COPPER ALLOY HAVI NG BENDABI LI TY AND STRESS RELAXATI ON PROPERTY BACKGROUND
OF THE INVENTION 1. Field of the Invention The present invention relates to
copper alloys having bendability and stress rel axation property.
Specifically, it relates to copper alloys suitable as raw materials for
copper aCbByEBhRBLSYIBAVIEE BRANBRRBICOAIUANDr STRAPENRALAXANGHNaSRDEEREE
frames for sem conductor devices; materials for electric/electronic
conponents such as printed wiring boards; sw tch conponents; and mechanica
conmponents such as bus-bars, termnals, and connectors. 2. Description of

t he Relatgﬂcﬁ@koggDF@FPT@@IqW@Emngnpeen general |y used as copper alloys for
t he above applications such as I1C lead franmes for sem conductor devices.

Exanpl es pf t%ﬁ Qi F 9%5 ¥$; b clude a copper alloy (C19210 all oy)
containing O %f? B ﬁ%gbo Ee én 0.025 %to 0. 040% of P and a copper
aIon (CDA194 ?g% containing, 1% tq i 6%, of Fe éﬂﬁg%§ q&o 15% of P,
and 0. 05% 1 o P SO AR C BB Loy SRS GLRarp BFTEYE axhi bi
hi gh strength h| el ectrical conduct|V|ty, and hi gh thermm] conduct|V|ty
when an b%?%@ﬁé%éFVlénéoﬁﬁ6ﬁﬁ§ Frelakat I oFPIHPFet ¥nd oGSt Wi dbkrsett in a
copper matri x, and therefore, these have been generally used as the
i nt er nat | bRARESEahdaFEPREF0VS 1OWEt 1§ Ulebd s iafy Typliakh § bnss Gt FECFPer | oys
must have such properties as to maintain contact fitting force in a hot
envi ronmeat loyvisheetls To- csld ed semessndetagat¢onpprnepestyicaspdépeeddes to
ensure the reliability in a hot environnment. Specifically, when coupling
conponent Srames pfacedemi canhot- tenvideoners; suctemsabyn fengi ne room of an
autonobil e, the stress is relaxed and contact pressure decreases with
el apse ofelésBrisrdlthereantacompesicsitanGRich as printed wiring boards;

switch components; and mechanical compconents such as bus-bars,

terminals, and connectors.

2. Description of the Related Art

Cu-Fe-P alloys have been generally used as copper alloys for

the above applications such as IC lead frames for semiconductor

devices. Examples of these Cu-Fe-P alloys include a copper alloy

(C19210 alloy) containing 0.05% to 0.15% of Fe and 0.025% to 0.040%

of P and a copper alloy (CDA194 alloy) containing 2.1% to 2.6%

of Fe, 0.015% to 0.15% 0cf P, and 0.05% £to 0.20% of Zn. Among copper

alloys, these Cu-Fe-P alloys exhibit high strength, high

electrical conductivity, and high thermal conductivity when an

intermetallic compound of, e.g., Fe or Fe and P, is dispersed

in a copper matrix, and therefore, these have been generally used

as the international standard alloys.

With increasing applications, Cu-Fe-P alloys must have such

propertiesas tomaintaincontact fitting forceinahot environment,



at a junction tends to increase. Thus, the coupling conponents |ose their
contact fitting force. Consequently, the "stress relaxation property” is
resi stant properties against the reduction in contact fitting force
(stress) . It is believed that the stress relaxation property inproves with

a decreasijng stress-4el @xattphssr Ak BaxYah bauprbeehtigues havg deen prigposed
in order to inprove the stress relaxation property. Japanese Patent No.

2977839, f I I S;,2,C el
Component 591 Syt She b bR ELER TSy CRRE R B S E - S L G
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phosphide to thereby inprove the spring limt. In addition, the copper

al loy i s P5CHANE SOLCEARAGS Widdi SLaR6e,© harfiee (AR L) cexeiet & @htr egrigdmnce
properties at elevated tenperatures, and stress relaxation property.
Japanese WteaaminetiPat eandAppd icatiersPubllilosti dineNeourd00Rr 284368 eprtoposes
a copper alloy for termnals and connectors, containing 0.8%to 1.5%of N,

0.5% to 210%e=ofthen,r it of bt OPhg 2fetcZn, GEmdsOqOOSPA Yo 6hd%'etrBssin
which the areal ratio of precipitates is 5%or less to maintain the

resi st ancee0hx«late diap edber phase agal NdniShEeps rrekaxaid ok agtirdduytfiion
i nhibitingmgration of slipband and di sl ocation di sappearance) and to

inprove the cshf£SE 16l FORCcBr QPeFd¥s) The (CQushas P &) 9¥$ak0Fns %%ress
above-nentioned applications are requi red to have excellent bendability
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Various techniques have been proposed in order to improve
the stress relaxation property. Japanese Patent No. 2977839, for
example, discloses a copper alloy for electric/electronic
components, containing 0.1 to 1.0 percent by weight of Sn, 0.02
to 0.50 percent by weight of Fe, 0.01 tc 0.1 percent by weight
of P, 0.3 to 1‘. 5percent by weight (excluding l.5 percent by weight)
of Zn, and 0.1 to 1.0 percent by weight of Mg, with the remainder
substantially being Cu. According to this technique, Fe and P
are added tcgether to form iron phosphide to thereby improve the
spring limit. In addition, the copper alloy is to have softening
resistance, particularly excellent creep properties at elevated
temperatures, and stress relaxaticn property.

Japanese Unexamined Patent Application Publication No.
2002-294368 proposes a copper alloy for terminals and connectors,

containing 0.8% to 1.5% of Ni, 0.5% to 2.0% of Sn, 0.015% to 5.0%



However, the above-described addition of solid-solution hardening elenents
such as Sn and My, or the increase in strength by increasing reduction
ratios of the cold rolling inevitably cause deterioration of the
bendability and, therefore, the required strength and the bendability

cannot beg éﬁu%guﬁly OS@%B%% Bl? 8? %he %t lCh %%e areal §%ﬁbt5§t the

bendabi | it i hpr oV 0 $one ex ént by grainrefining of

controlling the  state of |sper50|ds ane Unexa ned ggggg
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Application Publication No. 2001-279347) . However, in order to  produce a
Cu- Fe- P alRt@pamdainar Sﬁar\ﬁeﬁgr%@ha%t%ﬁ@tcﬁléertpfat%tehlwmneé@tﬁﬁqWI} n
the size and wei ght of components in recent years, an increase in the
quantity off wdripdrmrdenmaglbylo et eari @ngapeaaeam@e)r amico tof impy o dthe
rolling becones indispensable. Consequently, as for the above-described high
strength gmteard atslatdiei benpgabpétrty. cannot be adequately inproved agai nst

3 the above-described sharp bendi ng such as U-bending or 90 bending after

not ching, by nmeaescofrai-or95l6petiyetaedbote-Reftiofkdi dbpl ££APIHPs AUre
control of the state of dispersoids, disclosed in Japanese Unexam ned

Pat ent Ap&léq%afecm tBURL e ad sk adm Non ¢ @e%%t%%llw oé%%@l%@f@%@f’lﬂ%%h%%ﬁm
Application bl i cati on No. 2001 279347. As Fe-P all oys apanese
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hardening elements such as Sn and Mg, or the increase in strength
by increasing reduction ratios of the cold rolling inevitably
cause deterioration of the bendability and, therefore, the
required strength and the bendability cannot become mutually
compatiblie.

On the other hand, it is known that the bendability can be
improved to some extent by grain refining or by controlling the
state of dispersoids (Japanese Unexamined Patent Application
Publication No. 6-235035 and Japanese Unexamined Patent
Application Publication No. 2001-279347). However, in order to
produce a Cu-Fe~PF allcoy material having high strength compatible
with reduction in the size and weight of components in recent
years, an increase in the quantity of work hardening by increasing
reduction ratio of the cold rolling becomes indispensable,

Consequently, as for the above-described high strength

materials, the bendability cannot be adequately improved against



Japanese Unexam ned Patent Application Publication No. 2000-328157 proposes
that an intensity ratio, [1(200) + 1(311)]/1(220), of the sunof diffraction
of (200) and diffraction of (311) to diffraction of (220) is 0.4 or nore.
SUMMARY COF THE | NVENTI ON The conventional techni ques such as adjusting the

al I oyi ng t t g ot real
rati o of p?lce)eglgg:gtggt gseglc‘r}f%?)g&g%g%gg %g&%% égéatentgggdllﬁgﬁlll on %gbcﬁrgitl on
No. 2002- 294368 ar nsuff|C|entto | nprove t ress ation p erty.
These ¢ ec n&iéfemteﬁ‘élsaPEpo‘{}l%os SuetBERGaBh ErBy < nir L aHoS 5.
The control of the m crostructure in Japanese Unexam ned 4 Patent

Appl i cati &F PIBINE R oFPNoL ©2005- §é909§85ﬁd0£aﬁéﬁ@§é8%ﬁé«arﬁmCpsoﬁ%nltn
Application Publication No. 2000-328157 do not achieve the excellent stress
rel axat i oW/ ameapsere ynedamiouyh Rafesnt yiralld datprov diithleheabi on the - Aceordishgl y,
an object of the present invention is to provide a Cu-Fe-P alloy having
excel | ent apehdedpdnd ye chnpatnibhedwPthenéxéebllent: tstome $31lylel @@t drorNqr operty.
To achi eve the above object, one aspect of the present invention resides in
a copper aldoay-dei34g. bendability and stress relaxation property and
containing 0.01 to 1.0 percent by mass of Fe, 0.01 to 0.4 percent by nass

of P, and 0.1 te flodcpereental Y BSSpahe M UMt el perahRER In&iang sppper
and inevitable inpurities, in which the copper alloy has a volunme fraction

of  di sperse)ids- £H3GH 08V i A PAdI b o b@é@k 5t%qec%itﬂem%%dy@r%u§@ or

| ess, and di spersoids each having a particle |aneter of 200 nmor less and
Com o oy "B ML A fve e et soe R oLt aTELEr 0F Sy g end
of diffraction of (200} to diffraction of (220) is 0.5 or more
and 10 or less, the density of Cube orientation is 1 or more and
50 or less, or a ratio of the density of Cube orientation to the
density of S orientation is 0.1 or more and 5 or less.
Japanese Unexamined Patent Application Publication No.
2000-328157 proposes that an intensity ratio, [I{200) +

(311)1/I(220}), of the sumofdiffractionof {200) anddiffraction

of (311) to diffraction of (220) is 0.4 or more.

