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1 LEAD FRAME, METHOD FOR PARTI. AL NOBLE PLATI NG OF SAI D LEADypoR (o)
FRAVE AND SEM CONDUCTOR DEVI‘CE HAVI NG SAI D LEAD FRAME

Field of the Invention 5 The present invention relates to a | ead
frame for a sem conductor device, and nore particularly to a | ead
frame, nmade .of a copper alloy material, inproved particularly
In strength of :bond to a sealing resin. 19 Descri ption of
the Prior Art A conventional plastic nolded type sem conduct or

device (a pl ast LEAD eBBAFE AnYEPHACORaFEOR BARTLAL| NOBRRE ALATING QFrS@EﬂT@EaQ
shown in Fig. gQxiR)anp %ﬁf&éﬁﬁﬁ&% pkVicE HAVEREpéhiﬁs L%i\gz

section 1011 for nounti ng ereon a sem conduct or an out er
| ead section 1013 for el ectrical connection to a perlpheral circuit,
an r.nner Field of the Invention

5 The present invention relates to a lead frame for a

semiconductor deviée, and more particularly to a 1lead
frame, -made of a copper alloy material, improved

'”bgfticularly in strength of bond to a sealing resin.

10 Description of the Prior Art
A conventional plastic molded type semiconductor
device (a plastic lead frame package) generally has a
structure as shown in Fig. 20 (a). Specifically; it
comprises a die pad section 1011 for mounting thereon a
15 semiconductor chip 1020, an outer lead éection 1013 for
electrical connection to a peripheral circuit, an inner
lead section 1012 integral with the outer lead section
1013, a wire 1030 for electrically connecting a front end
of the inner lead section 1012 to an electrode pad (a
20 terminal) 1021 of a semiconductor chip 1020, a resin 1040
for sealing the semiconductor chip 1020 to protect the

semiconductor chip 1020 against stress and contamination

from an external environment, and the 1like. After the
semiconductor chip 1020 is mounted on the die pad section

25 1011 or the like of a lead frame 1010, sealing with the
resin 1040 is conducted to prepare a package, In this type
of semiconductor device, the number of inner leads 1012
used should correspond to the electrode pads 1021 of the
semiconductor chip 1020.

30 The lead frame 1010 used as an assembly member for
such a (single layer) plastic molded type semiconductor
device generally has a structure as shown in Fig. 20 (b).
Specifically, it comprises: a die pad 1011 for mounting
thereon a semiconductor chip; an inner lead 1012 for

35 connection to a semiconductor chip provided around the die
pad 1011; an outer lead 1013 provided continuously from the
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| ead section 1012 integral with the outer |ead section 1013, a wre
1030 for electrically connecting a front end of the inner |ead
section 1012 to an el ectrode pad (a 20 termnal) 1021 of a sem conductor
chip 1020, a resin 1040 for sealing the sem conductor chip 1020 to
protect the sem conductor chip 1020 against stress and contam nation
froman external environnment, and the I|ike. After the sem conduct or

hip 1020 i t ed the die d sectiqQn_25 1011 or the like of a |l ead
T e 030 sootnes Pead; Fats aRAe38R 81557 comnattitn £6 proptreraal

package, In thisitygpet; a dah Beni tobduehdchdeerces bbeandaheatokhb?&&me
|l eads 1012 sed shoul d.correspond to_the.ele d ads_1021.0 e
sem conduct or cﬁlpriﬁﬁﬁ.sﬁﬁllng’ . gﬁ%m?e%%cf%gﬂeiéB%O%ﬁgeauggoﬁﬁlggs%ﬁﬁly
~nmenber for wholtd beddi fighme | 010D ) fpididther Tieded Iy gensgnrilc orrthec flead
devi ce general | t a o} Ln_Eig. b) . 11
Specifical?y, i?r%@%pﬁ?éeéggga%?% %%§H1@§?éf%f %nﬂ%??%g haVln?hgﬁggn.gnt
sem conduct or cebpduahiviber Isegdh 1909 2Kpyar35 42 cahhort i (#Rd onackel-iron

sem conduct or chi popyovided a0 bhSe difioy, aR@dshldda BY BrLELihgadr
1013 provi ded gggtlnuously fromthe

ching.
The provision of a silver plating is required in a
10 wire bonding area of the inner lead 1012 for connection to

the semiconductor device, and, in general, after shaping,
only an necessary area has been plated with silver to form
a partial silver plating. Further, silver plating is
necessary and has been provided on the surface, of the die
15 pad 1011, to which a semiconductor device is die-bonded
through a silver paste or the like. Here, silver plating
on only an area required to be plated with silver, such as
particularly a wire bonding area of the inner lead 1012 and
a die bonding area of the die pad 1011, is referred to as
20 "partial silver plating." T
Fig. 20 (b) is a plan view of a lead frame 1010, and
Fig. 20 (c) is a cross-sectional view taken on line F1-F2

of Fig. 20 (b).
In the conventional lead frame, as shown in Fig. 14
25 (a), a copper strike plating 135 and a silver plating 145
are successively formed on a lead frame material (a copper
alloy) 120 in its areas of a die pad 111 on its sidé for
mounting thereon a semiconductor chip, and a front end of
an inner lead 112. The process of partial silver plating
30 has been carried out as shown in Fig. 14 (b).
Specifically, it comprises: the step (i) of pretreating a
'shaped lead frame material 120 by degreasing, pickling or
‘the like; the step (ii) of providing an about 0.1 to 0.3
pm-thick(Cu) strike plating as a primer plating; the step
35 (iii) of providing a 1.5 to 10 um-thick silver plating on
a desired area; and the step (iv) of, if necessary,

electrolytically removing a thin silver (leaked silver or
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2 I nner | ead 1012 and adapt'ed for connection to an external

circuit; a dam bar 1014 which serves as a damat the tine of resin
sealing; a frane section 1015 for supporting the whol e | ead frane
1010; and the like. In general, the lead 5 frane has hitherto been nade
of a netal, having excellent conductivity, such as Kovar, 42 all oy
(42% ni ckel -iron alloy), or a copper-3:)ase all oy, and shaped by
pressing or etchin The provision of a silver plating is
required in a e Lijke) %@P&Sﬁ@% 68 8P BHe3| FAGKiTéead 10131 }6eT cokriekRd on
toI the sc%-_mdmmé&e}]@dsn%@atf aﬂgl atmﬁeam@&aluoaf teleathRRItGvi th L an
on an necessary area has be ate si_l yer rtia
si | zer pl ati ng. or'g 93RHG IRhemt 'v§|“ WhﬁnFQtrlazo ﬁecggsﬁ?ﬁma?ud“?ggl’b%en

provi ded on thefsubdmsentdng e sticd datigad thfidihutabléi o @x et damdset or

device is 4ie- ﬁ’bdfeﬂ hrough a silver paste or the like. Here, silver
pl ati ng § 21 onq{xylzfrf‘:laornea required to be plated with silver, such as

particularly a w re Siodhtgmgpaatangf nehddmensedadiriOtRearart incladei e

bondi ng area of é%djﬁﬁ“é@%b&oé) ’pfe%ertﬁr‘?ﬂirrféb tor %I('%ead %g%t |f%l i Yer

plating." 'S a plan view of a ranme , &nd
Fig. 20 (c) is a®vausss- %%hlwoﬁalmaﬂkéwg akks ofdliewed) -2 spraying of a

silver plating solution on an exposed area to provide a

10 partial silver plating and a method which comprises
electrodepositing a resist on a lead frame, processing the
electrodeposited resist to expose a predetermined area, and
immersing the lead frame in a plating bath to conduct
plating.

15 Plating on only a desired area of a lead.frame using
a masking jig or an electrodeposited resist as a mask in
this way is called "partial plating," and silver plating
shown in Fig. 14 is referred to as "partial silver
plating."”

20 Unlike the case where a copper plating is provided,
as a primer plating for silver plating, on the surface of
a lead frame made of 42 alloy (42%nickel-iron alloy), the
copper primer plating, of the copper alloy frame, provided
in this way, as such, has been used without being removed.

25 In recent years, however, also in the case of the
copper alloy lead frame as treated above, delamination of
the package created in +the step of assembling a
semiconductor device and the step of mounting has become
a problem. In this case, it has been found that

30 ' delamination, between a encapsuling resin and the back
surface of a die pad, created in the case of a lead frame
made of a copper alloy, is closely related to the method
used for the surface tfeatment of the lead frame, assembly
conditions and the like. '

35 In general, the term "delamination" refers to
separation or peeling created at interfaces within an IC

package, between an IC chip and a encapsuling resin,



of Fig. 20 (b). : In the conventional |lead frane, as shown in Fig.
14 25 (a), a copper strike plating 135 and a silver plating 145
are successively forned on a lead frane material (a copper alloy) 120
inits areas of a die pad 111 on its side for nmounting thereon a
sem conductor chip, and a front end of an inner |ead 112. The process
of partial silver plating 30 has been darried out as showmn in Fig.
14 (b). Specifically, it conprises: the step pretreating.a
shaped | ead fr&fdwReberdts PoDdppadagatli Agd ArekE ngj:l'b‘rp betygen, |
the step (ii) %hr%@él GG adi @bpadl Bnd 120 die3 bondidgr agenthi e;le(c@e)erstaru ke
Pt hi ok oi | veFREPRE g Festh SR CFRe PaPla s iR he h por Py adr S
necessary, othkectgidesd.i callis reinevomgnan t hsndisbdeanthgalond shdcxaerseor
3 5 it deteriorates the reliability of IC and the percentagé
non-defective in the step of IC assembly and the step of
mounting.
The delamination of the copper alloy lead frame is
~considered attributable to the fact that an oxide film is

10 formed on the surface of the copper alloy in the step of
heat treatment in the course of IC assembly, the strength
of bond between the formed oxide film and the metal being
unsatisfactory.

On the other hand, Japanese Patent Laid-Open No.

15 503103/1995 discloses a lead frame which has been improved
in strength of bond between the encapsuling resin and the
back surface of the die pad and, in addition, between the
encapsuling resin and the whole surface of the lead frame
in order to prevent the creation of delamination. In the

20 lead frame disclosed in this publication, the whole surface
of the lead frame is thinly coated with a mixture of
chromium with zinc or a single material of chromium or zinc
from the viewpoint of improving the adhesion.

In this lead frame, however, since the silver plated

25 area also is covered with the coating of other metals,
stable gold wire bonding cannot be achieved.

Further, IC assembly conditions vary among 1IC makers,
and the state of surface oxidation of the lead frame made
of a copper alloy and the oxidation formation process also

30 vary among the makers. Therefore, situations regarding the
creation of delamination attributable to the lead frame
vary among‘the IC assembly makers.

For example, regarding .the anti-discoloration
treatment wherein a benzotriazole coating is formed in

35 order to prevent discoloration created by oxidation or
hydroxylation of copper, a low IC assembly temperature is

adopted for some makers, offering the effect of preventing



the like) deposited on an area requiring no silver plating and then
conducting anti-discoloration treatnent with an organic chemcal,
such as benzotriazole, to forma coating for preventing discoloration
attributable to oxidation or 5 hydr oxyl ati on. Silver plating
met hods used in the art include a nmet hod wherein a predeterm ned area
of alead frane is covered using a na§king jig followed by spraying

of a silv pl.ati ng saql.ution an posed area tqQ provide a 10

parti al silver%%ﬁlgﬁﬁﬁggng%&o ﬁ %ﬁlgh GRFembdy temperature is
electrodepositiagapux%ismromh@I@mhbfraﬁken@%xxﬁmiﬂ@ hhﬁdlmposs1ble to
electrodep03|ted reS|st t 0 e redet Lnin are an I mrer si ng
the | ead frane £ncap apehg ba P% EEFH& 18" §ﬁﬁ&jn@ﬁ%°n N

Pl ati ng on onIy a defloredhdrsearadsan,| et tmanpreseng time, aemssitiesy o or
an el ectr 0gepospledentshil e AdRHiddtion, Fcérﬁﬂ%ﬁ:l\.’@ e! 918! 19 adRRh1Y

plating," and silver plafing shown Is referreée
"partial silverconditipngyj gge' taden for Qﬁﬁhkﬁﬁk%é casécwﬁ@ﬂenalWOpmae
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way, as such, hasnﬁeemousedawibbeutdbeumgdreﬁotﬁd az%. I n recent
years, howaver, also in the case of the copper alloy lead frame as
treated above, del am nation of t he package created in the step of
assenbling a Summary of the Invention

In a lead frame made of a copper alloy, the prevention
of delamination in a semiconductor device (IC) attributable
to the formation of a copper oxide film on the surface of

15 a lead frame has been desired from the viewpoint of
preventing the deterioration of reliability of IC and the
deterioration of percentage non-defective in the sept of
IC assembly and the step of mounting. In particular, the
prevention of delamination, attributable to a lead frame,

20 independently of IC assembly conditions has been desired
in the art.

An object of the present invention is to provide a
lead frame, made of a copper alloy, which, independently
of IC assembly conditions, can prevent the creation of

25 delamination attributable to a lead frame without
sacrificing the wire bondability, and a process for
producing +the same. Another object of the present
invention is to provide a semiconductor device using said
lead frame.

30 According to one aspect of the present invention,
there is provided a lead frame, for a plastic molded type
semiconductor device, made of a copper alloy material
partially plated with at least one noble metal, for wire
bonding or die bonding purposes, selected from silver,

35 gold, and palladium, wherein +the whole area or a
predetermined area of the surface of the copper at least
on its side to be contacted with a encapsuling resin has



sem conduct or device and the step of nounting has becone a problem

In this case, it has been found that 30 del am nati on, between a
encapsuling resin and the back surface of a die pad, created in the
case of a lead frame made of a copper alloy, is closely related to the
met hod used for the surface treatnent of the | ead frane assenbl y
conditions and the like. 35 In genefPal, the term "delami nation"
refers to aration or peeling created at interfaces within_an IC
package, betweefi E inmehple Berh RWREHQIGhGY d§ast one member selected

4 betweeBrSmesbmeérnggamantpmadlaamlCaﬁblpalmaaweﬁn t he

surface of a die pad_ and di e bondin ent ncapsu
p g aeg i ng

resin and the back s8FFREELBE &°dPBeSp fgred emggﬁﬁ@pnglpgst Phpdesenc
phenonmenon i s difgdnenbageets hhGakmessd of ithaletlein omebes mbealebpilahiihigt y

of 1C and %he pgéc %aﬂore than 0.5 pm and not less than 0.001 pum.
According to another preferred embodiment of the
present invention, the partial noble metal plating is
partial silver plating and the thin noble metal plating is
thin silver plating.

10 In the lead frame made of a copper alloy, an about 0.1
to 0.3 um-thick copper plating is generally formed as a
primer plating, followed by partial silver plating.

According to another aspect of the present invention,
there is provided a method for partial noble metal plating

15 of a lead frame, for a plastic molded type semiconductoxr
device, made of a copper alloy material partially plated
with at- least one noble metal, for wire bonding or die
bonding purposes, selected from silver, gold, and
palladium, a thin noble metal plating, of at least one

20 member selected from silver, gold, platinum, and palladium,
being provided on the whole area or a predetermined area
of the surface of the copper at least on its side to be
contacted with a encapsuling resin, the method comprising
at least the steps of: partially forming a noble metal

25 plating; electrolytic all removing the noble metal plating
in its portion deposited on an area reguiring no noble
metal plating; and thinly forming a noble metal plating.

According to one preferred embodiment of the present
invention, the partial noble metal plating is conducted

30 after plating of the surface of a lead frame-material of
a shaped copper alloy with copper. According to another
preferred embodiment of the present invention, the thin
noble metal plating is carried out by electroplating or
electroless plating.

35 According to a further aspect of the present
invention, there is provided a method for partial noble
metal plating of a lead frame, for a plastic molded type



non-defective in the step of 1C assenbly and the step of : nmount i ng.

The del am nation of the copper alloy lead frane is consi der ed
attributable to the fact that an oxide filmis 10 formed on the surface
of the copper alloy in the step of heat treatnment in the course of IC
assenbly, the strength of bond between the forned oxide filmand the
net al bei ng unsati sfactory. 7 On the other hand, Japanese
Pat ent Laid-Open No. 15 503103/ 1995 di scloses a | ead frapge which has peen
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copper alloy with copper; (B) thinly plating the whole area
or a predetermined area of the surface of the copper-plated
lead frame with a noble metal; and (C) partially plating
the lead frame with a noble metal.

15 According to one preferred embodiment of the present
invention, the thin noble metal plating is carried out by
electroplating or electroless plating.

According to another preferred embodiment of the
present invention, the partial noble metal plating is

20 partial silver plating and the thin ﬁoble metal plating is
thin silver plating.

According to a further aspect of the present
invention, there i1is provided a semiconductor device
comprising the above lead frame. According +to one

25 preferred embodiment of the present invention, in a copper
oxide film formed in the whole area or a predetermined area
of the lead frame at least on its surface to be contacted
with a encapsuling resin, the concentration of the noble
metal is not less than 0.1 at% and less than 20 at% as

30 - measured by X-ray photoelectron spectroscopy.

According to a further aspect of <the present
invention, there is provided a lead frame, for a plastic
molded type semiconductor device, made of a copper alloy
material, as a base material, partially plated with at

35 least one noble metal, for wire bonding or die bonding
purposes, selected from silver, gold, and palladium, a
copper strike plating being provided as a primer plating



For exanpl e, regarding the anti-discoloration treatment wherein a
benzotriazole coating is forned in 35 order to prevent discoloration

created by oxidation or hydr oxyl ati on of copper, a low I C assenbly
tenperature is adopted for sone makers, offering the effect of
preventing 5 t he

del ami nation, while a high IC assenbly tenp®rature is adopted for the
ot her makers, nmaking it inpossible to attain the effect of preventing

the del ami nati ofer the partiagomalfies net@bnplatipge préwsfin fee whole
measures, for §reap6§V§nﬁfQ@e{:Q§mﬁ§é@néﬁéélc9ﬂ tﬁ@r@ai-fah@ wiet l&hécca’p@@ﬁbly
condltlons are taken for each nmaker. Acco nt
of a nmethod whi @hlCENBEETERL 85I&ﬁ?ﬁ§tp8nlts s E%ﬂﬁ?qﬂ%t%BPEa?Beg Wgng
frame, independenéhgapbulngsseshbhyhas a ttdndiddbdes rsisabephatibsgred am
the art. 19 least one member selected from silver, gold, platinum, and
palladium, a copper plating is provided on the thin noble
metal plating and the partial noble metal plating  is
provided on a predetermined area of the copper plating.
According to a further aspect of the present
10 invention, there is provided a method for partial noble
metal plating of a lead frame, for a plastic molded type
semiconductor device, made of a copper alloy material, as
a base material, partially plated with at least one noble
metal, for wire bonding or die bonding purposes, selected
15 from silver, gold, and palladium, a copper strike plating
being provided as a primer plating for the partial noble
metal plating, the method comprising at least the steps of,
in succession: .
(A) plating the whole area or a predetermined area of the
20 surface of a lead frame material of a shaped copper alloy
material with at least one member selected from silver,
gold, platinum, and palladium to form a 0.001 to 0.5 pm-
thick thin noble metal plating; (B) plating the whole area
or at least an area including the partially noble metal
25 plated area of the surface of the thin noble metal plated
lead frame with copper; and (C) partially plating a
predetermined area of the surface of the copper-plated lead
frame with a noble metal.
According " to a further aspect of the present
30 invention, there is provide a lead frame, for a plastic
molded type semiconductor device, made of a copper alloy
material, provided with a die pad for mounting a
semiconductor chip and partially plated with silver for
wire bonding or die bonding purposes, wherein a zinc flash
35 plating and a copper strike plating are provided in that
order at least on the surface of copper in the back surface

of the die pad remote from the surface on which the



Summary of the Invention In a lead frane made of a copper alloy,
t he prevention of del am nation in a sem conductor device (I1C)
attributabl e to the formation of a copper oxide filmon the surface
of 15 a lead frane has been desired fromthe viewpoint of

preventing the deterioration of reliability of IC and the

deterioration of percentage non-defective in9 he sept of . | C assenbly
and the step of nountin In particular, the prevention of

del ami nation, att®PHEPRAGNEtPH EhiRadStRanatede i ndependently of IC
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contacted with &iemnamﬁullmglbgslnwha&h independently of IC assembly
conditions, can prevent the creatlon of delamination
attributable to a lead frame without sacrificing the
bondability. Further, such a lead frame and a process for
15 producing the same can also be provided.

