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o - 'METHOD FOR THE LEADFRAME '

"5 _ -U. Background of the Invention

1. Fleld of the Invention
The present 1nvent10n relates to a leadframe of a
copper’alloyﬂfor'plastlc—encapsulated semiconductor device,
a semiconductor device using the same, and a manufacturing
10 method for the leadframe, and more particularly, to
prevention of delamination.between a die pad portion or the
like of the leadframe and a molding plastic.
2. Informafion of the Related Art
' ' FIG. 4 shows a configuration of a conventional
15 blastie—enCapsulated semiconductor device (plastic
;eadframe package) . In the semiconductor device 40, a
semiconductor.chip 41 is die-~-bonded to a.leadframe which
is formed of an iron or copper alloy, an electrode pad 46
of the semiconductor chip 41 and internal leads 43 of the
20 leadframe arelconnected by means of wires (gold wires) 47,
and the resﬁlfing structure is encapsulated with a plastic
45.
The leadframe is composed of a die pad portlon 42
whlch carries the semiconductor chip 41 thereon, external

25 " leads 44 for electrical connection with an external
‘circuit, and internal leads 43 integral with the external

leads 44.

' In modern semiconductor devices of this type, the

operating speed and integration scale of semiconductor

30 chips are 'highly improved, so that many of currently

available copper alloy leadframes are excellent in
'radlatlon characterlstlcs and the like.

~In a plastic- encapsulated semiconductor device

(plastic paékage), the adhesion between a molding plastic

35 and the die:pad portion or the like is an essential factor.

In case delamination is caused between the plastic and the

die pad portion, external water gets into the resulting
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2. Information of the Related Art FIG 4 shows a configuration
of a conventional 15 plastic-encapsul ated sem conduct or devi ce
(plastic | eadf rame package). In the semi conductor device 40, a

sem conductor chip 41 is die-bonded to a |eadfrane which is formed of
an iron or copper alloy, an el ectrode pad 46 ~ of the sem conductor chip
41 and internal |eads 43 of the 20 - |eadframe are connected by nmeans of

wires (gold mnres 47 ~and.the resulti structure i s encapsul at
Wiha o asticveid. fisin o 880Gl LSRG BEAESHS Em BRURRERE (TS pa
portion 42 seMcohdualtbresdetdmzaam canboatcdr, cﬂhep Wdtéhemagn pasdidinal

25 | eads 443L§5n§3$§%beﬁ%gt C%B% §%g er gwl xt%{n(%g%M. circuit,

and internal |éa gral~” xterna
| n nodern seni conduct oFI@8vi 8as agid t3B sargpe, semtional opkewt BRg Spasemnd

i ntegratign SC@LQWOfré%GPNé‘ﬁorof?%n eﬁQinBieaéﬁ é‘b@.‘%@&fdﬂé&@é%ulas&é hat

many of currently aval | abl'e” copper all oy frames are excellent in
radi ati on charﬁ%WéFP§9P€§°§n§eWH€ﬂ|I«Jn some cases,|q]%pl 38A may be

pl asti c- encapsabeined 5ECAUMIGATHRRY ISE a dle(ﬁédsbbﬁt@@ﬁk@@ebpﬁdlﬁte
adhe5|on betmego @hnglgﬁpgag éhereof which carries a semiconductor chip
31 thereon, possibly cau51ng a crack 38B or blister 38C.
10 In FIGS. 3A and 3B, numeral 33 denotes internal leads; 34,
external leads; 35, molding plastic; 36, electrode; and 37,

bonding wires.

In the case of the leadframe of the copper alloy
which includes the die’ pad portion, in particular,

15 delamination is liable to be caused between the molding
plastic and the die pad portion.

