1 DESCRI PTI ON COPPER ALLOY FOR ELECTRONI C DEVI CE, METHOD FOR
PRODUCI NG COPPER ALLOY FOR ELECTRONIIC DEVI CE, AND COPPER ALLOY ROLLED
5MATERI AL FOR ELECTRONI C DEVI CE TECHNI CAL FI ELD [ 0001] The present
invention relates to a copper alloy for an el ectronic device, which is
10 appropriate for el ectronic dnESERBCONcal conponents such as
termnals, connectors, relays, and the like, a nethod for producing the
copper alloy for an electronic device, and a rolled copper alloy for an
el ectronic device The present application claims priority on
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of electronic devices, 20electrical devices, and the like, efforts have
beén made to decr ease MAEERIAle EORNALEGERONIEUNE¥Kds of el ectronic and
el ectrical conmponents such as term nals, connectors, relays, and the

| i ke that are used in the electronic devices, the electrical devices,
and the like. Therefore, there is a demand for a copper alloy that is
excellent in spring properti eBECANSCAETJEND and a conductivity as a

mat eri al which constitutes the electronic and el ectrical 25conponents.
Particul arl yoo@g described in Non-Patent Docunent 1, it is preferable
for the 2 coppéer alloy that is used in electronic and el ectrical

conponent s ch as t.erm.nal nnector and the |i 0 have
2 high pr oofsl‘f*&p.f%ssgt I r%k%e%%@opspeh% fis asctao%%S%Vé?e AT ha
is excellent spring erti a strength, and conductivity, a
cdBe aﬁpf‘wla f‘élﬁ?ﬁffﬁ“gc %Edo&%“fi\? FPEIBANGTYS SUCHAS X mIASISe COPREWORT T Bunent
1. 5This Cu-Be alloy is a precipitation-hardened alloy with a high

st r enginkd, thahke, anBehodsfoa geodyeiagitld ecappedalioy far amele¢tronihagyece, amdba rallgdeby,
the strength is inproved without decreasing the conductivity [0003]
Howev etopptihwloCdeBe dédtoyicdivic@i ns an expensive el ement of Be: and
therefore, 10the cost of raw naterials is extrenely high. In addition,
when the Cu-jije ﬁés'eﬁb’aﬁpﬁcéfﬁﬁtbflzﬁﬁl%lph@ﬂty $iPXpandI€ Pilchi AppIRStiSiER 0ar €
generated. Therefore, in the manufacturing process, it is necessary to
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strictly manage t um OXI S In or prevent
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manuf acturing cost were both high, and the Cu-Be alloy was extrenely
expensive. In addition, as described above, since a detrinental elenent
of Be was included, the use of the Cu-Be alloy was avoided in terns of
environnmental protection. [O0GMIKGROUND ART

[0002]
Conventionally, in accordance with a decrease in the sizes of electronic devices,
20  electrical devices, and the like, efforts have been made to decrease the sizes and the
thicknesses of electronic and electrical components such as terminals, connectors, relays,
and the like that are used in the electronic devices, the electrical devices, and the like.
Therefore, there is a demand for a copper alloy that is excellent in spring properties, a
strength, and a conductivity as a material which constitutes the electronic and electrical

25  components. Particularly, as described in Non-Patent Document 1, it is preferable for the



20For exanpl e, Patent Docunment 2 proposes a Cu-Ni -Si-based alloy (so
call ed Corson alloy) as a substitute nmaterial that replaces the Cu-Be
alloy This Corson alloy is a precipitation-hardened alloy in which

Ni 2Si precipitates are dispersed, and the Corson alloy has a relatively
hi gh copgercdlioyithiat isundd an slectendgd ind dedriedl sompasensd JueB as tegaal | on
property Therefore, the Corson alloy is frequently used for term nals

for aulanaibd er%lat\@%amhé lilkeBbHal@h ﬁlgﬁﬂﬁO@ﬂ sﬁ@@sl an%&hﬂb@%un?@%édﬁ%s' i ke,
and devel opment fhereof is activel 3 perforned
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case where the content of is 3.3 atomc%or nore, internetallic
corrpoubitis Curfdg fiJlﬁYr*l@awcmi@tlwhéfélﬁn%balb’wé’blﬂb@ hl@héaemg;h padfoBeiipg a
solution treatnent (from 500C to 900C) and a precipitation treatnent.
That iage-peeamitdted inkem@uix vhadea sedithatcbgythe strengtlatsiimptoyetimgthoosonduct i vi ty
and a strength can be obtained 10t hrough precipitation hardening as is
t he ca@ermlhgtﬁmna@@mdescrl bed Corson alloy. [0006] However ,
in the Corson alloy disclosed in Patent Docunent 2, the Young's nodul us
is relativelpodyigh, that is, 125 GPa to 135 GPa. Wth regard to a
connect or haV| ng a structure in which a male tab pushes up a spring

tormnal | it i%”ev%&@ il _210%&%%%«%%?%&%&%@%? SAE %;@ﬁﬁ’%f@?%;? e
corEl e oF EsiEnatns Rereids Rider 1 et 66 Oy e MR he cont act

pressure easily exceeds an elastic [imt; and thereby, plastic

def or rmanudactoredpsic brndlien oxises pre deseratstl. f Aberefise.an IROpTOGRuring I n
addition, in the Cu-My-based all oys disclosed in Non-Patent Docunment 2
and Pagirecdss, Dos uwsntarg to piowidear dpycitloconfigui@ios ohmahdfayturind éaciliniceamiet al | i ¢
conpounds are precipitated. Therefore, there is a tendency that the

Young' &ridtBdihnbe IRCQUIFRT UM @dides 3N drdeh HSpréverfl @RHcrAREMARAKS ,fmln{ bélﬁg not

favorabl e "as a connector. 25Furthernore, since coarse netal

Como%gﬁleﬁ‘t%ﬁy/f’éaﬁé’&&ﬁ%ﬁe' AQd0RfibédalRBS e Cudzd ana/'r ke g&gﬁ%enm t‘rl"]lat

conpounds ‘serve as a starting polnt of cracking

ces and.t hus t he crackin ccurs easil ore, . there is a
DHSor ok PR DR PP EishA PR ARG s GRE et MRS b G i b e ifoy
conplicated shape. 5PRI OR ART DOCUMENT Patent Docunent [00081]

Pat entWBGEHRESEY expgaped adpiEenfs sesrribsd aheveapipes & detripisntafelegient of
Publ i cati on No. HO04-268033 10Patent Docunent 2: Japanese Unexam ned
Pat entBappd inchidedirihe EeradtthdliiBecaloy ovas Meoidet] in ©86085environmental

protection.
[0004]
20 For example, Patent Document 2 proposes a Cu-Ni-Si-based alloy (so called
Corson alloy) as a substitute material that replaces the Cu-Be alloy. This Corson alloy is
a precipitation-hardened alloy in which Ni,Si precipitates are dispersed, and the Corson
alloy has a relatively high conductivity and a strength, and also has stress relaxation
property. Therefore, the Corson alloy is frequently used for terminals for automobiles,

25  small terminals for signal systems, and the like, and development thereof is actively



Pat ent Docunent 3 Japanese Unexam ned Patent Application, First

Publ i cati on No. HO7-018354 15 Non-pa ent Docunent [0009] Non- Patent
Docunent 1 Koya Nonura, -Technical Trends in Hi gh Performance Copper
Alloy Strip for Connector and Kobe Steel's Devel opnent Strategy" Kobe
st eel pen@rme®ri ng Reports, Vol. 54. No. 1(2004), P. 2 to 8 20Non- Pat ent
Docunent 2: Shigenori Hon i and other two researchers, -G ain Boundary
Preci pi tatiqpody) Cu-My al loy", Journal of the Japan Copper and Brass
Research Associ ation, Vol. 19 (1980), p. 115 to 124
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5 [0010] The preserft inve h - was e IR Cons| era i on

above- d Cc ta the Lesen nti.on

o ovi et e Sloy 5Rp S RuushCor il Satbe Py BN vSwdoung: s
nodul us, a hlgh proof stress, a hl?h conductlv ty, and 5excel | ent

berdi ng f or B reayd torhe CnMabricalioyfasican be seandrime aghascaliagramiod a
conponents such as term nals, connectors, relays, and the like, a

net hodCi-dig prsedudiong intFéGcbpmﬁle cabd whert dlne amtalt eEMpaorB3 demicdepr and a
rolled copper alloy for an el ectronic device. Means for Solving the

Pr obl efisrelRi@Mtdllic compounddineludiie CwarkbiNgeah Be pRiciiatatby ﬁe%rrﬁfn?sae nt
inventors made a thorough investigation, and as a result, they found

that_acurds da MKD%B%WC (odMcs ies @%&@ﬁeﬁ&f’u@aﬁqm s%g& s Beth O

has a oun "'us roo ress h con Ubt|V|

and ex eII t bend| I|t nd.t.he rk ha den copper

al | oy ''s dipeed a_ng)g EPS]VE@ %% Uiy & ao%;repg e?ang 8??%1%3'[ r eat ment

(solut|0n|2|ng) and a subsequent rapid cooling Simlarly, they
alldo ftbumwgh prrstpigtion hirdpzing enisribe easpavitiiha/pbaris-desprdred tqusaan B@ysol i d

solution alloy has a | ow Young's nodulus, a high proof stress, a high

conducti vi t fy00@jd excel | ent bendi ng for mabi | | ty, and the work hardening

type copper alloy is produced 20by subjecting a Cu-My-Zn alloy to a

sol ution treaajwemit iR’ CorSHPARFUBMosE@ R PatéRPdcithen] DALY oukzes pr esent
i nventi on has characteristics descri bed bel ow on the basis of the

findi r]?édulus is relatively hl-éhelrélgtv 1IS ileﬁr@yé ﬁ)eggq}}td r S\i’ltﬁ?ﬂ%ﬁf 109 cdfl Ct&olpper

alloy tor an el ectronic’ 5present ention t

o Bt 5t SR Fich ngs o hSRS o onkag ol %ﬂmoﬁ Shafoner

bei ng Cu and inevitable inpurities, and a conductivijt %W ACS) is
wilohi rfeftnPiéalfaélFlll%Ws%edrlaﬁ)g‘Be St frinab e disrcay Whereithe s ra@dua\us of
atom C;/?naterial that constitutes the connector is high, there is a concern that a variation in
contact pressure during the insertion becomes large, and the contact pressure easily
exceeds an elastic limit; and thereby, plastic deformation occurs. Therefore, it is not
favorable.
20 [0007]
In addition, in the Cu-Mg-based alloys disclosed in Non-Patent Document 2 and
Patent Document 3, similarly to the Corson alloy, the intermetallic compounds are
precipitated. Therefore, there is a tendency that the Young’s modulus becomes high, and

thus as described above, it is not favorable as a connector.

25 Furthermore, since coarse metallic compounds are dispersed in a matrix phase,



a ( 1.7241/(-0.0347xA2+0. 6569xA+1.7)) x100 5[ 0013] There is
provi ded a second aspect of the copper alloy for an electronic device
of the present invention that is conposed of a binary alloy of Cu and
My. The binary alloy contains My at a content in a range of 3.3 to 6.9
at om abe instrirfetallic esrapmahds sdre¢ aga Sartmgchoimeictaaking dunipgaibehéiag peoudssan
average nunber of internetallic conpounds having grain 10sizes of 0.1

ttm oraniMh® thé cfalkidg b@élﬁ?eé%ilr.ll TherBioRs, the@S & a proPA in TRENEs UFHBIIPY ded a
third aspect of the copper alloy for an el ectronic device of the

prese [ NV ' [ f a binary alloy of Cu and My. The
binarQ%g Eé@ﬁ%%% g%ﬂ@&ﬁﬁ%gﬁ%gaggn éﬁt in arange of 3.3 to 6.9 atomc%
with a remai nder being Cu and 15inevitable inpurities, a conductivity a
(BACS) is within the follow ng range when the content of My is given
as A atom c% and an average nunber of internetallic conpounds having
grain sizes of 0.1 vimor nPREORARTPQCUMENTof 1/iinR or less. a
1.7241/ (-0.0347xA2+0. 6569xA+1. 7); x100 [0015] 20Since the first aspect
of thePatoppmcumkentoy for an el ectroni c device has the above-descri bed
characteristics, the copper alloy is a Cu-My solid solution alloy

super sat ur atjggpgyi th My. Since the second aspect of the copper alloy for
an el ectronic device has the above-described characteristics,

precipitati i I i i S : t he
Pk D%%u}hawgq, ”%%Jnleéecljﬁ&’iﬁmtérﬁ Ag»gﬁ&ft%ﬁ, eickt Puzhaaﬁqu\l/g !

copper alloy 1s a Cu- solid solution alloy supersaturated wt

Si nce h J spect of the copper alloy for an el ectronic device has
t he aggggi%gg@gpged characteristics of both of the first and second
aspects, the copper allay is a Cu-Mj solid solution allogy .

sdﬁer sat ur aﬁ)é&"aﬁ@ﬁuwt 2‘5’[ dmaérsw?%a%%%ﬁt%Atpﬁﬁcwapﬁvstéﬂubls%lon
consisting of these Cu-Mj supersaturated solid solutions, there is a

t endeM¢ HHa@365Young' s nodul us becones | ow. Therefore, for exanple, in
the case where the copper alloy is applied to a connector in which a
mal e tab pudhent Dpcamep3i ndagmpicalGhexaaritidddiatait AppfiestimheFire Pobhiedtioand i s
inserted into the female 10termnnal, or the like, a variation in a

cont aq{o HI®BO6L3B4during the insertion is suppressed. Furthernore, since
an elastic imt is high, there is no concern that plastic deformation
occurs easily. Therefore, the first to third aspects of the copper
alloys for an electronic device are particularly suitable for

el%ctr ni c aqﬂ%elect{ical conponents such as term nals, connectors,

r ePays, "HRYFIHOUEEY 15[ 0017] In addition, since My is dissol ved
(solid-solubilized) in a supersaturated manner, a |arge anmount of
coarse intedA®Hl1ic conpounds, which serve as a starting point of
cracking, are not dispersed in the matrix phase; and therefore,
excel | ent beévah-Rgertddavabichi 1)Koy Nirhaian€chmicadirehidsgh yligh Perfgmpossi bl e
to nmold electronic and el ectrical 20conponents having conpli cated

shapesCsipehAdsy Seipiion@bfinectsaang Klobe Steel’e DaySopasist Stheglyi Kebbytedlsi ng any
one of the first to third aspects of the copper alloys for an

el ect rgigeeRY ReBorts, Vol. 54. No. 1 (2004), P. 2 to 8
20 Non-Patent Document 2: Shigenori Hori and other two researchers, “Grain

Boundary Precipitation in Cu-Mg alloy”, Journal of the Japan Copper and Brass Research

Association, Vol. 19 (1980), p. 115 to 124

DISCLOSURE OF THE INVENTION

25  Problems to be Solved by the Invention



Since My is dissolved in a supersaturated manner, a strength can be

i nproved by wor k hardeni ng. 5 Furt hernore, the copper alloy
is conposed of a binary alloy of Cu and My, and 25the binary all oy
contains Cu, My, and inevitable inpurities. Therefore, a decrease in S
conducti vi tyoad to other elenents is suppressed; and thereby, the
conductivity becones relatively high. [0018] Meanwhile, the average

nunber of i MRMEBEA ihiéntRATRRYRLR iRV JT (B ARV e AbscPded Vi m or
nore is calculated by perform ng observation of 10 visual fields using

ragni 14 aRe AR Rg RARBE AL AT ééi@%ﬁ%ﬁa@@?%ﬁﬁ@"%@ %fﬁé?'ﬁ@er "
' 4.8 i.11112. T i. ' ' . '
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internetallic conpound. Here, the long dianeter is 10 the length of the
| oRgesixcelianipgprting foraabifitysthgtisswitakis ©OR clgelsanipand elspricalrompeneitagichwi t h

a grain boundary on the way, and the short dianmeter is the |ength of

t he | asgewtinds,rcangdrtork,irakays, and thei Iikec & methodrfohpgdnehg the dohperlating for

di anet er whi ch does not cone into contact with the grain boundary on

t he wepn JI@@bA]c deloR, drden folled tofper hiiy fdr as PREtGniOtedibe copper all oys for
an electronic device, a Young's nodulus E may be in a range of 125 GPa
or less, and a 0.2% proof stress cro 2 may be in a range of 400 MPa or

nmore. In this case, a resilience nodulus (cr022/2E) becones high, and

t hus, plastdc . ef,o tion does not occur easily. Therefore, the
MR savips BT LORIT

copper y suitable for 20electronic and el ectri cal
conponent s i@&h as termnals, connectors, relays, and the |like. [0020]
AW st asp Hdf a method for produci ng a copper alloy for an

el ectronic device of the present invention is a nethod for producing
any one of tlnerder tassolyothe protderas placpresent invhetosoppdera hibrasgh for an

el ectronic device. The first aspect of the nethod for producing the 9
copperinadstigytidnoandass eteedlt, sy founké thac & worichardasng &yph €atMagupersaragmsedof
heating a copper material conposed of a binary alloy of Cu and My to a

t enpergtids8lufbn ABY hR AA6RFoug s MUK higmg)rwf%@@;% a ffghc@abh Al he
heat ed copper material at a cooling rate of 200Cmn or nore to a

t enper ; i f e K e
B L R R S g G v e
caontent in.a.ran f 3.3.t0 6.9 atomc%, with.a remi nder being . and
v i RicRpan Eirds alpysa potucion rHagtyselitignifpE G FaupsaRuRee o
the nethod for producing the copper alloy for an el ectronic device, M
can becogBN&t i oni zed by the conditions of the above-described heating
10process. In the case where the heating tenperature is |ower than
500C, t her e Similarly dinyealso fionad thahe wook bardeming iypg (heligrés sipecatpated e and
thereby, a large anount of the internmetallic conmpounds may remain in

t he majolit Xolptias alldyhdsheowasrnvheiiulizea RRAtProEs stresip e hthuoadexiiaeds

900C, there is a concern that a part of the copper material becones a
i qui dirRhasQicnPBhdhlbSoRRIbIlIA, Bid LU hBdeA a8 abe iNGeQNRa
unevenP Theré?ore,lgﬁ% 15Hé§%ing tenﬁeratﬁrggﬁg%se?pto bglin a range of
5 tq. 900C. . ecl pi . f i roetal | ounds
aa ngcnbresng iy ME IS T B rbBLbA T meh LR L BETERE b SRR g
cool i ng pro%gﬁf' and thereby, the copper material can be a Cu- My

super sat ur at :Qolid sol ution.

