1 SPECI FI CATI ON COPPER ALLOY HAVI NG HI GH STRENGTH AND SUPERI OR BENDI NG
WORKABI LI TY, AND METHOD FOR MANUFACTURI NG COPPER ALLOY 5 PLATES TECHN CAL
FI ELD [ 0001] The present invention relates to a copper alloy which has a
hi gh strength, a high electrical conductivity and superior bending 10

wor kability, e.g., a copper alloy suitable for use as electrical or

el ectronic part materials in household appliances, sem conductor parts such
as IC lead franes for sem conductor devices or the like, printed wring
boards or the |ike, copper alloying elenment plate strips used in nechanical
parts such as opening-and-closing parts, bus bars, 15 term nals, connectors

and the like. Furthernore, the presgp@clm@ﬁqqgm also relates to a nethod
for manufacturing such a copper alloy. BACKGROUND ART [0002] Cu-Fe-P alloys

whi ch contain Fe and P have been commonly 20 enployed in the past as copper
alloys in the various applications described above, beginning with
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corrpoung such as. 2 Fe-P or the like is precipitated in a copper matrix
phase, <uch HAEES, al| oys are superior even anpbng copper alloys in terns
of strength, electrical conductivity and thermal conductivity; accordingly,

t hese

TECHNICAL FIELD
[0001] The present invention relates to a copper alloy which has a
high strength, a high electrical conductivity and superior bending
10 workability, e.g., a copper alloy suitable for use as electrical or
electronic part materials in household appliances, semiconductor parts
such as IC lead frames for semiconductor devices or the like, printed
wiring boards or the like, copper alloying element plate strips used in
mechanical parts such as opening-and-closing parts, bus bars,
15 terminals, connectors and the like. Furthermore, the present invention

also relates to a method for manufacturing such a copper alloy.

BACKGROUND ART
[0002] Cu-Fe-P alloys which contain Fe and P have been commonly

20 employed in the past as copper alloys in the various applications
described above, beginning with semiconductor IC lead frames and the
like. Examples of such Cu-Fe-P alloys include copper alloys that
contain 0.05 to 0.15% Fe and 0.025 to 0.040% P {C19210 alloy) and
copper alloys that contain 2.1 to 2.6% Fe, 0.015 to 0.15% P and 0.05 to

25 0.20% Zn (CDA194 alloy). If Fe or an inter-metallic compound such as



all oys are commonly used as international standard alloys. 5 [0003] In
recent years, wth the expanded use of Cu-Fe-P alloys, and the reduced

wei ght, increased thinness and nore conpact size of electrical and

el ectroni c devices, there has been a demand for even greater strength and
conductivity, and superior bending workability, in these copper alloys as
well. In regard to such bending workabili®y, 10 there has been a demand for
characteristics that allow severe bending such as U bendi ng, 90-degree
bendi ng after notching and the Iike. [0004] In regard to these
requirements, it has | ong been known that the bending workability can be

i mproved to pEIE opXhRNLkEYs Prétiidtdted i hySdppedhiitik phage, sticPCu-Fe-P
controlling the disperse state of the 15 crystallized/ precipitated matter

(see patent gRGIUTENES shipfrRf! @¥en cdpidhatBRsein | frhile GOt

Cu-Fe-P all oys,” control "of the aggregate structure has also been pro oéeq
and the 1 ket PR ARy S Tt AER Tl SLbRauEHEly o Ca O AR A RER
e S8 gl Bl 5
cubi ¢ i1 orlodh infectadolre it eerBandefci el pER RGP s, e
o R TR el 50 T B e o
orientation, i.e., D(cubic 3 orientation)/D(S orientation), be 0.1 to 5
(see patent elsetresl andyslesiyonicy deumesruihaier hasebeen ademead dpspevern
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to the X-ray diffraction
these copper alloys as well. In regard to such bending workability,
10 there has been a demand for characteristics that allow severe bending
such as U-bending, 90-degree bending after notching and the like.
[0004] In regard to these requirements, it has long been known that
the bending workability can be improved to some extent by making the
crystal grains finer, or by controlling the disperse state of the
15 crystallized / precipitated matter (see patent documents 1-6 below).
[0005] Furthermore, in the case of Cu-Fe-P alloys, control of the
aggregate structure has also been proposed as a means of improving
various characteristics such as bending workability and the like. In
more concrete terms, it has been proposed that the ratio of the X-ray
20 diffraction intensity {200) of the plane (200) to the X-ray diffraction
intensity [(220) of the plane (220} in copper alloy plates, i.e.,
[(200)/1{220), be 0.5 to 10, that the orientation density of the cubic
orientation, i.e., D{cubic orientation], be 1 to 50, or that the ratio of the

orientation density D(cubic orientation) of the cubic orientation to the

25 orientation density D(S orientation) of the S orientation, i.e., D(cubic



5 intensity 1(220) of the plane (220)
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[(311)]/1(220), be 0.4 or greater (see patent document 8 below).
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Patent document 7: Japanese Patent
2002-339028 (paragraphs 0020 to 0030}
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bendi ng workability at the sane tinme. However, an increase in work

har deni ng by such strong working involving cold rolling has becone 10
essential in order to obtain high-strength Cu-Fe-P alloys with a tensile
strength of 400 MPa or greater that can handl e the abovenenti oned decrease
in size and weight seen in electrical and electronic parts in recent years.
[ 0008] However, in the case of such high-4trength Cu-Fe-P alloys, 15 the
bendi ng workability cannot be sufficiently inproved with respect to severe
bendi ng such as the abovenenti oned U bendi ng, 90-degree bending after
notching or the like nmerely by using structure control means such as the

finer grain pROBLENY TO BEf SUIS/KDSRErREESINYENTIONEe crystal lized/
precipitated matter or the |i ke described in the 20 abovenenti oned patent

docurment s 1-f@yay7]t he RYSTREALRH DFIHHALLBIU SN FcPhfdFRMS cdesfritiedutn hbe
abovenenti oned patent docunents 7, 8. [0009] The present invention was
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bending workability at the same time. However, an increase in work
hardening by such strong working involving cold rolling has become
10 essential in order to obtain high-strength Cu-Fe-P alloys with a tensile
strength of 400 MPa or greater that can handle the abovementioned
decrease in size and weight seen in electrical and electronic parts in
recent years.
owever, in the case of such high-strength Cu-Fe- 0ysS,
0008 H in th f h high h Cu-Fe-P alloy
15 the bending workability cannot be sufficiently improved with respect to
severe bending such as the abovementioned U-bending, 90-degree
bending after notching or the like merely by using structure control
means such as the finer grain size, control of the disperse state of the
crystallized /precipitated matter or the like described in the
20 abovementioned patent documents 1-6 or the aggregated structure
control means described in the abovementioned patent documents 7, 8.
[0009] The present invention was devised in order to solve such
problems; it is an object of the present invention to provide a Cu-Fe-P

alloy which has both a high strength and superior bending workability.

25



the extracted residue by the extracted resi due nmethod descri bed bel ow 10
using a filter with an opening size of 0.1 mto the My content in said
copper alloy is 60%or |ess; said extracted residue nethod is a nmethod in
which 10 g of said copper alloy is imersed in 300 ml of a nethanol
solution with a 10 mass% concentrati on of ammoni um acet at e,
constant-current 15 electrolysis is perfoénmed at a current density of 10

mA/ cnR using this copper alloy as an anode and using platinumas a cathode,
said solution in which only the matrix of this copper alloy is dissolved is
subjected to suction filtration using a polycarbonate type nenbrane filter

wi th an openpraASSZEOH0OVE THERPROBEEMSI due i s separated and 20
extracted on this filter; and said anbunt of My in said extracted residue is

the amount tfgmbdys et @fd@'rnﬁﬁa@yiebgwigldbmﬂggndé $i38t Ukpest of thBgregahdue

. . t
on said filt means of a solution in aqua regla and water are

21 r ;gf afit o?i ;%vgﬁﬁgg{’aﬂrﬁaqqggss&%‘g%g%%og b?lﬁ)te\?\heallgf;n "2’1‘%2‘} Erlg%ﬁ E&ggnggéﬁ%crii ng
A T e A L R N
R G R e T TR M e S
B oL e R GRS e 10y S3089 22 (%0, and che
Ly ol D i e sTaé of oxidés and precipates imcluding Mg i the copper alloy
is controlled so that the ratio of the amount of Mg described below in
the extracted residue by the extracted residue method described below
10 using a filter with an opening size of 0.1 um to the Mg content in said
copper alloy is 60% or less;
said extracted residue method is a method in which 10 g of said
copper alloy is immersed in 300 ml of a methanol solution with a 10
mass% concentration of ammonium acetate, constant-current
15 electrolysis is performed at a current density of 10 mA/cm? using this
copper alloy as an ancde and using platinum as a cathode, said
solution in which only the matrix of this copper alloy is dissolved is
subjected to suction filtration using a polycarbonate type membrane
filter with an opening size of 0.1 um, and the residue is separated and
20 extracted on this filter; and
said amount of Mg in said extracted residue is the amount that is
determined by ICP following dissolution of the residue on said filter by
means of a solution in which aqua regia and water are mixed at a ratio

of 1 to 1.

25 [0011] In the grain size measured by a crystal orientation analysis



10 a copper alloy having a high strength and superior bendi ng workability,
respectively containing 0.01 to 3.0% by mass of Fe, 0.01 to 0.4%by nass of
Pand 0.1 to 1.0% by mass of My, and remai nder Cu and unavoi dabl e
inmpurities, wherein in the grain size neasured by a crystal orientation
anal ysis nmethod in which an el ectron back scattering 15 pattern systemis
nmounted on a field em ssion scanning el ecron mcroscope, the nmean grain
size described belowis 6.5 mor less, and the standard deviation of the
mean grain size described belowis 1.5 m or less. Wen n indicates the
nunber of crystal grains measured and x 20 indicates the grain size values

measur ed, th@ef@RaD i vt ihShi ©leStrof X4 €8 sedt@girld phtternadidteieis handated
deviation of the nmean grain size is expressed as [njx2 - (EX)2]/[n/(n -

1)1/°2] . [0013] 4 'ﬂeﬁf‘ﬁnﬂ&?ﬁﬁpkc.‘f\ﬁi’lﬁﬁ‘ i98ectrbA RAifSsdo e' TREON R A & rARN Eing

workability, the ratio o angre grain boundar V\,hlchaegraln 25
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boundary | engt t hese ,snal | - rain _poundaries .to the tot SAengt h
of the Zrystal %rbdaﬂaélaaﬁ B R b SR b Lk
orientation i . QOl#@I n the present v ntion, N or. Co, or, both,
may further 1B lcaéﬁﬁt ‘F\ 4 valuest I’G)e‘%)slu’fqgnl B39, PR g8Faing Sllﬁ'i)r’c?ve

t he bendi ng vvorkabl I it 10 [0015] Furtherpore, it is desirable that the
abovenent i ofEPTES}isk ﬁx) /n, and the standard deviation of the mean grain size

is expressed as [n¥x? - (3x)?]/[n/(n— 1)1/2).
[0012] In a second aspect of the present invention, there is provided
10 a copper alloy having a high strength and superior bending workability,
respectively containing 0.01 to 3.0% by mass of Fe, 0.01 to 0.4% by
mass of P and 0.1 to 1.0% by mass of Mg, and remainder Cu and
unavoidable ’impurities, wherein in the grain size measured by a crystal
orientation analysis method in which an electron back scattering
15 pattern system is mounted on a field emission scanning electron
microscope, the mean grain size described below is 6.5 pm or less, and
the standard deviation of the mean grain size described below is 1.5 um
or less.
When n indicates the number of crystal grains measured and x
20 indicates the grain size values measured, the mean grain size is
expressed as (¥x}/n, and the standard deviation of the mean grain size
is expressed as [nYx? - (¥x)?]/[n/(n - 1)1/2)].
[0013] In the present invention, in order to improve the bending
workability, the ratio of small-angle grain boundaries, which are grain

25 boundaries between crystal grains in which the difference in crystal



alloy further contain 0.005 to 3.0% Zn in order to inprove the thermal
peeling resistance of Sn plating or solder, and thus suppress thernal
peeling. [0016] Furthernore, in cases where it is desired to inprove the 15
strength, it is desirable that the abovenenti oned copper alloy further
contain 0.01 to 5.0% Sn. [0017] It is desirable that a alloy plate contain
one or two elenments selected froma set €onprising Mh and Ca at the tota
rate of 0.0001 to 1.0%by mass. 20 [0018] It is desirable that the
abovenenti oned copper alloy plate further contain one or nore el enents
selected froma set conprising Zr, Ag, C, Cd, Be, Ti, Co, NN, Au and Pt at

the total rajgefatfbPd sh@all Peo tsltormesfs ad 904D eld b§ thesababé@entisndde
content of Mh, Ca, Zr, ol Cd Be, 25 Ti, Co, Ni, Au and Pt in the

abovementi o f;ﬁp(ﬂxgénﬁit aa{ e F Rethod 8 (HESHHEMmAR éd‘ Copipet Ao he

t ot al content 0 se elenments. [0020] It is desirable t nt ent
Hf , Th, Sr.. B
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t he total t f 1 t
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f l,0 Wn h hi gh_st
and surr | oneBEhOnd PRoTRAHR B PenUATiEs B BRIRRrTE SR EREEdn CYHAA ned
by casting, hot rolling J0 rolling and anneal ing, wherein the reqw red

tine fromtﬁglﬁ?ﬁ%%%i%ﬁ@fi&?he addition of the alloying elenments in a

rreltlngfurnaceto t he . . .
0014] In the present invention, Ni or Co, or both, may further be

contained at the rate of 0.01 to 1.0% in order to improve the bending
workability.

10 [0015] Furthermore, it is desirable that the abovementioned copper
alloy further contain 0.005 to 3.0% Zn in order to improve the thermal

peeling resistance of Sn plating or solder, and thus suppress thermal

peeling.
[0016] Furthermore, in cases where it is desired to improve the
15 strength, it is desirable that the abovementioned copper alloy further

contain 0.01 to 5.0% Sn.
[p017] 1t is desirable that a alloy plate contain one or two elements
selected from a set comprising Mn and Ca at the total rate of 0.0001 to
1.0% by mass.

20 [0018] It is desirable that the abovementioned copper alloy plate
further contain one or more elements selected from a set comprising Zr,
Ag, Cr, Cd, Be, Ti, Co, Ni, Au and Pt at the total rate of 0.001 to 1.0% by
mass.
[0019] It is desirable that the content of Mn, Ca, Zr, Ag, Cr, Cd, Be,

25 Ti, Co, Ni, Au and Pt in the abovementioned copper alloy be set at 1.0



initiation of casting is set at 1200 seconds or |ess, and wherein the
required time fromthe ejection of a ingot fromthe heating furnace to the
conpletion of hot rolling is set at 1200 seconds or less. 15 [0022] In a
second aspect of the nethod of the present invention, there is provided a
met hod for manufacturing a plate of the copper alloy which has such a high
strength and superior bending workability§ in which a copper alloy plate is
obtai ned by a process including casting, hot rolling, cold rolling,
annealing and cold rolling, wherein the 20 tenperature upon the conpletion
of hot rolling is set at 550C to 850C, the subsequent cold rolling rate is

set at 70 tanB8%%, bhegeiantdieas iofighertatadl dontehe csubesqudaneanseal ing i s set
at 50C/ s or greater, the nean cooling rate following the annealing is set

at 100C/ s oot er it adebirable ehdt tiok ldoRdeh 8be H TH)ELis Bhs aausst Phi,
cold rolling is Set in the range of 25 10 to 30% 9 EFFECT OF THE

| NVENTI ON [ 0928 A piay,eayi 8ft ¢, ofiol "eopriasent, i Guei4 o8, SBi Nate, t Be and
strength of 'Cu-Fe-’P al’l oys i’'s inmproved by further adding’My to form

O M P e mid¥ SUSEDSt T ICmadsoAlrl 88 ifiPletnl 16t ¥HEdo A Lot 8Y-

the strength 1s 1 nprove but the bendi ng wor ty i s cause

deteriofate. I rder to inprove the strength of a Cu-My-P-Fe all oy,
it is Oéeffeéﬁle\g/g%?%mﬁgﬁ% the size of the precipitates containing My very

10 necesdB9FHhar trirETESL ARPUG St fle PAIGERT MR Hiesefl iV iORE Ml | ¢

Tost of 't he SCREYHET 4 Hetnog L8haanbiAr UG S aats off FHE (SRPRSF e X

'n actuall tyvbh{r:%si]a%f s&gﬁ a high strength and superior bending workability, in
which a copper alloy plate is obtained by casting, hot rolling, cold

10 rolling and annealing, wherein the required time from the completion of
the addition of the alloying elements in a melting furnace to the
initiation of casting is set at 1200 seconds or less, and wherein the
required time from the ejection of a ingot from the heating furnace to
the completion of hot rolling is set at 1200 seconds or less.

15 [6022] In a second aspect of the method of the present invention,
there is provided a method for manufacturing a plate of the copper alloy
which has such a high strength and superior bending workability, in
which a copper alloy plate is obtained by a process including casting,
hot rolling, cold rolling, annealing and cold rolling, wherein the

20 temperature upon the completion of hot rolling is set at 550°C to 850°C,
the subsequent cold rolling rate is set at 70 to 98%, the mean heating
rate in the subsequent annealing is set at 50°C/s or greater, the mean
cooling rate following the annealing is set at 100°C/s or greater, and the

cold rolling rate in the subsequent final cold rolling is set in the range of

25 10 to 30%.