The lead fréme of the present invention can be
produced by the method for partially plating a lead frame
with a noble metal according to the present invention. In
particular, according to the partial noble metal plating

20 method, a thin noble metal plating can be evenly formed to
| a predetermined thickness. Further, when a thin noble
metal plating and a copper plating are provided on the
whole area of the lead frame, use of any masking jig is not
required, simplifying plating operation for each plating.
25
Brief Description of the Drawings

Fig. 1 is a diagram showing Example 1 of the lead

frame according to the present invention, wherein Fig. 1

(b) is a plan view of the lead frame and Fig. 1 (a) is an

30 enlarged view of the principal part in section taken on
line Al-A2 of Fig. 1 (b);

Fig. 2 is a diagram showing Example 2 of the lead

frame according to the present invention, wherein Fig. 2

(b) is a plan view of the lead frame and Fig. 2 (a) is an

35 enlarged view of the principal part in section taken on
line B1-B2 of Fig. 2 (b);

Fig. 3 is a diagram showing steps involved in a method



6 a thin noble netal plating of at |east one nenber sel ected

fromsilver, gold, platinum and palladium According to one
preferred enbodi nent of the present i nvention, the thickness of the
thin noble nmetal plating 5 is not nore than 0.5 pmand not |ess than
0.001 [err]m According to another preferred enbodi ment of the
present invention, the partial noble netal [9 ati ng | S partial silver
pl ati ng and the thin noble nmetal plating._i hi.n S|Iv¢f Iatlng 10
In the | ead frde PREEL®HLR E%%B’e‘ﬁgaﬂl‘%yjreaﬂ 5‘136‘8? Bf Examp etg

pmthick copper pl atrﬂ? 3 :g;eaeaalagyaﬁogmﬁlﬁg @teps inywlivel ipl atmaghod

foll db h
019 tﬁ\é\epregeﬁ?r;ﬁ% "?'f{-y pfat%‘ﬁ% téh?sl‘f)?%vf‘ﬁ%ﬁe O%EE%%P%&QE;[. :lspect

nobl e nmetal plating E:Bg & dd ead diageamf arllugptresting nd dedoogss for
seniconducéor producing a semiconductor device using the lead frame of
Example 1 according to the present invention;

Fig. 6 is a diagram showing the state of a copper
oxide film on a lead frame material;

Fig. 7 is a schematic cross-sectional view of a

10 semiconductor device using the lead frame of Example 1
shown in Fig. 5;

Fig. 8 is a graph illustrating the heat treatment and
the bond strength of a resin for a lead frame used in the
semiconductor device according to the present invention,

15 wherein Fig. 8 (a) is a graph showing the thickness of the
oxide film as measured from the surface and the area, where
Ag is present, in terms of the distance from the surface,
for the surface treated lead frames heat-treated under
varied heating conditions and Fig, 8 (b) is a graph showing
20 the bond strength of the resin after each heat treatment;

Fig. 9 is a diagram showing a lead frame of Example
8 of the present invention, wherein Fig. 9 (b) is a plan
view of the lead frame and Fig. 9 (a) is an enlarged view
of the principal part in section taken on line Al-A2Z of

25 Fig. 9 (b);

Fig. 10 is a diagram showing a lead frame of Example
9 of the present invention, wherein Fig. 10 (b) is a plan
view of the lead frame and Fig. 10 (a) is an enlarged view
of the principal part in section taken on line A3-A4 of

30 Fig. 10 (b);

Fig. 11 is a diagram showing steps involved in a
method of partially plating a lead frame with a noble metal
according to the present invention:;

Fig. 12 is a schematic view of a semiconductor device

35 according to the present invention, wherein Fig. 12 (a) is
a schematic cross-sectional view of +the semiconductor

device and Fig. 12 (b) is a cross-sectional view taken on



device, made of a coppef alloy material partially plated W th at-

| east one noble netal, for wire bonding or die bondi ng pur poses,
selected fromsilver, gold, and pal | adium a thin noble netal

pl ating, of at |east one 20 menber selected fromsilver, gold, platinum
and pal | adi um bei ng provided on the whole area or a predeterm ned
ar ea of the surface of the copper at }east onits side to be
contacted with a.encapsylin esin, ,the . method conpri sing at | east
the steps of: pg%ﬁeaﬁ%gko %1 Fﬁéga %8b?8)ﬁet al 25 plating; electrolytic

all renoving the nobFégreldliplam iexplanatoryn viitesy pdiliisthradepasiat @dtoaesan
area requiring BN &uci t b.0Q, - Aan L]y g .a bl
nmetal plating. * (H}l _uc,&cnc(“:’or_g:E n%éntugé%?%%% e(rzllre éﬂ'%ﬂbgé?{ﬁgﬁ?ggf %et ©
pr esent i NRERSEDR, 1pHenpaPRFal noble netal plating is conducted 30

after platgng of theFiQ[fQ@eigfa?dhgggaﬁéagﬁoﬁﬁhﬁrb@kt@gl siév@rsggBQQn
copper alloy wth copper. Accordin 0 anot her preferred enb |[ren9 of
the present inveht PorforvaRtinnal leadoframget rhaadn nfigs é4rriad b8t aby

el ectropl ati ng eétoss-se€te6HaD! €56wPbAt ENYeadS5frame anﬁcﬁﬂédimg_égg é% a

further aspectdiofr thehmgresent ._invention, there is provi
met hod for part{aroR3BI BROWING 31 BIahiRgi RECGPSE | ead frane, for a plastic

mol ded type Fig.. 15 is a diagram showing an embodiment of the lead
10 frame according to the present invention, wherein Fig. 15
(b) is a plan view of the lead frame and Fig. 15 (a) is an
enlarged view of the principal part in section taken on
line Al-A2 of Fig. 15 (b);
Fig. 16 is another embodiment of the lead frame
15 according to the present invention, wherein Fig. 16 (b) is
a plan view of the lead frame and Fig. 16 (a) 4is an
enlarged view of the principal part in section taken on
line A3-A4 of Fig. 16 (b):;
Fig. 17 is a diagram illustrating steps involved in
20 - plating of a lead frame according to the present invention;
Fig. 18 is a diagram illustrating partial silvering
plating of a conventional lead frame;
Fig. 19 is a schematic view of a conventional lead
frame, wherein Fig. 19 (b) is a plan view of the lead frame
25 and Fig. 19 (a) is an enlarged view of the principal part
in section taken on line B1l-B2 of Fig. 19 (b);'and
Fig. 20 is an explanatory_view of a conventional
semiconductor device and a conventional lead frame, wherein
Fig. 20 (a) is a diagram showing the sectional structure
30 thereof, Fig. 20 (b) is a plan view and Fig. 20 (c) is a
sectional view taken on line F1-F2 of Fig. 20 (b).

Detailed Description

By virtue of the above construction, the present
35 invention can provide a lead frame, made of a copper alloy,
which, independently of IC assembly conditions, can prevent

the creation of delamination, of a encapsuling resin in a



7 sem conduct or device, nmade of a copper alloy materi al

partially plated with at | east one noble netal, for wre bondi ng or
di e bondi ng purposes, selected fromsilver, gol d, and palladium a
thin noble nmetal plating, of at 5 | east one menber selected fromsilver,
gold, platinum and pal | adi um being provided on the whole area or a
predeterm ned area of the surface of the cdﬁber at | east on its side

to be contacted with a suling resin, nmet hod conpris
| east the o epssHiCoRaSiEaletle ( Hedhituanks f5 thaooth ffaé@eomagpead
frame naterial sdcaifhaped the boﬁ@apellayloy with copper (B) thinly

: I det d surface of
Copper plated o fosgrdiagetar R PRORr Rt it elng. by piFEHE by tre”

pl ati ng tmeVEﬁaomraﬁeamthlnanmﬁieammmad platlng of Acicoleasy baeone
preferred §”b0qh@ﬁﬁﬁrc§eiéﬁiéﬁ(¥¥HH s1lv r g&ﬁﬁt' t&ﬁﬁmﬁhéﬂd §Q#fageﬁ%
plating is carried out l'ectropl dt °ng 6r ectroless pfa

According to ad@@hEFepW@PéPr@Gféhﬁﬁﬂlﬂﬁﬁ¥e@¢t@h@lned apeeas arft tMQeﬂDppﬁr

the parti al nObé&f@é@'aiP'l@dsﬁgohslgg si®@ltd e SontlcHRIALLRS Qngegfﬂfnbh' n

| plating is
noble metal p eséh the thin noble metal plating provided on the surface

of copper can prevent oxidation of copper in the area

10 thinly plated with the noble metal, thereby decreasing the
thickness of the oxide film, and, in addition, at the time
of formation of an oxide film, Cu,0 is preferentially
formed over CuO, so that the formed oxide film per se is
less likely to be broken, preventing the delamination of

15  the lead frame from a encapsuling resin. In particular,
the effect is significant even when the thin noble metal
plating is provided on the copper surface in the back
surface of the die pad for mounting thereon a semiconductor
chip.

20 The provision of a thin noble metal plating on the
copper surface causes the noble metal to be diffused into
the copper oxide film upon heating in the course of IC
assembly, resulting in improved breaking strength of . the
copper oxide film and compensation for inherent pooxr

25 adhesion of the noble metal to the encapsuling resin.

A thin noble metal plating thickness of not more than
0.5 pm and not less than 0.001 pm is suitable for attaining
the effect of preventing delamination (separation or

_ peeling).

30 When the thickness of the thin noble metal plating is
not more than 0.001 upm, the above effect cannot be
attained. On the other hand, a thickness exceeding 0.5 pm
results in increased plating time and cost and, at the same
time, causes unsatisfactory diffusion of the noble metal

35 into the copper oxide film in the course of IC assembly,

probably resulting in lowered strength of bond between the



thin silver plating. According to a further aspect of the present
I nvention, there is provided a sem conductor device conprising the
above lead frane. According to one 25 preferred enbodi nent of the
present invention, in a copper oxide filmforned in the whole area or
a predeterm ned area of the lead frane at least on its surface to be
contacted with a encapsuling resin, tHe concentration of the noble
nmetal is not less than 0.1 at% and | ess than 20 at% as 30 measur ed by

X-ray phot oel ectP8f §15€’&'?r BBople encapsuling rgsdPng to a further aspect
of the present rheenstoucthbher ef s theovided afi-@rad fcliﬂma:.héc Obrésent

| astic em con uct devi c C r.all,
ﬁat erial, as a lll)gggn% er| a qreia #ueBF?lt gBe Ed Y’lgg 88?1@5951&%{.“0[)' e
metal, for wre bondfhg epldegabmﬂndtmgof thepliepdsésameehecbedihgompsicheer ,

gol d, and gal | agi-u@nf inventIBRELsSIJddE Sh@t LBAPALLBIP Y d8sk 253 tne
primer plating conventional lead frame because the copper oxide film is
removed by pickling or chemical polishing as a pretreatment
for soldering.
When the partial noble metal plating is partial silver
10 plating with the thin noble metal plating being thin silver
plating, plating can be relatively simply and stably
preformed by the conventional electroplating or electroless
plating, resulting in lowered production cost.

By virtue of the above constitution, the method for

‘15 partially plating a lead frame with silver according to the
present invention enables the production of the lead frame
of the present invention.

. Specifically, since the process comprises at least the
steps of partially plating a lead frame with a noble metal,

20 electrolytically removing a noble metal leak portion, and
then applying a thin noble metal plating, that is, since
a thin noble metal plating is formed after electrolytically
removing a partial noble metal plating leak portion thinly
deposited, on an area requiring no partial noble metal

25 plating, in the formation of the noble metal plated area,
a thin noble metal film can be formed without no
significant variation within an identical plane. The
provision of the thin noble metal plating by electroplating
or electroless plating can simplify the regulation of the

30 thickness of the thin noble metal plating.

Further, the process comprising at least the steps of,
in succession: (A) plating the surface of a lead frame
material of a shaped copper alloy with copper; (B) thinly
plating the whole area or a predetermined area of the

35 surface of the copper-plated lead frame with a noble metal;
and (C) partially plating the lead frame with a noble

metal, enables a thin noble metal plating to be formed on



8 for the partial noble netal plating, wherein the whole ~area
or a predeterm ned area of the surface of the copper ~alloy materi al
at least on its side to be contacted with a encapsuling resin has a
thin noble nmetal plating of at 5 | east one menber selected fromsilver,

gold, platinum and pal l adium a copper plating is provided on the
thin noble netal plating and the part:'r%ll noble netal plating is

rovi ded on a predeterm ned area of . Be opper, platin _ -
Rccor ding to a ftglﬁ REPP&EHBUF 8PS Wétt Pé‘g:eﬁ'?‘%i'(‘)‘enclen?%nﬁh@n,patrw inoble
provi ded a net hoethdr plaatired. nollile provisebval qd athag ﬁgi‘irafhem:ief R 1
for a plastic yp ] duct or_dewi c e of .a _copper

al | oy ﬁat eri al ,ntg%'dmb B% b%ls%c%g(?%%)g Iggpacjﬁi a%%efetpﬁoa T V\nqlf?tef_trp e &S
one nobl e SHBPALLYf Shewregubabiibngodrihe etliorihiens puf pseshise nettled
15 fromsil vepetd®! glaggggpal | adi um .a copper strike plating bei ng

provided as a primer plating for the partial noble. . nmetal plating, the
met hod conpri sing at WF’@&SFh?hEhéf‘eﬁ§bg?, metal pilatingcdsspapvided on ghe

plating the whoWhoaeear®d of phedebatntfefe ar BacDiding B pas W08 dbrie
er with at” | east

one. menber sel cBFEALT POAFEN] BEF2, Ehe gBPAStAPa: FRBMNENGNSH PANENEs o m
a 0.001 to 0.5 peating can behstinplhifmetliog!ﬁ ma':]agl plr?;t Ljnlg—; gBﬁl pl ?r'él glg tzge
0 S22 o 1o SphECEle PHALAR HISRICLASL A PR YL b TELEL,
plating with the thin noble metal plating being thin silver
plating, plating can be relatively simply and stably
preformed by the conventional electroplating or electroless
plating. At the same time, the production cost can be made
15 lower than that in the case of gold plating or platinum
plating.

In the semiconductor device according to the present
invention, when the above lead frame according to the
present invention is used, a surface area having a region

20 of at least one of silver, gold, palladium, and platinum
and a copper oxide film in the whole area or a
predetermined area of the surface of the lead frame to be
contacted with a encapsuling resin can be formed through
heat treatment in the step of wire bonding, preventing

25 separation of the lead frame its area in contact with the
encapsuling resin after molding of the encapsuling resin.

In a copper oxide film formed in the whole area or a
predetermined area of the lead frame at least on its
surface to be contacted with a encapsuling resin, when the

30 concentration of the noble metal is not less than 0.1 atg
as measured by ZX-ray photoelectron spectroscopy, the
breaking strength of the copper oxide film or in the
interface of the copper oxide film and the copper alloy is
satisfactory. Further, when it is less than 20 at%, the

35 inherent poor adhesion of the noble metal to the
encapsuling resin can be compensated, resulting in
satisfactory adhesion between the copper oxide film and the



| ead frame with copper; and (C) partially plating a predet erm ned area

of the surface of the copper-plated |ead frame with a noble netal.
According to a further aspect of the present 30 invention, there is
provide a lead frane, for a plastic nol ded type semi conductor devi ce,
made of a copper all oy material, provided with a die pad for nmounting
a sem conduct or chip and partially pldﬁbd with silver for Wre
bondi ng or die bonding Eurposes, wherein a zinc flash 35 plating and a
copper strike pFAFPRGUAIBIpFEFiBed in that order at |east on the

surface of copper inThbe leadk fudiicaci-cordimf tdea dierphdrr espeetl bemechbe
surface on which_the

, . . .9
sem conduct or cRFBPEtAONERF oD 1s a leai@éSP&FﬂgﬁQferP%?ﬁF?Edm°1ded
enbodi ment of theperesehtonductor ndewntcen, mdde of c coppelr pllabiyngaeertihe

copper strgké partially plated with at least one noble metal, for wire

bonding or die bonding purposes, selected from silver,

gold, and palladium, a copper strike plating being provided

as a primer plating for the partial noble metal plating,

Wherein the whole area or a predetermined area of the

10 surface of the copper alloy material at least on its side

to be contacted with a encapsuling resin has a thin noble

metal plating of at least one member selected from silver,

gold, platinum, and palladium, a copper plating is provided

on the thin noble metal plating and the partial noble metal

15 plating is provided on a predetermined area of the copper
plating.

The method for partial noble metal plating of a lead
frame according to a further aspect of the preéent
invention is a method for partial noble metal plating of

20 a lead frame, for a plastic molded type semiconductor
device, made of a copper alloy material, as a base
material, partially plated with at least one noble metal,
for wire bonding or die bonding purposes, selected from
silver, gold, and palladium, a copper strike plating being

25 provided as a primer plating for the partiai noble metal
plating, the method comprising at least the steps of, in
succession: (A) plating the whole area or a predetermined
area of the surface of a lead frame material of a shaped

. copper alloy material with at least one member selected

30 from silver, gold, platinum, and palladium to form a 0.001
to 0.5 pm-thick thin noble metal plating; (B) plating the
whole area or at least an area including the partially
noble metal plated area of the surface of the thin noble
metal plated lead frame with copper; and (C) partially

35 plating a predetermined area of the surface of the copper-
plated lead frame with a noble metal.

" In the present invention, since the thin noble metal



plating as a priner plating for the silver plating is 5 provi ded on the

whol e surface of the |ead frane. According to another preferred
enbodi ment of the present invention, the thickness of the zinc flash
pl ati ng is not less than 0.001 pmand not nore than 0.5 [err]m
According to the present invention, it is possible to 10 provi de a
sem conduct or devi ce using a Iead franme, Be of a copper aIon

whi ch, independently of |IC ass conditions, canhgr even

creation of delPATRY oHnderlleﬁt t‘%/}?%uFQBPErt LAYy 1 PHRECAPPR utno

sacrificing theietal pllaﬁld@bsltebyanﬁuniferbomim-tg & Hepadakr haecanﬂledmsmt:ess

for 15 produci ng_the sane can al so be provided The | ead frame
of the present ﬁrh\%lél?ﬁl SRATEaMfaper as brrloéggeé’rlf? R et nd® AR SHIFITH |y
plating a Iead dgisther a problkema abbddheeiah afcdbhél ngphle t hetpleseat a

I nvention Hart | C t partial noble neta

pl ati ng 20IS n@tﬁ?b&j aqfn% Iﬁe[)b Oa}lé:q{qlr% Cfoclc%jg}escan be evenly forned to

a predeterm ned thi Mesnldefabilicty aherhen kdfdch frsme accordimng ato ptha i ng
and a copper pg%tyég&@rﬁ\pé&yi&gdﬁgngbha and cfiSsieacf thile 18adne

frame, use of maski required, 5| mpl 1 f g plating
operation for E&EWEHEQ d frame shown in Bigef 1ded@y); é’ﬁ%\lsfﬁ e
Dr awi ngs coppeIFI gxlael sFauMi agy aﬂeﬁbowngoﬁx@tmkalhgof ok hecHeamital

Pl an vi ed b { RETHSIIAE o DRF e Tty 8 FP 0 ar ged vi bw of the
pri nci pal part I n seoti cohet akentbdal noble metal plating, noble metal
frequently leaks into an area requiring no noble metal
plating, and, in some cases, the leaked noble metal is
electrolytically removed. In this case, since a thin noble
15 metal plating underlies the copper plating, the leaked
noble metal alone can be removed without influence on the
thin noble metal plated area.
Further, since the thin noble metal plating underlies
the copper plating, the same appearance as that in the

20 conventional lead frame shown Fig. 14 (a) can be ensured.

When the partial noble metal plating is partial silver
plating with the thin noble metal plating being thin silver
plating, plating can be relatively simply and stably

25 preforméd.by the conventional electroplating or electroless.
plating, resulting in lowered production cost. At the same
time, the production cost is lower than that in the case
of gold plating or platinum plating.

By virtue of the above constitution, the method for

30 partially plating a lead frame with a noble metal according
to the present invention enables the production of the lead
frame of the present invention.

The provision of the +thin noble metal plating by
electroplating or electroless plating can simplify the

35 regulation of the thickness of +the thin nbble metal
plating.

Further, when a thin noble metal plating and a copper



line A1-A2 of Fig. 1 (b); "Fig. 2 is a diagram show ng Exanple 2

of the |ead frame according to the present invention, wherein Fig. 2
(b) is a plan view of the lead frame and Fig. 2 (a) is an 35 enl ar ged
view of the principal part in section taken on line B1-B2 of Fig. 2
(b); Fig. 3 is a diagram show ng steps involved in a method

10 of partially plating the |lead frakg& of Exanple 1; . Fig.
4 is a diagram show ng steps involved in _a nethod of parti al

plating the | eaP ¥ ST ORAMPIied on the wholegijgres of thejikgphirane,
il lustrating a preecess 4Ay m8skiRGOGUY NG an@’@”l*é@ﬁﬂﬂtétiic):] ngﬁiﬁloqgs_ymgngtﬁ@e
e e o e SR AR e LB IL T o
| ead frame material; The thin noble metal plating may be formed by any of
5 electroplating and electroless plating. However, when
regulation of the plating thickness with good accuracy by
increasing the plating rate is desired, the electroplating
is suitable. On the other hand, good throwing power bf the
plating on a lead frame having a complicate 'shape is
10 required, electroless plating is suitable.

The léad frame according to a further aspect of the
present invention is a lead frame, for a plastic molded
type semiconductor device, made of a copper alloy material,
provided with a die pad for mounting a semiconductor chip

15 and partially plated with silver for wire bonding or die
bonding purposes, wherein a zinc flash plating and a copper
strike plating are provided in that order at least on the
surface of copper in the back surface of the die pad remote
from the surface on which the semiconductor chip is

20 mounted.

According to the present invention, the provision of
a zinc flash plating and a copper strike plating in that
order at least on the copper surface of the back surface
of the die pad remote from the surface on which a

25 semiconductor chip is mounted, can prevent delamination
(peeling or separétion) attributable to the copper oxide
film at least on the surface of the lead frame in the back
surface of the die pad. Further, the provision of a zinc
flash plating and a copper strike plating, as a primer

30 plating for silver plating, on the whole surface of the
lead frame can prevent delamination (peeling or separation)
attributable to the copper oxide film on the surface of the
lead frame in all interfaces of the lead frame, including
the back surface of the die pad, and the encapsuling resin.

35 Furthermore, use of any jig for plating or the like is not
required as opposed to the case where the partial plating
is provided on only the back surface of the die pad.



Fig. 7 is a schematic cross-sectional view of a 10 sem conductor device

using the lead frane of Exanple 1 shown in Fig. 5; Fig. 8
is a graph illustrating the heat treatnent and the bond strength of a
resin for a lead frane used in the sem conduct or device according to
the present invention, 15 wherein Fig. 8 (a) is a graph show ng the

t hi ckness of the oxide filmas nmeasuf€d fromthe surface and the

area, where Ag. i resent, jn terps of the distance fromthe surface,
for the surface trea%e‘gmro%‘é‘besﬁ EhRezine By Eg‘rﬁi*e‘rng of nqj;ppEg kRaRi ng

conditions and FFig.pB £ix) net alegapthahon 0@l 26n caheobpat shéeagelcef okhe
resin after ea I Fig. 9 is a djiagram show ng a
| ead frame of E§E§¥§%Fiﬁgaééigﬁﬁn?$ﬁ9?wQgﬁﬁ&l?iv%ﬁtf%%?rﬁkéagsh Fig. 9 (b)
is aplan vi evileent tee | datckres® ahdtie zinc (f)ask phathhar ysdlessw
of the prigcipatnfard. ddn SEC AR LaKERNRRalkiRe AF £248f 922+ sngi 2o(Phe
Fig. 10 is a diagramshowng a_|l ead franme of_ Exanple _3 of the present
i nvention, wher&RPH gStIBREpPLREIRIpHSN SO lowtRatofthehelnrrayenene and
Fig. 10 (a) is @dhe¥icd 98l ¥h&Voxide fOimth8 RINSRHIRFHaRYdy idhFeehd Ofise
taken on line A3-Aﬁvgg 3%_ &ﬁé¥ ]I)éégﬁ Fig. 11°is a diagram
showi ng steps ivct e At Soi Fﬁ%?r‘f%%h%ﬁ%%fﬁf@l%J gaerease
with a noble nmatien it ascaish Ngels® t BRapr 630011 NENt kBR creation &FJ-
S csont TEoe T A Olod SEILEONCE 2LefRYa8T0R) a IR %d e

present | nventi on, In
copper oxide film on the surface of the lead frame can be

prevented. When the thickness of the zinc flash plating
is larger than 0.5 pm, the cost is increased. Further, in
this case, for zinc flash plating onto the whole surface

15 of the lead frame, at the time of armor plating, there is
a possibility that an acicular crystal of tin (Sn)
containing the armor plating is formed in the outer lead,
lead to a fear of a short circuit being created between
outer leads.