The present invention has characteristics described below on the basis of the
findings.
There is provided a first aspect of the copper alloy for an electronic device of the

25  present invention that is composed of a binary alloy of Cu and Mg. The binary alloy



[ 0022] 20l nprovenent in strength due to work hardening can be achi eved
by the working process A working nmetdhod is not particularly Iimted.
For exanple, rolling is enployed in the case where the final formis a
sheet or a strip. Wre drawing or extrusion is enployed in the case
wher e dohenifs Malat f oortentdn a rdrge@ 613 @ & Datomiedio givitly a ¢mginédks dieing (1sand

enpl oyed in the case where the final formis a bulk shape. A working

t enper; i ; ; i : YING. Vi V, o o rabl e
1ﬁ€\ﬁfaﬁle' lmﬁhes, 104 RabidueHVRY LY odiAlkh %q?lﬁlggflf'eoﬁgg\g%fg mlﬁliﬁgceﬁ@i@i abl

to set the tenperature to be 1na range 0

cold or warm s e.in order to.prevent the occurrence of precipitation.
A redtfé? F%‘Hel}té)ﬁ%g Issg“éeﬁ'rﬁsé%?tf’%‘g/f’y sel ected so as to obtain a shape
close to the final form however,in the case where work hardening is
consi der ed, @ hdl7e4lLEOIBATA GNP sABEdherl@Bly in a range of 20% or
nore, and nore preferably in a range of 30% or nore. Meanwhile, a
so5cal | ed | qoordnperature annealing may be perfornmed after the working
process Due to this |owtenperature annealing, a further inprovenent in

mechani cal  cliRfag hedviddd £5c6RNasPEctIF MPPer ARl I3 clértfonicSdevagrgct of
a rolled copper alloy for an electronic device of the present invention

is co f. f = I i o] [ ts of
the capoBratimitel LR oghiis A emRET ALY BCh ahEMd 0 BB EIREE © O
Eisina.r e of 125 .GPa or |.ess, d a.qQ, 2% proof .stress 2isin a
Fange SPTIBOIRAS BorRRIEa TagRlarciP e fienins w1 & erauptBede b of 'eq
copper._ alloy for an electronic device, a resilience nodulus (a022/2E)
is hi gtﬁ@Vlﬁlhi;: ifnpafiEieoRRd anpesagecnugeics phinterawstadireconisundelrayingegrgin v

The first aspect of the rolled copper alloy for an el ectronic device
ney) besixes el 0ds.ma oc oppels imatardeall§ 11 mtordesssti tutes a terminal, a
connector, or a relay 20[0024] A fourth aspect of the copper
alloy for a O@jﬁctroni c device of the present invention is conposed of
a ternary alloy of Cu, My, and Zn The ternary alloy contains My at a
content in r.an f. 0 3 3 m.c% and Z ng. I range
of 01 1o 10 BomPeiochtuied afsia Pt AL ST Ao, Th e fiG0r Bahipt O e
inmpurities,. and.a conductivity_.a .11 (9% A IS, W thj he fo] | ow ng

r ange RIFEAL IREntisgy e CQﬁlp%ﬁﬁ PEa pingerdlley K hiNes e bREnche ant o
Zn is given as B atomc% a {1.7241/(X+Y+1.7); x100 X = '

- 0. 034 pxEs0VIg 569 gantentin agareaf 3,826 ateunci%Bvitne 2gnainder being/Ly arfd h
aspect of the copper alloy for an el ectronic device of the present

I méentinevitabk iapupdssd cohdtiviey saPHA@lS) dywdhinGhe folgwirndngnwhdingiet er nary
all oy contains Mgy at a content in a range of 3.3 to 6.9 atom c% and Zn
at a 3 (Walaethox” A i bei ng
G and B e o A b ATl °C
conmpounds havi ng grfl{)(n sizes of. 0.1 ftm nqrelis in arange of 1/ftn®
or | eSKVINSGHSBSIZS O U i QLWEEC 1§40 § Fngg ﬁ/&m a''SY for an electronic

devi ce of the present i nventzi on
6 < {1.7241/(-0.0347xA“+0.6569xA+1.7)} x100

[0015]

20 Since the first aspect of the copper alloy for an electronic device has the
above-described characteristics, the copper alloy is a Cu-Mg solid solution alloy
supersaturated with Mg.

Since the second aspect of the copper alloy for an electronic device has the

above-described characteristics, precipitation of an intermetallic compounds is suppressed,



15i s conposed of a ternary alloy of Cu, My, and Zn. The ternary all oy
contains My at a content in a rangef 3.3 to 6.9 atomc%and Zn at a
content in a range of 0.1 to 10 atomc% w th a remainder being Cu and
inevitable inpurities, a conductivity a (44ACS) is within the follow ng
range askdehe tdppecaiiyant CuFMytsolid sgutiemalis, shpatsanttéd withl Mdre cont ent  of
Zn is given as B atom c% and an average nunber of internetallic

conpounds 2GRz tR8 (HifdedsPect bE 8 c@{)%é? aflof P a‘ﬁrelééﬂﬁﬁlc' d®vicB has hange of
1/ftnR2 or less. a {1.7241/ ( X+Y+1 X100 X = -0.0347xA2+0. 6569xA Y =

- 0. 0044 B ﬁ ﬁ}dfﬁt&%g\%; &fb&ﬁ 0 Gfstt 83@&2}?5& c&%ge@tecﬁg? ?e§%pper

alloy tor an e oni ¢ device he above- I'stics,
t he copper,  al l.o ution all oy supersaturated Wit h
M. Slzﬁ@é M%%Olﬂysf’{hhloé}saﬁéﬁ@wsaﬂ{@te%‘ﬁﬁ@w alloy for an el ectronic device
has the 5above-descri bed characteristics, precipitation of an

i nfer met al | il80drpounds i s suppressed, and the copper alloy is a
Cu-My-Zn solid solution alloy supersaturated with M. Si nce the
si xt h aspectWoh regas] wappesppat hlboys fconsistimgelfdlntse Onidgdepdrsautagd solid
characteristics of both of the fourth and fifth aspects, the copper

al | oy dosut@n&uhdyl iZateaddricel ts@latouas’s alddolus HepRnS&AbUN atrBereWré, Toly .-
10[ 0028] Wth regard to the copper alloys consisting of these

Cu- My- %@@5)8 iﬁﬁtzl@%gs{:eg&nlgéie Frf%l dogq_ﬁ%lllkl#( '150223%11?& Res @oﬂnéft@r iepsensmdidab a

Young' s ere or exarrp in the case where

the co r.allo nect or pushes
up a SEPTRGPLHE lggtcoa%?woaﬁ%?f ErFRREN Pl R S MsERe i lPng el T o
th% femal e 15t rmnal, or. the like, a variation i.n a contact pressure
i nde‘ini‘féa]r A ke R YAI1E0P Y SSUUFF PRISFUTR AR e ISCHEQR 1B AURArgSEd ¢ 1 nit
is hi there is no concern that plastic defornmation occurs easily.
Ther ef’l%ur&lerm@ré, fingsrantelassic dinut s haghp dsrsisaro aoneers dpelasag dgumation an

el ectronic device are particularly suitable for electronic and

el ect raccarls cagitypofidpiesors ubb fiass td hindi adpdcss ofthd o@pieoaltoys fel aydect@ndt t he

i ke. 20[0029] In addition, since My is dissolved in a supersaturated

nmannerdeyeeladd ﬂ&tlmwulsahleqeaae&rdﬂu HI@REAitd] CoRPIRAEARh a¥Rir@hafer ve
as a starting point of cracking, are not dispersed in the matrix phase:

and th&hﬁéé?%r?’ret%ggeahp?% jRending formability is obtained. Accordingly,

|t IS possi ectronlc and el ectrical conponents having
%onpllcat 8 ﬁﬂapes such as term nals, connectors relays, and the like
usi ng anj % 13 the fourth to S|xth aspects of the copper
aIons for an el ectronic devi is dissolved in a
super sat ur at e@d%ﬁﬁéanceaMgf%ﬁf@md&%ldb@mbrwfcé»w Bipersiukatehgeiing.
0030
| ]a large amount of coarse intermetallic compounds, which serve as a starting point of

cracking, are not dispersed in the matrix phase; and therefore, excellent bending
formability is obtained. Accordingly, it is possible to mold electronic and electrical
20  components having complicated shapes such as terminals, connectors, relays, and the like
by using any one of the first to third aspects of the copper alloys for an electronic device.
Since Mg is dissolved in a supersaturated manner, a strength can be improved by
work hardening.
Furthermore, the copper alloy is composed of a binary alloy of Cu and Mg, and

25  the binary alloy contains Cu, Mg, and inevitable impurities. Therefore, a decrease in



5In the case where Zn is dissolved in a copper alloy in which My is

di ssol ved, a strength can be greatly inproved without increasing a
Young's nodul us. Furthernore, the copper alloy is conposed of a ternary
alloy of Cu, My, and Zn, and the ternary alloy contains Cu, My, Zn, and
i nevi tendectivigyuut té ether cltracet or spp@sedcarriercby tiotuhdattivitythecoes t o

ot her elenents is suppressed; and thereby, the conductivity 10becones
rel ati¢gtivelpingdh. [ 0031] Meanwhi | e, the average nunber of
internetal lic conpounds having grain sizes of 0.1 jimor nore is

cal cul ated Moﬂﬁrforning observation of 10 visual fields using a field
em ssion scannirg el ectron m croscope under conditions where a

magni fi cati i s,1550,000-fold magnification and a visual fiel.d

Apbr oxi at elJeagIS; b Avcrag nimAGT el ehpofie hiife it es
conpound is an average value of a long dianeter and a short di ameter of
t hé i it bumeerandicds ededaladdly PrESeimnng bbsertdtion|obmg visualnidlds using a field| engt h
of the longest straight line in a grain which does not cone into

cont acdmivdidhs@ngihgictechion Adabycops uhike conditiodndhérba nsdpaificadomiget er is the
| ength of the 20l ongest straight line in a direction orthogonal to the

| ong, ALl HALANCARGRNASNGARIR yRATkARA Wit he orain boundary

on the way. [0 to sixth aspects of the

copper allo for. an el.ectronic gdevice, a, Young s nodulu may be in a
Fonbe of 15 Negsdhip S ST ihan GBI SohuBt ot AeBeatg HEy o8 be tn a
range of 400 MPa or nore. 14 In this case, a resilience nodul us
( a022/Ganetseanhrshor dametghef the inermetallie pempamdr mblereo fhedees diaBetes dc ur
easily. Therefore, the copper alloy is particularly suitable for

elléct rtbalangtngd thd opest s@hightdmponargran skedth d&ss netr coinmaing, cantachedhar s,
relays, and the |like. [0033] 5A second aspect of a nmethod for producing

a coppghindoudary Oh tiRwe), asd tHerhort devhdi& i9thetl P bEGE Mdndestwaaigholind S a
nmet hod for producing any one of the fourth to sixth aspects of the

Coppering' dif¥gor ﬂ’tho%%n@lh@?ﬁer 18R Hifaﬁf%‘(ér%i?h-r(h%s P6CQME ARPESkacPlvith e Met hod
for producing the copper allo or an electronic device i1ncludes: a
heati ng_process of .heating a copper material conposed of a ternary

al | oy %?‘%89}1“%9’ 051%6 ZW'to a tenperature of 500 to 10900C;, a rapid

cool i ng pro%gés of cooling the heated copper material at a cooling rate
of 200C i n B9 %Hore to a tenperature of 200C or | ower and a working
process of working the rapidly cooled copper material. The ternary
allSoy cont ailnghaMirstto third aspeetstof the cepperradleyofor 3n glecwomc dewica i Youngaind Zn
at a content in a range of 0.1 to 10 atomc% wth a remai nder being Cu
and i navddladE endyeun iatrirgs.of 135 GP34k less, and a (AZZPrebMBredsts b, heaysiaciand
aspect of the nethod for producing the copper alloy for an electronic

devi c e solutionized by the conditions of the
24008 el

above- eating process. In the case where the heating

tenperature is .|ower than 500C, there,is a concern that the .

SOl 1 ont 21 b T BRI REBToRETls Givar/d FReipe Behudhunafstine of t e
intermetal lic conpounds may remain in the matrix phase. In the case
wher e defierntagian idagp natwpairgetie dkewséde, thoo@pet hldyyeis ipertiguladpceitable frat a
part of the copper material becones a liquid phase; and thereby, a
st20uctdi¢ceronic adsluctrivatc@hpirenBsadmestetmiaukconhb@osf iags, dnkdehdBlad.i ng
tenperature is set to be in a range of 500 to 900C. The precipitation
of the interpgi@l! | ic conpounds during the cooling can be 15

A first aspect of a method for producing a copper alloy for an electronic device of
the present invention is a method for producing any one of the first to third aspects of the

copper alloys for an electronic device. The first aspect of the method for producing the



suppressed by the conditions of the rapid cooling process; and thereby,
the copper material can be a Cu-My-4An supersaturated solid solution.

[ 0035] Inprovenent in strength due to work hardening can be achi eved by
t he wor ki ng 5process A working nethod is not particularly Iimted. For
exanpl @ppérdllol gr dnselenionyddiderindlidescabeativh Pract e Heatiad a t@ppari S a
sheet or a strip. Wre drawing or extrusion is enployed in the case
wher e [ I E igpgo

enpl oy‘%%‘@r‘%l Ppos Tyl eO?Fﬁin& P o RCRRBRLRE oF %ﬁ% T Gt i ng

t enper at | .S not artr ited. however, it le to
set t HAPHUSRBRSPIOF b o merh Hoasg Rovger GO r soRRHTHICHOIGRIR
cold or marnrstate |n order to prevent the occurrence of precipitation
A r edugtman to atdngperagupd 26070 at lewer;seld @act@lingprasst of wirkaigtha rapidipe
close to the final form however,in the case where work hardening is

COESIQ%bﬁﬂcobﬂﬁrﬁﬁQMﬂtlWﬁeBﬁkhﬂﬂk@wﬁﬁﬁhﬁmﬁghﬂab&m@nhﬁ@ﬁ% ebr20%or
nore, and nore preferab y in a range of 30% or nore. 15Meanwhile, a

so-cal t Qgﬁb d after the working
procegggq hg&%b% %58 ?gg%ﬂgﬁﬁﬁh Hﬁﬁﬁﬂggfurther i mpr ovenent

i n mechanic h%ggaracterlstlcs can be achieved. [0036] A second aspect

of arolled er alloy for an eIectronic devi ce of the present

20i nvention is conpose any one of above-described fourth to

si xt h aspectAccgrding the Eﬁé uasp&m Qythe rr@rhoérfowr@éwwﬂf@ cQBRGT @HOY {4 afthi ch a
Young's nodulus Fis in a range of 125 GPa or |ess, and a 0. 2% pr oof

st r esscl@O@nicsdeivieeaMiganag de oblud0izédHay e coodigons of the above-d&s«rﬂxedihnqirtgo t he
second aspect of the rolled copper alloy for an el ectronic device, a

r a9l | i R0&Rs. Mo@Lthdlsase Whér! ﬂi&heatmgrtelﬁbera@wlstlméﬁhm §00°p!, &2td iS a
def ormati on does not occur 25easily. 16 The second aspect of

the ro a
copper Her AR so R becBheEhEEHBRE: %3?’%90?@%%6?%?&3%& B, ol ay.

