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 nmaterials for
copper aPBYEBhekL@Y fIAV 1NE@ BENIFEM lcohd Jdilo S 1ddiHio meirs AN dRARERT8ad
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 Rel atpgcictoGup FerPrakl oyseRavenbeen generally used as copper alloys for
t he above applications such as I1C |lead franmes for sem conductor devices.

Exanpl es pf tgesg] Gk Rasd Blioys: dncl ude a copper alloy (C19210 all oy)
containing 0. 05%to 0.15 %of Fe and 0. 025%to 0.040% of P and a copper

al Loy (DAL ald gyl Lol amrétgt%o&‘)/ 78 00 2o Yo OLoRBer a3 ikoNA Y P

and0.0S@ﬁoO 2 Anong copper oys ese ["'oys ex |b|t hi gh
strength e tr|c onductl and_hi er ductrvrt mhen
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copper mat r | and therefore these have. been eneral used _ as the

i nt er nat i oh ?t§?ahﬂa?ﬂp%?to§%lOV§tﬁurﬁé?eﬁsﬁﬁg QBDPP$§¥I § TeF EEPP | oys
nmust have such properties as, to maintain contact fitting force in_a hot
envi ronmedt 101 sheets RrcUppeth FFHONBICHRT ICOFBSIETS yUcls2prbperddes to
ensure the rellablllty in a hot environnent. Specifically, when coupling
conponent ST @es pfatedcnhcandee tervirBhReAt @@éﬁr&§1§nfqéhglne room of an
autonobil e, the stress is relaxed and contact pressure decreases with

el apse ofel¢©@;ieh@leher@@hca@@mpesEstan@echaﬁSapF@ncﬁﬁoWiﬂen@Bhmolﬁﬁorease.
Thus, the coupling conponents 1|ose their contact fitting force.
Consequenswi/ chh heotistnestss ; raslduratdlom jpragiperdmporien tesitstlants puspdrtrises

agai nst the reduction in contact fitting force (stress) . It is believed

t hat the sérebsalsel axatconnpeopesty i nproves with a decreasing stress

rel axation

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
(C19210alloy) 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% £t0 0.15% 0f P, and 0.05% to 0.20% of Znn. 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 internatiocnal standard alloys.

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

propertiesastomaintaincontact fittingforceinahotenvironment,



rate. Various techni ques have been proposed in order to inprove the stress
rel axation property. Japanese Patent No. 2977839, for exanple, discloses a
copper alloy for electric/electronic conponents, containing 0.1 to 1.0
percent by weight of Sn, 0.02 to 0.50 percent by weight of Fe, 0.01 to 0.1
percent by .eei,glo-@fl IRd Gt3do del xPpeicendrdyeneyghts(pxcbeditigsltab
percent by weight) of Zn, and 0.1 to 1.0 percent by weight of My, with the
remai nder ensulst ankiBd1 yabei NGy Qi 2 AGSOaivia drghddt S Beelnirquel 1ke ARERP
are added together to formiron phosphide to thereby inprove the spring
Limt. IncadditinQncdp@reiReh @l bawdes i BaustsehteRoRgentesishalsean
particul arly excéllent creep properties at elevated tenperatures, and
stress re i.0 operiy. o Jahane Ungxandned e | 4 [
Publicati%%é%%? QS%@QBgQ%%éﬁgpropoggg’a cog%er a ?%ygkéé&ggrﬁﬁﬁaﬁgngﬁﬁt
connectors containing 0.8%.to 1,.5 % N, 0.5%t0 2. .0%.0f Sn,. 0. 015%
to 5. 0% BTEFSATE A" ‘?‘6%%%%’621 %?iﬁ/f?%fo%fp?“fl%' RRCEH T FENIASH T PAEPb=AFE
precipitates is 5% or less . to maintain the resis %nce of .t he parent hase
agai nst S?Fegsj?%?%%%Fi%%P?%éFi&PﬁfQ@ﬁg'nh? Pﬁrn% fi gPaPit &R g?mEPPﬁﬁ fid and
di sl ocation di sappearance) and to inprove the stress relaxation property.
The Cu- FelPs§l IFo\rd I GO IFE tadovied-ishti e apnSetiedtsl ar -1 egif FeS t o
have excel |l ent bendability capable of enduring sharp bending such as
U bendi ngred ag@ tiemdb P e t 8t 1 Adeshistgn tasr org ¥t 1 g8 aghangitdgh sredngt hoand
the high electrical conductivity. However, the above-described addition of
sol i d- sol aniormnthat déditigoefeneat (steuctslas Sh andbeleved thet ither ehsessn
strength by increasing reduction ratios of the cold rolling inevitably
cause det eepilaxattiiom pfopbetpemgatntad yighds demrefimy sthhessreglaxadion
strength and the bendability cannot becone nutually conpatible. On the
ot her handatkt. is known that the bendability can be inproved to sone extent
by grain refining or by controlling the state of dispersoids (Japanese
Unexani ned PatgatiAppl teahh@fueBubhhbieabben Peop6s3350350andrlapangseove
Unexam ned Pat ent

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 to 0.1 percent by weight
of P, 0.3to 1>. S5percent byweight (excludingl.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 together to form iron phosphide to thereby improve the
spring limit. In addition, the copper alloy is to have softening
resistance, particularly excellent creep preoperties at elevated
temperatures, and stress relaxation property.
Japanese Unexamined Patent Application Publication No.

2002-294368 proposes a copper alleoy for terminals and connectors,

containing 0.8% to 1.5% of N1, 0.5% to 2.0% of 3n, 0.015% to 5.0%



Application Publication No. 2001-279347) . However, in order to produce a
Cu-Fe-P alloy material having high strength conpatlble Wi th reduction in
the size and wei ght of conponents in recent years, an increase in the
gquantity of work hardening by increasing reduction ratio of the cold
rolling becones indispensabl e. Consequently, as for the above-described high
strength ofatZer,i ars] @ .HE Pendabd |1t yoTahnotnbehadequhtebyekipreved adgai nst 3
t he above-descri bed sharp bendi ng such as U-bending or 90 bending after

not chi ng, dnedipans: 1ofs ik A0St NUeisUt € reQmitidln t Be Gas i t@iite bEfiE pgront
control of the state of dispersoids, disclosed in Japanese Unexam ned

Pat ent  ApplHaGatd @i fiPkikeakikar INGa t6-23P83t 1 /ey Fapanase, Lnexant ged« Pahent
Application Publication No. 2001-279347. As for Cu-Fe-P alloys, "Japanese

Unexam ne%fp%tﬁ@;ba%pplarﬁﬁtdmo ;H{a'drpaﬁl ﬁ@a@&@@eﬁ:”QH&BtBr9ﬁB§8§eC9HU0'

of the microstructure. Specif i't proposes that an intensity rafio

1(200)/1(%%8) s s %fezdali %% %qoértz()\f;OO) to diffraction of (220) is 0.5 or

i
nore and I"ess, densi "Cube orientation is 1 or nore and 50
density of S

or less, or aratio o nsi e orientation,to

orientation | sTBe 8&?%?@@@ b F%%é%Ojffp&}?&tel%%@zgﬁp&&&%%a -
Application Publlcatlon 00- 328157 oses t an i ntensit ratlo

[ 1( 200) +rf@u31rf d tpah @vw‘fféﬁe%r ?Hgaggﬁrﬂgfy G?FP?IPg‘ét‘? FOGHIA3S0FhaRe
diffraction of 311% to diffraction of (220) is 0.4 or nore. SUWARY OF THE
| NVENTI ONPERE1E6h ¢8R dhal~ k%eét@ﬂrﬁ‘i]@é"s99uclhe%§llaﬁlj%ﬁﬁf?\@th@Jdeoﬂsn@ell
component in Japanese Patent No. 2977839 and reducing the areal ratio of

preci pi t atés tihe Jepdnede apeblarmnted-Tratleigh fppt ¢ eaicoh cPOBPFEAVILEH -
No. 2002- 294368 are insufficient to inprove the stress relaxation property.

These t echni quBsvwearmot tingk @bove-alelsey ited aldl thienmdabf | $¢ i &+ sulthbhenus! y.
The control of the mcrostructure in Japanese Unexam ned 4 Patent
Appl i cati brrBgblingatilenchNos 20612-s339028nand,Japaties e ndirssaaaninedt Pahghh
Appl i cation Publication No. 2000-328157 do not
by increasing reduction ratiocs of the cold rolling inevitably
cause deterioration of the bendability and, therefore, the
required strength and the bendability cannot become mutually
compatibkle.

