-1- SI LVER- PLATED MATERI AL FOR LEAD FRAMES, 1POS
*EXCELLENT | N SOLDER- WETTABI LI TY BACKGROUND OF THE

| NVENTI ON The present invention relates to a silver-plated nmateri al
for lead frames which is excellent in solder-wettability, and nore
specifically to a silver-plated copper alloy material for |ead franes for
di e-bondi ng Si chi psSIHWERBPEXTE MATERIAL FORULGEAT FrRAMES] | Cs nounted on
el ectroni c equi pnent are conposed of an electronic circuit nade of a Si

chip for processing |og tL@n e r ansmtting =
signals from the Si chi ﬁgg%%gﬂg iﬁ § gﬁ*‘eﬁ%ﬁ?@@%. %Qtir{e PREYRE E1af Bden Replaced

protecting the Si chip. I n many cases copper al | oys excel | ent &IWE"'HWI lll

el ectrical conductivity and heat radiating ability are used

frame. This lead frane is obtai ned by pl atlng a copper al I oy

partially wth silver and BAGKGH A TVENTE G The
assenbly process for assenbling transi stors and ICs conpri ses the steps of
di e-bonding a Simdiphes@n? {8&hd{ B elalicteHAN a%e&ﬁhreeéeﬁll nner
| eads of the | ead frbarre and packagi r?g thes Si ﬁjl-p al(}%fhe I nner Iea S
with a regin ase of tr n5|stors 10| wth
the use of°Soff3f Bﬁ?‘f‘?s ‘(‘}\hﬁ‘#‘ B9 SREERET! ﬁﬁ%?tgﬁ’ﬁilfgd t he

di e bonding of the Si chip. The joint with solder results
more specifically to a silver-plated copper alloy material for

lead frames for die-bonding Si chips by soldering.

Transistors and ICs mounted on electronic equipment are
composed of an electronic circuit made of a Si chip for processing
logical equations, a lead frame for transmitting signals from
the Si chip outwards, and an epoxy resin type package for
protecting the Si chip. In many cases, copper alloys excellent
in electrical conductivity and heat radiating ability are used
for the lead frame. This lead frame is obtained by plating a
copper alloy strip partially with silver and stamping the
silver-plated strip.

The assembly process for assembling transistors and ICs
compfises the steps of die—boﬁding a Si chip to a lead frame,
wire—k;onding the 81 chip and inner leads of the lead frame, and
packaging the Si chip and the inner leads with a resin.

In the case of transistors and ICs, melting joint with
the use of solder balls, wires, 6r ribbons is frequently utilized

for the die bonding of the Si chip. The joint with solder results
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- 2- innot only fixation of the Si chip onto the |ed}s s Bian Replaced
‘an advantage that heat fromthe Si chip is efficiently r ||t

|l ead frame.® As the solder ball, a solder suchas a Pb-Sn- [
used. The die bonding of the Si chip is performed as follows. The |ead
frame plated with silver is heated in the atnosphere of nitrogen or the

reduct i on AtyRSBAGYEE 0kabYEhOSEEhe 8ROChIS OB ¢Rle DARASEPdmfe Dt @1 sbhe
silver-plated port | on After the solder is nolten and spreads

sufficiently, . the S S d e baonded,.t o, t he, Ie

Convent | AdAT Az S nedc EFoR dhe Sinenig e KFE LRI Fepiatsd, hay
sol der may not spread suffrcrently | f the sol der does not spread

suf fi ci entd ghet head dramear easdtheasSldenigallana s» Ideadsdicams HEboSnsAgnal | .
In this case, the joint power of the Si chip and the lead frame is
lovered. o8& i$usdd! | frhrel 8L ¥ Bnd {8y 'FEWHARY PROFUC JRIVPIRA as

remar kably [ ow. Mor eover, because of poor sol der- mettablllty of t he
conventlo S|Iver in s teguited for di,n der.
Therefore 1o il ai%?@ofriﬂﬁiPégg?grwﬁﬁ gveﬁoﬁﬁr Sang 9'§| %ﬁ In
this way, the step for the die bonding is prolonged toresult in a problem
t hat costatmesphéere e pitzegenpesdite reduction atmoggheremthbydrogen,

i mprovi ng solder-wettability of

and then solder balls are put on the silver-plated portion.