Although the copper alloy can adhere to the molding
plastic with a greater force than the iron alloy, it easily
delaminates on account of poor adhesion between the

20 leadframe material (copper alloy) and an oxide film formed
by heating. Since the adhesive force between the iron
alloy as the leadframe material and an oxide film formed
by heating the iron alldy is so great that no delamination
is caused between'them; On the other hand, the adhesive

25 force between the copper alloy and the oxide film is so
small that delamination may be caused by a very small force
in some cases. |

An assembling stage for' a plastic-encapsulated
(plastic-package) semiconductor device includes many

30 processes which involve heatiﬁg. In a  wire bbnding
process, in particular, the heating temperature generally
exceeds 200°C. Thus, if the adhesion of an oxide film on
_thé surface of the die pad portion opposite to that surface
thereof which'carries a semiconductor chip thereon is poor,

35 in any of the processes which involve heat treatment,
delamination is caused at the interface between the oxide
film and the leadframg materiél (copper alloy) after



35 and the die pad portion or the like is an essential factor. In

cgse delam nation is caused between the plastic and the di e pad
portion, external water gets into the resulting

2 void. In a solder ref |low ng process for mounting the

sermi conduct or device on a board, the water may possibly expand wth
heat, thereby breaking the package. 3 FIGS. 3A and 3B are a.

sectional-viem/?nd acphaed.S view, respectively, of an exanple of a
pl asti c- encapsBF3PEYS ™O14d8 8 conduct or device. In some cases, a void 38A
may be f or med oveThi ke isurdhac enexdhamiBre pfidppastionda2aoypa@diiio; in

to that surfacg,Lhehel WIERGU1GP ST SOMEAHSL §8bPce which uses
. the copper alloy leadframe.

5 To cope with_this;'a silver f£ilm may be deposited
to a thickness of tens of angstfoms on the surface of the
copper alloy leadframe by immersion. .

This method is based on an effect that if silver on
the surface diffuses into copper to form an alloy during

10 heat treatment, the resulting oxide film of this alloy
strongly adheres to the base material (leadframe material),
and its force of adhesion to the plastic changes less than
in the case of copper.

Although control of the silver film thickneés is

15 essential to this method, howeVer, it is hard to control
the thickness of the deposit formed by the immersion.

If the silver £ilm is too thin, the adhesion of the
oxide film cannot be improved satisfactorily. If the
silver film is too thick, silver fails to diffuse fully

20 into the interface between the leadframe (copper alloy) and
the silver film and remains on the surface inevitably. The
adhesion between silver on the surface and the molding
plastic is so poor that delamination is caused between
them. _ '

25 Since the diffusion of silver varies depending on
the heating conditions, moreover, the optimum thickness of
the silver depbsit varies according +to the heating
conditions for the assembling stage.

According to this method, therefore, it is

30  difficult steadily to prevent delamination of the plastic
in the plastic-encapsulated semiconductor device which is
provided with the copper alloy leadframe. Also, this
method is hardly applicable to mass production.

' Thus, in the plastic-encapsulated semiconductor
- 35 device using the copper alloy Ileadframe, the molding
plastic is expected to be prevented from delaminating from

the leadframe.
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31 thereon, possibly causing a crack 38B or blister 38C. 10 In FIGS. 3A
apd 3B, nuneral 33 denotes internal |eads; 34, external |eads; 35,
nol di ng pl astic; 36, electrode; and 37, bondi ng wi res. In

the case of the |eadframe of the copper alloy

pad portion, in particular, 15 del am nati;on is liable to be caused

_between the nol di ng plastic and the d

fe pad portion.

Al t hough the copper alloy can %anﬁ‘rfafg‘};ooé Eﬁ émj{rg\;é}gtaon_ plastic with a
greater force than the iron al -8y ] nat es on account of

poor adhesion between The objecteaff theepresentalinyeoppon disl ¢p) raeyisde

oxi de film forgrepeadfradl?é(e aéﬁ@l%%ti@é?f@aﬁé?ﬂ?&ﬁ@%e\%&é&{&fb% ‘E%Qﬁéelleb

i ron - alloy as the

ane material "and an oxide filmforned
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alloy and the oxide filmis so - small that delam nation nay be caused

whi ch includes the die
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cannot easily delaminat om a lea eria copper
alloy), and the adhesion between the oxide film and a
molding plastic is satisfactory. 1In a leadframe having a
die pad portion, in particular, no delamination is caused
on the surface of the die pad portion opposite to that

surface thereof which carries a semiconductor chip thereon.