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. 2001-278347). However, in order to
produce a Cu-Fe-P alloy 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



achi eve the excellent stress relaxation property, although they vyield

i nproved bendability. Accordingly, an object of the present inventionis to
provide a Cu-Fe-P alloy having excellent bendability conpatible with
excell ent stress relaxation property. To achi eve the above object, one
aspect of theapbesentscirivedtdioirs bshaes g such esppaseradl®y otayd NBending
bendability and stress relaxation property and containing 0.01 to 1.0

percent b)éfpﬁ%%sno(%fchﬁ%g 0p91nkon 8- &t RErGRMt AV tBSS fnthoNd &1 02100
percent by mass of My,” with the remainder being copper and i nevi't abl e

| mpur i eoe i b Gl L COPPREr AlloYs hase aofoayge?fgagagonfi%cl%égemoi ds

each having a p icle dianmeter exceeding 200 nm™o 5% of [ess

di sper soi ‘3%9%%@04" Bt A tﬂa%'e%tdhggl;s% on 808100:00 7% 28023503

cont ai ni ng ave "an average nor e~ and
50 nm or Ies To furt he ben ab l|t .and_t stress rel axation
property, di &@Rﬁﬂqﬁ§rﬁhﬁf % %.%%?Y ﬂ?ﬁ ?ErPBE?iﬁétﬁﬁP gP‘Iess and
containingﬁfe %£7 referably have an average particle diameter of 1 nm or
nore and 9%43 The copper alloy can further contain 0.01 to 1.0
percent by mass of at Ieast one of Ni and Co to further inprove the

bendabi lity afid &HeCYtFesk aldratatJarppr dpEreyartRe ddtph t APPsYcahnon
further contain 0.005 to 3.0 percent by nass of Zn for inproving thernal

abl ati on medilsitcatceoniio SE052pRacila§ ramb st deentvol kéridigmpesosntucher aal

abl ation fheat peeling) . The Zn content is preferably 0.005 to 1.5 percent
by mass tSpeanidiidaldduct t@rdprssethat cal icbadatt iy viabio, To (RAPr oTé2Ehe,
strength, the copper alloy can further contain 0. 01 to 5. 0 percent by
mass of Swf BHie€ fSacdantrertt | (20 efter ablfyff ra@tObrt @ fl.(@2@er dent® . by omassreo
avoid reduction in electrical conductivity. According to the aspect of the

present i nventlicodr de&d; Fehd dealdidyy oF cobbi aedentbbidl 19 have morer anad
strength and i nproved stress relaxation property and to reduce coarse

di spersoi d% baviags, acpad tialie difagBbedeeyceed LW dHlentation 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) +

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

of (311) to diffraction of {220) is 0.4 or nmore.

SUMMARY OF THE INVENTION

The conventional techniques such as adjusting the alloying
component in Japanese Patent Nco. 29277839 and reducing the areal
ratic of precipitates in Japanese Unexamined Patent Application
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



The coarse dispersoids having a particle dianmeter exceeding 200 nm
accelerate recrystallization in a hot environnent to thereby reduce the
stress relaxation property, cause breakage in defornmation and pronote crack
propagation to thereby reduce the bendability. To further effectively

i nprove thebendabilityandthe stress relaxation property by the addition of
My i n t he Fau=cFe: Piath ] oys tiah sirep bocasiconial nEAg2hg 380d 8P afiy R pardsiec| es)
shoul d have an average particle dianeter of S nmor nore and 50 nmor |ess.
These fi nadvgat ipad Patkes Jpevenst idgrraikloncof i ch sloacat 0 0n328d59rds Aot
growh to thereby highly effectively inprove the bendability and the stress

rel axati ondiiepes tthe Sueblebhectsrand idfduencen frddasey f ianaHMirdh paetki cl es
on the properties of Cu-Fe-P alloys have been first found by the present

i nvent or s., {6 Hhe e didd db spefisoi grgontai ning My and P' used herein neans a
di sper soi é’ cont ai n| ng My and P in a total content of 60%or nore of the

Lotal components dt g Rar Lh ko di keWiage Lhentenfler 0 sbetsal g eonkai ni ng

Fe and P" nmeans a disp cont al ni ng In a total content of 60%

%&E‘é&&%&ﬁ?ﬁb&%@mﬁ@ms.ﬁo‘%‘X%% BB ARy TThe ERARACAL EoMIod ¢ on

of the Cu-Fe-P aIon of esent _invention SU|tabIe for satisfying the
required ﬁﬁwﬁﬁﬁqui E?ﬁf %éiﬁ:??%%ﬁ %5%%%EEYV|ty and further satisfying
the excellent  bendahility and the excellent stress rel axatlon roperty wll
be described b&PoRsYEnd 5 @?@ﬁ’t S0P IRGCY Het b’é@?cp 6 BSition
to achieve the high strength, gh el ectrical conductivit
bendabi | | tyVeAHd KT gRSdFpEskn raeq?%&}a?w&lﬂyobéwwg Berddlap] béizymdo;stress
conprises 0. 0 1 to 1. O percent by nmass of Fe, 0. 0 1 to 0. 4 percent
bynass of B laarati®n PRAper tip apst cont aHyrass Ooplwgo wi- ChPEREeRENRIY NBAE S
bei ng copper and inevitable inpurities. In another enbodinent, the foll ow ng
range of @&f Feast0.fdeto 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 copper alloy has a volume fraction of
dispersoids each having a particle diameter exceeding 200 nm of
5% or less, and disperscids 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 improve 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 of 1 nm or more and 20 nm or less.

The copper alloy can further contain 0.01 to 1.0 percent by
mass of at 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 ablation resistance of Sn



of Ni and Co and/or at |east one of Zn and Snmaybe further contai ned
relative to this basic conposition. other inpurity elenents nay be
contained within the ranges of not inpairing these properties. (Fe) Iron
(Fe) precipitates as Fe or a Fe-P dispersoid having a 7 particle dianmeter of
200 nm or pledsnaarchd sscdrldmpor ttagrabemenevembhi chermpi owbd athenstiheagt h and
the stress relaxation property of the copper alloy. If the content of Fe is
| ess thanp@elQhgier cent zZhycamsentthe muafdddlyl pfe goterat ilak ekrichet by
above-described fine dispersoids is small. The content of Fe should be 0.01

percent hysESS Avd edan@ifactivel yeexhibil tbegecadvanyages. On the
other hand, if the content of Fe exceeds 1.0 percent by mass, dispersoids

are grown and BeCORE SAAERE. s SOAf@h, the SiEsagtil oy Benhendahid Ebyradnd the
stress relaxation property are reduced. Therefore, 'the content of Fe is

speci fi ed ot_?&?ﬁg}"‘-}st Biﬂe%g&(;)(‘f; gﬁ?ﬁas%f og; .t Ofd'ée %IP%B?L%%%@XSD%%%??%{%%ly

Phosphor us ect’'s tonand, inh addition, i's an i

element tqg fqormfin i Sper.soi ' [ i r . | ess
with Fe aﬁdpgr 1t'got eszce%“ff ib rng%%g D%e%‘gﬁ%n%cﬁu%ﬁ%gﬂﬁggs f%ggg@?%ggxati on
property of the cg}p}&er alloy. [If the content of Pis less than 0.01 percent
by mass, tRE¥STE Vidi¥spersoids are not formed sufficiently. The content of P

must be 0.01 percent by mass or nore to effectively exhibit the effects
such as the i npFEPERBAL TR 15 @SPSCH Qkat oIty thh Va1 He ot hetShand,
if the content of P exceeds 0.4 percent by mass, _dispersoids are grown. and
become codrtd@Yt 65t Herebyed atifdeMohEe BavRIaAmREAREd S edtatds 8NPl BREP Y oF
property, and the hot workability. Therefore, thecontentof Pis specified to
be wit hi nstike srambexation properfyApREedindusie aassse PP MugHeRE VY My)
is an inportant elenent to formfine dispersoids having a particle dianeter
of 200 nmeopalrdss g tdiarrtiar taxcapges 209 gynto thereby inprove the

strength and the
The coarse disperscids having a particle diameter exceeding

200nmacceleraterecrystallizationinahot environment to thereby
reduce the stress relaxation property, cause breakage in
deformation and promote crack propagation to thereby reduce the
bendability.

To further effectively improve the bendability and the stress
relaxation propertii by the addition of Mg in the Cu-Fe-P alloy,
dispersoids containing Mg and P (Mg-P particles) should have an
average particle diameter of 5 nmor mcre 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 preperties of Cu-Fe-P alloys have been first found by the

present inventors.



stress relaxation property. If the content of Pis less than 0.1 percent by
mass, the f ine dispersoids are not forned sufficiently. The content of M
nmust 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, di spersolfde &asen dravwpe @ decors icdars gt antl et elned adued nt heans
strength, the bendability, and the stress relaxation property. Accordingly,
the contenrt dafspeMidisl sReaidiichd Mdben tihiin thetseanecohitOnt 6 200 percent
by mass. (Ni, Cc) The copper alloy can further contain 0.01 to 1.0 percent
by mass aforatckeast terg1tombordde: £a.n dhekedr{Neleand cab@lde (G terkn
common with Fe, precipitate as fine dispersoids of, for exanple, (N, Co)
-Por (N » Q) vk Bohf aliR§ rePRRes nal boymégnbr@rc@i@pépg’oiétESHE%bni‘Hg the
stress relaxation property. The total content of N "‘and Co nust be 0.01
percent b I r f Lvely-~exhi bt t e S ast,
if the to%grgﬁgﬁ?éﬁggégﬂkﬁ'%ghg%ég giéﬁ%aéqﬁgégﬁé$§§%F %é%%%s%?$§?§%£%éoids
beconme coars to_thereby reduce the strength, the bendability, and the
stress répaigﬁigﬁrgﬁ§§€¥ty. Accordingly, the total content of Ni and Co is
specified to be within the range of 0.01 to 1.0 percent by mass. (Zn) 9 The
copper alloy may further contain at |east one of Zn and Sn. Zinc (Zn) is an
effective_el ement for inproving the thermal__ ablation resistance and for

pr event i n§ECR&E IET RO Tadibgt iFE ISR RESH FMRITNG T ES ol der foruse in juncti onof
el ectroni c conponents. The content of Zn is preferably 0.005 percent by
mass or nmPEPOEGd tdPfetli ERRSMMIAIt°M hese ef fects. | ncontrast, anexcessively
hi gh content of Zn reduces the wettability and spreadability of nolten Sn
and sol der andThfreheiti @4 bgompiogditiiosant Ihhe éauéésﬁanblo;élcy%thﬁcmesent
conductivity. Accordingly, Zn is selectively contained at a content of 0.005
to 3.0 pefecwentipnnasstabhnd fprefatiabiyloy 006 reqlhifedesternady andstheo as
to inprove the thermal ablation resistance and to avoid reduction in