SUMMARY COF THE INVENTION

The conventional techniques such as adjusting the alloying
component in Japanese Patent No. 2977829 and reducing the areal
ratio of precipitates in Japanese Unexamined Patent Applicatiocn
PublicationNo. 2002-294368 are insufficient to improve the stress
relaxation property. These techniques cannot make the alloy to
have bendability simultaneously.

The control of the microstructure in Japanese Unexamined



property, dispersoids each having a particle diameter of 200 nm or |ess and
containing Fe and P preferably have an average particle dianmeter of 1 nm or
nore and 20 nmor |ess. The copper alloy can further contain 0.01 to 1.0

t b f at |east f N, Co { i th
anabi | 15T S0 BRRLAEREea™, EPRIACRir Bt Ofier (3 0T Copber I Y 69 2hane

further contain 0.005 to 3.0 percent by mass of Zn for_ inproving thernal
abl ati on rBxsRheed dfatgnt %-psllaﬁaﬁgoanéu%# gafiry %erZeOd%rbD-p?r dehest fral
abl ation (heat peeling). The Zn content is preferably 0.005 to 1.5 percent
by nmass tarlaveve tredgstdedn ant eltectss call agendoct PyppgrtTo bhphought blzey
strength, the copper alloy can further contain 0.01 to 5.0 percent by mass
of Sn. The/isn «ontentved peatiebabliyy.0.01 to 1.0 percent by mass to avoid
reduction in electrical conductivity. According to the aspect of the

present inventizxiho@ &g Fer Bn @Hq ¥t icT erairmed W t AvM th enhay € o iRy eves

strength and inproved stress relaxation property and to reduce coarse

di sper soi g;s AV OGp m@gt helendi aBEeN eXCeRHNS 120G PR orfher £9PE SR th
di spersoids having a particle diameter exceeding 200 nm accel erate

recrystalQg%gﬂfgﬁénsgrggg ggyg%gggg?;p§§g%gﬁh§by reduce the stress

rel axati on prope cause brea tion and pronote crack
propagation to thereby reduce the bendabjlity. To furth ffectivel

Pt ove the berdaBiaT gy St EoSYT oohs STl aRiEi BRPEEopert y 6y i St t i on
of My in the Cu-Fe-P alloy, . dispersoids. containin nd .P (My-P

art Pl o) S P Mass WS h0¢ S0BERErE ] LoE N GRe G BE S HhioR TG S8R 50
nmor |ess. These fine My-P particles prevent mgration of dislocation and
grain gr GRIPE- PR ISP B BRI 3R F U3 VetRY i fp? by thel Rvda®i T iRy Bawp

of Fe, 0.01 to 0.4 percent by mass of P, and 0.1 to 1.0 percent
by mass of Mg, with the remainder being copper and inevitable
impurities, in which the éopper alloy has a volume fraction of
dispersoids each having a particle diameter exceeding 200 nm of
5% or less, and dispersoids each having a particle diameter of
200 nm or less and containing Mg and P have an average particle
diameter of 5 nm or more and 50 nm or less.

To further imprcve the bendability and the stress relaxation
property, dispersoids each having a particle diameter of 200 nm
or less and containing Fe and P preferably have an average particle
diameter ¢f 1 nm or more and Z0 nm or less.

The copper alloy can further contain 0.01 te 1.0 percent by
mass of att least one of Ni and Co to further improve the bendability
and the stress relaxation property.

The copper alloy can further contain 0.005 to 3.0 percent

by mass of Zn for improving thermal ablaticn resistance of Sn



the stress relaxation property. Such effects and influence of these fine
My- P particles on the properties of Cu-Fe-P alloys have been first found by
the present inventors. 6 The term "di spersoid containing Mg and P' used
herein neans a dispersoid containing Mj and Pin a total content of 60% or

mor e of t?ga%gh%}aiamﬁa%d{%nEﬁ@r@ﬁ&t bg.le@enlti KeW $E:1 teh:ﬁ.at@ir&}:e(heat

"di sperso neans” a di spersoi d contal ni ng and P in
a total content of 6Q% or, nore of .the total c one in the particle,
DESCRI PTI 8REGE MFLE P%éﬁE%ﬂEﬁOEE/%BB &/ﬁl\ﬁ%eg%ﬁ%ggi o @hgo?‘)(%p%e‘?ep‘ﬁ%@ Pthe
chem cal conposition of the Cu-Fe-P alloy, of the present, invention suitable
for satisﬂﬁﬁﬁgché”F%ﬁ%i?%é%%ﬁ%%%g%% ﬁkﬁgﬁﬁécaglE@Pﬁpégpjﬁﬂﬁﬁuctivity and
further satisfying the excellent bendability and the excellent stress

rel axation pr oé@r%WPWW thses Hese gt Bed reFemPermt ey prestnt thaeviterdn as
for the basic conmposition to achieve the high strength, high electrica
conduct i viot. Yl hiogh. Cheedadit ity messd ofi §h-st FessSn etaxztion propderyb ltvhe
copper alloy conprises 0.01 to 1.0 percent by nmass of Fe, 0.01 to 0.4
percent Py Otase df. P,panctk:0; dytwads. Dopervoedt rbymass cof ivh,e Midtr itded
remai nder being copper and inevitable inpurities. In another enbodi nent,

the fol | owbRgu-aige tof. at | east one of N and Co and/or at |east one of Zn
and Sn may be further contained relative to this basic conposition. O her

i npurity el eneRts oFRY ngbeoCM &l R tMottht Aot Bl § 8REESH Pén APbN | MP@HLiFAG pt hese
properties. (Fe) Iron"(Fe) precipitates as Fe or a Fe-P dispersoid having a
7 alloy is combined with Mg to have improved strength and improved
stressrelaxationproperty andto reduce coarsedispersoids having
a particle diameter exceeding 200 nm.

The coarse dispersoids having a particle diameter exceeding
200nmacceleraterecrystallizationinahotenvironment to thereby
reduce the stress relaxation property, cause breakage in
deformation and promote crack propagation tc thereby reduce the
bendability.

To further effectively inprove thebendability and the stress
relaxaticn propert;/ by the addition of Mg in the Cu-Fe-P alloy,
dispersoids ccentaining Mg and P (Mg-P particles) should have an
average particle diameter of 5 nm or more and 50 nm or less. These
fine Mg-P particles prevent migration of dislocation and grain
growth to thereby highly effectively improve the bendability and
the stress relaxation property.

Such effects and influence of these fine Mg-P particles on

the properties of Cu-Fe~P alloys have been first found by the

present inventors.



particle diameter of 200 nmor less, and is an inportant el enent which

i nproves the strength and the stress relaxation property of the copper
alloy. If the content of Fe is less than 0.01 percent by nass, the quantity
of generation of the above-described fine dispersoids is small. The content
of Fe should bg,0.01 percent _by. mass .or. nor o_effegtivel i bit _these
advant ages. Onﬁlﬁete he 1%%%?8/}? ct%aclonn]trﬁtﬁqoé% eEex%%%%ée?(%nnggtélﬁt by
mass, dispersoids are grown and hecone coarse, SO tEat t he stren%tq, t he
bendabi | i By S1&RE SR ST Itk HT ot Prioperty aPEaLedRe8nT PHePdForE, the
content of Fe is specified to be within the range. of 0.01 to 1.0 percent by
mass. (P) WPEGsphdtis toPplefpBReBeEd iAo BRECIER aHHkEYORE | Bharerm
inmportant element to formfine dispersoids having a particle dianmeter 200
nm or | es§diistole rEe i@hdoort aNp itny thlse caldy Pi'npeeve thdisperendgthcand athénst ress
rel axation property of the copper alloy. |If the content of Pis |less than
0. 01 percertabhy PEsSa tdiea T iceeteditspér 60t dsr apeenof fflog med adutbnpbaphnlty. The
content of P nust be 0.01 percent by nmass or nore to effectively exhibit
the effects rpuchazasithe i nprovenent in stress relaxation property. On the
other hand, if the content of P exceeds 0.4 percent by nmass, dispersoids
are grown and becone coarse to thereby reduce the bendability, the stress
rel axati on property, and the hot workability. Therefore, the content of P

IS SpeCifb?%E%RPQ%dN?d?'%Héfﬁ?ﬂfﬁﬁﬁﬁﬁ”Eﬁh@%%%$¥954 percent by nmass. (My) 8

Magnesi um i'sS an inportant element to ine dispersoids having a
particle dianeter .of 2 mor l.ess with P in the copper alloy to thereby
i nprove t 8mg?5é%§Pﬁ'gﬁgqﬁﬁ?e%€§§§§y1elaxation property. |If the content of

Pis less thanTl(i)élchemical composition of the Cu-Fe-P alloy of the present

invention suitable for satisfying the required strength and the
electrical conductivity and further satisfying the excellent
bendability and the excellent stress relaxation property will
be described below.

In the present invention, as for the basic compositicn to
achieve the high strength, high electrical conductivity, high
bendability, andhighstressrelaxationproperty, the copperalloy
comprises 0.01 to 1.0 percent by mass ¢f Fe, 0.01 to 0.4 percent
bymass cf P, and 0.1 to 1.0 percent bymass of Mg, with the remainder
being copper and inevitable impurities.