After the solder is molten and spreads sufficiently, the Si chip
is die-bonded to the lead frame.

Conventional silver-plating is poor in solder-
wettability, so that solder may not spread sufficient;y. If the
solder does not spread sufficiently, the joint area of a Si chip
and a lead frame becomes small. In this case, the joint power
of the Si chip and the lead'frame is lowered. That is,
reliability of the resultant product becomes remarkably low.

Moreover, because of poor solder-wettability of the
conventional silver-plating, much time is required for spreading
solder. Therefore, much time is also required for the die
bonding of a Si chip- In this way, the step for the die bonding
is prolonged to result in a pfoblem that costs for the resultant
product rise.

As a method for improving solder-wettability of
silver-plating, there is known a method of controlling the size

of crystal grains of a silver-plating to improve solder-
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silver-plating, there is known a nmethod of cansmkﬂﬁﬂrummmmskie of crystal

"grains of a silver-plating to inprove sol der- |
ation
wever, e

- 3 - wettability, as disclosed in Japanese
Lai d-Open No. 63-130793. In this nethod,

sol der-wettability varies greatly dependently on the distribution
of the grwméptabitispd tae Wisewdoekd héncryspahesyerPatientt happléragdoprai n
size of the crystal is within the defined range. Thus, the inprovenment in
the sol defsyaLloBlh! I, | Ss3d Mg O eninl rom & N AalfiPOdwetlert ol LRI 111
Besi des, TS necessary'%or measur enent o he size ‘of the crysta

grains, which are very_fine, to observe the grains with an SEM a
result, i£0+4ern¥eksabrelty prRIIES a gmeeéﬁym atepe ?%Ffﬁl Qfhi | &he
measuring and controlling the size of the crystal grains continuously.
SUMVARY CHidtiEibOWEbHAIdENthe grainlisizdnand ghe sHagd efathy enystialopgdn
situation, an object of the present invention is to provide a

sil ver-pl | . f ' | I | :

ol dor - netE ot TETet e qefid Shie bERCIGLICAE X ACHH Ot defined
continuously while_ checking,the solder-wettgbility_ in the oﬁgss qf
produci ngf#Rge- pr STH neli@r tEPrOvVement g cBAedthewahbeR hhY i difed

probl ens, the inventors
insufficient from the standpoint of reliability. Besides, it

is necessary for measurement of the size of the crystal grains,
which are very fine, to observe the grains with an SEM. As a
result, it is impossible to produce a silver-plated material
while measuring and controlling the size of the crystal grains

continuously.

SUMMARY QF THE TINVENTION

In the light of the above-mentioned situation, an object
of the present invention is to proviae a silver-plated material
for lead frames which is excellent in solder-wettability and
makes it possible to perform silver plating continuously while
checking the solder-wettability in the process of producing the
present material.

To overcome the above-mentioned problems, the inventaors
have made eager investigations and found that there is a strong
correlation between the solder-wettability of a silver plating

and the color tone of the surxface of the silver plating, that
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color tone of the surface of the t hat .
-4 - is, the sumof the a* va ue and the b* val ue, each of which is a
chromaticness index in the L*a*b* col orimetric systemdefined in JIS Z
8729. is, tH8esih eseriihd ReRalYe Basl RRENLABYL1RE, taecibast sitfcH B
above-nenti oned finding. The col or tone of the surface of a silver plating
is controll such a na t +_b* val.ue

Sarbr coh SERATIERgEE i Lh The Paise chio¥inefpls Yot ddbinid, o
to the present invention, IS possible to obtain a silver-plated
naterial,inoﬁIBeadBVEanes of transistors, |1Cs or the like, which has
excell ent and stable solder- wettability. Since the (a* value + b* val ue)

can easily be nERsYRskend irfrdiiSiddad Gy haa® shl vee E&@is FEI Whd e
checking solder-wettability continuously.

el at onsPPRVBGPREERCPRE TeaRipg e Th%ebkE, Sp a%“-‘hitﬁ%ﬁ“ﬁf?%éea@i% F &iver

plating and_ solder-wettability
silver plating is controlled in such a manner that the (a* value

have made eager investigations amdsmm %tre is a stron ng
‘correl ation between the sol der- me “ silver plating and the

+ b* value) in the L*a*b* colorimetric system is in the range
of 1.5 to 7.