20 Since the zinc flash plating underlies the copper
strike plating, subsequent silver plating step and wire
bonding step may be carried out in the same manner as in
the prior art. In this case, neither a problem of adhesion
of the silver plating nor a problem of wire bondability

25 occurs.

Description of Preferred Embodiments

Present invention will be described with reference to
the following examples and comparative examples.
30 Example 1
Fig. 1 shows an embodiment of the lead frame of the
present invention, wherein Fig. 1 (b) is a plan view of the
lead frame and Fig. 1 (a) is an enlarged view of the
principal part in section taken on line Al-A2 of Fig. 1
35 (b).
In Fig. 1, numeral 110 designates a lead frame,

numeral 111 a die pad, numeral 112 an inner lead, numeral



a schematic cross-sectional view of the sem conductor devi ce and Fig.

12 (b) is a cross-sectional view taken on | i ne Bl-B2 of
Fig. 12 (a); Fig. 13 is an explanatory viewillustrating a
process for producing a sem conductor device according to the
present invention; 5 Fig. 14 is a d| agranms showi ng partial silver
pl ati ng of a conventional |ead franel V\/nereln Fig. 14 (a) is a
cross-sectional view of a lead frame and F| éb% i agr.am
showi ng a pl at il Fdoceeser lead, numegpad é@?"amné‘ﬁ‘(?\ﬁfﬁ'g%g'rﬁa a

enbodi nent of tfi@resathdferalrame acwgiaml tHSEr,prﬂﬁﬁéi'a]ln\leot is0r.ead
wherein Fig. 15 '

I pl an_vi ew of Iead fra
is an enlSxAJEd W%géﬁf‘lt & p??ﬁe?ﬁalaldacr i n"58EfFon fﬂgeﬁ q?f)ppe
line Al- A2 of RElgtity,(mumeral 140 a partial silver plating, and numeral
5 150 a thin silver plating. .

In the lead frame 110; a 0.15 mm-thick copper alloy
material (EFTEC64T-1/2H material, manufactured by The
Furukawa Electric Co., Ltd.) is etched to prepare a lead
frame material 120 having an external shape as shown in

10 Fig. 1 (b), the whole surface of the lead frame material
120 is plated with copper 130, and only a predetermined
area of the copper plating 130 is plated with silver to
form a partial silver plating 140, and the whole surface
“is thinly plated with silver to form a thin silver plating

15 150.

In this embodiment, the plating thickness is 0.1 pm
for the copper plating, 3 pm for the partial silver
plating, and 0.01 pm for the thin silver plating. It is
preferably 0.1 to 0.3 um for the copper plating, 1.5 to 10

20  pym for the partial silver plating, and 0.001 to 0.5 pm for
the thin silver plating.

Further, in this embodiment, EFTEC64T-1/2H material
manufactured by The Furukawa Electric Co., Ltd. is used as
the lead frame material. However, the lead frame material

25 is not limited to this material only, and other copper
alloys may be used. As shown in Fig. 19, the conventional
lead frame comprises a shaped lead frame material 120, a
copper plating 130 provided on the whole surface of the
shaped lead frame material 120, and a partial silver

30 plating 140 provided on the copper plating 130 in its
predetermined area alone, whereas the lead frame according
to the present embodiment is provided with a thin silver
plating 150. The provision of the thin silver plating 150
can prevent the oxidation of the copper plating 130 to

35 decrease the thickness of an oxide film. In addition, at

the time of oxidation, it results in the preferential



Fig. 16 is another enbodinent of the lead frame 15 according to the

present invention, wherein Fig. 16 (b) is a plan view of the |ead
frame and Fig. 16 (a) is an enl arged view of the principal part in
section taken on line A3-A4 of Fig. 16 (b); Fig. 17 is a

diagramillustrating steps involved in 20 glating of a lead frame
according to the present invention; Fig. 18 is a diagram
illustrating partial silvering pl ati ng of a conventional |ead frane;
Fig. 19 is a scliermaitdion of ¢u,@ ovaveBuDonsb [thad the fofnmeede oxier e iilm

Fig. 19 (D) 1S Beplam Yhetook iike!fath BaBrditen AM! Adhoeklidi®iy S ln

enl arged view of the principal part in section ta
Fig. 19 (b); an@ semlconductpwgdezgces1§np@gman@ﬁ<ms}na«&nkﬁ Lgad frame,

convent i onal _the SEBLELBAYEI OF HaMnbith AN FLRY ENEAOHSL fag LA o
wherein g 20 (a) is a diagram show ng the sectlonal ructure

t hereof, FPg. 28%(BFeV n§eﬂlan view and Fig. 20 (c) is a secti onal
vi ew t aken on Ilne FAJﬁkdﬁeé&gfofOpfbhuc1ng a semiconductor devicket@d ed
Descri ption

I nvention can pP%Ckageiylégéggféﬁ% gﬁﬁ%PO%%E%%QEBEEC %gﬁ9léhglpxaﬁsgh %?
i ndependent | y oflesCrabedniliyhc ordetreoms, toaligr.ebent the creation of
del am nation, of a ?ﬂ%aﬂﬁé'h%&s%ﬁéi%Wdlé*pad 111 of a lead frame 110 of
10 the present embodiment shown in Fig. 1 is subjected to down
setting (Fig. 5 (a)), and a semiconductor chip 160 is
joined onto the die pad 111 through a silver paste 170
(Fig. 5 (b)).
Subsequently, the silver paste 170 is heat-cured, and
15 an electrode pad (terminal) 161 of the semiconductor chip
160 is wire-bonded and electrically connected, using a wire
(a gold wire) 180, to the front end of an inner lead 112
provided with a partial silver plating 140 in the lead
frame 110 (Fig. 5 (c)).
20 Subsequently, resin sealing, removal of the dam bar,
forming of the outer lead, and soldering are performed to
prepare a semiconductor device 200 (Fig. 5 (4)).

Through the above steps, the copper plating 130 on the

surface of the lead frame 110 shown in Fig. 1 and a part
25 of the lead frame material (copper alloy) 120 are oxidized

to form a copper oxide film 130A shown in Fig. 5 (c). At

the same time, the thin silver plating 150 on the copper

plating 130 shown in Fig. 1 is diffused into the copper

oxide film 130A and the lead frame material (copper alloy)
30 120. '

In the preparation of the semiconductor device 200
using the lead frame of the present embodiment, 'upon
heating in the step shown in Fig. 5 (c), the surface of
copper in the die pad 111 observed by X-ray photoelectron

35 spectroscopy (ESCA) is as shown in Figs. 6 (a) and 6 (b).

In Fig. 6, numeral 130A designates a copper oxide



12 sem conductor device, attributable to a |l ead frame w t hout

sacrificing the bondability. According to the present invention,
by virtue of the provision of a thin noble nmetal plating of at |east
one 5 menber selected fromsilver, gold, platinum and palladium

on the whole area or a predeterm ned area of the copper surface at

| east on its side to be contacted with a sealing resin, the thin
nobl e nmetal plating provided on the surface of copper can prevent

oxi dati on of cofpém, i pungsairkaPA @ reghnl yiphaaelvey i ffusetbpbenedado,

ther eby decreaShuaet:Bi 120 al Niddessant Waadiiade fahd ndibrain et izon,
at the tine of formation of an oxide film Cu20is preferentially

formed over CuCFORBeEhAL1PHe formed oxide fil mper se is l ess likely

to be broken, pr evensllu@etrh@fdaiwﬂmain @i Bfed plathey | 80 Ehowh fhOmMig.

Sﬂgﬁpfﬁgl '?%I Le?&g'les n;a{.g?rtségu :Lnto the c%?;%e%f foexczfdeI Sfi_ll.gmldeCAangngv%rllle
copper lead frame material (copper alloy), and, as shown
in Fig. 6 (a), Ag is diffused into the whole copper oxide
£film region 130A and a part of the copper alloy 120a. The

copper oxide film region 130A is constituted by CuO 130ab

10 and Cu,0 130Aa with the CuO 130Ab on the top surface side.
Upon further diffusion of Ag, Ag migrates toward the

inner side of the copper alloy, and, as shown in Fig. 6

(b), this renders the diffused Ag substantially absent in

the surface area. The state of diffusion of Ag into the

15 inner side of the copper oxide film varies depending upon
the thickness of the thin silver plating 150 and heating
conditions. Specifically, when the thickness of the thin
silver plating 150 is somewhat large and heating conditions

are mild, silver is 1likely +to be diffused into

20 substantially the whole area of the oxide film. On the
other hand, when the thickness of the silver plating is

small and heating conditions are severe, silver is likely

to be diffused deeply into the interior of the copper oxide

film. In some cases, silver is diffused into the oxide
25 film, as well as into the lead frame material (copper
alloy) 120.

When the thickness of the thin silver plating 150 and
heating conditions are appropriate, the observation of the
surface by ESCA or the like reveals that the surface of the

30 copper oxide film is also constituted by cuprous oxide
Cu,0.

On the other hand, when a semiconductor device is
prepared, through the same steps as shown in Fig. 5, using
the conventional lead frame, shown in Fig. 19, with copper

35 plating and partial silver plating alone being provided,
the state of oxidation of copper in the state corresponding



plating is provided on the copper surface in the back surface of the

die pad for nounting thereon a sem conduct or chip. 20 The
provision of a thin noble nmetal plating on the copper surface causes
the noble netal to be diffused into t he copper oxide filmupon
heating in the course of IC assenbly, resulting in inproved breaking
strength of the copper oxide filn1an32conpensation for inherent poor
25 adhesi on of the noble nmetal to the encapsuling resin. A

thin nobl e metdio Fligti fy thi digness W MErHg t farlc) - 0.5 [err]mand

not less than 0.001 pndhe edhialteohal Eéé&'ﬂa(hga shown t.:.hemgf ecd AHince
preventing del am nation (separation_or en the

t hi ckness of t A t BPANnobHe’Stet RAASERE) Mg | ?rOVldeﬁoto%F‘:@ec h8HT 62661 Pin
the above effedopiinottiie oxidatidifeee &0 tbpperhes Banthigh tdHLLKNEsS

exceedi ng 5 resul t nin ed ti.me ,and_cost. an t
the same 5 tthk J%§h|%§é;: ﬁy dﬁf&hé? &étﬁﬁfQﬁﬁMEPﬁﬁ;¥ﬁ§§5
into the copperofoxinde okiilde ifth 1tnhénctbe sereden € asisaident. In pdihiabion,
resulting in l%@%égjéﬁéfgmgélﬁg &E¥¥L§§$MBSP g?fver, unlike the use of

the lead frame of the present embodiment, preferential
formation of Cu,0 over Cu0O does not occur.

10 From Fig. 6, it is apparent that, in the lead frame
110 according to the present embodiment, the provision of
the thin silver plating 140 can prevent the formation of
an oxide film in the step shown in Fig. 5 (c), resulting
in a smaller thickness of the oxide film than that of the

15 oxide film in the prior art where no thin silver plating
140 is provided.

Further, in the lead frame 110 of the present
embodiment, at the time of formation of the oxide f£ilm,

Cu,0 is preferentially formed over CuO, so that the formed
20 oxide film per se is less 1likely to be broken and,
consequently, when a semiconductor device is prepared using
this lead frame, the occurrence of delamination of the lead
frame from a encapsuling resin can be prevented.
. Lead frames wherein the thickness of the thin silver
25 plating is 0.001 pym, 0.01 pm, and 0.5 pm were prepared as
variants of Exémple 1. For the lead frames of Example 1
and the variants thereof, the adhesion of the copper oxide
film on the back surface of the die pad of the lead frames
and the bond strength of a encapsuling resin were
30 evaluated.

In the evaluation of the adhesion of the copper oxide
film on the back surface of the die pad, the lead frame was
heated under wire bonding simulated heating conditions of
280°C and 3 min, the bond strength of the oxide film on the

35 back surface of the die pad was measured by a tape peeling .
test, and, when no peeling occurred, the adhesion was



13 | ead frame and the encapsuling resin. The structure

of the lead franme of the present I nvention does not influence the
gold wire bondability. The sol derability of the lead frane
according to the 5 present invention is good and conparable to that of
t he conventional |ead frame because the copper oxide filmis
removed -by pickling or chemical polishing & a pretreatnent for

sol deri ng. When the arti al | e net.al atln is partia
silver 10 pl #YHPIFeH 3P H’F%%‘Fe %t'alwrﬁ'llﬁ&'g? QOQWW%% vERe

pl ating, platingssidie wad advamlatesd e yursdsbespedibye (X ). preforned by the
conventional electro Iatln or | e troles resulting i

| ower ed production c t.t valug %HQP u&hEs ERBEab%$£ ﬁbtl?gtiga?
the net hod for ercapguaringldesim, atsnpwlaﬂ dadmbisaia mllﬂdsplaee)acﬁordi:ng to
the 81 oSl MM 00z °RAR' EorkiOrQING] 0P 8 digfAd s

of the present Tnven S|nce e pr
conpri ses at | edsich hes been ﬁmwe%m |S&111§13Cfﬂ altl‘l‘@fgtf@m‘@anlftmastweeh a

nobl e netal, 2QanfRledd QhyEkeabhi ﬁ.egﬁa'ﬁarﬁaﬂw?@@hé@ééf 'vﬁ@i‘e%rﬁbé’fbda”d
then applying a thin noble neta lating, that is, since hi n nobl e

metal plating i"6-¥brFRE sPeEiad dqams ywhigh| has been Subjected ‘o "the

conventional surface treatment. The results are given in
10 Table 1.

In the comparison test, both the frames of invention
and the comparative frame have no partial silver plating.
These special frames were heated under wire bonding
simulated heating conditions of 280°C and 3 min, a

15 encapsuling resin having a given area was molded on the
copper alloy material, and the bond strength of the
encapsuling resin was measured by a shear test.

The bond strength of +the encapsuling resin was
evaluated as acceptable (O) when the strength was not less

20 = than 2.0 N/mm?’, while the bond strength was evaluated as
unacceptable (X ) when the bond strength was less than 2.0
N/mm?. _

In the comparative example, the thickness of the thin

silver plating was 1.0 pm. In the conventional example,

25 no thin silver plating was provided.
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In Example 1, thin silver plating has been provided
on the whole surface of the copper alloy material after
partial

predetermined partial silver plating. However,

thin silver plating on oniy a portion useful for preventing
partial

the delamination of an IC package, for  example,

thin silver plating on only the back surface of the die pad

suffices for attaining the effect of preventing the
delamination (prevention of separation or peeling by
oxidation).

Example 2
Fig. 2 shows an embodiment of the lead frame of the
present invention, wherein Fig. 2 (b) is a plan view of the

(a)

principal part in section taken on line B1-B2 of Fig. 2

(b).

lead frame and Fig. 2 is an enlarged view of the

In Fig. 2, numeral 110 designates a lead frame,
numeral 111 a die pad, numeral 112 an inner lead, numeral
113 an outer lead, numeral 114 a dam bar, numeral 115 a
frame, numeral 120 a lead frame material (a copper alioy),

numeral 130 a copper plating, numeral 140 a partial silver

(A) plating the surface of a |ead

ng
g



t he copper surface without influence of the partial noble met al

pl ating. The provision of the thin noble netal pl ati ng by

el ectroplating or electroless plating can sinplify the regul ati on of
t he thickness of the thin noble 5 metal plating. When t he
thin noble metal plating is provided on the whol e area of the |ead
frame, including the partially noble 2ktal plated area, the operation
for the thin noble netal plating can be sinplified. 10 When
the partial nobbéawirgl prgt nngepr@lpégpu al thipysilver pPlgitinighg with the

thin noble netal pl atIhn&Hée'l%d h‘!fhnﬁé'l/ﬁaj a 0.18! Ahig8ickl abippercan ks,
relatively S|nply and stab ornmed b

he conventi ona
el ectropl ating Bf terdatr of EEEECG4T Eéﬁﬁtl%@.e a +m3@§ﬂﬁ£%??ﬁ?e héy The
production cost ragokbgamaEdectric lowwgr ntan) timtetmédletoapfep&rgolad lead
pl ating or platlnun1

se cond t vi.ce
according o th&® BP@S@WFeﬂ%Ai ]ﬁﬁbé%?Y%ﬂg ﬁﬂeﬁx&ﬁrn %nég %r%hg%% +n
according to theig. 1 (pr)esenite iwhadrd i surfaceiset, thesﬂ.ueéécérameaniaebeim@la

region 20  of a o' %8@&;%%' gperg‘i%’ Bﬁh'éﬁé%ogé‘dsﬂ@ééé‘%? the
and a copper oxi area or a predeterm ned area of
the surface of Ghepeéanlﬁtang 19 pbated withrshkverd W tipmm endddsulsidgyer

resin can be fOPﬂE@!;B roul ang, &%%tchta&eatm&eaatébﬁlﬁéap fHedV 68 the
bondi ng, preventing 2 separation_of thé lead frame its area in contact

with the 10  efi¢dpedl .wwg m3f PAREREI i oFLYRT eCafor™ ng PESHEaL
I n a copper oxigdeifeknpliating naothe whole area or a

In this embodiment, the plating thickness is 0.1 pm
for the copper plating, 0.01 pm for. the thin silver
plating, and 3 um for the partial silver plating. As with

15 the lead frame of Example 1, the plating thickness is
preferably 0.1 to 0.3 pm for the copper plating, 1.5 to 10
pm for the partial silver plating, and 0.001 to 0.5 pm for
the thin silver plating.

Further, in this-embodiment, EFTEC64T-1/2H material

20 manufactured by The Furukawa Electric Co., Ltd. is used as
the lead frame material. As with Example 1, however, the
lead frame material is not limited to this material only,
and other copper alloys may be used.

The results of evaluation on the adhesion of the

25 copper oxide film on the back surface of the die pad and
the bond strength of the encapsuling resin, associated with
the provision of the thin silver plating, were the same as
those of Example 1.

Example 3

30 A process for partially plating a lead frame according
to the present invention will be described with reference
to Fig; 3. This example demonstrates a process for
producing the lead fréme of Example 1.

A lead frame 110A of a shaped copper alloy, which has

35 been pretreated for plating, was first provided (Fig. 3
(a)), and the whole surface thereof was plated with coppexr
to form a 0.1 pm-thick copper plating 130 (Fig. 3 (b)). '



predeterm ned area of the lead frane at least on its surface to be
contacted with a encapsuling resin, when the 30 concentration of the

noble metal is not less than 0.1 at% as neasured by X-ray
phot oel ect ron spectroscopy, the breaki ng strength of the copper oxide
filmor in the I nterface of the copper oxide filmand the copper all oy
S satisfactory. Further, when it is |28s than 20 at% the 35

i nherent poor adhesion of the noble netal to the encapsul in
resin can be conpensdmedher psgtrpagnpAt for RIRATERGcthS MM iBK %m%ﬁ

the copper oxidenpbi l1BANdsilfe 110A, made of a copper alloy, shaped by
15 encapsuling resin

. The lead fra accordi_ng .to a
further aspect Sftchgag was ﬁﬂ%ﬁﬁﬁﬂlﬁﬁﬂﬁﬁii¥H§%%F%F?% d YRShed %&F%apure
plastic nol ded water,! yfed s&fibcj@itiedd otodaadick, aprdeasfioa coppetmahtoyfor
mterial % PLLLRLLY PLRL e Mt Alid P28h-R08 QP EnlPIRlred A Bk Gne

frame, with an acidic solution, thereby activating the
surface of the copper alloy as a lead frame material 120,
and agaih washed with pure water.

Copper plating was performed using copper cyanide at

10 a bath temperature of 50°C for about 20 sec to a thickness
of about 0.1 pm.

Subseguently, a predetermined area of the lead frame
110 plated with copper 130 was plated with silver to form
a 3.0 pm-thick partial silver plating 140 (Fig. 3 (c)).

15 The partial silver plating 140 is generally'formed as
follows. The lead frame was covered with a masking jig so
that a die pad section on the side, where a semiconductor
chip to be mounted, and an inner lead front end region for
wire bonding to a semiconductor chip are exposed. The lead

20 frame is used as a cathode, and a plating solution is
Sprayed through a nozzle. In this case, an unnecessary
thin silver plating is frequently formed in an area other
than the predetermined area. The unnecessary thin silver
plated area is called "silver leak area" 140A.

25 For this reason, the silver leak area 140A was
electrolytically removed so that subsequent thin silver
plating 150 could be uniformly formed (Fig. 3 (d)).

After the silver leak area 140A was electrolytically
removed, the exposed copper plating surface and the whole

30 surface of the partial silver plating in the lead frame
were thinly plated with silver to form a 0.0lpm-thick thin
silver plating 150 (Fig. 3 (e)).

Example 4

_ Another process for partially plating a lead frame

35 according to the present invention will be briefly
described with reference to Fig. 4.

