- 1-* BOPPER ALLOYS FOR ELECTRI C AND ELECTRONI C 2123851 DEVI CES AND |
METHOD-EOR PRODUCI NG SAME This invention-reltates to copper alloys for

el ectri nd el ectronic devices and to a nethod for producing the sane. .f’\
More pargiggularly, it relates-to copper alloys for electric and electronic

devi ces Xﬂich have.5 excel l ent resistance to the peeling of coated tin
plating\or /tin a loy plating and to a method for producing the alloys. In €
general, i gh strength and hi gh conductivity 10 copper alloys are suitable ™

forwse in the manufacture of electric and el ectronic devices. .In
particular, Cu-N -Si alloys have the required characteristics f%#zsssl
t he manuf act ure OCORRER RLLAY¥SSFOR ELPSTRIDC ANPCELECTRONIIE| ect i

devices are nanyfqﬁﬁkf ' JngWﬁgﬁ §iﬁoﬁlﬁﬁb PigS r plating applieq,
said plating being e_of I N A Dro m ntional tin
alloy platings is that they peel or crack, which obviously |essens the
reliability of the plated products._In view of this proble
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are heated to 15 or. b5 in air.to rnmpe spst tin
and sol der platimﬁi%(§?ﬁﬁﬂi:%ﬁk?rpgﬁﬁf%u%gg£§'tﬁgi¥é£$5%§s#$e§§§§egnd hi gh
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after soldering, the solder i1s liaple to_peel. such all gys have
her et of or e plating or tin a’loy plating and to a method for |

'producing the alloys.

In general, high strength and high condﬁctivity

10 copper alloys are suitable for use in the manufacture
of electric and electronic devices. In particular,
Cu-Ni-Si alloys héVe the required characteristics
for use in the manufacture of such articles. Alloys
for electric and electronic devices are manufactured

15 with a tin plating or solder plating applied, said
plating being made of a tin alloy. A problem with
conventional tin alloy platings is that they peel or
crack, which obviously lessens the reliability of the
plated products. In view of this probiem, alloy

20 plated electric and electronic devices are subjected,
for example, to a high temperature storage test after
soldering, in which the soldered alloys are heated to
150°C for 500 hrs in air to determine the resistance
of tin and solder platings to peeling. In spite of

25 their high strength and high conductivity there are
still problems with the above-mentioned Cu-Ni-8i’
alloys in that when they are subjected to the-high-
temperature storaée test after scldering, the solder
is'liable to peel. Thus, such alloys have heretofore

30 only had limited use in the manufacture of electric
and electronic devices.



30 'onLX had I|n1ted use in the manufacture of electric and el ectronic
deV|ces ", Inorder to overcone the disadvantages of the conventional

QH§. studi es have been nmade.in which a variety of elenents have been -,
adde to Cu-Ni-Si alloys. As a result, it has now been found that 32
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precipitation of large amounts of Nizsi contributes

to improvement in the peeling resistance of the applied
solder. Moreover, it has been ascertained that the
annealing temperature of 400°-550°C.éfter cold working
is the point at which the maximum amount of Nizéi
precipitates. The annealing time used was in the

range of 5 minutes.to 4 hours.

Because Cu-Ni-Si alloys are of the precipitation
hardening type, their cold workability is greatly
influenced by the quenching conditions ater hot-working.
Accordingly; different quenching conditions have

been investigated in order to improve the producitivity
and to achieve a stable quallty, with the result that
it has been found that the quemﬁﬁng temperature should
be over 600°C with a cooling rate over 15°c per second.

Accordingly, the present invention is to provide an
alloy for electric and electronic devices which
imparts an improved peeling resistance to tin and tin
alloy platings. '

The present invention provides a'dopper alloy for
electric and electronic devices, comprising: 3.0 to
3.5 wt$ of Nl, 0.5 to 0.9 wts of Si, 0.02 to 1.0 wtg-~of
Mn, 0.1 to 5.0 wt% of Zn and the’ balance of Cu and

the inevitable impurities. |



,|nparts an |nproved peeling resistance to tin and.tin aIon pl atings. 30
.'nt I nvention provides a copper alloy for electric dnd el ect ron| C

conprising: 3.0 to 3.5 wt%of Ni, 0.5t0 0.9 wt%of Si, ()wtn\/
0f Mh, 0.1 to 5.0 wt % of Zn and the bal ance of Cu and 35 the
abl e inpurities. -3 The present .invention also provides a copper
alloy for electric and electronic devigces, conprising: 3.0 to 3.5 wt%of . _
Ni, 0.5to0 0.9 wt%of Si, 0.02to 1.0 wt%of M1, 0.1 to 5. 0-wt % of Zn, At
0.005t0 0.1 5 w% of C, and the balance of Cu and the inevitable '
i mpurities. ThEhprgsesbnknﬂﬁnehadoalsdspr@wbdddea e ideggpehn@ jdyduci ng a -
COPPe LY or B EIELE G O o e Bev Y CEDmeb ARG 10 e St ePs