el ectricaklectrical 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 composition to
achieve the high strength, high electrical conductivity, high
bendability, andhighstress relaxationproperty, the copperalloy
comprises 0.01 to 1.0 percent by mass of Fe, 0.01 to 0.4 percent
bymass of 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 c¢f at least one
of Ni and Co 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 or a Fe-P dispersold having a



conductivity. (Sn) Tin (Sn) is dissolved in the copper alloy and contri butes
to the inprovenent in strength. The content of Sn is preferably 0. 01
percent bymass or nore to effectively exhibit these effects. On the other
hand, if the content of Sn is excessively high, the effect thereof is

sat ur at edpaCanvarsél ynethe efetdd nrabrcoadactandtis iah smgortaaantlyment
decreased. In consideration of this point, Sn is selectively contained at a

content wyhhich therokasgenef s@reffthoahd Ohpeseentsbyerasstand preperably 0.
0l to 1. O percent by nass. (other elenents) The other elenents are

basi cal | y olfngns Ebkﬁér@ﬂp@fpr eff ehaklont gAMb Firkeds 1kGYs eXaAR &1 bEPHERLY
el emrents such as I, to Be, V, Nb, Mo, and Wmay often cause

di spersoi g LQsRECONE GOM SLry MW e@ftltfaeu%rﬁ%cfr%ﬁ%egbst@caége%bed fine
conductivity. Accordingly, the total content of these elenments is

prefer abl y,mpimaed 19 Ond) 10O FEDC AN dRO% e S53 13 e pTbROp PNt S

in the copp al'l"oy, suc as B
and MM (m.sch__netals a_decreased. ctrléé nduct|V|ty The
t ot al nhtyen?sgfmt &< &P ef?i‘?g i ECTheT® et?egptﬁle":rs? Van(r)ﬁ 9 zed™t 570. 1
percent b ss,or es Nbre S eC|f|%%&L , eferred t (@% t he
t ot al conggg‘? §(‘;atl'lfr /S& gy © d 58&) 6P@erﬁ%npam§ SFs 1. 0
per cent by nass or Iess and t hat (2) the totaI content of Hf, Th, Li, Na,
K, Sr, Pddi@pessosds erengromp, ayd WecRpe pRarpR; eg, teat thg, Spengbh, e,
B, and ntsch metals is 0.1 percent by mass or |ess. (Disp er50|d
di st ri but £8f)PxestabilhbY dixiq ithet FbReSF J@ﬁ%@é@%b@@m%qw éspperdaredy s
specified as follows so to achieve the high stress rel axation groperty and
the hi gh BésdsforieyytheCoarsenbichdiesordshe Théiedarsdalifdisorts handag a
particle dianeter exceeding 200 nmin the copper alloy accelerate
recryst al bifz&t.i%dn tion 1a Chetercent by mass.

(P)

Phosphorus (P) effects deoxidation and, in addition, is an
inmportant 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 relaxation 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, i1f the content of P exceeds 0.4 percent by mass,
dispersoids are grown and become coarse tc thereby reduce the
bendability, the stress relaxation property, and the hct

workability. Therefore, thecontentofPisspecifiedtobewithin

the range of 0.01 tc 0.4 percent by mass.

(Mg)



environment to thereby reduce the stress relaxation property, cause
breakage in deformati on and pronote crack propagation to thereby reduce the
bendability, regardless of the conposition thereof. Consequently, the

vol une fraction of coarse dispersoids having a particle diameter exceeding
200 nmin the HMappesiahl dygll ishaw dnpe rriamtmedethdra: 3 pefaant £ iye mass or

| ess, regardl ess of the conposition of the dispersoids. (My-P particles) of
di sper soi ds shavisag dz parting e diaeicie of i 2 m Of 2@Ssnm $HoSesgont ahni ng
My and P (My-P particles) are specified to have an average particle

di aneter of if RMcOLcRYE aNd BP iMiHedESs  ingese fhdesMelyeRr Lhel e8e

hi ghly contribute to inhibiting the dislocation mgration and the grain
growt h andt-@skheei AREOVERBM opd Pe Pendabichit Yoandn s1J©€$S; L el axathan 0.1
property. According to the present” invention, MJ-P particles having a
particle dianeben, proeeding. 200.nm are: i Digbzed andoMieh <paFtL eLes: pavi ng

aparticl e diameter 00 nm or are specit 1ed to hav

bove- if ied | cl ' ter. -P ticl havi
par ol 6 Granbror ChvcabarRquonh T A Erituded LR VAP e BEIBABT t he
meret Sxceddf g 200 e e ekclded HEGHT né odreu ati Bh7BY ¢!
i amoter | GRCBLAFR' 3007 FHR SRbDI U FUAHEeg, ANT i W Bt ¢ fch e

hi ghly contributin to the jnpraovenent in bendabiljty and stress relaxation
property CSR&6GPE %g]¥%é¥%§§%ﬁilrp Pﬁécﬁvgﬂ§é€@ﬁ§htﬁéﬁée&ﬁgﬁgﬁe?rﬁfgrown
di spersoids having a particle dianeter of 200 nmor |ess and containing My
and P exc8BEPeGyinfParire o $h6ESPYOTEH R Atroh- Lol the tHehendiloit htdr e not
effectively inhibited. Consequently, the upper limt of the average
particl e @ndneierstgfeahEcdpspéiodi BEORArAYy curEar dimgly Mjhengopteat of
specified to be 50 nm In contrast, if the average particle dianmeter of the
di spersoi ¥g éensaéaiAgeNytane Mithiredhea ZangmoF fml thelplrrértest doy not
effectively contribute to the inhibition of the dislocation mgration and
the grainmgsswth and fail to inprove the stress relaxation property and the
bendability.

{(Ni, 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 cobalt {Co),
in common with Fe, precipitateas fine dispersoids of, 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 more to effectively
exhibit these effects. In contrast, if the total content of Ni
and Co 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 is specified to be within the range of 0.01 to 1.0 percent
by mass.

(Zn)



Accordingly, the lower Iimt of the average particle diameter of the

di spersoids mainly containing My and P is specified to be 5 nm (Fe-P
particles) of dispersoids having a particle dianeter of 200 nmor |ess,

di spersoids mainly containing Fe and P (Fe-P particles) having an average
particl e di anetae obppetoaP0opmeaexfivhitthesi ginftiadantkyl el ghefie p MrZnngntior ce
to inhibit the mgration and di sappearance of dislocation than coarse

di spersoi da.. Azeaedingl Vis bheed8veragee pashbstersh anmimiviolg dingPenseds
having a particle dianeter of 200 nm or |less and containing Fe and P is

pref er abl ypWi-thigh the i Jtange ehdl P ehevRhe iaRd t2Q RARerAk)l 883atfien Hyrt her
inproving the bendability and the stress relaxation property. Wen the

CopRer 2 SR T 1GreapTdeRgodtJLanl 804 00 BE 130k Thid DERBCRLETEN! S

gorm di spersoi ds containing Ni and/o , such as (N, , Co)
- Fe- P part.icl [ r T [ rsoi inLpog N / or
Co pref e?ggl$§ﬁ§%%ﬁ2§n§3§$§ﬁ%%h%§? T gyd?é§§$é$g%€§ﬂggﬁ&i#Q%%r8§;ﬁ§9g0 nm
or less for further Jjnproving .the bendability_and the stress relaxation
oroperty, tost Yt thee HEBRRRR e e RERR b I P en R s i r ek S o Ta i ng
Fe, such as (N, -Fe-P particles, are substantially included_in th

TR B paftett 65nAht GE IR eT FEhf SEEHede KoAPE APAECHECatdrS 013 co
other than the Fe-P particles, such as (N, Co) -P particles, are present,

t hey can Be L6t RBPS SR YETuPRdof 1 7 &9 'tn]go%'f Stlﬁé‘lflﬂec-alﬂtﬂaV ﬁfieélllé@stt%?cal |y
by the after-nmentioned preferred production nethod. Accordingly, even when

t he coppefl8rtey caplyastocdonipr bes PECATEHT Iohe BF N STl Ve he

di spersoids containing N and/or Co are not specified and determ ned, and
t he Fe-P partisdingsl arte aspediigrdd ofs ¢ M esent at P veereantheypresent and
invention, Fe-P particles having a particle dianeter exceeding 200 nm are
m ni M zedprafe relvd vavlerdge frark i Tirer chriret ernass t heo Fes Ptpatnprbes hheing a
particle dianeter of 200 nmor less is specified within the above range.
Fe- P partittkemalhabilagianpaesistends et Ep @xceddia @0 mnnae keekciaaéd
from

conductivity.

(Sn)

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 0.01 to 5.0 percent by mass and preferably 0.01 to 1.0

percent by mass.