This example demonstrates a process for producing the



bondi ng or di e bondi ng purposes, selected fromsilver, gol d, and

pal | adium a copper strike plating being provided as a prinmer plating
for the partial noble netal plating, wherein the whole area or a
predeterm ned area of the 10 surface of the copper alloy material at

| east on its side to be contacted with a encapsuling resin has a thin
nobl e metal plating of at |east one nmefrber selected fromsilver,

gold, platinum _and pal |l adium a copper plating i,s provided on the

thin nobl e met at®pfatfFfiandtt HxPR ¢ al nothd mifal TS PICKASTHgOFs this
provided on a pegdapeen tedikecahy plw-anppRsr ?argialayl p]gating a leda}d
The nmethod for partial, nobl, tal plati a . ra ccordi ng
to a further as%]ergpeofd%sf?erlte)bree eht %xampg'lgnsge'nt?o%%ilg aSJf’EE‘f%dgigglﬁgr il
nobl e netal pl atfongedf beg@oreatheadifivemeplaftdnga pl astic nol ded type

' d LGH, . i_alq,-.AS has
Tmterial Sartially b Sead £FRAE Plof SPRIThAIPEIRIE A10fS dhitihac
bondi ng or di e B8RBI PFeFFesdess far| pbabingr oifps firsy |Ipeevidedd(Figd 4

pal l adium a copagh, shhiken®! @d1@ NekFbeShe W iR AS @R PV LMY
for the parti al nog e netal pl ating, the_nethod _caonprising at [ éast
the steps of, iH®° Torm g,Pcds¥mpihick) CRPREFNElekd P @ndPE 4Fdg -0 4b)).

predet er m ned 8ubsegliehiteys UthaGehdle surdRdd bEEh8tl&dd drfe a10A

shaped coppe |l oy, material .with at least o er sel ected 30
from silvaP, goB@?£ﬁ$aWF%BnFORF8rpgﬂ@mﬂqﬁnYQfﬁi%réi%%?%gﬂltﬁ sidyeg. 450
[err]mthick thta folme ared &1 phatthick (Bhipl atilvgrt blating wBbe (ALga @
at | east an are@0599luding the partially

Thereafter, only a predetermined area of the lead
frame 110A thinly plated with silver 150 was plated with
15 silver to form a 3.0 um-thick partial silver plating 140
(Fig. 3 (c)).
The pretreatment for plating, copper plating, silver
plating and the like were performed in the same manner as
in Example 3.
20 Examples 5 and 6
Embodiments of the semiconductor device according to

the present invention will be described with reference to
the accompanying drawings.
In the semiconductor device of Example 5, the lead
25 frame of Example 1 was used, and, as shown in Fig. 5, the
semiconductor device was prepared through the step of wire
bonding and the sfep of resin sealing. Fig. 7 is a
schematic cross-sectional view of the semiconductor device.
In the semiconductor device of Example 6, the lead
30 frame of Example 2 was used, and, as with Example 5, the
semiconductor device was prepared through the step of wire
bonding and the step of resin sealing. The semiconductor
device of Example 6 is the same appearance as Example 5
shown in Fig. 7. However, these semiconductor devices are
35 different from each other in the thickness of the surface
copper oxide film 130A and the area where diffused silver
is present.



nobl e netal plated area of the surface of the thin noble metal plated
|l ead frame with copper; and (C) partially 35 pl ati ng a predeterm ned area
of the surface of the copper- plated | ead frame with a noble netal.

In the present invention, since the thin noble netal

16 pl ati ng underlies the copper plating, subsequent noble

net al plating step and wire bonding step m&$ be carried out in the
sanme manner in the E%Ior art. In this case, nei t her E£roblen1of

adhesi on of the nobl BOHRt Fhensemi condugtony dgwigesi P& ﬁ&ﬁﬂ&%?ﬁlt FRLuPs.
The sol derabi | ijeroffide toafl tHaBeAEEPEftd ot 0déeminatiofl esent

I nvention is good and conparable to that of the conventional |ead
frame shownilwgiiﬂﬂﬁﬁ;fa) because the copper oxide filmis renmoved

by pickling or chem T Adliapdlitshiffay aheappeeenédbnenf delasbdhdedlongin
5 the semiconductor devices thus obtained was examined by the
following test.

Specifically, special frames (solid plate) as noted
above, for the evaluation of the bond strength of a -
encapsuling resin were sﬁbjected to surface treatment in

10 the same manner as in Examples 1 and 2, and a special frame
of the same type as described above was subjected to the
conventional surface treatment. The thickness of the
copper oxide film and the area where Ag is present, for
various heating conditions as indicated, were determined

15 by X-ray photoelectron spectroscopy (ESCA). The bond
strength of the resin for each condition was measured in
the same manner as described above.

Fig. 8 (a) is a graph showing the thickness of the
oxide film as measured from the surface and the area, where

20 Ag is present, in terms of the distance from the surface,
for the surface treated lead frames heat-treated under
varied heating conditions.

Fig. 8 (b) is a graph showing the bond strength of the
resin after heat treatment under conditions as indicated.

25 Heating condition L represents heating at 150°C for one hr,
heating condition H represents heating at 280°C for 3 min,
and heating condition N represents that no heating
treatment was carried out.

Regarding the surface treatment conditions of the lead

30 frame, condition (1) represents that the surface treatment
was performed in the same manner as described above in
connection with the lead frame used in Example 1, condition
(2) represents that the surface treatment was performed in
the same manner as described above in connection with the

35 lead frame used in Example 2, condition (3) represents that
no thin silver plating was not provided with only copper

strike plating being applied, and condition (4) represents



In the partial noble netal plating, noble netal frequently leaks into

an area requiring no noble netal pl ati ng, and, in sone cases, the

| eaked noble netal is el ectrolytically renoved. In this case, since a
thin noble 15 nmetal plating underlies the copper plating, the |eaked
nobl e netal al one can be renoved w thout influence on the thin noble
netal plated area. Further, sinc®the thin noble metal plating
underlies t he copper plating, the _sanme appearance as that in the 20
conventional | e&8aftr FeCIRBGFH i §Ve14 3laPYc Bl RGisHREg Provided on thgyep

the partial nobkgppei-ahaRkatibng is partial silver plating with the
thin noble netal plating being thin si]ver | at i pl ati ng,can .be
relatively sinply angr&hﬁ‘lﬂgﬂfg ek{br'efjd? ned Wp?ﬁgngohggﬁti 8%%(9’7 neating

el ectropl ating Q&ealtm@h&olc&ﬁ&:ehspond)ilmg i 8@, wrie&lJlbcbrEtilgirigl KEﬁBFCE,thr mdmc)t,Lon
cost. At the sane_ ... . tinme_ . .the praduction cost J we n i n the
case goF&nSFngﬁjng})pF 414 [ﬁ%ﬁé;ﬁfng thie ﬁkeéiécéi? uggopvfﬁé
above constit utitbe, whweleretbpdefoox3dde PHhkni aepgopl aawyde | kadhérampend t h

a nobl e met al a%%%ﬁ'ggﬂ of ARibNCRLASUIdiRARH | £8) CNARRS hBL 55 not

production of the le rame of the present 1nvention. The

provi si on of thBreReRtnd® &heetdiols fGRREDHyxide £1 LBt F8PLAR: ng Foxr ther,

el ectrol ess pl aicng Ladpsapdht f thbhe cbnaitiegll g8 ) Onwheke tditly t B Soppes

of the th&% nObggi et%Elm noéﬂégﬂég%ning Ag is provided, provides lower
bond strength of resin than condition (4).

From these results, the heat treatment of the lead
frames used in the semiconductor devices of Examples 5 and
6 under conditions corresponding to wire bonding (280°C, 3

15 min) provides superior bond strength of resin, indicating
that the semiconductor devices of Examples 5 and 6 are less
likely to create delamination.

The reason why, as compared with condition (3),
condition (4) provides relatively good bond strength of

20 resin after heat treatment corresponding to wire bonding
(ZBOTL 3 min) is believed to reside in that Ag is present
in the copper oxide film although it is apart from the
surface.

Regarding conditions (1) and (2), several samples were

25  prepared under varied thin silver plating conditions to
vary the thickness of the oxide £film and the layer
containing Ag, and the Ag concentration, and then
evaluated. As a result, it was found that a Ag
concentration of less than 20 at% as measured by X-ray

30 photoelectron spectroscopy is suitable from the viewpoint
of bond strength of resin.

Further, in this case, it was found that heat
treatment corresponding to wire bonding (280°C, 3 min)
provides a thickness of the oxide film and the film

35 containing Ag of not less than 2000 A.

. Separately, semiconductor devices corresponding
respectively to conditions (1) to (4) were prepared to



Further, when a thin noble netal plating and a copper

17 pl ati ng are provided on the whole area of the | ead frane,

use of any masking jig is not required, sinplifying the operation for
the formation of each plating. . The thin noble netal plating may
be fornmed by any of 5 el ectropl ating and el ectrol ess pl ating.

However, when regul ati on of the plaBPng thickness with good accuracy
by increasing the plating rate is desired, the electroglatin

is suitable. GFIHNQHE CFEHITeGEEICE WP PBIRR - of OFhED OCCU’SJF%IP?%g

on a lead framyhagbngmana@aphi calte wA8pPEoundlOchat equegeaddingeatol Bsad
plating is suitabl

aspect of the Strgﬁ%‘?}és‘éﬁtr?ﬁ%%‘lgsglﬁ%?g‘e%%ﬁg%&%f ?“%Ef‘g:l r%%oﬁtq'éeap"{%éé Pgé?r%? ded
type sem conduaimdexieybn@itians ebrzespppedinal ltay wiaterbahding (28prlovided
‘with ad e5 pad nﬁior{),m%d NG aigenégggggfégr ((\3}‘5i Pis unsatisfactory and,
condition (4), the occurrence of delamination can be
considerably prevented on a level satisfactory for
practical use. It was found that, when the bond strength
of resin is not less than 400 N provided by conditions (1)
10 and (2), the delamination can be substantially completely
prevented.
Further, lead frame samples were prepared in the same
manner as in Example 1, except that 0.001 pm-thick, 0.01
pum-thick, 0.1 pm-thick, or 0.5 pm-thick thin palladium
15 plating (hereinafter referred to as "thin Pd plating") was
provided instead of the thin silver plating, or a 1.0 um-
thick Pd plating was provided on the dopper alloy, or no
thin plating was provided as in the prior art. For the
samples, the adhesion of the oxide film on the back surface
20 of the die pad and the bond strength of the'encapsuling
resin were evaluated. The results are shown in Table 2.
As is apparent from Table 2, the results obtained from the
provision of thin Pd plating given in Table 2 were
substantially the same as those obtained from the provision
25 of thin silver plating given in Table 1.
The evaluation method and conditions were the same as
those for the provision of thin silver plating given in
Table 1.
Although the provision of thin silver plating or thin
30 Pd'plating on a lead frame has been described above, it is
judged that the provision of thin gold plating or thin
platinum plating, or +thin plating of silver, Pa
(palladium), gold, and platinum, instead of the thin silver
plating and thin Pd plating, has the same effect and
35 function.
It is also judged that semiconductor devices using

these lead frames have the same effect and function as the



15 and partially plated with silver for wire bonding or die bondi ng
pur poses, wherein a zinc flash plating and a copper strike plating
are provided in that order at |east on the surface of copper in the
back surface of the die pad renote fromthe surface on which the

sem conductor chip is 20 nmount ed. According to the present

I nvention, the provision of a zinc fBash plating and a copper strike
plating in that . order at |east on the copper surface of the back

surf ace serdeonductory dasHsias 1SRN KLMRILSHi ch a 25

sem conductor chip i EHEY edit Ga fEVRiEs dg) A aHON the prdwesidHOr
separation) attributable to, the co m at n the

er . oxi . fLl |.east
surface of the FSPR Gt P (PLABRRE 1S eg%@ﬁFfﬁEeagFOtﬁ?(ﬁ ption
Further, the profvi paetiafl agaldc plating| ash phatiad apal badipperpldtirgeg

pl ati ng, a priger. 30 | at i far sid l.atding, on the whole surface
B o dnedtia ot sl SV A

of the | ed rane can prev ng or separation)
attributable to the copper oxide filmon the surface of the | ead frame
in all interfaces of the |lead frane, inq%#¥r1 t he back surface of the
di e pad, and the encapsuling resin. 35 ufihernnre, use of any jig for
plating or the{like I's not regyi red as opposed f Lhefcase where the
artial platin is provided onfonly the back su(?]lesmno t e, fll g
P P ) P y Edpfie oxitld MeadfllsfonRA]:
10 Thickness of thin Pd film on the back | encapsuling
plating, smm surface of die resin
Example pad
(1) Pd plating on the whole area '
0.001 O @)
(2) Pd plating on the whole area
0.01 0] o
15 (3) Pd plating on the whole area
0.1 @) O
{4) Pd plating on the whole area
0.5 @) 0
(5) Pd plating on the whole area
1.0 O X
No Pd plating (conventional No thin Pd plating
exantple) provided X %
20 -
Example 8
Fig. 9 shows an embodiment of the lead frame of the
present invention, wherein Fig. 9 (b) is a plan view of the
lead frame and Fig. 9 (a) is an enlarged view of the
25 principal part in section taken on line Al1-A2 of Fig. 9
(b).
In Fig. 9, numeral 110 designates a lead frame,
numeral 111 a die pad, numeral 112 an inner lead, numeral
113 an outer lead, numeral 114 a dam bar, numeral 115 a
30 frame, numeral 116 a supporting bar, numeral 120 a lead

frame material (a copper alloy), numeral 130 a copper
plating, numeral 140 a partial silver plating, and numeral

150 a thin silver plating.
In the lead frame 110, a 0.15 mm-thick copper alloy
35 material (EFTEC64T-1/2H material, manufactured by The
Furukawa Electric Co., Ltd.) is etched to prepare a lead



18 . A thickness of the zinc flash plating of not nore than

0.5 pmand not less than 0.001 pmcan offer the effect of preventi ng
del am nati on (peeling or separation). When the thickness of the
zinc flash plating is less 5 than 0.001 [err]m the concentration of
zinc diffused into the copper strike plating is so |low that the

| mprovenent in adhesi on of the oxide 321 mis unsatisfactory and the
use of such a lead frame cannot prevent del am nation, whereas

when it is not Hfawge materigil b2 havingean @xtsrrne) shRPanpiasheyn in

(peeling or sepafdi@nypatt ki @Hia%m@rt Bating 1SOPR Dddibdd Ipnoniide
surface of the Ielg:l frgmi,} can rﬂgv%n%%% When t he t%%:kneﬂ;ﬂs of g'?he

zinc flash platil®§ are SP§°P§F§8?1YhQ¥°U1§e&n°‘f h&hgodthqle | 3EpRa9EJ. TH

Further, in surifiiice @&Sehef Qeadi Peahbasing| Atprgiotdmined it sfirface

15 of the. lead franme, at the tine.of arnoyr platin therg is
possi bi | i t% t hat°&® §C|Q:J[ﬂ%’rn%r§7§t BLate |"Fﬁ?gn?lllvgr K f% i fig Ef‘—:hetla‘—j‘rlrmr
plating is formadlver pdadingr 14€ad, |l ead to a fear of a short

circuit being creat eq{nb%v:}.%erémbodime%g,erthlee%q.%ting thickness is 0.01 pm
for thin silver plating, 0.1 pm for the copper plating, and
3 pm for the partial silver plating. The plating thickness
10 is preferably 0.1 to 0.3 pm for the copper plating, 1.5 to
10 pym for the partial silver plating, and 0.001 to 0.5 um
for the thin silver plating 150.
Further, in this embodiment, EFTEC64T-1/2H material
manufactured by The Furukawa Electric Co., Ltd. is used as
15 the lead frame material 120. However, the lead frame
material is not limited to this material only, and other
copper alloys may be used.
As shown in Fig. 9 (a), in the lead frame according
to the present embodiment, after a thin silver plating 150
20 and a copper plating 130 are successively formed on the
whole surface of a shaped lead frame material 120, a
partial silver plating 140 is formed on only a
predetermined area of the copper plating. The provision
of the thin silver plating 150 can improve the adhesion
25 between the base metal (copper alloy material) and the
oxide film, enabling the delamination from a encapsuling
resin to be prevented in the preparation of a semiconductor
device.
Example 9
30 Fig. 10 shows a further embodiment of the lead frame
of the present invention, wherein Fig. 10 (b) is a plan
view of the lead frame and Fig. 10 (a) is an enlarged view
of the principal part in section taken on line A3-24 of
Fig. 10 (b).
35 In Fig. 10, numeral 110 designates a lead frame,
numeral 111 a die pad, numeral 112 an inner lead, numeral

113 an outer lead, numeral 114 a dam bar, numeral 115 a



20 Since the zinc flash plating underlies the copper strike

pl ati ng, subsequent silver plating step and wire bondi ng step may be
carried out in the sane manner as in the prior art. In this case,

nei ther a probl em of adhesi on of the silver plating nor a problem of
wire bondability 25 occurs. Description of Preferred
Enbodi ment s Present invention wilB3be descrlbed with reference to
the foll owi ng exanpl es and conparatlve exanpl es. nple 1

Fig. 1 shows an &%y MeGH 19 Feé&aﬁrgﬁémﬁfm?ﬁ%rlal (ﬁr%%ﬁﬂ?rlﬂkkﬂYﬁon
wherein Fig. 1.(dwmeﬁaxanﬂoa® bb@ﬁé@fplhelng, nlfadaflir 249 angaftfal ls{B)ets

an enlarged vi ew.of th r|nC|p art_.in section ken on |ine Al-A2
of Fig. 1 2 ting, and X ]galfﬁ.oo iy s Jiji‘ff"ae%f R%s a | ead
frane, nuneral ﬂﬁbeﬂehdeﬁmﬁmeruﬁnﬁné piééentlémhﬁdiménh igINMeiaél same
5 as that of Example 8, except that a thin silver plating 150
was provided on only the back surface of a die pad 111

remote from the surface on which a semiconductor chip is

mounted.
. Example 10
10 . The bond strength of'g encapsuling resin and the state

of peeling of the oxide film were evaluated for lead frames
of Examples 8 and 9 and variants and comparative examples.
Lead frames of variants 4, 5 and 6 have the same
construction as the lead frame of Example 8, except that
15 the thickness of the thin silver plating was 0.1 um for
variant 4, 0.5 pm for variant 5, and 1.0 um for variant 6.
Comparative Example 3 is a lead frame, in the
conventional example shown in Fig. 6, which has been
subjected to anti-discoloration treatment. Comparative
20 Example 4 is a lead from, in the conventional example,
which has subjected to no anti-discoloration treatment.
For all Examples 8 and 9, variants, and comparative
examples,'the thickness of the copper plating was 0.1 pm,
and the thickness of the partial silver plating was 3 um.
25 In the evaluation of the bond strength of the
encapsuling resin, special frames (a solid plate), for the
evaluation of the bond strength of a encapsuling resin,
were subjected to surface treatment in the same manner as
in Example 8, the variants and the comparative examples,
30 the treated special frames were heated under wire bonding
simulated heating conditions of 280C and 3 min, a
encapsuling resin having a given area was molded on the
copper alloy material, and the bond strength of the
encapsuling resin was measured by a shear test.
35 Further, after the test, the state of adhesion of the
oxide film to the encapsuling resin, and the peeling of the



19 113 an outer |ead, nuneral 114 a dam bar, nuneral 115 a

frame, nuneral 116 a supporting bar, nuneral 120 a | ead frame
material (a copper alloy), nuneral 130 a copper ~ plating, nuneral 140
a partial silver plating, and nuneral 5 150 a thin silver plating.

In the lead frane 110, a 0.15 mmthick copper all oy mat eri al
(EFTEC64T-1/2H materi al, manufactured by TRé Furukawa El ectric Co.,
Ltd.) is etched to prepare a | ead frame material 120 having an
external shape @sidhofialinn frpm thg. bpse)mat@elahole@ssupraseasedt he Thad

frame material resultsZdrd SsthidLlzdd tih oRPPRE 430, and only a

pr edet er m ned area of _the cogger pl ati ng‘ 1:30 isé&laeat dwth silver to
forma partial silvert®|BPRAgStEeNIERJ2ENBeRRBIFEds Y S eariEe?Fi‘WPé/
plated with siltef delfigignoF thienoxtiieeEipmakeng 4baludb8d as acceptable
this enbodi ment, the plating thickness is 0.1 [err]m for the copper
plating, 3 pm@@y vherpihe sitresigthervas not plessnghannd- 0. N{mpm friife

thin silver plagHdig.wdde isvaluatedf timfdaedgtabited (X3 FBEA] Bhé0stidfgth
copper plating, 1.5 to 10 20 errlmfor the partial silver plating, and

0.001 to 0.5 [e&fag rhgss than 24 NMmmw-silver plating. Further, in
this enbodi nent, EFTEC64T-1/2H materi al manuf act ured by The Furukawa
El ectric Co., Ltd. is used as '
Table 3
10
Bond
Thickness strength Peeling
of thin Ag of sealing | of oxide
Example plating, pm | resin film
15 Ex. 8 0.01 O O
Ex. 9 0.01 , @) O
Variant 4 0 O O
Variant 5 0 O O
Variant 6 1.0 X O
20 Comp. Ex. 3
(conventional)
(anti-discoloration 0 X X
treatment done)
Comp. Ex. 4
25 (anti-discoloration 0 O X
treatment not done)

From Table 3, it is apparent that lead frames of
Examples 8 and 9 and wvariants 4 and 5, wherein a thin
.30 silver plating has been formed, are superior in bond
strength of encapsuling resin and peeling of oxide film to
the lead frame of Comparative Example 3 wherein a partial
silver plating has been formed by the method shown in Fig.
l4(a). Further, it was found that the lead frame of
35 Comparative Example 4 is inferior in peeling of oxide film
to the lead frames of Examples 8 and 9 and Variants 4 and

5.

Furthermore, it is apparent that the lead frame of



the lead frame material. However, the lead frame material 25 I S not
limted to this material only, and ot her copper all oys nmay be used. As
shown in Fig. 19, the conventi onal | ead frame conprises a shaped | ead
frame material 120, a copper plating 130 provided on the whol e surface
of the shaped | ead frane material 120, and a partial silver 30

pl ati ng 140 provi ded on the copper plating3f30 inits pr edet er m ned

area al one, whereas the l.ead franpe_accardi t.o t I , L, ment
i's provided witWPRIPRE P &S sBFSTLOT ?3??%99%1%“%% Optjp %\r/;?:g%%ﬁﬂt&p Stnggg# Ri n
silver plating i&0the leazdnfpamesndf tEeanpleat 8 oandf 9t andc¥ppéanpkati Agd130

to 35 ~ decreasg tm;iééﬁ Senef %%iﬁ?ef%f&knégsaéﬁi%hanm% silvekhe
tinme of oxidatioh, it results in the preferential ]
20 formeRlabing o[ erepesdvelyciergse e effedboraerinedelyi the

per se is 5ess hikelyidR HE Droksn eltve£OpBLaURAT LY, 188€D

From these results, it can be judged that, as compared
with the conventional lead frame which has been plated by
the process shown in Fig. 14 (b), the lead frames of
Examples 8 and 9 and Variants 4 and 5 according to the
10 present invention, when used in a semiconductor device, can
more effectively prevent the delamination of IC package

attributable to the formation of copper oxide £ilm.

Example 11

An embodiment of the process for partially plating a
15 lead frame with a noble metal will be described with
reference to Fig. 11l.