of : a) subjectl 0 hot rises 3.0 to
3.5 wt%of Ni, 3@05t903059w;6%a<ff N$|r 095023°t9 2. @If«ﬂ;t OB IMMO-P2L t 5.0 wt %

of Zn, and the;lp wthabanms ,Co. anctot Iseu RR% b30Iz8 | ROt itRS O. 10 b)
coollng t he aIon at a rate ever per second trom a teqP ure
exceedi ng Perr Pt¥3an@f28r . @pdashsy a&éPGGWGFkFHgangnﬁﬁﬁl 8 oy at
400 C - 550 C &mpuilmuﬁutes to 4 hours The present invention also provi des
a method for :

r .

The presant inﬁention also provides a method for
producing a copper alloy for electric and electronic
10 devices, comprising the steps of:

a) subjecting to hot working a ' copper alloy which

comprises 3.0 to 3.5 wt$ of Ni, 0.5 to 0.9 wt¥ of Si,

0.02 to 1.0 wt% of Mn, 0.1 to 5.0 wts of Zn, and the
15 balance Cu and the igevitable impurities ;

b) cooling the alloy at a rate_over-lsoc per
second from a temperature exceeding SOOOC: and

20 c) after cold working, annealing the alloy at
400°% - 550°c for 5 minutes to 4 hours.

The present invention also provides a method for
producing agcopper alloy for electric and electronic
25 devices, comprising the steps of:.

a) sSubjecting to hot working a copper ailoy
which comprises 3.0 to 3.5 wt$ of Ni, 0.5 to 0.9 wts
of Si, 0.02 to 1.0 wt$ of Mn, 0.1 to 5.0 wt % of 2n,

30 0.005 to 0.1 wt¥ of Cr, and the balance Cu and the
inevitable impurities;

b) cooling the alloy at a rate of over lSQ:per second
from a temperature exceedlng 600° C; and

35
c) after cold working, annealing the alloy at 400°C
to 550°C for 5 minutes to 4 hours.



produ0|ng .a., copper aIon for el ectric and el ectronic 25 devi ces, y
conpr|5|ﬁg the steps of:. a) subjecting to hot working a copper al | gy=
mm cmmHS%i30t035\M%ofN| 0.5to0 0.9 wt%of Si, 0.02 to 1. '
bﬁ/ 0.1to 50w %of Zn, 30 0.005to 0.1 wt%of Cr, and the ba
CU and the inevitable inpurities; b) cooling the alloy at a rate of oyer
156 per second froma tenperature exceédﬁnﬁ [err]; and 35 c) after colt
WO%Ki-ng, annealing the alloy at 400 C to 5500C for 5 ninutes to 4 hours.
~~4- The present jhavention verco dvan e .of rd| Ni - Si
al | oys as sUbstra#ﬁ? PEPSTRS ARYSY ﬁ°§|§8yr§ ?fn%@gmﬁfﬁﬁ g?ﬂ % C%E
resi stance to peebrdynammdCusNbasédadhoyheasi adbagsateshfos ﬂescanﬂed The
“invention provideg;goppep §h9¥§n Qrwﬁiéﬁtékﬁlﬁﬂﬂ ﬁbSEtEQEiQF?ﬁ¥écﬁé whi ch
exhi bit excellent resistahc elin etin tin a atings
and al so a nethodPﬁellbﬁodéﬁﬁnéssEéﬁeﬁlPBthelﬁiﬂﬁénﬁépbﬁrbﬂlons of the

i nvention usedslnabb@rﬂb@&taCTHéeiﬁ@eﬁtﬁﬁﬁrpﬁo&ﬂde§|@QppéﬁlSlﬂéyscﬁérand

the mothod for progyctng tigsablg¥s LOvel ye L,  ohi oW 0gnifi£°

excellent resistance to peeling of the tin and tin
alloy platings and also a ‘method for producing such

_ alloys.
10
The copper alloys of the invention used in the
manufacture of electric and electronic devices and
‘the method for producing the alloys involve the
following three embodiments: ‘
15

1) a %irst embodiment in which the copper alloy
comprises 3.0 to 3.5 wt% of Ni, 0.5 to 0.9 wt% of Si,
0.02 to 1.0 wt% of Mn, 0.1 to 5.0 wt% of Zn and the
. balance Cu and the inevitable impuries: 2) a second

20 embodiment in which the copper alloy comprises 3.0 to
3.5 wt% of Ni, 0.5 to 0.9 wt% of Si, 0.02 to 1.0 wts
of Mn, 0.1 to 5.0 wt% of Zn, 0.005 to 0.1 wt% of Cr and
the balance Cu and the inevitable impurities; 3) third
embodiment which is directed to a method of proch1ng