In another embodiment, the following range of at least one
cf Ni andCo and/or at least one of Zn and Snmay be further contained
relative to this basic composition. Other impurity elements may
be contained within the ranges of not impairing these properties.
(Fe)

Iron (Fe) precipitates as Fe ¢r a Fe-P dispersold having a



percent by mass, the fine dispersoids are not forned sufficiently. The

content of My nust therefore be 0.1 percent by nass or nore to effectively
exhibit these effects. On the other hand, if the content of My exceeds 1.0
percent by mass, dispersoids are grown and beconme coarse to thereby reduce

the str engfa&,titdlee bendabidd by, 208ngh the 1eliessnHel axat | 10fh PF oRef tlement
Accordingly, the content of My is specified to be within the range of 0.1

to 1.0 i, I, 1 f : ' .01
to peragnt, Q%pf@?%ss t stTn e PR %A:n Sé%Laq{é{H%(nNi ndeP

0 1.0 percent by mass of at |least one of N Ni c cobal t

Co), in_co n_\W.t reci pit at I I She I f r e,
(N co) - Por et o P T hE Bt 6 5 TEe S hler - D meiiana
the stress relaxatjion property. The total.content of N and Co. .rnust. be 0.01
ber cont - bPYiEeeSor LRBr BUTREGHY eRt i TS S bkATTE CH SO BT ST IHE D dritiast
if the total content of NN _and Co exceeds 1.0 fercent by mass, dispersoids

become codiseerns®idferddbyMedduceThReCeREBRGt AL FRcSRnbRAS iG] Hfd ame
stress relaxation property. Accordingly, the total content of NI and Co is
speci fi edbvombeswbx hiare e edigetdivedyoexhobitotheseemivabiagass. @zmhhe® The
copper alloy may further contain at |east one of Zn and Sn. Zinc (Zn) is an
ef fecti veoecheremtarfdyr ihprioviagntdiet thEr fral exabkdsi dn Or peirstearic éyama sfsor
preventing the thermal ablation of Sn plating and solder for use in
junction dfiselkegioion Greorpenentahid bElemeoricents0f s ths tprefee sakley:@H)05
percent by mass or nore to effectivelyexhibit these effects. In contrast,

an excesskyel yenBhghiceRt e@ﬁdejhezat&g@gcgélaggt_m@bt@Eb;}bétzyym shieadabi ity
of nmolten Sn and sol der and, in addition, significantly reduces the
Therefore, the content of Fe is specified to be within the range
of 0.01 to 1.0 percent by mass.
(P)

Phosphcorus (P) effects deoxidation and, in addition, is an
important element to form fine dispersoids having a particle
diameter 200 nm or less with Fe and/or Mg to thereby improve the
strength and the stress relaxaticn property of the copper alloy.
If the content of P is less than 0.01 percent by mass, the fine
dispersoids are not formed sufficiently. The content of P must
be 0.01 percent by mass or more to effectively exhibit the effects
such as the improvement in stress relaxation property. On the
other hand, 1f the content of P exceeds 0.4 percent by mass,
dispersoids are grown.and become coarse to thereby reduce the
bendability, the stress relaxation property, and the hot

workability. Therefore, thecontentofPisspecifiedtobewithin

the range of 0.01 to 0.4 percent by mass.

{Mg)



el ectrical conductivity. Accordingly, Zn is selectively contained at a
content of 0.005 to 3.0 percent by mass, and preferably 0.005 to 1.5
percent by nmass, so as to inprove the thermal ablation resistance and to
avoid reduction in electrical conductivity. (Sn) Tin (Sri) is dissolved in

the copper all gy and;con ark O3 hf9er- L gpﬁogmehtl RSt eRgtd  The

P& th%
content of Sn 1S preférab per cent nMass or nore to e ectlvely

hi bi h ff if th f S
excess! vely SHegino e PRl e S tlﬂ%ia?tf 9%3#8%%@80 ‘F'?”t@f@&fy'l%ﬁfemh

electrlcal conducti vi t S nific ntI decreased. |n consideratio
This poi n®, 18 W SHRKET vet yoRont ol NEHYAY - SmEoRvSnt " GRS T 8hderor
0.01 to 5.0 percent by mass and preferably 0.01 to 1.0 percent by nass.

(Ot her el efEsss) rehaxgition prerenty -ar 6T dss cambentnpdrf tiseseaadthan 0.1
arepreferably mnimzed. For exanple, inpurity elenments such as Al, C, Ti,
10 Be, V, pelrcduy bamch W majedf trende apse sdilsiper soinds f@rrbecd@méfd@a'resﬁlyand

i nduce a decreased el ectrical conductivity. Accordingly, the total content
of these ahenmenhsent prfefMer abky tharpifzed be 0.5 ppereentbPynams owWmAress.
O her mnor elenents in the copper alloy, such as B, C, Na, S, Ca, As, Se,

Cd, In, Sho PlafeBtivand Mvhimischhenetaf Sacts Mmynause atdeer gased ef ecid i cal
conductivity. The total content of these elenments is therefore preferably

m ni m zed o + Atl oRelg edk c dYa FBSS) (E:rerlc"esfﬁ: bW§s§§e&i§ﬂ>@§£bYds'éré %rown
preferred that (1) thé total content of Cd B Co,

’C\':)ntéﬁt 2 d%eﬁ_ﬁméco%r%%‘ﬁswhe%fgéﬁ uee ﬂr?éétr%%tﬁgh ?é%{e}nh@
In, Ga, G%hd.the stress relaxation property. Accordingly, the content of
Mg is specified to be within the range of 0.1 to 1.0 percent by
mass.
(N1, Co)

The copper alloy can further contain 0.01 to 1.0 percent by
mass of at least one of Ni and Co. Nickel (Ni) and cecbalt {Co),
in common with Fe, precipitateas fine dispersoids cf, for example,
{(Ni,Co)-P or (Ni,Co)-Fe-P in the copper alloy to improve the
strength and the stress relaxation property. The total content
of Ni and Co must be 0.01 percent by mass or mere to effectively
exhibit these effects. In contrast, if the tctal content of Ni
and Cc exceeds 1.0 percent by mass, dispersoids become coarse
to thereby reduce the strength, the bendability, and the stress
relaxation property. Accordingly, the total content of Ni and
Co 1s specified to be within the range of 0.01 to 1.0 percent

by mass.

(Zn)



As, Sb, Bi, Te, B, and msch netals is 0.1 percent by mass or |ess.

(Di spersoid distribution) Next, the distribution of dispersoids in the
copper alloy is specified as follows so to achieve the high stress

rel axation property and the high bendability. (Coarse dispersoids) The

coarse dispersqh@sceg LR0221B3M Lh ¢! @16t ROt &5 exLeed NG 2 A0Q MLz A Ne g
copper alloy accelerate recryStallization in a hot environnent to thereby

romote crRck Bosagi on Ch! Rerety SatE e bentah i Ly, ¢ Bqa tIEes

pronote crack propa ion y reduce rli regar ss of
t he conposi tiqon thereof. Consequentl| the vol une fraction of gcoarse

di sper soi &?ﬁaﬁé\ﬂrhgref B e earﬁﬁyd{['r:oeﬁ éjrree\&%rétejd?%grﬁé%oﬁh%ri%l t%f%%b%ro%l | oy
11 should be mnimzed to 5 percent by mass or less, regardless of the
conposi ti R I%#a‘Eh%g@i"sdp%?’%%ng{Of(%@ @“p?a%‘?l%’r‘é%?fcﬁl%l%g%?%@icd%“ﬂ%ﬁfﬁgs a
particle dianmeter of 200 nmor |ess, those containing and P (My-P
particl esTher e 3pesitiel o haverehnrabéivafe par trecend 1S HFO15 M
nore and 50 nmor |less. These fine My-P particles highly contribute to

i nhi bi ti ngotdef edi ST otdtxon biitgtlat o fded tishe graiontgrasit hanrd des tihvely

i nprovenent in bendability and stress rel axation property. According to the
present i hieit conteky- Bfpant relesehavhagveatqiatr1itl eartd arpeteerd axceedy rngt 200
nmare mnimzed and MJ-P particles having a particle dianmeter of 200 nnor

| ess are gpeeidd ed ah® dmb=it hexdpbonezgpeei bheds Byl Ageapal i €dfudé aneier .
The My-P particles having a particle dianeter exceedi ng 200nm are excl uded

fromthe cakewatd-on @fndiher ayerpge mardi@l gy amehers IBlscksvehgcause Mg-P
particles having a particle dianeter exceedi ng 200
centained at a content of 0.005 to 3.0 percent by mass, and
preferably 0.005 to 1.5 percent by mass, so as to improve the
thermal ablation resistance and to avold reduction in electrical
conductivity.
(5n)
Tin (Sn) is dissolved in the copper alloy and contributes
to the improvement in strength. The content of Sn is preferably
0.01 percent bymass or more to effectively exhibit these effects.
On the other hand, if the content of Sn is excessively high, the
effect thereof is saturated. Conversely, the electrical
conductivity is significantly decreased. In consideration of
this point, Sn is selectively contained at a content within the
range of 0.0l to 5.0 percent by mass and preferably 0.01 to 1.0
pércent by mass.
{Other elements)

Theotherelementsarebasicallyimpuritiesandarepreferably

minimized. For example, impurity elements such as Al, Cr, Ti,

10



nnshoul dbem ni m zed, and fine My-P particles highly contributing to the

i nprovenent in bendability and stress rel axation property should be
increased. If the average particle dianeter of dispersoids having a
particle diameter of 200 nmor |ess and containing My and P exceeds 50 nm

the dislogatien /i grati r.ai f j-vel
inhibitedggC5ﬁ§£ghe%$Ty?H9ﬁE%ﬁ¥pEFQF?%??gggméggﬁégagggaéﬂéggﬁ%@%gC Pamet er
of the disper.soids majnly containi . and, P is specifjed to.be, 50 nm In
cont rast , SRR T UACR B = T CEFE O SR i L hETEY Spei ot T alfitng Ny
and Pis less. 12 than 5 nnh t he arti&les do ngt egfectlvely co trigu eto
the inhi BPERONCEBRLERE AifsFORAERI BHERFGIAt 1 6nPARASFRE Lgr Bt 1GH&Rh Band - ~f ai |
to inprove the stress relaxation property and the bendability. Accordingly,
t he | ower PEFRENLTY PRAESRe 866 -pagthér@ldi%r@ﬂ-@menéﬁ iméEhgispereords Offai nl y
containing My and P is specified to be 5 nm (Fe-P particles) of

di spersoi dschaws iy &, pHetiel €ai dwet 8, 0fd 2000 nwbor PhesBl, atisper soidsh

mai nly containing Fe and P (Fe-P particles) having an average particle

di aneter nétiled, 2 norexbizbidcsegned ed¢antiry calli ghedupt iwi ny. f oflcetboal
inhibit the mgration and di sappearance of dislocation than coarse

di sper soi dagntbagondi ppk¥e themaverage tpartfeke drametrapl1ef midhspersal ds
having a particle diameter of 200 nmor |less and containing Fe and P is

preferabl y w thi-pehhep s ange ofr hdyg or nore and 20 nmor less, for further
inproving the bendability and the stress relaxation property. Wen the

Il f Ny : i fq N t
copper al | oy Tt bes SRy At S0Pl o2Re 0k ﬁg%t?(%ﬁ’%‘?_ﬁéﬁlgcs}l@@ﬁ@ s

f orm di sper soi ontalnin and/ or ,

gmj} gf) 'C';Sgrpmerf,gﬁ:;aibf%??] G{J{ﬁ;’ Ea:%?ac\?/cg,lro%%g 2kl ay,, nEheadi spersel ds jconpainipg N
by mass or less, and that (2} the total content of Hf, Th, Li,
Na, K, Sr, Pd, W, S, 8i, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge,
As, Sb, Bi, Te, B, and misch metals is 0.1 percent by mass or
less.