My is contained in oxides and crystal deposits produced during 15

di ssolution and casting, and in coarse deposits produced fromthe even
heating of the ingot to hot rolling. [0026] These coarse My oxi des and
precipitates, i.e., coarse My conpounds, not only do not contribute to an
i nprovenent in strength, but constitute starting points for failure, and
cause a drop in the 20 bending workability. On the other hand, fine My
conpounds which have a snall size (particle dianmeter) contribute to an

i nprovenent in strength, and do not cause any drop in bending workability.
[ 0027] Accordingly, in the present invention, fine oxides and precipitates
containing My (My conpounds), which are effective in 25 inproving the
strength, are caused to remain in |arge amounts in 10 accordance with the

anount of adgefpiMr OWreEiRVRRErioNthe alloy). At the sanme tinme, the
quantity of omges and precipitates (Mg conpounds) containing coarse My is
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size: nanely, in ) o o
effective to make the size of the precipitates containing Mg very fine,

and to deposit large amounts of this substance. For this reason, it is
10 necessary that the amount 'of Mg dissolved in the Cu matrix as a solid
solution prior to annealing be large.
[0025] However, in Cu-Mg-P-Fe alloys, most of the added Mg is not
dissolved in solid solution in the Cu matrix. In actuality, most of the
Mg is contained in oxides and crystal deposits produced during
15 dissolution and casting, and in coarse deposits produced from the even
heating of the ingot to hot rolling.
[0026] These coarse Mg oxides and precipitates, i.e., coarse Mg
compounds, not only do not contribute to an improvement in strength,
but constitute starting points for failure, and cause a drop in the
20 bending workability. On the other hand, fine Mg compounds which
have a small size (particle diameter} contribute to an improvement in
strength, and do not cause any drop in bending workability.
[0027] Accordingly, in the present invention, fine oxides and
precipitates containing Mg (Mg compounds), which are effective in

25 improving the strength, are caused to remain in large amounts in



15 the abovenentioned crystal orientation analysis nethod in which a

el ectron back scattering pattern systemis nounted on an field em ssion
scanni ng el ectron mcroscope, the nean grain size nentioned belowis 6.5 m
or less, and the standard deviation of the nean grain size nentioned bel ow
is 1.5 mor less. As a result, in the present 20 invention, a copper alloy
in which a high strength and superior bedding workability are present in a
wel | - bal ance manner can be obtai ned. BEST MODE FOR CARRYI NG OUT THE

| NVENTI ON [ 0030] " 25 <FI RST EMBODI MENT> 11 [0031] (Conposition of Copper
Alloy) First, the chem cal conposition in the Cu-My-P-Fe alloy of the

present invepidopahbatwith m@carhguﬁ@tdfséadé@eMﬁepﬂgrmﬁﬁ¢d dn the alfby).
necessary strength and conductivity, and for the high bending workability

and ant| - st rgssie! sxaid ofinfanagt Q{)dfﬁiﬂi@s feeseridsn ehmo 8§g¢}si;ﬁt§tes (Mg

applications described above, w e descri bed below [ I n the present

nvention, | Qribdahdsp RHthiNReAcMe Sy K eblierollldoCONGHAN Mol A dhdi oh

bendi ng work rty, asic conpositio ich conprises a copper

S PSR e’ A H b st

mass of P, aii _ _ y | he remnai nder Conpri si
Gescri pat onevareAtEPy B sOBH bdfeBRe o ™ Guocr' piTons of - percent ages
are 5202 o i AR Shuet B s SRR g el
descri bed beallcfm’hg Mg of a Cu-Fe-P alloy, and, in order to prevent a deterioration in
the bending workability, the crystal grains of the copper alloy
composition are made finer, and the variation in the individual grain
10 size values is suppressed. Specifically, coarse crystal grains are
excluded from the copper alloy composition, and the individual grain
size values are made as uniformly fine as possible.
[0029] The following is set as a measure or standard for this
reduction in the grain size and variation in the grain size: namely, in
15 the abovementioned crystal orientation analysis method in which a
electron back scattering pattern system is mounted on an field emission
scanning electron microscope, the mean grain size mentioned below is
6.5 um or less, and the standard deviation of the mean grain size
mentioned below is 1.5 pm or less. As a result, in the present

20 invention, a copper alloy in which a high strength and superior bending

workability are present in a well-balance manner can be obtained.

BEST MODE FOR CARRYING OUT THE INVENTION
[0030]

25 <FIRST EMBODIMENT>



Furthernore, other inpurity elenents nmay al so be contained in ranges that
have no del eterious effect on the characteristics of the alloy. [0034] 20
(Fe) Fe fornms fine deposits of the Fe-P type or the like, and is an el enent
that is necessary in order to inprove the strength and conductivity. In the
case of a content of less than 0.01% the fine precipitated particles are

I nsufficient; accordingly, in order to ndrifest the effects described 25
above in an effective manner, a content of 0.01%or greater is necessary. 12
However, if the content exceeds 1.0% this may |lead to a coarsening of the
precipitated particles, so that the strength and bending workability drop.
Accordingly{onmq]Fe content is set in the range of 0.01 to 1.0% [0035] 5
(P) I'n addition to having a de-acidifying effect, P forns fine deposits

with My and E%m Sitioh @pchggpmlld)}juat I's necessary in order to inprove the
strength an con uct|V|ty of "the copper alloy. In the case of a content of

hocordingly, s Linshe thefEnBRACP cothBOsRRl el BAeSCh A, PR WhibyeRt ’ﬂ%%i s
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0.4% [ 0036]w01(k|\§3i1ity and anti-stress relaxation characteristics needed in the
various applications described above, will be described below.

[0032] In the present invention, in order to achieve a high strength,

high conductivity and high bending workability, a basic composition is

10 set which comprises a copper alloy respectively containing 0.01 to 1.0%
by mass of Fe, 0.01 to 0.4% by mass of P, and 0.1 to 1.0% by mass of
Mg, with the remainder comprising copper and unavoidable impurities.
Furthermore, in the following descriptions of the respective elements, all
descriptions of percentages are based on mass%.

15 [0033] In this basic composition, Ni or Co, or both, and Zn or Sn or
both, may also be contained in the alloy in the ranges described below.
Furthermore, other impurity elements may also be contained in ranges
that have no deleterious effect on the characteristics of the alloy.

[0034]

20 (Fe)

Fe forms fine deposits of the Fe-P type or the like, and is an element
that is necessary in order to itmprove the strength and conductivity. In
the case of a content of less than 0.01%, the fine precipitated particles

are insufficient; accordingly, in order to manifest the effects described

25 above in an effective manner, a content of 0.01% or greater is necessary.



My fornms fine deposits with P, and is an elenent that is necessary in order
to inprove the strength and conductivity. In the case of a 20 content of

| ess than 0.1% the fine precipitated particles of the present invention
are insufficient; accordingly, a content of 1.0%or greater is required in
order to manifest the abovenentioned effects in an effective manner.
However, if this content exceeds 1.0% tH& precipitated particles are
coarsened, and formstarting points for failure, so that not 25 only the
strength but al so the bending workability drops. Accordingly, 13 the My
content is set in the range of 0.1 to 1.0% [0037] (N, Co) The copper

al l oy may aliggweeat,af Aheiddietenii ex@ecds, 1.00polhiy maly 1dhel (6 4 abarednidgldft o
1.0% Like My, N and Co are dispersed in the copper alloy as fine

particles oftneNyrechiitated phirticled), -doftiht0fhd Rerdridi® aARIbEARIYY Horldddilit
strength andt co I;‘Jleuc ivi%y%lgont’ent of 0.01% oré%gr eat er isr@r/eqoui reé liy}\
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particles, 5[9 t not only the strength but also the bending workability
drops. Accortdingly, the content of Ni or Co, or both when these elenents
are selgctively included is set in the range of 0.01 to 1.0% [0038] 15
(Zn) Th coﬂg r alloy may further contain Zn or Sn, or both. Zn is used to

oL, el oot o Pt T TRNANE e e PABLL 1B PSS e
with Mg and Fe, and is an element that is necessary in order to improve
the strength and conductivity of the copper alloy. In the case of a
content of less than 0.01%, the fine precipitated particles are
10 insufficient; accoz_"dingly, a content of 0.01% or greater is necessary.
However, if this content exceeds 0.4%, the amount of Mg residue shows
an excessive increase along with an increase in coarse Mg-P
precipitated particles; consequently, the strength and bending
workability drop, and there is also a drop in hot workability.
15 Accordingly, the P content is set in the range of 0.01 to 0.4%.
[0036]
(Mg)
Mg forms fine deposits with P, and is an element that is necessary
in order to improve the strength and conductivity. In the case of a
20 content of less than 0.1%, the fine precipitated particles of the present
invention are insufficient; accordingly, a content of 1.0% or greater is
required in order to manifest the abovementioned effects in an effective
manner. However, if this content exceeds 1.0%, the precipitated
particles are coarsened, and form starting points for failure, so that not

25 only the strength but also the bending workability drops. Accordingly,



thermal peeling. In order to manifest such an effect in an effective 20
manner, it is desirable that the content be 0.005% or greater. However, if
this content is excessive, not only does this cause a deterioration in the
fl ow spreadi ng characteristics of the nolten Sn and sol der, but there is
also a great resulting drop in the conductivity. Accordingly, considering
the effect of Zn in inproving the resistdrice to thermal 25 peeling and the
effect in lowering the conductivity, this elenent is 14 selectively
included in the range of 0.005 to 3.0 nass% preferably 0.005 to 1.5 mass%
[0039] (Sn) 5 Sn is dissolved in solid solution in the copper alloy, and

contributes @ iy ddMEAYSERBE ih thEh@nger 8M@tihto how. der to manifest such an
effect in an ef ective manner, it is desirable that the content be 0.01% or

greater. vp(?'a if this content is excessive, this effect reaches
saturation, he conductivity is caused to drop greatly. Accordingly, 10
consi deri ng Nhe ghrengt h i nproving effect and conductivity |owering effect
of Sn, this elerre is selectively included at the rate of 0.01 to 5.0

g?zsrtz)nt gr g]; gr gat?{%aqq% ﬁ%ﬁ??trlﬂgg zﬁ’so &?AT e5| r a 1%@@2{3@ P(jeO%hQ@Et enft s of
heso'of ek, s 551 . ORI AR A T T Y BhoTEBRE =P
crysiale O SRRRhaRie AOHORERRR Ghe b t%e B ik Ao RSN
the strength and conductivity. A content of 0.01% or greater is
required in order to manifest these effects in an effective manner.
However, if the content exceeds 1.0%, this leads to a coarsening of the
10 precipitated particles, so that not only the strength but also the bending
workability drops. Accordingly, the content of Ni or Co, or both when
these elements are selectively included is set in the range of 0.01 to
1.0%.
[0038]
15 (Zn)
The copper alloy may further contain Zn or Sn, or both. Zn is used
to join electronic parts; Sn improves the thermal peeling resistance of
plating and solder, and is an element that is effective in controlling
thermal peeling. In order to manifest such an effect in an effective
20 manner, it is desirable that the content be 0.005% or greater. However,
if this content is excessive, not only does this cause a deterioration in
the flow spreading characteristics of the molten Sn and solder, but
there is also a great resulting drop in the conductivity. Accordingly,
considering the effect of Zn in improving the resistance to thermal

25 peeling and the effect in lowering the conductivity, this element is



20 these elenents be as snmall as possible, i.e., 0.5 mass%or less. In
addition, elenents such as B, C, Na, S, Ca, As, Se, Cd, In, Sh, Pb, Bi, M
(m schretal) and the |like which are contained in the copper alloy in trace
amounts also tend to | ower the conductivity; accordingly, it is desirable
that the total anmount of these elenents be kept to a mnimal 25 content of
0.1 mass%or less. 15 1In nore concrete tlefns, it is desirable that (1) the
contents of Wwh, Ca, Zr, Ag, O, Cd, Be, Ti, Co, Ni, Au and Pt be kept to 1.0
mass%or less in terns of the total amount of these el emsnts and that (2)-
the contents of Hf, Th, Li, Na, K Sr, Pd, W S Si, C Nb, .V, Y, Nb

Pb, In, 5 Gaselgavéiﬁirﬁqudﬁﬁ’ i etheB raRkeMof ahIBkRliobS &%tas%%, %ef@rﬁ%

less internms 0O e total amount of these elenents. [0041] Cbnpounds)
In the pres n was described above, a copper aIon 10 which
has a high g?pgﬁb(ﬁT EP%%DEFIOF bendi ng workability in a good balance is
obt ai ned by ng Iarge anounts of fine My conpounds which are effective
in inprovindaqéyktrength to be present in |arge anmounts, and controlling

t he amounts Qf .coarse My conpounds to small anmpbunts. 15 [0042] Accordingly,
it is neceségp9 to stipulate, as M5 conpounds having a specific size in the

structu e of co | 1 o not on its but also oxi des. a

crystal deposi tgﬁ S?ﬂ]g’efi 5%1“&305%@0“&50% SOBPCE HEQ¥> %/gﬁlpﬁ%gébu?es
However, the sizes of the oxjdes andrﬁ emﬁ:tat es present in these copg
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nanoneters (several 0.01 mlength
in an effective manner, it is desirable that the content be 0.01% or

greater. However, if this content is excessive, this effect reaches
saturation, and the conductivity is caused to drop greatly. Accordingly,

10 considering the strength improving effect and conductivity lowering
effect of Sn, this element is selectively included at the rate of 0.01 to 5.0
mass%, preferably 0.01 to 1.0 mass%.

[0040]
(Other Elements)

15 Other elements are basically impurities, and it is desirable that the
contents of these elements be as small as possible. For example,
impurity elements such as Al, Cr, Ti, Be, V, Nb, Mo, W and the like tend
to produce coarse crystals or deposits, and also tend to lower the
conductivity. Accordingly, it is desirable that the total contents of

20 these elements be as small as possible, i.e., 0.5 mass% or less. In
addition, elements such as B, C, Na, S, Ca, As, Se, Cd, In, Sb, Pb, Bi,
MM {mischmetal) and the like which are contained in the copper alloy in
trace amounts also tend to lower the conductivity; accordingly, it is
desirable that the total amount of these elements be kept to a minimal

25 content of 0.1 mass% or less.



units) to several microns. Accordingly, it is extrenely difficult to
identify and stipul ate these nunerous types of My conpounds directly.

[ 0043] Consequently, in the present invention, the amount of Mg contained
in a coarse extracted residue (including coarse My deposits, 25 My oxi des
and My crystal deposits) equal to or greater than a fixed size 16 extracted
and separated by the extracted residue ngtdhhod described below is stipulated
as the anmount of My used (consumed) in coarse My conpounds. Then, the ratio
of the amobunt of My in this coarse extracted residue to the My content in

t he copper alloy (ambunt of My 5 contained as an alloy; hereafter also

referred to as {densad bodcMie PRI S dSsifghRr fRfedt) 8dcbRténfabl MhS
stipulated as the ratio of My used (consuned) in coarse My conpounds to the

al | oy My cor@gngrhgg)%ﬂ chus ,Zit‘iggi‘(?; Nii,”Ahhﬁngr%%t kiésPY B 9 mhE&iCor

coarse My conpou _ aré stipu ed as conpounds exceeding 0.1 mas the size
10 of the ongnlngs,dp hg fid toehl Adiid 6F HIeSErdBRTAS] Wha [BI45) me
Furthernore, ”i'n The present invention, in order to obtaih a copper 'all oy
whi ch has a high str th,a S ' i NG ahi 14;ty, epsl ze of
the My oxi decsong‘ﬁﬂ%%?ﬁﬁp??a?‘g’sﬁﬁnlf‘teﬁée‘l@%dﬁg@pdé’ar?‘r SN §7R); %u%at%’ By It
controlled sqQ that the.ratio.of the.amunt o 5 (desgcri bed | o in the
ext ractad re(gfidg}&’ 1?3?’2%&’[‘?’ B %dmcqygﬁgqlgﬁgé(eg& Y @I# {RASY i 35S
openi ng si ze of 0.1ﬂgu§% the extra tgqh resj due net hod described below to
the My cont Rt et Bﬁ@faQ@?BQ 04 thEBREHMERES . | n cases where the
anount of Na idescribed below) in the extracted residue to the My content
in the all oy eds 60% the coarse 20 oxides and precipitates of M
(coarse My compounds) in the structure are increased, so that not only is

t he strengt HM®ECompP@Rds) but the

In the present invention, as was described above, a copper alloy

10 which has a high strength and a superior bending workability in a good
balance is obtained by causing large amounts of fine Mg compounds
which aré effective in improving the strength to be present in large
amounts, and controlling the amounts of coarse Mg compounds to
small amounts.