According to the present invention, there is

provided a leadframe of a copper alloy for

plastic-encapsulated semiconductor device, which comprises

a film of the copper alloy composed of copper and one or

more metals selected from a group including silver, gold,
platinum, and palladium and formed on the surface of a
leadframe material.

The copper alloy film contains 0.001 to 5.0% by
weight of the one or more metals selected from the group
including silver, gold, platinum, and palladium, as
compared with.copper. '

The leadframe further'comprises a die pad portion.

According fx: the_invéntion, mbreover, there is
provided a plastic-encapsulated sémiconductor device, which
comprises the leadframe fdf plastic-encapsulated

. semiconductor device described above and encapsulated with

a plastic._

According to the inventibn, furthermore, there is
provided a manufacturing method for a leadframe of a copper
alloy'for plastic-encapsulated semiconductor device, which
includes a film of the copper alloy composed of copper and
one or more metals selected from a group includirig silver,
gold, platinum, and palladium and formed on the surface of
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process, in particular, the heating tenperature generally exceeds
200[err] C. Thus, if the adhesion of an oxide filmon t he surface of
-t%e_die pad portion opposite to that surface t hereof which carries a
sem conductor chip thereon is poor, 35. in any of the processes which
involve heat treatnent, del am nation s caused at the interface

bet ween the oxide filmand the | eadfrane nmaterial (copper alloy) after

3 plastig f@é&l}.ﬁﬂme material, comphfsés tHE JRGNIY FOrefidy aBtHIAm
del am nation in t he plasti%-ehca sul at ed seniqgnducgpr déJ?L gmﬁich
uses t he ‘éﬁp’i}@ GORRKE 12dd@ Bieplating the surface of the \iea% rame

material in a copper plating bath containing one or more
metallic compbunds based on the metal or metals selected
5 from the group including silver, gold, platinum, and
palladium. ' '
' The copper plating bath contains 0.001 to 5.0% by
‘weight of the one or more metals selected from the group
including silver, gold, ‘platinum, and palladium, as
10 compared with copper. _

Thus, according to the present invention, there may
be provided a leadframe in which delamination between the
leadframe material and the molding plastic can be
prevented. In the leadframe having the die pad portion,

15 in particular, delamination of the molding plastic from the
die pad portion and cracking during a solder reflowing
process can be prevented.

| With  use of this leadframe, the
_ plastic-encapsulated semiconductor device according to the

20 invention can be designed so .that the incidence of
delamination of the molding plastic from the leadframe
material or cracking during the solder reflowing process
can be restricted to an extremely low level. Thus,
semiconductor devices of reliable quality can be

25 mass-produced. _ _

According to the leadffame manufacturing method of
the invention, moreover, the entire process of
manufacturing the leadframe can be adapted for pradtidal
mass prOduction and integrated with the plating process for

30 wire bonding.

Brief Description of the Drawings

FIGS. 1A and 1B show a leadframe according to an
embodiment of the present invention, in which FIG. 1A is
35 a sectional view, and FIG. 1B_is a plan view; _
FIG. 2 is a diagram showing the relationship
between the composition of a copper-silver alloy film and
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5 To cope with this, a silver filmnmy be deposited to a

thi-ckness of tens of angstroms on the surface of the copper all oy

| eadf rame by i mmrersion. This method i s based on an effect that

i f silver on the surface diffuses into copper to forman alloy during

10 ~ heat treatnent, the resulting oxide fglmof this alloy strongly

adheres to the base material (leadframe nmaterial), and its force of

adhesi on to thgaRbastbcrepanges | ess than in the case of copper.

Al t hough control of the silver filmthickness is 15 _essential to this

met hod, however, it isFHEPd 3 ¥FhtIditlustyate @y adhesd gy faid Yrep it

formed by ]Ehehamcsiontn w]pilch FIG. Ist;hting_Sail %?btfﬂdﬂa" f1j sﬂewl td n,ttfc&eh

- adhesion of the . xide fi cannot Lmprgved satisfactorily. If the

S lver Tiim i Sembeonfiress; nodhE3N Rhar BT Rl g8, Ty Rn0 Yl b,

I nterfaceSbet ween the FEGQdfrade (chbpper al | ogpcdrndnal theewil vesffilmand

remai ns on th el Liab. - esLan - pet ween silver on the
%f%%{:%lﬁ naﬁégfﬁéﬁ%‘%é?i sdfifconducdh ﬁgt%gg

surface and t C I'sS so poor t elam nation is caused

betmeen' t hem 25 _ Since t he djffusion of silver varies
_dfependl ng on Daeahaqld %s‘éﬂ%ﬁ:‘.‘d’ﬁ"%i p@?{é%ﬁeﬁﬂﬁi GiibdaHmd i ckness
0 .

