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1 [DESCRIPTION] [Invention Title] COPPER ALLOY
STRI P MATERI AL FOR ELECTRI CAL OR ELECTRONI C PART AND
METHOD FOR MANUFACTURI NG THE!I SAME [ Techni cal Fi el d]
The present invention relates to a Cu-N -Si-based

[ceepRar@ldgy strip material suitable for use in
el ectrical or electronic parts. [Background Art]

[1hQConvent ifqraldly, Fe- based material sforusein electrical
or electronic parts are usually used, but recently,

Cuchasesd men aRhavwngexce! fentretest it t yrandrcTroNTC
heat conductivity such as phosphor bronze, tonbac,
PARGr o980 MIovRQOh EOR NYAMAWOAECHERINKeTHAaveAeen wi del y
sed.. As the 15 electrical or electronic parts have
[T8888ﬁ€a§wﬁqeéﬂ lighter in weight and nore densely
integrated, in recent Cu- based materi al s

th
f or e|3¥§§ﬁ§3ﬂeﬁﬂY?%§ﬂo%r E?ﬁ%??%nlEopa?ts Challg-py-based
cogprexgel bentsdn sthengtha g cenduyg 'l%' o SEE%SSM} electrlcal

rel axati on resi stance property, bendi ng wor kabi
or ptcthgo20c ppapesty, press formability, heat

resi stance and the like. The Corson all oy that
[Baskgmdenby 2adding Ni and Si to Cu to formthe

precipitates of N -Si-based conpound is a

Cu- QQQVQﬂ§¥QPQﬂﬂMA/luﬁﬁ1ﬁﬁ$@¢y excedtentsstréogt h.use  in
ol Far nple égD 70250 al | oy which has been

IBaE%%eI65ﬁenﬁ$&§%&ﬁzﬂ¢%ﬁ§ but

) ﬁufzoasseodn 200 GG T DB ROy e

heal - Sbnbaaedv@@ypoy@@ﬁ HL @h@%@ﬁb?e%@d}d’zé heitombac, brass,
properties are inproved (for exanple, they are

C0r§|0§bl asedyi mrrhphhesel Pet ehevPubbewat ivddellyi daGpén  As the
30Nos. 2005-298920 and 2001-49369). However, the
AA0P50 QF G}%H%Hec R EbH %V@y?e%ﬂ@m%@dl%r t héghter

in %%‘5‘55‘35%%%6‘9‘%3%5 koY OPrE AL 1D Sty WRars, the
Cu-R=@ReY these whi ch %"o‘% negdedni npthe. electrigal Qr el%ctronic

el ectronic parts, and especially, they do not provi
paramsy rizddiprovied pkatilhgnpr aperdtenytess dadmbiiviyy andtress
heat resistance. [Disclosure] [Technical probleni
rel&&%ﬁ%ﬂﬁuﬁ%ﬁ1§Wﬁﬁ%ﬁeEéﬁPeFﬁVen con Ihgs wedelveddiety n plating

of . t he. above-nenti probl ems occurr
pro}é %VH i c?rreasrst efogr%a Jtlm%_’sy’a eo‘ib gctS BTt 1HeS p?régeﬁ}? Pike.
| NVeRk 01 s rPIOMIAL thLOPREMmAd AYy SIddPhEBELrial si to cu
suitable for use in electrical or é¥ectron|c parts
to i@mhlmﬁde&mb¢x@nbstesonﬁeNheBs bheenl ramgpoure]l ays,a Cu-Ni-
wi tches and the |ike, while exhibiting 15 excell ent
L-BPEECn G o Bp et Vi npr B8 Ve 8?iﬁ>§éll|eﬁty Satﬁ’c?ﬂfétdt- For example,
c h f nyf in the
q_ @é@(ﬁ] €11 %ﬁ V@hf&tl %%s %e%@ lll_‘ et%u tﬁ%opper

e present entors have va |ous dres
Deveppaknal ARGy oslirdtd o1t erd alaStddabl e for use in
el ectrical or electronic parts and have chocked the
gr aPAsei aridtare (hiee 20edinamstarowsid t fer sonpedid ygr aim) which

d dj d_on th |l oy st
enepe ey RS CERE i Share? orf Herkdid y ) ia Ee—%ﬁ%epSYaéwéhgmﬂa

pre@@‘i:%%@l tdheq Pankii¢l e, £banet eLsand. ?@@&S' @Fbr example,
density and the properties such as t atin
thepr@myt@;splesedfdnnﬂnpaﬂ@s@neaheﬁt mmbkﬂdutnbnﬁﬁaﬂd -Open
hey have found that if the grain dianeter