{Dispersold distribution)

Next, the distribution of disperscids in the copper alloy
is specified as follows so to achieve the high stress relaxation
property and the high bendability.

(Coarse dispersoids)

The coarse dispersoids having a particle diameter exceeding
200 nm in the copper alloy accelerate recrystallization in a hot
environment to thereby reduce the stress relaxation property,
cause breakage in deformation and promote crack propagation to
thereby reduce the bendability, regardless of the composition

thereof. Conseqguently, the volume fractionof coarsedispersoids

having a particle diameter exceeding 200 nm in the copper alloy



particle diameter of 1 nmor nore and 20 nmor less for further inproving
the bendability and the stress relaxation property, as in the Fe-P
particles. However, N/ Co dispersoids containing Fe, such as (N, Co) -Fe-P
particles, are substantially included in the "Fe-P particles" as used

h in. If,di i ds . i nj ' h Fe-
p:;'?: (r:1| es?hgggﬁeégo%ﬁﬁ}@g?%gl ggpg C %gglqégé%]ngar%e% Il%’[ %y%%%g}gjele%’e$i0§ed as

a result refining of the. Fe-P particles typically by the after-nentioned
pr ef erredﬂlﬁr GRUECS %Pé}f?d%.t%c%fﬁ?ﬂﬁm,lga\‘/en when the copper all oy

further conprises at |east one of NI and Co, the dispersoids containing N
and/ or Co ¥pePndrrdd&ci¥S'ed and determined, and the Fe-P particles are
specified as representative. In the present invention, Fe-P particles having
a particle di 8fedieyrexsebds iy 200 @nPar&iml A ¢ aeateamf 2RE Bl Bgess,
particle diameter of the Fe-P particles having a particle dianeter of 200
nm or | esshibsespectiindnwi ¥hiand e (HgoeprrangeleFe- #rpasnec] BsedHavihrgea
particle dianmeter exceeding 200 nm are excluded from the cal culation of the
aver age pant kckeadieapeireiclthidsaingtkecalisé nhioe nerd grad tiClmes i ghlsy .
contributing to the inprovenent in bendability and stress rel axation

property shedkd rRnef eicaldl yahe i dinct eas@th y asohfiribet Mt pahtibekesg khet he
average particle diameter of the dispersoids mainly containing Fe and P

exceeds 2(Q;aR,cbhe Jpi RGPt E QhCeh HRHLES8Sn o AGHA dnpgl ¥ rHhemprelenked
upper limt of the average particle dianeter of the dispersoids mainly

cont ai i 19, PeaRdyR 11 20Ntk SON L B5ka i nl feopupEgge particle di ameter

of the dispersoids main containing Fe and P ess“than 1 nm such

DR e Bk RS CEL et FELELTLIGHENE, AP BucSRTED R,
a particle diameter exceeding 200 nm are minimized and Mg-P
particleshavingaparticlediameter of 200nmor less are specified
to have the above-specified average particle diameter. The Mg-P
particles having aparticle diameter exceeding 200 nm are excluded
from the calculation of the average particle diameter. This is
because Mg-P particles having a particle diameter exceeding 2C0
nmshouldbeminimized, and fineMg~Pparticleshighlycontributing
to the improvement in bendability and stress relaxation property
should be increased.

If the average particle diameter of dispersoids having a
particle diameter of 200 nm or less and containing Mg and P exceeds
50 nm, the dislocation migration and the grain growth are not
effectively inhibited. Ccnsequently, the upper limit of the
average particle diameter of the dispersoids mainly containing

Mg and P is specified to be 50 nm. In contrast, if the average

particle diameter of the disperscids containing Mg and P is less

12



times and may have a | ow pinning force. Consequently, the preferred |ower
limt of the average particle dianeter of the 14 dispersoids mainly
containing Fe and Pis 1 nm These fine My-P particles and fine Fe-P
particles (dispersoids) are fornmed, for exanple, in annealing after cold

rolling innhe Ppraducthoncoftt Becgoppefical b;@f_ecgﬁee@ily ki ddeseo fime
di spersoi ds are conpound phases finely precipitated from the parent phase

as a resu'itnhquiaﬂgfsi‘?loifnghg-r@%i&@Etgé)ﬁF}ﬁ’fggPé@J?oﬁra%& Q%reeﬁita%f&f&@ ddom

coarse dispersol formed upon casting and present in the copper all oy.

such fine f%iiﬁptgé ?g&;@%de"tﬁé“é‘t%%eﬁe1aa!>la%’i&?@5%Eétt?;ea&&’ﬁﬁ%%ﬁgatbfi%tc}zf.

exanple, with nsm sSion electron m cros a nmagni ation

100000 ..ln oth ds, t dj id taining.Fe and P and
havi ng anSVErSe Bait | CHe tf Arbt FTOF -t Br “HOF 89N 36 h° 6 TESE Tand

di spersoi ds containing My, and P._and having an average _particle dianeter of
5 nm or norte Tkl SR 7118582 eRhY beCTERARLRFetY By Fe IGhSBRFELT G Jf° t he
copper alloy with a transm ssion electron mcroscope ata nmagnification of

100000. Thies Sobser vati on enabl es distinction between My-P particles each
containing Mg and Pin a total content of 60%or nore of the total
conponent S Fand tdeertiothes) particles, distinction between Fe-P particles
containing Fe and P in a total content of 60% or nore of the total
conponents andfthespthevidarhzclies,a padtidért#f snateen 0200 spessdicdss,
containing NI and/or Co. The average particle dianeters of the My-P
particl es cargetrhe i SR ipdrd icdress ieaichy ey idtgl @ paEHEC b rdiiameier HefvizQ0 nm
or less are determned in the follow ng manner by observing the 15
M crostrughUp@evall Battansel 8548t 8Lest oM 6 a8 GO HiHEM: @t ficantly
higher pinning force to inhibit the migration and disappearance
of dislcoccation than coarsedisperscids. Accordingly, the average
particle diameter of dispersoids having a particle diameter of
200 nm or less and containing Fe and P is preferabiy within the
range of 1 nm or more and 20 nm or less, for further improving
the bendability and the stress relaxation property.

When the copper alloy further comprises at least one of Ni
and Co, these elements form dispersoids containing Ni and/or Co,
such as {Ni,Cc)-P and (Ni,Co)-Fe-P particles in the copper alloy.
The dispersoids containing Ni and/or Co preferably have an average
particle diameter of 1 nm or more and 20 nm or less for further
improving the bendakility and the stress relaxation property,
as in the Fe-P particles.

However, Ni/Co dispersoids containing Fe, such as

{(Ni,Co)~-Fe-P particles, are substantially included in the "Fe-P

particles" as used herein. If dispersocids containing Ni and/or

13



a magni fication of 100000. Initially, the largest diameter of each

di spersoid in the mcrostructure in a visual field 1 mlong 1 mwde (1 nl)
of TEMis neasured as the particle dianmeter d of each dispersoid. Next, the
total areal ratio of all these dispersoids having a particle diameter d

exceedi ng C%Ogtﬂ@r' $hdel eh redp Eﬁ%ttl%tl@ anedl aating | ics)def ined ;a8 ddie

vol une fractlon of di spersoi ds each aV|ng a partlcle dlaneter exceedlng

200 nm in th %%%@ th’é&g%talnoBe IQ%EgdPaQaét &éx?);t h&‘f'f@f:ﬁq{&iﬁ %%te“t

of Fe and and th arti aving a ent of
My and P _of 6096 re are. di ed sed on,the total onte t of Fe
and P, and%he Qtd'l tteri? %El*f#vﬁnlg Eg’ ?ggﬁécf“ﬂ?gllf?ne r?rt%g]ﬁ‘oﬁ owi ng
manner. A senmjiquantitative analy3|s by energy dispersive X-ra ctroscopy
(EDX) usi g O8It Bh THHGRA X- F&F ot 'didahal §81% (EPMAY 1 FsCaBBE héﬁipﬁ Thi s
technique is generally wused for analyzing mcrostructures. Thus, the total
cont ent oﬁurwgeénﬁqmpﬁmﬁﬁ&rﬂitb@@§tc@ﬁ@e%f Bi FedaRe Pthe &%ﬂ@af%qxﬂ%0|d
are determned. Particles containing 60%or nore of Fe and P, and those
containingoﬁm%ﬂ@dnmnmé.@mdemuﬁbFaB&en¢uemm¢¢1éﬂeasandhdeﬁerﬁipadti@h@b and
the My-P particles, respectively. The | argest dianmeter of each of the Fe-P

particl estoe WP ppartiicles aachshavi fited hes paepirekendizanetzer d of 200 nm
or less is determined. The |largest dianeters are then averaged. Thus, the

average partickg dhamtesent iecdierbhpardieles torc M Radibhpar baghkes 1@ach
having a particle dianeter of 200 nmor less is determ ned. (Production

condi ti Onhlaﬁ%ft%&a@k@e@a%gcz@@rimp@ﬁglxﬁllr%a 21 make the HomRge ghheycle

conpati ble with the above-descri bed i crostructure speci f
diameter of the Fe-P particles having a particle diameter of 200
nm or less is specified within the above range. Fe-P particles
having a particlie diameter exceeding 200 nm are excluded from
the calculation of the average particle diameter. This isbecause
fine Fe-P particles highly contributing to the improvement in
bendability and stress relaxation property should preferably be
increased, as in the Mg-P particles.

If the average particle diameter of the dispersoids mainly
containing Fe and P exceeds 20 nm, the pinning force decreases.
Accordingly, the preferred upper limit of the average particle
diameter of the dispersoids mainly containing Fe and P is 20 nm.