25 copper alloys for electric and electronic devices
which is characterised by subjecting, to hot working,
a copper alloy comprising 3.0 to 3.5 wt$ of Ni,

. 0.5 to 0.9 wt3 of Si, 0.02 to 1.0 wt%

of Mn, 0.1 to 5.0 wt% of 2n, with or without 0.005 to

30 Q.lwt% of Cr, and the balance Cu and the 1nev1table
impurities, cooling the alloy from temperatures over
600°C at a rate of over 15°C'per second, and, after
cold worklng, annealing the worked product at 400°¢
to 550°C for 5 minutes fo 4 hours

35 )



1) as flrst enbodlnent I n which the copper alloy conprlses 3.0 te 3. S5 W%
N, 05toOEMM%m Si, 002“)10M%0fM101t05(MM%m Zn-.
ke balance Cu and the inevitabl e i npuries: 2) a second 20. enbodi reQl/
dhi cht t he copper alloy conprises 3.0 to 3.5 wt%of Ni, 0.5 to 0.9 w % of
0.02°to 1.0 % of M1, 0.1 to 5.0 wt%of Zn, 0.005 to 0.1 wt% of -Cr and
t he bal ance Cu and the inevitable i mpurities, 3) third enbodi nent which |§b;,
directed to a nethod of produci ng 2% ceopper alloys for electric and =
el ectroni c devices which is characterised by subjecting, to.hot working, a .
copper alloy conprising 3.0 to 3.5 ww%of Ni, 0.5to0 0..9 Wt % of Si, 0.02 -~
to 1.0 wt % of THe:dbnipdsi Gidh Lo tdie anventtNQ)rCWEMLnlIDEOBSto 30
Qlwt % of Cr, IE,{};‘e P angs Gh aqel fhpdieyvitabl e inpurities, cooling the
al | oy fron1tenpera ures<mwwéﬁerr at a rate of over [err] per second, and,
after cold working, annealing the worked product at 4000C to [err] for 5

?eggﬁ ?Eeéolﬁ f(}p}f”fﬁ a§5elemqmmléamm@afﬂfstwnvmcm@e[ altloy 'tﬁ
Lo the & alF oyeL19¥+ nerh thanile ontnfif 85 it cts hEse S8R, 50 0"
i nprovenent of3 1 reti} rnqzaimﬂusowmtemifew’emmm’dmgtm&beseweem within
the range of Q,p 1 té-p L??’ ﬁ/&can %Pésé’ﬁ@%;%&‘?ﬁ? ehd FdEgd o£OLIENEo! S Over

3.5 W% no |nprove e expect
.9 wts. On the other hand, if the Ni content is

over 3.5 wt%, no improved effect can be expected

10 and there is a reduction in econowy. Accordingly,
"the Ni content of the alloy is in the range of 3.0
.to 3.5 wts. ' ’

.Si is an element which can improve the strength .
15 of the alloy similar to Ni. Amounts of the element
‘less than 0.5 wt% do not improve its.strength even
though Ni is present in the range of 3.0 to.)3.3.Wwfs.
Amounts of Si exceeding 0.9 wt% ‘are disadvantageous
in that they.decréase the conductivity of the alloy
20 <and also result in a deterioration of the hot
' workability of the :alloy. Accordingly, the Si
content should be within the range of 0.5 to 0.9 wts.

Mn is an element which can improwve the hot workability

25 of the alloy. If its content is less than 0.02 wt%,
this improvement is reduced. On the other hand, if the
‘Mn content exceeds 1.0 wt%, the casting flowability
deteriorates so that there is a considerable lowering
of the casting yield. Accordingly, the content of Mn

30 should be within the range of 0.02 to 1.0 wt&. In
order not to suffer losses in electrical concductivity,
however, the content of Mn should be within the pfef-
erred range of 0.02 to 1.0 wts.

35



10 and there is a reduction in econony. Accordingly, the NI centent of the
aIon S in the range of 3.0 to 3.5 W% Si is an el enent which can i
e\dlrength 15 of the alloy simlar to Ni. Amounts of the elenent |
‘tham0.5 wt % do not improve its strength even though Ni is present i

range of 3.0 to 3.5 wt% Anounts of Si exceeding 0.9 wt% are
di-sadvant ageous in that they decrease & Ite conductivity of the alloy 20 and
‘aks0 result in a deterioration of the hot workability of the al | oy.
Accordingly, the S Qontent shoul.d t hin_the range of 5.1t0 0.9 wmt%
.M is an elenent.%ﬁiéﬁ &h § 4ﬁi§ ﬁﬂﬁ&h'ﬁiy §§@5P loy. If
its content is | e&sestﬂs&arﬁ:é)ﬁ:mﬂ#)é;ahﬂmgs elfrmﬂm/a:‘mntamds ﬂiadladﬂfby On the

ot her hand, if the ML enty e he_casti bility
deteriorates so tﬁ’é‘tmtlf%&ge S fe}i-'cch%n%?" étrg‘b I oé?e?’n %5"1‘ ritg‘n \g% ting yield.
Accordi ngly, the de@sserthay Ol 33shdlis lﬁéf\ﬁcrthllﬁ trIQéiulcsdgeW@Br@aBZ to 1.0