15 [0042] Accordingly, it is necessary to stipulate, as MG compounds
having a specific size in the structure of copper alloy, not only Mg
deposits but also Mg oxides and crystal deposits, and the ratios of the
amounts of these compounds. However, the sizes of the oxides and
precipitates present in these copper alloys include various sizes ranging

20 from the level of several tens of nanometers (several 0.01 um length
units) to several microns. Accordingly, it is extremely difficult to
identify and stipulate these numerous types of Mg compounds directly.
[0043] Consequently, in the present invention, the amount of Mg
contained in a coarse extracted residue {including coérse Mg deposits,

25 Mg oxides and Mg crystal deposits) equal to or greater than a fixed size



bendi ng workability is also |lowered. [0046] (Extracted residue Method) 25
Here, the extraction and separation nethod used for the oxides and 17
precipitates containing My in the copper alloy will be described. The
property of dissolving in amonia in the presence of oxygen shown by the
copper constituting the matrix of the copper alloy is utilized in order to
di ssolve only the copper and solid-solutilgh el enents (matrix) in the 5
copper alloy, and in order to extract and separate the precipitates and

oxi des present in the copper alloy w thout dissolving and | osing these
substances. It is desirable to use an al cohol solution of amonium acetate

as the di ssodxtiradtestiolatid Kepasated My tihes eRtFnaeg. ré&ggudesnétidd deserahé@hol
solution of ammoniumnitrate may al'so be used; in the 10 present invention,

however, an QN Of i i H i tain
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[0044] Furthermore, in the present invention, these coarse Mg
compounds are stipulated as compounds exceeding 0.1 um as the size
10 of the openings in the filtration filter described below.
[0045] Furthermore, in the present invention, in order to obtain a
copper alloy which has a high strength and a superior bending
workability, the size of the Mg oxides and precipitates in the copper
alloy is stipulated and controlled sc that the ratio of the amount of Mg
15 (described below} in the extracted residue that is extracted and
separated on a filter with an opening size of 0.1 pm by the extracted
residue method described below to the Mg content in the copper alloy is
60% or less. In cases where the amount of Mg (described below) in the
extracted residue to the Mg content in the alloy exceeds 60%, the coarse
20 oxides and precipitates of Mg (coarse Mg compounds) in the structure
are increased, so that not only is the strength not improved, but the
bending workability is also lowered.
[0046]
(Extracted residue Method)

25 Here, the extraction and separation method used for the oxides and



the copper alloy is subjected to suction filtration using a polycarbonate
menbrane filter (opening size: 0.1 m, and the residue remaining on 25 the
filter as undissolved matter is recovered. 18 [0048] (Amunt of
Abovenentioned My in Extracted residue) The extracted residue of the

undi ssol ved matter on the abovenentioned filter thus recovered is dissolved
by neans of a solution 5 in which aqua regia and water are mxed at a 1 to
1l ratio ("aqua regia 1 + 1" solution); then, the abovenentioned anount of M
is determ ned by analysis using ICP (inductively coupled plasm) em ssion
spectroscopy. [0049] (Manufacturing Conditions) 10 Next, desirable

manuf act ur i nNereedhightds0BentAhig®MEr i MHetdsppat sy Wl He deectidirle! Bhé Oy
into the abovenentioned structure stipulated by the present invention wll

be descri bed, eV of MEsSORRYS in 3lheNorfa HDQhB!BRRBhckWYERky&h ishdwai gl | Y
a copper all'oy plate; stripsin which such a plate is slit"in the |ateral
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of casting Issut:}Lsztggcgg.CO?td?s %’eslhga%ﬁ’e tz%)n%s%heeln alcohol solution of ammonium

acetate as the dissolving solution used for this purpose. Besides this,
an alcohol solution of ammonium nitrate may also be used; in the
10 present invention, however, an alcohol solution of ammonium acetate is
used in order to obtain reproducibility in the measurements.
[0047] In concrete terms, the extracted residue is recovered by the
following procedure using the following extraction-separation solution
in the present invention. Specifically, 300 ml of a methanol sclution of
15 ammonium acetate (extraction-separation solution} in which the
ammonium acetate concentration in the solution is 10 mass% is
prepared, and 10 g of the copper alloy test sample is immersed in this
solution. Then, constant-current electrolysis is performed at a current
density of 10 mA/cm? using the copper alloy test sample as the anode,
20 and using platinum as the cathode. In this case, after the matrix is
dissolved while observing the dissolved state of the copper alloy test
sample, the extraction-separation solution following the dissolution of
the copper alloy is subjected to suction filtration using a polycarbonate
membrane filter (opening size: 0.1 um), and the residue remaining on

25 the filter as undissolved matter is recovered.



required tine fromthe ejection of the ingot fromthe ingot heating 25
furnace to the conpletion of hot rolling is 1200 seconds or less. 19 [0051]
In a general manufacturing process, a final (product) plate is obtained by
the casting of a copper alloy nelt adjusted to a specified conposition,

pl aning of the ingot, soaking, hot rolling and repeated cold rolling and
anneal ing. Furthernore, the control of nmdd¢hanical 5 characteristics such as
the strength level and the like is acconplished mainly by controlling the
deposition of fine products having a size of 0.01 mor |less in accordance
with the cold rolling conditions and annealing conditions. In this case,
the diffusi qooag)al | oying el ements such as My and the |like into

wel | -di spersed internetal lic conmpounds 10 stabilizes the amount of My and

the Iike in G(% Phadn 6 oF WHovendstiGHed Mg ¢h Eithgc{emﬁeﬁagépct that is
precipitate [0052] However, in such general manufacturing processes, even

if large anoun of % n f r e pitate
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(Manufacturing Conditions)

10 Next, desirable manufacturing conditions for converting the
structure of the copper alloy into the abovementioned structure
stipulated by the present invention will be described below. The copper
alloy of the present invention is basically a copper alloy plate; strips in
which such a plate is slit in the lateral direction, and configurations in

15 which such plate strips are rolled into a coil, are also included in the
scope of the copper alloy of the present invention.

[0050] An optimal manufacturing method for manufacturing copper
alloy plates which have a high strength and superior bending
workability in the present invention is a method which is devised so

20 that when a copper alloy plate is obtained by the casting, hot rolling,
cold rolling and annealing of a copper alloy, the required time from the
completion of the addition of the alloying elements in the melting
furnace to the initiation of casting is 1200 seconds or less, and the
required time from the ejection of the ingot from the ingot heating

25 furnace to the completion of hot rolling is 1200 seconds or less.



25 these coarse products,

products that are independently present in the matrix. Accordingly, in
case of the abovenentioned general manufacturing nethod, a sufficient
strength and superior bending workability cannot be obtained in proport
to the large amount of Mg that is added. 5 [0054] Consequently, in the
invention, coarse My conpounds drge suppressed further upstream
t he abovenenti oned manufacturing process. Specifically, in order to
suppress coarse My conpounds in particular, it is inmportant (1) to cont
the time fromthe conpletion of the addition of the alloying el enments

pr esent

the nelt
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‘deposits containing My are suppressed, and these products can be finel
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containing My, it is even nore desirable to perform

10

15

20

25

annealing conditions. In this case, the diffusion of alloying elements
such as Mg and the like into well-dispersed intermetallic compounds
stabilizes the amount of Mg and the like in solid solution and amount of
the fine product that is precipitated.

[0052] However, in such general manufacturing processes, even if
large amounts of the abovementioned fine products are precipitated in
accordance with the cold rolling conditions and annealing conditions
from the hot rolling process on, it is extremely difficult to improve the
strength and bending workability with good balance.

[0053] The reason for this is that most of the added Mg is taken up
in oxides and crystal deposits generated during melting and casting,
and in coarse deposits generated from the soaking of the ingot to the
completion of hot rolling, so that the quantity of fine products that
should be generated in accordance with the amount of Mg added is
unexpectedly small. Furthermore, in cases where there are large
amounts of coarse crystal deposits, the fine products that are
precipitated in the cold rolling and annealing processes are trapped by

these coarse products, so that there is a further decrease in the fine

6 PTOAUSES pdVIngng iggseh

S



21 vacuum nelting and casting, or nelting and casting perfornmed in an

at nosphere having a | ow oxygen partial pressure. [0057] Conventionally, in
order to achieve secure nelting of a matrix alloy such as Cu-P or the |ike
contai ni ng added el enents, and uniform 5 dispersion of the added el enents
in solid solution in the nelt, and al so because of the need for re-analysis
followng the followup addition of raw2gmterials, a tine of approxi mately
1500 seconds or greater to the initiation of casting has been required.
However, it has been found that if such an anbunt of tine is taken until
the initiation of casting, 10 the production/coarsening of oxides containing

My is accel fgfée&g?tsfﬂgat wiﬂdcj%&dgntgﬂgﬁés&h@m&é rhétﬂiﬁ)"’??\%@or&lﬁ%ﬁgleiﬁ”
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of the time until castin an be achi eved redi cting the conposition
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generated for the ingot that is extracted fromthe heating furnace
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order to manufacture the 22 o
compounds in particular, it is important (1) to control the time from the

completion of the addition of the alloying elements in the melting
10 furnace to the initiation of casting, and (2) to control the time from the
ejection of the ingot from the heating furnace to the completion of hot
rolling.
[0055] First of all, the melting/casting process itseif can be
accomplished using an ordinary method such as continuous casting,
15 semi-continuous casting or the like. However, in the abovementioned
(1) control of the time from the completion of the addition of the alloying
elements in the melting furnace to the initiation of casting, it is
desirable that the casting be performed within 1200 seconds, preferably
1100 seconds, from the time that the addition of the elements in the
20 melting furnace is completed, and that the cooling/solidification rate be
set at 0.1°C/sec or greater, preferably 0.2°C/sec or greater.
{0056] As a result, the production and growth/coarsening of oxides
and crystal deposits containing Mg are suppressed, and these products
can be finely dispersed. From the standpoint of suppressing the

25 production of oxides containing Mg, it is even more desirable to perform



copper ingot of the present invention in which the coarsening of My
conpounds i s suppressed, it is recomended to control the time from the
abovenentioned nelting to the initiation of casting, and the cooling/
solidification rate, and to control the required tine (overall 5 el apsed
time) fromthe point in time at which the ingot is extracted from the
heating furnace to the conpletion of hot 2rfiolling to 1200 seconds or |ess,
preferably 1100 seconds or |ess. [0060] Conventionally, such control of the
time fromthe ejection of the ingot fromthe heating furnace to the

conpl etion of hot rolling has 10 not been investigated, and a tine

exceedi ng 15%m0ﬁvétihgsaﬁan@é§dihg beemctang uakd &ystife pedosped! iPfah he
ingot fromthe heating furnace to he hot ro ling line, and | engthening of

o ovi ng. P a2t Tt “such a T ong ti e
preci pi tat od B Tng v ERETRE, el AchRE AU IBAINE IF At ne
et e, 11 A sdanses e HF B RS B A EAAE BICRES B8 Rl °°
atrength andHSBRETHG i BARF Oy SARB S A e (Tl LoReirh Ghe TRk &R PSP al so
0 b0t TRERAFALSF o baofbilofng e ETEE g RO or
solid-solution My and solid-solution P, coarsening of the My conpounds 25

and the |ikdaw peatesials, AcHinG o4 anproximgicln o esecanlorrigeatagde Mom 23

the heating furnace to the conpletion of hot rolling is deli beratelty
initiation of casting has been required. However, it has been found

that if such an amount of time is taken until the initiation of casting,
10 the production/coarsening of oxides containing Mg is accelerated, and
the yield of added elements is lowered.
[0058] In the manufacture of the copper alloy of the present
invention, in order to avoid the production and coarsening of such
oiides containing Mg, the required time from the completion of the
15 addition of the alloying elements in the melting furnace to the initiation
of casting is shortened to 1200 seconds or less, preferably 1100 seconds
or less. Such a shortening of the time until casting can be achieved by -
predicting the composition following the follow-up addition of raw
materials on the basis of past records of alloy melting, shortening the
20 required time for re-analysis and the like.
[0059] Next, in the abovementioned (2) control of the time from the
ejection of the ingot from the heating furnace to the completion of hot
rolling, a waiting time to the initiation of hot rolling is generated for the
ingot that is extracted from the heating furnace following the heating of

25 the case ingot in this furnace. However, in order to manufacture the



controlled to 1200 seconds or |ess as described above. Such tine control
can be acconplished by quickly transporting the ingot fromthe heating
furnace to the hot rolling line, avoiding the use of large slabs 5 that
cause a |l engthening of the hot rolling tinme, and using snmall slabs instead.
[0062] In regard to hot rolling, ordinary nethods nmay be used; the entry
side tenperature of hot rolling is set aZapproximately 100 to 600C, and

t he tenperature upon conpletion of hot rolling is set at 10 approxi mately
600 to 850C. Subsequently, cold rolling and annealing are perfornmed, so
that a copper alloy plate or the |like having the product plate thickness is

formed. The i I i h t [ H iyt h
the Tinal | (prohpeh TREGEDE thel Bredr iyiion O WA e R RERIAg e ME

SR SO M gl AN b Sy B
char act er sttt AR RRYE: Fafhtde” EuhE FurialioH 36" WaRinsbl s okl « ne
e e o B o 80T SHBh oEri BRE Y Ty
o - ot | nuUBEBSEASTRRLIror B FRUBRANTHITIE B PEIGh (READERE dR SSLEIIoEORD
x width of 200 nm x length of 500 mm After t surfaces of 24 the
respective itgohsatipgdwinasedoathe remrigtiop a{] Bet wpiling to vt 200 6660BKls 9B mm
e o e s oreferably T100 Seconds or lebs. o0 o€ FaPHAlY
[0060] Conventionally, such control of the time from the ejection of
the ingot from the heating furnace to the completion of hot rolling has
10 not been investigated, and a time exceeding 1500 seconds has generally
been consumed by the transport of the ingot from the heating furnace
to the hot rolling line, and lengthening of the hot rolling time
accompanying an increase in the slab size aimed at improving
productivity. However, it has been found that if such a long time is
15 taken, coarse Mg type deposits such as Mg-P and the like are
precipitated during this time, and that Mg and P are precipitated with
the crystal deposits and oxides generated during melting and casting
acting as nuclei. If such coarse Mg-P precipitated particles are
increased, the amount of Mg residue also shows an excessive increase,
20 so that the strength and bending workability drop, and so that the hot
workability also drops.
[0061] In the manufacture of the alloy of the present invention, in
order to avoid effects such as the abovementioned decrease in

solid-solution Mg and solid-solution P, coarsening of the Mg compounds

25 and the like, the total required time from the ejection of the ingot from



cooled in water froma tenperature of 650C or greater. Next, after the

oxi dation scale was renoved, primary cold rolling (internediate 5

el ongati on) was performed. Follow ng the planing of these plates, primry
anneal i ng was perforned, and cold rolling was then perforned. Next, after
secondary annealing and final cold rolling were perforned, |owtenperature
stress renoval annealing was performed, tA3gis producing copper alloy plate
with a thickness of approximately 0.2 mm 10 [0065] In this case, the state
of the My conpounds in the structure was controlled by varying the required
time fromthe conpletion of the addition of the alloying elenents in the

el ting fur nage déuidie fthblce! lOMhelcoipldih (sieHst! bomiras iShacligratay

time to the initiationh of casting in e 1), the cooling an

Comer at ure. CUHEBHIELHE PE0G Secdills 1P 10 i Belpribdl AbouEx" [ 8aeh fime
re uiredti;refro ej j . i . i-, cg to
Che i it at R RaR e pRehilidled B RSy tEARRAing R o} dFRCES
initiation of hot rolling.n, Table 1),,.as shown in,.Tabl.e 1. [ 0066

Fur t her mor e?h‘?*?'nt”_f‘%_ ur Bgﬁg_ctpi the iﬁ(ﬁo@llagsﬁwbéﬂofq{ngah% L?e[ ogga%gﬁa.slabs

o 20 BT oS G o KR RRBUE gbabF Baro RnEBre 1 A5d g sEALE STIh of
A, Cr, Ti,ri'FBI%@ff?;/@ Nb, Mo and Wwas 0.1 mass% or |ess. Furthernore, the
total conte | enents such as B, C Na, S, Ca, As, Se, Cd, In, Sb, Pb,
Bi, MM (m schnetal) and theul i ke was also 25 0.1 mass% or |ess. Furthernore,

in the cont Q062 tHa regagdcta het apllingepedinaryhmpihpds Taeyebe used; the
indicates a content that is below the detection |limt. [0067] 10 g test

sanpl es for @axryasidedtempedabinee af hehwollingris set at approximately 100 to

600°C, and the temperature upon completion of hot roiling is set at
10 approximately 600 to 850°C. Subsequently, cold rolling and annealing
are performed, so that a copper alloy plate or the like having the
product plate thickness is formed. The annealing and cold rolling may
be repeated in accordance with the final (product) plate thickness.
[0063]
15 FIRST EXAMPLES
Examples of the present invention will be described below. Various
types of copper alloy thin plates comprising Cu-Mg-P-Fe alloys in which
the states of Mg compounds in the structure were diflferent were
manufactured, and characteristics such as the strength, conductivity,
20 bendability and the like were evaluated.
[0064] In concrete terms, copper alloys having the respective
chemical compositions shown in Table 1 were respectively
manufactured using a coreless furnace; then, ingots were manufactured
by semi-continuous casting, thus producing ingots with a thickness of

25 70 mm x width of 200 mm x length of 500 mm. After the surfaces of



collected fromthe respective copper alloy plates thus obtained, and the 5
anount of My contained in the extracted residue extracted and separated by
nmeans of a nesh with an opening size of 0.1 u n using the nethod described
above was determ ned by the abovenentioned ICP em ssion spectroscopy

anal ysis method. Then, the ratio (% relative to the My content of the

all oy was determ ned in each case. These 24sults 10 are shown in Table 2.
[0068] Furthernore, for all of the exanples, test sanples were cut out from
t he copper alloy plates obtained, and a tensile test, conductivity

measur enent and bending test were perfornmed. These results are al so shown

in Table 2. g@;;fbﬂt'vg(i § heerbestanddlahRen £, gﬁa&%‘s{vatﬂ BerHieRAkSS of

strength and ess were neasured at omtenperature, a test

Lﬁf \e/e?fsallot gs er usi ngg %%?% ﬁ%uﬁggfrgﬁ&gntgéﬁg?@?e[ @6%8%{}§yp§?id%§tron
measured as FOVFORCRIRERDIn A totBeraiiis STRRD UMbl R e e 6™
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primary annealing was performed, and cold rolling was then performed.
Next, after secondary annealing and final cold rolling were performed,
low-temperature stress removal annealing was performed, thus
producing copper alloy plate with a thickness of approximately 0.2 mm.
10 [0065] In this case, the state of the Mg compounds in the structure
was controlled by varying the required time from the completion of the
addition of the alloying elements in the melting furnace to the initiation
of casting (described as the required time to the initiation of casting in
Table 1), the cooling and solidification rate during casting, the heating
15 furnace extraction temperature, the temperature upon completion of
hot rolling, and the required time from the ejection of the ingot from the
heating furnace to the initiation of hot rolling (described as the required
time to the initiation of hot rolling in Table 1) as shown in Table 1.
[0066] Furthermore, in the respective alloys described in Table 1,
20 the remaining composition besides the amount of elements descried
consisted of Cu. As elements other than those described in Table 1,
the total content of Al, Cr, Ti, Be, V, Nb, Mo and W was 0.1 mass% or
less. Furthermore, the total content of elements such as B, C, Na, S,
Ca, As, Se, Cd, In, Sb, Pb, Bi, MM (mischmetal) and the like was also

25 0.1 mass% or less. Furthermore, in the contents of the respective



5 (Bending Workability Evaluation Test) The bending test of the copper alloy
pl ate sanples was perfornmed according to the technical standard of the
Japan Copper and Brass Association. The plate material was cut to a witch
of 10 nmand a Ilength of 30 nm Good Way bending (with the bending axis 10
perpendicular to the rolling direction) was perforned at a bending radius
of 0.05 mm and the presence or absence d5cracks in the bent portion was
observed visually using a 50x optical mcroscope. Sanples show ng no cracks
were eval uated as 0, and sanples show ng cracks were evaluated as x. 15
[0072] As is clear from Table 1, Exanples 1 through 13 of the present

invention, WajepkerftsesRBRRE N atABS 1W 4-hiiAdidiEeSOAPES e NtHANGE bedbw! BBe
present invention, were manufactured under the foll owi ng desirable

condi ti ons: 3@@&?&1 fihgrrequired tine fromthe conpletion of the addition
of the alloying elenents in the nelting furnace to the 20 initiation of

casting was Wewﬂgs%q%st gs%%%fﬁ%e{cﬁ‘ggk{f&%e&gleis%ﬁé ‘i?l%hgﬁr GG GEEng

casting was ec or rea required tine romthe ejection of
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emission spectroscopy analysis method. Then, the ratio (%) relative to
the Mg content of the alloy was determined in each case. These results

10 are shown in Table 2.
[0068] Furthermore, for all of the examples, test samples were cut
out from the copper alloy plates obtained, and a tensile test,
conductivity measurement and bending test were performed. These
results are also shown in Table 2.