Ef f ect.s, of e Invent on 5[ 0037 ccor di e f t he

ot es et HGERE GRPORI B aRi e SR e BBF SHETAPE Pty

el ectronic device, a nethod for producing the copper alloy for an

el ect rtemperathey ExasedsedM°G. thetelisd cemyspethabd pary of be cappes Indarrabheeonpe i ce
The copper alloy has a | ow Young's nodul us, a high proof stress, a high
condudiquvd pyase:adnd teefele) hettictbendiangriagyf @atmb&dmdsmnam.t I’I(‘hefefﬁ(m*e,etme al | oy
is suitable for electronic and electrical conponents such as term nals,

ngneqk%E€§E?ﬁ%ﬁ*ﬂ8léﬁgtéﬁFaﬂd eg¥§d§ﬁ?@§§%sgPTICN OF THE DRAW NGS

38] ase granro system FIG 2

shoms aflo |a r.am of nethod of . producr g er .alloy for an
ol 66t oni o iRAGP AT A t5TR LS B mPRERE dufing the coolingp by g pows

phot ogr aphs of Inventlve Exanple 1-3 observed by a scanning el ectron
m cr oswapesserpywhy eanditions ok the rapidcoglingoprossss andobachyo thy GoRpei maleatli on,
and (b) is 20a photograph at 50, 000-fold nmagnification. FIG 4
shows mmmtmghabh§mmESGMHmafsﬂMwehEmanple 1-5 observed by a scanning
el ectron mcroscope, in which (a) is a photograph at 10, 000-fold
magni ficati qoo2gnd (b) is a photograph at 50, 000-fol d magnification
FIG 5 shows photographs of Inventive Exanple 2-6 observed by a

se@nni ng Improvement in strength due to work hardening can be achieved by the working
process. A working method is not particularly limited. For example, rolling is
employed in the case where the final form is a sheet or a strip.  Wire drawing or extrusion

1s employed in the case where the final form is a line or arod. Forging or pressing is

employed in the case where the final form is a bulk shape. A working temperature is not



25el ectron m croscope, in which (a) is a photograph at 10, 000-fold
magni fication, and (b) is 17 a photggraph at 50, 000-fold

magni fi cati on. FIG 6 shows photographs of Conparative Exanple
2-7 observed by a scanning el ectron mcroscope, in which (a) is a

phot ograagidulaty 110it€0Gofvel e, magpreferabdd oot thanehmgfdeatuietodei atragk a2 GiX

50, 000-fol d nagni fication. 5 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[ 0039] o r devi ce
Jﬁﬁgot%wgr@e‘ﬁ%ﬂ;%?ﬂéﬁ% R e B B R e 10 i r ot
enbodi nent | for an ele devi ce accor di n to this
enbodi TP enc o Agatudonto Sianip SRRy B e B HESHER S EHRTY &l T oy
contalns at a content in arange of 3.3 t0.6.9 atomc%wth a

remai ribe Anpldpig: kyveape in Wé\??‘%ea‘ﬁlllf‘ée Wﬁah@rﬂ%@g isgopgerae the radjicon o4 ACs)
is wthin the follow ng range when the content of My 15is given as A

at Omi o%io & freferabPyinda RGNG3d3082 e0MOEL rd\wDre7PprefexdtP in a range oAB%ver age
nunber of internetallic conpounds having grain sizes of 0.1 ftmor nore
is inmoeange of 1liftn2 or |ess, and the average nunber is neasured by
observation using a scanning el ectron m croscope. 20A Young's nodul us E
of the coppaviedhliil, 4 &-cRadbealnRthrdikaitd Mal Be FerfHig Ak heS CPa

or less, and a 0.2% proof stress IS in range of 400 MPa or nore.

0040 f
| 00200, GRSl 50 BERY DAVAR 8 Elﬁoge%&%tﬁﬁhi‘ 0 °

tl duct 1 I ddi t Wh is di | ved i
2 mat r%%%cééﬁc i Tobign b AHRETS | s suppr essed to be a low level,

and excellent bending formability is obtained. Here, in the case where

tH& content [8023y is less than 3 3 atonic% the effect is 5not be

obt ai ned sufficiently On the other hand, in the case where the content

of My exceedsfitst Sspatioofiaa®led cappenatal foi en clocpoundsvicooitthe presentCu and My
as a nmain conponent remain when a heat treatment for the sol utionizing

I's perih@i®d is JRFREQbLanyt SR theSabdve-AB&eIbEd fifdto GirdGEkpdrs aReIrs during
a subsequent working or the Iike. Fromthese reasons, the content of M

i's Setcoﬁ)ﬁelbﬂlo%‘fcﬁ ah 3Gk d%w%e if! which z;'?o@fg@srﬂlsg{ﬁlus[ PO4Hla range of 125

GPa or less, and a 0.2% proof stress G, 1s in a range of 400 MPa or more.

15 According to the first aspect of the rolled copper alloy for an electronic device, a
resilience modulus (c0,%/2E) is high; and therefore, plastic deformation does not occur
easily.

The first aspect of the rolled copper alloy for an electronic device may be used as
a copper material that constitutes a terminal, a connector, or a relay.

20 [0024]

A fourth aspect of the copper alloy for an electronic device of the present
invention is composed of a ternary alloy of Cu, Mg, and Zn. The ternary alloy contains
Mg at a content in a range of 3.3 to 6.9 atomic% and Zn at a content in a range of 0.1 to 10

atomic%, with a remainder being Cu and inevitable impurities, and a conductivity o



In the case where the content of My is small, the strength may not be

i nproved sufficiently, and the Youngis nodul us may not be suppressed to
be a sufficiently lowlevel. In addition, My is an active el enent.
Therefore, in the case where an excess amount of 15 My is contained, My
oxi deg%IhdlS)as withmrtke aflledvily rangashewtie contcht eyigengidtei asg atoaitdoigmdand
casting may be included (nmay be m xed into the copper alloy).

Accor dhagbientidf ZnSs BRER aPBeiGhRP). € that the content of My is set to be
in arange of 3.7 to 6.3 atom c% [0042] Exanples of the inevitable

i mpurities ingl , , Ag, WM, B, P, Ca, Sr, 20Ba,
rare-earth él %é\&;ﬁ?‘éﬁpjﬁ?%gw%o@ogdm Ta, C, M, W Re, Ru, Os, Se, Te,
Rh, Ir, Pd, Pt, Au, Cdz, &, In, Li, Si, G, As, Sh, Ti, TI, Pb, Bi 5,

0, C, N, BeX=N)-0BA7tfy+0£38%MHe |i ke. The rare-earth elenment is
one or nore selected froma group consisting of Sc, Y, La, Ce, Pr, Nd,
Pms Sm Eu, YCd,-00041-B/+0B603H, Tm Yb, and Lu. It is
preferable that a total content of these inevitable inpurities is in a
range of 253 ?f/ by mass or less. 19 [0043] (Conductivity a) In
t he binary P 059 of Cu and My, when the content of My is given as A

atom c% the duct j vi a (BACS) is wthi.n the follow ng.range. 5a |
 Tonnr o ol miet dbd Sk 905 og 3 gleelrdhil abyiFe g BEER ifGERES:
intermetal lic _cgonpounds containing Cu and My as a nain conmponent are
rar el yis §PBResd of aternary aftgy f {°y, Mignandyen. ¢ oKl iHaRealioyeoptsisdeatity a
exceeds the right side value of the above-described expression, a |large
anountcoofeni mt &ramee af 3.8 ¢o ¢ Smpouietsanclofnt aiadongenCin aradgd 0y 1 4s1@ mai n
conponent are present, and furthernore, the sizes thereof are |arge.
Ther ef pemic%, hathoerehangict BeiRR iUl dnldMindvstable emplisiti€be il aroavatee nuhiber of
addition, the internmetallic conpounds containing Cu and My as a nmain
conmpo . i . i 2|

Ther en B em B UG BAEhay ST SBRBHEN 1 2 O MR S Kk BB o

pr oduclti on conditions are adjusted in order for the conductivity a to
be wi t'it’h the range of 15the above-described expression. I n
order to reliably obtain the above-described effects, it is preferable
that the coldB@livity a (% ACS) is within the follow ng range. a |

1. 7241/ (-0. 0292xA2+0. 6797xA+1. 7) x100 In this case, the
anmount of t hesiktht @peebéihei coppomov fidsaincdertranmi degicCof tredprédgnamv@isnmai n
conponent becones snmaller and therefore, the bending formability is

f urst heg compssRd@d a tdrl@4 4ol W Cuoslo! st Zi.e) THIeiraBy ARRABAtadsINIY af 7 an

el ectroni c device according to this enbodi nent, an 20 average nunber

of int i i ral i reisina
hnge ST B o lefaE PERIUROS RENIDEA A Bt Sechh: Rla fnge 000 1D

observati op, usi,ng_a scanni.n | egt.ron i croscope. That .i. t%)
"t or VI p- SRS AARET BHRE St gl B AmRRT S A e BB TACSAr o
rarely precipitated, and is dissolved in a matri x phase.
1s within the following range when the content of Mg is given as A atomic% and the
content of Zn is given as B atomic%, and an average number of intermetallic compounds
20 having grain sizes of 0.1 um or more is in a range of 1/um” or less.
o < {1.7241/(X+Y+1.7)}x100
X =-0.0347xA’+0.6569x A

Y =-0.0041xB*+0.2503xB

[0027]



5In the case where solutionizing is inconplete or the internetallic
conpounds are precipitated after thexsol utionizing, a |large anount of
internetal lic conpounds having |arge sizes are present. These
internetallic conpounds serve as a starting point of cracking.

Ther ef ore, Wiihde thegathdaspectaf drppperalllopyor an adutohicadelh &k has tieount  of
internetallic conpounds having | arge sizes are present, cracking occurs

dur i NgyKHARE Hbd%ﬁbeé-%ra&é}%u@@@l@d &ﬁb EodImmAal h%%rﬁi&ﬁtsbmﬂﬁtaﬂéy orated.

In addition, in the case where t eam)unt he intermnetall

conpo and My as a main conponent is |large, the
Young%%m%a%&@‘lmstﬁg/[ reased, and thus thi s is unfavorable. [0045] As a
result of e ructure case ere t aver age
nunber 1501 eabranRianhee SEi bt e Ragn sirae oae s e - pm or
nore is in a range of 1/pn2 or less, that is, in the case where the

i nter MPExE ﬁﬁ%ﬂé@fﬂﬁ&yml%m)ﬁ%lﬁ@omf aihultwgleb?éh%cqmwnéwﬁwﬁ%seér e

not present or the anount of the internetallic conpounds is small, a
desi r andehbempgiengldyas péhi-MgtAn smid salutow aloy mgpessatmatad wmsthayvle. obt ai ned.

In order to reliably obtain the above-described effects, it is nore

preferabl e tJiade tROsiath Rpedta@ehcrvopparaliof forminaletioald dewicedapounds havi ng
grain sizes of 0.05 pmor nore is in a range of 1/pn2 or |ess. [0046]

The ay, &Qﬁf I he
fol | oW et o boﬂi%f?@iﬁ%‘% BT PSP IR SRR RG
field Se SSI ﬂn scz%ansnhlrgt d hg}slectron m croscope under conditions in
whi ch QG APY SIS 88 '0U8- f ol d magni fi cation and a visual field
IS apprOX| é&'@ﬁ 4.8 i(n2, and the nunber (nunber (count)/i(nR) of

i ier netal I i nmpounds in each visual field is nmeasured. Then, the
average val ue thereof is calculated. 5The grain size of the

i nter net al | Witk segosliadhe eonper allasis ggesistaigund thse & utay ndivpmstigratethd a
short diameter of the internmetallic conpound. Here, the |ong dianeter
i s t hesolidnglutiond, thicheislaaagkaty giat aiyginig’s modulus becogreailow.whi ledie fdoe $ornot
cone into contact with a grain boundary on the way, and the short

di amt&%m'[pﬁ% e |c§§é%ﬁbr@fhetc|6?pér%ﬂg?$§ lit@tchEornk&8r InNwiicklh A 1aBN

orthogonal to the long diane oes not cone into contact with
the 1 ugfl@s'tﬁ) zpsg)'fﬂl aodta ey fe lenal and j d)s Ne¥ted i‘?\tdﬁg I?&galgor
produci ng the copper a oy OF an el ectroni ¢ device accor ing to th| s

enhodi nment ch. has the above- cribed characteristics, wll

cascr i Bangk Pt Bk vRted iod £y %? HrSOREARERERR st Rings S%ppra%%% ting
and Casting Process SQ1) First, a copper raw material is nelted t

obt ai rFUth§BNeEnsIRESRTestastis it kdigh Hieee Beawconersn that elstie @efa%at@aded to
the nolten copper so as to adjust conmponents; and thereby, a nolten
copperocabis@gsilys fJihortliwedhe Karth, to aixsh agpeets of themoppafallMy foa aCaleMgomast er
alloy, and the like can be used as a raw material of My. In addition, a
raw 2Qrmicerar@partQihy fiitagleNor eeprditc aml dledrita gembetientd sush hier@appRer raw

material. In addition, a recycled material and a scrapped material of
the coppgicték! @k Qfangfmeshlggrbodl ment nay be used. Here, it is
preferabl e that tyhe nol ten copper consists of copper having purity of

%IO 9% by &ﬁr nore, that is, so-called 4N Cu. In addition, in the
mel'ti ng process, it 25is preferable to use a vacuum finnace, or an

at nosphere furnace of which at here is an 2 inert gas atnosphere
or a reduci B2 Qi?lﬁegpﬁwyg& fﬁgsn?wﬁéﬁaﬁwé%aﬂaﬁﬁe MNFToR ldge fgount of

coarse intermetallic compounds, which serve as a starting point of cracking, are not
dispersed in the matrix phase; and therefore, excellent bending formability is obtained.
Accordingly, it is possible to mold electronic and electrical components having

25  complicated shapes such as terminals, connectors, relays, and the like by using any one of



Then, the nolten copper alloy of which the conponents are adjusted is
casted into a nold so as to producejgngots (copper material) In the
case where mass production is taken into account, it is preferable to
apply a continuous casting nethod or a 5sem -continuous casting mnethod.
[ 0048]th¢ Heathi togixit aspests oSthd)copper alloydNex tin clee@bnit devdtsrent i s perforned
for honogeni zati on and sol utionizing (solution treatment) of the

obt ai ned i nssqﬁce(mg@sp@i@sdmfd% ladlipersdialcddndriier, RISGOR AR %arpf)e improved by
solidification My segregates and concentrates; and thereby,

i nter 'W&r?'ﬂat n %rrpounds and the |ike are generat ed In the interior of
t he i ngo internetallic conpounds and the |ike are present.

Ther ef or e, der to elimnate or reduce the segregation of My and in
order to el i[ﬁ(?ﬁj;te or reduce the internetallic conpounds and the Ilike,
t he i ngot |s subj ected to the heat treatnent to heat the ingot to a

t edper at ur e IBthes@ee pheryaaas dinelvedin a spprsal Wéﬁmlmgﬁ)é%gw d.and My
is dissolved in the nmatri x phase in the ingot. In addition, is

pr ef erseishgthtchmbe gteatlheapiongd pitboesscrSGhg & Ypargfomoddus.n a

non- oxi di zati on at nosphere or a reducing atnosphere. [0049] (Rapid

Cool i ng Progqeshediliy, tROTh§IRr alldi€isicomPbsedWTiaqbmbsS diegloedut Mgdand Zn,
tenperature of 500 to 900C in the heating process S02, is cool ed at a

cool i It f | ower. Due
o t i Sara oy SR e %B?é%e?g.&‘f’é?‘? nst %99%0?%# s
di ssol yed i n '[I’l hase i nt rrretalllc S |ss ressed
As o rEELTS ntpRie %z@% o Heh PSR ses- 4 @@V”*? 3 s BHEE RS
avara e nunber of intermetallic conmpounds having 25grain sizes of 0.1
oroesemes felativelyighinge of 1/jin2 or less. 23 [0050] Here, in
order to increase the efficiency of rough working and the uniformty of
the microstrl¢ildre, a hot working may be performed after the
above-descri bed heating process SO2 and the above-described rapid
process S03 Meanwielepide hoeragdnahibeeof irmeérsmellic ovppddundg having phiirssizasd, a
wor king nmethod is not particularly limted. For exanple, rolling can be
enpl oyed ot MreGAEAMNEH By ?eﬁoﬁmﬁgbbw%h%mo %'ib‘ﬁﬁltﬁé?&s Rifd4iga Wre
drawi ng, extrusion, groove ling, or th ke can be enployed in the
case where t For ressing is
case WIS ot R oRSlcl Pubinot bR e Ao AR 5550
(Worki ng Process SO4) The ingot after bei ng subjected to the
hdat i ntf- ook magupcina anda vigs| ﬂeléownm@maw&éseé 1903 is cut as
necessary. In addition, surface mlling of the ingot is perforned as
necessary i Mhergd@n sizo of drnvermetabicicdmpbuhdisan avéragd vidae dhatongs
generated by the heating 15process S02, the rapid cooling process S03,

and ”'tﬂa&bﬂéﬁand-rzh%rt difieteN@0the irﬁel’ﬂ’fé'tehﬁéic&ﬁﬁ&ﬁﬁsS@I@)anbvﬁll@rtﬁ’éi‘rongo have a
pr edet er m ned shape. Here, the working nethod is not

par ti Ccﬂ%}nﬁéﬁ}px}/lﬁ a‘[ﬁlg%ehg[ﬂq af'ﬁ?e'loﬁ%egg@ ghtrlﬁ’lle'lﬁ Qgra Whﬁﬁ IPhQYShe'iftio! he case

wher e aWI ng, ex I’USI on, oOr

Pl ooV SonBiebyifl a2 BRI Y oty b mESRG @@E{eﬁg lsctiﬁf‘%%ﬁh#ptﬁ%? L

the case where the final formis a bulk shape. [0 Here, a
t efperlangasesterdgiling dha diegtion Qﬁﬂ?@&?f}@bwpth@&%sdlmei whwbtdoqucemear ly
Ilmted however, it is preferable to set the tenperature to be in a
range iofo coRGOt With #@0Lain boundary on the way.
[0032]
In the fourth to sixth aspects of the copper alloys for an electronic device, a

Young’s modulus E may be in a range of 125 GPa or less, and a 0.2% proof stress ¢, may

25  be in arange of 400 MPa or more.