According to the present invention, it is possible to
obtain a silver-plated material, for lead frames of transistors,
ICs or the like, which has excellent and stable solder-
wettability. Since the (a* value + b* wvalue) can easily be
measured, it is possible to performsilver plating while checking

solder-wettability continuously.

BR C F_TH I
FIG. 1 is a graph showing the relationship between the
(a* value + b* value) of the surface of a silver plating and

solder-wettability.

DESCRIPTION OF THE PREFERRED EMBQDIMENTS
As shown in Fig. 1, about which details will be described
later, silver-plated copper alloy materials have better

solder-wettability as their (a* value + b* value) is higher.
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DESCRI PTI ONthisfSheetHas Bttt ENVBODI VENTS As shown in Fig. 1, about
‘whi ch detail ribed later, silver-plated copper alloy
material s ha der-wettability as their (a* value + b* value) is

hi gher . . the (a* value + b* value) is less than 1.5,
sufficient solder-wettability cannot be obtained. Wien the (a* value + b*

val ue) | syrBRetheana#* vileeSol def -v@liapPi L5t Yeks tHBN Q8N suffQwaery, the
external appearance of the silver-plating turns from white to yell ow SO

br oduct bgOLIRRTREFFRRL b EX w5t om cBr3amaR; oybell e JR-Felie e B o

Is lost. Accordingly, if the si I ver - pI at ed copper a_I | oy materi aI has an
(a* val uevalue¥ {al meyewthhnn 7t h¢hearsgpd defr-wel ttadp 17 i tyhd sreudifilsiient .
excellent in solder-wettability and external appearance. The (a*

val ue + bfowabee) ehet Bﬁt%!hﬁécﬁpﬁfea%a%'c:'ev%rf tHY &R L al%qn«gortuﬂlsl ed by
silver-plati ng conditions, for exanple, by sel ectl ng current density at

Lhe £17 BEORELASEEL O Bt ter 1Rl b ¥ 153 Fhane, s 19 ST
like. The thickness of the silver-plating preferably ranges from
0.5 to l0platipmis judged asmerboosmad PreAUChRY SXBnination with eyes.
The commercial value of the lead frame is lost. Accordingly,
if the silver-plated copper a;Lloy material has an (a* value +
~b* value) within the range of 1.5 to 7, the material is excellent
in solder-wettability and external appearance.

The (a* value + b* value) of the surface of a silver-
plating can be controlled by silver-plating conditions, for
example, by selecting current density at the time of performing
silver-plating treatment, the thickness of the silver-plating,
the composition of a silver—plat;.ing solution, and the like.

The thickness of the silver?plating preferably ranges
from 0.5 to 10 xm. If this thickness is less than 0.5 um, it
is di_fficizlt to control the (a* value + b* value) of the surface
of the silver-plating to 1.5 or more. If this thickness is more
than 10 g m, its manufacturing costs increase though the
solder-wettability of silver-plating is good. For practical use,
the thickness of the silver—plating is most preferably from 1.0

to 5.0 um.