In centrast, if the average particle diameter of the
dispersoids mainly containing Fe and P is less than 1 nm, such
particles cannot be detected and determined even using a
transmission electron microscope at a magnification of 100000

times and may have a low pinning force. Consequently, the

preferred lower limit of the average particle diameter of the

14



according to the present invention wll be described bel ow The copper

all oy of the present invention is basically a copper alloy sheet, and a
strip prepared by cutting the sheet in a widthwise direction and a coi
made fromthe sheet or strip are also included in the copper alloy of the

present i pMend.an,; dNen£oPPST -8ht9YniAE Fhespregents iinygntion can be
produced through the sanme process as the normal process, except for

pref erabl e conditi.ans.in the i n nd. t he~anpeal.i ttain the
above-describeghgﬁ%cﬁgggaa%fdigggg%%gi%%dg%%cg%%?nggtg ?hg%%Fggﬁﬁt

i nvention., ,.Therefor t he normal . production process itself is in no need

of being JRERGET i ghi it ?/Fmel%’atfocf%,exa?n(@c;pep’erlrhlalnﬁ 9 aadﬁjes]i ecc?r]tcg
have the abaove-descri bed preferabl e cheni cal ionposition,is cast. The

resul ti ngToddotd k1 sOBREQEH t PR 9&i-HG, COURF T 8LREAT | ngPBF &1 CROMYgdiicStg
heat treatment. Thereafter, hot rolling is performed. Water-quenching is

pr ef er abl ¥ iper fdorshey efids ahe C@@mﬂl@fgib}ha@)*ﬁshétinﬁéw Pi§ CLE prdesntf rom
formati on of coarse dispersoids havingaparticle dianeter exceeding 200 nm
at el evat ette penpertatilrase SBtibzegaenl typfcahderdlihisng and anneal i ng are
performed to vyield a copper alloy sheet having a desired thickness as the
product . 17 Fae cdnker aildpey ddieddi sperisianclofy dhefdpeRtpdrbnclcesrard t he
Fe-Pparticles within the ranges specified in the present invention, it is
ef fecti vedtigpRerdudrds themanaepbhngasihdes de pireldeow Rg tieondigdonsl 1Bie fine
di spersoi ds herein are conpound phases newly precipitated fromthe parent

phase as a.i@sylhcOokiapaealding iﬁothl@@&ﬁbl@éiaéﬂéﬁ%@n fd18, S RITOHES,
annealing is perforned subsequent to cold rolling after hot rolling in the

producti or,0f LR 1GOPREN 1Rl 4 OYransmission electron microscope at a
magnification of 100000 or more.

In other words, these dispersoids containing Fe and P and
having an average particle diameter of 1 nm or more and 20 nm
or less and dispersoids containing Mg and P and having an average
particle diameter of Snmormore and 50 nmor less can be identified
by the cbservationof the copper alloywith a transmissiocn electron
microscopeat amagnificationof 100000. Thisobservationenables
distinction between Mg-P particles each containing Mg and P in
a total content of 60% or more of the total components and the
other particles, distinction between Fe-P particles containing
Fe and P 1in a total content of 60% or more of the total compecnents
and the other particles, and identification of dispersoids
containing Ni and/or Co.

The averadge particle diameters of the Mg-P particles and the
Fe-P particles each having a particle diameter of 200 nm or less

are determined in the following manner by observing the

15



However, if the precipitation of dispersoids is to be increased by only one
pass of annealing, the annealing tenperature nust be el evated, and such a
hi gh anneal i ng tenperature causes dispersoids to grow and to be coarse.
Thus, the My-P particles and the Fe-P particles may have an excessively

| ar ge aver.age arti.cl.e dij. e eding th - 1Lfi r .
CbnsequenPF§FQ% ﬁ%géﬁﬁﬁgbﬁgggtér%égfggﬁggpu?g gﬁ%ﬁﬁéﬁ?§§5£%§§§e§ﬂ%§ffg
controlling the annealing te rature_in_ea rQces to 430C or | ower
Thus, Ct heBgmePrad e cet 1o GH o Sparsaids TESnamuRe: ARt Gowt h
of the dispersoids is prevented to thereby yield the fine dispersoids. If

t he anneaFPR§ @i FEerROLd by the Fe)r ros taicddsia dny |'ohla t K dis peiB ity may
grow and becone coarse._ Thus, an optinmal annealing tine is preferably set.

I n addi ti dnpmcelider 6Ll kmg ist Ef draablep perdd Ere d hige twedn Cc tshell@mairmeald ng
passes. The cold rolling increases lattice defects which serve as

preci pi t abiforantcldHisparddied subsequent anneal i ng and contribute to the
formation of the fine dispersoids. In consideration of these conditions, it
is preferred tRex18 peefoital wreeol dardll 6A0a DI atesSe sl iat A G healiinkg
processes between hot rolling and finish cold rolling in the production of

the coppep ghteycsa @bahlt¥ted dihedime 2dicspar s9idls: havimgy , t hewabove 1
configuration. Exanples The present invention will be illustrated in

further dg%g%h rti8 :f§f<:1%rf%’?fe% 5 &?&%roﬁ{um@‘?ﬁéhﬁ‘ieh%f%%%Hze%oﬂ%%‘gch

Specifica , a series of thin copper alloy sheets was produce

process canpisind £3Gh o passes. of ccold rob! bpg apd anneal ing o hot
rolllng-coF r Illﬁb-prlnary anneéflng-co ol I'I ng- secondar
annealingﬂfini% cold rolling) at a varying conposition under varying

h
anneal i ngBEfiltit81s (tenperature and
The Fe-P particles having a total content of Fe and P of 60%

or more and the Mg-P particles having a total cecntent of Mg and
P of 60% or more are distinguished based on the total content
cf Fe and P, and the total content of Mg and P, respectively,
in the following manner. A semiquantitative analysis by energy
dispersive X-ray spectroscopy (EDX) using electron prove X-ray
micrcanalysis (EPMA} is used herein. This technique is generally
used for analyzing microstructures. Thus, the total content of
Mg and P, and the total content of Fe and P in each dispersoid
are determined. Particles containing €0% or more of Fe and P,
and those containing 60% or more of Mg and P are identified as
the Fe-P particles and the Mg-P particles, respectively.

The largest diameter of each of the Fe-P particles or Mg-P
particles each having the particle diameter d of 200 nm or less
is determined. The largest diameters are then averaged. Thus,

the average particle diameter of the Fe-P particles or Mg-P

l¢



time). Properties such as the hardness, the electrical conductivity, and
the bendability of these copper alloy sheets were evaluated. Specifically,
each copper alloy having the chem cal conposition shown in Table 1 was
melted in a coreless furnace, and an ingot-naking was perfornmed by a

sem conti nuoys castin nmet hod to yield an j.ngot, 70 fhick, 20Q mm w de,
ond 500 i TE o] ot SRS o SANT ko A it ot 5! (s e
followed by heating. Thereafter, hot rolling was perforned to prepare a
sheet 16 HAAcekrékedand the resulting sheet was quenched in water froma
tenperature of 650C or higher. Oxidized scale was renoved and, thereafter,
pri mary coPdodslctiieg Gant®Eriedilate rolling) was performed. The resulting
sheet was subjected to facing and, thereafter, to primry annealing and
cold rolling. SubSsgherelye nodecbraarspuhidainnh§oarks Képsqpmaagépm ng
were performed, and then strain relieving annealing at a | ow tenperature
was perf ofABRatiE lenedddy elabarevipperr BPedyrsfeef Labstire. Zoehaitthicck. In
each copper alloy shown in Table 1, the renuminder of the conpaosition other
than the @FEREALSIIESCHIDET SFFTTaBREeLtes Cill Tndasialibedmedi of TBEher
el enrents, i.e., A, C, Ti, Be, V, Nbo, M, and Wwas 0.1 percent by nass or
| ess. TheCPBPar abhpEmf t&F PRPEPNEYLETSHEHS SuBRSASEB1 YR AQPPSS, 2EA0VAS,
Se, Cd, In Sb, Pb, Bi, and MM (m sch netals) was also 0.1 percent by nass
or |ess. TheetenpBfatufer AAPIHRAFPRELY CUEH)T dhestieads 6f WaARBHESRg
are shown in Table 1. In each exanple, sanples were cut fromthe thus
produced Bo6PEEL-CH #0Y sshvetl Magify frAB Vot ghe oftr QE SR R 3 6t T SpelLEerds
each having a particle djaneter exceeding 200nm._ the a%%%$%% article

di amet er 1Enk}eofCAPEpe? $6P AL hdvihd LE SHdtt iteVedikatet e Sinfor°Vess

of the present inventioh can be produced through the same process
as the normal process, except for preferable conditions in the
cold rolling and the annealing tec attain the above-described

microstructure specified according to the present invention.

Therefore, the normal production process itself is in no need
of being changed significantly.

That is, a copper alloy melt adjusted to have the
above-described preferable chemical composition is cast. The
resulting ingot is subjected to facing, and te heating or a
homogenizing heat treatment. Thereafter, hot rolling is
performed.

Water-quenching is preferably performed after the
completion of hot rclling to prevent formaticn of coarse
dispersoidshavingaparticiediameter exceeding200nmatelevated
temperatures.

Subsequently, cold rolling and annealing are performed to

yvieldacopperalloysheethavingadesiredthicknessas theproduct.
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and containing My and P, and the average particle dianmeter (nm of

di spersoids having a particle dianmeter of 200 nmor |ess and containing Fe
and P in the mcrostructure were determ ned by the above nethods. The
results are shown in Table 2. Separately, sanples were cut fromthe thus

produced coppe al | oy_sheet he hardness an he.gl ectrical .can tihvity
here meascr edFoAnd Sl EanaTRY Tos dLaRT S oyt Bls Vet PokEBrasar bl ik
wer e perfor ned. TheﬁLesuLt%,ar al so shown in Table 2. éwbasurenent_of

har dness) T& Tkt BrERt "of Phar dhe S 8RR StHE Coppe lﬁlﬁ%‘b@yp Aeet L SAMSIE 1930 was
performed at four points with a mcro Vickers hardness neter by applying a
| oad of 0i% Kg i eragee vaP e Eher abrefad nNdt dReieradiene .
(Measurenent of electrical conductivity) The copper alloy sheet sanple was
pr ocessed ciomas ta ogig p- Fhapeidie déspepredasdie el mat e omritunanta 866 nemlivh

| ength by mlling, an electric resistance was neasured with a doubl e bridge
resi st ancerawetdrt atantl firber ehecpatreat woskictd v tyswas oblaulad edby. aTo
average cross-sectional area nethod. (Evaluation of bendability) A bending

test of thecapneatd e sheRinsadpsgeesidper baneed inRy denfomidnnam th
Japan Copper and Brass Association Standard. A test piece of 10 mMmin wdth

and 30 mmgimdenaddt wWas cotl%jllk%'& 1firi9Mn each rsampl eo1Ga0gd; WAy thendidgiutnen

bending axis is perpendicular to the rolling direction) was perforned, and

the pres r:Q%% f..cracking at the bending portion was visually
observed %Eggfghn S¥§§P9ﬁ¥€Toscope at a magnification of 50 tinmes. The

bendab 1Y, WeRoSHLYRt 92 S00000.1 oL ol Rl SEpber 8 0B
increased by onlycne pass of annealing, the annealing temperature
must be elevated, and such a high annealing temperature causes
disperscoids to grow and to be coarse. Thus, the Mg-P particles
and the Fe-P particles may have an excessively large average
particle diameter exceeding the above-specified ranges.
Consequently, it is preferred to perform plural annealing
passeswhile controlling theannealing temperature in eachprocess
to 430°C or lower. Thus, thedesiredprecipitationof dispersoids
is obtained, and the growth of the dispersoids is prevented to
therebyyieldthe finedisperscids. Iftheannealingtime (holding
time) 1is excessively long, the dispersoids may grow and become
coarse. Thus, an optimal annealing time is preferably set.
In addition, ccld rolling is preferably performed between
these anneaiing passes. The cold rolling increases lattice
defects which serve as precipitation nuclei in the subsequent

anﬁealingandcontribute1x>theformationcﬁfthefinedispersoids.