(Other elements)

Theotherelementsarebasicallyimpuritiesandarepreferably

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

10



the cal cul ation of the average particle dianmeter. This is because fine Fe-P
particles highly contributing to the inprovenent in bendability and stress
rel axati on property should preferably be increased, as in the My-P
particles. If the average particle dianeter of the dispersoids mainly

cont ai ni nBe e’ anth ,PMexcaedsi 2@ ynoT t hecpismidigfearsed ddetheasesme coarse
Accordingly, the preferred upper limt of the average particle dianmeter of

t he di spess@iidsiumi Ay cterisaide Ngefei aat cBridac2@ vimy . | Aceortiasftly,ithd he
average particle diameter of the dispersoids mainly containing Fe and P is

less thantdtAmM cSHEBntPELEREES CRONOLL be; dlatected i vng et en 1% Bgd: &VENs usi ng
a transm ssion electron mcroscope at a nmagnification of 100000 tines and

may have gekeghg&ﬂphggsnﬁyg§55§bﬂﬁﬁﬂﬁﬁﬁﬁh¥réf@heﬁ%§ﬁﬁﬁﬁﬁ€cb§ﬁgi3ﬂf§ﬁ$§fand

the average particle dianeter of the 14 dispersolds nain containin

2is 1 nmé?'crpe;ngi pe I{}/g; R parLt iﬁlfesséa!n?:t%i he Fep P parti.cl €84 }@lqi g‘?]g uoi ds)

are forne or~ eXampl'e,’ i anheal { ng aftér c6ld "rollindg in the ction

of thecopperalloy. Specificall t hese, fine dispersoids .are c und phases
inely praeraiehs BaT o EREoAste phaser hst h Pl S i nea et torhe
fine disperspids are thereby different fromcoarse _di spersojds forned upon
casting aﬁang?ﬁieﬂ% F%e?ﬁeegﬁ%%%Fsa}?dSber efﬁ?ﬁ??ﬁéﬁiﬁsﬂﬁ?ﬁp+%F?rﬁ9
copper alloi can only be observed, for exanple, with a transm ssion

el ectron B &rBSEGBRLaPYaMaFEgAIf iL€4Fi-on of 100000 or nore. In other words,

t hese di spersoids containing Fe and P and having an_average particle

di aneter of 1 ¥P¥dePesrid i&d3d 120 hinlsoprebesraddiditspet ddicuSoEehtFM Y My
and P and having an average particle dianmeter of 5 nmor nore and SO nm or
| ess can B& Muehti fZ2F ed 9. byrt Kel.oBSerTat iCon Bi . the épppt 1 1 o) RerRGeT
transm ssion electron microscope at a magni f icat ion of 100000. This
observat i by eaabl es lesst iared o tbhetieahav-dr plaradrctasst edlc Hfcorfttai diing My
and Pin a total content of 60%or nore of the total conmponents and the
ot her par¥écl Bs, Sdi sPidncli of, b8ttwe€n Fé-, PAgar ¥, cYes Moontbdi,nilng G=e dw) P in
a total content of 60%or nore of the total conponents

As, Sb, Bi, Te, B, and misch metals is 0.1 percent by mass or

less.

(Dispersoid distribution)

Next, the distribution of dispersoids 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

envircnment to thereby reduce the stress relaxation property,

cause breakage in deformation and promote crack propagation to

thereby reduce the bendability, regardless of the compecsition

thereof. Consequently, thevolume fracticnof coarsedispersoids

having a particle diameter exceeding 200 nm in the copper allcy

11



and the other particles, and identification of dispersoids containing N
and/ or Co. The average particle dianeters of the My-P particles and the
Fe-P particles each having a particle diameter of 200 nmor less are
determned in the foll owi ng manner by observing the is mcrostructure with a
t ransm gskanuékdeberoinimtresdcopeds (cEEMerat byamaagnbli takkpnrefat00068. of
Initially, the |largest dianeter of each dispersoid in the mcrostructure in

a visual thel dohpolsmtliong ofl tHdNalideKsdidd M) of TEMis neasured as the
particle diameter d of each dispersoid. Next, the total areal ratio of all

t hese di sgg@sgmi gsrhawiRg) a particle dianmeter d exceeding 200 nmis
det erm ned. The total areal ratio is defined as the volune fraction of

di spersoi ds_eagh g gyl N\, A PALLIiGIE - 4 2B & ¢ NCRRAINT P%Oé)o@fﬂni Bl ?@565{) esent

invention. The Fe-P particles having a total content of Fe and P o Yo oOf
nore and - é Vi Rg I_;E?Ao q{llgg) gf.Pf%Oq/or
nore are g???%ﬁﬁ?gﬁéﬁig g%%gglﬁi ?héﬁgo? rciic)lr@%%])t ot F&¥%an lI§,d gﬁd}(? %
total content_of I\/E and, P, . respectijvel in the fallownhg.manner.. A sem
quant |t et DESEAETYETES B Bridt UC OF sphr &It N MY S BEG: Fos B8Ry (KD - usi ng
el ectron prove X-ray i_croanal ysis (EP i s used herein., TJ?PS techni que is
Gener o 1y THESEATAGE HAFy PAA L e o bt LS TR 1 St L EbRS ehee of
My and P, and the total content of Fe and P in each dispersoid are
det er ni nell SPRFAItELEM LSRR bt P ﬁ@%é@@&rw FI6F e RAT PrReaHP FPoRReRE
containing 60%or nore of Mg and P are identified as the Fe-P particles and
the My- P parbearediliéspedd véInes STHE Iarafdtn RzaRe%rY of each of the Fe-P
particles or Myj-P particles each having the particle dianeter d of 200 nm
or less is deberardedy Thetharkessent abeienrclen e Ndeh Rt bgkels TUEY t he
average particle dianeter of the Fe-P particles or My-P 16 particles each
havi ng a paprtirtieldi diemetesf eX0@agmnorz(keg iare detrermi ped. ag®ridduEt i on
condi tion)

particleshavingaparticlediameter of200nmor 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 200

nm shouldbeminimized, and fineMg-Pparticlieshighlycontributing

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 nmor less and containing Mg and P exceeds

50 nm, the dislocation migraticn and the grain growth are not

effectively inhibited. Cocnsequently, the upper limit of the

average particle diameter of the dispersoids mainly containing

Mg and P is specified to be 50 nm. In contrast, 1f the average

particle diameter of the disperscoids containing Mg and P is less

12



Preferabl e production conditions to nmake the copper alloy conpatible with

t he above-described mcrostructure specified according to the present
invention will be described below The copper alloy of the present
invention is basically a copper alloy sheet, and a strip prepared by
cutting theasheetnn,n EhaMdidti S s did ecdi onf Bect bvediy| condeibunom tbetkbeet
or strip are also included in the copper alloy of the present invention.
The coppefinalilaytidaf oftheh®rESE cd e et aGan b anpr el cath thneugh H Aegsanme
process as the normal process, except for preferable conditions in the
cold rollimg a8 ikpeceaneal é@geggr@_tltaa{la&ﬂo&epp@gy@tggﬁarﬂrp@genahﬁwﬁwct ure
specified according to the present invention. herefore, the nornal

producti o r ifs 11544 : i Lgni & .
That 15, ARSmear o or e it (SPEET T, have 1her “dpove: Geser pegoreY
preferable_.c 1 cal_c sition is. c T resulting ing .5 -suUhj ected
to facingsfanggigﬁﬁgﬁﬁgﬁgéé @ghééynéﬁﬁﬁ%ﬁﬁér%eai %ééa?n%%tgﬁ%%§F§§$t§§, hot
rolling i% erfornmed. Water-quenching is preferably perfornmed after the
conpletio €of” AGL: rolling to prevent formation of coarse dispersoids

havi ngaparticl e di gneter exceeding 200 nmat el evated tenperatures.
Subsequenﬁ&?beQQfE%ﬂ% $ig and annealing are performed to vyielda copper

al l oy sheet having a desired_thickness as theproduct. 17 For controlling the
di spersion of PAeIMPE PRFEF AL Hha Phel i Fke pHatscd e kP RitH Plel faRiges
specified in the present invention, it is effective to performthe

anneal i ng dHEEr SHET @AiHlivhgordaridiltiDAS. amHePf (Fe—Hi Papeisbrds heVYEnd are
conmpound phases newy precipitated fromthe parent phase as a result of
anneal i nganTeveperaei parhiel ¢ mbsandiere ofi pee 01 a8y eahhbali nggnst perhbt ved
subsequent to cold rolling after hot rolling in the production of the
copper al hagheomenerngi forhe o eicitpiiit itdre vfgdr$pensendsdi sappedeance

i ncreased by only one pass of annealing, the annealing tenperature nust be
el evat ed, odnifi slctaaidn ghaannmeat sgitprpepratsre Baosedingly, the average

particle diameter of dispersoids having a particle diameter of
200 nm or less and containing Fe and P is preferably 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,Co)-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 bendability and the stress relaxation property,
as 1in 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 dispersoids containing Ni and/or