NosanaopﬁezéﬁgﬁgrﬁqﬁwZQQ%ﬂ%%ﬁ@ﬁe-properly provi ded, the
pr o\%ﬁggb@? ar gh'ean:B).(ﬁGQSGnd E §§ﬂa§g§eeﬁﬂesueorson alloys

kno ‘t he present rAvent

acconplished [Technlcal Solutlon] 30To achi eve the
above object, according to an aspect of the present
invention, there is provided a copper alloy strip
material for use in electrical or electronic parts,
including: a copper alloy conprising 2.0 to 5.0 mass%
0.43 to 1.5 mass% Si, and the bal ance of Cu and
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30 hot working, and the conmpound A i5 easily |ost or

down-si zed when the reheating treatment before hot

rolling or the solution heat "treatnment (honobgenizing

treatnent) after the 8 hot rolling is conducted at a.
dipfgRsSeenpBr &N6r &80T Grta JamapgRs | Datott t Puiel iTheion Laid-

heat.i n Y: IS _co te der the conditions

opENSRLLNG, A0S IR | 3,80 L HOISE LS CONKE NS, sy
th@r eptepelnithe RAust il fiRldidhereof chut dnathe 81 or

condi tions, the conpound A nmay remain or be produce
eldotrogit heahats,r ohhéing:speciallyAccordin@d ondbe provide any
._present invention, the conpound B has a total of nore
IMPRARCE0 RAdEINEf NIorawtsi apdeshe doamebédiity a and heat

om 0.05 umto less than 0.3 put, while

re%f%?%?%%hg 10 inproved press formability. That is,

[phen dhe-gopper - based parent phase of the copper alloy
strip material is changed out of shape in a state of

[TReing St pyeays of a punch and a die during press
wor ki ng, the conpound is not changed out of shape

beeausedahglls hirgh drasgnessindlc fdhen £4 asks, opLdd 1D view
on the copper-based parent phase around the conpound
of ahldet RBopropayatiicore cofp ndiel ersckecwakisy sheartheg prior art,

rking easy,, thereby_inproving the press formability.,

an%éléeill%ec?ncgﬁﬁa:f: k%fsgg?i cHr@%‘leW HWihetPhhéR Hevide a

j f ot § S n r | ess ;
o L ! S PR L AR BT A8 i
or of eflbeteonpounthaBd s suek eased, 1the effregted,he connectors,

conpound B has is decreased, and further, the content
temtinaless conpband, C vortetidsut and. the t heké npwbnviérentxtofbiting
ox X er pro erties in the copper alloy strip material

Be r

'ed'9 ThRTGPEFhY di aREEEF ad@ diedidridivon and  heat
densidde ofardde m Q5w et o rgld e
e adj usti ng at he nunber of t er&:aro |%§%§gie§{%u%lﬁé/g' hot
rofhengreseat nireveatotrs mMeaok theld obdtigupassadickhen the
hot roiling finish tenperature, and the tinme required
CORRRY | 2+ heY watEh PqUeHent iyl aftiéfabhe doipl eS¢ onnofedrtrical
r ' The dispersi.on_density b of the canmpound 30
8 i%%oére er}%\%l%a?éngaa?lgng)@vler gh1e¥5edn5rt?ﬁerg/rrﬁﬁmpt fggger (the
di RN igae. rgi Ookhenpr v entd
t t he corrpounde (Zc%né%&gﬁ?oggﬁggé ?rgr ghghg:%%@%)dr?g{sﬁgﬁ%ed on
theanwbrBiemral tdie sit atet materiall, r ahge dic@RrEane tdasity, and

0,00lpmto less than 0,05pm s contributing to the
the hdp t letiwagn r disst Addichie |Bandtamne and  the

. after pre i ngspbjected to the stress reli .
e r?trlreé'log?lngéé%g\gg&t %%rogn%g% RS il SgFﬁesass Ehe plating
progenergt ede@yr ifG nldks PIes S WPIHd Y, rdi st iecdBt fd 8l result,
havi ng hiset resist ce preferably exhibits a
theyelhatviev dloynsimihlat dfange igraime diamdriess appbrilcelispersion
q stress relief anﬂea. Howevere contente compound Cis
engdtds dhfe, PYPREEORIREOWIEY rdif cRr deRFehledareotmproved,
di r I spersi ' h u r.
andContro Pgﬁﬂgyggdgﬁgﬁiﬂgugghpg%xhggygt§5§?%§gtqgvgn%l%n HEs
beenondicbmpis shkeenperature and tine). If the tenperature
of the sanple heat treatnment is high and the tine
[Teeuiceld $otuthendanpl e heat treatnent is long, the
grain di aneter of the conpound 15 becones | arge and
t hE® cBRBLBVRVItNE RReYRsORD Rt  baccoreingnsi¢ ean aspect of

S | ow. the other. hand, if the .
the P PR QL o HIre ot o estient GoPHgwa iRy Strin
mat@raibn dizyet ensef tihe compedpdcheconns sgpbleapdithepares,

conductivity becones | ow. The dispersion density c oF

the conpound Cis 70 preferably in a range from 104

nunber han2 to 109 nunber hi nl2, nore preferably ins

range from 105 nunber/ nunber/nmm . According to

the present invention, if the dispersion density a of

the conpound A, the dispersion density b of the 25
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The strip material taken ifromeach test material was