The process for partially plating a lead frame with
a noble metal in the present example is a plating process
for producing the lead frame of Example 8. Fig. 11

20 corfesponds to Fig. 9 (a). ,

At the outset, the whole surface of a lead frame 110A
of a copper alloy, shaped by etching, was electrolytically
degreased with an agqueous alkali solution, washed with pure
water, and subjected to acid activation treatment for

25 removing the oxide film, formed on the surface of the
frame, with an acidic soiution, thereby activating the
surface of the copper alloy as a lead frame materiai 120,
and again washed with pure water (Fig. 11 (a)).

Subsequently, the whole surface of the lead frame 110A

30 was thinly plated with silver to form a 0.01 pm-thick thin
silver plating 150 (Fig. 11 (b)).

In the thin silver plating, the lead frame was
immersed in an aqueous silver cyanide solution and thinly
electroplated with silver. In the preparation of the lead

35 . frame of Example 9 according to the present invention, a

thin silver plating is provided on only the die pad



a sem conductor device is prepared using this lead frane, t he
occurrence of delam nation froma encapsuling resin can 5 be prevented.
A process for producing a sem conductor device (IC package) using the
| ead frame of Exanmple 1 will be described with reference to Fig. 5.

At the outset, a die pad 111 of a lead frange 110 of 10 the present

enbodi nent shown in Fig. 1 is subjected to FBwn setting (Fig. 5 (a)),
and a sem conductor chip 160 is j oi ned onto the die ad 111 throygh a
silver paste 17§ection.(fjgThgrgfpye, "when p a?b%%eqh%nt dygked; | v
paste 170 is heghe@etedmided Brea amhorll&r ed e gkl (term naI) 161 of the

ceime n i rel P gnen. he et R fibs" iR 48 neialiSHon |,
provi ded wi th awpdht ieal adikaldr gpidateiaigl bﬂtuwaﬂﬂmalt;ﬁﬁtment frteresuiface
(F' 9. S (0)9 2Q¢ the 1ﬁ§ab§f&h@%§/wg§§ | bige &swa' aRf £ f@me

formng 0 e outer |ead ering are f or me
prepare a seni cenadecs: @bvithe Zmnd Ffgams (Jd])()A plated Wlthl‘hﬁéﬂjgﬁrt heas

above steps, th%la%aerwzpératécswpéﬁocyéhw@ at a baHH anpdrdiied ead Epaore
110 shown in Fi 1 and a 8 of the lead frame material (copper
al loy) 120 are GRFdRPEYt 2 SeFot‘Pof“FFFIﬂ 3 e HXERIECR | FIRPET0 £ 13Heie i 180

Fig. 5 (c). At (Fig. uhe(&gma time, the thin silver plating 150 on the
copper

ol e 111 H0130A and SHESBHETH e thit BPFARCECappBhe af Tasg) 2 ane PR wicn
a copper plating 140 provided thereon was washed with pure
water, and the whole surface of the lead frame was
subjected to anti-silver-replacement treatment in order to
prevent the precipitation of silver in an unnecessary area

15 during silver plating.

The anti-replacement treatment was carried out by
immersing the lead frame in an organosulfur-based solution
at room temperature to form a thin coating.

The lead frame was then covered with a masking jig so

20 that only a die pad section on the side, where a
semiconductor chip is mounted, and an inner lead front end
region were exposed. The lead frame was used as a cathode,
and a plating solution was sprayed through a nozzle. Thus,
a 3 pm-thick partial silver plating was formed on the

25 predetermined area. Thereafter, the lead frame was washed
with pure water and dried by warm air to prepare a lead
frame of the present example (Fig. 11 (4)).

Examples 12 énd 13

Embodiments of the sémiconductor device according to
30 the present invention will be described with reference to
the accompanying drawings.

In the semiconductor device of Example 12, the lead
frame of Example 8 was used. Fig. 12 (a) is a schematic
cross-sectional view of the semiconductor device, and Fig.

35 12 (b) is an enlarged view in section of Bl and B2 of Fig.
12 (a).
The semiconductor device of Example 12 was prepared



30 120. In the preparation of the sem conductor device 200
using the lead frame of the present enbodi nent, upon heating in the
step shown in Fig. 5 (c), the surface of copper in the die pad 111
observed by X-ray photoel ectron 35 spectroscopy (ESCA) is as shown in
Figs. 6 (a) and 6 (b). In Fig. 6, numeral 130A designates a
copper oxide 37 21 film
nunmeral 150A a region with silver diffused therei toh ) , nuggr?l 120 a

|l ead frame nateF?g??ggnﬁhﬁuﬁE?Bl°§2@ér% bon lngoBEBW aftPof19- c) and
Silver of the thhe stépeovfpretingséalisfoshown EngFigb 131(d9.diffused into

oy and. as show the SemiEthavston SRA%e  GF EidREe (T37 e, REREPS"
copper oxide framéidof Ergnphel30Acanddangatd thet heeseppeingkehgyon2@as
The 5 used, and, as with Example 12, the semiconductor device was
prepared through the step of wire bonding and the step of
resin sealing. The semiconductor device of Example 13 is
the same appearance as Example 12 shown in Fig. 12.
However, these semiconductor devices are different from
10 each other in the thickness of the surface copper oxide
film and the area where diffused silver is present.
Both the semiconductor devices of Examples 12 and 13
were free from the occurrence of delamination.

Example 14

15 A process for producing a semiconductor device (IC
package) using the lead frames of Examples 8 and 9 will be
described with reference to Fig. 13.

At the outset, a die pad 111 of a lead frame 110 shown
in Fig. 9 is subjected to down setting (Fig. 13 (a)), and

20 a semiconductor chip 160 is joined onto the die pad 111
through a silver paste 170 (Fig. 13 (b)).

Subsequently, the silver paste 170 is heat-cured, and
an electrode pad (terminal) 161 of the semiconductor chip
160 is wire-bonded and electrically connected, using a wire

25 (a gold wire) 180, to the front end of an inner lead 112
provided with a partial silver plating 140 in the lead
frame 110 (Fig. 13 (c)). '

Subsequently, résin sealing, removal of the dam bar,
forming of the outer lead, and soldering are performed to

30 . prepare a semiconductor device 200 (Fig. 13 (4d)).

Through the above steps, the copper plating 130 on the
surface of the lead frame 110 shown in Fig 9 and a part of
the lead frame material (copper alloy) 120 are oxidized to
form a copper oxide film 130A shown in Fig. 13 (c). At the

35 same time, the thin silver plating 150 underlying the
copper plating 130 shown in Fig. 9 is diffused into the



copper oxide filmregion 130A is constituted by CuO 130Ab 10 and
Cu[err] O 130Aa with the CuO 130Ab on the top surface side. Upon
further diffusion of Ag, Ag mgrates toward the i nner side of the
copper alloy, and, as shown in Fig. 6 (b), this renders the diffused
Ag substantially absent in the surface area. The state of diffusion
of Ag into the 15 I nner side of the coppét8 oxide filmvaries dependi ng

ondi i ons. - SpeERAITY ARkl 130k Abgn Ehe L FoeEr g o terEaL; [apper
plating 150 is shiewhat20arge and heating conditions ~are mld,

Srea of the oxide fi1h thonErppetstion e fe  sBHIELARLLT ddadd gfo,
silver platingusing thesnhéddarfiraseat pfig toadiprienentar embodamentsi | weeni s
i kely t | ff e | t he kateriar t oglﬁef [
film In ssoneqééa%%%&sl Sg?gé{?é f%ﬁég Fﬁt gfj_ he 1%xi(§e) '2r5ﬁjé:f| magéz;sggvel I
as into the | eRPERAElMeiRg idie @ashperl observgd &y A mpy photoelectyprn

the thickness ofpddierddtidpypi (pta plid ks Isbwndin Fighepdi pg) conditions
are appropriate, the_ohservation of the surface ESCA or the |i|ke
reveal s that the surface%f l?hgbéo nuperat 1334 @?sﬁqrﬁyﬁ'? 5| SBPEBRsP¥Ft ¢t ed

by cuprous oxideilm, nun@sfe¥ r]50A a region widh tdiel wéhedihtuskd wiesrain,
Iszle[:]n Cg,ndﬂgé (r)ur;] daeﬁ/d Cneunllesral lz@rae&%raeéi’f::tar}t{eo%gahté#leaf?ne steps as shown in

Silver of the thin silver plating 150 shown in Fig.

9 is diffused into the copper oxide film 130A and the

copper alloy lead frame material (copper alloy) 120, and,

as shown in Fig. 12 (b), a region 150A, where diffused Ag

15 is present, extends over the whole copper oxide film region

130A and a part of the lead frame material (copper alloy)

120. The copper oxide film region 130A is constituted by

CuO0 130Ab and Cu,0 130Aa with the CuO 130Ab on the top
surface side.

20 The state of diffusion of Ag into the inner side of
the copper oxide film varies depending upon the thickness
of the thin silver plating 150 and heating conditions.
Silver is diffused into the interior of the copper oxide
film. Silver is diffused into the copper oxide film 1303,

25 as well as into the lead frame material (copper alloy) 120.

On the other hand, when a semiconductor device is
prepared, through the same steps as shown in Fig. 13, using
the conventional lead frame, shown in Fig. 14 (a), with

' copper plating and partial silver plating alone being

30 provided, the state of oxidation of copper in the step
corresponding to Fig. 13 (c) is as shown in Fig. 12 (c).

In the conventional lead frame shown in Fig. 14 (a),
since no thin silver plating is provided on the surface of
copper, the oxidation rate of copper so high that the

35 thickness of the resultant oxide film is larger than that

of the oxide film in the present embodiment. In addition,



t he conventional |ead frame, shown in Fig. 19, wth copper 35 pl ati ng and

partial silver plating al one being provided, the state of oxidation of
copper in the state correspondi ng

to Fig. 5 (c) is as showmn in Fig. 6 (c). ~In the
conventional |ead frame shown in Fig. 19, since no thin silver
plating is provided on the surface of ?EOEper, tre oxidaphonfr?te.of
copper is so high that .the 5 t hi ckness of the resultant oxide filmis
Ianer t han thatgslnce there i i EF?%+?H ?ﬁesbﬁ¥§§ntu8&55ﬁlﬁgﬂ.u391°f
addi ti on, Wenckeddefeane nof dchbugpmesait sehvedimditi Kprhdrtserafl
the lead frame of the present enbodimentb preferenti al formation of

Cu[ err] O over CFETIFES ForHGMP. O¥BT CuO doppoRPE| §SCBT-it s appar ent
that, in the lead frame the 1lebl0 franssli ngot ot hehpr estva andiogh mert .tide

provi sion cg present invention shown in Figs. 9 and 10, by virtue of the

provision of the thin silver plating 150, the formation of

the copper oxide film 130A is suppressed in the step shown

in Fig. 13 (c). That is, it is apparent that, as shown in

Figs. 12 (b) and 12 (c¢), when semiconductor devices are

10 prepared using the lead frames according to embodiments of

the present invention, the thickness of the copper oxide

film 130A is smaller than that of the copper oxide film in

the case where the conventional lead frame having no thin
silver plating was provided.

15 Further, in the lead frame 110 of the present

embodiment, at thé time of formation of the copper oxide

film 130A, Cu,0 is preferentially formed over CuO, so that
the formed copper oxide film per se is less likely to be
broken and, consequently, when resin sealing is carried
20 out, the occurrence of delamination from the encapsuling
resin can be prevented.

Further, lead frame samples were prepared in the same
manner as in Example 8, except that 0.00l1 pym-thick, 0.01
pm—thick, 0.1 pm-thick, or 0.5 pm-thick thin palladium
25 plating (hereinafter referred to as "thin P4 plating") was
provided instead of the thin silver plating, or a 1.0 pm-
thick Pd plating was provided on the lead frame material
(copper alloy), or no thin plating was provided as in the
- prior art. For the samples, the adhesion of the oxide film
30 on the back surface of the die pad and the bond strength
of the encapsuling resin were evaluated. The results are
shown in Table 4. As is apparent from Table 4, the results
obtained from the provision of thin Pd plating given in
Table 4 were substantially the same as those obtained from

35 the provision of thin silver plating given in Table 3.

The evaluation method and conditions were the same as



the thin silver plating 140 can prevent the formation of an oxi de
filmin the step shown in Fig. 5 (c), resulting in a smaller

t hi ckness of the oxide filmthan that of the 15 oxide filmin the prior
art where no thin silver plating 140 i s provided. Furt her,
in the lead frame 110 of the present enbodi nent, at the tine of
formation of the oxide film Cu[err@@ is preferentially fornmed over
CuO so that the forned 20 oxide filmper se is |less likely to be brogken
and, conskREst £9r hen Y e I Ihdott hiRedldy st YRR IHEPRgIn
this | ead framepapte mccurrence of delam nation of the |ead frame
froma encapsuling resin can be prevented. Lead frames wherein
the thickness of the thin silver 25 plating is 0.001 [err]m 0.01 pm and
0.5 [err]mwere prepared as vari antgapieExanple 1. For the |lead franes
of Exanple 1 and the variants thereof the adhesion of t ‘
oxi de gfilmon the back surface pf the die pad ¢fadzenloead [ ranes
and the bond stirength of a encapsuliphg resin were 3( coppevalidéat ejdAdhesion of
In the eval uatijon of the adhesion of| Thignesoppdin Rdxi ¢dilm on thefbadkm enqapsiieg bpck
surface of thel|die pad, the |ead fraphdatiggssm heat ef)érfﬁ‘jﬁﬂ%ewi Esibondi n

si mul at ed heat ifjng-condi Ejapple of 280[err] C and 3 ; gt h
of the oxide fiflm mpidihe o3he whblaaka surface of the dije pad was neasured by a
t ape peeling test, and, when no| peeli A§0bccurr ed, ®he adhesi On wak
(2) Pd plating on the whole area
0.01 0] @)
(3) Pd plating on the whole area
0.1 0 0)
(4) Pd plating on the whole area
0.5 0O O
(5) Pd plating on the whole area
1.0 O X
15 No Pd plating (conventional No thin Pd plating
example) provided X X

Although the provision of thin silver plating or thin
Pd plating on a lead frame has been described above, it is

20 judged that the provision of thin gold plating or thin
platinum plating, instead of the thin silver plating and
thin P4 plating, has the same effect and function.
Further, it is judged that the provision of a thin plating
of a plurality of metals selected from silver, Pd

25 (palladium), gold, and platinum has the same effect and
function. '

It is also judged that semiconductor devices using
these lead frames have the same effect and function as the
- semiconductor devices of the above examples.

30 Further, it is needless to say that the provision of
the above thin plating is effective also in the adoption
of partial gold plating or partial palladium plating
instead of the partial silver plating.

Example 15 -

35 Fig. 15 shows an embodiment of the lead frame of the



23 eval uated as acceptable (0), while peeling occurred, the
adhesi on was eval uat ed as unacceptable (X). In the eval uation of
t he bond strength of the encapsuling resin, special frames (a solid
plate), for the 5 eval uation of the bond strength of a encapsuling
resin, whi ch has been subjected to surface treatnment in the sane
manner as in Exanple 1 and variants thereo#} wer e conpared with the

special frame which has, been _subjected to the onventional surfac
Creatment . The FRSTRTE LHESHFLEn | Rhebeinrhgps 15 (57 4E7a  Bdn pleuA6E
conpari son testthéotdand hErdmanasd ofignvent (ah is an endarpedcumpur afi tbe

[rame have no RAiAdloRl 'ggﬂtpkﬁts b8cion taklBCSh WM oy [AATBE ¥8HS 15

heat ed under wiTte I mul at ed eating conditions
280[err]C and (B)nin, a 15 encapsuling resin having a given area was

mol ded on ghe copPen Al | oy, Mlaldall 806 tdaikpntted r andidadf shhfe,
numeral 111 a die pad, numeral 112 an inner lead, numeral
113 an outer lead, numeral 114 a dam bar, numeral 115 a
frame,.numeral 116 a supporting bar, numeral 120 a lead
frame material (a copper alloy), numeral 125 a zinc
10 flashing, numeral 135 a copper strike plating, and numeral

140 a partial silver plating.

In the lead frame 110, a 0.15 mm-thick copper alloy
material (EFTEC64T-~1/2H material, manufactured by The
Furukawa Electric Co., Ltd.) is etched to prepare a lead

15 frame material 120 having an external shape as shown in
Fig. 15 (b), a zinc flash plating 125 and a copper plating
- 135 are successively provided on the whole area of the
surface of the lead frame, and a predetermined area of the
copper plating is plated with silver to form a partial

20 silver plating 140. '
| In this embodiment, the plating thickness is 0.01 pm
for =zinc flash plating, 0.1 pm for the copper strike
plating, and 3 pum for the partial silver plating. The
plating thickness is preferably 0.1 to 0.3 um for the

25 copper strike plating, 1.5 to 10 um for the partial silver
plating, and 0.001 to 0.5 um for the zinc flash plating
125.

Furthef, in this embodiment, EFTEC64T-1/2H material

manufactured by The Furukawa Electric Co., Ltd. is used as

30 the lead frame material 120. However, the lead frame

material is not limited to this material only, and other
copper alloys may be used.

As shown in Fig. 15 (a), in the lead frame according

to the present embodiment, after a zinc flash plating 125

35 and a copper strike plating 135 are successively formed on

the whole surface of a shaped lead frame material 120, a

partial silver ©plating 140 is formed on only a



encapsuling resin was neasured by a shear test. The bond strength

of the encapsuling resin was eval uated as acceptable (0) when the
strength was not |ess 20 than 2.0 NNmierr], while the bond strength was
eval uated as unacceptable (X) when the bond strength was | ess than 2.0
N nmierr]. In the conparative exanple, the thickness of the thin

silver plating was 1.0 [err]m In the convést i onal exanpleu 25 no thin

silver plating was_provided
24 P g pred term:g.jned area of -'f-:él& qpper strike plating. The

Adhesi on of provision of the zinc flash plating 125 can improve the
adhesion between the base metal (copper alloy) and the
oxide film, enabling the delamination from a encapsuling

5 resin to be prevented in the preparation of a semiconductor
device.

The mechanism through which the adhesion between the
base metal (copper alloy) and the oxide film can be
improved has not been elucidated yet. However, it is

10 believed that zinc is diffused into the copper strike
plating to prevent the creation of Kirkendall wvoids, so
that the breaking of the oxide film per se is less likely
to occur. '

The step of plating the lead frame according to the

15 present embodiment will be described with reference to Fig.
17. ¥Fig. 17 corresponds to Fig. 15 (a).

At the outset, the whole surface of a lead. frame 110A
of a copper alloy, shaped by etching, was electrolytically
degreased with an aqueous alkali solution, washed with pure

20 water, and subjected to acid activation treatment for
removing the oxide film, formed on the surface of the
frame, with an acidic solution, thereby activating the
surface of the copper alloy as a lead frame material 120,
and again washed with pure water (Fig. 17 (a)).

25 Subsequently, the whole surface of the lead frame 110A
was subjected to zinc flash plating to form a 0.01 pm-thick
zinc flash plating 125 (Fig. 17 (b)).

Then, the lead frame was subjected to neutralization
wifh an alkali and acid activation treatment, the surface

30 of the lead frame was washed with pure water, and the whole
surface of the lead frame 110A with a zinc flash plating
provided thereon was plated with copper cyanide at a bath
temperature of 50°C for about 20 sec to form a 0.1 pm-thick
copper strike plating 135 (Fig. 17 (c)).

35 Subsequently, the surface of the lead frame 110A with
a copper strike plating provided thereon was washed with

pure water, and the whole surface of the lead frame was



copper
of en-
Exanpl e
0. 001
[err]
[err]
Conp.
Comp. 1
[err]

oxide film Adhesion 5 Thi ckness on the back

5

Exanple 1,

pl ati ng
usef ul
parti al

for5

10

15

20

25

30

35

Ex. 1 1.0 _éerrl )
Esulgjected tq gahkichRePSaCRBERk| frogtment in order] gprpreven

Nadhe precipPtBidl of silveXaipld) unndbewdslefl arda durin

of thin Ag surface of die capsul i ng

pl ating, pm pad resin Variant 1
[err] [err] Ex. 1 0.01
[err] 10 Vari ant 2 0.1 [err]
Variant 3 0.5 43 [err] [err]

[err]

il

I n
thin silver igznj ng has been provi ded on the whol e sur?ace

of the copper attioiPima
However, Tigst eaki-replatbmensi |tssatmerit ngaen catyied poitt Oy

Prevelidi ng the 4R8a7ELANE"EL Qb &l S0 G BACKEESaa T 851 SXATR' ©

T gafter predet ermi ned partial silver

at room temperature to form a thin coating.
The lead frame was then covered with a masking
material so that only a die pad section on the side, where

a semiconductor chip is mounted, and an inner lead front

end region were exposed. The lead frame was used as a
cathode, and a plating solution was sprayed through a
nozzle. Thus, a 3 um-thick partial silver plating was

formed on the predetermined area of the lead frame.
Thereafter, the lead frame was washed with pure water and
dried by warm air to prepare a lead frame of the present
example (Fig. 17 (d)).
Example 16

Fig. 16 shows a further embodiment of the lead frame

of the present invention, wherein Fig. 16 (b) is a plan

" view of the lead frame and Fig. 16 (a) is an enlarged view

of the principal part in section taken on line A3-A4 of
Fig. 16 (b).

In Fig. 16, numeral 110 designates a lead frame,
numeral 111 a die pad, numeral 112 an inner lead, numeral
113 an outer lead, numeral 114 a dam bar, numeral 115 a
frame, numeral 120 a lead frame material (a copper alloy),
numeral 125 a zinc flash plating, numeral 135 a copper
strike plating, and numeral 140 a partial silver plafing.

The lead frame of the present embodiment is the same
as that of Example 15, except that a zinc flash plating 125
was provided on only the back surface of a die pad 111
remote from the surface on which a semiconductor chip is
mounted.