W% 1n order @ot itf0 ¢ cRn HeAISAS 11ArQYeRCithiagals . GORAYG! il ¥o1lRpever, the
content of M shoul be mnt In the pref- erred range of 0.02tQ 1.0 w% 35

-6- Zn is an ele dhe ﬂ@}eFﬁﬁFBGEStheA£°°rd1P8§W§tance to
peeling of the ti rtmarml:cmutmred lofy Zpl dini e allfloyhehowlidede @fitRini n the

alloy is |less thaq:h% %a}ﬁtgé’ oté'nos leftf egt OI SIAS Leduced, whereas

10 Cr is an element which improves the resistance to
peeling of tin and tin alloy.platingS'similar to zn.
However, if Cr is used alone, the same effect as is
achieved by the use of Zn alone cannot be attained.

In other words, even though Zn is present in an

15 amount of 0.1 to 5.0 wt% in the alloy, its effect
will be reducedif the content of Cr is less than
0.005 wt%. If, on the other hand, Cr is present above
0.lwt%, the casting flowability of the alloy ¢tonsid-
erably deteriorates with an attendant déeterioration

20 ©of casting yield. Accordingly, the content of Cr
should be within the range of 0.005 to 0.1 wts.

An'embodiment of the method of preparation of the
alloy is as follows.
25 .
A casting obtained by an ordinary ingot technique
is subject to hot working, after which it is cooled
from temperatures over 600°C at a cooling rate of
15%% per second.. For temperatures less than 600°¢C
30 even though the cooling rate employed is over 15°C/
second, precipitation hardening will already have
taken place in the material, which worsens the cold
workability of the alloy in a subsequent step. On
the other hand, if the cooling rate is less than 15°C/
35 second, even though the stafting temperature is over
GOOOC, precipitation hardening likewise occurs.
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5 f the content is | arger than 5.0 wt% the sol der- ablllty of tdhe al I oy
A ates. Accordingly, the content of Zn in the al I oy shoul d be V\Athl n
@ of 0.1 to 5.0 w% 10 C is an elenment which inproves the -
e to peeling of tin and tin alloy platings simlar to Zn. However,
used al one, the sane effect as J,S achi eved by the use of Zn al one
cannot be attained. In other words, even though Zn is present in an 15 RO
amount of 0.1 to 5.0 vvt%ln the aIon, its effect will be reducedif the A

content of Cr I_ﬁcé&s&_t; Etip.}l@r/ehiz?g ﬁéh\é%e 2 8L PET shénta %I s present

above O lw% t cast| con5|d

deteri orates WAYEBRBRR1 nﬂ&i}tt@%t%?‘?b%%‘h%t?cﬁ 1‘%a§?|ﬂ§e§/|%$oc
Accordingly, thfegsgent of Cr should be within the range of 0.005 to 0.1
wt % An enbodinent of the nethod of preparation of the alloy is as follows.
25 A casting obtained by an ordinary ingot technique is subject to hot

wor ki ng, aft®r Mﬁﬁliﬂgiaftemledldrmkm@eimpma 'dvereﬁf)e@t: @f a cooling

rate of 15 C P S e even. t hough
the cooling rate é&‘ﬁ ggilﬂgnpﬁﬁ%eéﬁ%%n %ﬁgggéllgtéaél oﬁ ardening w ||

IS OV
al ready have ta«&mpleietmgehe Fhatkas dpeens nRY t hereBb| d.

wor kabi l'ity of éﬁm;@éigytwtapéemmu@flttﬁﬁe@r £Xn t §E16y hevabangs if the
cooling rate is |l ess than

tenperature is %‘?mﬁoc@s’p‘?%ﬁ?kﬁf?a‘fc%dﬁké?%ggi'%ggﬁl{?% {‘7\# Ef%gcrzfjlrgg
- 10 .precipitation of N;Lzsl and when Ni and Si form a |
solid solution. With the copper alloys for electric
~and electronic devices according to the present
invention, the temperature at wh:.ch the greatest
amount of N:,zs:l.'.pre_c;-.pa.ta.-tes- by am;e_al:.ng_ after cold

15 working, ie where the conductivity of the alloys
becomes a maximum is 500%. at temperatures less’
than 400° C, reduced. amounts of Ni and Si compounds
precipitate. These salid solutions of Ni and Si
exert an adverse effect ol resistance to peeling.