30 heated in inert oasa. tenperature range from 400t

to t4 surface hardness for five positions was

nmeasured and the average val ue was obtai ned. The
: erature having accurately internediate hapdpess ., .
ln%e{ v\}ee(%1 t e 2 rpd:‘ﬁes.ég}“:tf‘:[gly n%%a—{%%ﬁqu egt@d tf%t %rlaa!ma(sﬁs° HEL
0.4mtesi aly apdskheshargdnessnboradahbe nat efl alndavhRgoidable
. the lowest hardness was defined as hal f-softening
impueniperes ur ghelkrkinhet el € - sokt erimge t egpesatalf eimasrmetallic

nore than 500t, it was estimated as A, if it was in_a

con bethedh 250rCaAntPBpHLS IR Ns B dand P ftt@h’l amount
| ess R 545 it S T er.j i ng 5
of higghmtﬁggt roe%i Igtggﬁéet?% d%g%%%?%?(% b{:?g{bgggél Irlk‘enr%a‘Vlng &
congdahid i ity aimetichie $tvhess redi efn aapeahinegiaf tiksat h@etween a
. press working. (d) Press formability The test
Mirgret | e Sugered cat Makianrs ataliusy irhetled eapapeendf diegeters,
<£ t ween a{)unch, angd a die in a sinple press machine,
an FHE TS portF ohSwas T ENPRedSwittR FE8EN MsAdies ©f 0.3 /m
fo s%bj ected to nechani cal _and wet polishing, After that,
t

e Bt &G WaseoBsEAted CusFABPPRBI0pR i VI %r §schperound

. enlargin he image to 400 tines, thereby neasuring ,
dlﬁl??etﬁlgrf@f?h@- Qe)fr %%Ps&eﬁisw?h@unrp'ﬁeﬁ'@t halelBeneakaregtallic
in thcﬁcf) ral]el direction t&,the 20 rgiling di rection
GO Dt pehdF S A i T8¢ bRT t 8L t ReLFoFPfRgL- 001 mm to
directiaon,.thereby obtaining the average val ue (n=10).
legg t?l’?é"lcgh%f[iﬁmof the bur was less than 1 glz, it was
esti S i f it in.at tween_| -.am and
N
diswrse AiorC. dhei2y5 sheirt efhé ha drenatdt 20f1 thecbdpbuh8, A, the
_the better the press formability is. (e) Plating
digmegirerary density TheoAgtlpe athhgrifierat hect esmpoaner Bal snd the

qiJas conducted, to a t i%ré:s,s of about. 2 4m and éhe ,
LR €t Tht ér Fal 5 R - 1 C t SR W U ks Satisty
E;lsggg- 0 rof en mnutes, After that,
. ﬁ}xe expalnéipol;}a/g%ﬁg@A%g{%{ ed test. nmaterial was
observedioger ta sithe obr3@mm:X IArBnusong t atedptbdal, the
. mcroscope enlarging the image to 200 tinmes. If the
disppasecrofdexphidel pér thensntemetal Iigs extpor@dt agnd the

: i f it i et ween d 5, .t s@as B, _and if i .
dlﬁ@esfsfnloorne #%%%l%ﬁf f%t o\%/ag%aes B hR Jtcat??{&p%%%néi gRELstY
an &X¥ipxlessidher bonging, feycep begpmes | ow, [ EXAVPLE 2]
The copperal l oys(No.7to No. 17)having the conpositions
asAkcstrddngn Tabl éht cpmpsesitngi8veniees% Nprefer@b6y, the
mass% Si, My or Zn havi ng the contents shown in Table

horf zogrid It heebat andé /M  @ndanéeurvavdiidadl el ¢mpulri viles) of the

ected.to the sane treatnents as the exa

wer e subj mpl e
GO Py egéjﬁﬁnma 179 t85t Tt 6ri BPEPSRGLgE s checkithe to the

I ri hect ri.als, e . -
o P Re Sk e S B ert B BplRsa) satisey
an [cRXANMRISE &3] (Bhey copper al | oys(No. 21 to No. 30) havi ng

