 15l ayer occurred to cause
deterioration in Ag platability. [0051] Exanple 4
Copper all oys having chem cal conpositions shown in
Table 1 were made 20into 0.15-mmthick copper all oy
sheets by undergoing casting, rolling and annealing in
successi on. These copper alloy sheets were each given
degreasing treatnent and pickling treatnent, and then
subjected to treatnment for renoval of their respective
work affected | ayers by chem cal dissolution. Each of
the thus treated materials was coated with Cu plating,
and Cu platability was 25 eval uated, [0052] 23 nane,
produced byt\lleltex Inc.) and was kept at a
tenperature of 60C, under a current density of 2.5

Al dn2. And the pickling treatnment was perforned at
roomtenperature by imersion for 30 seconds in an
acid pickling solution containing 100 g/l of sulfuric
aci d.
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0.1 O
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Eval uation results in Exanple 4 are shown in Table 5.
25 E00571 Table. 5 Remarks Thgckness of work
affected layer (pm 0.02 0.05 0.1 0 0.02

[0058]
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.

[0059]

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.



0.05ft--?) 0.1 0,200 r. Co) 0 0.051 0.10.20.30.3
0.3 0.3ix 26 [0058] Exanple 5 Cu plating was
performed in the same nanner 46 in Exanpl e 4, except
that electrolytic dissolution was used as the nethod
of renoving the work affected | ayer of each copper
alloy, and the Cu platability was eval uated using the
same criteria as in Exanple 4.

[0061]
Table 6

Alloy | Thickness of work affected | Evaluation of Cu
Remarks No. | layer (pm) platability

0

0.02

A 0.05

0.1

0.2

0

0.02

B 0.05

0.1

0.2

0

0.02

This

invention c 0.05

0.1

0.2

0

0.02

D 0.05

0.1

0.2

0

0.02

E 0.05

0.1

0.2

0.3

0.3

Comparative

example 0.3

0.3
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[0059] The renoval of the work affected | ayer of each
copper alloy was perforned by zgodic electrolysis in
an aqueous sol ution containing 700 g/l of 10phosphoric
acid at roomtenperature under a current density of 10
Al dn2. Herein, five specinmens of each copper all oy
were prepared for exanples of the present invention so
that their individual work affected | ayers after the
qew&mal treatment had thicknesses of 0, 0.02, O0.05,

.1 and 0.2 pm respectively; while one specinen of

er alloy was prepared for a conparative

FemovalCl Pedpmarie REdPTIRS EHPERRES NS & FrEXeBBRof, Sxcept
%é‘ﬂ[ }3%56’( gﬁé@gﬂg%§ élsgdmlrﬁetﬁoﬁro? r&f8¥Rg'the TRk &Bcted Tayer
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 tfreatment 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 ym.

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.



Cu plating was perforned in the sane manner as in
Exanpl e 4, except that heat treatnent was used as the
nmet hod of renoving the work aPPect ed | ayer of each
copper alloy, and the Cu platability was eval uated
using the sanme criteria as in Exanple 4. [0063] The
renoval of the work affected | ayer of each copper

all oy was perforned by heat treatnment of 2 hours in a
heatlng furnace with a reducing 10 at nosphere of

hydr 5§ Herein, five specinens of each copper all oy
wer e ared for exanpl es of the present invention so
t hat |ndIV|duaI work affected |ayers after the
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5 than or equal to 0.05 um the exfoliation area of

the oxide filmwas very small gpd the Cu platability

was particularly excellent. Even when the

copper alloys were different in alloy type or in

met hod for renoval of their work affected | ayers, they

achi eved the sane results so long as their work

affected | ayers had the sanme thickness. In any of

tlppsg] cases, it was 10Opossible to obtain excellent Cu
platability by reducing the thickness of the work

af f ect efs bay be seendram diabla 5 bEbtan6 and Table Fnthevexfgliation area of

conpar at | ve_exanpl e, on the other hand, the nonuniform
atﬁa PidasiaRofim ferned adier Cayrlating wasraalbin evesy gxampleof the

. | ' i :
g aRLARPATn. DB p e BB R RRR i il T o Rinner
ahhAWreGubbloay 85 | PR CHErSToltRiohteS of BiEHXIOE Hirh Yhs very small and
the Cu platability. I NDUSTRI AL APPLI CABILITY [0067]
The Copsabibitylvas partichiarlprexselienti nventi on is excel | ent

in platability. 20Therefqre, the copper. alloy is
sui §ablEvauwhiagie RoPreialloys Hare dipRin ok tges P ethod for

TREI TS 1800 B TSI g o o
hep vastdciffiegted IapdRaTacdiNec0sarfé thiflthddses @nhny BY sk Wases, it was

is suitable for a nethod of producing such a copper
dssibie ke ebtaimexdiailept Suapatability b sedwdedihe 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 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



description, unless otherw se specified, but rather be
construed broadly wthin itsngfirit and scope as set
out in the acconpanyi ng cl ai 1. A nethod of
produci ng a precipitate-type copper alloy material for
el ectroni ¢ machi nery and tool s, wherein the
preci pitate-type copper alloy material consisting
essentially of 2.0 to 4.0%by mass of Ni and 0.4 to