15 [0069]
(Tensile Test)

In the tensile test, the tensile strength and 0.2% yield stress were
measured at room temperature, a test rate of 10.0 mm/min and a GL
value of 50 mm by means of a 5882 type Instron universal tester using

20 JIS No. 13 B test samples.
[o070]
(Measurement of Conductivity)

The conductivity of each copper alloy plate test sample was
measured as follows: namely, a rectangular test sample with a width of

25 10 mm and a length of 300 mm was formed by milling, the electrical



My in the copper alloy. [0074] As a result, Exanples 1 through 13 of the
present invention showed a high strength and high conductivity, i.e., a
yield stress of 400 MPa or greater, and a conductivity of 60% | ACS or
greater, and also 10 showed a superior bending workability. [0075] On the
ot her hand, the copper alloy of Conparative Exanple 14 had an My content
that was |ower than the lower limt of 0.28606 As a result, the anount of M
was too small in spite of the fact that the alloy was nmanufactured under
desirabl e conditions simlar to those of 15 the abovenenti oned exanpl es of
the present invention, and in spite of the fact that the ratio of the
anmount of Myréd)stdifceXWhactBdasgféduesifgt hacdaghrNdbsapar Qy?é Bésidt@nce
abovenenti oned extracted residue nethod to the My content of the alloy was
60% or | ess. pfccondl AoiGtruldtOUsidt Bife PESIBGHVRY Kabis| IchYcBRedUBY! itRE.
the strength was roﬁ? 5%“{0076 “I'n the %opper g??@g %?Sanparathe anpl e
15, the My e X t Hﬂﬁ imt of 1.0% Consequently, the
rati o of th%ﬁgﬁ%gﬁFggggﬁggﬁ%l?ﬁ%yex bg?fed resi due extracted and separat ed
by the abovgiﬁggioned extracted residue nethod to the My content of the
al l oy exceed % in spite of the fact that the alloy was manufactured 25
under desiraple conditions.simlar to those of the abovenentioned 28
exanpl es of &h@“ﬁpﬁgghFﬁpﬁygﬁﬁ? Fwﬁgnh?Fégult, the strength was high, but
t he bendi ng workabi|ity, and conductivity were low. [0077] In regard to the
manuf act uri ng netfoRENHIRE éﬁﬁﬁoé’? the eYPRET adgypRladE | SAM as %@ﬂ%@ned
manuf act ured under desirable conditions, 5 and the ratio of the amunt of

My in the exfeeending,issithGeteshmgal standard eplathe elpPan i GEPREEVRRAENBTransd

extracted residue nethod to the . i
Association. The plate material was cut to a witch of 10 mm and a

length of 30 mm, Good Way bending (with the bending axis

10 perpendicular to the rolling direction) was performed at a bending
radius of 0.05 mm, and the presence or absence of cracks in the bent
portion was observed visually using a 5S0x optical microscope. Samples
showing no cracks were evaluated as O, and samples showing cracks
were evaluated as x.

15 [0072] As is clear from Table 1, Examples 1 through 13 of the
present invention, which are copper alloys within the composition range
of the present invention, were manufactured under the following
desirable conditions: hamely, the required time from the completion of
the addition of the alloying elements in the melting furnace to the

20 initiation of casting was 1000 seconds or less, the cooling/solidification
rate during casting was 0.5°C/sec or greater, and the required time
from the ejection of the ingot from the heating furnace to the initiation
of hot rolling was 1050 seconds or less. Furthermore, the heating
furnace extraction temperature and the temperature upon the

25 completion of hot rolling were both appropriate.



My content of the alloy was 60% or |ess. Nevertheless, since the P content
was | ess than the lower |imt of 0.01% the anmount of P was too small, so

t hat al t hough the bending workability was superior, the 10 strength was

|l ow. [0078] In the copper alloy of Conparative Exanple 17, the P content
exceeded the upper limt of 0.4% Accordingly, along with an increase in
coarse My-P precipitated particles, ther@7as al so an excessive increase in
t he residual anmount of My, so that the strength, bending 15 workability and
conductivity were all low [0079] In the copper alloys of Conparative

Exanpl es 18 through 23, the conpositions of the alloys are within the

sti pul at ed rpme.ﬂ: howavebrdinghe, fifSPR@h¥RsTBNUHAGULH N3 conditd ghesdapar t
fromthe deslrabl’e ranges. In Conparativ% Exanpl es %’i 21 and 22,qﬂt%he

a0 R gpabe skl WA o ol incabbin o 1

el ements in ting c ong.
I n Conparati a . | f QL |

duri ngp casti%@ouﬁs{t {;rgéf |1%\?\Ehe|2%x%§%t)(§fgg %@%g%%géd %%d %ffpgﬁg{%%% ﬁ%g
required ti fromi.he ejection of i.n I t heat.ing flrnace to
the imti at i Shove8ebiofsd GraPeTeiGs MERlod 38 Thciegi et it fior
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extracted residue_ nethod tg the My content of the all oy exceeds 60% As a
result, the Mgty BHyEPPRRG2HE8Kdi ng workability are both | ow. [0081] The
significance of the conposition_and structure of fhe (ﬁopper all oy plates of

the present [0Q%h i orfi$ & resBtlhi BrAgRles ubehreigh 13 of the present invention
showed a high strength and high conductivity, i.e., a yield stress of 400

MPa or greater, and a conductivity of 60% IACS or greater, and also

10 showed a superior bending workability.

[0075] On the other hand, the copper alloy of Comparative Example
14 had an Mg content that was lower than the lower limit of 0.1%. As
a result, the amount of Mg was too small in spite of the fact that the
alloy was manufactured under desirable conditions similar to those of

15 the abovementioned examples of the present invention, and in spite of
the fact that the ratio of the amount of Mg in the extracted residue
extracted and separated by the abovementioned extracted residue
method to the Mg content of the alloy was 60% or less. Accordingly,
although the bending workability was superior, the strength was low.

20 [0076] In the copper alloy of Comparative Example 15, the Mg
content exceeded the upper limit of 1.0%. Consequently, the ratio of
the amount of Mg in the extracted residue extracted and separated by
the abovementjoned extracted residue method to the Mg content of the
alloy exceeded 60% in spite of the fact that the alloy was manufactured

25 under desirable conditions similar to those of the abovementioned
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esirabl e manufacturing conditions for obtaining this 10
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but the bending Workablhty and conduct1v1ty were low.

[0077] In regard to the manufacturing method, the copper alloy of

Comparative Example 16 was manufactured under desirable conditions,

and the ratio of the amount of Mg in the extracted residue extracted
and separated by the abovementioned extracted residue method to the
Mg content of the alloy was 60% or less. Nevertheless, since the P
content was less than the lower limit of 0.01%, the amount of P was too
small, so that although the bending workability was superior, the
strength was low.

[0078] In the copper alloy of Comparative Example 17, the P content
exceeded the upper limit of 0.4%. Accordingly, along with an increase
in coarse Mg-P precipitated particles, there was also an excessive
increase in the residual amount of Mg, so that the strength, bending
workability and conductivity were all low.

[0079] In the copper alloys of Comparative Examples 18 through 23,
the compositions of the alloys are within the stipulated ranges; however,
the respective manufacturing conditions depart from the desirable
ranges. In Comparative Examples 18, 21 and 22, the required time
from the completion of the addition of the alloying elements in the
melting furnace to the initiation of casting is too long. In Comparative
Examples 19, 21 and 23, the cooling/solidification rate during casting
is too slow. In Comparative Examples 20, 22 and 23, the required time

from the ejection of the ingot from the heating furnace to the initiation

of hot rolling is too long.

E

OO0OMOMCNNTLtO Oto
NOmt- mNr t-
000000000
Ln '~cgE ma~ O

. N



~/ CU00OOOOOOOOOOO0O0O00O000O00O0O0O0O0Mt0O'"~~+LOOgOO0O0O
000000000O0D0O0DO0DO0DO0DO0DO NO tOfO(- tOmtOo. TCD40fOCOtOtDtD
NtDtDtp E,p=00_ .-.... .~ 111111l I n-.2121-.-7777 00
Oo0000O0Oo0C66C UdNITITIIplollaooao000000 OQ
vittrtrtrtrrtrriotrrrtrrnir1r 1 Ne66 CLON Oto d wli I 11 |
I I I I=111111110~2z200 o0oENX®dN-~1t-t--cOc-NN--- 1 NNNN
Nt--c-- aMI'""" o000000000O0OO0TrF o0000000O00O00 E=0U UY
oMnn UcOO006600600000co000000O00O0
[0080] Accordingly, in the copper alloys of these comparative

examples, the ratio of the amount of Mg in the extracted residue

extracted and separated by the abovementioned extracted residue

method to the Mg content of the alloy exceeds 60%. As a result, the
5 strength and bending workability are both low.

[0081] The significance of the composition and structure of the

copper alloy plates of the present invention for obtaining a superior

bending workability in addition to a high strength and high conductivity,

and of the desirable manufacturing conditions for obtaining this
10 structure, is supported by the abovementioned results.

[0082]

Tablel
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3 0.19 22 471 450 60 0 4

0. 2% Conduc Banding Extracted Anpbunt of38trength Yield tivity Residue My

Extracted Stress (% ACS)

U Residue (% (MPa)

(MPa)
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2uasaad sol dwex3 ani } eaedwoo 31
2

Pl ate Conposition Alloy Plate Characteristics
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5 0.075 33 445 425 65 0 6 0.12 52 434 415 69 0 7 0.070 30 443 426 65 0 8
0.060 26 461 440 61 0 m9 0.056 24 465 442 60 0 a 10 0.054 23 460 438 64 0
11 0.065 28 453 431 67 0 12 0.062 27 455 434 66 0 13 0.060 26 467 444 62 0O
14 0.002 10 391 370 65 0 15 0.80 67* 430 408 50 X 16 0.018 8 400 377 63 O
E 17 0.17 74 420 400 52 X 18 0.15 65 429 407 65 X 19 0.17 74 420 402 66 X
E 20 0. 16 70 424 405 65 X 0 21 0.18 78 ¥l7 398 66 X 22 0.18 78 416 396 66
X 23 0.19 83 410 392 67 X 33 [0084] Next, Table 3 shows exanples in which
t he amounts of the abovenentioned selectively added el ements and ot her
elements (inpurities) in the copper alloy exceed the abovenenti oned
desirabl e sid ted upper limts. These exanples were all manufactured as
5 copper allby n plates with a thickness of 0.2 nmunder the sane
conditions as in the abovenenti oned Exanple 1 of the present invention



(required tinme to initiation of casting 900 seconds, cooling/ solidification
rate during casting 2C/ sec, heating furnace extraction tenperature 960C,
heati ng upon conpletion of hot rolling 800C, required tinme to 10 initiation
of hot rolling 500 seconds). These copper alloy thin plates were eval uated
for characteristics such as strength, conductivity, bendability and the
like in the same manner as in the exanpl €2 descri bed above. The results
obtained are shown in Table 4. [0085] Exanple 24 of the present invention in
Tabl e 3 corresponds 15 to exanple 1 of the present invention in the
abovenenti oned exanple Tables 1 and 2. The anounts of other elenents
(impurities) of group A and group B shown in Table 3 are indicated nore
concretely. [qug%ﬁin Exanpl e 25 of the present invention, the contents of
Mh, Ca, Zr Cd, Be, Ti, Co, Ni, Au and Pt as elenents of group Ain

20 Table 3 are Pagge- , the
contents of Hf, h, {Li, Na, K, Sr, Pd, S, Si, C No, A, V, Y |M, Pb,
In, Ga, Ge, As,|Sh, |BlllofTé&]atB Gmpbesiiswhiet 4lloas’letefarestegistdgeoup 1B in
Table 3 are SUCP ﬁ gt the tot%“iﬁgnunt f thege eIeTeEts eXceeds Gzl gzss@b
cont ent - Exanplbs 126 Jana 36 ofl & ho. pr cacpbiiHy ﬁt%"‘ﬁa@é‘?ﬁueﬁfge 0
content. [0089]} kn tJé%E“E%anrﬁ@?m? t hr pughe Yoékﬁ1élbW€se i nvgnti on,
the contents of ghe Qo Mg EkiEactee, P fand My @[gmgAtQ'n E e 5 cqnposition
ranges of the prgdgent} i nventi ¢ nd thejsérall pys we é #gﬁ flact ured under
desirabl e cond!t?ons. A«:cordirS‘F?da in these E,qﬁﬁhe; 25 thnough 34 of the
present inventijon,| tHe cSﬁb05|mg@mMMﬁs
(%)
1 0. 066 29 443 424 69 O
2 0. 054 45 435 416 69 O
3 0.19 22 471 450 60 O
4 0. 090 39 136 418 69 O
5 0.075 33 445 425 65 O
i 0.12 52 434 415 69 O
2171 o070 30 113 426 65 O
218] o.060 26 161 | 140 61 O
£l 9| o.0s6 24 165 442 60 O
£110| o0.054 23 460 | 438 64 O
11} 0.065 28 453 131 67 O
121 0.062 27 455 434 66 O
13| 0.060 26 167 444 62 O
14| 0.002 10 391 370 65 O
15 0.80 67 430 108 50 X
8| 16] 0.018 8 400 377 63 O
E 17 0.17 74 420 400 52 X
f 18 0.15 65 129 407 65 X
38| o017 74 120 [ 402 66 X
8120 0.16 70 424 | 405 65 X
Sl21] o0.18 78 47 398 66 X
22 0.18 78 416 396 66 X
23 0.19 83 410 392 67 X




controlled so that the ratio of the amount of My in the extracted residue
extracted and separated by the abovenenti oned extracted residue 10 nethod to
the My content of the alloy was 60% or |ess, thus reducing the size of the
oxi des and precipitates of My in the copper alloy. [0090] As a result, in
Exanpl es 25 through 30 of the present invention, a high strength is

bal anced with a high conductivity, i.e., 33 vyield stress of 400 MPa or
greater, and a conductivity of 60%1ACS or 15 greater, or a yield stress of
450 MPa or greater, and a conductivity of 55% 1 ACS or greater; furthernore,
t he bending workability is superior. However, since the contents of the

ot her el eneroosa] grmtATMegi@%@wsBeﬁaﬁnﬂleghm Wechottit elrhyirhys icf 1o
conpared to that “of Exanple 24 of the present invention (corresponding to

Exanpl e 1 ofgfiRnRéee8Atd Z:Qelééﬁ\?«‘é]%r' oadied TakkRfenksangng) - ot[lfeQ91E1ements
Conpar ati ve Exanples 31 and 32 contain Zn and Sn in excess of the

respective ghh@ﬁ'r&‘ié’gg HPRA hek?ﬂ“’ ajidrgrxetets}eé@d %@%tﬁ)fybﬁ?ent%ﬁgﬂl és1§&R?é1d 32

as wel |, nt e nts Fe are W|t

i f I
AR NI, 0 Lot %ﬁfgr%h W
Ex 31 32 { t t hat_t t t
coarml o5 Ngc%?)rp%%ﬂg&fmfﬁ@ﬁ%%'s?ﬁﬂ“ﬁsg}&?ﬁﬁs%gameﬁ?ngaara%%fer}i;at ookl 11
Uy AR e R SR P

t he oxides gnd pr i tates .of. n the er al
Conpar ati ve (¥ ‘E é‘%ﬁltoalﬁ'éltlé og aﬁcgﬁ%n@qq}%g{&oguﬁhsepp&
bendi ng wor kab|I ty. However |nce he contents of Zn and Sn are

excessi vel y rate durmg casting 2°C/sec, heating furnace extraction temperature
960°C, heating upon completion of hot rolling 800°C, required time to
10 initiation of hot rolling 500 seconds). These copper alloy thin plates
were evaluated for characteristics such as strength, conductivity,
bendability and the like in the same manner as in the examples
described above. The results obtained are shown in Table 4.
[0085] Example 24 of the present invention in Table 3 corresponds
16 to example 1 of the present invention in the abovementioned example
Tables 1 and 2. The amounts of other elements (impurities) of group A
and group B shown in Table 3 are indicated more concretely.
[0086] In Example 25 of the present invention, the contents of Mn,
Ca, Zr, Ag, Cr, Cd, Be, Ti, Co, Ni, Au and Pt as elements of group A in
20 Table 3 are large.
[0087] In Example 26 of the present invention, the contents of Hf,
Th, Li, Na, K, Sr, Pd, W, S, Si, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As, Sb,
Bi, Te, B and mischmetal as elements of group B in Table 3 are such
that the total amount of these elements exceeds 0.1 mass%.