25which is in a cold or warmworking state. In addition, a reduction
ratio is appropriately 24 selectedigo as to obtain a shape close to
the final form In order to inprove a strength due to work hardeni ng,
it is preferable to set the reduction ratio to be in a range of 20% or

nore. |n addhthi9basel Nreilidace hodilug (ReY2E nucomes high, sldtemgphistiét is nore
preferable to set the reduction ratio to be in a range of 30% or nore

5As s i I ve i i pr . j.d
ool i s nlsoR ey ok 1R ofIR TR RCCHARE Wiy RBRERAT SR
perfor . Here, after one cycle . is conpleted, the repeat heat i ng

b oo ot i utstthlseh oG FE N sirh i E0TBA B ShngtiaS oS bt iR

sol utionizin %:ol ution treatnment), obtaining recrystallized structure,
or softeni ndO%BH i nprovement in workability. In addition, instead of
the ingot, a 10 worked materi al beconmes an object (copper material).

[ 0053] (HeatA Jacend ampatt Fraguetbed BOPyodueiz,a Goppersalloy ddranadlearone davibjeect
the worked material that is obtained by the working process SO to a
heat tdfelé pRidnt inventislers atmethed fop produoitgtaaipae af the fodiinealixti atygcdeti ng
or in order to renove residual strain. Conditions of this heat

treat ROtoHE aRRROPA Ab&1ohi Aivie! edhase@hdiafigct O BB HeRkiaght Stics that

are required for a product (copper alloy) to be produced. Here, in this
heat t - b LS ) a0 i.fiaons of
tho. ndubMTEL s BRARE o Chivan desrinP RERERctks ARaHEH phiS SR Lr or
to suppress the 20precipitatin di ssol ved . For exanpl e, i s heat
treat r@ﬁ?efd@é}&%%'scoﬁ@ob‘?deqflé‘rt%?& %@Wﬁémyz‘%@n‘g’gé@ P&m%%ﬁ@ﬂféég &y one
m nute to one hour, or at 300C for approxinmately one second to one
milhut 00Thea el ¢avding atasesssofppeling thblhpatsé toppsr atcrial at arcofeg tite 200C/ mi n
or nore. [0054] 25In addition, the nethod of the heat treatnent is not

par ti cujoad nyinlor Mdr&€h a REWRMRIre of 2809Ct orl ISWBY: @h& b WIrEink Prde8ss FrWbrRinBeat
treatment at a tenperature of 100 to 500C for 0.1 second to 24 hours in

a non-@xi di zat.ian [€: 0l e i t e. l.n i tion,
2 ool TREPIARkbACs EOTRERIRTE o rehahllS i RE B R e, o Btk 2 o
to enpl a net hod jn jch a cooling rate becopes in range of

2000/ I HF ﬁa@mlg"(m@% % 2 fNERt B danflpl © 10 domihwilbimore, ¢ he
above-descri bed working process SO4 and heat treatnent process SOS may
be repematndoebginger fod meyitaflogBm)ritied. t hi s way, the copper alloy for an
el ectroni c device of this enbodinent is 10 produced Here, in the
wdiski ng prodegxt|SH, in the case where rolling is enployed as a working
met hod, a copper alloy for an electronic device is produced which has

the final ftddoRfingtotheSdcoRll asfeti ¢F thd flethod FBPBOIRih®the fcBppernlley &t roni ¢
device is called as a rolled copper all oy. e produced

Th
5vourgr e Rl R FeTEh R o SYEEn 0L VIR SBIRE TBhe oo a0.2 of
400 P oTBE G P50 AL RSP B B R R
range. 500°C, there is a concern that the solutionizing becomes incomplete; and thereby, a large
20  amount of the intermetallic compounds may remain in the matrix phase. In the case
where the heating temperature exceeds 900°C, there is a concern that a part of the copper
material becomes a liquid phase; and thereby, a structure or a surface state becomes

uneven. Therefore, the heating temperature is set to be in a range of 500 to 900°C.

The precipitation of the intermetallic compounds during the cooling can be



al 1.7241/(-0.0347xA2+0. 6569xA+1.7); x100 [0056] 20The produced copper
alloy for an electronic device of thgs enbodi nent is conposed of a
binary alloy of Cu and My, and the copper alloy contains My at a
content in a range of 3.3 to 6.9 atom c% which is a solid-solution

i mt sappireeded.bylthe additionenf tieragidebalge proadser andfthérathye thedoppéd material
conpounds having grain sizes of 0.1 vimor nore is in a range of 1/iin®
or | esgin beA@U-UMBZh supersaturattBblid Solutidhe copper alloy for an el ectronic
device of this enbodinent is conposed of a Cu-My solid solution alloy
super sat ur at[gg“?/ith My. In the copper alloy conposed of this Cu-My
super sat ur ate olid solution, there is 5a tendency that a Young's
nodul us becqnes | ow. Therefore, for exanple, in the ca ere the
Copper al | oy PGl ogERafidbe sbfpecharnin wdihicsansy e gkbeed «o
a connector in which a male tab pushes up a spring contact portion of a
f el PP nAMoaHag nethadsis pplppriigitlylyt eited i as cxapplen®Ilinggs t he | i ke,
a variation in a contact pressure during the insertion is suppressed.
Fur t hemmbowd isitiiceasamwhetedbt fioall fomn is 4 shebti gy, sttiner Wire siravaing onexdrusichOt hat
pl astic deformati on occurs easily Therefore, the copper alloy for an

el ect rigeinpladey irtthe @hsclwihe EHETRTA foRRlis h3inP@F hir6d!| adrying W pebdigg fsor

el ectronic and el ectrical conponents such as term nals, connectors,

relaysyy Qfer(]ltin?hé éa%@wh%&qgghgal form is a bulk ki ddww&ﬁinéfstnblﬂg@ra{\@e |sShot

di ssol ved a supersaturated manner,a | arge anount 15coar se

internetal | ic canppunds, Which serve as tartin i nt of cracking
aur  ng Bami g FRBRE R Rerr L e RGN0 e bR OBl g o 0"
Therefore, bending formability is inproved. As a result, it is possible
t d Onoltg 28D Ee Pihishi 1z inanep & Pe W skafe I ONYss e AteyeHdls AeFurreresRl i cat ed shape
such as termnals, connectors, relays, and the |ike. Si nce
My | s megpitdtiond Areduciopeatsaisapptopdatebraetctedaoss teolghin a shapagdoevted by
wor k 20hardeni ng. Therefore, it is possible to obtain a relatively high

st r engh® findiBrik ARPRVeR kil MY chse WP Q2adhAledn®isdnyidakl ale &fduSliorand My,
and the binary alloy contains Cu, My, and inevitable inpurities.

Ther ef gr.e. h& &N L VA : i
suppr 2085 AeRARLCASEabE COMPHGLIKIC KpEHEr BisRhtl 182 BREELEND o g
conductivity. 25[0059] 27 In the copper alloy for an electronic
devi c€"Bf this enbodi ment, the Young's nodulus Eis in a range of 125
GPa or |ess, and the 0.2% proof stress a0.2. is in a range of 400 MPa or
ndPe. Ther efgawhiley 23q-¢alisd dewrigapiralirq aedlinganay, be perEg g gHer the
Accordi(;?(l y, plastic deformation does not occur easily As a result, the
copperwakingproeesparPueiol thisllgwSemperaturearnealing, e duntlomiimprawdmentgot r i cal
conponents such as termnals, connectors, relays, and the |ike. [0060]
Accor dhéghahialt dharaeriioieh daabepcioiduel ng a copper alloy for an electronic
device of this enbodi nent, the ingot or the worked material is conposed
of the binargogd|l oy of Cu 10 and My having the above-descri bed
conposition, and the ingot or the worked material is heated to a

tenperature of. f?gﬁ? a%p% 299Gii n%%?)fpggfogf' A%Q%rg%@%%sfﬁc FRAce &33%9“??%

sol utioni zi ng utron trea e perforne
h%%t | nlgvgnrti%ﬁelss cson%)ozséd of any one of the above-described fourth to sixth aspects of the
copper alloys for an electronic device, in which a Young’s modulus E is in a range of 125
GPa or less, and a 0.2% proof stress Gy, is in a range of 400 MPa or more.
According to the second aspect of the rolled copper alloy for an electronic device,

a resilience modulus (c9,%/2E) is high; and therefore, plastic deformation does not occur

25  easily.



In the rapid cooling process S03, the ingot or the worked material,
which is heated by the heating procgegs S02, is cooled at a cooling rate
of 200Cmn or nore to a 15 tenperature of 200C or | ower. The
precipitation of internmetallic conpounds during the cooling process can
be suppr esséltheduendaspdre of thpirdllcioipparcliply deesselG@dnicldwieimdayehe lsee

ingot or the worked material after the rapid cooling can be a Cu-M
super %tattro@f)@fcinaeﬂlaldhﬁ%h@tmes a (PR, a%hﬁe&(li}eoﬂ"@fell‘dyng process SO4, the
rapidly cool ed material (Cu-My supersaturated solid solution) is

subj ected to working. Inprovenment of a strength due to work hardening
can be achieved by the working process SO4. In addition, in the
case \Agﬁ %th eat treatment process SOS is perfornmed after t he

wor ki %$% S INSEPLiG or der to perform | ow tenperature annea

hardening or in order 28 to renove residual strains, further

i mdr ovenent [P#3Hechani cal characteristics can be achieved. [0062] As
descri bed above, according to this enbodinent, it is possible to

provi de a 5dopmpehngid tby afpects aif thel pretenomiventabay it cepossibiecth phasdaa | ow
Young's nodul us, a high proof stress, a high conductivity, and

excel I@@peﬂmmghf@gam‘@mﬁmd devyte, @ﬁféth&dlf@hprbaucﬁnlg thalkbppdrarlogf&@ahr oni ¢ and
el ectrical conponents such as terminals, connectors, rel ays, and the

| i ke. JI00GA]c &5&%0&%] HOREd Lot lillci?gfgr ﬁﬁ’?l%‘ét"roﬁb uicd. OrTlﬁ’bogt)é%Illlb?%C

devi ce of this enbodinent i's conp a ternary alloy and

Zn. e rn allo Q £9 ten n t o 6 9
2t om 05 “d Tofngs XA L RN PR Plosga R §Muc G ISR By, piading

remain eing Cu and i V|tab uritie .

catt errgrra@blwq t cRaRer allo léﬁ%Fﬁ%@OiggFﬂSthWéc ffl%%fw%m@ﬁos@tbwgn as
15B atom c% a conductivity a (4 ACS) is within the follow ng range. c<
f 1. 728 1ermats ompgokargoelnys and IB3kex A2+0. 6569xA Y = -0. 0041 xB2+0. 2503
x13 An average nunber of internetallic conpounds having grain sizes of
0.1 ]Jtmor 20 nore in a range of 1/iin2 or |ess, and the average nunber
is measured by observation using a scanning el ectron m croscope.

A Young's nodul us E @girithecarpeTioN oy THr DRAVEINGSS roni ¢ device is in
a range of 125 GPa or less, and a 0.2% proof stress a02 is in a range

of 400 MPa c[ 3@3 [0064] 29 (Conposition) My is an elenent having
effects of inpraovi ng a strength and raising a

15 FIG. 1 shows a phase diagram of Cu-Mg system.
FIG. 2 shows a flow diagram of a method of producing a copper alloy for an
electronic device according to an embodiment.
FIG. 3 shows photographs of Inventive Example 1-3 observed by a scanning
electron microscope, in which (a) is a photograph at 10,000-fold magnification, and (b) is
20  aphotograph at 50,000-fold magnification.
FIG. 4 shows photographs of Comparative Example 1-5 observed by a scanning
electron microscope, in which (a) is a photograph at 10,000-fold magnification, and (b) is
a photograph at 50,000-fold magnification.
FIG. 5 shows photographs of Inventive Example 2-6 observed by a scanning

25  electron microscope, in which (a) is a photograph at 10,000-fold magnification, and (b) is



recrystallization tenperature without greatly decreasing a
conductivity. In addition, when My 13 dissolved in a matri x phase, the
Young's nodul us is suppressed to be a | ow 5l evel, and excell ent bendi ng
formability is obtained. Here, in the case where the content of My is

| ess tdphot@rapleatdoi (W% foldaagfifietioni S not be obtained sufficiently On
the other hand in the case where the content of My exceeds 6.9 atom c%

internetal l imwm%wg%h@loﬂCeg]pg}aue@exa&pm RoPRIVEIIRPRARIhg F €MRI N
when a heat treatnent for the solutionizing I1's performned. Therefore

10t her n. ent i ng
o + nreipa iERRE o Wik FOIEK pRSBREH"E | EN R RaBiipF B 95 "D,
inara ato LC% [0065] In the case where the content
of Ng=1@%§ﬁﬁﬂﬂlm%Wéﬁ@ﬂP ?ﬂ“%ﬁ? “Hot be inproved 15sufficiently, and

t he Young's nodul us may not be suppressed to be a sufficiently | ow
level . In addition, My is an active elenent. Therefore, in the case
where an excess anount of My is contained, My oxides that are generated
by reactions w t BEXyNEDIHTORMGARRYINGGORAAI AR SNVENTHTENN be i ncl uded
(may be mxed into the copper alloy). Accordingly, it is nore
prefer@bsg that the content of My is set to be in a range of 3.7 to 6.3
atom c% 20[ 0066] Zn is an el enent having an operation of

| nproving a RN, aﬁp@f‘)hﬁoffﬁ @l%&t?(ﬂn@dé(%’é‘&cérd | SemModmneatt 18

di ssol ved in a copper oy I'n Is dissolve In the
case quf‘e tQ ¢ont.en 1be IS Iess than 0.1 atom c% the effect is
not obtarhed %tﬂnf mn‘ﬁsﬁf h the case where the content of Zn exceeds
10 atom c% 25intermetal|ic conmpounds remain when the heat treatnent
fdP the sol Lﬂ:lr%frﬁnﬁiloﬁﬁn‘(‘gbl ution 30 treatnent) is perfornmed. Therefore,
there is a concern that cracking occurs during a subsequent working or
the |ike | n/neRfipef alivy foesn sleetroac deviet acegulingtortbisicawodinaaskisng i s

| ower ed. From t hese reasons, the content of Zn is set to be
in a rengesaf ofth Hinhrg a]leaf@nianﬂ/d\/@[OﬂfﬂHinary alloy Examps B8 @fa dohent in

i nevitable inmpurities include Sn, Fe, Co, A, Ag, Mh, B, P, Ca, Sr, Ba,

rare- eeﬁlrah &t BBRNG S,atc?*fuc%"ﬁrlfﬁ aﬂé‘ﬁlamﬁ@r b&h CM%tndWevR@ble'ﬁH urfies. Se, Te,
Rh, Ir, Pt, Au, Cd, @G, , (% % Pb, Bi 5,

0, C N|, Be e or
nore sel ect ed rd(l)1 %IVIE'QG&JO ggggﬂ‘gﬁé lhl?the"ihﬁ@l% %af% ‘Wﬂene[h%en&ﬁ%'t O§k£é]

Sm_ Eu, &d, Tb, s Ho Er, Tm Yb, and Lu. is preferable

t Hat dsgmeﬁlasé@ﬁ(?f@ﬁ?" of these inevitable inpuriti es |s in a range of
0.3% by mass or less. [0068] (Conductivity a) 15In the ternary all oy of
Cu, M, andcZﬁ{l\ﬂ/BéH(Oh)é%m%@rﬁ%@kAw7)}s<1@0ven as A atom c% and the
content of Zn is given as B atomic% the conductivity a (AACS) is
within the fol hQMIGuhdRESE inferthdtallZAbifpStiNdsthaline‘drafh SKoes of 0.1 pm or

- 0. 0347xA2+0. 6569xA 20Y= -0. 0041 xB2+0.2503 xB I'n"this case, 'the

intermetallic co ds,are rar resent
more is 1n a rang ofj P/um or Fess ang tﬁ/e eP verage number is measured by observation

using a scanning electron microscope.
20 A Young’s modulus E of the copper alloy for an electronic device is in a range of
125 GPa or less, and a 0.2% proof stress oy is in a range of 400 MPa or more.
[0040]
(Composition)

Mg is an element having effects of improving a strength and raising a



That is, in the case where the conductivity a exceeds the right side
val ue of the above-described expressgon, a | arge anount of
internetallic conpounds are present, and furthernore, the sizes thereof
are large. Therefore, the bending formability is greatly 31

det er iroc@ttallization @apetanon withbet gredtBr deetaaking @ condppouitds laraddgener at ed,
and an anount of dissolved My is snmall. Therefore, the Young's nodul us

is al &%énm%eﬁeﬁgalveﬁqﬁerrﬁmﬂglpnasegﬂe%ehg@mdaenﬂhi i@@%s%&o%@laq%ed in
order for the conductivity a to be within the range of

above-| eﬁce[ddb&gelf‘eﬁﬁé?ﬁﬁﬂgoﬁ{m%ﬂtﬁE B{alr{)ﬁer el iably obtai n t_he

above-destribe I's era that the conductivity a

(BACS) is thi.n the fo f X- Fr + 100 X =
0. 0o0mxnds Qg st Sheg Ol R IEMEE dsop by P bl S amount
of the internetallic conpounds becones smal l er; and therefore t he
berdi rrg)tbephememsvgﬁcmélﬂyur Ondie otheirhsnddn thogsghew the serteff Me) I1n t he
copper alloy for an electronic device according to this enbodi nent, an
15av erexgecds irtba&pmado,i inteenetellial compoundspoutadengGuiand Mg @ amginzes of 0.1
vimor nore is ina range of 1/jAn2 or |ess, and the average nunber is
nMeas ur@ghfoyie@is@hmalicdn hat featMesCBN e @Qluﬁbﬁﬁiﬂgﬁ@ p&AferhRdcopaercihat i s,
the internetallic conpounds are rarely precipitated, and My and Zn are

di ssolyed jd Qcﬁlclgﬁltt'hhﬁ%rm bt dutf %%ﬁﬁse‘éfﬁﬁ{t%vo?ﬁhgtokﬁ{ylﬁéeng s

i nconplete or the Interneta |c conpounds are 20precipitated after the

sol utioni zi I u hayi ng | ar ge
sizes are p?%@@ﬂ?e f%%g@s f@pﬁ%qgﬁ&ééségﬁﬁgﬁﬂh%n@‘ Vpggg)gﬁstarting
p0|nt of cracking Therefore, with regard to a copper alloy in which a
ge ANBIL of internetal lic conpounds having | arge sizes are present,
cracklng occurs during working, or the bending formability is greatly
deteriorated94ld addition, in the case where the 32 anmpunt of the
internetallic conpounds is |arge, the Young's nodulus is increased, and
t hus this i dntinf @sowhbleahe o of My @ smal utht seéngeix araly monloe @proved
m crostructure, in the case where the average nunber 5of internetallic

Conpouscifiani ﬁlﬂi 6 FolinSt FRIuRE n&yllo%mwprém@tolb% d S ffRciérARY6waével/ 112
or | ess, that in the case whefre the internetallic conpdounds are not

pr eseg%la(aﬁ ?/I%q??ﬁg&ctme efe%’?en't ntgﬁe{m{o lwﬁe %9 gﬁ E§CG§§@IM) ntdf

deS|r romabil1ty an oung’' s nodul us areotalned
nor e

EETATRE T T
gr ain esnldzcgsstln%fmgy 865 1n|c1r1711dg(5 (gg}r l(aae Ilnfxeldr}nt% ﬂrléJl go%%ero zflllo%f/) 1 iggorgiilglly?i? ?s [0071]
more preferable that the content of Mg is set to be in a range of 3.7 to 6.3 atomic%.
[0042]
Examples of the inevitable impurities include Sn, Fe, Co, Al, Ag, Mn, B, P, Ca, Sr,
20  Ba, rare-carth elements, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Re, Ru, Os, Se, Te, Rh, Ir, Pd, Pt,
Au, Cd, Ga, In, Li, Si, Ge, As, Sb, Ti, Tl, Pb, Bi, S, O, C, Ni, Be, N, H, Hg, and the like.
The rare-earth element is one or more selected from a group consisting of Sc, Y,
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

It is preferable that a total content of these inevitable impurities is in a range of

25  0.3% by mass or less.