20 Accordingly, the annealing temperature should be )
within the range of 400C to 440°%.  If the annealing
time is less than 5 minutes, precipitation is
insufficient, whereas a time period of over 4 hours
is uneconomic. Accordingly, the annealing temper-

' 25 ature should be within the range of 400°c to 550°C
and the annealing time should be within the range of
5 minutes to 4 hours. '

Having gene::"ally_ described this invention, a further

30 understanding can be obtained by refe‘reﬁce to certain _
specific examples which are provided herein for purposes
of illugtration only and are not inténded to be
limiting unless otherwise specified.



-T—-AccordinQIy, t he quénching tenperature should be over [err] and the
cooling rate should<be over 15 C second.- 5 Annealing after cold working .
inparts the*effect of inparting peeling resistance to the tin and tin allQy
platﬁﬁgs. It has been confirmed by X-ray analysis that peeling of tin oy
tin alloy coatings becones considerable when there is only little 10
precipitation of [err] and when Ni and Si for8Ta solid solution. Wth\t
copper alloys for electric and el ectronic devices according to the presel
invention, the tenperature at which the greatest anount of

[err]. preC|pitates by annealing after coldéﬁaFroréing, ie where the
conductivity of the alloys becones a-nmaxi 00 C At tenperatures
l ess than 400 C, reduced anounts of Ni and Si conpounds preC|p|tate
These solid sol ut i-eas—ef—MN—art—St—exetr-t—armr—adverse—effect—om TesTstance
to peeling. 20 A ly, the aingaldyg SHPBH erwdul d be with-in
the range . of 400C ng;qg C. If the anneallé% |rn§§égless than 5 m nutes,
precipitation is ipsuffhiici entsi whengas a time peFi od afuover 4 IRemsrkss
uneconom c. Accordingly, the annealing tenper- 25 ature should be within
the range of [err] to 550 C and the annealing tine should be within the
range of 5 minutesS to 4 hours. Having generally described this invention, a
further 30 understland 2t cah @k dbtG@hed B0 r efer erpalance erinyentive alloy

5 2 3.28 0.69 0.038 0.21 ~- balance "
3 3.28 0.69 0.038 0.46 - ~ balance "
4 3.28 0.68 0.040 0.20 0.05 balance "
5 -3.28 0.69 0.034 - -  balance Coméarative alloy
6 3.26 0.68 0.038 0.05 - balance o
‘o 7 3.28 0.68 0.033 5.06 - balance "
& 3.22 0.67 0.038 -  0.04 balance "
Ingots having thé alloy components and con-

15 tents indicated in Table 1 are produced by the follow-
ing procedure.

Verypure Cu is melted in an electric furnace
while covered with charcoal at a tempefaturé of about
1200°C. About 20% of the Cu charge is left.and Ni is

.20 charged into the élloy in such an amount that a
predeﬁermined content of Ni is attained. After
melting, Si is charged and, if desired, Cr is fufther
added as an-iﬁtermediatefélioy of Cu-10 wt% Cr.- After

these Starting materials have been melted down, the



ges| fi c exanpl es which are provided-herein for purpoées of iIlu5tr§tion
and are not intended to be limting unless otherw se specified. - 8-

_1 Exanpl e Chemi cal Conponents (wt% No. N Si m\)
a4 g - Cu Remarks 1 3.24 0.67 0.029 0.10 - bal ance
Inventive alloy 5 2 3.28 0.69 0.038 0.21 - bal ance 3 3.28 0.69
0.038 0.46 - bal ance 4 3.28 =098 0.040 0.20 0.05 balance 5 3.28 _
0.69 0.034 - - bal ance Conparative alloy 6 3.26 0.68 0. 038
0. 05 - balapce 10 7 .3.28 .,0.6 0.023 .5.06 - .~ balangce 8 3.22
0.67 0.038 balancg gf Fhe,fleiFngharIrdy ang F%@ QP@&F“bHﬁﬁ@ﬁents and .

con- 15 tents tengegatate dsTdectehsede tor 4d808¢ Fm theofa, dellicwsed g )
procedure. Vetryp .S el L.n el A e [ I Wi t
charcoal at a e%’gr g?ﬁir"zuo égg&_ T %?lr F%%%b% ?35;/00 %\Meiés(g‘ %ﬁ'\él{'r% eis
left and Ni i4n20 ehmoddd itet obtiadnal laf\rern syrdiacen mddhdudmg /t 1#at50q mm

predet er mgned tQBRkeR! 80f mi wiSiel! a30edm Abher iMRbid.Ng, Si is charged and,
if desired, O is further added as an internediate alloy of Cu-10 wt % Cr. i
After these starting materials have been nelted down, the