In consideration of these conditions, it is preferred to
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(Stress-rel axation resistance) Each test piece was heated and held at 150C
for 1000 hours and the stress relaxation property of the test piece was
eval uated according to the nethod of Electronics Mterials Manufacturers
Associ ation of Japan Standard (EMAS-3003) . Specifically, one side of the

test piec %e%fftfo%r hﬁ%}%t ic%q dV\@%ilnllﬁ{n?;a Ip%% etsr%% $ %1?[1%'3 TwolA9efe 8 ilngfl %f%fc e %O/ sOf

the 0. 2% proof "stress as an stress was determné he stress
rel axation ratio (%, was determ ned. according to.the faoll ow ng equat.i on
Sirose. r aPAkREgn o 1 ops And Tf el FEotS bEF O G, 1 cBE APOOEchastt no)
- (Stress of the test piece before heatin%) [(Stress of the testpiece

r

bef ore he&ti f§F FRPPEGO2LTERYs SCedtS L& Yaet & £ GetiérRithe A SRAAGE in
stress typically of a term nal when held at high tenperatures under a

const ant $teaig® ey cHindnigiiaelcmn al l oy having a |ower relaxation ratio is
eval uated as having a higher stress relaxation resistance. The stress

rel axati oBxprpdersty in parallel with the rolling direction was eval uat ed.
Table 1 shows that Inventive Sanples 1 to 13 are copper alloys having
conposi ti ons sahkshyéagnt hevvagti serEMtisbieni L hespreseat in immvenid:odeanad 1have
been produced under preferred conditions in which each two passes of cold

rol 1'ing apd tanneald g & & & oncpct £d e@;ﬂgrhh@n@ameekbfﬁ%negm%n@wre in each
pass is set at 430C or lower. Inventive Sanples 1 to 13 have a vol une

fraction gfodisnersalds, achcBayiengn i RALICL € i AFRIRLe ex (aadbg20a nm of

5% or less, 1in I ch 'di spersoids containing My aﬁgyF’have an aver age

particle b?ﬁ%?%%sg@:ﬁg\?'}ﬁ‘s‘% égcﬁ%o?r%lsl%g%reo%%ﬁd r%’ﬂjﬁ@é’ﬁ&ﬁ%%%lin

cont ai ni ng € an erage p draneter o moor or e Jand
égng(ran or l(ﬁfy% r‘#@ A ag\s/_"[accggi arBiétslern herein is a regegr ed :]@?ui rement.
quent Y- I hples 14 P 1" hav e A it gh g Fengt h
rolling-secondary annealing-finish cold rolling) at a varying
composition under varying annealing conditions (temperature and
time} . Properties such as the hardness, the electrical
conductivity, and the bendability of these copper alloy sheets
were evaluated.

Specifically, each copper alloy having the chemical
composition shown in Table 1 was melted in a coreless furnace,
and an ingct-making was perfcrmed by a semicontinuous casting
method to yield an ingot 70 mm thick, 200 mm wide, and 500 mm
long. The surface of each ingot was subjected to facing, followed
by heating. Thereafter, hot rolling was performed to prepare a
sheet 16 mm thick, and the resulting sheet was quenched in water
froma temperature of 650°C or higher. Oxidized scale was removed
and, thereafter, primary cold rolling {intermediate rolling) was

performed. The resulting sheet was subjected tc facing and,

thereafter, toprimary annealingandcoldrolling. Subsequently,
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and a high electrical conductivity of a proof stress of 400 MPa or nore, a
har dness of 135 Hv or nore, and an electrical conductivity of 60% | ACS or

nore and are excellent in bendability and stress 22 rel axation property. In
contrast, the copper alloy of Conparative Sanple 14 has an Fe content | ower

h he | I f 0O.. : : L | h d
than the |Quelddiy Lol 0 O Bereent by, mmss. .o Tii aocoppers al Lov:has My an

P contents sa er urrements e pres I Avent1on and

been produced upder preferred conditions _including the annealin

emper ar urdET Shas e Ho i B0 A 1 LS B T aP Sy iR
containin% and P satisfying the requirenent in the present invention,

t hereby Hés Benfl eehdabFPPP§T afd et r eB8ete@®Oatt dh DriBbertickbut  has
a lowstrength. It fails to achieve a high strength and a high electrica
conductivity. Thecsoppetrpetoyl bbyConpar dtri YebSendl eths hemaidndfe ebhrthent

hi gher than the upper limt of 1.0 percent by nmass. This copper alloy has
My and P cemigerist isat icshyimnghtihet heqrl sreeent sid ot hieed pireSaitl & dviesns ian. and
has been produced under preferred conditions including the annealing

tenperat ures tHwsl ddnthast ahf avernagee1pacht sl eidieanetar, aofr disipersgi ds,
containing My and P satisfying the requirenent in the present invention,

but has apyol ype £rQGHLRR 00k /9&§9§ﬁ§%3¢%1a%Vb%91@sB@rt'l“l%ecdﬁﬂ”%fo%rtent
exceedi ng 200 nm exceedi ng 5% and t hereby shows not only a | ow strength but

also al %Eg?gi |t gpgj I tress relaxatign property.c.Th opher

al | oy of 2%%ga a |Jé}§§hp ei%% %a%ﬁaé %bn?éngg’lgﬁe?afhgﬁ'tﬁg’lgagr 1'mi t
of 0.01 perce by .mass, I'S_copper | oy has en. pyoduced under
preferred%%ﬁngﬁ?iﬁﬁé ?ﬁglﬁgiiﬁlFﬁg m%%%%%?i%%st%ﬁggr%t£ré?ﬂgﬁal hé?gﬁfshas
an averagerpﬁrticle di anmeter of dispersoids containing My and P satisfying
the 23 o] es53.

The temperature and the time (°C xhr) of eachpass of annealing
are shown in Table I.

Ineachexample, sampleswere cut from the thus produced copper
alloy sheet, and the volume fraction (%) of dispersoids each having
aparticlediameter exceeding 200nm, the averageparticlediameter
(nm} of dispersoids having a particle diameter ¢f 200 nm or less
and containing Mg and P, and the average particle diameter {nm)
of dispersoids having a particle diameter cf 200 nm or less and
containing Fe and P in the microstructure were determined by the
above methods. The results are shown in Table 2.

Separately, samples were cut from the thus produced copper
alloy sheet, the hardness and the electrical conductivity were
measured, and a bending test and a stress relaxation property
test were performed. The results are also shown in Table 2.
(Measurement of hardness)

A measurement of hardness of the copper alloy sheet sample
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requi renent in the present invention. However, it has a | ow stress
rel axation property, since the insufficient P content invites an
insufficient absolute quantity of fine dispersoids containing M and P. The
copper alloy of Conparative Sanple 17 has a P content higher than the upper

limt of 0.4 percent by mass. Al though the allo s, bee rodu nder
preferred W@@ngletri%gﬁgl%dﬁgfcug?ﬁﬁ ?é]%nygnwnlea ianléllFgﬁp\Z?%FﬁFég}&%g%gggnaﬁ%esr
coar se di spersoi_ds contai ni ng nd P havi ng an average particle dianeter
exceedi ngPYh&RkIpeMY 1§ miqad [9f ﬁdﬁatlﬁ%n,ar’t%@rhlqvﬁfarﬂfs \ga @mwgwas

el ectrical conductivity because of excessive P dissolved to forma solid
sol ution &ddkes dowhis KrF@ngEh; bendability, and stress rel axation
property. The copper alloy of Conparative Sanple 18 has a My content | ower
than the |(MresunanantofoD. alpefeéfielbfordsstiVRIty ) copper all oy has been
produced under preferred conditions including the annealing tenperatures
and t her eby haShercavyeriage lparilietiesaddmetay pobcdbsperistials sddm-aihaipegl My
and P satisfying the requirenment in the present invention. However, it has
a |l ow benéah Iditaceandf al ¢ o sinessdtl axdt 306 pmoper thyynhedtase mofl tihey,
insufficient absolute quantity of fine dispersoids containing M and P. The

copper al L@ye péc Compakatiste ndaph & nt shas cav Mh &enfgite bhi gherdian e
upper limt of 1.0 percent by mass. Although the alloy has been produced

under preferfed £oadhbions-+,cLadiongdibe 21 X@z'&@ﬁ@éé Bg ltﬁ%mé%%@tw §8avdrage

cont ai ns coarse di spersoids containing My and P having an average

particle %ir%rg%t_%recee&co%:a?jt %%Qqag{)fgg?érl imt, has a volume fraction of

di spersoi ds having a p I ane exceedi ng 200 nm exceedi ng 5% and

t hereby i ﬁElv%‘ﬂJa”cio?{ roef‘%ghdgﬂ‘ﬂfpﬂ ity, and stress relaxation property.

A bending test of the copper alloy sheet sample was
performed in conformity with Japan Copper and Brass Association
Standard. A test piece of 10 mm in width and 30 mm in length was
taken from each sample, Good Way bending {(the bending axis is
perpendicular to the relling direction} was performed, and the
presence or absence of crackingat the bendingportionwas visually
observed under an optical microscope at a magnification of 50
times. The bendability was evaluated according to the following
criteria: Good: no cracking, Fair: slight cracking, Failure:
apparent cracking.