25 [0088] Examples 27 and 28 of the present invention have a large Zn



high, i.e., in excess of the upper limt, the conductivity is conspicuously
10 | ow even when conpared to the conductivity of Exanples 25 through 30 of
the present invention. 36 [0092] Table 3 Chem cal Conposition of Copper

Alloy Plate (remainder Cu) No. Mg P Fe Ni CoZnSnAB group group

O total total 24 0.23 0.11 0.17 - - - - 0.050.02 0 25 0.25 0.10 0.15 - - -
0.55 0.02 .2 26 0.250.10 0.15 - - - - (B42 0.12 27 0.25 0.10 0. 15 - -
1.6 - 0.12 0.02 28 0.25 0.10 0.15 - - 2.5 - 0.12 0.02 Ua 29 0.25 0. 10
0.15 - - 1.5 0.12 0.02 30 0.25 0.10 0.15 4.0 0.12 0.02 0 31 0.25 0.10 0.15
- -35-0.120.02 w32 0.250.10 0.15 - - - 5.5 0.12 0.02 ro a

content. Examples 29 and 30 of the present invention have a large Sn
content.
[0089] In these Examples 25 through 30 of the present invention,
the contents of the main elements Fe, P and Mg are within the
5 composition ranges of the present invention, and these alloys were
manufactured under desirable conditions. Accordingly, in these
Examples 25 through 30 of the present invention, the composition was
controlled so that the ratio of the amount of Mg in the extracted residue
extracted and separated by the abovementioned extracted residue
10 method to the Mg content of the alloy was 60% or less, thus reducing
the size of the oxides and precipitates of Mg in the copper alloy.
[0090] As a result, in Exampiles 25 through 30 of the present
invention, a high strength is balanced with a high conductivity, i.e., a
yield stress of 400 MPa or greater, and a conductivity of 60% IACS or
15 greater, or a yield stress of 450 MPa or greater, and a conductivity of
55% IACS or greater; furthermore, the bending workability is superior.
However, since the contents of the other elements of group A and group
B are high, the conductivity is low compared to that of Example 24 of
the present invention {corresponding to Example 1 of the present
20 invention in Tables 1 and 2).
[0091] Comparative Examples 31 and 32 contain Zn and Sn in
excess of the respective stipulated upper limits. In these Comparative
Examples 31 and 32 as well, the contents of the main elements Fe, P
and Mg are within the composition ranges of the present invention, and

25 these alloys were manufactured under desirable conditions.



a E O U *Agroup indicates the respective elenents of Wh, Ca, Zr, Ag,
Cr, Cd, Be, Ti, Co, NI, Au and Pt. 5 *B group indicates the respective

el ements of Hf, Th, Li, Na, K, Sr, Pd, W S Si, C No, A, V, Y, M, Pb,
In, Ga, Ge, As, Sbh, Bi, Te, B and mschnetal. 37 [00931 Table 4 All oy
Plate Alloy Plate No. Conposition Characteristics Ratio of Anpbunt of 0.2%
Conduc- Anmpunt of Extracted Tensile Yiel 8% ending o Extractedt | v i t m
Residue Strength Stress v Residue Mg (WWACS) M to Alloy (MPa) (MPa) (%
(% 24 0.066 29 443 424 69 0 "0 25 0.074 30 452 431 63 0 0 26 0.073 29 450

429 65 0
Accordingly, in Comparative Examples 31 and 32, the composition was

controlled so that the ratio of the amount of Mg in the extracted residue
extracted and separated by the abovementioned extracted residue
method stipulated in the present invention to the Mg content of the
5 alloy was 60% or less, thus reducing the size of the oxides and
precipitates of Mg in the copper alloy. As a result, Comparative
Examples 31 and 32 also have a high strength and a superior bending
workability. However, since the contents of Zn and Sn are excessively
high, i.e., in excess of the upper limit, the conductivity is conspicuously
10 low even when compared to the conductivity of Examples 25 through 30

of the present invention.



c 27 0.072 29 447 427 61 0 28 0.072 29 455 433 60 0 a 29 0.073 29 477 455
59 0 30 0.072 29 500 476 56 0 31 0.072 29 458 435 57 0 32 0.07:3 29 502
479 52 0 E E z 0 W38 [0094] <SECOND EMBCDI MENT> [0095] In the present
invention, in order to achieve a high strength, high conductivity and high
bendi ng workability, a basic conposition is 5 used which conprises a copper
all oy respectively containing 0.01 to 3. ®6Fe, 0.01 to 0.4% P, and 0.1 to
1.0% M (in mass%, with the remainder conprising copper and unavoi dabl e
inmpurities. This conposition is also an inportant prerequisite condition
fromthe standpoint of the conposition that is necessary for reducing the
grain 10 si z&?zt he copper alloy structure, and suppressing the variation
of the individual grain size values, and for depositing fine precipitated
particles (wthout coarsening these particles). Furthernore, the
percentages indiygpt@d in the follow ng description of the respective

el enments are all mass% 15 [0096] The follow ng el enents may be added to
this basic conposition in order to inprove the bending workability.

Chemical Composition of Copper Alloy Plate
{remaindecr Cu)
No.
> Mg| P FelNi]J]ColZnfSn| A B
'iof group | group
Z)is' total total
2410.23]10.11] 0.17] — — — — 0. 05 0.02
'5 251 0.25] 0.10] 0. 15} — — — — 0. 55 0.02
§ 26l 0.25}0.1000.15] — |- = | = lo12 |o. 12
=|2710.25[0.10f 015 — |~ |1.6 ] — Jo.12 ]o.02
=
:u;’ 281 0.25]1 0.10] 0.151 — - 2.5 — 0.12 0.02
a | 294 0. 25} 0. 10] 0. 15] — — . 0.12 lo. 02
30] 0.25] 0.10] 6.15] — — — 4.0 10.12 0. 02
2
£
3 31] 0.25) 0. 10} 0. 15] — - 3.5 — 0. 12 0. 02
e [32]0.2500.10/0.15f — |- |- |s.5}0.12 Jo.02
£
[+]
Q

*A group indicates the respective elements of Mn, Ca, Zr, Ag, Cr, Cd, Be,
Ti, Co, Ni, Au and Pt.

5 *B group indicates the respective elements of Hf, Th, Li, Na, K, Sr, Pd,
W, S, Si, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As, Sb, Bi, Te, B and

mischmetal.



Ni or Co, or both, at a total rate of 0.01 to 1.0 mass% Zn: 0.005 to 3. 0%
Sn: 0.01 to 5.0%20 WMh or Ca, or both, at a total rate of 0.0001 to 1.0%
One or nore elenments selected froma set conprising Zr, Ag, C, Cd, Be, Ti,
Co, Ni, Au and Pt, at a total rate of 0.001 to 1.0% Hf, Th, Li, Na, K, Sr,
Pd, W S, Si, C No, A, V, Y, M, Pb, In, Ga, Ge, As, Sb, Bi, Te, B and

m schnetal at a total content of 0.1 mas8% or 25 less. 39 [0097] (Fe) Fe
is an elenent that is necessary in order to inprove the strength and

conductivity by formng fine deposits of Fe-P and the like. At a 5 content
of less than 0.01% the fine precipitated particles are insufficient. As a
result, the[ t of the precipitated particles in suppressing the growh
of the crystal grains is dimnished. Consequently, the nean grain size and

t he standard deV|ation of the nean grain size becones excessively large, so
that the strengibdiedd ops. 10 Accordingly, a content of 0.01%or greater is
required in order to effectively manifest these effects. However, if this

content exceeds 3. 096 this |leads to a coarsening of the precipitated

particles, so tjhat standard devi ati ¢n of the nmean grain size bgcones
excessively Iarge t ? endi ng workgbility dr gE FurthernDre t he
conductivity allso O%EééPﬁlngly the Fe confeht’!P&eset in tHe range
of 0.01 to 3.0%) iﬁ@. 8] (Ioﬁ?b)osulon Characteristics
Ratio of
Amount of A ; 0.2% Conduc-—
t
. Extracted [ Tensile [ Yield [ ;i . [Bending
2 Residue | Eracted StrcnthJ Stress
g M ' Residue
-4
Mg to Alloy {MPa) (MP2) (%IACS)
(%) (%)
241 0. 066 29 113 424 69 O
8 | 25| 0.074 30 452 131 63 O
¢ | 26| 0.073 29 450 429 65 O
[
TE' 271 0.072 29 AT 427 61 O
@ 128]0.072 29 455 433 60 O
% | 29] 0.073 29 ATT 455 59 O
30] 0.072 29 500 476 56 O
o | 31| 0.072 29 458 435 57 O
>
B gl 32| 0.073 29 502 479 52 O
So
£ g
Ol




In addition to having a deoxidizing effect, P bonds with Fe to form
deposits such as Fe-P and the like, and is an elenent that is necessary 20
in order to inprove the strength and conductivity of the copper all oy.
Furthernore, P also inproves the strength and conductivity of the copper
all oy by bonding with MJ to formdeposits such as My-P and the like. If the
P content is too snall, these effects an@8g he fine precipitated particles
are insufficient. Accordingly, the effect of the precipitated 25 particles
in suppressing crystal grain growth is dimnished. As a result, 40 the nean
grain size and the standard deviation of the nean grain size becone
excessivelyégﬂkgq, so that the strength drops. Accordingly, a content of
0.01% or greater is necessary. However, if this content exceeds 0.4% the

standard devi@i.} f in size becomes 5 excessively |arge al ong
<§Eg@}]\ﬁtlﬁﬁe BoPAMENTS

wi th an increas arse precipitated particles, so that the bending
the P cont a0l ey 1nrfHE BRESonc M b 5 BHafeied o Btk B night el U e
e Sl e ol B Bl OB A TS AT 1
these effects and the fine precipitated particles will be insufficient.
Accor di Pigl y, usgth hicd CORRPYIRES 7 LARRGTaREAY pEFSPEEt Ve contaipimge s hgto
crystal grain growth is dimnished. As a result, the mean grain size and
st andard dev3 &P ofie,00.@ hetonPath”qFai #ndi el fechbido Mg disimapg’damgéh et hat
the strength drops. Accordingly, a content of 0.1%or greater is required.
However, if nemnainstert epnmpxisaags copper téel unavoidable impurities. This
composition is also an important prerequisite condition from the
standpoint of the composition that is necessary for reducin-g the grain
10 size of the copper alloy structure, and suppressing the variation of the
individual grain size values, and for depositing fine precipitated
particles (without coarsening these particles). Furthermore, the
percentages indicated in the following description of the respective
elements are all mass%.
15 [0096] The following elements may be added to this basic
composition in order to improve the bending workability.
Ni or Co, or both, at a total rate of 0.01 to 1.0 mass%.
Zn; 0.005 to 3.0%
Sn: 0.01 to 5.0%
20 Mn or Ca, or both, at a total rate of 0.0001 to 1.0%.
One or more elements selected from a set comprising Zr, Ag, Cr, Cd,
Be, Ti, Co, Ni, Au and Pt, at a total rate of 0.001 to 1.0%.
Hf, Th, Li, Na, K, Sr, Pd, W, S, Si, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge,

As, Sb, Bi, Te, B and mischmetal at a total content of 0.1 mass% or

25 less.



precipitated particles are coarsened, and the standard devi ation of the 20
mean grain size becones excessively large, so that the bending workability
al so drops. Furthernore, the conductivity also drops. Accordingly, the My
content is set in the range of 0.1 to 1.0% [0100] (N, Co) 25 The copper
alloy may further contain Ni or Co, or both, at a total 41 content of 0.01
to 1.0% Like My, Ni and Co are dispersed3fn the copper alloy as fine
precipitated particles of (Ni,Co)-P, (Ni.Co)-Fe-P and the like, and inprove
the strength and conductivity. A content of 0.01%or greater is required in
order to manifest these effects in an 5 effective manner. However, if.this
cont ent exceﬁgég 0% this leads to a coarsening of the precipitated
particles, ahd t standard devi ation of the nean grain size becones
excessively tﬁg) so that the bending workability drops. FurthernDre the
conductivity“al'so drops Accordlngly, the total content of N or

170% }?ﬁﬂf 2hE %ﬂe&fs%ﬁ%@? s, ARy ﬁsﬁﬁét hé‘f‘%eff)‘%%eo"{r@%tg%
of a25esﬁ”Sl”tap%ingéebugﬁrf&%?%ns@ahﬂﬁ'g"ﬁr 8 4P Hes dif“ﬁﬁ-?ﬁrﬁﬁﬁb' - k[eis'xit%%”ce

thus suppressing the p l'ing esirable that conte t be
0.005% 8r gr €aRENY noén@éﬁ pf(ett/’sfﬁ B dief Pé’é@lﬁlt}@tﬁ f:%eare

manner. However, if this content exceeds 3.0% this not only causes a
det eri or at i oFSUTICKNY | ofySsPr Easilig télﬁarﬁé%t:érwfstthespawmatte@ BArdeles in

suppressing the growth of the crystal grains is diminished.
Consequently, the mean grain size and the standard deviation of the
mean grain size becomes excessively large, so that the strength drops.
10 Accordingly, a content of 0.01% or greater is required in order to
effectively manifest these effects. However, if this content exceeds 3.0%,
this leads to a coarsening of the precipitated particles, so that the
standard deviation of the mean grain size becomes excessively large,
and the bending workability drops. Furthermore, the conductivity also
15 drops. Accordingly, the Fe content is set in the range of 0.01 to 3.0%.
[0098]
(P)
In addition to having a deoxidizing effect, P bonds with Fe to form
deposits such as Fe-P and the like, and is an element that is necessary
20 in order to improve the strength and conductivity of the copper alloy.
Furthermore, P also improves the strength and conductivity of the
copper alloy by bonding with Mg to form deposits such as Mg-P and the
like. If the P content is too small, these effects and the fine precipitated
particles are insufficient. Accordingly, the effect of the precipitated

25 particles in suppressing crystal grain growth is diminished. As a result,



20 sol der, but also causes a great drop in conductivity. Accordingly, in
order to bal ance the thermal peeling resistance inproving effect and
conductivity lowering effect, Zn is selectively included in the range of
0.005 to 3.0 mass% [0102] 25 (Sn) 42 Sn goes into solid solution in the
copper alloy, and contributes to an inprovenent of the strength. In order to
mani f est such an-effect in an effective gmnner, it is desirable to include
this elenent at a content of 0.01%or greater. However, if this content
exceeds 5.0% the effect 5 beconmes saturated, and this causes a great drop
in the conductivity Accordingly, in order to balance the effect that

| nproves the}?é rg\/afr{‘% af 116 5taR &d%ﬁétt?ﬁ%ﬁﬂ%"x‘ﬁééﬁ' ﬁéunt}lbé

el enent Snisseect |ncuded|nterangeo 0.01 to 5.0

[0103] 10 ( ) g%? t b toi

wor kability oFC ee%%p?%@% 1 gg g?d%@e@%@é‘?ﬁgﬁ?y i c'udtg%é(inﬁhggg”és
wher e such an ef fect A r In cases e total n f Ih or
G or “botn ¢ rateritegéfiﬁaif Dot 1S el or rebveisani Bt Ginedenla
On the 15 oth his to d éonkaﬁnt e %&gs 1. 0% coar.se crystal
deposits an":dX Ej‘@n%‘iaé’t M {10 FRea &rﬁénb%ﬁ%ili’f‘d%mes
wor kabi ity reduced but t he drop n conductivity al so becones severe.

Accor di gl v, exaassiviely alarggnalong ovithhade 1BCERRIR Ny dheerearss ePrecpitated  he

range of 0.0001 to 1.0% 20 [0104]
particles, so that the bending workability drops. Furthermore, the

conductivity also drops. Accordingly, the P content is set in the range
of 0.01 to 0.4%.
[0099]

10 (Mg)

Mg forms fine deposits with P, and is an element that is required in
order to improve the strength and conductivity. If the Mg content is
too small, these effects and the fine precipitated particles will be
insufficient. Accordingly, the effect of the precipitated particle in

15 suppressing crystal grain growth is diminished. As a result, the mean
grain size and standard deviation of the mean grain size become
excessively large, so that the strength drops. Accordingly, a content of
0.1% or greater is required. However, if this content exceeds 1.0%, the
precipitated particles are coarsened, and the standard deviation of the

20 mean grain size becomes excessively large, so that the bending
workability also drops. Furthermore, the conductivity also drops.
Accordingly, the Mg content is set in the range of 0.1 to 1.0%.

[0100]
(Ni, Co)

25 The copper alloy may further contain Ni or Co, or both, at a total



(Amounts of Zr, Ag, C, Cd, Be, Ti, Au and Pt) These conponents have an
in inproving the strength of the copper alloy, and are therefore

ef f ect

selectively included in cases where such an effect is required. In cases
where the total content of one or nore of 25 these conponents is |ess than

0.001% the desired effect cannot be 43 obtained. On the other hand, in
cases where the total content of these aphponents exceeds 1.0% coarse

crysta

deposits and oxides are generated, so that not only is the bending

wor kabi lity reduced, but the drop in conductivity al so becones severe,

which is undesirable. 5 Accordingly, the total content of these elenents is
sel ectively é@ﬂtc'rﬂ éh@ onaﬁge1 00,0. Q,Qﬁetp[gl QP6ardP108] arc{ etselinHthe Th,
Y, Mo, Pb I n, Ge, As, Sb,
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Bi, T B I th
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25

the mean grain size becomes excessively large, so that the bending
workability drops. Furthermore, the conductivity also drops.
Accordingly, the total content of Ni or Co, or both, in the case of
selective inclusion is set in the range of 0.01 to 1.0%.

[0101]

(Zn)

The copper alloy may also contain Zn or Sn, or both. Zn is an
element that is effective in improving the thermal peeling resistance of
Sn plating or solder used in the joining of electronic parts, and thus
suppressing thermal peeling. It is desirable that the content be
0.005% or greater in order to manifest such an effect in an effective
manner. However, if this content exceeds 3.0%, this not only causes a
deterioratior.l in the flow spreading characteristics of molten Sn and
solder, but also causes a great drop in conductivity. Accordingly, in
order to balance the thermal peeling resistance improving effect and
conductivity lowering effect, Zn is selectively included in the range of

0.005 to 3.0 mass%o.

[0102]

(Sn)

It



the variation in the grain size, has a great effect on the bending

wor kabi lity. Accordingly, in the present invention, in order to obtain a
copper alloy which has a high strength and a superior bending 25 workability
in a good bal ance, coarse crystal grains in the copper alloy 44 structure
are reduced, and the individual grain size values are nade as fine as

possi ble. [0107] As a neasure of this, tHe&2mean grain size (described bel ow)
is set at 6.5 mor less, preferably 4 [umor less, and the standard 5
deviation of the nmean grain size (described below) is set at 1.5 mor |ess,
preferably 0.9 [tmor less, in the grain size nmeasured by a crystal
orientation anaSysigeestahbhoddlid sbluticrnnetiee ooppebaaikoygcahtlecomigribpedd e¢on
systemis nounted on a field em ssion scanning electron mcroscope. 10

[0108] Her e, amhifisroveidditcat e bhengthben drdet ot @lardfedit suclireas vffegs ignd x
i ndi cates the grain size values neasured, the abovenentioned nean grain

size is expresseft@Relintddbr, 3% H'é@lra%tlélQQQh@lLﬂﬁ’ itAtd @Ibrﬁfen% Q& a content

abovenentioned nean grain size is expressed [nIx2 - (&)21/[n/(n -

D1/2]. 15 18189 190of gaeseett %&E@efﬁ?%ﬁi@@hh?&?@ gg@énsgrsao*% SHZE efepeds

.5 m or the abovenentd oned standar evi ation mean grdin size

cxceatisel. 5 5 M diies CORLIAIET Yahal yakaLlS s of DESORRSD Bl LK cSAAHELYIIS.

|ncrease varla ron’inthe’in graln S1ze va
e, SR hah PRGN s S5RET O e B
and the effect that lowers the conductivity, this element Sn is selectively
included in the range of 0.01 to 5.0 mass%.
[0103]
10 (Mn, Ca)

Mn and Ca contribute to an improvement in the hot workability of
the copper alloy, and are selectively included in cases where such an
effect is required. In cases where the total content of Mn or Ca, or both,
is less than 0.0001%, the desired effect cannot be obtained. On the

15 other hand, if this total content exceeds 1.0%, coarse crystal deposits
and oxides are generated, so that not only is the bending workability
reduced, but the drop in conductivity also becomes severe. Accordingly,
the total content of these elements is selectively set in the range of
0.0001 to 1.0%.