8% by mass of Si, and ei }her 51to0 0.3%

Hﬁ§%rlr8pnwgniﬁ88(oéwe@/'%5p% ied, o 59th@ag§ qwﬁw@%&%ad'v within its

e, se group
3BRE b RegPh AR bt P Bas b MR Y 0. Bos <o
0.2% by mass of Mi and 0.05 to 1.0% by mass of Zn,
with the bal ance being Cu and inevitable inpurities,
and has a work affected layer in a surface |ayer
t hereof, the producing nmethod conprising the steps of:
casting the precipitate-type copper alloy material;
rolling the precipitate-type copper alloy nmaterial;
optionally buff polishing the precipitate-type copper
all oy material; annealing the precipitate type copper
all oy material; optionally degreasing the
precipitate-type copper alloy material; optionally
pi ckling the precipitate-type copper alloy material by
washi ng in an add; subj ecting the work affected
| ayer in the surface layer to a heat treatnent at a
tenperature of 500 to 585C in a non-oxidizing
at nosphere or a reduci ng atnosphere, thereby to nmake
the work affected |ayer have a thickness of 0O pmto
0.02 pm to repair crystallinity of the surface |ayer
and subj ecting the heat-treated copper all oy
material to plating wwth Ag or Cu, wherein the plating
is in direct contact with at |east a portion of the
work affected | ayer whose crystallinity is repaired
via the heat treatnent. 2. The produci ng net hod
according to claiml1l, wherein the work affected |ayer
in the surface layer is subjected to a heat treatnent
at a tenperature of 565 to 585C in the non-oxidizing
at nosphere or the reduci ng atnosphere, thereby to make
the work affected | ayer have a thickness of 0.05 firn
to 0.02 pmto repair crystallinity of the surface
| ayer.



3. The produci ng nmethod according to claim1l1, wherein
the heat treatnment is conducted for 2 hours. 4. A
nmet hod of producing a precipitate-type copper all oy
material for electronic machinery and tools,

wherein the precipitate-type copper alloy materi al
consisting essentially of 2.0 to 4.0% by mass of N
and 0.4 to 0.8% by mass of Si, and &her (a) 0,05 to
0,3% by mass of My or (b) 0,005 to 2.0% by mass in a
total anmount of at |east one selected fromthe group
consisting of 0.005 to 0.2% by nass of Ag, 0.005 to
0.2% by mass of M and 0.05 to 1.0% by mass of Zn,

with the bal ance being Cu and inevitable i rglgurlt
dnd had methest kT BOAEENE @ PrageftaientyRe sappecioydyaierial Yor electronic

Hb%?ﬁ.%b, lh fodpé oduci ng net hod conprising the steps of :
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the heat treatnment conducted f

atmosphere thereby to make the work affected Iayer have a thickness of 0.2 uym to

0.02 um, to repair crystallinity of the surface layer; and
subjecting the heat-treated copper alloy material to plating with Ag or Cu,
wherein the plating is in direct contact with at least a portion of the work

affected layer whose crystallinity is repaired via the heat treatment.

2. The producing method according to claim 1, wherein the work affected layer
in the surface layer is subjected to a heat treatment at a temperature of 565 to $85°C
in the non-oxidizing atmosphere or the reducing atmosphere, thereby to make the
work affected layer have a thickness of 0.05 pm to 0.02 um to repair crystallinity of
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the surface layer.

3. The producing method according to claim 1, wherein the heat treatment is
conducted for 2 hours.

4, A method of producing a precipitate-type copper alloy material for electronic
machinery and tools,

wherein the precipitate-type copper alloy material consisting essentially of 2.0
to 4.0% by mass of Ni and 0.4 to 0.8% by mass of Si, and either (a) 0.05 to 0.3% by
mass of Mg or (b) 0.005 to 2.0% by mass in a total amount of at least one selected
from the group consisting of 0.005 to 0.2% by mass of Ag, 0.005 to 0.2% by mass of
Mn and 0.05 to 1.0% by mass of Zn, with the balance being Cu and inevitable
impurities, and has a work affected layer in a surface layer thereof,

the producing method comprising the steps of:

casting the precipitate-type copper alloy material;

rolling the precipitate-type copper alloy material;

buff polishing the precipitate-type copper alloy material;

annealing the precipitate type copper alloy material;

optionally degreasing the precipitate-type copper alloy material;

optionally pickling the precipitate-type copper alloy material by washing in an
acid;

subjecting the work affected layer in the surface layer to a heat treatment at a
temperature of 500 to 585°C in a non-oxidizing atmosphere or a reducing
atmosphere, thereby to make the work affected layer have a thickness of 0.2 um to
0.02 um, to repair crystallinity of the surface layer; and

subjecting the heat-treated copper alloy material to plating with Ag or Cu,

wherein the plating is in direct contact with at least a portion of the work
affected layer whose crystallinity is repaired via the heat treatment.
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5. The producing method according to claim 4, wherein the work affected layer
in the surface layer is subjected to a heat treatment at a temperature of 565 to 585°C
in the non-oxidizing atmosphere or the reducing atmosphere, thereby to make the
work affected layer have a thickness of 0.05 um to 0.02 pm to repair crystallinity of
the surface layer.

6. The producing method according to claim 4, wherein the heat treatment is
conducted for 2 hours.
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