the conpoisions as listed in Table 2 conprising 2.4 to

3. BCAAsYIAN |, tO, 48heo progemissiaSEntign, Zznpseisgably, the

havi ng .t he contents_ 20. sho in Table. 2, and th
CON R ad T O B SHavR Habl B FRbUF e} B fape FOEal of 0.005
to SU gedLsh torthe SamBt! eal EBNRAS 41 EX8iPkeok: the group
thereby nmaking test materials. So as to check the
conprioyientg est ohlf hast estt,neteri@t s, Thexts, the sgawe P, In, Sb,
experinments as the exanple | were carried out. 25
Mn, %VPXRAﬁr\/E EXAPLE'A] The copper al | oys(No, 31to No.
37)having the conpositions as listed in Table 2
conprising 3.0 mass% Ni, 0.65 mass% Si, My or Zn
havi ng the contents shown in Table 2, and the bal ance
of Cu and unavoi dable inpurities were 30 subjected to
the same treatnents as the exanple 1, thereby making
test materials, except that any one of the
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To achieve the above object, according to another
aspect of the present invention, there is provided a method
for manufacturing a copper alloy strip material for use in
electrical or electronic parts, including the steps of:
reheating a cast ingot of a copper alloy comprising 2.0 to
5.0 mass% Ni, 0.43 to 1.5 mass$% Si, and the balance of Cu and
unavoidable impurities, at a temperature in a range between
850C and 950C for from two hours to ten hours; hot rolling
the reheated cast ingot for from 100 seconds to 500 seconds
to make a copper alloy strip material; rapidly cooling the
hot rolled copper alloy strip material to a temperature in a
range Dbetween 600C and 800C; conducting aging heat
treatment for the cold rolled copper alloy strip material at
a temperature in a range between 400C and 550C for from one
hour to four hours.

According to the present invention, preferably, the
copper alloy strip material further includes a total of 0.005
to 1.5 mass% of at least one element selected from the group
consisting of Al, As, Hf, Zr, Cr, Ti, C, Co, Fe, P, In, Sb,
Mn, Ta, V, Sn, Zn and Mg.

Another characteristics and advantages of the present
invention will be more apparent from the following
description with reference to the attached drawings.

[Description of Drawings]

FIGS.la to 1lc are photographs showing a copper alloy
photographed by a transmissive electronic microscope having
an accelerating voltage of 300kV, wherein FIGS.la and 1lb are
photographs enlarged to 50000 times and FIG.lc is a
photograph enlarged to 100000 times.

FIG.2 1s a perspective view showing a crystal grain
diameter of a copper alloy strip material.

[Best Mode for Invention]
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A copper alloy strip material suitable for use 1in
electrical or electronic parts according to a preferred
embodiment of the present invention will be explained in
detail. First, the copper alloy composition in the copper
alloy strip material of the present invention will be
described with reference to the operating effects of
respective alloy elements and their content.

Ni and Si form the precipitates of a Ni-Si compound,
thereby providing a strength-improving effect.

The Ni content is in a range from 2.0 to 5.0 mass$%,
preferably from 2.5 to 3.5 mass%, and the Si content is in a
range from 0.43 to 1.5 mass%, preferably from 0.5 to 0.7
mass%, more preferably from 0.8 to 1.1 mass%.

The reason of prescribing the contents of Ni and Si 1is
that 1if any one of them is 1less than a lower limit, a
sufficient strength is not obtained, and contrarily, if any
one of them is more than an upper limit, the strength is
excessively high, thereby decreasing the conductivity.

The mass ratio of Ni and Si is not specially restricted,
but it is preferable that if the mass ratio of Ni is 1, the
mass ratio of Si is in a range of 0.2 to 0.3. Also, if the
upper limit of the content of Si is about 1/4 of the content
of Ni, the strength becomes highest, and if the content of Si
is more than 1.5 mass$%, hot rolling cracks are easily
happened.

According to the present invention, preferably, the
copper alloy strip material further includes at least one
element selected from the group consisting of Al, As, Hf, Zr,
Cr, Ti, ¢, Co, Fe, P, In, Sb, Mn, Ta, V, Sn, Zn and Mg, which
improves the strength. The total content of the elements is
0.005 to 1.5 mass%, preferably 0.01 to 1.0 mass%. If the

content is 1less than 0.005 mass%, the effect cannot be



L

10

15

20

25

30

sufficiently obtained, and contrarily, if the content is more
than 1.5 mass%, the conductivity becomes decreased.

According to the present invention, fine Ni-Si-based
intermetallic compounds are produced in the copper-based
parent phase alloy, and the strength of the alloy is
increased, while the electrical conductivity is becoming good.
However, the present invention notes the sizes of the
compounds, and the arithmetic mean between the minimum wvalue
and the maximum value in the diameters of the compounds is
defined as the diameter of the compound. Based on the
diameter of the compound, the compounds are classified into
compounds A, B and C. According to the present invention,
furthermore, it is necessary that the compounds B and C are
contained in the copper alloy strip material.

So as measure the diameters of the compounds, a round
hole having a diameter of 3mm is punched on an alloy sample
and the thin film is polished by means of twin-jet polishing.
Next, the photographs enlarged to 50000 times and 100000
times are taken for arbitrary three positions of the alloy
sample using a transmissive electronic microscope having an
accelerating voltage of 300kV, such that the diameters of the
compounds and the number of compounds are measured on the
photographs. Accordingly, the compounds A, B and C are
defined according to the diameters of the compounds (the
arithmetic mean between the minimum value and the maximum
value in the diameters of the compounds).

FIG.1 is a measured result of No.9 in the example 2 of
the present invention by using the transmissive electronic
microscope having an accelerating voltage of 300kV, wherein
FIGS.la and 1lb are photographs enlarged to 50000 times and
FIG.1lc 1is a photograph enlarged to 100000 times. The
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dispersion densities of the compounds A, B and C are obtained
by the following manner.