20 [0104]

(Amounts of Zr, Ag, Cr, Cd, Be, Ti, Au and Pt)

These components have an effect in improving the strength of the
copper alloy, and are therefore selectively included in cases where such
an effect is required. In cases where the total content of one or more of

25 these components is less than 0.001%, the desired effect cannot be



In the present invention, the reason that the nmeasurenment nethod used to
neasure the nean grain size and the standard devi ation of the 25 nean grain
size is stipulated as the abovenentioned crystal orientation 45 analysis
met hod in which an el ectron back scattering (scattered) pattern (EBSP)
systemis nmounted on a field em ssion scanning el ectron mcroscope (FESEM
is that this neasurenent nethod has a higt8 resolution and high precision. 5
[0111] In the EBSP nethod, a sanple set in the lens barrel of the FESEMis
irradiated with an el ectron beam and an EBSP is projected onto a screen.
An image of this is picked up by a high-speed canera, and is taken into a

conputer as diflBg@e- O thEVtREFPIRT, inf PhSed tRfI%e the @18l 8RdenfBd these
conpared with a pattern produced by a sinmulation 10 using a known crystal

system so té@hptgp% n?s | ERL&IdLM B, hf'oagﬁé,‘sfc st'ﬁzg déiﬁ&ﬁrté” ARe- Q-EHSG? are

cal cul ated crys orientation i's recorded a ree- di mensi ona

andl o 2 000 RAAES SRTEhL SRR M ERctink uoPRIbN sebiBedSiinfe e

process is aut omat i ca e heAS Ut erren

t al t at dat | f 15 th t. | dred
t Lﬁﬁsgndo.ﬁ'o.en(?P:ﬁinos‘?%ﬁHgﬁ‘rfﬂggvﬁ%ﬁebe§8ﬁbﬁ%et?eo"r?l"‘a? u@é&%réﬁeiﬁ’v e[r%ﬁi e
Thus, t f 1o t t |
field of obshFYaBAYs Shb GRALFORHIH Ph ERE RIHyCaHS APLGHISY MEEHBaOb

el ectron d| ffraction rret hod using a transm ssion 20 el ectron m croscope and
mean grain siangeal 91 ﬁ%&noé’r ain size standard deviations or orientation
anal ysis information for several hundred or nore crystal grains can be
obtai ned witl@¥P3 few hours. Furthernore, the follow ng advantage is al so

obt ai ned: nanely, since
(Amounts of Hf, Th, Li, Na, K, Sr, Pd, W, S, Si, C, Nb, Al, V, Y, Mo, Pb,

In, Ga, Ge, As, Sb, Bi, Te, B and mischmetal)

10 These components are impurity elements; if the total content of
these elements exceeds 0.1%, coarse crystal deposits and oxides are
generated so that the bending workability drops. Accordingly, it is
desirable that the total content of these elements be set at 0.1% or less.
[0106]

15 (Copper Alloy Structure})

In the present invention, as was described above, the grain size of
the copper alloy structure is made finer, and the variation in the
individual grain size values is suppressed, in order to prevent a
deterioration in the bending workability of the abovementioned

20 Cu-Mg-P-Fe alloy having a composition with improved strength. In
particular, in a Cu-Mg-P-Fe alloy, not only the mean grain size, but also
the variation in the grain size, has a great effect on the bending
workability. Accordingly, in the present invention, in order to obtain a
copper alloy which has a high strength and a superior bending

25 workability in a good balance, coarse crystal grains in the copper alloy



measurenent is performed by scanning a designated region in an 25 arbitrary
fixed interval rather than perform ng neasurenents for each 46 crystal
grain, the abovenentioned respective itens of information can be obtained
for the abovenenti oned numerous neasurenent points that enconpass the
measurenent region as a whole. Furthernore, details concerning this crystal
orientation analysis nmethod in which an 34£BSP systemis nounted on an FESEM
are described in Kobe Seiko G ho [Kobe Steel naking Techni cal Report]/Vol.
52, No. 2 (Sep. 2002), pp. 66 to 70 and the like. [0113] In the present

i nvention, the aggregate structure of the surface parts of the product

copper al | Oystrivctiife dié @éaue@d oimal teindiQid ik CERERSsi2b & dTRaS Wrednisldgst hi s
crystal orientation analysis nethod in which an”EBSP systemis nounted on an

FESEM and tﬁfxe Eé n size, standard deviation of the nmean grain size
and smal | -angle géal n oundar| es are nmeasured. [0114] Here, in the case of

di
rrom nuner sulBEE o A7 B Bbfine Sty Bt pharCgRiROsE (6 %#*3%853%4518%9
ientati tat h f dt
ori entat i on)S %@Epgr 'oﬁ%e?ﬂr;% BrefoaPbert a0 O &ty 10 Jhgs StpRder
ta S [ d the lik el f : d
or yot ai Spl alASTIEBPPeeh B g ioBiAEs 81 (BReaieoh DS WELE SFL Sh 8- priBcht.
For exanple, these facts are descrjbed  in_ Shinichi, Nagashim (ed.), "Shugo
Soshi ki " [ " A§§Pegaeierabb L man on nss iBHdE BlainVaizg BIvaguKey %)hal REYX@hz oku

Gakkali [L| ght Metal Society] "Keikinzoku" ["Light Metal s"L Treatise, Vol.
43, 1993, pporiemtatien cenakifds mthodidn which an electron back scattering

pattern system is mounted on a field emission scanning electron
microscope.

10 [0108] Here, where n indicates the number of crystal grains
measured, and x indicates the grain size values measured, the
abovementioned mean grain size is expressed as (3xX)/n, and the
standard deviation of the abovementioned mean grain size is expressed
as [n3x2 ~ ($x)2]/[n/(n - 1)V/2].

15 [0109] In cases where the abovementioned mean grain size exceeds
6.5 um, or the abovementioned standard deviation of the mean grain
size exceeds 1.5 um, the coarse crystal grains in the copper alloy
structure increase, and the variation in the individual grain size values
also increases, so that the bending workability deteriorates.

20 [0110]

(Method Used to Measure Mean Grain size and Standard Deviation of
Mean Grain size)

In the present invention, the reason that the measurement method
used to measure the mean grain size and the standard deviation of the

25 mean grain size is stipulated as the abovementioned crystal orientation



25 [0115] Even in the case of the sane crystal system the formation of 47
such aggregate structures differs according to the working and heat
treatment nethod. In the case of the aggregate structure of a plate
material obtained by rolling, this is expressed by the rolling plane and
rolling direction, the rolling plane is expressed by (ABC), and the rolling
5 direction is expressed by <DEF> (A, B, 45 D, E and F indicate integers).
On the basis of such an expression, the respective orientations are
expressed as follows: [0116] Cube orientation {001} < 100> 10 Coss
orientation {011} <100> Rot ated goss orientation {011} <011> Brass

orientation %ﬁa@% o e}%{ R ?nog&% }\]:i]t?ctr&‘? é’(fdt?&tiﬁ Q&&%@rbfﬂﬁfgﬁ'i on)

{112} </111> ) <11 11 8> 15 S Orientati

<634> B/ G

ori ﬁnt at iho;rjlr %ﬁf %{Eﬂ—ﬁo%lj]%fmtf:ﬁegﬁl?;ésgﬁ%ﬁ% Iné\}glésl}gﬁ}; éél}lcl:%gl elfllCtFanes
20

are cons he?gh” asopd) SFESERE e D g bR n el ThES! A Hhed oS

Furt her nore, dar of crIystaI grains in which the dlfference in
orientation T %‘&ﬁ?abc}ghtp EFBPE grains is 5 or greater are defined as
crystal raj b undarles 0118] Furthernore, in the pres i.nvention,
Whére noi ﬁdi L ¢ hen the lg}gSL metllod a sample Set in tpx fens arrel of the

FESEM is irradiated with an electron beam, and an EBSP is projected
onto a screen. An image of this is picked up by a high-speed camera,
and is taken into a computer as an image. In the computer, this image
is analyzed, and is compared with a pattern produced by a simulation
10 using a known crystal system, so that the orientation of the crystal is
determined. The calculated crystal orientation is recorded as the
three-dimensional Euler angle along with the position coordinates (x, y)
and the like. Since this process is performed automatically for all of
the measurement points, crystal orientation data for several tens of
15 thousands to several hundred thousand points is obtained upon the
completion of measurement.
[0112] Thus, the EBSP method offers the following advantage:
namely, the visual field of observation is broader than in the X-ray
diffraction method or electron diffraction method using a transmission
20 electron microscope, and mean grain size values, mean grain size
standard deviations or orientation analysis information for several
hundred or more crystal grains can be obtained within a few hours.
Furthermore, the following advantage is also obtained: namely, since
measurement is performed by scanning a designated region in an

25 arbitrary fixed interval rather than performing measurements for each



48 nunber of crystal grains neasured by the abovenentioned crystal
orientation analysis nethod, and x indicates the respective neasured grain
si ze val ues, the abovenentioned nean grain size is expressed as (Ix)/n, and
t he standard devi ati on of the abovenenti oned nean grain 5 size is expressed
as [njx2 - (YX)2]/[n/(n - 1)1/2]. [0119] (Small-Angle G ain Boundaries) In
the present invention, in addition to thet@bovenentioned control of the
grain size, the ratio of small-angle grain boundaries is preferably 10
further stipulated in order to further inprove the bending workability.
These snal | -angl e grain boundaries are grain boundaries between crystal

grains in whighthhersid f iengRvemaitichad I@@E@@ti@éii@émissoﬁfiﬁfdrm:hti@m caR to
15, anong the ‘crystal orientations neasured by the abovenentioned crystal

ori entation gpalysliscHEIHOdhEN ANV MR ARmroLS e dRMESt OFoifs

FESEM In the present invention, it is desirable that the ratio of these

smal | - angl e Flfsﬁ’ @n%BHE}?@%% gpebﬁle‘g@dr‘ém@l@t%rfgﬁ)ﬁ he T2 J?%I;E;f . Lﬂgﬁrﬁ%‘?ﬁo}e‘?ngt h

of these small-angle grain boundari s neasure
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total | th.of tal . .grain b i l1_of _th

Crystal orai o (KgbsoptegRalsifgal oRmIAL Feol (Y5t HIsNet 12 JNGPe 108

boundaries, 25 expressed aﬁ Ei{t otal length of 5 to 15 crystal grain

boundari es) / PPof8It0460 and the like.

[0113] In the present invention, the aggregate structure of the
surface parts of the product copper alloy in the direction of plate
10 thickness are measured using this crystal orientation analysis method
in which an EBSP system is mounted on an FESEM, and the mean
grain size, standard deviation of the mean grain size and small-angle
grain boundaries are measured.
[0114] Here, in the case of an ordinary copper alloy plate, mainly an
15 aggregate structure formed from numerous orientation faétors called
the cube orientation, goss orientation, brass orientation {(hereafter also
referred to as the B orientation), copper orientation (hereafter also
referred to as the Cu orientation), S orientation and the like as shown
below is formed, and crystal planes corresponding to these orientation
20 factors are present. For example, these facts are described in Shin’ichi
Nagashima (ed.), “Shugo Soshiki” [“Aggregate Structure”] (published by
Maruzen K.K) and Keikinzoku Gakkai |[Light Metal Society]
“Keikinzoku” [“Light Metals”] Treatise, Vol. 43, 1993, pp. 285 to 293 and
the like.

25 [0115] Even in the case of the same crystal system, the formation of



|l ength of 5 to 1800 crystal grain boundaries)) x 100, is 4%to 30%
preferably 5% to 25% [0121] In the Cu-My-P-Fe all oy of the present
invention, not only the abovenentioned nean grain size and standard
deviation of the nmean 5 grain size, but also the ratio of small-angle grain
boundaries, has a great effect on the bending workability. Accordingly, in
order to achieve a reliable inprovenent 40 the bending workability of the
Cu-My-P-Fe alloy, it is desirable that the ratio of snmall-angle grain
boundaries to total crystal grain boundaries in terns of the |Iength of 10
the crystal grain boundaries be 4%to 30% In cases where this ratio of

smal | -angl e gnahNageresded | @putfuteds difféan ad%ording’ €oi thed vanddhbi hinldy Hd2at

i nstances may occur in which the bending workability cannot be inproved. In

cases where {Rhgmeaiti MehodMalih- 808! @sgr 8f Qh@oﬂggﬁa@a@é steueaess o306 pidie
strength becones excessively large, and the bending 15 workability cannot

ranut actur | 1 Cord (L GR For I T he SCRUErara. o3r “Fhe Db BarI 8 as
the aboverrent JRABIISLENGH LN, SolHS It DY ciifeedth BV GRREY, LONFEREGOIL! b°

descri bed. pper-a 0 resen vention ica copper
alloy pLate; ,strj.ps that are r.me lig thng this ate.in the | ateral
i revt Pon. - sfeEHRR e RRsRed PR R, Rughiong: dhabs Erbibe iitegfLy
included in the scope of the copper alloy.of _the present inventj.on. 25
[0123] I t hEotBERRSINObRUGh SacethrexSisihe tBF FORGE AV E PTG HONS: 3E8ss,
the final (product)  pl all? i s obtained by repeating the casting of

expressed as follows:

[0116]
Cube orientation {001} <100>
10 Goss orientation {011} <100~
Rotated goss orientation {011} <011~
Brass orientation (B orientation) {011} <211~
Copper orientation (Cu orientation) {112} <111~
(or D orientation 4411} <1111 8>)
15 S orientation {123} <634~
B/G orientation {011} <511>
B/S orientation {168} <211>
P orientation {011} <111>

[0117] In the present invention, basically, planes with a shift in

20 orientation that is within +15° from these crystal planes are considered
to belong to the same crystal plane (orientation factor). Furthermore,
boundaries of crystal grains in which the difference in orientation
between adjacent crystal grains is 5° or greater are defined as crystal
grain boundaries.

25 [0118] Furthermore, in the present invention, where n indicates the



a copper alloy nelt adjusted to a specified conmposition, planing of the

i ngot, soaking, hot rolling, cold rolling, and annealing i ncl uding
recrsytallization annealing, deposition annealing and the |ike. However, 5
by conbi ning the respective manufacturing conditions described below wthin
t he abovenenti oned manufacturing process, it is possible to obtain the
structure specified by the present invent4®n, and to obtain a high
strength, high conductivity and superior bending workability. [0124] First,
the tenperature upon conpletion of hot rolling is set at 10 550 to 850C. |If
hot rolling is perforned in a tenperature region that is |ower than 550C

recrystallizghiohed Sfl @ eb@in8O mdurdd NRAUN UBBvEheetidhed Srystal
obt ai ned; furthernore, t'he standard deviati on” becones excessively large,

and t he bend{?ﬂﬁ%ﬁ%ﬁq%a&gis@ﬁ@gﬂo&gg&-x'ihﬁfﬁéeﬂ%st ?E@gé’éﬁ‘vé'%@asured

conpl etion of l'T'ng~“exceeds the 15 crystal grains are coarsened,
a0, R Dendl Gk Y AELBIOR R e kAl B 26! chBHR bt o
o S SBH SRR BT BT S b AR et
Fow 05t hat SEReS Grarsesacas TRSx nds 46 (e d2Ed 10 a val ue exceeding.
the nean grain size that is to be obtained in the present invention, thus
causing a del® 1% ation in the bendi ng workability. On the other hand, if
the cold rolling rate exceeds 98% the variation in the grain size is
i ncreased; cl&iBedutngleyGraimn Bag Sl grains becone nonuniform and the
standard deviation of 51 the nean grain size is inevitable increased to a
val ue exceedi nglniibe preseadrinventipa; inradditionetontha apeiementiencacontgol o be
obtained in ct)fhtehe grain size, the ratio of small-angle grain boundaries is preferably
10 further stipulated in order to further improve the bending workability.
These small-angle grain boundaries are grain boundaries between
crystal grains in which the difference in crystal orientation is small, i.e.,
5 to 15°, among the crystal orientations measured by the
abovementioned crystal orientation analysis method in which an EBSP
15 system is mounted on an FESEM. In the present invention, it is
desirable that the ratio of these small-angle grain boundaries be 4% to
30%, as the ratio of the total length of these small-angle crystal grain
boundaries measured by the abovementioned crystal orientation
analysis method mounting an EBSP system (total length of all of the
20 measured crystal grain boundaries of small-angle grains) to the total
length of the similarly measured crystal grain bou‘ndaries with a
difference in crystal orientation of 5 to 180° (total length of the crystal
grain boundaries of all of the measured crystal grains).