The silver-plated copper alloy material according to the
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i s diffi &b pheetdia lacehe (a* val ue + b* value) of the surface of the
"silver-npl @ nore. If this thickness is nore than 10 [err]m
i ts manuf increase though the solder-wettability of
silver-plating is good. For practical use, the thickness of the

silver-plating is nost preferably from1.0 to 5.0 [err]m The
si | ver - pl gt &g gORPYentibpindpberd Rhtagcal Gtk ined Beplating the entire
- 6- present invention nay be a naterial obtained by plating the entire

our12Ce Ok eFORIS aeLbBe PR A b LYER i B B ST e

copper alloy strip and the silver-plating_ |ayer have a nickel-plating
| ayer thevwbb2eeedl aTherRe¥ dehioy nhekeriplaparbtabl¥eo neans ni ckel
alloy-plating. The nickel-plating | ayer has an effect of suppressing the

di ffusion of Cu pddirdnies si ther chbperNbAt cobpeti BR 16 tdtarignl andr eaknent
of the assenbly process. If Cuis diffused into the silver-plating to

produce a_g¢ er | d t face, i t.he, so - Llity of

Phe s tver PEFTRERT ERq holdY 1BV G Eheli o iRbiny Ry &7 HHREHBEARE 1),

t he copper all oy :strip .and the silver-plating layer have_the .

ni ckel - pl Ba¢ igerdies "nitebom aeing” alfﬁaotmﬁmmkedf agpeynPdRELNGI-at i ng

| ayer preferably ranges fromO0.2 to 10 [err]m If the thickness is |ess
The nickel-plating layer has an effect of suppressing the

diffusion of Cu into the silver-plating at the time of thermal
treatment of the assembly process. If Cu is diffused into the
silver-plating to produce a copper oxide on the surface of silver,
the soider-wettability of the silver-plating is undesirably
lowered. Therefore, it is desired that the copper alloy strip
and the silver-plating layer have the nickel-plating layerx
therebetween. The thickness of the nickel-plating layer
preferably ranges from 0.2 to 10 gm. If the thickness is less
than 0.2 pxm, the above-mentioned effect becomes insufficient.

If the thickness is more than 10 uxm, workability becomes poor.

This_ is not preferable from the viewpoint of costs. The
nickel~plating layer as a diffusion layer may be a plating layer
made of pure nickel, or a nickel alloy-plating layer containing
at least one selected from cobalt, phosphorus, manganese, iron
and the like. The nickel-plating layer and the silver-plating
layer may have a copper strike plating layer therebetween. The

copper strike plating layer preferably has a thickness of 0.05
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than 0.2 [err]m the above-nentioned effect becomes insufficient. 'If the
"thickness is nore than 10 [err]m workability becones TbsSlieetHaIBéeﬁRE acElPt
preferable fromthe viewpoint of costs. The ni ckel -
diffusion | ayer may be a plating |layer made of pure ni Jﬂm,m ri
alloy-plating |ayer containing at |east one selected fr

phosphoruts {mnganese, iron and the like. The nickel-plating Iayer and t he
silver-pla =21 ih ‘ayer may have a copper strike plating |ayer therebet ween.
The copper strl ke plating ﬁyer gref era%éy has a thi ckpess of

- 7 - to 1 [ert§ncorper allyyestripdised 13y “8E PHegeR %%vﬁmtel%?é‘?é’nt

I nvention may be conposed of any kind of copper alloy. Concerning the

si | ver - plis¢ edompozed abf ownyatleindl offorcédpper f @diey .of Conaesnshgr <he | Cs,
however, strength and electrical conductivity are required; therefore, it
s prefer t S t co r Y Safeda

mat eri al éff’g%?%l%?%%[ e?ﬁbé? n%)jéga&gn{}“g%%ig%%dug??w%é?hereof él)sseé%%

| ACS or nore. a* valye + b* value) of the surface of fhe

si | ver - pl B¥2RFLEEATBe I?Easd:%%l' F‘Rwévﬁ&'t abT & TR 1 BRE nRECTEHFRA, the
(a* value + b* value) can be continuously neasured while the S|Iver-plated
mat eri al ¢snduotivktly &#oe rdusiredsdahendforer ddudsi pneférrad thavarhel at ed
material and control of solder-wettability can be attained while the (a*

val ue + bf.N8i¥8)strength of the copper alloy as a base material is 30

keI

kgf/mm* or more and the conductivity thereof is 30% IACS or more.