The average nunber of the internetallic conpounds is neasured by the
follow ng nmethod. Cbservation of 1019isual fields is conducted using a
field em ssion scanni ng 15el ectron m croscope under conditions in which
a magni fication is 50,000-fold magnification and a visual field is

appr oxi mat el[9048]8 WL12, and the nunber (number (count)/iin2 ) of
nernmetallic conpounds in each visual field is nmeasured. Then, the
average val yeohfiRtioRy o)s cal cul ated. The grain size of the
internetallic conpoung is an average value of a long 20 dianeter and a

short di anmeter, of. t he internet i C.conpound. .the |l o di apet er
ot he' | ongtih s bipdia 13hGECH S M- SiER TR et S RS A kb o
come into contact with a grain boundary on the way, and the short

di anettbe conduchety eI ACST 1Stwighin HrefeHewrerangght 1ine in a direction
orthogonal to the Iong dianeter which does not conme into contact with

the grai n beuadarg4ppotose7nai-0.6538xAGD72Ix100 Next, a method for
produci ng the copper alloy for an el ectronic device according to this
enbodi nent I - - ' - [ Sl LSh L | be
descri bed mfﬁ@hgg?%$%ﬁ%ggP%Q§H§F%ﬁﬁ@%ﬁg?gﬂggﬁgaﬁiﬁﬁigﬁ%féa?ﬁk(N@Iting
and Casting Proces SOlg First, a copper raw material is nelted to
obtaiﬁm§“W@PF@ﬁ3@ﬁ%§8#?]§nd t he above-described el enents are added to
the nolten copper so as to adjust conponents; and thereby, a nolten
copper al | oylhasispingheieasd whaeg iae candgichgitec exegedp thegightpide yalye ggthe

el emrent of Zn, a Cu-My nmaster alloy, and the |like can be used as raw
mat er i dblose-déscMbediecprdiodna ldrge @anelirit iod interirvil i @npainds caniiaingi@gandy and
Zn may be nelted together with the copper raw material. In addition, a

rqoyclgd aahedih 8dmpttntad PraALRE hd Rt @Einddre Qhe §iD& BORBEAre #MrbOY Of this
enbodi nent nmay be used. Here, it is preferable that the nolten

copper S p I Ly 9. 99% e that
o P olERPlsS R bR AR RY R eRN detictuel; RO TBE Sn Bl GRE,  "T
suppress oxi di zati.on nd Zn, .it is preferable to yse a vacyum

fur nac“é’,mpé’HHg% ‘EO"i%aémH%gél %Eé\?% Aab M %)‘W?é‘e‘étrﬁfﬁgﬁ%éﬁﬁ‘ﬁera@g fRATQER f&?

whi ch atnpsphere is an inert gas atnpsphere or a reducing atnosphere.
Then, disselviedIMe# setploerTharcley. the Yame hmeHelug srdemiapicasedr e Ageprdyedd i s
casted into a nold so as to produce ingots (copper material) In the
case whredetioassnditioguet adinst2dirsortdakientherdoaddtivity mt to betwitlsn freatuegeadfl e t o
apply a continuous casting nethod or a sem -continuous casting nethod.

[ 0873] th HeRlel RcriBAckHRsH0R) ~Next, heat treatnent is
performed for honogenization and sol utionizing (solution 25treatnment)

of the obt aijpedi. nOQ.§SUBRSH HIELETL AlskrioRHEAR, FhepRIQMIET A

solidification,

conductivity ¢ (%lIACS) is within the following range.
o < {1.7241/(-0.0292xA*+0.6797x A+1.7)}x100
In this case, the amount of the intermetallic compounds containing Cu and Mg as
20  amain component becomes smaller; and therefore, the bending formability is further
improved.
[0044]
(Microstructure)

In the copper alloy for an electronic device according to this embodiment, an



34 My and Zn segregate and concentrate; and thereby, internetallic
conpounds and the like are generatedg In the interior of the ingot,
these internmetallic conpounds and the like are present. Therefore, in
order to elimnate or reduce the segregation of My and Zn and in order
to el idvengt au@ber dbeaméthRicicompoimisalaling AMRRUYNGS0.2Nch dihdotelike a t he
ingot is 5subjected to the heat treatnent to heat the ingot to a

t enper f B 0 ' di sper sed,
R A g T T Sl
addition, it is preferable that the heating process SO2 is perforned in
a non-S¥HNG SESIE BICHSPPRer el It lsathﬁé@een%a%a@ﬁ%@ms EonamEG U 8t Rapi d
Cool i ng Process S03) Then, the ingot, which is heated to a

t enperde@s @ negin 5QOPONENOAV Carcly prigpitaied.iand Mg veksselved i a gtreoptiesd at a
cooling rate of 200Cmn or nore to a tenperature of 200C or |ower. Due
t o5t hi s rapild tixoké nerersoke®AizHR3s inzoapidut datht igedictditic amdpadmdsagsol ved
in a mtrix phase as internmetallic conmpounds is suppressed. As a

resul tpredibitdtsd PRFIHOIRutiMiARORLRIB amoB RIS AteAhdtAYic cBmPBiER HAGingver age
nunber of internetallic conpounds having grain sizes of 0.1 p.mor nore

isin f j { (04 r I : to

| nor oadzt SRR aercieht (St T Bpal X oRlpsunds sopyciB il BOHELE ' U1

m crostruyctur a .hot rki ng may be rf.or fter the
Pbove it bR whP SenrEieatp N iR IS o B sSeH Phed r api d
process SO03 may be perforned after this hot working. In this case, a
wor ki rigtepaetabig compaprdsguy tnigdaigasizgs frepresert. Claeking RegHst duringoWeikifg. can be
enpl oyed in the case where the final formis a sheet or a strip. Wre
dridwi ng,theb¢ndig formalgligoy greatdy detagorated. t hreadditien, dathelvasewipdroyted i n t he
case where the final formis aline or a rod. Forging or pressing is

enpl oygebundof the inasectikie cempienrds icbahini Ou adkbMgSasa Maihkompamer if 0076]
(Working Process SO4) The ingot after being subjected to the heating

prOPeﬁﬁrﬁ%ea«?Qng?ﬁloﬁﬁﬁk%ﬁ h%]eﬂgaxﬁﬂmé?ﬁl?ssisﬁgévb&b ut as necessary. In
addi tion, surface mlling of the ingot I's perforned as necessary in
order to regg(zfs]an oxide filmor the like that is generated by the
heati ng pro §'S02, the rapid cooling process S03, and the like. Then,
the ingot is worked { rocessed). in order.tqq have a predeterm ned shape.
Here, the wotid ifguihe NISL ASRICESITHS BTG By g chsenyhesgthe pysragsawpbe,
rolling can 10be enployed in the case where the final formis a_sheet
orl5a sifrintormatiliie cdmawimiy hawing ewan sizgs off 0. poosrememlis inayrangmobE/uevpr oyed
in the case where the final formis aline or a rod. In addition,

f or gi NEssOthaPisemShé Base avheRethe imbeyesllit Borhpoundd sentiaiceC Al fgndla formis
a bul k shape. [0077] 15Here, a temperature condition in the working

Pr 0CeS§ainQBmpBndHR brdAft blSHher e drhdlink gfih?%gﬁ%{egﬁlggg%nmr@% ¢ haple to

set the tenperature to be in a range o Isi1n acold
or war mwar,king.state. .l.n additi a, reduction ratiqg i s appropriately
sel ectdegal\?@bde h%"%?)g mg?lhpyaarg"r?alﬁgofqu8§é nﬁ‘%dj Cai Pﬁtﬁfne orm In order to
inprove a strength due to work hardening, it _is preferable to set the
reducti on rdRiOkIer & Kdaply obtain Higebaye-desefibed effictsy H is mareapiaferabimthat

order to further inprove the strength, it is nore preferable to set the
r @fuctadncaveragt inomber dfenfermetailiamgmpofind30fvme gnain sizes of 0.05 pisorgharans inn Fl G
2, the above-described heating process S02, rapid cooling process S03,

and t heper kit NAnPLHPREsS SO+ may be repetitively performed. Here, after
one cycle is conpleted, the repeated heating process SO2 is perforned

for the pur%&%]of

The average number of the intermetallic compounds is measured by the following

method. Observation of 10 visual fields is conducted using a field emission scanning



25t hor oughl 'y conducting solutionizing (solution treatnent), obtaining
recrystallized 36 structure, or sobiening for inprovenent in
workability In addition, instead of the ingot, a worked materi al
becomes an object (copper material). [0078] (Heat Treatnent Process
SQOS) SNestion mitrassopenakier @bldionhe irswhich atmagnéticatiok &b @toefoldl , which is
obt ai ned by the working process SO4, to a heat treatnent in order to

erfor : i 2 resi dual
p rﬁb%fgﬁécﬁti%ﬁﬁﬁﬁ L8l @08 Esga{é)tp%gﬁﬂ%ms Al IhORERImbE MERBYE

strain. nditions of this treat t are appropriately adjusted

according to eharacteristics thaf .are required .for a prodyct (copper

T oy cbg HEmE SRR A apomHs iR st FFds Rl oot BEa Tt i s
necessary to adjust the conditions of the heat treatnment (a

t enperayetage valye thargof isealcwatedol i ng rate) in order to suppress the
precipitating of dissolved My. For exanple, this heat treatnent process
i s 5pr ef er ablThepedihcized tatinkA&af ercomppuakismtaetigondudrofaioagt o one
hour, or at 300C for approximately one second to one m nute. The

cool i NflathékRaridSa SHoBf BARABLY 0SB ift&nReallid cdmPdundangR O thedBREUAIRPs MOT €.
[ 0079] In addition, the nethod of the heat treatnment is not

par ¢ ot R d tﬁgéf"n%g?sa?"ﬁféﬁ@%neifﬁﬁig? %Hé*gg%r G fig! %nﬁegi%{o‘)ﬁﬁ%t 8% s i
-oxi di zati in. i | it ,
S ocor S Mottt On SRRYED fredhpiiehdisics edehalo AEOR ISRy ot libd Py o

to enploy a nmethod in which a cooling rate becones in a range of

200C/ i drectien erthaggad ta shedong diametpi aviedi ¢rgs not come ity ¢aigachBith the he
above-descri bed worki ng process SO4 and heat treatnent process SOS nay
bd Or e perainttioundary pethcowaed. 37 [ 0080] In this way, the copper
alloy for an electronic device of this enbodi nent is produced Here, in
the working [poggess SO4, in the case where rolling is enployed as a
wor ki ng nmet hod, a copper alloy for an el ectronic device is produced

whi ch has the.d i Nakihad ?(frlrﬁég&ucﬁlgstﬂg%qp‘ggalz%f foP an I{élr‘t?oﬁe BRAEe AlchbRind OF an

el ectronic device I1s ca asaro pper alloy. The produced
copper, al.lqy,for a l.ectroni ¢ devi ce..af this enbodi ment. has Yqung' s
ool do 2his Ppb@medl GBI Gl e Gt b BTRELTY & 3dobims o
nore. | additi%n,(ghen %ge content of My is given as A atom c% and
the cdftessce & a dqwibiparayishewn 885 4t omi c% a conductivity a (9% ACS)
thereof is within the following range. a | 1.7241/(X+Y+1.7); x100 X =

- 05034 7x A2 +0VBBERXmd\Casting PoBass:S(B2+0. 2503 x B [ 0081]

First, a copper raw material is melted to obtain a molten copper, and the
above-described elements are added to the molten copper so as to adjust components; and
thereby, a molten copper alloy is produced. Here, a single element of Mg, a Cu-Mg
master alloy, and the like can be used as a raw material of Mg. In addition, a raw

20  material containing Mg may be melted together with the copper raw material. In
addition, a recycled material and a scrapped material of the copper alloy of this
embodiment may be used.

Here, it is preferable that the molten copper consists of copper having purity of
99.99% by mass or more, that is, so-called 4N Cu. In addition, in the melting process, it

25 s preferable to use a vacuum furnace, or an atmosphere furnace of which atmosphere is an



15The produced copper alloy for an el ectronic device of this enbodi nent
is conposed of a ternary alloy of Cg2 My, and Zn, and the copper all oy
contains My at a content in a range of 3.3 to 6.9 atomc%which is a
solid-solution limt or nore. In addition, an average nunber of

i nt er natakhd amospiresmdsrcdasing gtngrsphdre S6 2e® sapp@ssloypdizationnafMgi s in a
range of 1/pnR2 or |ess. 20[0082] That is, the copper alloy for
an el ectronifhefeme afIRh chjics aﬁé@o@ﬁw%gmhd @onﬁ%I@m @ﬁ: AAMustedHicdg¢Zn sol id

solution alloy supersaturated wt n the copper all oy
conpos - My- 7n. SO S a
tenderity T hald syt pRLAT SRR TR SU e Ieb gl mpls HoBuciine
the 38, case where the cogéjelgJ %I | oy for an el ec%.r oni evice of this
enbodi HEREN U0 ApUPE S 1 BrEACTRYAALERIDY 2 CAMHICER R IRRMERY Bushes up a
spring contact portion of a female termnal and is inserted into the
f efal esemercapiious gastingaathqde. a variation in a contact pressure during
the insertion is suppressed. Furthernore, since an elastic limt is

hi gh, there [D84&o concern 5that plastic deformation occurs easily
Therefore, the copper alloy for an electronic device of this enbodi nent
i's particul qHextipUPloalk 80ppr el ectronic and el ectrical conponents such
as termnals, connectors, relays, and the like. [0083] In addition,

since My is Niéx%,%ht?’t‘?&tﬁl&t% g&ﬁﬁﬁéémmeﬁﬁgﬁﬁ{ andasohﬁfoﬂfzigg”g&ﬂ%oﬁf

10coarse internetal [ 1 ¢ conpounds, ch serve as a startin ol nt of

cracki ng, dur.i ng. bendi nq.wor ki n are .not dispersed in the [i.X _phase.
Ther er AL AR SPRRHARI K RergRhugpia, QU REE St Sp PR SuE ST o o
to mold el ectronic and el ectrical conponents having a c | i cat ed shape
sudn desesrpaial and coprdiatesy and tﬁ%fﬁ'@y ahtCahiaIlip EOMpRENS 8 e Iy ars

di ssolved in a supersaturated manner, a strength is inproved by work
15har ckenetatpd. Thiethsfineaor ¢fithe mgpb dhrsp indermstalie edmpeunde pad the diky ard gh

in

strength. In addition, since Zn is further dissolved in a copper
al | oy presenhi ChheMfoiesindirdaab ethindtder istineert begeapatibe of My andad ovdet ko ut
i ncreasi ng the Young's nodul us. The copper alloy is conposed of

a ter naiyinak Pyedate . intMimetANE cépo@idd ahd tretlBeNBeYngt hOMbRerab e Cu,
My, Zn, and inevitable inpurities. Therefore, a decrease 1n

20con I V] I ' I d; [ jt is
possi otal {grel Rek a0 GRRRYRrc S IRBIAPT. oty MY Sendt | 3
the copper alloy for an el ectronic device of this enbodi nent, the
Yddng' dsneswd) Al Meiisdissplvediin thpemairix phgsedpahoingples dn addifoR.Heiso. 29 pr oof
stress co 2 is in a range of 25400 MPa or nore. Therefore, a resilience
nmodul uzeferabhatthy hbamgmescehs §O¥ isactiorniédigl anon-@adightamt dtmosidicrsr erett i on
does not occur easily As a result, the copper alloy is particularly

sui t abkéuding atelogplici@ni ¢ and el ectrical conponents such as termnals,
connectors, relays, and the like. [0085] 5According to the nethod for
pr oduci ng a [geduer alloy for an electronic device of this enbodi nent,
the ingot or the worked material is conposed of the ternary all oy of
Cu, My, and 4n .havj -descri bed conposition, and the ingot or
t he wor ked é?g@?ééoﬂ?g%ﬁgg e 0 a tenperature of 500 to 900C in the

heating process S02. The sol ytionizing (solutiqn treatnent) of M and
zrt0can be pﬁlﬁaﬂﬁﬁeﬂa@y g Frdepe & proyesaurges 500 to 900°C in the heating

process S02, is cooled at a cooling rate of 200°C/min or more to a temperature of 200°C
or lower. Due to this rapid cooling process S03, precipitation of Mg, which is dissolved
in a matrix phase, as intermetallic compounds is suppressed. As a result, it is possible to
obtain a copper alloy in which an average number of intermetallic compounds having

25 grain sizes of 0.1 um or more is in a range of 1/um? or less.