These ingots are heated to 850°C and hot worked to
a- thickness of 15 mm, followed by charging of the
ingot into water from 700°C. At this time, the
10 cooling rate is 30°C/se¢ond. Thereafter, the ingots
' are cold worked to a thickness of 0.5 mm, followed
by annealing at 500°c for 2 hours for the subsequent
soldering test. :

15 PREPARATION. OF SAMPLES

The anﬁealed materials are each cut into pieces 0.5
mm thick x 25 mm wide x 50 mm long, and are polished
with Scotch bright, and the polished pieces are

20 subjected to electrolytic abrasion and soldering
with tin alloy according to ‘the MIL STD-202E
method 208C. The soldered Samples are subjected to
the high temperature storage test. '

25 The storage conditions involve heating under conditions
of 150°C at 500 hrs in air. The samples are then
evaluated for resistance to peeling by'bending.the
soldered portion at 180°C and then bending the piece
back to its original shape.-The resistance to

30 peeling of the alloy is then evaluated by stripping
the tape stuck on the alloy.

In Table 2 the soldering properties of the alloys
of the present invention are shown as well as the

35 same_properties of comparative alloys. 1In Table 3,



9- bal anceg ofethe Cu is charged and the nolten netal tenperature is
decreased tp 1180 C'to [err], followed by the addition of Zn, and casting-rs
of the_molten alloy into a nold to obtain, after surface mlling, a 1 .
5 thick x 80 mmwi de x 130 nmlong ingot. These ingots are heated tqo¢—# ),
[err] and hot worked to a thickness 6f1957mm fol | owed by charging of .
ingot into water from[err]. At this tine, the 10 cooling rate is 30
C/ second. Thereaffer, the_ingats ate cold worked to.a thickness.of 0.5 nm
fol | owed by annea%ﬁﬁgrsfugﬁﬁ,8£f8?e;1ﬂ8ufgsf8FaPﬁ8 gﬁﬁ§§qﬁ§§Frsgﬁgéring
test. 15 PREPARAZIMDEIr aCErEANRLESgEherenabawnd materials are each cut into
pieces 0.5 mmthick x 25 mmwi de x 50 mm |l ong, and are polished with Scotch
bright, and the polished pieces are 20 subjected to el ectrol ytic abrasion
and soldering with tin alloy accordi n§ABBEt Be M L STD- 202E net hod 208C. The
sol dered sanplges are subjected to the high tenperature storage test. 25

The storage conditions involve heglj onditions of [err] at 500 hrs
in air. The sanples are then eval%étggRgggfiggiggﬁﬁce to peeling by bending
the sol dered portion at [err] and—+ken—beretng—the—pi ece back to its
original shape. The resistance to 30 peel.ing of the alloy is then

eval uated by stripping the tape stuck on the alloy. In Table 2 the
sol dering propertfes—of theattoys of —tiepresent—TnventTomare—stowras

well as the . . _
10 Conditions Sample Nof-goldexability Remarks
MIL-STD-202E Method 1 Good Inventive
_ N _ ' alloy
208C 2 Good "
Solder: 60Sn/40 PB 3 Good "
15 Temperature: 230% . 4 Good _ "
' ' 5 Good = Comparative
alloy
6 Good "
7 Poor ' *
20 8 | '.Good b
TABLE 3
. HIGH TEMPERATURE STORAGE TEST
- - . - -
: : - : . . Peeling of :
Conditions ~.Sample no. . golder Plating Remarks
150°¢ 1 No peeling Inventive
' alloy
30 500 hrs 2 " .
Heating -in 3 " "
Air 4 " "
5 . Peeled Comparative
alloy
35 6 Parly peeled "
7 No peeling "
8 Partly peeled "



. same properties of conparative alloys. |n Table é -10-sthe

lts of peeling resistance tests after high tenperature storage, are

TABLE 2 5 SOLDERABI LI TY TEST 10 Conditions Sanple «NQ,/

Yol pefability -Remarks M L- STD-202E thhod 1 Good

\ ive alloy 208C Good Sol der: 60sn/ 40 PB
3 ' " Good 15 Tenper at ure: '2§G C 4 Gbod 5
Good Cowparat|ve alloy 6 Good 7 Poor
Good TABLE 3 RATURE STCRA 5 Peel i tlons
Sanpl e no. a’é'ILEP ST ARERETRS Eggt e RS Y (Pa’},
peel i ng I2n\aa|dt iBve thld oppPer BIOWs ficcording XoHdde r:.g:esent 3
"I Ar

10

15

20

25

invenﬁ%on exhibited good soldering properties and
involve no peeling of solder. Thus, the alloys prove
to be very reliable and are satisfactory for use in
the manufacture of electric and electronic devices.