A leadframe for plastic-encapsulated semiconductor
10 device according to an embodiment of the present invention
is designed so that it can be prevented from delaminating
from a mdlding plastic. In a leadframe having a die pad
portion, in particular, the molding plastic can be
prevented from delaminating from the surface of the die pad
15 portion opposite to that surface thereof which carries a
semiconductor chip thereon. '
" More specifically, a film of a copper alloy
composed of copper and one or more metals selected from a
_ group including silver, gold, platinum, and palladium is
20 formed on the surface of the die pad portion of the
leadframe opposite to that surface which carries the
semiconductor chip thereon. Thereupon, an oxide film is
formed on the surface in a process, such as wire bonding,
which is conducted in an assembling stage for the
25 manufacfure of a semiconductor de&ice and involves heat
treatment. The oxide film formed in this manner cannot
easily delaminate from the material of the leadframe and
adheres well to the molding plastic.
The copper alloy film contains 0.001 to 5.0% by
30 weight of the one or more metals selected from the group
including silver, gold, . platinum, and' palladium, as
compared with copper. As the selected metal content is not
lower than 0.001% by weight, the oxide film formed on the
surface of the die pad'portion or the like by the heat
35 treatment cannot easily delaminate from the material (base
material) of the leadframe. As the content is not higher
than 5.0% by weight, moreover, the adhesive force between
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the silver deposit varies according to the heating conditions for the
assenbl i ng stage. According to this nethod, therefore, it is

30 difficult steadily to prevent del am nation of the plastic in the
pl asti c-encapsul ated sem conductor device which is provi ded with the

copper alloy |eadfrane. Also, this srethod is hardly applicable to

mass producti on. ' Thus, in the plastic-encapsul ated

sem conduct or 3¥me R FIUH Rhd %é%ﬂﬂ@i’lr@ ﬂké&%dfda’%ﬂﬁae échlﬁzaeéahﬁa
pLastic s expeghed fo e provented from delam nating liol vardd™® 1est

' delamination be caused at the 1nterface between the oxide
film and the molding plastic.

5 The - plastic-encapsulated semiconductor device
according to the preseht embodiment uses the leadframe
described above and is encapsulated with the plastic, so
that delaminetion and cracking on the reverse side of the
die pad portion are extremely rare; Thus, the device is

10 suited for mass production. - _
A manufacturing method for manufacturing the
' leadframe for plastic-encapsulated semiconductor device
according to the present.embodiment comprises a process for
‘shaping the die pad portion of the leadframe by etching or
15 the like, and a process for forming the film of the copper
alloy composed of copper and the one or more metals
selected from the group 1ncluding 51lver gold, platinum,
and palladium by means of plating the surface of the die
pad portion opposite to that surface ‘which carries the
20 semiconductor chip thereon in a copper plating bath
containing one or more soluble salts of the metal or metals
selected from the group including Silver, gold, platinum,
and palladium. This method is a practical approach to mass
production, in which the plating process and the film
25 forming process constitute an integral production line.
The copper plating bath contains 0.001 to 5.0% by
weight of the one or more metals.selected from the group
including silver, gold, pletinum, and palladium, as
compared with copper. Thus, a leadframe can be
30 manufactured - such that the oxide film, formed on the
surface in the wire bonding process or the like which is
conducted in the assembling stage for the manufacture of
the semiconductor device and involves heat treatment,
= cannot easily delaminate from the material (copper alloy)
35 of the leadframe, and that no delamination can be caused
‘at the interface between the oxide film and the molding

plastic.
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Summary of the Invention The object of the present invention