13



di spersoids to grow and to be coarse. Thus, the My-P particles and the Fe-P
particles may have an excessively |arge average particle dianeter exceeding
t he above-specified ranges. Consequently, it is preferred to perform plural
annealing passes while controlling the annealing tenperature in each
process o 4300€ qhahowkr. Fdhbspatheécdesi redchr esi pNi atodAPobadtspeesoi ds
is obtained, and the growth of the dispersoids is prevented to thereby

yi el d theafriengrdissper, sehdy. chh theranneadi iy 4 ingsIholod rG Fihiik®Y) oifSthe
excessively long, the dispersoids nay grow and beconme coarse. Thus, an

opti mal amaeal iAgthidRd % BrefLeraplyy sete dft-addhéienoneal dreekli-pg is
preferably pertornmed between these annealing passes. The cold rolling

i ncreases lr%tdhic%eilo_nd?r{e%qlto% WhineRoSEIVE 185 RAAG RiHd! 19 'thﬁée&%r | 1

subsequenp anneal ing and contribute to"the formation of t I ne

di sper'soi ds, 113 CONsaratd of ofe dfesecandiy oy 5 18 pr gl epLedota ls

performtwo col'd rol Fi ng processes and two anneal i ng pr 0Césses

|1 d finish .d i ' h duct i f th |
o yi old ERBCFLRG 4 SerUel a8 RIS he S0GVEL REh Y04t T ORT ERAmpThe  The

present inyentjon will be illustrated in further detaié with reference to
sever al e%é&riﬁeﬁtQa§5&§%ﬂﬁﬂ§ﬁﬁﬂ§R$Clé% i35 CatPYSSE6RF1 %8 of thin copper
al l oy sheets was produced by a process conprising each two passes of_ cold
rolling and anhBatPadrEHItt ratieHe-Tol &9 PRAGipristaly VanRdedl PREt L6l 9
rol I'i ng-secondary anneal ing-finish cold rolling) at a varying conposition
under var filAgearFedrragdtBadi Y PRS2 T Bipardt and the pEpradereperi¢Es such
as the hardness, the electrical conductivity, and the bendability of these
copper al Hépneheat ef e &oiabaatéglespbavingat IBAT teaele ddppetedl pPéy2 H@vi ng
the chemical conposition shown in Table 1 was nelted in a coreless furnace,
and an i ngot onekésg wasspperfbredvigghian e ebotvienuengecastény paet hotes o
yield an ingot 70 mm thick, 200 mm w de, and 500 nm |ong. The surf ace of
each i ngohawasgsabpaettied e oiferadiony,efcegdiowe® 00 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 contrast, if the average particle diameter of the
dispersolds 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 cf the average particle diameter of the

14



by heating. Thereafter, hot rolling was performed to prepare a sheet 16 nmm
thick, and the resulting sheet was quenched in water f roma tenperature of
650' C or higher. Oxidized scale was renoved and, thereafter, primary cold
rolling (intermediate rolling) was perfornmed. The resulting sheet was

subj ect ed diifeacidigisant inihet@aid &iindg oFrpramary agneahinng and cold rolling.
Subsequently, 19 secondary annealing and finish cold rolling were perforned,

and then strairRekel if@vieNiaMealritigiats arlOVE trenesat uservasipgrforned to
thereby yield a copper alloy sheet about 0.2 mmthick. In each copper alloy

shown in Tallebsditgs)r el 1eemef, the &arRastignaghhan ithanrthe ghepents
described in Table 1 was Cu. The total content of other el énents, i.e Al ,

G\ T BeoVund\n cHBp @R NS, P nd REERAN, By MRSS, o1, 4 €551 ) Thenbobal
cont ent o? inpurity efenents sué% as B,%%, Na, é{ C%%)As, Se, [ "I'n,~ Sb,
Pb, Bi, a éﬁ ] - I%? 0 %5 r a[,gy . S he
tenperatu?gnan 4%§§ﬂ%4%§%ﬁ %w%$¥§%§“% éﬁéﬁggsf§$gl H%%??%%leéFégs§€%ﬁ in
Table 1. | n each exanple, sanples e cut_f romthe thus produced copper
al | oy she&?‘,e ard e%%ﬁreasf raacﬁ%\ﬁ‘r?% oefm&ﬁ§g}e?%oi ds each having a
particle dianeter xceegﬁn 200 n t he average particle dianeter énn) of
di sper soi ds ha@ﬁﬁg afa F%%§%ﬂ%§%ﬂ%ﬁe %ﬁé% r#ig%qQQEF %ﬁﬁpc%ﬁ?ﬁ fing My
and P, and the average particle dianmeter (nn) of dispersoids having a
particl e GLIREESCISE 206™RMA BPOT &SN 286nNPERAPRG Fe tARICPPPR Tt hkloY -
m crostructure were determned by the above nethods. The results are shown
in Tabl e Zuckeparnst L§Pesgarplssinetiee GarEsomlify Cads oplydheedbespped .
al l oy sheet, the hardness and the el ectrical conductivity were neasured,
and a bendioig eede lend Wi 91 reessrangmies ioh properey miesesgepe péréor ned.
The results are also shown in Table 2. (Measurenent of hardness) A
measur eneng gof: fHardness aof THE Coppermctd oy sheet sanple 2 0 was perforned
at four points with a mcro Vickers hardness neter by applying a |oad of
O S kg, and anlIavethge wakde,t hbeeef dwapersoids containing Fe and P and
having an average particle diameter of 1 nm or more and 20 nn
or less and dispersoids containing Mg and P and having an average
particle diameter of Snmormore and 50 nmor less canbe identified
by the ocbservationof the copper alloywitha transmissionelectron
microscopeat amagnificationof 100000. Thisobservationenables
distincticn between Mg-P particles each containing Mg and P in
a total content cof 60% or more of the total components and the
other particles, distinction between Fe-P particles containing
Fe and P in a total content of 6C% or more of the total components
and the cther particles, and identification of dispersoids
containing Ni and/or Co.
The average 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
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taken as the hardness. (Measurenent of electrical conductivity) The copper
all oy sheet sanple was processed into a slip-shaped test piece of 10 mMm in
width and 300 mmin length by mlling, an electric resistance was neasured
with a double bridge resistance neter, and the electrical conductivity was
cal cul at edibycah ravenage withos stisectin onal omaredase atetdrodhl qriesad arst | (@RMOf at
bendability) A bending test of the copper alloy sheet sanple was perforned
i n confor \ hygwi fh cdapan Gdppencand BrassiAssgci ahéoharSbandal dmebetest
piece of 10 mmin width and 30 mm in length was taken from each sanpl e,
Good Way beandi agsptheobanth ngeaxi srbstrpetpeadi €W ani stha 1t heenal 1 ifglong
direction) was perforned, and the presence or absence of cracking at the
bendi ng per fihoRiMas (Yigkal lof Tebsesvadadnden aB epkti gsattMteeogcopetat a
magni fi cation of 50 tinmes. The bendability was eval uated according to the
fol | owi ng,fCLLLAN I@'sE9Qd; o cracking, Fair: slight cracking, Failure:

appar ent cracking. (giress-relaxation resi stance) Each test piece was heated
and held at 15Q: f hqur . t-re r.el ' f the
test piece magﬁg%g}Ug§%399%€b§?8?%9§€gl%n§f%%fhggegg ﬁ?%%%?%ﬁ?@%pﬁéﬁ%? al s
Manuf acturers ciation of Japan Stan d. (EMAS-3003). . Spegifically, one
side of  erest e EPeabiher ' sRRRRIEL2Rb i, ThaetRe errels Thides ral oad
of 80% of the.0.295 proqf _stress an initial stress .was det.erm ned. The
stress rePARALI BACTAIDAEE Pha BaTe, HPHBES HERr g & 0 ERETPORAOVPRG
equation: Stress relaxation ratio (%9 =1 {g%Stress of the test piece after
heating) DPaF&PPeds PEE tifd & sdemefisdc SHASHE hedltd Yy 17/t PECECRE t he
test piece before heating) Ix 100. This test is performed to determ ne the
change i n18VFB&4ONtypically of a terminal when held at high tenperatures
under a constant strain for along tine. An alloy havin% a |l ower relaxation
ratio i s eval ubked'esP Pavitdiglehhgréndsa rieslaa k slontaritor fr Bsianddcef €Ghe

stress rel axation property in parallel with the rolling direction was
eval uat edoxr mere and the Mg-P particles having a total content of Mg and

P of 60% or more are distinguished based on the total content
of 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
microanalysis (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 60% 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
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Table 1 shows that Inventive Sanples 1 to 13 are copper alloys having
conpositions satisfying the requirenents in the present invention and have
been produced under preferred conditions in which each two passes of cold
rolling and annealing are conducted and the annealing tenperature in each
pass i s sparatic43@ €zah haweng bnpentivéeSdiphesetr bd 280hameoca Veksnes
fraction of dispersoids each having a particle dianeter exceeding 200 nm of
5% or | esgeteriiwaicch di spersoids containing My and P have an average
particle diameter of 5 nmor nore and 50 nmor |ess, and di spersoids

cont ai ni ngprbauand ol kawveliaiomjer age particle diameter of 1 nmor nore and
20 nmor less. The | ast paraneter herein is a preferred requirenent.
Consequent |y, |nventifeeabaapesidcttoddohal e ianki ghmakeetige koparad @1 hdgh

el ectrical conductivity of a proof stress of 400 Mpa or nore, a hardness of
135 Hv orcompetidne antél ecler iabalvecarduatingd yni afo S0 ¢ ACS: ospaoi €iadd are
excellent in bendability and stress 22 rel axation property. In contrast, the
copper al koyoofiiGonparidie peeSamtil entdnhasn el Féda drtenti beaee 1blran The
lower Iimt of 0. 01 percent by mass. This copper alloyhas My and P
contents sappsfyahbjohe fr eheireneemt inverntherpiedent i ¢alenta onpaerd dbkopeen
produced under preferred conditions including the annealing tenperatures.
Thus, it Bhsetananderagfer pantdiarar i detoert tahaditdpesseirds ivoateiditingl 34 and
P satisfying the requirenent in the present invention, thereby has

excel | ent dbsagshon ayd ando 5t megls Fedmtdid @he@tdpﬁestylptmte ahge En¢byded
strength. It fails to achieve a high strength and a high electrical

conduct i vilythahecrppperl kY Bf dheChrpacatti yavsaipPra -15TRasCapPFe bk ent

hi gher than the upper |imt of 1. 0O percent by mass. This copper alloy has
My and P egn*%ké%t%%’iﬁqtsf—?i"ﬁﬁtﬂﬁé ?%%ukﬁerEﬁﬁﬁ9§eﬁntﬁwg%rt€s%ﬁﬁm?rﬁ@?ﬁ$% and
has been roduced und?r re f erred conditions Q%L%d ng t he anneal i hg

t enper at uf8stNFhBSIMPL RESCERS avet GFRT E%ﬁt?%?%eﬂ? tE9T0t S PR Pet R ot e

cont 1113, 20, 513U Y400 e LSRITETRIL I e HLspent LovenL) on

exceedi ng %croggkucture 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 tc have the
above-described preferable chemical composition is cast. The
resulting ingot is subjected to facing, and to heating cor a
homogenizing heat treatment. Thereafter, hot rolling is
performed.