[0120] Specifically, the ratio (%) of small-angle grain boundaries,

25 expressed as [(total length of 5 to 15° crystal grain boundaries)/(total



present invention, thus |ikew se causing a deterioration in the bending

wor kability. 5 [0126] Next, annealing (formation of solid solution) for the
purpose of recrystallization is performed. In this case, in order to
suppress the growth of crystal grains, it is desirable to select a
tenperature of 550 to 700C on the |lowtenperature side within the range of
550 to 850C as the recrystallization anshling tenperature. In this
recrystallization 10 annealing, in order to suppress the growh of crystal
grains, it is necessary to further control both the heating rate and
cooling rate. Specifically, the heating rate in this annealing is set at

500 s or grerafseh- of 5 the] Beatdmgtdlagrains boesidried)) 30900, iherdotaetoo of
nuclei for the recrystallized particles becomes nonuni form so that thé 15

standard devhalfeRfh] fs%h&, Meen grain size is inevitably increased.
Furtherrmre the codling rate following this annealing is set at 100C/s or

greater. %ﬂfl 00l éheg/irﬁs) P désall E!rargf %&Oﬁfése&thﬁw%h?w 96t ofily/ thé!

gr ai ns durln ealing I's pr e nmean grain size
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smal | -angl e 8r ai n boundarl es.can be increased by introducing
u-Mg-P-Fe alloy, it is desirable that the ratio of small-angle grain

boundaries to total crystal grain boundaries in terms of the length of
10 the crystal grain boundaries be 4% to 30%. In cases where this ratio of

small-angle grain boundaries is less than 4%, there is a possibility that

instances may occur in which the bending workability cannot be

improved. In cases where this ratio of small-angle grain boundaries

exceeds 30%, the strength becomes excessively large, and the bending
15 workability cannot be improved.

[0122]

(Manufacturing Conditions)

Next, desirable manufacturing conditions for forming the structure

of the copper alloy as the abovementioned structure stipulated by the
20 present invention will be described. The copper alloy of the present

invention is basically a copper alloy plate; strips that are formed by

slitting this plate in the lateral direction, and configurations formed by

coiling these strips, are also included in the scope of the copper alloy of

the present invention.

25 [0123] In the present invention, as in a general manufacturing



strain by neans of this final cold rolling. If the final cold rolling rate
Is 5 less than 10% sufficient strain cannot be introduced, so that the
ratio of small-angle grain boundaries does not increase to a val ue
exceeding the abovenentioned 4% On the other hand, if the final cold
rolling rate exceeds 30% the strength becones excessively large, and the
mean grain size al so becones excessivel ysfparge, so that the bendability 10
deteriorates. Furthernore, internediate annealing for the purpose of
recovering the conductivity may be perfornmed foll ow ng the abovenentioned
recrystallization annealing and prior to this final cold rolling. [0129]

The copper ablgieddl, thRSRAPRRBIUCHY BT SB4neRtSY Repchafgahelealtiflh of

strength and hi gh conductivity, and can be wdely and effectively utllized

i n househol dae@ﬁéﬂ Eﬁ{)ygﬁglti agfs edSRIMC ﬁEBrccﬁﬁHﬁitio%gl}?ﬁe@fFBH)}S]

devi ces, and e rica e ronic parts used In” auto

Bel ow, the present _j i W . d ri r 2 e l.ny.Lerns
of exanpl es. ﬁﬁ%&evgbgﬁﬁyé g{rbetseljr?{lhﬁg’ve%ﬁaon@gnggtSn(rie%fﬁ%ﬁ{ergé b;g(élh{;h% t he
exanpl es described ,hel pw this invention, can_ of Qur se r ked, by addi ng
appropri at e 5‘?‘?@3’%1?16?1@0% FpRfRling dSPOSERNPRPRG RS ?Iﬁ%l%g‘?\gﬁ(eof dlfiﬁgvever,
I nventign descri bed, above and bel ow, and .all of these.confjgurations are
 ncl uded i n DHEUBBHHNENS THHRECHVE FEAD UAcHERS, CORAYoRs SiFScEbeRBaIgg
EXAMPLES [ 0131] Exanpl ets) of the present i rllvent lon will be described bel ow
Various type¥WldHineghpepbayspentigneds mapiaciwiing i APEssmit PSFeossiRigs toj n
whi ch the mean grain size in the structure, the standard deviation of
obtain the structure specified by the present invention, and to obtain a

high strength, high conductivity and superior bending workability.
[0124] First, the temperature upon completion of hot rolling is set at
10 550 to 850°C. If hot rolling is performed in a temperature region that
is lower than 550°C, recrystallization is incomplete, so that a
nonuniform structure is obtained; furthermore, the standard deviation
becomes excessively large, and the bending workability deteriorates. If
the temperature upon completion of hot rolling exceeds 850°C, the
15 crystal grains are coarsened, and the bending workability deteriorates.
Following this hot rolling, water cooling is performed.
[0125] Next, following this water cooling, the cold rolling rate in_cold
rolling (prior to annealing for the purpose of reérystallization) is set at
70 to 98%. If the cold rolling rate is lower than 70%, the sites that
20 constitute recrystallization nuclei become too few, so that the grain size
is inevitably increased to a value exceeding the mean grain size that is
to be obtained in the present invention, thus causing a deterioration in
the bending workability. On the other hand, if the cold rolling rate
exceeds 98%, the variation in the grain size is increased; consequently,

25 the crystal grains become nonuniform, and the standard deviation of



5 the nean grain size and the Iike were different, were nmanufactured, and
characteristics such as the strength, conductivity, bendability and the

i ke were eval uated. [0132] Specifically, copper alloys having the chem cal
conpositions shown in Table 5 were respectively prepared in a corel ess
furnace, and 10 were formed into ingots in a sem -continuous casting
process, thus producing ingots with a thirkness of 70 nm a wi dth of 200 nm
and a length of 500 nm The surfaces of these respective ingots were

pl aned, and the ingots were then heated for 2 hours at 950C, after which
hot rolling was perforned to formplates with a thickness of 20 mm these
15 pl ates wefige theanr griitll ¥izeoid dtlevitabhi encfaayad he & avdloesckesqdingt ¢hes
shown in Table 6 below. [0133] Next, follow ng the renoval of oxidation

scal e, pri ”aébé:ﬁfﬁxﬁ dédkliotd of 'tﬁb%@ﬁﬂ' %xt@nr Qizk 1t WPk PRI bBfdTREdain the

various cold rolling rates shown in Table 6 below. Follow ng the planing of
these plat espr@s%nt%'ir)éﬁh%H '&@f %‘?é‘@%b’u@ dRRIHGH 35 fd BBhYin
anneal i ng at terrperaturé and at t various heating rates an

cool ing rat es %‘8 in Table 6 beI ow. Subsequently, deposition annealing
(secondary annea ngy for the purpose of recovering the conductivity was
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700°C on the low-temperature side within the range of 550 to 850°C as

the recrystallization annealing temperature. In this recrystallization
10 annealing, in order to suppress the growth of crystal grains, it is
necessary to further control both the heating rate and cooling rate.
Specifically, the heating rate in this annealing is set at 50°C/s or
greater. If the heating rate is less than 50°C/s, the formation of nuclei
for the recrystallized particles becomes nonuniform, so that the
15 standard deviation of the mean grain size is inevitably increased.
Furthermore, the cooling rate following this annealing is set at 100°C/s
or greater. If this cooling rate is less than 100°C/s, the growth of
crystal grains during annealing is promoted, so that the mean grain size
is inevitably increased to a value exceeding the mean grain size that is
20 to be obtained in the present patent.
[0127] Following this recrystallization annealing, deposition
annealing (intermediate annealing or secondary annealing) is performed
at a temperature in the range of approximately 300 to 450°C, thus
forming fine deposits so that the strength and conductivity of the copper

25 alloy plate are improved (recovered).



unavoi dable inmpurities. Furthernore, the total content of Zr, Ag, C, Cd,
Be, Ti, Au and Pt as elenents other than those described in Table 5 was

0.05 mass% Furthernore, the total content of the elenents H, Th, Li, Na,
K, S, Pd, W 'S, Si, C No, A, V, Y, M, Pb, In, Ga, G, As, Sb, Bi, Te, 10
B and m schnetal (MM was also 0.1 mass%or less. "-" shown in the

respective el enent contents shown in Tabb& 5 indicates that -the el enment was
bel ow the detection [imt. (Mean Grain size, Standard Deviation of Mean
Gain size and Ratio of Small-Angle G ain Boundaries) 15 [0135] The nean
grain size, standard deviation of the nmean grain size and small-angle grain

boundaries qbi2gjse ARAESId FARBE TR liAYthedliAhe oWe HEllFRAMMER pbRoHREAI d to
t hese neasurenent's, as was described above, a crystal orientation analysis

aa0r ogat & 2050 PRptr STk LRSS IS Y BF (R IR, W ke e
bbrai ned ar datshBl A uihie G AR Aduitens 483 WERRH B ed BT FEPURSING (e
or epared | n SkrEnoygecefls SASIUHALM End. 08 Ui Bat P0IBTS Tall i
Si 7o memsur drenthay TS e Ral Rt AR ettt eGP e Aot
300 mx 00T HHAAREINE HBROBHBHES O M ORPEPANBLO Fealie GxEeqiing The

EBSP neasurenent and anal ysis systemused was a (Q M. manufactured by
EBSP: TLS Co.the abovementioned 4%. On the other hand, if the final cold rolling

rate exceeds 30%, the strength becomes excessively large, and the mean
grain size also becomes excessively large, so that the bendability
10 deteriorates. Furthermore, intermediate annealing for the purpose of
recovering the conductivity may be performed following the
abovemen‘tioned recrystallization annealing and prior to this final cold
rolling.
[0129] The copper alloy of the present invention thus obtained has a
15 high strength and high conductivity, and can be widely and effectively
utilized in household electrical appliances, semiconductor parts,

industrial devices, and electrical and electronic parts used in

automobiles.
[0130] Below, the present invention will be described more
20 concretely in terms of examples. However, the present invention is not

restricted by any of the examples described below; this invention can of
course be worked by adding appropriate alterations within limits
conforming to the gist of the invention described above and below, and
all of these configurations are included in the technical scope of the

25 present invention.



[0137] Furthernore, in all of the exanples, a sanple was cut from the
copper alloy plate obtained, and was subjected to a tension test,
conductivity measurenment and a bending test. These results are also 10
shown in Table 6. [0138] (Tension Test) The tension test was perfornmed by
means of a universal tester (Mdel 5882) nmanufactured by Instron Co. using
a test sanple 15 according to JIS 13B, W3 h the | ongitudinal direction
taken as the rolling direction, and the tensile strength and 0.2%yield
stress (MPa) were neasured at roomtenperature and at a test speed of 10.0
mimn, with G. set at 50 nm [01391 20 (Conductivity Measurenent) The

conducti vi t ygpepHpeeNagdppEd ol | ows: nanely, rectangular sanples with a
width of 10 mmand a I ength of 300 nmwere worked by mlling with the

a0 o0 e S BT BB L5, AP ESche” )08 el Yo
251 Sta0Ce TR oIS FopdbE PR Mhbds AR R MR NE il e
borKabi L) O ROR s Bl SR Sk lofl 05, SRR MRl 8
mterial wescut Lo 2 Wdthoof 10, mand a Lepothof, 30 fm andy bending ves
characteristics such as the strength, conductivity, bendability and the
like were evaluated.
[0132] Specifically, copper alloys having the chemical compositions
shown in Table 5 were respectively prepared in a coreless furnace, and

10 were formed into ingots in a semi-continuous casting process, thus
producing ingots with a thickness of 70 mm, a width of 200 mm and a
length of 500 mm; The surfaces of these respective ingots were planed,
and the ingots were then heated for 2 hours at 950°C, after which hot
rolling was performed to form plates with a thickness of 20 mm; these

15 plates were then rapidly cooled in water from the various temperatures
shown in Table 6 below.

[0133] Next, following the removal of oxidation scale, primary cold
rolling (intermediate rolling) was performed at the various cold rolling
rates shown in Table 6 below. Following the planing of these plates,

20 recrystallization annealing was performed as primary annealing at a
temperature of 600°C and at the various heating rates and cooling rates
shown in Table 6 below. Subsequently, deposition annealing
(secondary annealing) for the purpose of recovering the conductivity was

performed for 10 hours at 400°C; then, final cold rolling was performed

25 at the various cold rolling rates shown in Table 6 below. Then,



perpendicular to the rolling direction) at a bending radius of 0.05 mm The
presence or absence of cracks in the bent parts was visually 10 observed
using a 50X optical mcroscope. In this case, sanples that had no cracks
were eval uated as 0, sanples show ng surface roughness were evaluated as A,
and sanples in which cracking occurred were evaluated as x. A sanple
showi ng superior results in this bending&4st my also be said to be
superior in terms of severe bending workability 15 such as the

abovenenti oned U bendi ng, 90 bending after notching or the like. [0141] As
is clear fromTable 5, in exanples 1 through 14 of the invention, which are

copper al | oygirid-hemdva® GRQind ORtrofart hexpraneRt 1wV aBhihatRredughs
copper alloy plates are obtained with the prinmary 20 cold rolling (cold

{inal ol d rRTPREENE PO HARMECPrONHC! (EGPE, 26T, pIFRE, Pavk & an

final coldr ol'ling ra e ondition ranges.

[0142] Accor{ﬂigﬂhg SBF@ SthHptures of exanples 1 through 14 of the
i nvention wef e CORtY ed so'that the nmean grain size was 6.5 mor less, 25

t he standar iati t he nean i i ze 1.5 mor ss,..and 57 the
rati o of anddE34E!  WedheHifuad, QLA FEP Rk FoPRPL RSN sREPpey
orientagion s, 5 1 hrough 15 ) 4% or, greater (as. ured.. by the
abovema%t i on’ﬁ?/ajb]@r yét é?‘eorl'ieé‘ﬁ?l\zgﬁse&"n qnépgsiazf%t lgﬁeﬁh?ﬁhcﬁn exqeptt f8h
back scattering pattern system was unted on a field 5 em ssion _scanni ng

el ectron ni cua@f&@&@ﬁe E@IKBPU%%-V\%”F ?reeﬁgﬁp‘loé@ ¢ontEughZaaAgs Grné-d,
present invention showed a high strength and hi gh conductivit

yield stressBef Tughu aweh Pyasglenentsines t@@@dﬂ%@swd@wﬁbe@ov)@fé&dg%ﬁasa

greater, and were al so
0.05 mass%. Furthermore, the total content of the elements Hf, Th, Li,

Na, K, Sr, Pd, W, S, Si, C, Nb, AL, V, Y, Mo, Pb, In, Ga, Ge, As, Sb, Bi, Te,

10 B and mischmetal (MM} was also 0.1 mass% or less. “-“ shown in the
respective element contents shown in Table 3 indicates that the element
was below the detection limit.

(Mean Grain size, Standard Deviation of Mean Grain size and Ratio of
Small-Angle Grain Boundaries)

15 [0135] The mean grain size, standard deviation of the mean grain
size and small-angle grain boundaries of these product copper alioy
plates were measured. In regard to these measurements, as was
described above, a crystal orientation analysis method in which an
EBSP system was mounted on an FESEM was used, and the aggregate

20 structure of the surface parts of the product copper alloy plates in the
direction of plate thickness was measured. The results obtained are
shown in Table 6.

[0136] In concrete terms, the rolled surface of the product copper
alloy was mechanically polished, and samples were prepared in which

25 the surface was further adjusted by buffing and electrolytic polishing.



superior in ternms of bending workability. 10 [0144] On the other hand, in
the case of the copper alloy of Conparative Exanple 15, the Fe content was
below the lower limt of 0.01% Accordingly, in spite of the fact that this
all oy was manufactured under the sanme desirable conditions as the
abovenenti oned exanples of the invention, the fine precipitated 15 particles
were insufficient, and the nean grain siZz5and standard deviation of the
mean grain size exceeded the upper |limts of the specified ranges. As a
result, although the bending workability was superior, the strength was
especially low [0145] In the case of the copper alloy of Conparative

Exanmpl e 16, Ng@: tépl?ts{e:eﬂ Sﬁéh%ﬁioﬁxﬁﬁﬁgﬁgeﬁféﬁt%ﬁ)&rgﬂaﬁﬁ 4iz€ mBafrement 133&

’ of the fact that this alloy was nmanufactured un

Accordingly, in’'s ot !
the same desiial Gerd BRATHALE 1ML B pﬁsmnﬁwg@m%)%ﬁuﬁggg%r%% )

invention, the coarse” preciplitated particles were nunerous, t

o1 20 appr oachedun ke RPRfedd Tl A Ichh SATSALOR!hAVLAD LB mRRD

grain size 2% excée upper i Ng~Wwor

was 58 especially.inferiaor 0146] In the case of, the copper. allqy_of
Conpar at | ve Bt Q0 e, il thegBirasielniy 865 Thamahado et 15 firz Jop.
0.01% so that t content was too ,small. Accordingly, in spite t he
Pact rat t hiae RFSP STigas NS, « G SOmILRiS: RYStea Wed 1R R ol ons
as the abovenentioned exanples of the invention, the fine precipitated
particl es wemanHagfunes BRI tH&%ean grain size and standard deviation
of the nmean grain size exceeded the upper limt. As a result, although the

bendi ng wor K37t y JBytbepaors, intalk oftthengtampies, a sample was cut from

the copper alloy plate obtained, and was subjected to a tension test,

conductivity measurement and a bending test. These results are also
10 shown in Table 6.