Further, the lead frame of the present embodiment can
be prepared in the same manner as described above in

connection with the lead frame of Example 15, except that



25 ° thin silver plating on only the back surface of the die pad

suffices for attaining the effect of preventing the del am nati on
(prevention of separation or peeling by oxi dati on). Exanpl e 2
30 Fig. 2 shows an enbodi nent of the |lead frame of the

present invention, wherein Fig. 2 (b) is a plan view of the | ead
frame and Fig. 2 (a) is an enlarged view of*4 he principal part in

section taken on |ine Bl1-B2 of_ Fi

nuneral 110 deSrynREREIRAF ft?’grrélnc flas{’lﬁ?ﬁ?‘“&ljlzgl ‘?ﬂé”ﬂé’dqshr?uﬁl}faal
112 an inner | epdd R@Ridn was chiFiad ogter dsdady aunexsiirid4jagdain bar,
nunmeral 115 a

ral_120 a ead erial (a copper
al | oy), rﬁﬁﬁﬁ%ﬁeﬁﬂﬁp%g %ﬁgrailﬁ?lﬁé ?alpga%lngpartlal silver
25 Example 17 _
5 The bond strength of a encapsuling resin and the state

of peeling of the oxide film were evaluated for lead frames
of Examples 15 and 16 and variants and comparative
examples. |

Lead frames of wvariants 7 and 8 have the. same

10 construction as the lead frame of Example 15, and the bond
strength of a encapsuling resin and the state of peeling
of the oxide film were evaluated for these wvariants.

Lead frames of variants 7 and 8 have the same
construction as the lead frame of Example 15, except that

15 the thickness of the zinc flash plating was 0.1 pym for
variant 7 and 0.5 pm for variant 8.

Comparative Example 5 is a 1lead frame, in the
conventional example shown in Fig. 18, which has been
subjected to anti-discoloration treatment. Comparative

20 Example 6 is a lead frame, in the conventional example,
which has subjected to no anfi—discoloration treatment.

For all Examples 15 and 16, variants, and comparative
examples, the thickness of the copper strike plating was
0.1 pm, and the thickness of the partial silver plating wa:s

25 3 um.

In the evaluation of the bond st;ength of the
encapsuling resin, special frames (a solid plate), for the
evaluation of the bond strength of a encapsuling resin,
were subjected to surface treatment in the same manner as

30 in Example 15, the variants and the comparative examples,
the treated special frames were heated under wire bonding
simulated heating conditions of  280C and 3 min, a
encapsuling resin having a given area was molded on the
copper alloy material, and the bond strength of the

35 encapsuling resin was measured by a shear test.

Further, after the test, the state of adhesion of the



pl ating, and nuneral 150 a thin silver plating. In the | ead
frame 110, a 0.15 mmthick copper alloy mat eri al (EFTEC64T-1/2H
mat eri al, manufactured by The Furukawa El ectric Co., Ltd.) is etched .
to prepare a lead 5 frame material 120 having an external shape as shown
in Fig. 1 (b), the whole surface of the lead frane materi al 120

is plated with copper 130, and the whole sufPace of the copper
g forma 150,  and,

plating is plate i ilyer hin silver | ati_n

further, a prede eir%n% nhfe:L WS tBF ?ﬂgagﬁuilggl’ﬁ%?lﬁf aalr?‘?‘ngﬂ?eg BRedid® ®itt khe
silver to form so¥pede i Hilm fromsthe drapd atavgrildD. was evaluatedn this
enbodi nent, the plati thiLckn i N o] faor the c er platin
0.01 pmfor the thin ??efvgér)ﬁg géée*ﬁégﬁi %S mgr?gugegm or"r}}ehes p%ﬁig S%i Y”ggr
pl ating. As wit PViaSluaterkt geagcepiadlel (Exhnilen the serengttbngashinoknkessi s
preferably 9.1 t 4 h L. plating, 1.5 to 10 mfor. the
partial si I%er p a% %’Fﬁnaﬁr@ﬁ%.'oglfgg%b&@prwefr evalua‘(i%% ?ﬁiW@?‘E@BFa{’le
pl ati ng. (X) whehhehe sBréhpshewhediseet thEhTECOA N/dmH material 20
manuf act ured by The FEuruka lectrig, Co., Ltd. is used as_ . t he | ead
frane material. As w#lﬁo%x}gﬁﬁ%% %' howedst , SPRarent tl?‘«?id teade fhameS aPfi s
not limted to tBHammimsediSabndnl§,and vamiahid eandoppewhakkayszify PEash

used. 1S e HYd eva i nesjon aof the 25
copper oxide filfm on tgﬁe ba_c%lf"gsnurf_agéfaé(};e%tlhg&cﬁ regqﬁgeg‘hlac?#d +h %O?%esgzéwth
strength of0 t he ¥ ERSSPSUG NG FRF inasadcpaeddngi ofi oxidet figlpr bui shenledd

the thin silver flaad NgE ©OHBatH€i®8Bx@Mple 5 wherein a partial silver
plating has been formed by the method shown in Fig. 18.
Further, it was found that the lead frame of Comparative
Example 6 is inferior in peeling of oxide film to the lead
15 . frames of Examples 15 and 16 and Variants 7 and 8.

From these results, it can be judged that, as compared
with the conventional lead frame which has been plated by
the process shown in Fig. 18, the lead frames of Examples
15 and 16 and Variants 7 and 8 according to the present

20 invention, when used in a semiconductor device, can more
effectively prevent the delamination of 1IC package

attributable to the formation of copper oxide film.



t hose of Exanple 1. Exampl e 3 30 A process for partially

plating a | ead frame accordi ng to the present invention wll be
described with reference to Fig. 3. Thi s exanpl e denbnstrates a
‘process for produci ng the | ead frane of Exanple 1. A | ead
frame 110A of a shaped copper alloy, which has 35 been pretreated for
plating, was first provided (Fig. 3 (%5), and t he whol e surface
t hereof was plated with copper to forma 0.1 pmthick copper plating
130 (Fig. 3 (b)). 26
In the pretreatnent for plating, the whala®leusface of the |l ead frame
110A, nade of a—copper—alloy —shaped by -et-chihg—was—elept+olytical | vy
degreased, washed with pure ma{er, and subj ected to acifl activati on
treatment for |5 removi ng the oxide film fornmefBand he surface of the
5 Thickness strength Peeling
of thin Ag of sealing | of oxide
Example plating, pm | resin £ilm
Ex. 15 0.01 O None
Ex. 16 0.01 O None
10 vVariant 7 0.1 O None
Variant 8 0.5 O None

Comp. Ex. 5

(conventional)
(anti-discoloration Wholly
15 treatment done) 0 X peeled

Comp. Ex. 6 :
(anti-discoloration Wholly
treatment not done) 0 O peeled

20



frame, wth an acidic solution, thereby activating the surface of the

copper alloy as a lead frane material 120, and again washed with pure
wat er . Copper plating was perforned using copper cyanide at 10
a bath tenperature of 50[err]C for about 20 sec to a thickness of
about 0.1 pm Subsequently, a predeterm ned area of the |ead
frame 110 plated wth copper 130 vvas4ﬁl ated with silver to form

a 3.0 [err]mthick parti I,si([:lver plating 140 (Fig. 3 (c)). 15 The
partial silver Mﬁ.&iﬂiﬁ_gﬁﬁerallyforrred as follows. The |ead
frame was covered with a masking Jlg so that a die pad section on the
si de, where a sem conductor S m)unte I

front end region forT A eraéi bon%ﬁl % to @ seffi con ugﬁ (H;&%é %989’

exposed. The | esem2€ondiictor iGewise) asadecathode, coppen palldtqmgmsioéuuadm
-~ SprayeﬁS’aS:E?{é’i' nﬁf.Q%%é' %1 h! A H'e%s%a%%%ggﬁi@%ééﬁfr yfcﬁr wirbhi n

silver plating req orrre I n an area ot
pr edet er mi ned ab@@diﬂgleoernr@@sbénfllnbl pwinases, selegtgdedrameasidvesl| ed

"silver |eak ar 1d1408na25palladiuffOl Retei®@Sthe DI ! VEFeal egk area
140A was ect rol yti caFI y renmoveéd so that subsecLuent thin silver

pl ating 150 couFP’EIe CetmEReH §TR8r REd TP gurdacs) Pf the copper pptoleprE
silver |eak aresnl1#04A maee}tecbéolcﬁuﬂaaﬂ*deﬂ w:Lth remvmbsmM@xmsﬁﬂ happer

Phat] 19 S e A bl o MU AOR ! DEARRY bl Bl X6 ohbDE 1
0. 01[ err] mthi ckromisilver, sgoy@r platimgn]lsand Fpgllad(-w)l) :

2. The lead frame according to claim 1, wherein the
thickness of the thin nobie metal plating is not more than
0.5 pm and not less than 0.00i pm.

3. The lead frame according to claim 1 or 2, wherein
the partial noble metal plating is partial silver plating
and the thin noble metal plating is thin silver plating.

4. A method for partial noble metal plating of a lead
frame, for a plastic molded type semiconductor device, made
of a copper alloy material partially plated with at least
one noble metal, for wire bonding or die bonding purposes,
selected from silver, gold, and palladium, a thin noble
metal plating, of at least one member selected from silver,
gold, platinum, and palladium, being provided on the whole
area or a predetermined area of the surface of the copper . .
at least on its side to be contacted with a sealing resin,
the method comprising at least the steps of: partially
forming a noble metal plating; electrolytically removing
the noble metal plating in its portion deposited on an area
requiring no noble metal plating; and thinly forming a
noble metal plating.

5. The method for partial noble metal plating of a
lead frame according té claim 4, wherein the partial noble
metal plating is conducted after plating of the surface of
a lead frame material of a shaped copper alloy with copper.

6. The method for partial noble metal plating of a

lead frame according to claim 4 or 5, wherein the thin

T R ‘O D



Exanpl e 4 Anot her process for partially plating a lead frane 35

according to the present invention wll be briefly descri bed
with reference to Fig. 4. Thi s exanpl e denonstrates a process for
produci ng the 27 | ead
frame of Exanple 2, and, in the process of this exanpl e, unlike the
process for partlally platlng a | ead rane described in Exanple 3, a

t hi I | at i nmed .bef th |.at
e e’ EOROPe SniphamabSite AR I OEErh 08 S8y Alihor fuing o
for plating, vwsié¢tsml¢sevpkhmh¢§ag 4 (a)), and the whole surface

t hereof was pl ated t M GORRES, £.Qr t R .CcaOpper .p ng
130 (Fig. 4 (b)). " ST Se%;zfi m‘r?%l% h gggupgglgéﬁgf BF}aP18 éé
frame 110A 10 fIxameedon ehrtappee rqczbd e ﬁleyusloaltd@@tm ﬁewp@ermé!@@

of a copper alloy material partially plated with at least
one noble metal, for wire bonding or die bonding purposes,
selected from silver, gold, and palladium, a thin noble
metal piating, of at least one member selected from silver,
gold, platinum, and palladium, being provided on the whole
area or a predetermined area of the surface of the copper
at least on its side to be contacted with a sealing resin,
the method comprising at least the steps of, in succession:

plating the surface of a lead frame material of a
shaped copper alloy with copper:;

thinly plating the whole area or a predetermined area
of the surface of the copper-plated lead frame with a noble
metal; and

partially plating the lead frame with a noble metal.

8. The method for partial noble metal plating of a
lead frame according to claim 7, wherein the thin noble
metal plating 4is carried out by electroplating or
electroless plating.

9. The method for partial noble metal plating of a
lead frame according to any one of claims 4 to 8, wherein
the partial noble metal plating is partial silver plating
and the thin noble metal plating is thin silver plating.

10. A semiconductor device comprising a lead frame
according to any one of claims 1 to 3.

11. The semiconductor deviee according to claim 10,
wherein, in a copper oxide film formed in the whole area
or a predetermined area of the lead frame at least on its
surface to be contacted with a encapsuling resin, the
concentration of the noble metal is not less than 0.1
atomic % and less than 20 at% as measured by X-ray
photoelectron spectroscopy.

12. A lead frame, for a plastic molded type

semiconductor device, made of a copper alloy material

A




to forma 0.01 pmthick thin silver plating 150 (Fig. 4 (c))

Thereafter, only a predeterm ned area of the |ead frame 110A thinly
plated with silver 150 was plated with 15 silver to forma 3.0
[err]mthick partial silver plating 140 (Fig. 3 (c)). The
pretreatnment for plating, copper plating, sd'i ver plating and the |ike
were performed in the sane nmanner as n Exarrple 3. 20 Exanples 5 .

d 6 f. th di to .
?Ee pr esent mvBﬁF %ﬁ?emléég&é’cu ? %h re‘? & glﬁécﬂéf oﬁ}(g‘%gﬂ’I E@%g Wire
acconpanyi ng drbehdgsg or die bondinghepurpisendusedecded cEron Bidivem 5,
the |ead 25 78 Ohnd T sl uss o8t RS @f@mg by pRovhiea

sem conduct or déw Cé was prepare hr ou t he st ondi ng
and the step of apesi pry@@n mjating for 7the %@rtlal gehtpalpgal platmg,

cross-sectional yMbewialf 4He SRE1LEORGHM %rdﬁvbﬁkdetermlned ahrdal r@f the
sem conduct or device of Exanple 6, the_lead 3 frame of Exanple 2

used, and, as wWFHR E‘k’ﬁr’rﬁﬁetge cRBPeT alley BBhELLRSr 2detPES WL r}f‘:@p&rlé](?
through the Steﬁoobembbﬁtactedbﬂmdhne éﬂdabb&lihgpr@élheﬁaﬁ aeahiing nobie
sem conduct or s the sane appeara as Ex Ie 5
shown in Fig. 7me|t—6$59£?%1f‘ﬂe%% % o%tdt?&eormegle cgs?}lz?rcg%%roﬂl 15 gﬁt'
from each ot hergohdt _mela'mmlmgsmd)baﬂhe@sumaaecOpper @hﬂ@rng)msjprbﬁﬂlmeﬁSOA
and the area whgpecgi f{ygediHile'fbtal p1h81iRECSREthe partial noble metal

plating is provided on a predetermined area of the copper
plating.

13. The lead frame according to claim 12, wherein the
thickness of the thin noble metal plating is not more than
0.5 pm and not less than 0.001 pm.

14. The lead frame according to claim 12, wherein the
partial noble metal plating is partial silver plating and
the thin noble metal plating is thin silver plating.

15. A method for partial noble metal plating of a lead
frame, for a plastic molded type semiconductor device, made
of a copper alloy material partially plated with at least
one noble metal, for wire bonding or die bonding purposes,
selected from silver, gold, and palladium, a copper strike
plating being provided as a primer plating for the partial
noble metal plating, the method comprising at least the
steps of, in succession:

plating the whole area or a predetermined area of the
surface of a lead frame material of a shaped copper alloy
material with at least one member selected from silver,
gold, platinum, and palladium to form a 0.001 to 0.5 upm-
thick thin noble metal plating:;

plating the whole area or at least an area including
the partially noble metal plated area of the surface of the
thin noble metal plated lead frame with copper; and

partially plating a predetermined area of the surface
of the copper-plated lead frame with a noble metal.

16 The method for partial noble metal plating of a
—

L m



28 Bot h the sem conductor devices of Exanples 5 and 6

were free fromthe occurrence of del am nati on. Exanple 7

The reliability for the prevention of delamnation in 5 t he

sem conduct or devices thus obtained was exam ned by the fol |l ow ng
test. Specifically, special franes (solid plate) as noted

above, for the evaluation of the bond streﬁ@th of a encapsuling resin

were subjected to sugface treatoent in 10 . t sa manner. as, i n_ Ex | es
1 and 2, and a]sepaéii ar?‘?a?r%corgfngoi:ot ﬁgaégrrg%t’yff S hT b%%l%b%VnP s
subjected to t meetal planiegtibsal caeurfiede pbudat iant .eledtwoplatkmessoof
t he coppeéleo&gdc?lgég rBfa’f‘Qir}]é‘e area where Ag is present, for

itTons as in

vari ous heating con cat ed, were determned 15 by X-ray
phot oel ect ron spect rbscophe (ESthypd forhpapgagl noble metal plating of a

lead frame according to claim 16, wherein the partial noble
metal plating is partial silver plating and the thin noble
metal plating is thin silver plating.

18. A semiconductor device comprising a lead frame
according to any one of claims 12 to 14.

19. The semiconductor device according to claim 18,
wherein, in a copper oxide film formed in the whole area
or a predetermined area of the lead frame at least on its
surface to be contacted with a encapsuling resin, the
concentration of the noble metal is not less than 0.1 at$%
and less than 20 at% as measured by X-ray photoelectron
spectroscopy.

20. A lead frame, for a plastic molded type
semiconductor device, made of a copper alloy material,
provided with a die pad for mounting a semiconductor chip
and partially plated with silver for wire bonding or die
bonding purposes, wherein a zinc flash plating and a copper
strike plating are provided in that order at least on the
surface of copper in the back surface of the die pad remote
from the surface on which the semiconductor chip is
mounted.

21. The lead frame according to claim 20, wherein the
zinc flash plating or the copper strike plating as a primer
plating for the silver plating is provided on the whole
surface of the lead frame.

22. The lead frame according to claim 20 or 21,
wherein the thickness of the zinc flash plating is not less

than 0.001 pm and not more than 0.5 pm.

O R A



strength of the resin for each condition was neasured in ~ the sane

manner

as descri bed above. Fig. 8 (a) is a graph showi ng the

t hi ckness of the oxide filmas neasured fromthe surface and the

area, where 20
for the surface treated | ead franes heat-t

condi tions.
resin after heat treatnent un ganditions as indicated. 25
Heating condition L represents heating at Sy efr] C for one hr,

heating condition Hrepresents heating at 280[err]C for 3 min, and

t he

heating condition N ‘i“ﬁQrS§%QE§1tt H%Rze&%ﬁaﬁatfé]gates td r£ai 8Bt rPameC bkl ¢d

out .
frane,

Ag is present, in ternms of the distance fromthe surface,
Bﬁﬁted under vari ed heating

Fig. 8 (b) is agra showi ng the bond strength of

Regarding the surface treatpment conditions of the |ead 30

condi ti ofePigOREPFEQENtSViREr t AB ShiegteCfr EhenPRESENt ipyention

performed gn theg se@q)mnﬁé aaieﬁﬂsﬂrlaﬁéd A8Q8EoF N coppe® MNAWy, oaawamet he

| ead frane used in Exa

co dition . sents. that
surface treat neft mﬁgeggPFﬁpﬁed creﬁ?ﬁ?%aﬂ%f aﬁg?mé§a5é95r|%§5WEEGVe

in connection vwehBapsaeldhg readth fadoeibaedble HB@npl dead conséi onthdut

represents that

copper

10

15

20

25.

30

SREHELCIRE Bof it S o Re S i« TR0 005 Sl el L o
provide a process for produc1ng the lead frame and a
semiconductor device using the lead frame.

According to the present invention, (1) there is provided
a lead frame for a plastic molded type semiconductor
device, made of a copper alloy material partially plated
with at least one noble metal, for wire bonding or die
bonding purposes, selecfed from silver, gold, and
palladium, wherein the whole area or a predetermined area
of the surface of the copper at least on its side to be

contacted with a encapsuling resin has a thin noble metal

-plating of at least one member selected from silver, gold,

platinum, and palladium. (2) A copper strike plating is
provided as a primer piating for the partial noble plating,
a copper plating is provided on the thin noble metal
plating, and the partial noble metal plating is provided

- on the copper plating in its predetermined area. (3) A die

pad for mounting a semiconductor chip is provided, a
partial silver plating is provided, and a =zinc £flash
plating and a copper strike plating are provided in that
order at least one on the surface of copper in the back
surface of the die pad remote from the surface on which the

semiconductor chip is mounted.
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29 "that a copper-silver alloy plating was provided on the

copper material . FromFig. 8 (b), it is apparent that, after

heat i ng treatment corresponding to wire bonding (280[err]C, 3 mn),

5 conditions (1) and (2) involving the presence of Ag over t he
whol e copper oxide filmregion provide hi Pgiépond strength of resin
than condition (3) where Ag i s not ﬁ nt in the whole copper oxide
filmregion. Further, it is apparent that condition (3), where only a
copper 10 oxide filmnot containing Ag is provided, provides | ower

bond strength of resin than condition (4). From these results,
the heat treatnment of the |ead frames uggg in the seqygpnductor

devi ces of Exanples 5 and 6 under conditijons correspo i

ng t
bonding (280[err]C, 3 15 m n) provides super'or bond stre gth(ﬁfbdl'
I ndi cating t hat the sem condu J
likely to cred ¥
condition (3)
20 resin af
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115 —}

1161 140
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(280[err]C, 3 mn) is believed to reside in that Ag is present i n the
copper oxide filmalthough it is apart fromthe surface.

Regardi ng conditions (1) and (2), several sanples were 25 pr epar ed under
varied thin silver plating conditions to vary the thickness of the
oxide filmand the | ayer contalnlngéfgéagnd the Ag concentration, and
t hen eval uat ed. As a result found that a Ag
concentration of less than 20 at% as neasured by X-ray 30 phot oel ect ron
spectroscopy is suitable fromthe vi ewpoi nt of bond strength of resin.
Further, in this case, it was found that heat treat ment corresponding
to wire bonding (280[err]C, 3 mn) provilaggd a thicknegggof the oxide
filmand the film 35 contai ning Ag of not |eks than 2000

Separately, sem conductor devices corresp?/ﬁlng resgect|v§qpt()
conditions (1 gt ;

pr eparr[ﬁ jJ m / ) ;)

~ )

150 150 120 120

115 —
116
Bl ]
C 1]
1
CC
14— =
FIG. 2(b)
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30 exam ne the occurrence of del am nation. For the occurrence

of delam nation, it was found that, regarding the bond strength of
resin after heat treatnment of the lead frane under conditions
corresponding to wire bonding (280[err]C, 3 5- mn), 200 Nin condition
(3) 1is unsatisfactory and, congy yixnp (4), the occurrence of

del am nati on can be consi derably prevented on a | evel satisfactory
for practical use. It was found that, when the bond strength of
resin is not less than 400 N provided by conditions (1) 10 and (2), the
del am nation can be substantially conpletely prevent ed.

Further, |lead yranme sanples]jwere pfepared rn the sape
Exanple 1, exgept that 0.00L pmthjck, 0.01 pm t hi ck
or 0.5 pmthick thin palladium 15 plating (hdrernafter refTefre
"thin Pd plating") was provi ded instead é the thin sii

or al.0pm thick Pd pt: i on the copp all oy, or no
thin plating was provided as i(ﬁg “6343 t For the sanplfé t he
adhesi on of the oxide filmon the back surface 20 of the die pad Qd t he
bond strength of the encapsuling Its are
shown i n Tabl eyZr—————=Ac=—i3 0
fromthe

.
substantial ly M

silver plating given in Table 1.