Water-quenching is preferably performed after the
completion of hot rolling to prevent formation of coarse
dispersoidshavingaparticlediameter exceeding200nmatelevated
temperatures.

Subsequently, cold rolling and annealing are performed to

yileldacopperallicysheethavingadesiredthicknessastheproduct.
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exceedi ng 5% and thereby shows not only a | ow strength but also a | ow
bendability and a | ow stress rel axation property. The copper alloy of
Conparative Sanple 16 has a P content |ower than the lower limt of 0.01
percent by mass. This copper alloy has been produced under preferred
conditions including the annealing tenperatures and thereby has an average
particle di amébercoftddspergdilds déshtaisnionge MytantigPPspeist ylag arhetha
requirenent in the present invention. However, it hasa | ow stress

rel axat i omeprfoper t y¢lss wéehtheiensahfesisgric iR icahi enheprw dest iamention,
insufficient absolute quantity of fine dispersoids containing M and P. The
copper al iay iof Coimariatd ves Sanpt @ril 7t hasaanda tonyenhdeli gher rbhanwtihe upper
limt of 0. 4 percent by mass. Although the alloy has been produced under
pref erredeonditicons, | mnekudingdt Be rabnaahict@ itreaPe baligothd piia £OHhalNg
coarse di spersoids containing M and P having an average particle dianeter

exceedi ngpr@% iYPRefted iffoh: thB ﬁéjpértlt %asteh%sahllpé’s@ﬁ‘@ & mRrkedliy d owr,,

el ectrical  conductivity because of excessive P dissolved to forma solid

solution gpddipilond nisldenatl, dendabldisy, andesiiessitelarabion,

property. T pper oy of Conparative content | ower

than the Lo 35%’&‘) 15 2 8 Cong‘étﬁ%t B%t@sﬁotT?ﬁglﬁﬂﬁp% (R ¥oQS‘§tE8€”

pr oduced an erred ions includ I Ng neallng enperatures
and thereb§f ) an avera article dianmeter of dispersoids containing My
and P sat ° 3’énent in the present invention. However, it has

a | ow bendabi and a_l stress I xatlon p pbecapse _of t he

i nsuf ficient aBQ FUF§'q&§ng£%y9ﬁEQHﬁé§ 4ﬁ§h§ﬁ%é& TS WM BRd P. The
copper all oy of arative Sanple 19 has a N@ content _higher than the
upper Ilmltncdffeafecggﬁéﬂnééfn‘?n%?aﬁés%f ARPERIUGH 1t FeS 2RNSGY s T BERAT BFBlfced
under preferred conditions including the annealing tenperatures, it
contai ns 88dtsEedied¥rE6ds 2BENFRFRI g 2AR M BRY . PREab PRECRAT AV Br agases

particle dianeter exceedi ng the upper
dispersolds to grow and tc 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 the annealing temperature ineachprocess
to 430°C or lower. Thus, the desiredprecipitatiocnof dispersoids
is cobtained, and the growth of the dispersocids is prevented to
therebyyieldthe finedispersoids. Iftheannealingtime (holding
time) is excessively long, the disperscids may grow and become
coarse. Thus, an optimal annealing time is preferably set.
In addition, cold rolling is preferably performed between
these annealing passes. The cold rolling increases lattice
defects which serve as precipitation nuclel in the subsequent
anﬁealingandcontribute1x)theformationcnfthefinedispersoids.

In consideration of these conditions, it is preferred to
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limt, has a volume fraction of dispersoids having a particle dianeter
exceedi ng 200 nm exceeding 5% and thereby is lowin strength, bendability,
and stress relaxation property. The copper alloy of Conparative Sanple 20
has a conmposition wthin the range specified in the present invention, but
it has been subjected to primary annealing at an excessively high

anneal i ngreefperattuce cexceedilng 430 rCreakbelsoagh the sruendlany panneaking
tenperature is lower than 430'C. The resulting copper alloy contains coarse
di sper soi d& teertaitmitng oW iand 2 anth rciodt s 1 &l spel sod dsn coné abpbdgeEecand P
each having an average particle dianeter higher than the upper limt and
has a vol uire theaebipverr afi 1diysper sei ds haviagtaepaihbcliesgeanetigs BX0egdi ng
200 nm exceeding 5% Consequently, it has a |low strength, a | ow
bendabi | i the amdw@ QM SHBSS & axation property. The copper alloy of
Conparative Sanple 21 has a conposition wthin the range specified in the
pr esent ip&%& ilQn, but it has been subjected to prinmary annealing for an
excessively long tine, although the tenperature therein is |ower than
4300C. The T esylLing. capPar, Al o, £oR4a! fis COALSE: disparselds gonhalning M
and P and coarSe di spersoids containing Fé an each having an average
particle di. ter. higher .than _the upper limt, and has -a volune fraction of
dispersoiyé%ﬁ§§F§ %é%z%WHQﬂ%§v Eﬁ%ﬂ%ﬁpe%ﬁﬂﬁﬁ§ﬁggeﬁﬁﬁp%ﬁ?e?%ggﬁrng 5%
Consequent ]y, .it h a low strength, . a |low bendability, and a | ow stress

r el axat i onPEFd .Slyrhé TOppEP %I‘b@lfbfm@ﬁ% 'C\,Vesgﬁr%lsew?ﬁ Wé%d‘éceg
conposition 25 within the range specified in the present invention,_but it
has beenPfpERERES COMPriiRarY SHrfeaIP RGSEESHTF %‘Rg‘é@il\}éw AR FPEREL ur €.
The copper alloy is thereby lownot only in electrical conductivity but
also in béﬁ@ébirloiltl)lnﬁﬁd:@d s 1 g Bekiony proped L inauect® i nsufficient
absolute quantities of fine dispersoids containing My and P and fine

di sper soi d91ldowraationglery arde LN bopbdr etldyrofl Conparatd veaSample 23
has a conmposition wthin the range specified in the present invention, but
it has beenpsghjtdonednder sexontiay \arayardallingoadidn omec é§sinpekyp thirghand

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
compeosition shown in Table 1 was melted in a coreless furnace,
and an ingot-making was performed by a semicontinuous casting
method to yield an ingot 70 mm thick, 200 mm wide, and 500 mm
long. The surface of esach 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 to facing and,

thereafter, toprimary annealing andcoldrolling. Subsequently,
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anneal i ng tenperature exceedi ng 4300C, although the primary annealing
tenperature is |lower than 4300C. The resulting copper alloy contains coarse
di spersoi ds containing My and P and coarse dispersoids containing Fe and P
each having an average particle dianeter higher than the upper Iimt and
has a volunme fraction of dispersoids having a particle dianeter exceedi ng
200 nm exceedidyy b n€aiseguentl §inishhasid toowl sty ergtch pea foowed, and
hendability, and a | ow stress rel axation property. The copper alloy of
Conpar at | weheBaapt&i24Ndsva repapnskliog atwe tthivnt thperangeespecpbirédrnadt he
present invention, but it has been subjected to secondary annealing for an
excessi velty ltorgedy NB.elal thaughpd heal espesiat st eabbatebn2i sml ewekkt.han

430' C. The resulting copper alloy contalins coarse dispersoids containing
My and ‘P and coear sg-Hi SRS SPidS PRk Ag E@b@@dlp 8ach havili r & aMer age
particle dianmeter higher than the upper limt and has  a vol une fraction of

di sper soi Q.I“%]TE)%\Ql b B%FE'rCJcﬁaﬂ'tStﬁte%r n?ﬁ%t%x&%% %Ognnﬂﬁféef%a%gcé/"

Consequent as a low stre w ben |ty, and a Tow'stress

rel axationr qper H{%n“c"po“reroﬁléfyeef arf‘té"e RRMPLE 23, ha
|

conp05|t|on Wit € range speci pi esent lnvehtloh EBﬁtvft has
been subjected to_s ndar nneal i ng.at an exc S|vel

The copperal 16y ?%ﬁﬁaﬁsb%'?opﬁ%%n HY s %Feli 1 calteohaER BrPochhe

al so in bendability and stress Iaxat on pr y %ée o ipsufficient

absol ut e ﬁﬁ%ﬂ?ﬂ?ﬁééab@qqmﬁﬂ¥§h%ﬂéh ébht '% a%ﬁ'Psﬁnd CHi nels

di spersoids containing Fe and P. Wen each one pass of cold rolling and
anneal i ng5% E&rrPéd 2B&tMAn 1 He” diftieat $ hg'aefderatinrle PETRPGhePY RaRS
4300C, the annealing tinme is excessively long, or the annealing tenperature
IS excesspﬁe@@ﬂ%wv the results are simlar to those in Conparative Sanples
20 to 2S. These results corroborate the S|gn|f|cance of the critical

conposi ti on an@hgitsyaressi dsr oendidiecbiper “& % by ) off @dwh presarft anhagbhtdon to

achi eve high strength and high electrical conductivity, as well as excellent
bendabi | i tyrcamdhcesceln datble 1.