An embodiment of the present method for producing
the copper alloys of the invention is described :

as follows'along with comparative examples{

Copper alloy no. 2 shown in Table 1 is hot worked

at 850°C from 50 mm to 15 mm and then quenched at

700°¢. The cooling rate is 30°c/second. Thereafter,
the alloy is cold worked to 0.5 mm and annezled at .
375°% and at temperatures ranging from 400°¢ to 600° c
at intervals of 50°c for 2 hours. It will be noted
that short time annealing at 500°C for 3 minutes is

~ effected and the annealed samples are subjected to

the high temperature storage test. The preparation
of samples, soldering and evaluation are carried out
in the same manner as described before.

In Table 4, the peeling resistance of the solder
prepared by the method of the present invention is
shown with respect to an alloy of the same

composition but prepared by the indicated comparative
example. ' '

K
A 4



”

5 ' Peeled ) Conpar ative alloy 35 ' ‘ 6 .
Parly pee1ed 7 : No peeling 8 Partly peel ed As W I~
became apparent fromthe results -of Tables 2 and 3 t he copper alloys g
atcording to the present invention exhibited good sdl dering properties /&

I nvol-ve no peeling of solder. Thus, the alloys prove 5 to be very
reliable and are satisfactory for use'ﬁriZ:he manuf acture of electric
elgptronlc devi ces. An enbodi nent ‘of the present nethod for producing the
copper alloys of the invention is described 10.as follows along-with
conparative exanples. Copper alloy nFABLEHown in Table 1 is hot worked at
8500C from 50 nn1to-15 nn1and t hen quenched at 700C. The cooling rate is 30
C/ second. Thereafter, - hmand anneal ed

at 375 C and at terrper atur eﬁ%ﬁ@%@ﬁ%%% ‘intervals of 50.
Cfor 2 hours. It will be noted that 'short tine anneallng at [err] for 3
mnutes is effected and the anneal ed sanpl es are subjected to 20 the high
tenperature storage test:. The preparation of sanples  soldering and

eval uation are carried out in the same manner  as descrlbed bef or e, In Table

4, the peeling resistance of tl’ﬂ'lé1 Kt 25%}2&1“@@ %@ﬁgod
present inve i&PQi?§%Hﬁ% wi t¥PIRAG R | 1oy of®

150°¢ - 450°% 2 hrs No peeling Method of
' _ invention

500 hrs 500°¢ 2 hrs " "

10 Heating 550°% 2 hrs u "
’ In air 500°¢ 3 mins Partly peeled Compar-

' ative -
: _ method
375% 2 hrs _ Peeled "o
GOOOC 2 hrs _ Partly peeled "

15

As is apparent from Table 4, the method of the present

invention can produce copper alloys as substrates for solder
20 layers which do not peel; and thus the present alloys

are highly reliable and satisfactory for use in the

manufacture of electric and electronic devices;‘ In

order to obtain -the intended mechanical strength after «

annealihg, the method of the present invention mey include,
25 after cold working, tension annealing or AP line {contin-

uous annealing and pickling line) fof the purpose of

correcting any strains. '

- It will be noted that plating or coating may be effected
30 by any suitable technique such as an electro-chemical
technique, dipping or wvacuum deposition.



* conposition but’ prepared by the indicated conparatlveteXaane e - 12 -
TABLE 4 HrGH TEMPERATURE STORAGE TEST Anneal i ng Anneal i'ng Peellng
crks 5 Conditions Tenmperature Tinme of Solder 150 C -/

"2 hrs " No peeling Method of invention 500 hrs 500
, 2 hrs. " 10 Heagigg _ 550 C . 2 hrs Inh Ar
00" C 3 mns Partly peel Conmpar- ative nethod 375 C 2
hrs Peel ed " 15 600 C . 2 hrs et

Partly pe a n I hod _of resent

i nvention %ﬁnwpiéduéeggﬁégsra%F?g§g8§s%§§b§§?§?§§596rt§8|§§§P§6 | ayers
whi ch do nalloyel ofaklet pussens pnwsanioanl koys theemeithpRycfel i abl e and
Sat'SfaCt°%¥e%Q£aE§8 'Peéﬁitnﬁ UgaﬁﬁH&Gchwﬁb@&t6h€s%?HdQP$Ctron'C devi ces.