FIG. 3(b) 120 120

140A 140 140

re5|n were eval uated. The res
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The eval uation nmethod and conditions were the same as those for the

provision of thin silver plating given in Tabl e 1. Al t hough
the provision of thin silver plating or thin 30 Pd plating on a | ead
frame has been described above, it is j udged that the provision of
thin gold plating or thin platinuqﬁ/g?g?ing, or thin plating of
sil ver, Pd (pal l adium, gold, an tinum instead of the thin
silver plating and thin Pd plating, has the sanme effect and 35
function. It is also judged that sem conductor devices using

these | ead franes have the sane effect and function as the

31 sem ductor devices of the above exanples. Further,
it is needless to say that tjhe proVision of t e above thin plating)is
effective al sofi optijon i (

) ) ‘

120 : 120

FIG. 4(a)
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120 120
FIG. 4(b)
130
150 | 150 120 120
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of partial gold plating or partial palladiumplating 5 I nst ead of the

partial silver plating. _ Table 2
Adhesi on of copper oxide
Adhesi on of 10 Thi ckness of thin Pd filmon the
back encapsul i ng 5/20 plating, [err]m surface
of die resin Exanpl e pad (D
Pd plating on the whol e area 0. 001
[err] [err] (2) Pd plating on the whol e area
0.01 [err] 15Perr] 15 (3) Pd plating on {4g whol®Qarea
0.1 [err] 150  (4) P égln on t he( whol
0.5 [ eLt] [err (5 4 bﬁatlnr—ﬁr——; shol-es ar ea
1.0 [err] No Pd gl ati ng (coﬁvgﬂi No \t hi n }Pd
pl ati ng exa [

anple 8 — . Fl0. 9 showsi=mrsgraamt oot he | € T f

1 [ [
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present invention, wherein Fig. 9 (b) is a plan view of the | ead
frame and Fig. 9 (a) is an enlarged view of the 25 principal part in

section taken on line Al-A2 of Fig. 9 (b). In Fig. 9,
nunmeral 110 designates a | ead frane, nuneral 111 a die pad, nuneral
112 an inner |ead, nuneral 113 an ogt/szl?ead, nuneral 114 a dam bar,
nuneral 115 a 30 frame, nuneral 116 a supporting bar, nuneral 120 a | ead
frame material (a copper alloy), nunmeral 130 a copper pl ati ng,
nuneral 140 a partial silver plating, and nuneral 150 a thin silver
pl ati ng. In the lead frane 110, a 0.15 mmthick copper alloy 35
material (EFTEC64T-1/2H material ,\ manuf gaopured Py Thie Fur ukawa
Electric Co., Ltd.) is etched to pAepare a—+ead

32 frame material 120 havi ng\an external shgpe ?Jg@ﬁ)vm in

.
\;

130Aa
130Ab

FIG. 6(a)
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Fig. 9 (b), athin silver plating 150 and a copper plating 130 are

successively provided on the whole area of the surface of the |ead
frame, and a predeternmi ned area of the 5 copper plating is plated with
silver to forma parti al silver plating 140. In this
enbodi nent, the plating thickness is Oﬁ}lzpm for thin silver plating,

0.1 [err]mfor the copper plating, and 3 [err]lmfor the partial
silver plating. The plating thickness 10 is preferably 0.1 to 0.3 pmfor

t he copper plating, 1.5 to 10 [err]mfor the partial silver plating,
and 0.001 to 0.5 pm for the thin silver plating 150.

Further, in this enbodi nent, EFTEC64T-1/2H materi al manuf act ured by
The Furukawa El ectric Co., Ltd. is used as 15 the lead frame materi al
120. However, the lead frane material is not limted to this
material only, and other copper allogigfay be used. As
showmn in Fig. 9 (a), in the lead franme acc n ‘to the present

enbodi ment, after a thin silver plating 1 20 and a copper plating 130

are successively fornmed he whol € surface of a shaped | ead frane
material 120, a part silver platijng 140 is forned on only a
predeterm ned area of the copper pl ati The pr$605|on of the thin
silver plating 150 bet ween g€ net al

(copper all oy Veri g hd_ " oxi oD ~NQQ tﬁe deNami nati on
froma encapsu i i 3 i
sem conduct of— device. 7

[/ , D,

112 . ‘Li T 120a

180 170 \. "\ 130A
130A
111
I
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Example 9 30

Fi g.

10 shows a further embodi ment of the lead frame

of the present invention, wherein Fig. 10 (b) is a plan Thissheet}/fka%yeéﬂfkeﬁlﬁ@d ;

| ead frame and Fig. 10 (a) is an enlarged view of th | : rt
in section taken on |ine A3-A4 of Fig. 10 (b). 35 ﬂumum m! [Iﬂlo,'
nuneral 110 designates a |lead frane, ytfr?@l 111 a d A I
112 an inner |ead, nuneral 113 an out'er lead, nuneral 114 a dam bar,
nuneral 115 a _ 33 frame,
nuneral 120 a | ead q‘é‘ nﬁﬂ%%%ﬁ %% Gal.loy), . huneral 130,a
copper plating, 26gperal 140 [ t'ver ! pl ati ng, and nuner al
150 a thin silver plat @ ad frame of theNOTedMORE
enbodi ment i s the sang OQEEt FEA%MOTR-EI@QHI\%I e 8, except [thpaR @i
silver plati ng 150 S was prow ded on only]|the back surfa§Enga i ¢ pad
111 . hn
(&) —
< 2000 — NOT MORE
% 7 THAN 10% e
%) N SILVER \__| )
S | ~ %%
o 4%
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renote fromthe surface on which a sem conductor chip is mount ed.

Exanpl e 10 10 The bond strength of a encapsuling resin and the state
of peeling of the oxide filmwere evaluated for |ead franes of
Exanples 8 and 9 and variants and conparative exanpl es. Lead
frames of variants 4, 5 and 6 have the ???Q construction as the |ead
frame of Exanple 8, except that 15 kness of the thin silver
plating was 0.1 pm for vari ant 4, 0.5 pmfor variant 5, and 1.0 pm
for variant 6. Conparative Exanple 3 is a lead frane, in the
conventional exanple shown in Fig. 6, which has been subj ected to
anti-discoloration treaté@nt. Conparative P40 Exanple 4 is a lead from
in the conventional exapple, whi ch hai/zubjected to no 150
anti-discoloration treftnent. Foy  all Exanples 8 and 9y
variants, an AP -ER—t-Rert-rk NesSS g

pl ati ng was ﬁnd thg thickness of thgl parti ng
was 3 [err] t he valuatlon t bonp

t he . en , Speerarrean sor1d pl
eval uation of the bo strength of encgpz I\ng resin, WETE
subj ected to surface ggeatnent ini3Qe %aPF nHﬁZ@r as 120n Extt@l e 8,
the variants and the conparative exanpl'e the treated special frames
were heated under wre bondlng S|nulated heating conditions of
280[err]C and 3 mn, encapsuling resin having a given area was

nol ded on the copper al | oy PTG al ga(né the bond strength of the

- 115 —

1161 140
113
140

A1 A2

L 111

14—+

Jouuouuun — e

FIG. 9(b)
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encapsuling resin was neasured by a shear test. 35 Further, after

the test, the state of adhesion of the oxide filmto the encapsuling
resin, and the peeling of the _

34 oxide filmfromthe base material was eval uat ed. The

results are summarized in Table 3. 710/20rhe bond strength as neasured
by the shear test and the peeling of the oxide filmwere eval uated as
acceptable 5 (0) when the strength was not less than 2.0 NNmerr],

whi |l e they were eval uated as unacceptable (X) when the strength

was | ess than 2.0 N/m’f{qzﬁb]. Table 3 10

140

( / . 1(20 ﬁ_’zo

\ 112

115 —

114—F
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Bond ' Thi ckness strength Peel i ng

of thin Ag of sealing of oxide Exanpl e pl ati ng,
[err]m resin film 15 Ex. 8 0.01

[err] [err] Ex. 9 0.01 [err]
[err] Variant 4 i [err] [err]
Variant 5 0.5 7 ?/['%IOI’] [err]

Variant 6 1.0 [err] 20 Conmp. EX.
3 (conventional) (anti-discol oration 0 X

X treatment done) 110&Corrp. Ex. 4 25 (anti-discol oration

[err] X treatnent not done)
From Table 3, it is apparent that lead franes of Exanpl es 8 and 9 and

variants 4 and 5, wherefif2a thin BQ {1 silver dating has been fornmed, are
superior in bond trength of encapsuli Hg':-P esin and peell@y of oxide

filmto the | eadArame of Copdarative anpl e 3 whereinja parti al
silver plati rned by—the—ret hn showg in Fig 14(a).
Further, it/was found thagt the Iead frame lof 35 OorrpErafive Exarrpl)e 4
is inferior § oxi de lm

FIG. 11(a)

110A 110A 150 150

_/ e
T \ />

FIG. 11(b)

110~ 110a 190 130

/ ) 4
( L )

FIG. 11(c)

140 | 140

FIG. 11(d)
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to the lead franes of Exanples 8 and 9 and Variants 4 and 5.
Furthernore, it is apparent that the |lead frane of

35 Variant 6 is inferior in bond strength of encapsuling resin

to the lead franes of Exanples 8 and 9 and Variants 4 -and 5,

I ndi cating that, when the thickness oy%gzgggpln silver plating is
excessi vely Iarge the effect attained provision of a thin
silver plating is |ost. Fromthese results, it can be judged
that, as conpared wi th the conventional |ead frame which has been
pl at ed by the process shown in Fig. 14 (b), the lead franes of
Exanples 8 and 9 and Variants 4 and 5 according to the 10 pr esent

i nvention, when used in a sem conductor device, can nore effectively
prevent the del am nation of |C package attributable to the formation
of copper oxide film

90 200 180

N
5
g
/
‘/

. =t A L 2
\ ( 52 T %
, v a—— L/ 120

170 ) B1 ) 130A

130Aa
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Exanpl e 11 An enbodi nent of the process for partially plating'a

15 | ead frame with a noble netal will be described with ref erence
to Fig. 11. The process for partially plating a lead frame with
a noble netal in the present exanple is a plating process for .
produci ng the | ead franme of Exanple 8. ] 11 20 corresponds to Fig.
9 (a). At the outset, the whole surface of a |lead frane 110A

of a copper alloy, shaped by etching, was electrolytically degr eased
wi th an aqueous al kali sol yti.on, mashed with pure wat er, and subj ected
to acid activation treatmesfOfor 2 removing the oxide film formed on
the surface of the e, wqth an acitiit solution, thereby activating
t he sur f ace_of_thwerapper al|oy as a tead frlahd mat ex and
agai n washed th pure matJ‘ (Fig.)11 (a)) Suflsequently, the
whol e surfacqg_of the Iead iy ane 120A 30 ' was thinly platled with silvef to
forma 0.01 pnFrt Si Fig. IT( \a

In the thin silver platlng, the ligad frane was |nnersed in an aéheous
silver cyanide sol ution and thinl electronla ,ﬂ%gh qé?50lﬁ5®he
preparation of the |lead 35 frame of Exanple 9 accor to e present

I nvention, a thin silver pla1t1%:;s pr?§<j on only the die pad
. d

160
e 90 SENNR
Nr,,J,,L¥ )‘
170

Ao

FIG. 13(b)

& m/\ | /\gmo 2

—f\\\130A 1561
FIG. 13(c)
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36 section. Therefore, when plating is conducted, the
predeterm ned area should be masked. Then, the | ead franme was
subj ected to neutralization with an alkali and acid activation
treatnment, the surface 5 of the Ie?%é}/g;@ was washed with pure water,
and the whol e surface of the |edd t'r 110A plated wth silver was
plated with copper cyanide at a bath tenperature of 50[err]C for
about 20 sec to forma 0.1 pmthick copper plating 130 (Fig. 11 (c)).
10 Subsequently, the surface of the lead frame 110A with a
copper plating 140 provi ded thereon was washed with pure wat er, and
the whol e surface of the | ead franme was subjected to
anti-silver-replacenent treatnment in order to : prevent the
precipitation of silver14 an unneqgssary area 15 during silver plating.

The anti-replacenent trealnment was garried out by | mersing the | ead

frame in an organosulfif-based solfﬂgi on

( J L
/ / g 120 120 S

135 135 111 112

FIG. 14(a)

Y

SHAPING

_1

0 PRETREATMENT

(ii) | COPPER STRIKE PLATING

(iii) SILVER PLATING

. ELECTROLYTIC REMOVAL
(iv) ANTI-DISCOLORATION
TREATMENT

l

STEP OF IC ASSEMBLY
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at roomtenperature to forma thin coating. The | ead frane was
then covered with a nmasking jig so 20 that only a die pad section on

the side, where a sem conductor chip is nmounted, and an inner |ead
front end regi on were exposed. The |ead franme was used as a cat hode,
and a plating solution was sprayed throy qg/qggpzzle. Thus, a3
[err]mthick partial silver plating was forned on the 25 pr edet er m ned
area. Thereafter, the |lead frane was washed with pure water and dried
by warmair to prepare a Iead frame of the present exanple (Fig. 11
(d)). Exanpl es 12 ?28 Enbodi ments of the sem conduct or
devi ce according to 30 he present1MKhent|on wi |l be described{@bth
reference to t he conpanyi ng draw ngs. In the

| 2P was

“sem conductor device of Exanple 12, fthe |ead frame of Ex

used. Fig. 1 mat | ¢ E===0ress—sugetrynal
sem conduct or/ devi ce I g. 3 | arg vView in ect Non
of Bl and B2(of Fiqg. 2 (a) condjictor d dev

aamﬂe12vmsp? - /// // >

135 135 444 120 120 112
FIG. 15(a)
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37 t hrough the step of wire bonding showmn in Fig. 13 (c) and

the step of resin sealing shown in Fig. 13 (d). In the

sem conduct or device of Exanple 13, the Iead frame of Exanple 9
according to the present invention was used, and, as with Exanple 12,
t he sem conduct or devi ce was prepfgfggé?rough the step of wire
bondi ng and the step of resin sea he sem conductor devi ce of
Exanple 13 is t he sane appearance as Exanple 12 shown in Fig. 12.
However, these sem conductor devices are different from 10 each other in
the thickness of the surface copper oxide filmand the area where
diffused silver is presb%@. 140Bot h t he sem conduct or devi ces of
Exanpl es 12 and 13 were free frbmthe ocd@0 ence of ddR&hi nation.
Exanpl e 14 15 process for orodUC|ng a en1conductor device (I1C
package) usi AMES O] s

with referenge to Fig. 13.

| e pad 111 of

| ead frame 1£0 shown in Fi 9 is subject d setting (Fi
(a)), and 20 tor cC ToT e
through a silver paste\170 (Fig. 13 (b) ),// \{25 Subsequent |

silver paste 170 is hegs- cured, ah@5 111

FIG. 16(a)
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an electrode pad (termnal) 161 of the sem conductor chip 160 is

W re-bonded and el ectrically connected, using a wire 25 (a gold wire)
180, to the front end of an inner lead 112 provided with a parti al
silver plating 140 in the |ead frame 110 (Fig. 13 (c)).

Subsequently, resin sealing, reanaInzg7?g?§ﬁan1bar, form ng of the
outer lead, and soldering are perfor 0 prepare a sem conduct or
device 200 (Fig. 13 (d)). Through t he above steps, the copper

pl ating 130 on the surface of the lead frame 110 shown in Fig 9 and a
part of the lead frame material (copper alloy) 120 are oxidized to
forma copper oxide film 130A shown in Fig. 13 (c). At the 35 sane tine,
the thin silver plating 150 underlying the copper plating 130 shown in
Fig. 9 is diffused into the 38
copper oxide film 130A and §H§@A ead frane materi al (copper

112 111 120 (20

’ o/ o

\ | Y I T ?

At

FIG. 17(a)

110A 110A 125 125 |

2.; Ja C

FIG. 17(b)

135 1356

.110A | :/10A / /
— ‘ /
FIG. 17(c)

145 145

g

FIG. 17(d)
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al l oy) 120. In the preparation of the sem conductor device 200
using the lead franme of the present enbodi nent, upon 5 heating in the

step shown in Fig. 13 (c), the surface of copper in the die pad 111
observed by X-ray photoel ectron spectroscopy (ESCA) was as shown in
Fig. 12 (b). In Fig. 12 (b), 7r@e? @ 130A designates a copper
oxi de film nuneral 150A a region wth silver diffused therein, 10
and nuneral 120 a lead franme materi al . Silver of the thin silver
pl ati ng 150 shown in Fig. 9 is diffused into the copper oxide film
130A and the copper alloy lead frane material (copper alloy) 120,
and, as shown in Fig. 12 (b), a region 150A, where diffused Ag 15

is present, extends over the whole copper oxide filmregion 130A and
a part of the |lead frame material (copper alloy) 120. The copper
oxide filmregion 130A is constituted by CuO 130Ab and Cu[err]O
130Aa with the CuO 130Ab on the top surface side. 20 The state
of diffusion of Ag into the inner side of t he copper oxide film

vari es dependi ng upon the thickness of the thin silver plating 150
and heating conditions. Silver is diffused into the interior of the
copper oxide film Silver is diffused into the copper oxide film
130A, 25 as well as iT g the | eadgganme material (copper alloy) 120.

On the ot her hand, when sem conducg or device is prepared, through

t he sane steps as sho In Fig. i

<

-



t he conventional |ead frame, shown in Fig. 14 (a), wth copper plating
and partial silver plating al one being 30 provi ded, the state of

oxi dation of copper in the step corresponding to Fig. 13 (c) is as
shown in Fig. 12 (c). In the conventional |ead frame shown in
Fig. 14 (a), since no thin silver pkgyng I's provided on the surface
of copper, the oxidation rate of copper So high that the 35

t hi ckness of the resultant oxide filmis larger than that of the oxide
filmin the present enbodinment. In addition,

39 since there is no diffusion of silver, unlike the use of

the |l ead frame of the present enbodi nent, preféﬂéhtial 140 formation of
Cu[err] O over CuO does not occur. In/the | ead anes 110 of the
enbodi nents of the 5 present invention sho in Figs. and 10430y
virtue of the_ —z— e e e e e e e | L
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provision of the thin silver plating 150, the formation of t he copper

oxide film 130A is suppressed in the step shown in Fig. 13 (c). That
is, it is apparent that, as shown in Figs. 12 (b) and 12 (c), when
sem conduct or devices are 10 prepared using the lead franes according to
enbodi nent s of t he present invent?c{?/gwa t hi ckness of the copper

oxi de film2130A is snmaller than tha the copper oxide filmin

the case where the conventional |ead frame -having no thin silver

pl ati ng was provided. 15 Further, in the lead frame 110 of the
present enbodi nent, at the tine off ggpmtion of the copper oxide
film130A, Cu[err]Ois preferentially forped over CuO, so that t he
formed copper oxide filmper se is less Ifikely to be br oken and,

consequently, when resin sealing is carried #8221 out, t he occurrence of
del am nation fromthe encapsuﬂiﬂ‘%O resi n can ie revent ed.

Further, |ead frane salfgj%g were prepared in yhe jﬁo manner as in
Exanpl e 8, excgpti g8hat 0. 001 i 0.01 rrlmthick, 0.1
[err]mthick, or (0.5 [err] mtbx pl ati ng (hereinafter

referred to as "t\hin Pd pl atyng"
silver plating, oA a 1.0/p1t~ / / ng XaE BT

| ead frame nateria ‘ r a'KOQﬁ?_:‘r't_/%ﬂthin pPrA vvas provi ded
as in the L /t . For\Ahe _sanpl €s, € adhesyon o QWM film
30 on the back surface of the ‘c’i e pad and e bond strengt of the
encapsuling resin were eval uat qcb.l'éhe results 258 1

FIG. 20(a)
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. REPLACEMENT SHEET
shown-in Table 4. As is apparent from Table 4, the results REPDicaE pRG cuzcT
fromthe provision of thin Pd plating given in Tabl e 4 Jere
substantially the same as those obtained from 35 the provigign of thin
silver plating given in Table 3. The eval uation netlhqd hAdJAN 1997
conditions were the same as 51 . 40
those for the provision of thin silver plating given in Tabl e 3.
Tabl e 4 5 Adhesi dn—of
copper oxide Ad E, METHOD FOR PARTIAL NOBLE PRfTINGeOF SAIDh n
Pd filmon the b% rE Sai[\'l'iDngSEMICONDUCTuR DEVICE HAVING SA&IDat p%}?

e

[err]m surface resin Abstract

The present invention relates to a lead frame for a
semiconductor device. An object of the present invention
5 - is to provide a lead frame, made of a copper alloy, capable
of preventing the creation of delamination between
encapsuling resin attributable to a lead frame without
sacrificing the wire bondability and, at the same time, to
provide a process for producing the lead frame and a

10 semiconductor device using the lead frame.
According to the present invention, (1) there is provided
a lead frame for a plastic molded type semiconductor
device, made of a copper alloy material partially plated
with at least one noble metal, for wire bonding or die
15 bonding purposes, selected from silver, gold, and
palladium, wherein the whole area or a predetermined area
of the surface of the copper at least on its side to be
contacted with a encapsuling resin has a thin noble metal
plating of at least one member selected from silver, gold,
20 platinum, and palladium. (2) A copper strike plating is
provided as a primer plating for the partial noble plating,
a copper plating is provided on the thin noble metal
plating, and the partial noble metal plating is provided
on the copper plating in its predetermined area. (3) A die
25 pad for mounting a semiconductor chip is provided, a
partial silver plating is provided, and a zinc flash
plating and a copper strike plating are provided in that
order at least one on the surface of copper in the back
surface of the die pad remote from the surface on which the

30 semiconductor chip is mounted.
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(1) Pd plating on the

Exampl e pad 10 FEarea
0.001 [err] [err] (2) Pd plating on thewﬁﬁgﬁgmﬁﬁgéSHEEr
0.01 [err] [err] - (3) Pd plating on thg ol e area

0.1 [err] [err] (4) Pd plating on tHe fwhphe

0.5 [err] [err] (5) Pd gl b’ng on t he whql argaqu®7
1.0 [err] x 15 No Pd plati% 2? onventi onal No tHhrrd

pl ati ng exanpl e) provi ded X X

Al t hough the provision of thin silver plating or thin
| ead frame has been descri bed above,
of thin gold plating or thin
silver plating and

Furt her,

plurality of metals selg
pl ati num has th
j udged that sel
sanme effect and<a e
exanpl es.