The (a* wvalue I+ b* wvalue) of the surface of the
silver-plating can be measured with a2 portable color tone meter.
Thus, the (a* value + b* value) can be continuously measured while
the silver-plated matexrial is produced. For this reason, the
production of the silver-plated material and control of
solder-wettability canbe attainedwhile the (a* value + b* value)
is measured. Thus, it is possible to produce stably the

silver-plated material having excellent solder-wettability.

Examples

Specific examples of the present invention will be
described, hereinafter.
Example I:

Cu-0.lwt$Fe-0.03wt%P alloys (C1l9210) plated with nickel
of 1 x#m in thickness were subjected to copper strike plating,

so as to have a thickness of 0.2 rm.  The resultants were plated
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I's measured. Thus, it is possible to produce stably the silver-plated
"mat erial having excellent solder-wettability. Speci fi c exanpl es
of the present invention will be described, hereinafter. Exanple I:
Cu-0. 1w Fe-0.03wm P al l oys (C19210) plated with nickel of 1 [err]min

t hi ckness were subjected to copper strike plating, so as to have a

t hi cknessy@tnG 2 def thdler tes condlittdidns ¥R6¥nAlrmTreHle 1. At this tWnid)
silver under the conditions shown |n Table 1. At this tinme, the distance

Do e bie"0a8EaR0E SELURLE 1R 20pd¥) 388 i Dioad Vil 1B i s g

the current density for it was changed from4 to 14 A/dn[err] to produce
test piecdseaaxanio af thereathede valthe angde/wpae) fo 1subTheueime \on he
resultant test pieces were subjected to a solder-wettability test.

I'n the Sotﬂérsi\'ﬁréﬁbplawnéeﬁés dRaRfedNahd d1RE| Qurreit el Sidy B ax were
heated with a plate of 380 [err]C in the atnnsphere of N2 for 60 seconds,

Kept ot t RS aBB7808EnEr Slod Werder o i ERSCECH GetoP s Mo "To°
seconds, and then
different (a* value + b* value)s. Subsequently, the resultant
test pieces were subjected to a solder-wettability test.

In the solder-wettability test, as shown in Table 2, the
test pieces were heated with a plate of 380 C in the atmosphere
of N, for 60 seconds, and then solder balls were put on the test
pieces. The test pieces were kept at the above-mentioned
temperature without £lux nor stirring for 10 seconds, and then
cocled to measure the area of the spread solder (solder-spread
area). The results are shown in Fig. 1. BAs shown in Fig. 1,
the silver-plated copper alloy materials have befter solder-
wettability as their (a* value + b* value) is higher. If the
(a* value + b* value) is less than 1.5, the solder-spread area
is less than 60 mm®*. That is, sufficient solder—wetfability

cannot be obtained.

Sheet Has Been Re laced
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cooled to neasure the area of the spread sol der (solder-spread area). The
‘results are shown in Fig. 1. As shown in Fig. 1, the silver-plated copper
all oy materials have better solder- wettability as their (a* value + b*
value) is higher. If the (a* value + b* value) is less than 1.5, the

sol der-spread area is less than 60 mferr]. That is, sufficient

sol der - meﬁggﬁll ity cannot be obtained.

9 Table Conposition KAGCCN) [err] . 170 g/l

KCN : 90 g/ L Composiftérat i ng condi %ﬁ@)ﬁﬂ@&z Bat h

t enper at pHe+—30f-eitd-—Tabl o2 Sol-der

Conposi t Pb- 3¥R6inglcondithhs PH 12 Shape. .Sphere havi ng 4 di ameter
of 1.4 m Sol-deri ng—cendi-tisg A o tor—380 r]C for
10 seconds At rmsphere N err] Exarrpl e ll:

Cu-0. 1w %-e-0. 03wt %° al | oys (C19210) plated with nickel of 1 [err]min
t hi.ckness_were subjected to copper strike plating, so as to have a
t hi ckness . 2 [err]m The resultants were plated wth silver under the

condi ti ops—strowm T Tabtre 1 ——Soas—t Bsitio: PUBARIESAL 4 [erTim At
t hl st | rﬁB, t he dl st arﬁ?@ebet ween t he a.lrn slhere hav'nﬁa d|ame[gg:')ofl 4mm