In order t farn the | ntend e ani.cal strength after §_annealing, the
net hod of #Ratpreséft thafenri BReAAPTi AE| tdB, ang Tapt #lEMlalﬁéﬁﬂﬁﬁg
t ensi on gnpgeliag pmaeﬂnbsneléCQﬁbbmveaouﬁdaﬁneah&m@yﬁndrélG&k{ng l'ine) for

i TSR S M b AR S

el ectro-chandcelectronic devices.



technlun, dj ppi ng -or vacuum deposi tion. -13- As will be appreciated
fyomthe Tore90|ng the copper alloys of the present invention and the,
net od ¢ preparation result in a product whose outstanding feature is |

p Ilng of tin and tin alloy platings 5 (solder platings) -is invol
and the alloys are very suitable when usei4for t he manufacture of elec -
and el ectroni c devices. - 14 - CLAI M A copper aIon for electric

and -el ectroni c devices conprising: 3.0 to 3.5 w%of N,

Si,T 0.02to 1.0 ww%of My, 0.1 to 5.0.wt% of Zn andthe,m he
bnevitable inpurities. 5 2. A copper alloy for electric lﬂmawg!ﬂﬂm '
devi ces conprising: 3.0 to 3.5 wt%of N, 0.5 to 0.9 wt%"%f ¢Si n0.Zs .0
wt % of 'Wh, O.lcikarlksO Wt % of Zn, 0.005 to 0.1 wt% of Cr, and the bal ance Cu
and the 10 i newktable inpurities. 3. A nethod for producing a copper all oy

for electric and el ectronic devi ces, conprising the steps of: 15 a)

subj ecting to hot e | Lch onpLi.se 0,t0.3.5 W % of
N, 0.5 to O. QEWE/XPF%gp%r a§289 %og 9&0%@&8 ana nR % 3n§c devices
comprising: 3.0 to 3.5 wt% of Ni, 0.5 to 0.9 wt$ of
Si, 0.02 to 1.0 wt% of Mn, 0.1 to 5.0.wt3 of 2Zn and

the Dbalance Cu and the inevitable impurities.

2. A copper alloy for electric and electronic
devices compristng: 3.0 to 3.5 wtg of Ni, 0.5 to 0.9
wt$ of Si, 0.02 to 1.0 wt% of Mn, 0.1 to 5.0 wt% of 2Zn,
0.005 to 0.1 wt3 of Cr, and the balance Cu and the

10 inevitable - lmpurltles.
3. A method for'producihg a copper alloy for eleétric
and electronic devices, comprising the steps of:

15 a) subjecting to hot working a copper alloy which
comprises 3.0 to 3.5 wt%-of Ni, 0.5 to 0.9 wt% of si,
0.02 to 1.0 wtt of Mn, 0.1 to 5.0 wt% of Zn, and the
balance of Cu and the inevitable impurities;

b) cooling the alloy at a rate of over 15°¢ per second

20 from a temperature exceeding §OO°C; and
c) after cold working, annealing the alloy at 400°C to
550°¢c for 5 minutes to 4 hours.

4. A method for producing a copper alloy for electric
25 and electronic devices, comprising the steps of:.

a) subjecting to ‘hot working a copper alloy which
comprises 3.0 to 3.5 wt% of Ni, 0.5 to 0.9 wt$ of Si,
0.02 to 1.0 wt% of Mn, 0.1 to 5.0 wt$ of Zn, 0.005 to
30 0.1 wt¥% of Cr, and the balance Cu and the inevitable
impurities. -



0 02 to 1.0 wt%of M, 0.1 to 5.0 wt % of Zn,—antd—the atamceof Qu and t he

he—b
able inpurities, b) cooling the aIon r [err]per v
20 froma tenperature exceeding [err]; mﬂ [ﬂmm !ﬂ d wor Ki %
ng the alloy at 4000C to [err] for 5 m ours. 4. A net od
pf oduci ng a copper alloy for electric 25 and el ectronic devices, -
cOmprising the steps of: a) subjettlhg-to hot working a copper alloy which-
me%mSOtoSSM%me,QStOQQM%OfS 0.02°to 1.0 wt % of L/
M, 0.1 to 5 0 w%of Zn, 0.005 to 30 0.1 wt%of G, _gnd the balance Cu and -
the inevi talb)l e GIRAARG | Ehe alley an%I’r’i“\Ejet% QveH iétcapﬁéte of over 15 C °
per Sfcond §é¢m=|\da fmmaa%%rré ﬁﬁeﬁdléwcé@diﬂ w@g@) aﬁaﬁr col dS\MSJrlegg
annealing the a at nut e ours. pper
alloys as i %9%11?1 él‘?rﬁ"ir]ﬁfbé rl’%#%‘/“%ghh%r%f% f3Fe described. 6. A
met hod for 49@dlicta g 30 0O pher ilmnyu'ess ctai4eodBsin claim3 substantially
as herei npefore descri bed.

5. Copper alloys as claimed in claim 1 substantially
as hereinbefore described. '

6. A method for producing a copper alloy as claimed
10 in claim 3 substantially as hereinbefore desc¢ribed.