Ineachexample, sampleswere cut from the thus produced copper
alloy sheet, and the volume fraction (%) of dispersoids each having
aparticlediameter exceeding200nm, the averageparticlediameter
(nm) of dispersoids having a particle diameter of 200 nm or less
and containing Mg and P, and the average particle diameter (nm)
of dispersocoids having a particle diameter of 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 preoperty
test were performed. The results are also shown in Table 2.
(Measurement of hardness)

A measurement of hardness of the copper allcy sheet sample
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stress relaxation property, and the significance of preferable production
conditions to attain the requirenents in dispersoids. 2'7

LI")LfF)U LnU)LOLOLI ) L()LO L(7LC) I nL() Lc)LnLO LnU )Lt)cf)LF)U) X
XHXKKXXXHXKXKXK ) CXXXXXXXXXxX co a O00C) OQ( DC) A000CO0OC) OC) . (b)) U "
0CO00000CkRECEEDEOCOEaN CAIP D) LCECOLCE W iore Vickers hardness meter
NnCF) mM(Y)CF)coCL)A)OnCl)c' ) fr)mC) (YY) (F(Y)m()(+ )ItmN CO

f LO oL () Lep BEpb@Oe) OL@uOsls( L 6Lkl Chhf) BhUpte gkl GhlGEOthereof was
XXX X KXIXHKXXKXIXHXAKXKXXXXXXK - XQC) OO 700( DOOOOCC) OGOC) 0C) CO000 0O

0CO0CCc 0a)-ARAAL @D AWV AOOLC) DO0CO a' - M*)(F)r)r) M 7a ) (YY) (
MMY)M)()(wW)(+)(+)" c:t(,)Nco()c+) Lu+) 000o0aC)C
111111 110 bkl rbbch 13 e (e @QopX 0 (%)_Mtz};“ [ 1111r 11 OL2221Lr ¥

The copper alloy sheet sample was processed intoa slip-shaped
test piece of 10 mm in width and 300 mm in length by milling,
anelectricresistancewasmeasuredwithadoublebridge resistance
meter, andtheelectrical conductivitywascalculatedbyanaverage
cross—sectional area method.

(Evaluation of bendability)

4L bending test of the copper alloy sheet sample was
performed in conformity with Japan Copper and Brass Asscociation
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 rolling direction) was performed, and the
presence or absence of cracking at the bendingporticonwas 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)

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

side of the test plece 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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was determined. The stress relaxation ratio (%) was determined
according to the following equation: Stress relaxation ratic (%)
= {[(Stress of the test piece after heating)-{Stress of the test
piecebeforeheating) ]/ (Stress of the test piecebeforeheating) }x
100. This test is performed to determine the change in stress
typically of a terminal when held at high temperatures under a
constant strain foralongtime. Analloyhavingalower relaxation
raticoisevaluatedashavingahigher stressrelaxationresistance.
The stress relaxation property in parallel with the rolling
direction was evaluated.

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

Inventive Samples 1 tol3haveavelume fractioncofdispersoids
each having a particle diameter exceeding 200 nm of 5% or less,
in which dispersoids containing Mg and P have an average particle
diameterof bnmormore 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, a hardnessof 135Hvormore, andanelectrical conductivity

of 60% IACS or more and are excellent in bendability and stress
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baaa In contrast, the copper alloy cf Comparative Sample 14 has
an Fe content lower than the lower limit of 0.01 percent by mass.
This copper alloyhas 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 of dispersoids containing Mg and
P satisfying the requirement in the present invention, thereby
has excellent bendability and stress relaxation property, but
has a low strength. It fails to achieve a high strength and a
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 of dispersoids containing Mg and P satisfying
the requirement in the present invention, but has a volume fraction
of dispersoids having a particle diameter exceeding 200 nm
exceeding 5% and thereby shows not only a low strength but also
a low bendability and a low stress relaxation property.

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

annealing temperatures and thereby has an average particle

diameter of dispersoids centaining Mg and P satisfying the
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requirement in the present invention. However, ithasa lowstress
relaxation property, since the insufficient P content invites
an insufficient absolute quantity of fine dispersoids containing
Mg and P.

The copper allcy of Comparative Sample 17 has a P content
higher than the upper iimit of 0.4 percent by mass. Although the
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 dissolved to form a solid
solutionandis lowinstrength, bendability, andstressrelaxation
property.

The copper allcy 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
requirement in the present invention. However, it has a low
bendability and a low stress relaxation property because of the
insufficient absolute quantity of fine dispersoids containing
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 coarsedispersoidscentaining
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nrm nm nthg erdr P rracing ap average particle diameter exceeding the upper
limit, has a volume fraction of dispersoids having a particle
diameter exceeding 200 nm exceeding 5%, and thereby is low in
strength, bendability, and stress relaxation property.

The copper alloy of Comparative Sample 2C has a composition
within the range specified in the present invention, but it has
been subjected to primary annealing at an excessively high
annecaling 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 volume fraction
of dispersoids having a particle diameter exceeding 200 nm
exceeding 5%. Consequently, 1t has a low strength, a low
bendability, and a low stress relaxation property.

The copper alloy of Comparafive Sample 21 has a composition
within the range specified in the present invention, but it has
been subjected to 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 ccarse 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, ithasalowstrength,
a low bendability, and a low stress relaxation property.

The copper alloy of Comparative Sample 22 has a composition
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been subjected to primary annealing at an excessively low
temperature. The copper alloy is thereby low not 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 dispersoids
containing Fe and P.

The copper alloy of Comparative Sample 23 has a composition
within the range specified in the present inventicn, 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 dispersoids 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 tc 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 dispersoilds 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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Ea E LOE co U Table 3 shows anot her experinental exanple in which copper
al | oys have anobunts of the selectively added el enents and/or the other

el enent s ékrpediniged)0 axcerdiatiitches pr ef@rseguappky, liithdsa 1ckheseesatpl es
are thin copper alloy sheets 0.2 mmthick produced under the sane
condi ti ons aswi behbebdlddve ,exper iaraninals teoeapl 2= 1 {t dei sondirdpensyf or the

i nventive sanples) . The properties, such as hardness, electrical
conductivity, and dagsnsiabidlitoy oof céheseatibbrnsopper: Rhkeyashebss el én
determ ned by the procedure of the above experinental exanple. The results

are shownyi RhTabt Bedrahf¥ enbdyEf SAAPIE thd pre sEl endee@ileSPendsitOhas

I nventive Sanple | of the above experinental exanple in Tables 1 and 2, in
uhi ch - {NBeEANLERLS Qbd g %tefa%rnoeaﬂﬁn%@{n%a(llh rid yar?'é?@é‘ééivéig fypt her
spec i I'nventive Sanmple 27 has a h otal content of the errents

o, b, Dl R B B Sl
S5 o e Ut ol e S e S b Bt B
0'1 perce@%la&atlon property due to insufficient absolute quantities of
fine dispersoids containing Mg and P and fine dispersoids
containing Fe and P.

When each one pass of cold rolling and annealing is carried
out and the annealing temperature is higher than 430°C, the
annealing time is excessively long, or the annealing temperature
is excessively low, the results are similar to those in Comparative
Samples 20 to 25&5.

These results corroborate the significance of the critical
composition and dispersoids of the copper alloy of the present
invention to achieve high strength and high electrical
conductivity, as well as excellent bendability and excellent

stress relaxation property, and the significance of preferable

productiocn conditions to attain the requirements in disperscids.
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| nventive Sanples 29 and 30 each have a high Zn content.
31 and 32 each have a high Sn content.
have contents of principa
ranges in the present

el enents of Fe,

I nventive Sanpl es
These I nventive Sanples 27 to 32

P, and My within the specified

i nventi on and have been produced under the preferred

conditions. These copper alloys satisfy the requirenents on dispersoids in
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(correspondigng 03| AVeIR|iRe3 SaReals| & TR & Falg SRR Sedegtd hi gh
contents off the ¢ther elienents. |Conparalijhe Sanplies 33|and} 34 have Zn and Sn
contents hijgher [thanp [ he |prie [T [efred[ upper] Ijim s} [hese copper| al | oys have
contents cfa@rifm Bal| gl s | ol uF8| wRs | &nd N, | W thishot heospegli fi ed ranges
in the pregénts knyentilon dnd Nave| beeh=produced Under <t Rexprefletlr ed
condi ti ons | Sg PsEYS| BleS e @G| @rEnEsS B B S @ @l & 3| 8| Bhe| Bremnt
i nvention qnd haye| a| hj gh pro#f stress, i a hidh |hdrdnéss; |an excel | ent
bendabi | i t f;Tandiap—excdt-hentrstressretaxattonr—mroperty owewver, they have
a markedly || gwer | e} ectriicdl ccnﬁuct vity than [Inventiye| Sanplles Sanpl e 27
to 32, due|to highl Zn and |Sn gontepts] B L6 |G|t nl) LE)eDYhe@ild] LOLOLC) -O
LX XXX X XXXX oJa)”C Cp@ §[A|C3('Bi 'nC) €) spa) Gasl) GoToCA) CoCe| MiGspadllg[mrCr) () co
d7LOLOLO) U)ILQ LFYUUFp U) I -[. [CO LXKXKXKXXX H g QOQODODOD | L |-
CoCococoCOPD))-ceL :
= < ¥ = ele é 222
?N l||||||D-|C}_|ld.f||:|.110.0_..60_60_
2 .
S olof lolelslolalo
08 |||||||||||(\!f‘l’:__gilt|||(_\!f\!f?§(\l_(\{(\!
é o|o|" ) ._Q_DOO_?IO
% _ o o 3 co oo o o o0
§ = [ 1 1 i 1 fl 3 ¥ v ' g 1 g ] ] | l ' | gg gggg P
._§mmlmmmmommmmmmmb':;mm;;_mmu;mm:m
G 2|y aaldlelolN NS SN SN O] T o N NN
g clolo|lolo|jo|lo|ojo|o|oo|o|(ojolo|lo|o|T|ojo|ojoio|o
£ : - & B S
5 . l2i2l2|elgl 2l ol2l2 2|2l 2| 2|2l 2| Bl 2| 2| 2| 2| 2| 2| 2l 2l
P T R R R R R A T s et Y R s e R R RS
o |28 5leleleje|ele vve oS 2 212222 e E:E ele
“ |c|o|o|cic|c|o|o|s|s|o|s|alial ~|s|s|c]s|s|s|o|o|s|s
o . .
> | ~|a o] v|w|o|~o|la|2| iy | Tvloix o2l I Q|8
s _
o
3 0
Ll K £
% S E =
© ES E &
.