Hearing condition: 380 ‘C for 10 seconds
Atmosphere: N,

Soldering conditions

Example T1:

Cu-0.1wt$Fe-0.03wt$P alloys (C15210) plated with nickel
of 1 zm in thickness were subjected to copper strike plating,
so as to have a thickness of 0.2 s« m. | The resultants were plated
with silver under the conditions shown in Table 1, so as to have
a thickness of 4 xm. At this time, the distance between the anode
and cathode was 50 mm, and the area ratio of the cathode to ﬁhe
anode was 1 to 1. The current density for the silver-plating
was changed from 4 to 14 A/dm* to éroduce test pieces having
differen; (a* value + b* value)s. Subsequently, the resultant
test ‘pieces were subjected to an external appearance test and
a solder-wettability test.

In the external appearance test, the surfaces of the
silver-plated copper alloys were observed with eyes and a
microscope. The test pieces having an abnormality, such as a

turn to yellow, were judged as rejected products. In the

Sheet Has Been Replaced
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and cathode was 50 nm and the area ratio of the cathode to the anode was
"1 to 1. The current density for the silver-plating was changed from4 to
14 Aldnferr] to produce test pieces having different (a* value + b*

val ue)s. Subsequently, the resultant test pieces were subjected to an
external appearance test and a solder-wettability test. In the

ext ernal SPpEer-wserdPslity tsyyr theesoiet Nepreavd ueeaphd mgasured ial | oys
were observed with eyes and a mcroscope. The test pieces having an

abnor Ml i {e 346R Waf ab'{h' LdEHLEY 1 " Gk Yot aﬁigggggﬁhg&én{ggggf}f-y

test, the solder-spread area was neasured in the same way as in_Exanple |
The test PPbees-sRTead axeasof §86% REBaraar I udgedASRGISSIREPaucts
wer ej udgedaspassedproducts while the test pieces having a sol der-spread

area of |ehkfsléhdne tsumiiecds hewvdengudgedldsr+epeead@dhypadfcless than The
results of the solder-wettability test about the respective test pieces

are Shome?qﬂaw&e’gﬁe\ﬂ&é%ﬁ#j%i%%(ﬁfm.es 1-5 having an (a* val ue

+ b* value) wthint rrange O were passed in both the

o Commarot | e L5 G £ ToR g S e BRI b B U 2o

1.5 was poor in solder-wettability. Conparative Exanple 2 was good in
respective test pleces are shown in Table 3. The test pieces
of Examples 1-5 having an (a* value + b* value) within the range
of 1.5 to 7.0 were passed in both the solder-wettability test
and the external appearance test. On the other hand, Comparative
Example 1 having an (a* value + b* value) of less than 1.5 was
poor in solder-wettability. Comparative Example 2 was good in
solder-wettability, but the external appearance of its

silver-plating was yellow. Thus, in the external appearance

test, it was judged as a rejected product.

Table 3
a* value + Solder-spread area Exiernal appearance
b* value (mm?)
I 1.5 60 Passed Passed
2 3.0 82 Passed Passed
Example 3 4.0 131 ~ Passed Passed
4 5.0 133 Passed Passed
3 7.0 200 Passed Passed
Comparative 1 0 32 Rejected Passed
Example 2 8.0 207 Passed Rejected
Example III:

Cu-0.lwt%Fe-0.03wt%P alloys (C18210) plated with nickel

of 1 um in thickness were subjected to copper strike plating,

This Sheet Has Been Replaced
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sol der-wettability, but the external appearance of its silver-plating was
"yellow. Thus, in the external appearance test, it was judged as a rejected

product. Table 3 a* val ue + Sol der - spread area
Ext ernal appearance b* value (mmierr]) 1 1.5
60 Passed Passed 2 3.0 82 Passed

Passed EHR thit¢x d8b.2 LhRssetle z.‘esulf’éﬁﬁfqrere lated 4
5.0 133 Plé‘{'?éae‘ééa Fehesad /" 5 B TSP Bassed