I$ to provide a |l eadfrane for plastic-encapsul ated sem conduct or

devi ce, a sem conductor device using the same, and a nanufacturing 5
met hod for the |eadfranme, in which an oxide filmfornmed on t he surface
of the leadframe in any of processes of a sem conduct or assenbling
stage which invol ve heat treatnent cannot easily delam nate from a

| eadf rane nateqh§l % per alloy), and the adhesion between the oxide
filmand a 10 F ind plastic is satlsfactory In a | eadframe having a

die pad portion, in paPf cul &Xamplgel anafati othe caute@dframen t hfor
surface of the (ih%tﬁédeﬁga&is%ﬂa%ﬁo§b¥n§cbﬁdh@ﬁ:br dev1étér ééESrEiE'ﬁ?eﬁé 1‘#1%0“

carries a sem conductor Chip thereo Accord
present i nvenPFgFent: favention Wlllpﬂ@ﬂ(mﬁjdeﬁfrqugﬂﬁ#gﬂm¥efQﬁenc%.to

copper al | oy thef @ecompaniagt M@@@sul ated sem conduct or device, which "
conpri ses afilm copper psed Pf one, or

nore netal s sel ected f 'aiﬁrb p2 |ﬁ%?tﬁ¥ﬂafs 19%,° %ﬁ)paéhgﬁﬁ?&ﬁﬁ

and pal | adi um ahdchocondtatutke shefprénoipal partl@ﬁd&henmaaﬁmfamaJ .and
FIG. 1B is a plan view of the whole leadframe.
In FIGS. 1A and '1B, numeral 1 denotes the
10 ‘leadframe; 10, die pad portion; 11, internal leads; 12,
‘external leads; 13, dam bar; 14, frame portion; 20,
leadframe material (copper alloy); and 21, copper-silver
alloy film.
' In the leadframe for plastic-encapsulated
15 semiconductor device according +to this example, the
copper~silver alloy film 21, which is composed of copper
and 0.1% by weight of silver as compared with copper, was
formed to a thickness of 0.1 Um, directly on that surface
of the leadframe material (cbpper alloy) 20 on the reverse
20 side of the die pad portion 10 which is not expected to
carry a semiconductor chip.

EETEC 64T-1/2H from The Furukawa Co., Ltd. was used
for the leadframe material 20. The leadframe material
contains 0.35% of Cr, 0.25% of Sn, and 0.1% of Zn, all by

25 weight, and impuritiés and copper for the remainder.

The copper-silver alloy film 21 was provided in
order to improve the adhesion of an oxide film formed in
the aforesaid manner and Kkeep the adhesion between the
oxide film and the mdlding plastic on the same level as in

30 . the case of the leadframe material. While the film

' cdmposition was determined by the following test, the film

need not always contain 0.1% by weight of silver as
compared with copper. _ |

In this example, the copper-silver alioy £film 21

35 was 0.1 “4m thick. It is necessary, however, only that the
film 21 be 5,000 angstroms or more in thickness in order:

~to improve the adhesion with the molding plastic and
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The copper alloy filmcontains 0.001 to 5.0% by wei ght of the one or

nore netals selected.fromthe group I ncl udi ng silver, gold, platinum
and pal l adium as 25 conpared with copper. : The | eadf rane
further conprises a die pad portion. . According to the

i nvention, noreover, there is prOV|deg a plastic-encapsul at ed

sem conduct or devi ce, which conprlses t he | eadf rane for

pl asti c-encapsul 3 Lconduct eV|ced%escr|be above

encapsul at ed mn?ﬁag %ge pgnee o 1eadgzatiey %rl%%l nventlon

furthernmore, there is The C«pmposdedoa tnﬁrrtiﬁadmmpmg-mm éiblom fikmif2hne.
of a copper was! %é%%é&raa?%éfté&arﬁ?xﬁfﬁé%ﬁé%1-39‘%%\9&%&“&&%@&}%&& tPMQ' Ch