(Stress-relaxation resistance)

Each test piece was heated and held at 150°C for 1000 hours
and the stress relaxaticn property of the test piece was evaluated
according tc the method of Electronics Materials Manufacturers
Association of Japan Standard (EMAS-3003). Specifically, one

side of the test piece after heating was held, and the stress

under a load of 80% of the 0.2% proof stress as an initial stress
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The copper alloy of Conparative Sanple 20 has a conposition wthin the
range specified in the present invention, but it has been subjected to
primary annealing at an excessively high annealing tenperature exceeding
430C, al though the secondary anneal ing tenperature is |lower than 430C. The
resul ting cop y. cont ai ns coarse. di spersoi ds. containin and
coar se dW@Ee‘E@%?H%‘lE‘Sﬁt ai ﬁbﬁgsﬁée%ﬁo{%;%}é% L BRI %n&ﬁvé’taa?ggeg%rrﬁlgﬁg

di anet er hi gher than the up limt and has a volune fraction of

di sper soi dsChadilfg 8O prdre f@f EOdi BfE B ek@eediSig S200r AfRXakdeady el $%: )
Consequently, it has a low strength, a |low bendability, and a | ow stress
rel axati on ptopereys dhelooppert pikoy af tConpmtative Sahpees2df Hase aest
conposition wthin the range specified in the present invention, but it has
been subj péted Haf pré kY iaanédl isng «f<ar o Anhexocesspyeky Hohgr¢ hert inal) ttkough
the tenperature therein is |ower than 430C. The resulting copper alloy

contai ns ¢oarserdispessei ds soORtarNEAJtoMIe@BEmPrnandnheoanseq@di SpeEsekds
containing Fe and P each having an average particle dianeter higher than

the upper¢ gb%glqrgfdoffaé t8r¥ohieheachien gt Hh@H%éﬁle%aQ%‘i‘e@gu%d%%r ticle
di anet er xceedi ng 200 nm exceedi ng 5% Consequently, it has a | ow

t th,
copper a foﬁskﬁw&%%?% A s o R T s Y SRR, ange
fied th t ted t
P o hP S B ER ey Oy Bl DEReq 52 AU 6 e g.r LY
| ow not only in electrlcal conduct|V|t¥ pbut also in bendabjlity and stress

relaxatloﬁhﬁrﬁﬁéﬁﬁﬁ d6d G UM B EY afs Pt 2t Hemnt't tesP6f TORilAg 9

di spersoids containing Mgy and P and fine dispersoids containing Fe and P.
The coppefi&pFdyodf Wesmsardtiaké@Banpl e 23 has a conposition

Table 1 shows that Inventive Samples 1 £o 13 are copper alloys
having compositions satisfying the requirements in the present
invention and have keen produced under preferred conditions in
which each two passes of cold relling and annealing are conducted
and the annealing temperature in each pass is set at 430°C or lower.

Inventive Samples 1l tol2haveavolume fractionof dispersoids
each having a particle diameter exceeding 200 nm of 5% or less,
in which dispersoids containing Mg and P have an average particle
diameterof Snmormere and 50nmor less, anddispersoids containing
Fe and P have an average particle diameter of 1 nm or more and
20 nm or less. The last parameter herein is a preferred
requirement.

Consequently, Inventive Samples 1 to 13 have a high strength
and a high electrical conductivity of a proof stress of 400 MPa
ormore, ahardnessof 135Hvormore, andanelectrical conductivity

of 60% IACS or more and are excellent in bendability and stress
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within the range specified in the present invention, but it has been

subj ected to secondary annealing at an excessively high annealing

t enperature exceedi ng 430C, although the primary annealing tenperature is
| ower than 430C. The resulting copper alloy contains coarse di spersoids
contai nin and P and coarse dispersoids containing Fe and P each having
an averaggegg%?Fg & %&%gﬁgiéﬁ’higher than the upper limt and has a vol une

fraction of dispersoids having a particl]e di ter exceedin 00 n
exceedi ng 5% Edns¥yently, Lt %FI%%J%¥F@% Patq eﬁ%ﬁ@%%?ﬂﬁgbﬁsand a
| ow stress rel axation propertﬁ. The copper _all oy of Conparative Sanple 24
has a conpBsi¢icmteft HiavarheRrankee syetd ¥ ilddiithof ng- Bt sxentenhvshie68, but
it has been subjected to secondary annealing for an excessively long tineg,
al t hough Thestenpeeatdlevihrer BomndP [cowdrenttifapa 180Cyimadhe ssabirageasdpper

al l oy contains coarse dispersoids containing M and P and coarse

di spersoi ila cthatatrasagtFenanadt Poeaehdhhesngeceanpavenagd padtrcbecdeametier

hi gher than the upper Iimt and has a volune fraction of dispersoids having

a particl goianebes id6lexeeaedihg 200emmxeeedengedatuCasequentd,y.iti hahas a
| ow strength, a |low bendability, and a | ow stress rel axation property. The

copper al Lay-0Lt r&8aPaL2LEI; Ve cSaRR t23 NS B SOPas] &4 olonWat RiAgt R EARge
specified in the present invention, but it has been subjected to Secondary

anneal i ngpal , AN-YERASEHE! Yoo hEfpes At ihe. pbS.(PPPELaALLBY | Bnbhensby

| ow not only In trica nductivity SO I n bendability an ress

relaxatiogagrgg E&Xeggeﬁégg%gﬁgﬁgﬁﬁhﬁmg §¥?§§§“f% 15ﬁe§F§Fﬁ6£%nebu6 P

di spersoi ds containin I'ne di spersolds cont & an
e R 90 DEER, T BOLEp oLt e RIS B0 2 £RGL S0 U0t U
high electrical conductivity.

The copper alloy of Comparative Sample 15 has an Fe content
higher than the upper limit of 1.0 percent by mass. This copper
alloy has Mg and P contents satisfying the requirements in the
present invention and has been produced under preferred conditions
including the annealing temperatures. Thus, it has an average
particle diameter ¢f dispersocids containing Mg and P satisfying
the requirement in the present inventicn, but has a volume fraction
of dispersoids having a particle diameter exceeding 200 nm
exceeding 5% and thereby shows not cnly a low strength but also
a low bendability and a low stress relaxation property.

The copper allecy of Comparative Sample 16 has a P content
léwer than the lower limit of 0.01 percent by mass. This copper
alloy has been produced under preferred conditions including the

annealing temperatures and thereby has an average particle

diameter of disperscids contalining Mg and P satisfying the
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annealing tine is excessively long, or the annealing tenperature 1is
excessively low, the results are simlar to those in Conparative Sanples 20
to 25. These results corroborate the significance of the critical
conposition and di spersoids of the copper alloy of the present invention to
achi eve hi S t I l. cond Yy, | ent
bendablllgg 3%%5?%@2?1qgggagéﬁréfgﬁgfﬁon #%bexkﬁf legaﬁﬁ%h8?3h| %%%nce
of preferable r.oduction condltlons to atta fthe r%qglren% $ i
dlspersm&?la HﬂQ;PIQBe VS 5 Hy 1B ENENCOR 9? Uﬁnuftﬁfl»
U U U U p.' X X XX X X X X X XXX XXXXXXX X X
d0oo0o0 0 Bﬂ@uéfeceeétoﬂbs@l‘ét% P to- 1 6 Zof RO IIREIES B EPINENREDY CO
CDODCOCI NCO CCINNNNCOCOCOCp NU ON O MMMMMMMMMMMMM
MMMMMReyd MMV Nrn~, U U NU U NU NU U U U U U 0OU
U U U U U NU U BBHHXXXXXXXXXXXXXXXXXXX%X XV ao
amado vier

co co mao m nTheClopprroaddom ofcbompamada vier faopUe mmhmas e P- ‘coMtkint M M
MMMMMMMMMMMMMMV NMMM OO000000777 MOOOO0OO0DO
000 ~ hOeRe® hAnl:ie GipfRrO10md t0cO O, Op@rcenN By fasE. QIRHL W tBe0 O
O NNNN'NNNN

alloy has been produced under preferred conditions including the
annealing temperatures, it contains coarsedispersoids containing
Mg and P having an average particle diameter exceeding the upper
limit. In addition, the alloy has a markedly low electrical
conductivity because of excessive P dissclved to form a solid
solutionandislcwinstrength, bendability, andstressrelaxation
property.

The copper alloy of Comparative Sample 18 has a Mg content
lower than the lower limit of 0.1 percent by mass. This copper
alloy has been produced under preferred conditions including the
annealing Temperatures and thereby has an average particle
diameter of dispersoids containing Mg and P satisfying the
regquirement in the present invention. However, it has a low
bendabkility and a low stress relaxation property because of the
insufficient absolute gquantity of fine dispersoids ccontaining
Mg and P.

The copper alloy of Comparative Sample 19 has a Mg content
higher than the upper limit of 1.0 percent by mass. Although the
alloy has been produced under preferred conditions including the

annealing temperatures, it contains coarsedispersoidscontaining
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diameter exceeding 200 nm exceeding 5%, and thereby is low in
strength, bendability, and stress relaxation property.

The copper alloy of Comparative Sample 20 has a composition
within the range specified in the present invention, but it has
been subjected to primary annealing at an excessively high
annealing temperature exceeding 430°C, although the secondary
annealing temperature is lower than 430°C. The resulting copper
alloy contains coarse dispersoids containing Mg and P and coarse
dispersoids containing Fe and P each having an average particle
diameter higher than the upper limit and has a vclume fraction
of disperscids having a particle diameter exceeding 200 nm
exceeding 5%. Consequently, it has a low strength, a low
bendability, and a low stress relaxation property.

The copper allcy of Comparative Sample 21 has a composition
within the range specified in the present invention, but it has
been subjected teo primary annealing for an excessively long time,
although the temperature therein is lower than 430°C. The
resulting copper alloy contains coarse dispersoids containing
Mg and P and coarse dispersoids containing Fe and P each having
an average particle diameter higher than the upper limit and has
a volume fraction of dispersoids having a particle diameter
exceeding 200 nmexceeding 5%. Consequently, it hasa lowstrength,
a low bendability, and a low stress relaxaticn property.

The ccpper alloy of Comparative Sample 22 has a composition
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temperature. The copper alloy 1s thereby low not only in
electrical conductivity but also in bendability and stress
relaxation property due to insufficient absolute guantities of
fine disperscids containing Mg and P and fine dispersoids
containing Fe and P.