Passed Co rative 1 0 32 Rej ect Pas . anpl e 2
8 0 zovﬁ:rgﬁ s3hvgR under t%ﬁggﬁé&lonsgﬁ% én?flq.ple 1. igdthls E)fme,
Cu- 0. 1wt %re- 0. 03wt %° al | oys (C19210) plated with nickel of 1 [err]min

t hi cknesstiver distaneet batweer opprranede land|cathnfe was 50 mm, andsghgs to
have a thickness of 0.2 [err]m The resultants were plated wth silver

under theageadrdt oS hReNcaAthd@®|to theAinbféwds Tero 1he iskaaetrhet ween
t he anode and cathode was 50 m and the area ratio of the cathode to the

anode wasadeLoed: wIUCnShEChE! o BTNk "8RG RS URgbOLE ShATESAL AN the

time for e"srfver= p Wwas “change roducete pi'ecés havi ng
different _thicknesses of the silver-plating. In the same manner as in
Exanpl e | PLlathBgr wag changessitpingeducereestbpéeces having &ifdesgnt
appearance test and a solder-wettability test. The results of the
sol der - wethabkhetyeaboifit thhesilver-plating. In the same manner as in

Example II, the resultant test p_iéces were subjected to an
external appearance test and a solder-wettability test.

The results of the solder-wettability about the
respective test piecgs are shown in Fig. 4. The test pieces of
Examples 6-10 having an (a* value + b* value) within the range
of 1.5 to 7.0 and having a silver-plating thickness within the
range of 0.5 to 10.0 2 mwere passed ir_l both the solder-wettability
test and the external appearance. On the other hand, Comparative
Exanple 3 having a silver-plating thickness of less than 0.5 had
an (a* wvalue .+ b* wvalue) of less than 1.5 and was poor in
solder-wettability. Comparative Example'4 having a silver-
plat';tng thickness of more than 10 um was good in solder-
wettability, but the external appearance of its silver-plating
was yellow. Thus, in the external appearance test, it was judged

as a rejected product.
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respectlve test pieces are shown in Fig. 4. The test pi eces of
"6-10 having an (a* value + b* value) within the range She
having a si'lver-plating thickhess within the range of 0 5
ce

wer epassed i nboth the solder-wettability test and the ext
On the other hand, Conparative Exanple 3 having a silver-plating th| ckness

of less t 5 had an (a* value + b* value) of less than 1.5 and was
poor i SO r-wettability Conparative I:yarmlJa 4 having a silver-
pl ating thi ckness of npfepltiean 1021 BiyeFm g{éﬁf"?dﬁ“‘éol d&xtemal et t ability,
but the external appeaf@itE&sof {8 WY er- QB ng was yqPPBEEEShus| in the
exter naJ_.a.p.pea.r.a.ac.e_sLe.;&L‘,.‘_“lblg_ma& 3 -e-c-t-gv product '
- 12 - Tabl e : Agepl-atli-H assed.o L %ﬁ%&n—q; r ead
area FExternal 7 10 ¢ f*knﬂg:% He Loy Lo Passed -y o Passe P
appear ancexample 8 (ferrid 47 g 1 139, L Passed g Pusted o
Passed Passed 2 55 1532 185 [" Passed, | o Busse Passed
Exanpl 3o 100 o [7" 4000  pdo 205 5.%%%%% assed 9
5.0 Compagatre | zhe| _rddioa Qag%ed 207 | Rejggted 1, ) Passed 7.0
205 M@%&e 3 g lp 209 Passed g | Reigred Re&j ect ed
Passed Exanpl e 4 15.0 8.1 209 Passed Rej ect ed
Exanpl e 1V: A Cu-0. 1wt %-e-0. 03wm % al |l oy (C19210) plated with
ni ckel '

Example JV:

A Cu-0.1wt¥Fe-0.03wt3P alloy (C19210) plated with nickel
of 1 ym in thickness, the same alloy plated with Ni-5wt%P, and
the same alloy which was not plated were subjected to copper
strike plating, so as to have a thickness of 0.2 um. The
resultants were plated with silver under the conditions shown
in Table 1, so as to have a thickness of 1 xm. At the thought
on heat treatment in the assembly process of transistors or ICs,
the test pieces were subjected to heat treatment at 400 C for
5 minutes. In the same manner as in Example I, the resultant
test pieces were subjected to a solder-wettability test. Inthis
test, the test pieces having a solder-spread area of 60 mm’ or
more was judged as passed products while the test pieces having
a solder-spread area of less than 60 mm® were judged as rejected
products.