10l n the rapid cooling process S03, the ingot or the worked material,
which is heated by the heating process S02, is cooled at a cooling rate
of 200Cmn or nore to a tenperature of 200C or |ower. The
precipitation of internmetallic conpounds during the cooling process can
be suppressddozije to the rapid cooling process S03. Therefore, the
ingot or the worked material after the rapid cooling can be a Cu-M-2Zn

super sat ur atigge Jp9Ric ¢ Hetddid @B lefﬂc@@l%glg)f rzough workidgtahe tﬁ@qlrﬁfoﬂﬂjtg bpcess

SO4, the rapidly cooled material (Cu- n supersat urated sol

sol utign iél%st%rg,c%ﬁg v&q?lfl\g@grgdybq% [{eki%%gd’ E@%gﬁe %ov@-d%gcré%g&lhgtg;l%e to

wor k har deni ng can be ac e Wor process

addition, i he. case where.the heat tre nt process SOS i.s perforned
2 ter TS OPK A AB RGeSy AP GHscst o7 pERY SF RETORAC e i Bite

anneal hardening or in order to renove residual strains, further

i MPr OVERREHIE. | AN Hiterani wprkingamnglboé is nat padicelay piaitedhi EQeeranpdg7] 25As
descri bed above, according to this enbodinent, it is possible to

provi dellmg c40 be emplayedlin thy chaerwisare diedatal fomincis debieat or awhipch Wias a | ow
Young's nodul us, a high proof stress, a high conductivity, and

excel | @awingeadhi®nf glodadidlling or @fediketvas be empfuyed abihe chrwidlre aerfafal ¢ and
el ectrical conmponents such as term nals, connectors, relays, and the

i ke. : ibe I Il evi ce,
the. et Tiade: Far U SRt ng i Sdns SRR Bl el e R el
t he rqglip Q%@Ber alloys for an electronic device that are enbodi nents
of the 6 8@% $nvention were described; however, the present invention
i's not Iinitﬁg heret o, and the present invention rmay be appropriately
modi fied inl80% nge W thout departing the technical features of the
invention. 10For exanple, in the above-described enbodi nents, an
exanpl e of t(M@rkieg Feetessov04r oduci ng the copper alloy for electronic
device is described; however, the producing nethod is not limted to

t he above- degeringe aftentxackd subjdcsed taniek lidagng prioess ARl any tiesapilaecoptingluced
by appropriately selecting existing produci ng net hods. 15EXAMPLES

[ 0089] process S03 Heduehyddce&hry. a Iﬂl@éd;ﬁbrgtsuﬁﬁbevmm_ing)_@ftﬁ@d%ows;derf@ﬁﬁaﬁgst to
results of confirmation experinents for confirmng the effects of the

oo TR SR Rl RN A oSV 0, s
ot s SRELE) b R S B e BT GE S g

a high frequency heater in an atnosphere furnace having an Ar gas

at nos JREwcessedhinasdes t haypehpredsiginEnediddict o t he nol ten copper so as to
prepare conponent conpositions 25shown in Table 1. Each of the

resul t ant ndiae.ith¢ workasg pethodds nettparteubakydomitasias thiongxanmlel rodihgtean
produce an ingot. Here, the size of the ingot was set to have a

t hi cknessnbyainpigxéR@ivbes tROfNAN A ivd gHebt @fa SPr oWirg®ikB8lig20 mm x a
| ength of approximately 100 to 120 nm In addition, the renai nder of

the C%ﬂﬁ%ﬂtor%msrbﬂfn@&ﬁ BovRpidYed BPIhE chseWRRerS BRARIal A & ASMELRR! ©
impurities. 5] 0090]

20  rod. In addition, forging or pressing can be employed in the case where the final form is
a bulk shape.
[0052]
Here, a temperature condition in the working process S04 is not particularly
limited; however, it is preferable to set the temperature to be in a range of -200 to 200°C

25  which s in a cold or warm working state. In addition, a reduction ratio is appropriately



Each of the obtained ingots was subjected to a heating process of
heating for four hours under a tenpesature condition described in Table
1, and then water quenching was perforned. The ingots after being
subjected to the heat treatnment were cut, and then surface 10 mlling
was pesefeotedsd ab @ oteaim\ashapd clescftob ltinsfidd €orm. edalorddr té heprong e ssensds
subjected to cold rolling at a reduction ratio shown in Table Ito

pr oducgedo Kokl Haraahﬁ Tidds Shawaag 18 s&thh@l%raﬁét%rﬁfau@n%@m dRhed ¥ WP oM X a
wi dt h of apprOX|nate of the obtained strip

mat er !1@&3 q.(fcﬁﬁ%ﬂaﬁ 8&'1&% riR&3h %Jv%% Petnrg ﬂ‘% HIOPG?%I%P& e | R the

descri 0 pro uce a strip na or characteri's

eval uat i on. Eval u n of Workability) As an
evalud?g%ﬁmBFa‘%@ﬂﬁﬂpééﬂﬁF($§OQHW€§@ﬁce or absence of cracked edges
during the cold rolling was observed. Copper alloys in which no or

i t1e crackEshewgds F\Léﬂe the abgxg-dgscaibed heabine s, trpideralinghe A
(excellent), copper alloys in which small cracked 20edges havi ng

| engt hsoafss B%sanﬂ tizenwarkinp precass 864 e beeeetidvelly patfedned Héerd afgood) ,
copper alloys in which cracked edges having lengths of 1 mMmmor nore to

| ess tdi@mlyaemmplete@ahseéj)emdﬂem@pﬁaée@sis@pls rforrhéBfok the piepRerral | oys
in which [arge cracked edges having | engths of 3 nmor nore were caused

wer e edﬂﬁlj ggﬁlg‘%ﬁ&hﬁﬁ% Qolﬁﬁﬁﬂimg?%@ut?&ﬂ%‘fméﬂt Q¥ENh dé &}&r})@@c{l 1&,cQr oken due

to crac ges ng t ng were evaluated to ‘be E 25(very

bad) . e, the |ength of it K ge re

engt 8RR os o PRt Soeassy T RGRARTRALR § e bbbl on
t owar d the cente{ ortion jn the width dlrectlon of the rolled
n&perrﬁﬂreﬁﬁﬁ@ﬁF/ BleaAn C8Iccqapnes STk cs and a conductivity were
nmeasur ed usi ng each of the above-described strip material for

charact eri stlP@53dval uati on. In addition, eval uation of bending
formability and structure observation were performed. (Mechanica

Char act er i st(Hest)Tréatinest PopesiS08n of No. 13B defined by 1IS Z 2201 was
taken fromeach of the 10strip materials for characteristic evaluation

This test speskTER pASierabRKe @ubject&hesevaﬂ&d it MU @Hht thudtdigashy @edi rection
inatensile test was in parallel with the rolling direction of the

strip \Wﬂ]k g c}ﬁhcefs E gia?;ﬁ‘é:att ?rEétﬁﬁth%}’rq&% g@%bg%!%wpteﬁl@epitﬁgfanﬁéaﬁ ess (702

was neasur set nethod o A strai n gauge was

o o 5, R SR sl A weCotheals B PO e a8 oo

| oad and extension. Then a Young's nodulus E was calculated froma

gr adi epPropriacheadipited W‘é@fdé@% @@a@@mﬁﬂc%mt\ﬁée reqaesior a@seHGELODPETY) 20A
test specinen having a width of 10 mmx a length of 60 mm was taken

f r om edloh) wfbetgredwredi p materials for characteristic evaluation. The
test specinen was taken in a state in which the |ongitudinal direction

of the test [$p€Gh fiENhy@SrehtmddapRIcERISOBI i s ndaessadl tb iadisthe eciditehsff t he
strip material for characteristic evaluation. An electrical resistance

of thept gsd (IRGR m?éraﬁﬁ’& a3l fRd Y aRobRWY rakg HbRRE to?RPBicbode | N

addi tion, dinmensions of the test specinmen Wwer neasured using a

mz%r O%Emﬁl’tatmg of dissolved Mg. For example, this heat treatment process is preferably
performed at 200°C for approximately one minute to one hour, or at 300°C for
approximately one second to one minute. The cooling rate is preferably set to be in a
range of 200°C/min or more.

[0054]

25 In addition, the method of the heat treatment is not particularly limited; however,



43 and a volune of the test specinen was cal cul ated. Then, the
conductivity was calculated fromthesel ectrical resistance and the
vol une that were neasured. [0094] (Bending Formability) 5The bendi ng
wor ki ng was performed in accordance with the test nethod of JBMA

(JapanesgrBeast tYpkEban Ansaatatman at 4 ealpeidak oSl 60 eas@)PCT3OT 1 3econd
Specifically, a plurality of test specinens having a wwdth of 10 mmx a

| engt qoQ]Zl.h%grsqﬂ]a%rl%xﬁ(ﬂ%zﬁ'ﬁnfaﬁﬁ@ fidedrdf a Vﬁgﬁ%{aﬁ@oé}gk ri g %(Ii(fit%n a

characteristic evaluation in a state in i ng rection was

in parallel wth.the |ongitudinal,direction of the test speci .. _These
test - golfeaithens® el gted Bob e LRamhs BE b T SET Bl pe 1 g
havi ng a bendi ng angle of 90 and a bending radius of 0.5 mm An
out er Waieh preelngyete ieepmes intyangreef 2098 tmigwr wepse.coelf iy Hedeni t h vi sual
observati on, and copper alloys which were broken were evaluated to be D
(Bad) ,queagneg. al l oys in which only a portion was broken were eval uated
to be C (Fair), copper alloys in 15which breakage did not occur and

only m nut e mE@Rekhdte, RS SbVeERs WA HRINGP 6dss S0P dheh{PROfhen@and copper
all oys in which breakage or fine cracking was not confirnmed were

eval u - 5] (Qoservation of Mcrostructure)
20A rgfrﬁgeég gg?&é‘ﬁg@o ggl(k:’ﬁg)%%rff)'&g&gpeci nmens was subjected to mrror

pol i shi ng arm %ﬁn etching. Then, visual fields (approximtely 120

i (n2/vi sual P d) were observed at a 10, 000-fold magnification using a
FE- SEM (fi el d em ssion scanning el ectron m croscope) so as to confirma
preci pi t ati dn this dax the conpeeplist far pn eleeberie dendee ofNbistembodinggrdds t o

exam ne a density (an average nunber) (nunber (count)/1.tnR2) of 44 the
i t0er neodideilc Herepouthd svorking psweds SO4elndth¢ aperveherammilelgyis tRPIgyAdRS wi sual
field) at a 10,000-fold magnification in which the precipitation state
of t hewdkirgrmethad,|d @pp@MvIOy st aededi@hicseiefid prodacedsehiels hadhe &ngl i n
this area, continuous 10 visual fields (approximtely 4.8 |inR/visual
field) I hegl.; =0l N [ rage
el e SHT S et B SRRy e g daPfor e G R (Med AR A, 2
conmpound _wa I utilized as a grain size of the internmetallic conmpound.

Her e, (ioﬁgerlaiﬁ’é‘ dianeter of the internetallic conpound is the |ength of
the longest straight line in a grain which does not come into contact
with a grai i SRRHSFY CRPCE ﬂléow@g?na atr?rH%H%‘HB??ftBISWQFm?f& #h& | engt h
of the longest straight line in a direction orthogonal to the Iong 10
dilanmet YungthsinnbduoEf 12§ GPame ldsatand@adh?’agroafistrisstdve ofAad Vsoarmaerey on

t he way The density (average nunber) (nunber (count)/iinRi ) of

nternetal | i q, GAFREHNFASNNAY Lote@0R ML BiA&S LA Hohidsh M QnddRveyand the
density (average nunber) (nunber (count)/jAnRi ) of nternet aP’I iC

conpo i n rain. siz of. 0.05 jimor nore were obtained.
15[ 0096] %?ﬂé%g%q%‘ﬁv&ﬂﬁl tbﬁi@vlo&a%ﬂa@#%g conditions and eval uation
results. In addition, as 5
o < {1.7241/(-0.0347xA"+0.6569xA+1.7)} x100
[0056]
20 The produced copper alloy for an electronic device of this embodiment is
composed of a binary alloy of Cu and Mg, and the copper alloy contains Mg at a content
in a range of 3.3 to 6.9 atomic% which is a solid-solution limit or more. In addition, an

average number of intermetallic compounds having grain sizes of 0.1 um or more is in a

range of 1/um” or less.



exanpl es of the above-described observation of the mcrostructure, SEM
observati on phot ographs of I|nventivegExanple 1-3 and Conparative
Exanple 1-5 are shown in FIGS. 3 and 4, respectively. 20Here, the upper
limt of the conductivity described in Table 2 is a val ue cal cul ated by
the foll ow fgoEypression. In the expression, A represents the content
of My (atomc%. (The upper Iimt of conductivity) =

11.7241/(-0. lﬁf%fh%xtﬁ%ta?&?@ﬁéi fok aﬁ)electirél% d[e@fé%hhlﬂe‘in@cﬁ%ﬁ% gstafos¥d V LI

LI VVVYV tions of heat treatnent
of a Cu-Mg solid solution alloy supersaturated with Mg.

In the copper alloy composed of this Cu-Mg supersaturated solid solution, there is
5 atendency that a Young’s modulus becomes low. Therefore, for example, in the case
where the copper alloy for an electronic device of this embodiment is applied to a
connector in which a male tab pushes up a spring contact portion of a female terminal and
1s inserted into the female terminal, or the like, a variation in a contact pressure during the
insertion is suppressed. Furthermore, since an elastic limit is high, there is no concern
10 that plastic deformation occurs easily. Therefore, the copper alloy for an electronic

device of this embodiment is particularly suitable for electronic and electrical components
such as terminals, connectors, relays, and the like.

[0058]

In addition, since Mg is dissolved in a supersaturated manner, a large amount of

15  coarse intermetallic compounds, which serve as a starting point of cracking during
bending working, are not dispersed in the matrix phase. Therefore, bending formability
is improved. As aresult, it is possible to mold electronic and electrical components
having a complicated shape such as terminals, connectors, relays, and the like.

Since Mg is dissolved in a supersaturated manner, a strength is improved by work

20  hardening. Therefore, it is possible to obtain a relatively high strength.

The copper alloy is composed of a binary alloy of Cu and Mg, and the binary
alloy contains Cu, Mg, and inevitable impurities. Therefore, a decrease in conductivity
due to other elements is suppressed; and thereby, it is possible to obtain a relatively high
conductivity.

25 [0059]
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In the copper alloy for an electronic device of this embodiment, the Young’s
modulus E is in a range of 125 GPa or less, and the 0.2% proof stress oy is in a range of
400 MPa or more. Therefore, a resilience modulus (c¢,/2E) becomes high. Accordingly,
plastic deformation does not occur easily. As a result, the copper alloy is particularly
suitable for electronic and electrical components such as terminals, connectors, relays, and
the like.

[0060]

According to the method for producing a copper alloy for an electronic device of
this embodiment, the ingot or the worked material is composed of the binary alloy of Cu
and Mg having the above-described composition, and the ingot or the worked material is
heated to a temperature of 500 to 900°C in the heating process S02. The solutionizing
(solution treatment) of Mg can be performed by the heating process S02.

In the rapid cooling process S03, the ingot or the worked material, which is
heated by the heating process S02, is cooled at a cooling rate of 200°C/min or more to a
temperature of 200°C or lower. The precipitation of intermetallic compounds during the
cooling process can be suppressed due to the rapid cooling process S03. Therefore, the
ingot or the worked material after the rapid cooling can be a Cu-Mg supersaturated solid
solution.

[0061]

In the working process S04, the rapidly cooled material (Cu-Mg supersaturated
solid solution) is subjected to working. Improvement of a strength due to work
hardening can be achieved by the working process S04.