35 i ncl udes . he co ose
more netals sel@@dééamﬁoﬁﬁ§e§F§ 2pn@h§dth§ @ﬂLﬁéPS Plasqiﬂ(PSQQeﬁﬂrﬁhﬁ

and pal | agi um éQQmBQé”EQnOQhEh%oi%Mﬁ@ fbnner. _

Films (0.1 4m thick) w1th_various silver contents
were formed on the surface of a plate material.of the same
composition as the leadframe matérial 20, and each of them
was subjecfed to one hour of heat treatment at 150C and 3

10 minutes of heat treatment at 280C and encapsulated with
the plastic in the following conditions. Thereafter, each
film was subjected to 8 hours of post cure at 175C, and
the adhesive forcé after the heat treatment was measured
by a shear test based on an autograph provided by Shimazu

15 Corporatlon. |

The moldlng plastic molding condltlons are glven as
follows:

(1) Cold restoration of plastic: 20%1°C, 13% RH

(relative humidity); 24 hours.

20 ~ (2) Molding temperature:  23%1°C.

(3) Molding humidity: 32.5%2.5% RH.

(4) Transfer pressure: 2 tons.

(5) Transfer temperature: 175°C.

(6) Molding time: 80 seconds.

25 (7) Measuring conditions:

Room temperature for measurement: 20%X1°C.
Humidity: 30%2.5% RH. .

FIG. 2 shows the results of measurement of the
adhesive fdrce.' ' '

30 , - In the range (straight line portion A) where the

| silver conteht compared with copper was about 0.001 or less

by weight, as seen from FIG. 2, the lower the silver
content, the smaller the adhesiVe force was.

, In the range (stralght line portion B) where the

35 51lver content compared with copper was 0.001 to 5% by
welght, the ‘adhesive force was ‘substantially on the same
leve; as in the case of thé unheated leadframe material



5 a leadframe material, conprises the step.of formng a film

gf.the copper alloy by plating the surface of the | eadfrane mat eri al

in a copper plating bath containing one or nore nmetal | i ¢ conpounds

based on the netal or netals selected -5 fromthe group including silver,

gold, platinum and pal | adi um The copper plating bath

?onta{Rs 0.001 to 5.0@6byd wei ght of % one or nore netals sel ected
romthe group i nc] ydi pg silver, gold, platinum and palladiu as 10

conpared with (RRRRST aifoyp. Thus, according to the Bresent "

i nvention, there nay In the pangedéstzalighdf ldme iponkiem Gl whenet ithe

bet ween thel squd eiadég) g lgarc%;nh)gl te%nqddgg}g ggﬁ% Pgwglsasg% Co,_calﬂopg the

prevent ed ane “hav ortion, 15 particul ar,
del ami nati on cidhémive|fiTes pda@srﬁéuﬁﬁén¢$ h*éhe silvgn CoORFeR thGﬁeéﬁ&d-

Cracklng guring a sol dgy SARLPWSTpreven RESScafrifepbadethedmolding
plastic from delaminating from each other, therefore, the
silver content of the copper-s1lver alloy film compared
with copper should only range from about 0.001 to 5% by
weight, as shown in FIG. 2.

10 In the case (straight line portion A) where the
silver content compared with copper was about 0.001 3%or
less by weight, as shown FiG. 2, delamination was caused
between the leadframe material (copper alloy) and the oxide
film. In the case (straight line portion C) where the

15 silver content compared with copper was 5% or more,
delamination was caused at the interface between the oxide
film and the plastic.

The copper-silver alloy film 21 may be replaced
with a material which contains.copper and precious metals,

20 such as gold, platinum, palladium, etc._

' The preferred precious metal content is estimated
to be basically the same as in the case where the material
contains silver. -

. Although EFTEC 64T-1/2H from The Furukawa Co., Ltd.

25 was used for the leadframe material 20 in the example
described above, a copper alloy may alternatively be used
as a conventional leadframe material with the same result.

In the aforesaid test, the'copper—silver alloy film
was formed in a plating bath of the following composition

30  with the cathode current density of 50 A/dm? at 407C.
Plating bath composition:
Cuprous cyanide: 30 g/t.
Potassium cyanide: 50 g/l.
_ Potassium hydroxide: 5 g/l.
35 Rochelle salt: 20 g/1l. _
Silver potassium cyanide: 0.4 mg/l to 2 g/l.
The silver content of the copper-silver alloy film
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Wth use of this. | eadf r ane, t he pl asti c-encapsul at ed

sem conduct or device according to the 20 invention can be designed so
that . the incidence of del ami nation of the nolding plastic fromthe
| eadf r ame material or cracking during the solder reflow ng process
can be restricted to an extrenely low l'evgly.  Thus, sem conduct or

~devices of reliable quality can be 25 mass- produced.