it is 20

thin Pd plating,
t is judged that the prov

Vv e

AT AT TR Hﬁ,
conduct or de

Pd plating ona
j udged that the provision

pl ati num pl ajgQg, insteadqxfgthe thin
has theg sane effect;and f

lcéiOh'

30 Fuether, it is nege
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the above thin plating is effective also in the adoption of-—-parti-at

gold plating or partial palladiumplating i nstead of the BQH%F&MEHTSHEET
silver plating. Exanmple 15 35 Fig. 15 shows an]|efodrment—of
the | ead frame of the ' 1

present invention, wherein Fig. 15 (b) is 2 (Q?Ep vi ew of A?éé§‘W97
frame and Fig. 15 (a) is an enlarged view 0O e princi pal—past—i-n
section taken on line Al-A2 of Fig. 15 (b). 5 I h Flg 15,
nuneral 110 designates a |lead frane, nuneral 111 a di e pad,Tmumerat

112 an inner |ead, nuneral 113 an outer |ead, nuneral 114 a dam bar,
nuneral 115 a frame, numeral 116 a suppoild0Ong bar, nunb4@l 120 a | ead

frame material (a copper alloy), nuneral 125 a(jinc S 130

L
L

150 150 120 120

FIG. 2 a
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10 flashing, nunmeral 135 a copper strike plating, and nuneral 140 a

partial silver plating. In the lead frane 110, a O 1§EﬂH&E$EHkSHEET
copper all oy mat eri al (EFTEC64T-1/2H material, manufact yr ed-by—The
Furukawa Electric Co., Ltd.) is etched to prepare a |lead 15 ftanme

materi al 120 havi ng an._external shape asss)'ug/q in Fig. 15| (84 JAN1992
flash plating 125 and a copper plating 35 are successiyely provi ded
on the whole area of the surface of the lead frame, and{a
predeterm ned area of the copper plating is plated withtsidyer to
forma partial 20 silver plating 140. In this enbodi nent, the
pl ati ng thicknes : fpr zinc 1rasn praging, Of

t he copper stri platifhg, and|{3 pmfor the parfial si _
The pl ati ng T C 5SS 1s preferabnly 0. to\0.3 pmfor r

strike plating, 1.5 to 10 pmfor the partial siH f{ pl ati
to 0.5 pmfor the zinc flash plaLi 125. Furt hef,” i
enbodi ment, EFTEC64T-1/2H mater?;]l@_ 33 actured by The Furukawa
El ectric Co., Ltd. is used as 30 the lead frame material 120. Fbﬁgoer,
the | ead frane material is not limted to this material only,
ot her coppek=attays_ony be used= wn i n Eeg—1bLa) in

the | ead frane a'to t he] present enbodi nefpt, af
plating 125 35 and _a coppe '

strik
the whol e surface of a shaped |ead frame material 1RO, a

F'G 3 b 120 120

140A - 140 440A

120 . 120 130
FIG. 3¢, 140
130
()
120 120
FIG. 3d
140 140
| i 130
; 120 120



partial silver plating 140 is formed on only a

42 predeterm ned area of the copper strike plating. Th@f"'~‘-~-P AENT SHEET
provi sion of the zinc flash plating 125 can inprove the [aghesTon
bet ween the base netal (copper alloy) and the oxi de fil [enfgemrwww
the delamination froma encapsuling 5 44£9i@ to be prevente IL
preparation of a sem conduct or devi ce. The chanism |
t hrough whi ch the adhesi on between the base netal (copp¢r alloy) and
the oxide filmcan be i mproved has not been el uci dated yet= J
However, it is 10 believed that zinc is diffused into the copper strlke
plating to preve n of Kixkendall voids,  so that the \
breaki ng of the ¢xide filmped se is|{less likely to oclcur. )
The step of plat lrame accarding . to th 3 (
120 120
FIG. 4 a
130

120 120

FIG. 4Db

150 120

FIG. 4 c

140 - 140
/) i 130
150 120

150 120

FIG. 4d



15 present enbodinent will be described with reference to|FREZLACEMENT (SHEET
Fig. 17 corresponds to Fig. 15 (a). At the outset, ithe whole
surface of a lead frame 110A of a copper alloy, shaped by f}ic‘m?@ggw
was electrolytically degreased with an aqueous al kali [s@l uti on,
washed with pure 20 water, and subjed&A@@o acid acti vat ijor—treatrrent
for renmoving the oxide film fornmed on the surface of |the

franme, with an acidic solution, thereby activating the Surface of the
copper alloy as a |ead frarrqslaat erial 120, and agai n washed with pure
water (Fig. 17 (a)). 25 Subsequently, the whole surfddé of 188 | ead
frame 110A
[err]mthick
the | ead frane

f (? —r ————— _‘ | d
activation trelatopent —tho sUlfface 30 ead frane m___

pure water, and the whole sur jﬁ?zz?===?f:=ﬁ=?’s='i ane 110A withia zinc
flash plating provi ded thereo was plated wt ; opper cyani de \at a
bat h tenperature of 50[err] Cliat—abogt—20-gec0 B mfFPCS 1 pmthick
copper strike plating 135 (Fig. 17 (c)). 35 Subsequent?y, 1bé

surface of the lead frane 110A with a ¢ strike plating provided
t hereon was washed with pure W:lt:eeranos)EaV\hol e surface of the |ead

frane was
160
1 | -,

FIG. 5b
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43 . subjected to anti-replacenent treatnent in order t

0 |pIEPEAGERENT SHEFT

the precipitation of silver in an unnecessary area during ! ||ve|

pl ati ng. The anti-replacenent treatnent was carried du §1
imersing the lead frame in a benzotriazol e-based sol ution rﬁ% 1997
tenperature to forma thin coating. 6/20e | ead frame \wds-.then
covered with a maski ng material so that only a die pad ection on the
si de, where a sem conductor chip is nounted, and an i nner—teat—front
10 end regi on were exposed. The | ead frame was used as a cat hode,
and a plating solution was sprayed through a nozzle. Thus, a 3
[err]mthick partial silver plating on }he predeternlned
area of the lead frane. TheAeafterT The | eadd frja s washed with
pure water and 15 dried by warmair\to prepare a |lgad i?gmg?of t he
present exanple (Fig. 17 tg))y: " Fig. 16
shows a further enbodi ment 9EQAE | the present

invention, wherein Fig. 16_§b)¥ié_g_ L

130Aa
130A é%;;;j;/ o
130Ab

FIG. 6 a
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20 viewof the lead franme and Fig. 16 (a) is an enlarged vijeW:PLACEMENT SHEET
the principal part in section taken on |line A3-A4 of Ri g-18~ ()
In Fig. 16, nunmeral 110 designates a |ead frane, nuner al} 311 %@?’éﬁ“ 7
pad, nunmeral 112 an inner lead, nuneral 25 113 an outer |edd, nb LETA
a dam bar, nuneral 115 a frame, numaBa.l/QQ a lead frane lnaterial (a
copper alloy), nunmeral 125 a zinc flash plating, nunergl 135 a copper
strike plating, and ral 1 a bl‘ ﬁl- iixer plating. Tre
| ead franme of the pr e@?ﬁﬁb%\mﬁ %lggp%g&s%rre 30 as that of Exanple:
15, except that a23omc—f|l ash plating was provided gn only the back
surface of a die pad 1t OXIDE! FIL MOREGIONS T f ace on whilcIN@GT MORE
sem conductor chip is - unt ed. Further, the |jegiHANamepf
the present e di rent gan 35 befprepared in fhe same manpeigpyegescli ped
above in ”gnnectior with the llead frame of| Exanple 15, /eo’(ceptE thgttR
X 2000 — NOT MORE
g 7 THAN 10% ;7
7 ] SILVER \_| g¢
= - ~ - A
0 ] %
o 1500 1/ >
w — % %
o N g 47 49 25
Z N 25 g a4 7
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44 the formation of the zinc flash plating 125 on only |t RePAEMENT SHEET
pad section was carried out using a masking jig in a pr ¢degt ermimeth e ms sy
formas in the silver plating. Exanple 17 5 The b@ndqiaﬁﬁQ?th i
of a encapsuling resin and the state of peeling of the oxiide' i 997 i
were evaluated for | ead franes of 15 and 16 angl ‘ariants and !
conparative exanpl es. Lead frames of variantg 7 and 8 have ’
t he sane 10 construction as the lead frane of Exanple 15, ahu—tie—boerd
strength of a encapsuling resin and the state of peeling of the oxide
filmwere evaluated for thgae vari ants. Lead frames of variants

7 and 8 have the sane 140construction as thtd4Bead frane of Exanpl e 15,

except that 15 the thickhess of the zinc flash plating was 0.1 p éer
Conpar ati ve Exanpl e I's a
an Fig h_has

variant 7 and 0.5 pmfor{variant 8.

| ead frane, indhe—zeomyenti oOpz z 2=
been subj di scolforati on treat nent Cd

Exanple 6 is a(lead frame,_ iJ} the fonventional [exang|e,

subjected to no antr-m scororation St TENL ., F

15 and 16, variants, andhconparative anpl es, the thi f the
copper strike plating wa80 0.1136rrth andl2Be t hi cknefg@pof the2

partial silver plating was 25 3 [err]m

FIG. 9 a
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In the eval uat

special franes (a solid plate), for the eval uation of th

strength of a

in the sane manner as 30 I n Exanpl e 15, _the iants and th
Nl

exanpl es,

sinmulated heating conditions of 280[err]C and 3 mn,
encapsuling resin having a given area was nol ded on the

material, and

ion of the bond strength of the encapsuling“

B

2 ACEMENT SHEET-

encapsul i ng resin, were subjected to surfagegTreatnent

onpg

the treated special frames

St
at ed under girF bond?ﬂ%ﬁ%7

'opper al | oy

t he bond strength of the 35 encapsuling resin was neasured

by a shear test. 14purther, afygp the test, the state of adhesion

of the

base materi al

was eval uat ed.

12&5 pgle filmto
t he encapsuling resin, apd the peelin?/éf t he oxi de filnz romthe

t he shear test
not | ess

_1___The bond étr ngth as ngasured by

uat ed aubeﬁlarelfﬁﬁ}when ﬂCEIFEﬁﬂFﬁ=ﬁ§S

~ /  Uso ~

FIG. 10 a
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1161 140
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5 than 2.0 NNmierr], while they were eval uated as unaccepfabb® ACFIAENT SHEET
(X) when the strength was less than 2.0 Nmjerr]. Fom-Tabte—5—
it is apparent that |ead frames of Exanpl es 15 and 16 and v r;ﬁﬂi% 4%
and 8, wherein zinc flash pl ati ng has been conducted, are s ﬁ A9
bond strength 10 of encapsuling resinfafig/ P¢€pling of oxidejfillmto the

| ead frame of Conparative Exanple 5 wherein a partial gilver

pl ati ng has been forned by the nethod shown in Fig. 18. Furt-Rer—i-+
was found that the |ead frame of Conparative Exanple 6 is inferior in
peeling of oxide filmto the IeﬁﬂAIS frames of Exanples 15 and 16 and
Variants 7 and 8. 6__EL0HLLDQ§G results, it can be judged that, as
conpar ed with the conventional |®ad franme which has been plated by

the process shown in Fig.118 the | e4difranes fodgxanpl es a%ihand 16
and Variants 7 and 8 acconding to th?/present i nventi.on, used in

a sem conduct or device, gan nore effectively prevent the | am nati on
of |1 C package 7 bl e tortire fUIHutruu ofjcopper e f

FIG. 11 a

110A 110A 150 150

s L r
z )
FIG. 110

110 110 180 . 130

/. (

FIG. 11 ¢C

140 140

FIG. 11 d



46

Table 5

Bond 5 Thi ckness strength Peel l ng) AENT QHEET
of thin Ag of sealing of oxide Exanpl e [ pl at-AG—pm
resin film Ex. 15 0.01 NJrbe[P(eNr;997
None Ex. 16 0 [err]
Variant 7 0.1 2 é?rro None L Var i ant
8 0.5 [err] None np. Ex. 5
(conventional) (anti-discol oration s
Whol Iy 15 treat nent done) 0 X peel ed
Conp. Ex. 6 (anti-discoloration Wol |y
treatment not done) 0 0 peel ed
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20 VWhat is clainmed is.: 1. Alead frane, for a plastic

nol ded type sem conductor device, made of a copper alloy matefial; Pﬂéﬁﬁﬁqﬁﬁ gMEET
plated with at |east one noble netal, for wire bonding or die bondirg: ™ >
pur poses, selected fromsilver, gold, and palladium wherein ithe whole area
or a predetermned area of the surface of AR (Fopper alloy eri al4 AN 1997
| east on its side to be contacted with an encapsuling resin hasf a thin

noble metal plating of at |east one nenber selected from sil vier;—gotd;

pl ati num and pal | adi um 1402. The | ead frame according tg_claiml,

wherein the /~/ 111
, 140 112 e .

1 [
_ T

30 130 150 150

FIG. 13 b

" m mmo )

_\130A 130A
FIG. 13 ¢c

190 200

FIG. 13 d



t hi ckness of the thin noble netal plating is not nore than 0.5 [err]nfand
not [ ess than 0.001 [err]m 3. The lead frame according it 6] 2l 0]
2, wherein the partial i %L : ’i}g SHEET

the thin noble netal
partial noble netal

p
pl

‘sem conduct or devi ce,

at | east one noble netal, for wire bonding or die bonding punqpoS€s;

selected fromsilver,
at | east one nenber selected fromsilver, gold, platinum and palladium
bei ng provided on the whole area or a predeterm ned area of the surface of

t he copper at

nobl e netal plating is partial silver jpl
lating is thin si V{Z?| ting. 4. {Atmet hod for
ating of a lead frane™Tor a plasti.c nmjl dedfgyneN 1997

made of a copper alloy material partial plated wth

gold, and palladium a thin noble netal__plating, of

| east on its side to be contacted with a sealing resin, the

met hod conprising at Ieaqh he stepsigf: partially formng a noble netal

plating; electrolytically

deposited on an area regdiring no neble netal plating; and thinly formng a

noble nmetal platin
a lead frane ¥cec ot
after plati ng
shaped copper\attay—w-th-—cdbper.
plating of a lead frane

is conducted

enovi nie/;{e noble netal plating inits portion

5. The thod for partial noble nmetal plating of
al ai m 4—wRererr—re- Hlal n i ng
f thgjsurface of a lead|fra material of a

for Lal _nobl e t al

accor di ng.ﬁ,d cl ai gﬁ 4 or %, wherein {he tg\l n
/
120 120

135 135 111 112

(i)

(ii)

(i)

(iv)

FIG. 14 a

SHAPING

|

PRETREATMENT

COPPER STRIKE PLATING

SILVER PLATING

ELECTROLYTIC REMOVAL
ANTI-DISCOLORATION
TREATMENT

l

STEP OF IC ASSEMBLY
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48 noble netal plating is carried out by electroplating or_e

inLgLear-*f;w
pl ati ng. 7. A nethod for partial noble netal plating Lﬂaﬂw’ﬁaﬁﬁ E
for a plastic nolded type sem conductor device, nmade of a c

material partially plated with at |east one noble netal, fo c; Qgg“ﬁ
or die bonding purposes, selected fromsily&g %ggld and pa l@f;EﬁLoLd-——j
nobl e netal plating, of at |east one nenber selected fron1S|LLS“&rdeﬂr6—5——~J
a
' e

pl ati num and pal | adi um being provided on the whole area o
predeterm ned area of the surface of the copper at |east on
n, the nethod conprising at |east the steps
ng the surt4@e of a lead frame materi d2%f a
pper; thMnly plating the whole are
surface of the copper-plated |ead frame mntﬁ2§

y pl

contacted with a sealing rge
of , in succession: ﬂ
shaped copper all oy mﬁth
predeterm ned area of th
nobl e nmetal ; an

i
~ ~ ) |
135 135 411 120 120 112

FIG. 15 a

115 —4

114—

Juouoouot e

FIG. 15b




8. The method for partial noble netal plating of a |lead frane
claim7, wherein the thin noble netal plating is carried out
el ectroplating or electroless plating. 9. The nethod for

metal plating of a lead frame according to any one of clains g

wherein the partial noble netal plating i al silver pla
thin noble netal plating is thin silver Qfgpﬁﬁg? 10. A's

according to

y D Anorrrae -

A PR MR ISHEET
o 8,

i ng 1angd aNg97

eni conduct or

R O

device conprising a lead frame according to any one of clains
11. The sem conductor device according to claim 10, wherein,

[ n_a_copper

oxide filmformed in the | e area or a predeterm ned area of the |ead

frame at least on its sur e to be cold@cted with a encapsu
concentration of the noblé netal is ngt |l ess thah20.1 atomic
than 20 at % as nmeasured (by X-ray photfoel ectron sgectroscopy.

ingresim t he
n

| ead frame, fo ded t[, P devi cg

3€8nd | ess
/

12. A

copper all oy
N ~  / os

135 135 44

FIG. 16 a

AN 12
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112
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—1
]
AB | I —>=| —
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1
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T000onoong.

FIG. 16 b




49 partially plated with at | east one noble nmetal, for wire bonding or die

bondi ng purposes, selected fromsilver, gold, and paIIadlun1 aRﬂQEB?ﬁ {FSHEET
sfrike plating being provided as a priner plating for the paft ;
nmetal plating, wherein the whole area or a predeterm ned area ¢f the
surface of the copper alloy materi al 73?23¥ nits side to|be cohtlid &97
with a encapsuling resin has a thin nob pl ati ng of af |east one
menber selected fromsilver, gold, platinum and pal | adi um copper

plating is provided on the thin noble metal plating and the | —noble
metal plating is provided on a predeterm ned area of the copper plating.

13. The lead frame according to claim 12, wherein the thickness of the thin
noble nmetal plating is not nore than 0.5 pmand not | ess than 0.001 [err]m
14. The lead franme according to claim 12, wherein the partial noble netal
plating is parti al silver pl atii@A and the thin noble netal plating is thin
silver plating. partial noble netal plating of a |lead
frame, for a plastic nDI ﬁ%type sen}iﬁnductor devi ce, made of a copper
alloy material partially ted with | east PO nobl e netal, wre
bondi ng or di e bonding pu/poses, selegted fromysilver, gold, and palladium
a copper strike g/}

/'

LY

\ \ ( i )
FIG. 17 a

110A 110A 125 125

2 r a
[ . )

FIG. 17Db

110A 110A 135 135
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1’\"

145 145

FIG. 17 d



pl ati ng being provided as a priner plating for the partial ngit
in suc¢eB

ERURRERTENT SHEeT

pl ati ng, the nethod conprising at | east the steps of,

pl ating the whole area or a predetermnmined area of the surface¢ ¢f a |ead
frame material of a shaped copper alloy material with at | east onpﬁrﬁ{}q)qqu
selected fromsilver, gold, platinum andﬂ@lﬂgg umto forma 9.001 to 0.5
[err]m thick thin noble netal plating; pl ati ng the whol e*area—or—at

| east an area including the partially noble netal plated area of the
surface of the thin noble netal plated |ead frame with copper; and

partially plating a predeterm ned area of the surface of the copper-plated

lead frane with a noble netal.
plating of a
to claim 15, wherein the thin noble netal platin

16. The net hod4®r parti 440nobl e net al
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el ectrol ess plating. 17. The method for partial noble nptREPLACERENTD SOEET
a lead franme according to claim 16, wherein the partial noblg petat-—ptatrag
i's partial silver plating and the thin noble netal plating ip fhin silver

pl ati ng. 18. A sem conductor device conprising a lead f ’a‘re"fcéM%%'
to any one of clainms 12 to 14. 19. ?1?/2 ) conduct or deyi ce_according
to claim 18, wherein, in a copper oxide TiIlmTornmed in the V\pole area or a

predeterm ned area of the lead frame at |east on its surface'-te—be-
contacted with a encapsuling resin, the concentration of the noble netal is
not less than 0.1 at% and | ess than 20 atQ@® neasured by X-ray

phot oel ectron spectroscopy. 20. Alead franme, for a plastic nol ded
type sem conductor device, nmade of a copper alloy material, provided with a
die pad for nmounting a sem conductor chip gndipgryially plated with silver
for wire bonding or die bondi né QJZID oses, erejn a Zd?@ flash plating and
a copper strike plati ngﬁ;goprovi dem - oyder At ast on the surface
of copper in the¢pagk surface pf the di ad rem)tj'/f/romthe surface on

whi ch the sem conductor chip i 9<agount ed. .

to claim 20, where{n the zinc i

a prinmer plating for the o1 )vef pHati 1 i p Z Whol e surface of
the | ead frane. :
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22. The lead frane according to claim?20 or 21, wherein the thickness of
the zinc flash plating is not |ess than 0. 001 pm and not ﬁgpfhééMENTOSﬁEET

[err]m

47 04 MAY 1999

What is claimed is:

1. A lead frame, for a plastic molded type
semiconductor device, made of a copper alloy material
partially plated with at least one noble metal, for wire
bonding or die bonding purposes, selected from silver,

gold, and palladium, wherein +the whole area or a

predetermined area of the surface of the copper alloy
material at least on its side to be contacted with

an encapsuling resin has a thinnnobie metal plating

of at least one member selected from silver, gold,
platinum, and palladium.

2. The lead frame according to claim 1, wherein the
thickness of the thin noble metal plating is not more than
0.5 pm and not less than 0.0Di pm.

3. The lead frame. according to claim 1 or 2, wherein
the partial noble metal plating is partial silver plating
and the thin noble metal plating is thin silver plating.

4. A method for partial noble metal plating of a lead
frame, for a plastic molded type semiconductor device, made
of a copper alloy material partially plated with at least
oné noble metal, for wire bonding or die bonding purposes,
selected from silver, gold, and palladium, a thin noble
metal plating, of at least one member selected from silver,
gold, platinum, and palladium, being provided on the whole
area or a predetermined areé of the surface of the copper
at least on its side to be contacted with a sealing resin,
the method comprising at least the steps of: partially
forming a noble metal plating; electrolytically removing
the noble metal plating in its portion deposited on an area
requiring no noble metal plating; and thinly forming a
noble metal plating.

5. The method for partial noble metal platiﬁg of a
lead frame according to claim 4, wherein the partial noble
metal plating is conducted after plating of the surface of
a lead frame material of a shaped copper alloy with copper.

6. The method for partiél noble metal plating of a
lead frame according to claim 4 or 5, wherein the thin
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