oN' NNNNNNN C OCDr 0QCOCC) C70COQOC00

on fl"'l

C7C) C) L7pOCDO00

rr

0 0..nd)mT )tod)C?m

LC) LONNNNNNN 0QLC)

6T

[ e 0'8S gel ocy 8 9z 6l G
1 alnjied S'eg LEL 8€ ge §s Z2's 174
74 atnjled 8'co cElL 06e .82 =ie] ¥'S €C
4 lles 8.5 8cl \zr g .92 0¢ 4
te ainjle £'€o -ZEL 06¢ kS A Lz
ve ainjle S'to £el c6e GS €6 ot ajchueg
¥ alnjied g'ig oyl ey L9 S'g 61l sajeledwio)
44 deq ¥'89 vEL oor 1 £ 3]
eZ alnjied 065 21 8 901 8¢ o¢ Ll
[#4 poog G/9 £el g6t 6¢ Ll al
€2 sinjiey £'v9. LEL ~8l¥ ot A Sl
Ll poosy 0's9 aclk 09¢ ov 4 14
=18 poog P'€9 Ll LE¥ 6 Le Gl el
ol pooo) FAVAS) orl LZy ok BZ o¢ Zi
Sl poco g/9 Bt TS L (U £¢ b
Sl poon 0'ts [34° [ 4 6 82 0c ol
1 pooD) 0'Lo 134" Oft g 9c 'L 6
ol 00 : :
e T e e o 2 X T

anpusAu|
Ll poogy 0’69 GEL =10) 4 0l gL Sl 2]
513 poog B8'E9 LEL Ly £c S¢ S¢C S
Sl pooo 0’88 ocl 151014 Sl 0oe 61 14
61 poos §'s9 LEL Sl 24 T £P £
al pooo) L'89 gel €0 9 8¢ £ [
gl pooo 0L gel oLy 128 ce . 1'C i

{sovI %) {wu) spiossadsip (%} wu 00Z Bujpasoxe
oo | e | i | S | pam sy | d0RRRD | mmpcpueietiey | ov |
’ [ealgas|3 o s|oned sbeiany spiosiadsip Jo uchIRl SLUNJOA, folry
saadeid Jeays Aoje Jedden 2INjoNASeIAIU Jaays Aojje Jaddo)
coel




. NC#) 1 U LF .. E N NNNNNNNCN O -- OOChOOOC7 OCoCooOCDC
o_r_rr 0o0QCCOCC) 0CC Lt)U)LnU)LC) LOMY) LF) Qirrr LLOOCDOOOOOO O Z (D r

Table 3 shows another experimental example in which copper
alloys have amounts of the selectively added elements and/or the
other elements {impurities) exceeding the preferred upper 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 shcown 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 e¢lements) are further
specified.

-Inventive Sample 27 has a high total content of the elements
of Group A in Table 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, 1i, Na, K, Sr, Pd, W, 5,
si, ¢, N, Al, V, ¥, 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 ccontent.

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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the present inventionandhave ahighproof stress, ahighhardness,
an excellent bendabkility, and an excellent stress relaxation
prcperty. They, however, have a lower electrical conductivity
than Inventive Sample 26 (corresponding 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
than thepreferredupper limits. 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 therequirementsondispersoids in thepresent
inventionandhaveahighproofstress, 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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o a) W0u)0OnTl oNWNN(,4-Nr C1 10 ~g mCE ? O 40 O ocoN. co0) QNm ~t
NNNNVMC )cr)M Q a) 4)a) Cba mmBM. ~ UE Coco 0 mCU f" As is described
above, according to the present invention, the Cu-Fe-P alloy which has
excel l ent bendability and excellent stress relaxation property can be
provi ded withobs l1spsdesfribed diqglte stacengtdirandot heehpghsehécinvention,
conductivity. Consequently, the resulting copper alloy can be applied to
| ead frameBe CoAReePosBloytwtimindlass esictidlres, beeHapd ]l iagdaathexcasesnti n
addition to IC lead frames for sem conductor devices, to serve as a _
downsi zedstandsl rghtweirghty prepbtity aad Bkeprbondedcanpanamt 1ok whi €hehi gh
high strengthandthehighelectrical conductivity. Consequently,
theresulting copperalloycanbeappliedtolead frames, connectors,
terminals, switches, relays, and other uses, in addition to IC
lead frames for semiconductor 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 embodiedinvariocuswayswithout departing fromtheprinciple
of the invention. Therefore, the invention should be understood
to include all possible embodiments and modificaticn 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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strength, high electrical conductivity, excellent bendahility capable of
enduring sharp bendi ng and excellent stress relaxation property are
required. While the present invention has been disclosed in terns of the
preferred enbodinent in order to facilitate better understanding thereof,
it shoul dWH&Tapger edirdied thtat the invention canbe enbodied in various ways
w t hout departing fromthe principle of the invention. Therefore, the

i nvention should be understood to include all possible enbodi nents and
nodi fication to the shown enbodi nents which can be enbodi ed w t hout

departing fromthey qudgda Bheocgfndheny rb@maiwiruia@yh%% EettBsi net heaappgnded
clainms. 34 WHAT IS CLAIMED IS: 1. A copper alloy having bendability and

stress rebaxalien a98096ﬁ%¥i§@HgC@U@Ei§éUEJ91£Qrééhﬁlﬂ@ REIGeRE P¥, NS of
Fe, 0.01 "to 0.4 percent by masS of P, and 0.1 to 1.0 percent by mass of

Mg, with tRe ot ampLpder Del g capRer pandnhnvi t abl £ b TRLELLEESyy HAELELR Lhe
copper al l'oy has“a vol unme”“fraction of dispéfsords ~ea aving a particle

di anet er gxceedi ng O.nmof 5% or.les and_ wherei n. di spersoi ds. each
naving & Bt PR G anbear Larh08t ik Srrp Bt G o S PR M R e B Reve. an
average particl.e diameter of nm.or nore .and 50 nmor |less,. 2. The, copper
oy aceBPATR] T 5HE SORPEE AAFS AT S oo LI Fat o he 0 b

di aneter of 200 nmor |ess and containing Fe and P have an erage particle
i amet er SPCE RAVARINBrRA B LG RS O [eee e N0 L aBpart GF1 0% Htor di ng
to one of Cainms |land 2, further conprising 0.01 to 1.0 _percent by mass of
at | east 6RE BhekelgndisesrsaildsneaghppariBE| syPaEcEbFHe ngl 2B hay %%e%@
Clains | to 3, further conprising 0.005 to 3.0 percent by mass of Zn. 5. The
copper al n@yolaé@éﬁcﬁmbcwtahylaag’l%@n@?dame antaveragePaléel cdempFame v 0. 01
to 5.0 percent by mass of Sn. 35 6. The copper alloy according to any one of
Clains 1 & 5, nmnieer gioret kadcdpper &l dyesdtas a total content of My, Ca, Zr,
Ag,

2. TheccopperalloyaccordingtoClaiml, whereindispersoids
each having a particle diameter of 200 nm or less and containing
Fe and P have an average particle diameter of 1 nm ¢r more and

Z0 nm or less.
3. Thecopperalloyaccording toconeofClaims1and2, further
comprising 0.01 to 1.0 percent by mass of at least one ¢f Ni and

Co.

4. The copper alloy according to any one of Claims 1 to 3,

further comprising 0.005 to 3.0 perceni by mass of Zn.

5. The copper alloy according to any one of Claims 1 to 4,

further comprising 0.0l to 5.0 percent by mass ¢f Sn.
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Cr, Cd,

Be, Ti, Co, NN_, Au, and Pt of 1.0 percent by nmass or less. 7.

copper alloy according to any one of Clains 1 to 6, wherein the copper
has a total content of Hf, Th, Li, Na, K Sr, Pd, W S, Si, C No, A,

Mo, Pb,
mass or

In, Ga, Ge, As, Sb, Bi, Te, B, and m sch netals of 0.1 percent
| ess. 36

6. The copper alloy according to any one of Claims 1 to 5,

wherein the copper alloy has 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.

7. The copper alloy according to any cone of Claims 1 to 6,
wherein the copper alloy has a total content of Hf, Th, Li, Na,
¥, Sr, b4, W, 5§, &8i, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As,

Sb, Bi, Te, B, and misch metals of 0.1 percent by mass or less.
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