The results of the solder-wettability test about the
respective test pieces are shown in Table 5. The test pieces

of Examples 11 and 12 subjected to the plating with nickel and
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of 1 [err]min thickness, the sane alloy plated with Ni-5wt %, and the
"sanme all oy which was not plated were subjected to copper strike plating,
so as to have a thickness of 0.2 [errm The resultants were plated with
silver under the conditions shown in Table 1, so as to have a thickness of
1 [err]m At the thought on heat treatnment in the assenbly process of

transi st otheOple€ing tWiecH eshe PNECOWLREIRG StdEREdEiydly hewérér gabdein at
400 [err]C for 5 mnutes In the same manner as in Exanple |, the

resul t ant esub C t this
test, thes?@%r 8?@%3912‘3 #tﬁ% 8%%?;@%&5 o %dw%eﬁg%%hg}e Sore
was judged as passed products mhlle the test pleces having a solder spr ead
area of |88t sHbiesbefnfter ARYWERatindydd ths nisckedt ¥@s pogdudins solder- The
results of the solder-wettability test about the respective test pieces

are shownwestapbliétd. s itee ceppei ¢€Susell fxahel £51vddr aplhaddng lﬂ%]a@hfeﬁj to
the plating with nickel and

the plati WE% s (o]
sol der - We?g%’bf;?;&@@ th he O%Elv@ EgﬁEé}iéﬁpara 68\1%)% Qn xgde not

subj ected_to any pI ating with nickel was poor in sol der- wettability
si nce copM ffused in the sil ver-pl ati ng reached the surface of the

silver- pratTmg—topr UUU\ cé}&la% ca d.UI er-spread area (mm?) of -Presence or
absence Ef Ni - Sol der-sp e ) Qfles after the treatment at pltati ng
| ayer (4 rrponentmgt: sanp EH%%%?{A lajerf tr eat 6'%’0 3br 5 minutes the N
plating Fay “Example L o Ffre;g E'étfﬁ) 96 Passed

Example 12 ('\iﬁs‘i?;‘;,) 95 Passed

Compara-tive .
Example 5 Absence _ 51 Rejected
misllsl}iietli{iilfmli i
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Exanpl e 11 Presence (N ) 96 Passed S
" Presence Exanple 12 Passed

(Ni - 5wt %) - Conpara-tive 5 Absence heet Has Been Replaced '
Rej ect ed Exanpl e m“"
CLAI MED | S: 1. Asilver-plated material for lead fra

excel | entyyspl terenetyebi 1sty, wherein a silver-plating | ayer haV| ng an (a*
val ue + b* value) of the L*a*b* colorinmetric systemwthin the range of

1.5to 7 is nmade on a copper strip or a copper alloy strip. 2. A
silver-plated material for |lead frames according to cIaim 1, V\/nerein t he
t hi ckness of the silver-plating layer is_ from0.5 to err]

A
si | ver - pl bt ed® gal¥eraPlesed naker #a%éeraéeedcﬁm%wmahrﬁaaeaf-‘eéle%ﬁer ein
the copper strip or the copper alloy strip and the silver-plating |ayer

have a ni ¢spherowettabelit)| arediedin 8 ilvayreplidtdnebbiyerhaving an (a*
value + b* value) of the L*a*b* colorimetric system within the
range of 1.5 to 7 is made on a copper strip or a copper alloy

strip.

2. A silver-plated material for lead frames according to claim
1, wherein the thickness of the silver-plating layer is from 0.5

to 10 um.

3. A silver-plated material for lead frames according to claim
1 or 2, wherein the copper strip or the copper alloy strip and
-the silver-plating layer have a nickel- or nickel alloy-plating

layer therebetween.
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