According to thgs| eadbicaer sBoutachy’ 4y BRENGSL Gor potsibiunlvephnade

nor eover, the entir process . manuf acturi ng the | eadf ranme can
be adapted fcwC?ﬁ%&ﬁFﬁéﬁlona mass productlon_and integrated with the
pl ating process for 3( sem:rcﬁarhnn.ﬁidig device was manufacturld ey Déssttiption

of the Draw ngs B ramg A igg to
an enbod?‘?%ln‘?”?ﬁ ?%eu%’r’& ﬁﬁag‘n]é Oﬁ% i eh(%l@?’ € mé %%%%'q' 1
sectionalsviewiand £ G 18 mom’pduan imspection usmg EnG u11tra§oa1c

di agram show “,grﬁ;gg £RORU ISR (scaRRbYERYpENurOrROShIEON Mg flaw

copper-sil ver
detector MI-SCOPE 10, from Hltachl Construction Machinery

Co., Ltd.) revealed hardly any delamlnatlon on the side

. (reverse side) without the semiconductor chip of the die

10 pad portion thereon. No cracking was observed during the
solder reflowing process either.

While the presently preferred embodiment of the
present invention has been shown and described, it is to
be understood that this disclosure is for the purpose of

15 illustration and that various changes and modifications may
be made without departing from the scope of the invention

as set forth in the appended claims.
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6 adhesi ve f S%eetHa FIGS. 3A and 3B il | ustrat-e an

adhesion failure an d%drn which FIG 3Ais. a sectronal V|
of the senrcon HHHH' and FIG. 3Bis a plan vie lu l I"““
FI G 4 |ew a pl astic

senicenductor devrce Detarle scription of the Preferred
Enbodi nent A Ieadfrane for. plastrc encapsul at ed semi conduct or.
10  device according to an enboﬁkgg t.of é E e gnt i nvention S
designed so that it can be preve 20, 381 ] 2fnB6 8 ng :

1. A leadframe of a - copper | alloy for

plastic-encapsulated semiconductor device, comprising a
film of the copper alloy formed on ‘the surface of a
leadframe (1) material,

characterized in that said film of the copper alloy
is composed of copper and one or more metals selected from

a group including silver, gold, platinum, and palladium.

2. The leadframe for plastic—encapsulated
semiconductor device according to claim 1, characterized
in that said copper alloy film contains 0.001 to 5.0% by
weight of the one or more metals selected from the group'
including silver, gold, platinum, and palladium, as

compared with copper.

3. The leadframe for plastic-encapsulated
semiconductor device according to claim 1, characterized

by further comprising a die pad portion (10).

- 4. A plastic-encapsulated semiconductor device,
characterized by comprising the leadframe for
plastic-encapsulated semiconductor device according to

claim 1 and encapsulated with a plastic.

5. A manufacturing method for a leadframe of a
coppez‘alloy'for‘plastic-encapsulated semiconductor device,
which includes a film of the_bopper alloy composed of
copper and one or more metals selected from a group
including silver, gold, platinum, and palladium and formed
on the surfacé of a leadffame (i) material, characterized
by comprising the step of:

forming a f£ilm of the copper alloy by plating the
surface of the leadframe (1) material in a copper plating
bath containing'One or more metallic.compounds based on the

metal or metals selected from the group including silver,
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froma nol di ng ggg@&umsladem?u lacdadf rame having a di e pad -—portion, in_ .
particul ar, thee\r‘“\\m c. can be prevent ed frorf‘rdel am natin

from the surfac d 15 portion.opposite to th Tulu

t her eof whi ch ca sem.conduct or chip thereon. HIIIH mlﬁin“ I III
specifically, a film of a copper alloy conmposed of copper and ofe &r
nore netal s sel ected from a Cogroup i nc+%|d| ng silver, gold, platinum