First, the compounds appearing on the photographs taken
at the arbitrary three positions are classified by sizes. 1In
this case, the diameter of the compound is the arithmetic
mean between the minimum value and the maximum value in the
diameters of the compound.

Next, the number of compounds by sizes is counted, and
the counted number 1is removed from the area of each
photograph and is continuously converted into unit area (mm?).

This 1is conducted for all of the three photographs
enlarged to 50,000 times and 100,000 times, thereby obtaining

the average values for the total six photographs.

The compound A has a total of more than 50 mass$% of Ni
and Si and the diameter in a range from 0.3 mm to 2 gm, while
exhibiting a relatively low tensile strength in the copper
alloy strip material when compared with the compounds B and C.
When the compound A 1s contained in an excessive amount in
the copper alloy strip material, it may decrease the plating
property of the copper alloy strip material. Furthermore, if
the content of the compound A is increased, the contents of
the compounds B and C contributing to the improvement of the
properties of the copper alloy strip material are decreased,
and it 1is therefore preferable that the content of the
compound A should be small. The dispersion density a of the
compound A is preferably less than 10 number /mm®.

According to the present invention, the compound A is
produced during the melting/casting, the solidification
process, or upon the non-equilibrium heat treatment during
hot working, and the compound A is easily lost or down-sized
when the reheating treatment before hot rolling or the

solution heat treatment (homogenizing treatment) after the
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hot rolling is conducted at a high temperature or for a long
period of time. The reheating treatment is conducted under
the conditions of a temperature of more than 900TC for 0.5
hour or greater in the industrial field thereof, but in the
conditions, the compound A may remain or be produced during
the hot rolling.

According to the present invention, the compound B has
a total of more than 50 mass% of Ni and Si and the diameter
in a range from 0.05 um to less than 0.3 um, while exhibiting
improved press formability. That is, when the copper-based
parent phase of the copper alloy strip material is changed
out of shape in a state of being fit by means of a punch and
a die during press working, the compound is not changed out
of shape because of its high hardness, but fine cracks occur
on the copper-based parent phase around the compound and the
propagation of the «cracks makes shearing working easy,
thereby improving the press formability. The effect cannot
be sufficiently obtained when the diameter of the compound is
in a range from less than 0.05um to more than 0.3um. Even
though the content of the compound B is increased, the effect
the compound B has is decreased, and further, the content of
the compound C contributing to the improvement of other
properties in the copper alloy strip material may be reduced.

The grain diameter and dispersion density of the
compound B can be controlled by adjusting the number of the
rolling passes during hot rolling, the interval time of the
rolling passes, the hot rolling finish temperature, and the
time required until the water quenching after the completion
of the rolling. The dispersion density b of the compound B
is preferably in a range from 10° number/mm? to 10° number/mm?.

According to the present invention, the compound C has

a total of more than 50 mass% of Ni and Si and the diameter
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in a range from more than 0.00lum to less than 0.05um, while
contributing to the improvement of the heat resistance. The
lead frame after press working is subjected to the stress
relief annealing so as to remove the residual stress
generated during the press working, but the material having
high heat resistance preferably exhibits a relatively small
change in the hardness upon the stress relief annealing.
However, if the content of the compound C is excessive, the
conductivity may be decreased.

The diameter and dispersion density of the compound C
are controlled by adjusting sample heat treatment conditions
(temperature and time). If the temperature of the sample
heat treatment is high and the time required for the sample
heat treatment is long, the grain diameter of the compound
becomes large and the conductivity becomes high, but the
tensile strength becomes low. On the other hand, if the
temperature of the sample heat treatment is low, the grain
diameter of the compound becomes small and the conductivity
becomes low. The dispersion density c of the compound C 1is

2 to 10° number/mm?,

preferably in a range from 10* number/mm
more preferably in a range Zfrom 10° number/mm?* to 10’
number /mm?.

According to the present invention, if the dispersion
density a of the compound A, the dispersion density b of the
compound B, and the dispersion density c¢ of the compound C
satisfy an expression [a/(b+c)< 0.010], it 1is apparently
appreciated that the press formability and strength are
improved. If a/(b+c) 1s more than 0.010, the press
formability and strength are decreased and further the
plating property is decreased.

According to the present invention, if the dispersion

density b of the compound B and the dispersion density c of
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the compound C satisfy an expression [0.001<(b/c)< 0.10], it
is appreciated that the press formability is improved. 1If
b/c 1is less than 0.001, the press formability is not
sufficiently obtained, and contrarily, if b/c is more than
0.10, the precipitation strengthening is low so that the
strength is not sufficiently obtained.

According to the present invention, if the compounds A,
B and C have a total of more than 50 mass% of Ni and Si, the
effect of the present invention can be achieved. It 1is
preferable that they have a total of more than 75 mass% of Ni
and Si. In addition thereto, Cu or other elements may be
contained.