[0138]

{Tension Test)

The tension test was performed by means of a universal tester

(Model 5882) manufactured by Instron Co. using a test sample
15 according to JIS 13B, with the longitudinal direction taken as the
rolling direction, and the tensile strength and 0.2% yield stress (MPa)
were measured at room temperature and at a test speed of 10.0
mm/min, with GL set at 50 mm.
[0139]
20 (Conductivity Measurement)

The conductivity was measured as follows: namely, rectangular
samples with a width of 10 mm and a length of 300 mm were worked by
milling with the longitudinal direction of the sample taken as the rolling
direction, and the electrical resistance was measured by means of a

25 double bridge type resistance measuring device. The conductivity was



10 especially low. [0147] In the case of the copper alloy of Conparative
Exanpl e 18, the P content exceeded the upper limt of 0.4% Accordingly, in
spite of the fact that this all oy was manufactured under the sanme desirable
conditions as the abovenentioned exanples of the invention, there was 15 an
increase in coarse My-P precipitated particles; at the same tine, the nean
grain size approached the upper limt, ahd the standard deviation of the
mean grain size exceeded the upper limt. As a result, the bending

wor kability was especially inferior. [0148] In the case of the copper alloy
of Conparative Exanple 19, 20 the My content was below the lower limt of

0.1% Accor dihegl ¥alculated be thefmeha drass-deedloridlizreal teyhy@s nanufact ured
under the sane desirable conditions as the abovenentioned exanpl es of the

i nvention, ta[bq,_‘fogne precipitated particles were insufficient, and the nean
grain size and tandard deviation of the mean grain size exceeded the upper

limt. As Z‘E{T@str E§mﬁaﬁﬁéf%9ﬂg\%gt%{§g?ﬁ}tgg wor kabi lity was superior, the

strength 59 ' was especi a the case of the copper alloy of

Accordingly, 1 nieprrameeaf SPLEe derr BT BA " SatiHRER whl helortiedl:
(he oo oS o6 I S OB RPSHEEEA SRS, PR pfod Bt e
eaul 1.t haUBUIARN G A CRIONT Bt YGRS RSpOEFERY o Pel i Pb bRy ARel
Fact that ¢ EnCRBocvap T iraeds thin “BRRdsuerT | biith the  Béndfng axis
perpendicular to the rolling direction) at a bending radius of 0.05 mm.
The presence or absence of cracks in the bent parts was visually
10 observed using a S0X optical microscope. In this case, samples that
had no cracks were evaluated as O, samples showing surface roughness
were evaluated as A, and samples in which cracking occurred were
evaluated as x. A sample showing superior results in this bendin'g test
may also be said to be superior in terms of severe bending workability
15 such as the abovementioned U-bending, 90° bending after notching or
the like.
[0141] As is clear from Table 5, in examples 1 through 14 of the
invention, which are copper alloys within the composition of the present
invention, product copper alloy plates are obtained with the primary
20 cold rolling (cold rolling rate), recrystallization annealing {heating rate,
cooling rate) and final cold rolling (cold rolling rate} with desirable
condition ranges.
[0142]  Accordingly, the structures of examples 1 through 14 of the
invention were controlled so that the mean grain size was 6.5 um or less,

25 the standard deviation of the mean grain size was 1.5 um or less, and



ranges, various manufacturing conditions departed fromthe desirable

ranges. |In Conparative Exanple 21, the tenperature upon the conpletion of
hot rolling was too low. In Conparative Exanple 22, the tenperature upon
the conpletion of hot rolling was too high. In 15 Conparative Exanple 23,
the cold rolling rate of primary cold rolling was too low. In Conparative
Exanple 24, the cold rolling rate of privary cold rolling was too high. In
Conpar ative Exanple 25, the heating rate of recrystallization annealing was
too low. In Conparative Exanple 26, the cooling rate of recrystallization
annealing was too low. 20 In Conparative Exanple 27, the cold rolling rate

of final colihe ehtibnef iaalll@eglenptain Hyuerimeeatiny wiichmphe dffereeecohd
rolling rate of final cold rolling was too high. [0151] Accordingly, in the

copper al | oygyRfalt HEERtLRERANAS I3/ ehrFXSNPI BSwadl 49PbridiRadét QS HBAYEEE] he
common featuré of an inferior 25 bending workability Tegardless of the

strength | evsy in@ndahidlidtiea thgeidl Ganseiin LieipaunoRkhbATn>Rish Pt ur e

of the cop oy p present 1 nventi obt ai ni ng

s . : 1 . L : . h
and i gn  eonbeebfl TR eI TRt b RS olifubied L0 SBEETT NG
5 conditions_for .obtaini ng tlgicé structure %re further supported by the

above r%sul {EIIISSION SEIEBOL LGN ANJCIASEIPH- 00 10 OO ONNOOOM F F F

0 010 mF F [5(14%10 OAOS 201 1%su1t, examples 1 through 14 of the present invention

showed a high strength and high conductivity, i.e., a yield stress of 400
MPa or greater and a conductivity of 60% IACS or greater, and were also
superior in terms of bending workability.

10 [0144] On the other hand, in the case of the copper alloy of
Comparative Example 15, the Fe content was below the lower limit of
0.01%. Accordingly, in spite of the fact that this alloy was
manufactured under the same desirable conditions as the
abovementioned examples of the invention, the fine precipitated

15 particles were insufficient, and the mean grain size and standard
deviation of the mean grain size exceeded the upper limits of the
specified ranges. As a result, although the bending workability was
superior, the strength was especially low.

[0145] In the case of the copper alloy of Comparative Example 16,

20 the Fe content exceeded the upper limit of 3.0%. Accordingly, in spite
of the fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the invention, the coarse
precipitated particles were numerous, the mean grain size approached
the upper limit, and the standard deviation of the mean grain size

25 exceeded the upper limit. As a result, the bending workability was
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[0146] In the case of the

the P content was less than the lower limit of 0.01%, so that the P
content was too small. Accordingly, in spite of the fact that this alloy
was manufactured under the same desirable conditions as the
abovementioned examples of the invention, the fine precipitated
particles were insufficient, and the mean grain size and standard
deviation of the mean grain size exceeded the upper limit. As a resuit,
although the bending workability was superior, the strength was
especially low.

[0147] In the case of the copper alloy of Comparative Example 18,
the P content exceeded the upper limit of 0.4%. Accordingly, in spite of
the fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the invention, there was
an increase in coarse Mg-P precipitated particles; at the same time, the
mean grain size approached the upper limit, and the standard deviation
of the mean grain size exceeded the upper limit. As a result, the
bending workability was especially inferior.

[0148] In the case of the copper alloy of Comparative Example 19,
the Mg content was below the lower limit of 0.1%. Accordingly, in spite
of the fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the invention, the fine
precipitated particles were insufficient, and the mean grain size and
standard deviation of the mean grain size exceeded the upper limit. As

a result, although the bending workability was superior, the strength
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was especially low.

[0149] In the case of the copper alloy of Comparative Example 20,
the Mg content exceeded the upper limit of 1.0%. Accordingly, in spite
of the fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the invention, there was
an increase in coarse Mg-P precipitated particles, the _standard
deviation of the mean grain size exceeded the upper limit. As a result,
the bending workability was especially inferior.

[0150] In the copper alloys of Comparative Examples 21 through 28,
in spite of the fact that the compositions were within the specified
ranges, various manufacturing conditions departed from the desirabie
ranges. In Comparative Example 21, the temperature upon the
completion of hot rolling was too low. In Comparative Example 22, the
temperature upon the completion of hot rolling was too high. In
Comparative Example 23, the cold rolling rate of primary cold rolling
was too low. In Comparative Example 24, the cold rolling rate of
primary cold rolling was too high. In Comparative Example 25, the
heating rate of recrystallization annealing was too low. In Comparative
Example 26, the cooling rate of recrystallization annealing was too low.
In Comparative Example 27, the cold rolling rate of final cold rolling was
too small. In Comparative Example 28, the cold rolling rate of final
cold rolling was too high.

[0151] .Accordingly, in the copper alloys of these Comparative
Examples, all of the alloys showed the common feature of an inferior

bending workability regardless of the strength level.
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terms of bending workability in addition to a high strength and high
conductivity, and the significance of the desirable manufacturing
5 conditions for obtaining this structure, are further supported by the

above results.
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copper alloy as an anode and using platinumas a cathode, said solution in
which only the matrix of this copper alloy is dissolved is subjected to
suction filtration using a polycarbonate type nenbrane filter with an
opening size of 0.1 m and the residue is separated and 20 extracted on
this filter; and said anmobunt of My in said extracted residue is the anmount
that is determned by ICP follow ng disé& ution of the residue on said
filter by nmeans of a solution in which aqua regia and water are m xed at a
ratio of 1 to 1. 25 65 2. The copper alloy according to claim1, wherein
in the grain size neasured by a crystal orientation analysis nmethod in which

an el ectron INPRGKRTERCAL LAPPIICAALIIIEYN Systemis nounted on a field em ssion
scanning electron mcroscope, the nmean grain size described belowis 6.5 m

or 5 less, apgsge st ardaff dREAHD aqfovrebem@?l}ea&ﬁitnnﬁie;ﬁi&?slgmd jpel ow

is 1.5 mor "l ess’ wherein when n indicates the nber of crystal grains

q i -+ h . . _ .

Size s oxpRStRAUE BRSTdr ML P L RINR, YRR TERT Bomiel} YRR, M, |

[ 10 i ' - I n/ ] AS- |

having a hi GRTFIRIEh S ilfesior PRinBntBriighlls | 145 2 AGRIETbeBIdY
taind .01 to 3. 0% f,E 0.01 t 0,4% Db f.P.and 0.1t

0% by s DoORE IR TSGR b GOl BRLROP XA = Tt SL2F GRek of -

in the grain size neas dci) a crystal orientation analysis nethod in

whi ch an ol St&igBh BAAG LAY SraiRgS A SERIroRUART idevigimi BessrAloYs 6rd

em sston SC%%nlunSgedelich){ﬁ)gr applications such as IC lead frames, connectors,

terminals, switches and relays requiring a high strength, high
conductivity and severely stipulated bending workability.

10



m croscope, the nean grain size described belowis 6.5 tumor less, and the
standard devi ation of the nean grain size described belowis 1.5 hum 20 or

| ess: wherein when n indicates the nunber of crystal grains nmeasured and X
i ndicates the grain size values neasured, the mean grain size is expressed
as (Ix)/n, and the standard deviation of the nean grain size is expressed
as [nYx2 - (I1X)2]/[n/(n- 1)1/2]. 25 66 44 The copper alloy according to
claim2 or claim3, wherein the ratio of small-angle grain boundaries which
are grain boundaries between crystal grains in which the difference in
crystal orientationis small, i.e., 5 to 15, as neasured by the crystal
orientation nethod in 5 the copper all @y,Ais4%to 30% taken as the ratio
of the total length of the small-angle grain boundaries to the total |ength
of the crystal grain boundaries in which the difference in crystal
orientation is to 180. 5. The copper alloy according to any one of clains

ot h, _at the rat ev"fe*?&%&ofia%‘ ?%&?ﬁ%aérﬁ?%é%%@lﬁéfff M NP R one
Fate of o, éo‘%“f%%@%ceﬁibrrﬁh%hé%ﬁ ARera By Béss: bt 46 t@?ﬂt? B@‘@‘ By the
cLai e &\ hrual Br gl Sob% SRRRRIast P AL o B e,
1 through 7’unavoidable impurities, wherein:
the size of oxides and precipitates including Mg in the copper alloy
is controlled so that the ratio of the amount of Mg described below in
the extracted residue by the extracted residue method described below
10 using a filter with an opening size of 0.1 um to the Mg content in said
copper alloy is 60% or less;
said extracted residue method is a method in which 10 g of said
copper alloy is immersed in 300 ml of a methanol solution with a 10
mass% concentration of ammonium acetate, constant-current
15 electrolysis is performed at a current density of 10 mA/cm? using this
copper alloy as an anode and using platinum as a cathode, said
solution in which only the matrix of this copper alloy is dissolved is
subjected to suction filtration using a polycarbonate type membrane
filter with an opening size of 0.1 um, and the residue is separated and
20 extracted on this filter; and
said amount of Mg in said extracted residue is the amount that is
determined by ICP following dissolution of the residue on said filter by
means of a solution in which aqua regia and water are mixed at a ratio

ofl1to 1.

25



wherein a copper alloy plate contains Wh or Ca, or both, at a total content
of 0.0001 to 1.0% by mass. 25 9. The copper alloy according to any one of
claims 1 through 8, 67 wherein said copper alloy plate further contains one
or nore elenents selected froma set conprising Zr, Ag, C, Cd, Be, Ti, Co,
Ni, Au and Pt at a total content of 0.001 to 1.0% by nmass. 5 10. The copper
all oy according to any one of clains 1 ti&®ugh 9, wherein said copper alloy
contains Hf, Th, Li, Na, K Sr, Pd, W S, Si, C Nb, A, V, Y, M, Pb, In,
Ga, CGe, As, Sb, Bi, Te, B or mschnetal so that the total content of the
elenments is 0.1 by mass or less. 10 11. A method for manufacturing a plate

of the copper abl ophe @éﬁ?éﬁldﬂbyt acebalifiglto chithiicRvRef@APRl tBk V%‘ﬁlﬁ'ﬁk@ i's
obtai ned by casting, rolling, cold rolling and anneal i ng, erein the

required _t'ﬂ% §0p80 the t&ggiaatdﬁéh@udrhwﬁslyrﬁetmdtlﬁewﬁhémﬂrmlé%!t%ﬁntS

:n a nelting urnace to Initration of casting 1s set at 1200 seconds ﬁr
15
et | ng 1 ur e PefREmE BEALH Syl oM o) oﬁffﬁaﬁgﬁ? ?@é@"ﬁlﬁ%&?é@%ﬁ&? or
accor ding ¢ R STerdRAReCTbE WiRsCeral SR adraiPeRBRIgR by Hn or
|.udi | .l d I ol d
ol T nge whofseninf dbecBinditt, AVabi ﬂﬁ%%»é%@.as%i%%%‘rﬁﬁe%%ﬁppﬂ%égw set
at 550C to 850C_ the s#‘ésequent cold rolling rate is set at 70 to 98% the

mean heat i ng‘sr]alse“mnmf subsequent annealing is set at 25 50C/s or greater,

the nean cooling . rate faollow n he annealing, is set 68
\%herem ci‘len n 1gd1cates the nurgber of crystal grains measured

and x indicates the grain size values measured, the mean grain size is
expressed as (¥x)/n, and the standard deviation of the mean grain size

10 is expressed as [n¥x? - (3x)2]/[n/(n - 1)¥/7].

3. A copper alloy having a high strength and superior bending
workability, respectively containing 0.01 to 3.0% by mass of Fe, 0.01 to
0.4% by mass of P and 0.1 to 1.0% by mass of Mg, and remainder Cu
15 and unavoidable impurities, wherein in the grain size measured by a
crystal orientation analysis method in which an electron back scattering
pattern system is mounted on a field emission scanning electron
microscope, the mean grain size described below is 6.5 um or less, and
the standard deviation of the mean grain size described below is 1.5 um
20 or less:
wherein when n indicates the number of crystal grains measured
and x indicates the grain size values measured, the mean grain size is
expressed as (}x)/n, and the standard deviation of the mean grain size
is expressed as [nYx? - (¥x)2]/[n/(n - 1)1/2].

25



at 100C/s or greater, and the cold rolling rate in the subsequent final

cold rolling is set in the range of 10 to 30% 13. A nethod for

manuf acturing a plate of the copper alloy 5 according to any one of clains
1 through 10, in which a copper alloy plate is obtained by a process

i ncludi ng casting, hot rolling, cold rolling, annealing and cold rolling,
wherein the required time fromthe conpl &8 on of addition of alloying
elenents in a nelting furnace to the initiation of casting is set 10 at
1200 seconds or less, the required tinme fromthe ejection of a ingot from
the heating furnace to the conpletion of hot rolling is set at 1200 seconds

or less; and whgretye %ﬁ)p%?r‘ﬂ%ﬁtdﬂc%r&ﬁfg‘ téh@laﬁﬁm' 8FiQRIAT 3NkhéRlihi e i S
set at 550C to 850C, subsequent cold rolling rate is set at 70 to 98%

the 15 meanfepldndmaieddle! Beaitt IEaHAR AN RARN Gy s e> gr8in abovfdi0d

greater, the nmean cooling r ovm ng the annea at 10 or

greater, and dfieccobdsial 'gggg%g 8wl e SHRRSONE bt bRk P B Okl S

set in the range of
small, i.e., 5 to 15°, as measured by the crystal orientation method in

5 the copper alloy, is 4% to 30%, taken as the ratio of the total length of
the small-angle grain boundaries to the total length of the crystal grain

boundaries in which the difference in crystal orientation is 5 to 180°.

5. The copper alloy according to any one of claims 1 through 4,
10 wherein said copper alloy further contains Ni or Co, or both, at the rate

of 0.01 to 1.0%.

6. The copper alloy according to any one of claims 1 through 5,
wherein said copper alioy further contains Zn at the rate of 0.005 to

15 3.0%.

7. The copper alloy according to any one of claims 1 through 6,
wherein said copper alloy further contains Sn at the rate of 0.01 to
5.0%.
20

8. The copper alloy according to any one of claims 1 through 7,
wherein a copper alloy plate contains Mn or Ca, or both, at a total

content of 0.0001 to 1.0% by mass.

25 9. The copper alloy according to any one of claims 1 through 8,
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wherein said copper alloy plate further contains one or more elements
selected from a set comprising Zr, Ag, Cr, Cd, Be, Ti, Co, Ni, Au and Pt

at a total content of 0.001 to 1.0% by mass.

10. The copper alloy according to any one of claims 1 through
9, wherein said copper alloy contains Hf, Th, Li, Na, K, Sr, Pd, W, S, Si,
C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As, Sb, Bi, Te, B or mischmetal so

that the total content of the elements is 0.1 by mass or less.

11. A method for manufacturing a plate of the copper alloy
according to claim 1, in which a copper alloy plate is obtained by
casting, hot rolling, cold rolling and annealing, wherein the required
time from the completion of the addition of the alloying elements in a
melting furnace to the initiation of casting is set at 1200 seconds or less,
and wherein the required time from the ejection of a ingot from the
heating furnace to the completion of hot rolling is set at 1200 seconds

or less.

12. A method for manufacturing a plate of the copper alloy
according to claim 3, in which a copper alloy plate is obtained by a
process including casting, hot rolling, cold rolling, annealing and cold
rolling, wherein the temperature upon the completion of hot rolling is
set at 550°C to 850°C, the subsequent cold rolling rate is set at 70 to
98%, the mean heating rate in the subsequent annealing is set at

50°C/s or greater, the mean cooling rate following the annealing is set
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at 100°C/s or greater, and the cold rolling rate in the subsequent final

cold rolling is set in the range of 10 to 30%.

13. A method for manufacturing a plate of the copper alloy
according to any one of claims 1 through 10, in which a copper alloy
plate is obtained by a process including casting, hot rolling, cold rolling,
annealing and cold rolling,

wherein the required time from the completion of addition of
alloying elements in a melting furnace to the initiation of casting is set
at 1200 seconds or less, the required time from the ejection of a ingot
from the heating furnace to the completion of hot rolling is set at 1200
seconds or less; and

wherein the temperature upon the completion of hot rolling is set at
550°C to 850°C, the subsequent cold rolling rate is set at 70 to 98%, the
mean heating rate in the subsequent annealing is set at 50°C/s or
greater, the mean cooling rate following the annealing is set at 100°C/s
or greater, and the cold rolling rate in the subsequent final cold rolling

is set in the range of 10 to 30%.