In addition, in the case where the heat treatment process SO05 is performed after

the working process S04 in order to perform low-temperature anneal hardening or in order
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to remove residual strains, further improvement in mechanical characteristics can be
achieved.
[0062]
As described above, according to this embodiment, it is possible to provide a
5  copper alloy for an electronic device, which has a low Young’s modulus, a high proof
stress, a high conductivity, and excellent bending formability, and which is suitable for
electronic and electrical components such as terminals, connectors, relays, and the like.
[0063]
(Second Embodiment)
10 A copper alloy for an electronic device of this embodiment is composed of a
ternary alloy of Cu, Mg, and Zn. The ternary alloy contains Mg at a content in a range of
3.3 t0 6.9 atomic%, and Zn at a content in a range of 0.1 to 10 atomic%, with a remainder
being Cu and inevitable impurities.
When the content of Mg is given as A atomic% and the content of Zn is given as
15 B atomic%, a conductivity ¢ (%IACS) is within the following range.
o < {1.7241/(X+Y+1.7)}x100
X =-0.0347xA’+0.6569x A
Y =-0.0041xB*+0.2503xB
An average number of intermetallic compounds having grain sizes of 0.1 um or
20  more in a range of 1/um? or less, and the average number is measured by observation
using a scanning electron microscope.
A Young’s modulus E of the copper alloy for an electronic device is in a range of
125 GPa or less, and a 0.2% proof stress 6y is in a range of 400 MPa or more.

[0064]
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(Composition)

Mg is an element having effects of improving a strength and raising a
recrystallization temperature without greatly decreasing a conductivity. In addition,
when Mg is dissolved in a matrix phase, the Young’s modulus is suppressed to be a low

5  level, and excellent bending formability is obtained.

Here, in the case where the content of Mg is less than 3.3 atomic%, the effect is
not be obtained sufficiently. On the other hand, in the case where the content of Mg
exceeds 6.9 atomic%, intermetallic compounds containing Cu and Mg as a main
component remain when a heat treatment for the solutionizing is performed. Therefore,

10  there is a concern that cracking occurs during a subsequent working or the like.

From these reasons, the content of Mg is set to be in a range of 3.3 to 6.9
atomic%.

[0065]

In the case where the content of Mg is small, the strength may not be improved

15  sufficiently, and the Young’s modulus may not be suppressed to be a sufficiently low level.
In addition, Mg is an active element. Therefore, in the case where an excess amount of
Mg is contained, Mg oxides that are generated by reactions with oxygen during melting
and casting may be included (may be mixed into the copper alloy). Accordingly, it is
more preferable that the content of Mg is set to be in a range of 3.7 to 6.3 atomic%.

20 [0066]

Zn is an element having an operation of improving a strength without increasing a
Young’s modulus when Zn is dissolved in a copper alloy in which Mg is dissolved.

In the case where the content of Zn is less than 0.1 atomic%, the effect is not
obtained sufficiently. In the case where the content of Zn exceeds 10 atomic%,

25  intermetallic compounds remain when the heat treatment for the solutionizing (solution

3.086 DoCIL NIB) us Frrrrrerrrrnd , NIB) 117
I
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treatment) is performed. Therefore, there is a concern that cracking occurs during a
subsequent working or the like. In addition, resistance to stress corrosion cracking is
lowered.

From these reasons, the content of Zn is set to be in a range of 0.1 to 10 atomic%.

5 [0067]

Examples of the inevitable impurities include Sn, Fe, Co, Al, Ag, Mn, B, P, Ca, Sr,
Ba, rare-carth elements, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Re, Ru, Os, Se, Te, Rh, Ir, Pd, Pt,
Au, Cd, Ga, In, Li, Si, Ge, As, Sb, Ti, Tl, Pb, Bi, S, O, C, Ni, Be, N, H, Hg, and the like.

The rare-earth element is one or more selected from a group consisting of Sc, Y,

10  La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

It is preferable that a total content of these inevitable impurities is in a range of
0.3% by mass or less.

[0068]

(Conductivity o)

15 In the ternary alloy of Cu, Mg, and Zn, when the content of Mg is given as A
atomic% and the content of Zn is given as B atomic%, the conductivity o (%IACS) is
within the following range.

o < {1.7241/(X+Y+1.7)}x100
X =-0.0347xA’+0.6569x A
20 Y =-0.0041xB*+0.2503xB
In this case, the intermetallic compounds are rarely present.
That is, in the case where the conductivity o exceeds the right side value of the
above-described expression, a large amount of intermetallic compounds are present, and

furthermore, the sizes thereof are large. Therefore, the bending formability is greatly
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deteriorated. In addition, the intermetallic compounds are generated, and an amount of
dissolved Mg is small.  Therefore, the Young’s modulus is also increased. Accordingly,
production conditions are adjusted in order for the conductivity ¢ to be within the range of
the above-described expression.

In order to reliably obtain the above-described effects, it is preferable that the
conductivity o (%IACS) is within the following range.

o < {1.7241/(X’+Y +1.7)}x100

X’ = -0.0292xA™+0.6797x A

Y’ = -0.0038xB*+0.2488xB

In this case, the amount of the intermetallic compounds becomes smaller; and
therefore, the bending formability is further improved.

[0069]

(Microstructure)

In the copper alloy for an electronic device according to this embodiment, an
average number of intermetallic compounds having grain sizes of 0.1 um or more is in a
range of 1/um’ or less, and the average number is measured by observation using a
scanning electron microscope. That is, the intermetallic compounds are rarely
precipitated, and Mg and Zn are dissolved in a matrix phase.

In the case where solutionizing is incomplete or the intermetallic compounds are
precipitated after the solutionizing, a large amount of intermetallic compounds having
large sizes are present. These intermetallic compounds serve as a starting point of
cracking. Therefore, with regard to a copper alloy in which a large amount of
intermetallic compounds having large sizes are present, cracking occurs during working,

or the bending formability is greatly deteriorated. In addition, in the case where the
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amount of the intermetallic compounds is large, the Young’s modulus is increased, and
thus this is unfavorable.

[0070]

As a result of examining a microstructure, in the case where the average number
of intermetallic compounds having grain sizes of 0.1 pm or more is in a range of 1/um? or
less, that is, in the case where the intermetallic compounds are not present or the amount
of the intermetallic compounds is small, a desirable bending formability and a low
Young’s modulus are obtained.

In order to reliably obtain the above-described effects, it is more preferable that

an average number of intermetallic compounds having grain sizes of 0.05 pm or more is in
a range of 1/um” or less.

[0071]

The average number of the intermetallic compounds is measured by the following
method. Observation of 10 visual fields is conducted using a field emission scanning
electron microscope under conditions in which a magnification is 50,000-fold
magnification and a visual field is approximately 4.8 pm?, and the number (number
(count)/um?) of intermetallic compounds in each visual field is measured. Then, the
average value thereof is calculated.

The grain size of the intermetallic compound is an average value of a long
diameter and a short diameter of the intermetallic compound. Here, the long diameter is
the length of the longest straight line in a grain which does not come into contact with a
grain boundary on the way, and the short diameter is the length of the longest straight line
in a direction orthogonal to the long diameter which does not come into contact with the

grain boundary on the way.
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[0072]

Next, a method for producing the copper alloy for an electronic device according
to this embodiment, which has the above-described characteristics, will be described with
reference to a flow diagram shown in FIG. 2.

5 (Melting and Casting Process S01)

First, a copper raw material is melted to obtain a molten copper, and the
above-described elements are added to the molten copper so as to adjust components; and
thereby, a molten copper alloy is produced. Here, a single element of Mg, a single
element of Zn, a Cu-Mg master alloy, and the like can be used as raw materials of Mg and

10  Zn. In addition, raw materials containing Mg and Zn may be melted together with the
copper raw material. In addition, a recycled material and a scrapped material of the
copper alloy of this embodiment may be used.

Here, it is preferable that the molten copper consists of copper having purity of
99.99% by mass or more, that is, so-called 4N Cu. In addition, in the melting process, in

15 order to suppress oxidization of Mg and Zn, it is preferable to use a vacuum furnace, and it
is more preferable to use an atmosphere furnace of which atmosphere is an inert gas
atmosphere or a reducing atmosphere.

Then, the molten copper alloy of which the components are adjusted is casted
into a mold so as to produce ingots (copper material). In the case where mass production

20  is taken into account, it is preferable to apply a continuous casting method or a
semi-continuous casting method.

[0073]

(Heating Process S02)

Next, heat treatment is performed for homogenization and solutionizing (solution

25  treatment) of the obtained ingot (copper material). During the progress of solidification,



0.2% proof stress (MPa) 969 8 EL. ILL 8LL L9 L Z6L 928 6917 S6S S
SO ZZS | | 8SL 6Z9 (bservation of ngrostructure (nunber/n2) 0.1 tan
or nore 000O0O0OOO 000

Mg and Zn segregate and concentrate; and thereby, intermetallic compounds and the like
are generated. In the interior of the ingot, these intermetallic compounds and the like are
present. Therefore, in order to eliminate or reduce the segregation of Mg and Zn and in
order to eliminate or reduce the intermetallic compounds and the like, the ingot is

5  subjected to the heat treatment to heat the ingot to a temperature of 500 to 900°C.
Thereby, Mg and Zn are evenly dispersed, and Mg and Zn are dissolved in the matrix
phase in the ingot. In addition, it is preferable that the heating process S02 is performed
in a non-oxidization atmosphere or a reducing atmosphere.

[0074]

10 (Rapid Cooling Process S03)

Then, the ingot, which is heated to a temperature of 500 to 900°C in the heating
process S02, is cooled at a cooling rate of 200°C/min or more to a temperature of 200°C
or lower. Due to this rapid cooling process S03, precipitating of Mg and Zn dissolved in
a matrix phase as intermetallic compounds is suppressed. As a result, it is possible to

15 obtain a copper alloy in which an average number of intermetallic compounds having
grain sizes of 0.1 pm or more is in a range of 1/um? or less.

[0075]

Here, in order to increase the efficiency of rough working and the uniformity of
the microstructure, a hot working may be performed after the above-described heating

20  process S02 and the above-described rapid process S03 may be performed after this hot
working. In this case, a working method is not particularly limited. For example,
rolling can be employed in the case where the final form is a sheet or a strip. Wire
drawing, extrusion, groove rolling, or the like can be employed in the case where the final

form is a line or arod. Forging or pressing is employed in the case where the final form
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is a bulk shape.

[0076]

(Working Process S04)

The ingot after being subjected to the heating process S02 and the rapid cooling

5 process SO3 is cut as necessary. In addition, surface milling of the ingot is performed as

necessary in order to remove an oxide film or the like that is generated by the heating
process S02, the rapid cooling process S03, and the like. Then, the ingot is worked
(processed) in order to have a predetermined shape.

Here, the working method is not particularly limited. For example, rolling can

10 be employed in the case where the final form is a sheet or a strip.  Wire drawing,
extrusion, or groove rolling can be employed in the case where the final form is a line or a
rod. In addition, forging or pressing can be employed in the case where the final form is
a bulk shape.

[0077]

15 Here, a temperature condition in the working process S04 is not particularly
limited; however, it is preferable to set the temperature to be in a range of -200 to 200°C
which is in a cold or warm working state. In addition, a reduction ratio is appropriately
selected so as to obtain a shape close to the final form. In order to improve a strength
due to work hardening, it is preferable to set the reduction ratio to be in a range of 20% or

20  more. In addition, in order to further improve the strength, it is more preferable to set the
reduction ratio to be in a range of 30% or more.

As shown in FIG. 2, the above-described heating process S02, rapid cooling
process S03, and the working process S04 may be repetitively performed. Here, after
one cycle is completed, the repeated heating process S02 is performed for the purpose of

25  thoroughly conducting solutionizing (solution treatment), obtaining recrystallized
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structure, or softening for improvement in workability. In addition, instead of the ingot, a
worked material becomes an object (copper material).

[0078]

(Heat Treatment Process S05)

5 Next, it 1s preferable to subject the worked material, which is obtained by the
working process S04, to a heat treatment in order to perform low-temperature anneal
hardening or in order to remove residual strain. Conditions of this heat treatment are
appropriately adjusted according to characteristics that are required for a product (copper
alloy) to be produced.

10 Here, in this heat treatment process S05, it is necessary to adjust the conditions of
the heat treatment (a temperature, a time, and a cooling rate) in order to suppress the
precipitating of dissolved Mg. For example, this heat treatment process is preferably
performed at 200°C for approximately one minute to one hour, or at 300°C for
approximately one second to one minute. The cooling rate is preferably set to be in a

15  range of 200°C/min or more.

[0079]

In addition, the method of the heat treatment is not particularly limited; however,
it is preferable to perform a heat treatment at a temperature of 100 to 500°C for 0.1 second
to 24 hours in a non-oxidization atmosphere or in a reducing atmosphere. In addition, a

20  cooling method is not particularly limited; however, it is preferable to employ a method in
which a cooling rate becomes in a range of 200°C/min or more, such as a water
quenching.

Furthermore, the above-described working process S04 and heat treatment

process S05 may be repetitively performed.
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[0080]

In this way, the copper alloy for an electronic device of this embodiment is
produced. Here, in the working process S04, in the case where rolling is employed as a
working method, a copper alloy for an electronic device is produced which has the final
form of a sheet or strip.  This copper alloy for an electronic device is called as a rolled
copper alloy.

The produced copper alloy for an electronic device of this embodiment has a
Young’s module E of 125 GPa or less, and a 0.2% proof stress 6, of 400 MPa or more.

In addition, when the content of Mg is given as A atomic%, and the content of Zn
is given as B atomic%, a conductivity o (%IACS) thereof is within the following range.

o < {1.7241/(X+Y+1.7)}x100

X = -0.0347xA™+0.6569x A

Y =-0.0041xB*+0.2503xB

[0081]

The produced copper alloy for an electronic device of this embodiment is
composed of a ternary alloy of Cu, Mg, and Zn, and the copper alloy contains Mg at a
content in a range of 3.3 to 6.9 atomic% which is a solid-solution limit or more. In
addition, an average number of intermetallic compounds having grain sizes of 0.1 pm or
more is in a range of 1/um” or less.

[0082]

That is, the copper alloy for an electronic device of this embodiment is composed
of a Cu-Mg-Zn solid solution alloy supersaturated with Mg.

In the copper alloy composed of this Cu-Mg-Zn supersaturated solid solution,

there is a tendency that a Young’s modulus becomes low. Therefore, for example, in the

E
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20  conductivity due to other elements is suppressed; and thereby, it is possible to obtain a
relatively high conductivity.
[0084]
In the copper alloy for an electronic device of this embodiment, the Young’s

modulus E is in a range of 125 GPa or less, and the 0.2% proof stress oy is in a range of

25 400 MPa or more. Therefore, a resilience modulus (59,°/2E) becomes high. Accordingly,
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plastic deformation does not occur easily. As a result, the copper alloy is particularly

suitable for electronic and electrical components such as terminals, connectors, relays, and
the like.

[0085]

5 According to the method for producing a copper alloy for an electronic device of
this embodiment, the ingot or the worked material is composed of the ternary alloy of Cu,
Mg, and Zn having the above-described composition, and the ingot or the worked material
is heated to a temperature of 500 to 900°C in the heating process S02. The solutionizing
(solution treatment) of Mg and Zn can be performed by the heating process S02.

10 In the rapid cooling process S03, the ingot or the worked material, which is
heated by the heating process S02, is cooled at a cooling rate of 200°C/min or more to a
temperature of 200°C or lower. The precipitation of intermetallic compounds during the
cooling process can be suppressed due to the rapid cooling process S03. Therefore, the
ingot or the worked material after the rapid cooling can be a Cu-Mg-Zn supersaturated

15 solid solution.

[0086]

In the working process S04, the rapidly cooled material (Cu-Mg-Zn
supersaturated solid solution) is subjected to working. Improvement of a strength due to
work hardening can be achieved by the working process S04.

20 In addition, in the case where the heat treatment process SO05 is performed after
the working process S04 in order to perform low-temperature anneal hardening or in order
to remove residual strains, further improvement in mechanical characteristics can be
achieved.

[0087]

25 As described above, according to this embodiment, it is possible to provide a
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copper alloy for an electronic device, which has a low Young’s modulus, a high proof
stress, a high conductivity, and excellent bending formability, and which is suitable for
electronic and electrical components such as terminals, connectors, relays, and the like.

[0088]

Hereinbefore, the copper alloys for an electronic device, the methods for
producing a copper alloy for an electronic device, and the rolled copper alloys for an
electronic device that are embodiments of the present invention were described; however,
the present invention is not limited thereto, and the present invention may be appropriately
modified in a range without departing the technical features of the invention.

For example, in the above-described embodiments, an example of the method for
producing the copper alloy for electronic device is described; however, the producing
method is not limited to the above-described embodiments, and the copper alloy may be

produced by appropriately selecting existing producing methods.

EXAMPLES

[0089]

Hereinafter, a description will be made with respect to results of confirmation
experiments for confirming the effects of the embodiments.

(Example 1)

A copper raw material composed of oxygen-free copper (ASTM B152 C10100)
having a purity of 99.99% by mass or more was prepared. This copper raw material was
charged in a high purity graphite crucible, and the copper raw material was melted using a
high frequency heater in an atmosphere furnace having an Ar gas atmosphere.  Various
elements were added to the molten copper so as to prepare component compositions

shown in Table 1. Each of the resultant materials was poured into a carbon casting mold
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to produce an ingot. Here, the size of the ingot was set to have a thickness of
approximately 20 mm x a width of approximately 20 mm x a length of approximately 100
to 120 mm. In addition, the remainder of the component composition shown in Table 1
was copper and inevitable impurities.

5 [0090]

Each of the obtained ingots was subjected to a heating process of heating for four
hours under a temperature condition described in Table 1, and then water quenching was
performed.

The ingots after being subjected to the heat treatment were cut, and then surface

10 milling was performed to remove oxide films. Then, each of the ingots was subjected to
cold rolling at a reduction ratio shown in Table 1 to produce a strip material having a
thickness of approximately 0.5 mm x a width of approximately 20 mm.