According to the present invention, the composition of
the compounds A, B and C can be appropriately analyzed using
an energy dispersive spectroscopy (EDS) attached on the
transmissive electronic microscope. At this time, because
the influence of the copper-based parent phase exists, the
peak value of the copper and the background are removed from
the obtained chart, and the peak values of Ni, Si and other
detected elements are standardized to calculated values,
thereby obtaining the percentage of the content of the Ni and
Si contained in the compounds.

The copper alloy strip material having the dispersion
densities of the compounds A, B and C satisfying the above
expressions can, for example, be manufactured by the
production processes set out below.

The cast ingot of a copper alloy comprising 2.0 mass$

to 5.0 mass% Ni and 0.43 mass% to 1.5 mass$% Si is reheated to
a temperature range from 850C to 950C for from two hours to

ten hours, and next, hot rolling is conducted for from 100

seconds to 500 seconds. The hot rolling finish temperature

is in a range between 600C and 800C and next, the cooling
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is rapidly conducted. The rapid cooling conditions are

preferably set at a cooling speed in a range between 5T/sec

and 100C/sec in a temperature range of more than 3007TC
After that, the cold rolling and annealing are repeatedly
conducted if necessary, and next, aging heat treatment is
conducted in the conditions of the temperature between 400C
and 5507C for from one hour to four hours. As a result, the
copper alloy strip material having excellent plating property,
press formability, and heat resistance is produced.

It is more preferable that the reheating conditions at
the temperature between 875C and 925C for from four hours
to six hours, the hot rolling time for from 400 seconds to

600 seconds, the hot rolling finish temperature between 6507T
and 750TC, the rapid cooling at the cooling speed in a range
between 20C/sec and 50C/sec (in a temperature range of more
than 300C), and the aging heat treatment at the temperature

between 425C and 500C for from 1.5 hours to 3.5 hours.

According to the present invention, if the ratio [x/y]
of a horizontal length x (mm) to a vertical length y (um) of
the grain diameter in the perpendicular section to the
rolling direction of the copper alloy strip material is more
than 2, the press formability is improved. It 1is more
preferable that the ratio [x/y] is more than 4. As shown in
FIG.2, the horizontal length x 1is parallel to the width
direction of the strip, and the vertical length y is parallel
to the thickness direction of the strip. The ratio ([x/y] is
controllable by the hot rolling conditions.

According to the copper alloy strip material of the
present invention, the diameters (compound diameters) of the
intermetallic compounds (hereinafter, referred simply to as

compounds) contained in the Cu-Ni-Si-based copper alloy strip
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material are appropriately prescribed, thereby especially
improving the plating property, press formability and heat
resistance, which is very helpful for use in the electrical
or electronic parts. In addition, the dispersion densities
of the grain diameters of the compounds or the crystal grain
diameter of the copper-based parent phase are prescribed,
thereby more improving the above-mentioned properties.
Further, the copper alloy strip material further includes a
total of 0.005 to 1.5 mass% of at least one element selected
from the group consisting of Al, As, Hf, Zr, Cr, Ti, C, Co,
Fe, P, In, Sb, Mn, Ta, V, Sn, Zn and Mg, thereby more
improving the strength.

The copper alloy strip material according to the
present invention can be easily manufactured by prescribing
the reheating conditions before the hot rolling process, the
hot rolling <conditions and the aging heat treatment
conditions.

(EXAMPLES]

The present invention will be in more detail described
below with reference to examples. On the other hand, the
present invention is not limited to the following examples
set out below.

[EXAMPLE 1]

The copper alloys (No.1 to No.6) having the
compositions as listed in Table 1 comprising 2.0 to 5.0 mass$
Ni, 0.43 to 1.08 mass% Si and the Dbalance of Cu and
unavoidable impurities were molten using a high frequency
molting furnace and were cast at a cooling speed between
10Usec and 30Wsec, thereby making cast ingots having a
thickness of 30mm, a width of 100m and a length of 150mm.
The cast ingots were reheated on the conditions shown in

Table 1, and the hot rolling as shown in Table 1 was
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conducted to make hot rolled strips having a thickness of
12mm. Next, face milling for the strips was conducted by lmm
on the both surfaces thereof, thereby obtaining the strips
having the thickness of 10mm. Next, the cold rolling for the
strips was conducted to make cold rolled strips having a
thickness of 0.167mm. After that, the solid heat treatment
was conducted at a temperature of 950TC for 20 seconds, and
then, the strips were immediately quenched in water. Next,
the aging heat treatment as shown in Table 1 was carried out
and finish cold rolling was conducted at a rolling reduction
ratio of 10%, thereby obtaining respective test materials.
Next, the properties for the produced test materials were
investigated.