The copper alloy of Comparative Sample 23 has a composition
within the range specified in the present invention, but it has
been subjected to secondary annealing at an excessively high
annealing temperature exceeding 430°C, although the primary
annealing temperature is lower than 430°C. The resulting copper
alloy contains coarse dispersoids containing Mg and P and coarse
disperscids containing Fe and P each having an average particle
diameter higher than the upper limit and has a volume fraction
of disperscids having a particle diameter exceeding 200 nm
exceeding 5%. Consequently, it has a low strength, a low
bendability, and a low stress relaxation property.

The copper alloy of Comparative Sample 24 has a composition
within the range specified in the present invention, but it has
been subjected to secondary annealing for an excessively long
time, although the temperature therein is lower than 430°C. The
resulting copper alloy contains coarse dispersoids containing
Mg and P and coarse disperscids containing Fe and P each having
an average particle diameter higher than the upper limit and has

a volume fraction of dispersocids having a particle diameter
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The copper alloy of Comparative Sample 25 has a composition
within the range specified in the present invention, but it has
been subjected to secondary annealing at an excessively low
temperature. The copper alloy 1s thereby low nct only in
electrical conductivity but also in bendability and stress
relaxation property due to insufficient absolute quantities of
fine dispersoids containing Mg and P and fine dispersocoids
containing Fe and P.

When each one pass of cold rolling and annealing 1s carried
out and the annealing temperature is higher than 430°C, the
annealing time is excessively long, or the annealing temperature
is excessively low, theresults are similar to those in Comparative
Samples 20 to 25.

These results corroborate the significance of the critical
composition and dispersoids cof the copper allcy of the present
invention to achieve high strength and high electrical
conductivity, as well as excellent bendability and excellent
stress reiaxation property, and the significance of preferable

production conditions to attain the requirements in disperscids.
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exanpl e. The resllts| are shgwi iin|Table| 4| Inventii e |Sanpl ¢ 26]in Table 3
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specified. Inventive Sanple 27 has a high total content of the elenments of
Goup Ain Table 3, i.e., M, Ca, Zr, Ag, &, Cd, Be, Ti, Co, N, Au, and
Pt. Inventive Sanple 28 has a high total content of the elements of Goup B
in Table 3, i.e., H, Th, Li, Na, K Sr, Pd, W 'S, Si, C Nb, A, V, Y, M,
Pb, In, Ga, Ge, As, Sb, Bi, Te, B, and msch netals, exceeding 0.1 percent

by mass. | nventive [Sanpl es[29 ang B0 gagh [have ni ghy Zn contjent .| 11 nventive
Sanpl es 31 jand %2 eachihave a high| Sn |cantlent | | These! lhvientilvg Sanpl es 27
to 32 have cantes 0f, g1 i,nGiLak| & SEES of 8 Pl ANINY WiLihi |, the
speci fied ranges 4 nt e —present —| T mvienti|on —amd“haye | Heer g cduged Minder t he
preferred condigions,| |These(copper l|l qys satisfy th qui riement $ on
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alloys have amounts of the selectively added elements and/or the
other elements {impuritlies) exceeding the preferredupper limits.
These samples are thin copper alloy sheets 0.2 mm thick produced
under the same conditions as in the above experimental example
(the conditions for the inventive samples). The properties, such
as hardness, electrical conductivity, and bendability, of these
thin copper alloy sheets were determined by the procedure of the
above experimental example. The results are shown in Table 4.

Inventive Sample 26 inTable 3 corresponds to Inventive Sample
1 of the above experimental example in Tables 1 and 2, in which
the contents of the other elements (impurity elements) are further
specified.

| Inventive Sample 27 has a high total content of the elements

of Group A in Tabkle 3, i.e., Mn, Ca, Zr, Ag, Cr, Cd, Be, Ti, Co,
Ni, Au, and Pt.

Inventive Sample 28 has a high total content of the elements
of Group B in Table 3, i.e., Hf, Th, Li, Na, K, Sr, Pd, W, S,
si, ¢, Nb, RAl, V, Y, Mo, Pb, In, Ga, Ge, As, Sb, Bi, Te, B, and
misch metals, exceeding 0.1 percent by mass.

Inventive Samples 29 and 30 each have a high Zn content.
Inventive Samples 31 and 32 each have a high Sn content.

These Inventive Samples 27 to 32 have contents of principal
elements of Fe, P, andMgwithin the specified ranges in the present
invention and have been produced under the preferred conditions.

These copper alloys satisfy the requirements on dispersoids in
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thepresent inventionandhaveahighproof stress, ahighhardness,

an excellent bendability, and an excellent stress relaxation
property. They, however, have a lower eiectrical conductivity
than Inventive Sample 26 (ccrresponding to Inventive Sample 1
in Tables 1 and 2), due to high contents of the other elements.
Comparative Samples 33 and 34 have Zn and Sn contents higher
thanthepreferredupperlimits. Thesecopperalloyshavecontents
of principal elements of Fe, P, and Mg within the specified ranges
in the present invention and have been produced under the preferred
conditions, satisfy the requirementsondispersoids in the present
inventionandhaveahighprocofstress, ahighhardness, anexcellent
bendability, and an excellent stress relaxation property.
However, they have a markedly lower electrical conductivity than

Inventive Samples Sample 27 to 32, due to high Zn and Sn contents.
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As is described above, according to the present invention, the Cu-Fe-P
al l oy which has excellent bendability and excellent stress relaxation

property can bespr@vhdedrWbeRobboLeS$Satothenght @htisd rened dhanichtdie: HHgh
electrical conductivity. Consequently, the resulting copper alloy canbe

appl i ed t%ggtlofﬁea@% %Wg&;:erﬁas %ﬁé@lf@ﬂu% b SV LGNESy el @Y, c and. ot her

uses, in a nto rames for sem con ctor devi ces, to serve as
a downsi ze and ht ecly |c electro I.ch

hi gh st rgﬁét v, e]%am? T rlpclg pe} n%uc V|ef roe‘ir(lce jt&gentga O?%t chaepabl e
of enduri ha n d. excel str xatlon pert re
Cequl red Paeh ot Prg faﬁégﬁfﬂ?mg  bAc hELCBOGR S OhEd 1 n LeorRa %@}aﬂtshe
preferred enbodinent in order to facilitate better under st andi ng t her eof,

it shoul dthe BpprbELRESPRAL 2 + HeY FAvd R 1Bl 1 88 AEe. HHDOHRBE S I+ AP Gt Yy s

wi t hout departing fromthe principle
terminals, switches, relays, and cther uses, in addition to IC

lead frames for semiconducteor devices, to serve as a downsized
and lightweight electric and electronic component, in which high
strength, high electrical conductivity, excellent bendability
capable of enduring sharp bending and excellent stress relaxation
property are required.

While the present invention has been disclosed in terms of
the preferred embodiment in order to facilitate better
understanding thereof, it shouldbe appreciated that the invention
canbe embodiedinvariouswayswithout departing fromtheprinciple
of the invention. Therefore, the invention should be understood
to include all possible embodiments and modification to the shown
embodiments which can be embodied without departing from the

principle of the invention as set forth in the appended claims.
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of the invention. Therefore, the invention should be understood to include
all possible enbodi nents and nodification to the shown enbodi nents which
can be enbodi ed without departing fromthe principle of the invention as
set forth in the appended clains. 34 WHAT IS CLAIMED IS: 1. A copper alloy
havi ng bendability and stress relaxation property and conprising 0.01 to
1.0 percent by nass of Fe, 0.01 to 0.4 percent by nass of P, and 0.1 to 1.0
per cent bypgaasssof.Mamew th:t he remai nder bei ng copper and inevitable
inpurities, wherein the copper alloy has a volune fraction of dispersoids
each having a particle diameter exceeding 200 rimof 5%or |less, and

wh d h h f. 200 I d
Cont ai ni ng Mg &nd P FAOEan* hUSF SHR AR (1IN R &f dof” = Him' 81467 hng

50 nmor |ess, wherein the copper aIon may optionally conprise 0.01 to 1.0
percent bPTARRECYbfang qoERSEsinmel ol NiO dnd PBrCRmd/DF [BTonLt §o8. B Perfcnt
by mass of Zn, and/or 0.01 to 5.0 percent by nmass of Sn, and/or the copper
al | oy nayOoﬁt@meﬂnglhunm§S§ odt &l soatent twof Mw@,peageZt,bfxn@sﬁjqf Cd, Be,

Ti, Co, Ni, Au, and Pt of 1.0 percent by nmass or |ess, and/or the copper

al | oy maymgpt wonal lthehav@nat ddaral be Nt €t Hid ThevitabNa, iKpuSrsidd, W
S, Si, C Nb, Al, V, Y, M, Pb, In Ga Ge, As, Sh, Bi, Te, B, and misch

Tetal’s of un0:di et ANty JIRSSI Qly | 295, 2WRhEhD e BaRREro Rl Loy élssove-;]agr med

by a net hod conprising eps o per ornlng plural annealing passes

whorein | E978 TR ERBTr BuPHot pLY f O HCE FOrE HaobEbRoaH. (st arhelt 11y

passes. 35 2. The copper alloy according to Caim1, mhereln di sper soi ds
each havi #gd diiiiaine |l shegmeiss epchobavimra IRageficle diameter of 200 nm

or less and containing Mg and P have an average particle diameter of 5
nm or more and 50 nm or less, wherein the copper alloy may
optionally comprise 0.01 to 1.0 percent by mass of at least
one cf Ni and Co, and/or 0.005 to 3.0 percent by mass of Zn,
and/or 0.01 to 5.0 percent by mass of Sn, and/or the copper
alloy may optionally have a total content of Mn, Ca, Zr, Ag,
Cr, Cd, Be, Ti, Co, Ni, Au, and Pt of 1.0 percent by mass or
less, and/or the copper alloy may optionally have a total
content of Hf, Th, Li, Na, K, Sr, Pd, W, S, 8i, C, Nb, Al, V,
Y, Mo, Ph, In, Ga, Ge, As, Sb, Bi, Te, B, and misch metals of
0.1 percent by mass or less, wherein the copper alloy is
formed by a method comprising steps of performing plural
annealing passes while controlling the annealing temperature
in each process to 430°C or lower, wherein it is preferred to

perform cold rolling between these annealing passes.
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and contai ning Fe and P have an average particle dianmeter of 1 nmor nore
and 20 nmor |ess. 36

2. The copper alloy acccerding to Claim 1, wherein
dispersoids each having a particle diameter of 200 nm or less
and containing Fe and P have an average particle diameter of

1 nm or moere and 20 nm or less.
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