Each of the obtained strip materials was subjected to a heat treatment under the

conditions described in Table 1 to produce a strip material for characteristic evaluation.
15 [0091]

(Evaluation of Workability)

As an evaluation of the workability, presence or absence of cracked edges during
the cold rolling was observed. Copper alloys in which no or little cracked edges were
visually observed were evaluated to be A (excellent), copper alloys in which small cracked

20  edges having lengths of less than 1 mm were caused were evaluated to be B (good),
copper alloys in which cracked edges having lengths of 1 mm or more to less than 3 mm
were caused were evaluated to be C (fair), copper alloys in which large cracked edges
having lengths of 3 mm or more were caused were evaluated to be D (bad), and copper
alloys which were broken due to cracked edges during the rolling were evaluated to be E

25  (very bad).
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Here, the length of the cracked edge refers to the length of the cracked edge from
the end portion in the width direction toward the center portion in the width direction of
the rolled material.

[0092]

Mechanical characteristics and a conductivity were measured using each of the
above-described strip material for characteristic evaluation. In addition, evaluation of
bending formability and structure observation were performed.

(Mechanical Characteristics)

A test specimen of No. 13B defined by JIS Z 2201 was taken from each of the
strip materials for characteristic evaluation. This test specimen was taken in a state in
which the tensile direction in a tensile test was in parallel with the rolling direction of the
strip material for characteristic evaluation.

A 0.2% proof stress ¢, was measured by the offset method of JIS Z 2241.

A strain gauge was attached to the above-described test specimen, and load and
extension were measured. A stress-strain curve was obtained from the measured load
and extension. Then a Young’s modulus E was calculated from a gradient of the obtained
stress-strain curve.

[0093]

(Conductivity)

A test specimen having a width of 10 mm x a length of 60 mm was taken from
each of the strip materials for characteristic evaluation. The test specimen was taken in a
state in which the longitudinal direction of the test specimen was in parallel with the
rolling direction of the strip material for characteristic evaluation.

An electrical resistance of the test specimen was obtained by a four-terminal

method. In addition, dimensions of the test specimen were measured using a micrometer,

Do
Do

C
C



0410 Us 1111111111111111111 .0 (0410 LS

10

15

20

43

and a volume of the test specimen was calculated. Then, the conductivity was calculated
from the electrical resistance and the volume that were measured.

[0094]

(Bending Formability)

The bending working was performed in accordance with the test method of
JBMA (Japanese Brass Makers Association, Technical Standard) T307-3. Specifically, a
plurality of test specimens having a width of 10 mm x a length of 30 mm were taken from
each of the strip materials for characteristic evaluation in a state in which the rolling
direction was in parallel with the longitudinal direction of the test specimen. These test
specimens were subjected to a W bending test using a W-type jig having a bending angle
of 90° and a bending radius of 0.5 mm.

An outer periphery portion of the bent portion was confirmed with visual
observation, and copper alloys which were broken were evaluated to be D (Bad), copper
alloys in which only a portion was broken were evaluated to be C (Fair), copper alloys in
which breakage did not occur and only minute cracking occurred were evaluated to be B
(Good), and copper alloys in which breakage or fine cracking was not confirmed were
evaluated to be A (Excellent).

[0095]

(Observation of Microstructure)

A rolled surface of each of the specimens was subjected to mirror polishing and
ion etching. Then, visual fields (approximately 120 um*/visual field) were observed at a
10,000-fold magnification using a FE-SEM (field emission scanning electron microscope)
so as to confirm a precipitation state of intermetallic compounds.

Next, in order to examine a density (an average number) (number (count)/pm?) of
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the intermetallic compounds, a visual field (approximately 120 pm?*/visual field) at a
10,000-fold magnification in which the precipitation state of the intermetallic compound
was not specific was selected, and in this area, continuous 10 visual fields (approximately
4.8 um*/visual field) were photographed at a 50,000-fold magnification.

An average value of a long diameter and a short diameter of the intermetallic
compound was utilized as a grain size of the intermetallic compound. Here, the long
diameter of the intermetallic compound is the length of the longest straight line in a grain
which does not come into contact with a grain boundary on the way, and the short
diameter is the length of the longest straight line in a direction orthogonal to the long
diameter which does not come into contact with the grain boundary on the way.

The density (average number) (number (count)/um?) of intermetallic compounds
having grain sizes of 0.1 um or more and the density (average number) (number
(count)/um?) of intermetallic compounds having grain sizes of 0.05 pm or more were
obtained.

[0096]

Tables 1 and 2 show producing conditions and evaluation results. In addition, as
examples of the above-described observation of the microstructure, SEM observation
photographs of Inventive Example 1-3 and Comparative Example 1-5 are shown in FIGS.
3 and 4, respectively.

Here, the upper limit of the conductivity described in Table 2 is a value calculated
by the following expression. In the expression, A represents the content of Mg
(atomic%).

(The upper limit of conductivity) = {1.7241/(-0.0347xA%+0.6569xA+1.7)}x100

[0097]
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[0099]

In Comparative Example 1-1, the content of Mg was lower than the range defined
in the first embodiment, and the Young’s modulus was 127 GPa which was relatively high.

In Comparative Examples 1-2 and 1-3, the contents of Mg were higher than the

5 range defined in the first embodiment, and large cracked edges occurred during the cold
rolling; and therefore, the subsequent characteristic evaluation could not be performed.

[0100]

Comparative Example 1-4 is an example of a copper alloy containing Ni, Si, Zn,
and Sn, that is, a so-called Corson alloy. In Comparative Example 1-4, the temperature

10 of the heating process for solutionizing was set to 980°C, and the condition of the heat
treatment was set to 400°Cx4h so as to perform a precipitation treatment of intermetallic
compounds. In Comparative Example 1-4, the occurrence of cracked edges was
suppressed and precipitates were minute. Therefore, favorable bending formability was
secured. However, it was confirmed that the Young’s modulus was 131 GPa which was

15  high.

[0101]

In Comparative Example 1-5, the content of Mg was within the range defined in
the first embodiment; however, the conductivity and the number of the intermetallic
compounds were out of the ranges defined in the first embodiment. It was confirmed

20  that the Comparative Example 1-5 was inferior in the bending formability. It is assumed
that this deterioration of the bending formability is caused due to coarse intermetallic
compounds which serve as a starting point of cracking.

[0102]

In contrast, in all of Inventive Examples 1-1 to 1-10, the Young’s moduli were in

25 arange of 115 GPa or less which were low; and therefore, elasticity was excellent. In
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addition, when comparing Inventive Examples 1-3 and 1-8 to 1-10 that had the same
composition and that were produced with different reduction ratios, it was confirmed that
it was possible to improve the 0.2% proof stress by increasing the reduction ratio.

[0013]

(Example 2)

Ingots were produced by the same method as Example 1 except that component
compositions shown in Table 3 were prepared. Here, the remainder of the component
composition shown in Table 3 was copper and inevitable impurities. In addition, strip
materials for characteristic evaluation were produced by the same method as Example 1
except that a heating process, a working process, and a heat treatment process were
performed under conditions described in Table 3.

Characteristics of the strip materials for characteristic evaluation were evaluated
by the same method as Example 1.

[0104]

Tables 3 and 4 show producing conditions and evaluation results. In addition, as
examples of the above-described observation of the microstructure, SEM observation
photographs of Inventive Example 2-6 and Comparative Example 2-7 are shown in FIGS.
5 and 6, respectively.

Here, the upper limit of the conductivity described in Table 4 is a value calculated
by the following expressions. In the expressions, A represents the content of Mg
(atomic%), and B represents the content of Zn (atomic%).

(The upper limit of conductivity) = {1.7241/(X+Y+1.7)}x100

X =-0.0347xA*+0.6569x A

Y = -0.0041xB™+0.2503xB

[0105]
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[0107]

In Comparative Examples 2-1 and 2-2, the contents of Mg and the contents of Zn
were lower than the ranges defined in the second embodiment, and the Young’s moduli
were 127 GPa and 126 GPa, respectively which were high.

5 In Comparative Examples 2-3 to 2-5, the contents of Zn were higher than the
range defined in the second embodiment. In addition, in Comparative Example 2-6, the
content of Mg was higher than the range defined in the second embodiment. In these
Comparative Examples 2-3 to 2-6, large cracked edges occurred during the cold rolling,
and the subsequent characteristic evaluation could not be performed.

10 [0108]

In Comparative Example 2-7, the content of Mg and the content of Zn were
within the ranges defined in the second embodiment; however, the conductivity and the
number of the intermetallic compounds were out of the ranges defined in the second
embodiment. It was confirmed that the Comparative Example 2-7 was inferior in the

15  bending formability. It is assumed that this deterioration of the bending formability is
caused due to coarse intermetallic compounds which serve as a starting point of cracking.

Comparative Example 2-8 is an example of a copper alloy containing Ni, Si, Zn,
and Sn, that is, a so-called Corson alloy. In Comparative Example 2-8, the temperature
of the heating process for solutionizing was set to 980°C, and the condition of the heat

20  treatment condition was set to 400°Cx4h so as to perform precipitation treatment of
intermetallic compounds. In Comparative Example 2-8, the occurrence of cracked edges
was suppressed and precipitates were minute. Therefore, favorable bending formability
was secured. However, it was confirmed that the Young’s modulus was 131 GPa which
was high.

25 [0109]
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In contrast, in all of Inventive Examples 2-1 to 2-12, the Young’s moduli were in
arange of 112 GPa or less which were low; and therefore, elasticity was excellent. In
addition, when comparing Inventive Examples 2-6, and 2-10 to 2-12 that had the same
composition and that were produced with different reduction ratios, it was confirmed that

5 it was possible to improve the 0.2% proof stress by increasing the reduction ratio.

[0110]

From these results, it was confirmed that, according to the present invention, it is
possible to provide a copper alloy for an electronic device, which has a low Young’s
modulus, a high proof stress, a high conductivity, and excellent bending formability and

10 which is suitable for electronic and electrical components such as terminals, connectors,

relays, and the like.

INDUSTRIAL APPLICABILITY
[0111]
15 The copper alloys for an electronic device according to the embodiments have a
low Young’s modulus, a high proof stress, a high conductivity, and excellent bending
formability. Therefore, the copper alloys are suitably applied to electronic and electrical

components such as terminals, connectors, relays, and the like.

20  Description of Reference Signs
[0112]
S02: Heating process
S03: Rapid cooling process

S04: Working process
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CLAIMS

1. A copper alloy for an electronic device,

wherein the copper alloy is composed of a binary alloy of Cu and Mg,

the binary alloy comprises Mg at a content in a range of 3.3 to 6.9 atomic%, with
a remainder being Cu and inevitable impurities, and

a conductivity o (%IACS) is within the following range when the content of Mg
is given as A atomic%,

6 < {1.7241/(-0.0347x A%0.6569x A+1.7)} x100.

2. A copper alloy for an electronic device,

wherein the copper alloy is composed of a binary alloy of Cu and Mg,

the binary alloy comprises Mg at a content in a range of 3.3 to 6.9 atomic%, with
a remainder being Cu and inevitable impurities, and

an average number of intermetallic compounds having grain sizes of 0.1 um or

more is in a range of 1/um” or less.

3. A copper alloy for an electronic device,

wherein the copper alloy is composed of a binary alloy of Cu and Mg,

the binary alloy comprises Mg at a content in a range of 3.3 to 6.9 atomic%, with
a remainder being Cu and inevitable impurities,

a conductivity o (%IACS) is within the following range when the content of Mg
is given as A atomic%, and

an average number of intermetallic compounds having grain sizes of 0.1 um or
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6. Arolled copper alloy for an electronic device, which is composed of the copper alloy
for an electronic device according to claim 4.
20
7. The rolled copper alloy for an electronic device according to claim 6,
wherein the rolled copper alloy is used as a copper material that constitutes a

terminal, a connector, or a relay.
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9. A copper alloy for an electronic device,
wherein the copper alloy is composed of a ternary alloy of Cu, Mg, and Zn,
the ternary alloy comprises Mg at a content in a range of 3.3 to 6.9 atomic% and
15  Zn at a content in a range of 0.1 to 10 atomic%, with a remainder being Cu and inevitable
impurities, and
an average number of intermetallic compounds having grain sizes of 0.1 um or

more is in a range of 1/um? or less.

20 10. A copper alloy for an electronic device,
wherein the copper alloy is composed of a ternary alloy of Cu, Mg, and Zn,
the ternary alloy comprises Mg at a content in a range of 3.3 to 6.9 atomic% and
Zn at a content in a range of 0.1 to 10 atomic%, with a remainder being Cu and inevitable

impurities,



4. The copper alloy for an electronic device according to any one of
clains Ito 3, S5wherein a Young's nodglus Eis in a range of 125 GPa or
| ess, and a 0.2% proof stress a0.2 is in a range of 400 MPa or nore.
5. A nethod for producing the copper alloy for an el ectronic device
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of Cu; @”Bﬁ{ f ; ‘.0 rapid cooling
pr oceslgg(f)l]fe Ngsé%ﬁt%fct%e tglg? {éﬁe@&gggﬁs %rglte lzglg)glat%ntncé ’gggl ing rate of
200C/ mn or nore to a tenperature of 200C or |ower; and r ki ng
process of VIBAFHAEE Pmb?rﬁilwvn%&? SepOHioR haKiE gFdin 2o ehih BB oF ¢ he
binary all oy conprises My at a content in a range of 3.3 to 6.9

at oni ofrevis trha mngenfil/poéor kss.ng Cu and inevitable inpurities. 6. A
rolled copper alloy for an el ectronic device, which is conposed of the

copper al | oy; £af 7ai gkeet[ onigogevi ce according to claim4. 20 7 The
rolled copper alloy for an €l ectronic device according to claim®é,

wherein the ol 0 r | oy is used as a copper nmaterial that
constitutes _t'é'ﬁgf‘wgésgéﬁ%ect or, or arelay. 55 8 A copper alloy
for an el ectronic device, wherein the copper alloy is conposed of a
ternary al | 0§=c0.00 xB0.2503xZn, the ternary alloy conprises My at a

content in a range of 3.3 to 6.9 atom c% and Zn at a content in a
range of 0.1 to 10 atomc% w th a remainder being Cu and inevitable
S5inpurities, and a conductivity a (AACS) is within the

f ol I owng 1i2RgEMRGy FRen CRREERL dolicMicdotdifk Y& f@?&"&‘% d the
content of h%n F:ps glﬁ{;/l)én as %'Eart om cg%c & (il %&%@5@% ; xlgg'f X =
-0.,0347xA2+0Q..6569xA, 10Y, = -0. 0041 .x B2+0. B..9 A co r alloy for
a6 sct ron URHIFOLIEA B HE TG 18 ee ATy Prdr ISmdsiad o PYer nary
alloy of Cu, My, and Zn, the ternary alloy conprises My at a content in
a rangdesfo@, igin Hrange okt YhMEPIoaAWIas5zn at a content in a range of 0.1
to 10 atomc% wth a remainder being Cu and inevitable inpurities, and
an average nunber of internetallic conpounds having grain sizes of 0.1
pmor more is in a range of 1/1.in2 or |ess. 2010 A copper alloy for an
el ect roni & gheMiodFor producing the copper alloy for an electronic device according to any
one of claims 8 to 10, the method comprising:
15 a heating process of heating a copper material composed of a ternary alloy of Cu,
Mg, and Zn to a temperature of 500 to 900°C;
a rapid cooling process of cooling the heated copper material at a cooling rate of
200°C/min or more to a temperature of 200°C or lower; and
a working process of working the rapidly cooled copper material,
20 wherein the ternary alloy comprises Mg at a content in a range of 3.3 t0 6.9

atomic% and Zn at a content in a range of 0.1 to 10 atomic%, with a remainder being Cu

and inevitable impurities.

13.  Arolled copper alloy for an electronic device, which is composed of the copper alloy



wherein the copper alloy is conposed of a ternary alloy of Cu, My, and

Zn, the ternary alloy conprises My at a content in a range of
3.3to0 6.9 atomic%and Zn at a content in a range of 0.1 to 10 atom c%
with a remai nder being Cu and inevitable inpurities, 56 a

conducfor i tlygcteoni&dATCS) adcsrdiigd toichiinhid . f ol | owi ng range when the content
of My is given as A atom c% and the content of Zn is given as B

atom c% and an average nunber of internetallic conpounds having
grain sizes of 0.1 vimor nore is in a range of 1/RmM or |ess, 5a |

1. 724%4(. X-'Tféjro@d; ﬁoﬁégro%lléy:f%r;] Q]e«%?g%{o)ﬁféz&glcgsa%g&ﬁm t0 cla q94lx B2+0. 2503 X

B. 11The copper a roni c device according to any one of
clains 8 to 10, .10wherein a Young's dulus E is . ran of 125 GPa
o | ess, and"ergn Bug oled rorer iy s st i dope malgeid Bt AB TR or rror e.
12. A method for producing the copper alloy for an el ectronic device
acSor drginglpa spRncetos B relaki ns 8 to 10, the method conprising: 15a
heati ng process of heating a copper material conposed of a ternary
alloy of Cu, My, and Zn to a tenperature of 500 to 900C a rapid
cooling process of cooling the heated copper material at a cooling rate
of 200C/mn or nore to a tenperature of 200C or | ower; and a working
process of working the rapidly cooled copper material, 20wherein the
ternary alloy conprises My at a content in a range of 3.3 to 6.9
atomc% and Zn at a content in a range of 0.1 to 10 atomc% wth a
remai nder being Cu and inevitable inpurities. 57 for an electronic
device according to claim11. 14 The rolled copper alloy for an

el ectroni c device according to claim 13, wherein the rolled
copper alloy is used as a copper material that constitutes a 5term nal,
a connector, or a relay