The various properties for the produced test materials
were obtained by the following manners set forth below.
(a) Conductivity

Specific resistance for each test material was obtained

through four-point probe measurement in a thermostat where

water is maintained at a temperature of 20C (in a range

between 19.5TC and 20.5C), thereby calculating conductivity.
The distance between the probe points was 100 mm.
(b) Tensile strength

The test pieces of JIS 22201-5 cut in parallel
direction to the rolling direction were taken by three from
each test material, and the tensile strength test for the
test pieces was conducted in compliance with the JIS 272241,
thereby obtaining the average value of each test piece.
(c) Heat resistance

The strip material taken from each test material was

heated in inert gas in a temperature range from 400C to

700C for 30 minutes every 50T, thereby measuring the

surface hardness using a Vickers hardness tester. The
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surface hardness for five positions was measured and the
average value was obtained. The temperature having
accurately intermediate hardness between the hardness for
non-heat treated material (As material) and the hardness for
the material having the lowest hardness was defined as half-

softening temperature. If the half-softening temperature was

more than 500C, it was estimated as A, if it was in a range
between 450C and 500, it as B, and if it was less than

450C, it was as C. The material having high heat resistance
desirably exhibits excellent stability in the stress relief
annealing after the press working.
(d) Press formability

The test materials were cut after setting the clearance
of 10% between a punch and a die in a simple press machine,
and the cut portion was filled with resin and was subjected
to mechanical and wet polishing. After that, the cut face
was observed using the optical microscope enlarging the image
to 400 times, thereby measuring the lengths of burrs. Five
burr lengths were measured in the parallel direction to the
rolling direction and in the perpendicular direction to the
rolling direction, thereby obtaining the average value (n=10).

If the length of the bur was less than 1 um, it was

estimated as A, if it was in a range between 1 um and 3 um, it

was as B, and if it was more than 3 m, it was as C. The
shorter the length of the burr is, the better the press
formability is.
(e) Plating property

The Ag plating for the test materials was conducted to
a thickness of about 2 m, and the plated test materials were
heated at temperatures of 350C, 400C and 450C for ten

minutes. After that, the expansion of the Ag plated test
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material was observed over a size of 30mm X 30mm using the

optical microscope enlarging the image to 200 times. If the
numpber of expanded portions is 0, it was estimated as A, if
it is between 1 and 5, it was as B, and if it was more than 5
it was as C. If the plating expansion exists, the bonding
force becomes low.

[EXAMPLE 2]

The copper alloys (No.7 to No.17) having the
compositions as listed in Table 1 comprising 3.0 mass% Ni,
0.65 mass% Si, Mg or Zn having the contents shown in Table 1,
and the balance of Cu and unavoidable impurities were
subjected to the same treatments as the example 1, thereby
making test materials. So as to check the properties of the
test materials, next, the same experiments as the example 1
were carried out.

[EXAMPLE 3]

The copper alloys (No.21 to No.30) having the
compositions as listed in Table 2 comprising 2.4 to 3.3 mass%
Ni, 0.43 to 1.08 mass% Si, Mg, Zn or Sn having the contents
shown 1n Table 2, and the balance of Cu and unavoidable
impurities were subjected to the same treatments as the
example 1, thereby making test materials. So as to check the
properties of the test materials, next, the same experiments
as the example 1 were carried out.

[COMPARATIVE EXAMPLE 1]

The copper alloys (No.31 to No.37) having the
compositions as listed in Table 2 comprising 3.0 mass% Ni,
0.65 mass% Si, Mg or Zn having the contents shown in Table 2,
and the Dbalance of Cu and unavoidable impurities were
subjected to the same treatments as the example 1, thereby
making test materials, except that any one of the

manufacturing conditions did not conform to the prescribed
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value of the present invention. So as to check the
properties of the test materials, next, the same experiments
as the example 1 were carried out.

The experiment results of the example 1 and 2 were
shown in Table 1, and those o©of the example 3 and the
comparative example 1 were shown in Table 2. Tables 1 and 2
show the manufacturing conditions, a/(b+c), b/c, total
density (mass$%) of Ni and Si in compounds A, B and C, and the

horizontal to vertical ratio x/y of crystal grain.
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Note)@D Ni + 8Si concentration of compounds A, B and C mass$% ® Ration for

horizontal length x to vertical length y of the grain

As apparent from Tables 1 and 2, the copper alloy strip
materials (No.l to No.30) according to the present invention
exhibited excellent plating property, press formability and
heat resistance. Also, they obtained good conductivity and
tensile strength.

On the other hand, {a/(b+c)] values of Nos.31l and 32 in
the comparative example 1 did not conform to the prescribed
value of the present invention, thereby exhibiting low
degrees of press formability, strength and plating property.
Since [x/y] of No.32 was smaller than the prescribed value of
the present invention, No.32 exhibited very low degree of
press formability, and contrarily, since [b/c] of Nos.33 to
35 was smaller than the prescribed value of the present
invention, they exhibited low degree of press formability.
Also, since [b/c] of Nos.36 and 37 was larger than the
prescribed value of the present invention, they exhibited low
degree of strength, and contrarily, since their ([x/y] was
smaller than the prescribed value of the present invention,
they exhibited low degree of press formability.

On the other hand, experiments on the stress relaxation
resistance property and bending workability of the copper
alloy strip materials (Nos. 1 to 30) were additionally
conducted, wherein the properties were also required for
electrical or electronic parts. As a result, it was found
that they had the stress relaxation resistance property and
bending workability giving no trouble in practical use.
[EXAMPLE 4]

The copper alloys (No.38 to No.41) having the
compositions as listed in Table 3 comprising Ni, Si, Co, and

the balance of Cu and unavoidable impurities were subjected



(9]
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20

to the same treatments as the example 1, thereby making test
materials, except that the manufacturing conditions 1listed
were adopted. So as to check the properties of the test

materials, next, the same experiments as the example 1 were

carried out.
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As apparent from Table 3, the copper alloy strip
materials (No.38 to No.41l) according to the present invention
exhibited excellent plating property, press formability and
heat resistance, like the copper alloy strip materials in the
examples 1 to 3. Also, they obtained good conductivity and
tensile strength.

[Industrial Applicability]

As set forth in the foregoing, there is provided the
copper alloy strip material very suitable for wuse in
electrical or electronic parts such as lead frames,
connectors, terminals, relays, switches and the like.

While the present invention has been described with
reference to the particular illustrative embodiments, it is
not to be restricted by the embodiments but only by the
appended claims. It is to be appreciated that those skilled
in the art can change or modify the embodiments without
departing from the scope and spirit of the present invention.

This application claims the priority of Japanese patent
document No.2006-246961, filed Dec. 12, 2006 and the priority
of Japanese patent document No.2007-236003, filed Sep. 11,
2007, the disclosure of which is expressly incorporated by

reference herein.
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[claim 1]

A copper alloy strip material for use in electrical or
electronic parts, including: a copper alloy comprising 2.0 to
5.0 mass% Ni, 0.43 to 1.5 mass% Si, and the balance of Cu and
unavoidable impurities, wherein

a) there are three types of intermetallic compounds (A,
B and C) comprising Ni and Si in a total amount of 50 mass%

or more, the intermetallic compound A having a compound

diameter of 0.3 um to 2 m, the intermetallic compound B

having a compound diameter of 0.05 gm to less than 0.3 pm, and
the intermetallic compound C having a compound diameter of

more than 0.001um to less than 0.05um,
(b) the horizontal length X(m) and the vertical length

y(mm) of the crystal grain diameter on a perpendicular

section to the rolling direction of the copper alloy strip
material satisfy an expression [x/y 2 2], and

(c) the dispersion density a of the 1intermetallic
compound A, the dispersion density b of the intermetallic
compound B, and the dispersion density ¢ of the intermetallic
compound C satisfy an expression [(a/(b+c)< 0.010] and an

expression [0.001<(b/c)< 0.10].
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[Claim 2]

The copper alloy strip material for use in electrical
or electronic parts according to claim 1, the copper alloy
strip material further includes a total of 0.005 to 1.5 mass$%
of at least one element selected from the group consisting of
Al, As, Hf, Zr, Cr, Ti, C, Co, Fe, P, In, Sb, Mn, Ta, V, Sn,
Zn and Mg.

[claim 3]

A method for manufacturing a copper alloy strip material
for use in electrical or electronic parts, including the
steps of:

reheating a cast ingot of a copper alloy comprising 2.0
to 5.0 mass% Ni, 0.43 to 1.5 mass% Si, and the balance of Cu
and unavoidable impurities, at a temperature in a range
between 850C and 950C for from two hours to ten hours;

hot rolling the reheated cast ingot for from 100 seconds
to 500 seconds to make a copper alloy strip material;

rapidly cooling the hot rolled copper alloy strip
material to a temperature in a range between 600C and 8007
and

conducting aging heat treatment for the cold rolled
copper alloy strip material at a temperature in a range
between 400C and 550C for from one hour to four hours, and

obtaining a copper alloy strip material satisfying:

(a)there are three types of intermetallic compounds (A, B and
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strip materials (No.38 to No. 41) according to the
present invention exhibitedygexcellent plating
property, press formability and heat resistance, |ike
the copper alloy strip materials _in the anmples 1
C) £GTTIRESE, Rinayootarfed 864 COMRIEE it yiangose br more,
tensile strength. [Industrial Applicabilit , As
thegdinFeymtat 3 nl theCPBPegding theredi & p?%m%lafbdtﬂéameter of
copper alloy strip material very suitable for use in
0.31Mn edeect ningakher ielectraniléd ipackbsiwsuchl & hegadof ramespound
connectors, termnals, relays, switches and the I|iKke.
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compyuthkie C1%5 aappende d ocloaiumsl, ditanies etro die rapgEr édicat éd 001 um to

that those skilled in the art can change or nodify the
e di_men j.thout departing fromthe scope and
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application clains the priority of Japanese patent
doclohenheNh.2006r246961snd i1 ed (Mec, 212, tRe0Feand cele length
priority 20 of Japanese patent docunent
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range 15 between asot and 950t for fromtwo hours to
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for from 100 seconds to 500 seconds to nake a copper
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roll ed copper alloy strip material to a tenperature in
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