and pal l adium is r.med on_the rf of the die pad portion of the

[ eadf rane oppogl llét 8 At Sr ngep %'ltic dalg‘lgnr ries the sem conduct or

chip thereon. Thereupon, an oxide filmis formed on the surface in a
process, such as wire Rondif}d, manurddtGPing ROLHYE! ¢dr B AABHAURL | Aer

stage for the 25 manuf act’ure o? a sem conductor devi ce and i nvgQlves heat
treatment. Thelestde-encepsulased nSeRicoRAREPTcaff¥ice acegEdipg to

del ami nat e 0@ by Mt eshakadlot hichead naE: Hha coppdberamumid bathhe

mol di ng pl astic. copper a contains 0.001 1(_? § 0%
by 30  weight conteRBsoRe 0GL ﬁﬁré Rt stgéggﬁt‘éé &?%r’r?’?‘ﬁe Hrigpes metals
i ncl udi ng sil vg@,legﬁ;lea, fRloat itheMgraug daldladiing sidver, gwibarsbawinwm,

\(l:\gpgﬁg fﬁet giia% | ec rret aI cont egntared NAlh copaeof/\{er than 0.001% by
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surface of the die pad portion or the like by the heat 35 treatnent

cannot easily delamnate fromthe material (base nateﬁ] of the
|'eadf rane. As the content is not higher than ‘5. 0% by ‘“B%"Rwh
nor eover, the adhesive force between - u”m”ﬂ

7 the oxide filmand the nol ding plastic can be adJu

values not lower than a predeteL?1%9d- val ue | est del am nation
be. caused at the interface between t ﬁﬁe . filmand the nol ding
plastic. 5 The plastic-encapsul ated sem conductor device
according to the present enbodi nent uses the |eadfrane descri bed

above and is encapsulated with the plastic, so
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t hat del am nati on and cracking on the reverse side of the - - dLe pad o
portion are extrenely rare. Thus, the device is 10 'suited E .
pr oducti on. A manufacturing method for nanufactu cit fkﬂi&whmm-
| eadf rane for plastic-encapsul ated sem conductor device IHH
t he present enbodi ment conprises a process for shapi ng t
portion of the | eadfrane by etching géadéz the like, and a process for
forming the filmof the copper ﬂ%nposed of copper and the one or
nmore netal s selected fromthe group.including silver, gold, platinum
and pal | adium by neans of plating the surface of the die - pad portion
opposite to that surface which carries the 20 sem conductor chip
thereon in a copper plating bath cont ai ni ng one or nore sol uble
salts of the nmetal or netals selected fromthe group including silver,
gold, platinum and palladium This nethod is a practical approach to
mass production, in which the plating process and the film 25
form ng process constitute an integral production |ine. The
copper plating bath contains 0.001 to 5.0% by ~wei ght of the one or
nore netals selected fromthe group including silver, gold,
platinum and palladium as conpared wth copper. Thus, a
| eadf rane can be
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— 30 manufactured such that the oxide film formed on the =~ surface in

the wire bonding process or the like which is c ornrohicshed HagBee Fb“#f
assenbl i ng stage for the nmanufacture of the sem co and
i nvol ves heat treatnent, cannot easily del am nate : al

(copper alloy) 35 of the | eadframe, and that no del am nation can be

caused at the interface betwgen e oxide filmand the nol ding "
pl asti c. [ Exanpl }’/4 : - An exanpl e of t he
| 'eadf r ane for pl asti c-encapsul at ed sem conduct or devi ce accordi ng
to the
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present invention will now be described with reference to- the

acconpanyi ng draw ngs. FIG 1A is a sectional VIeM/Of the die
pad portion whi ch constitutes the principal part of ﬂi Helf BeaRsplaced
--and FIG 1B is a plan view of the whole | eadfrane.
-FIGS. 1A and 1B, numeral 1 denotes the 10 |eadfrane; 10, D ”””mm
11; internal Ieads; 12, externﬁkkbegg 13, dam bar; fra
portion; 20, | eadf rane materi al” ¢copper alloy); and 21, copper-3|lver-
alloy film : In the | eadfrane  for pl asti c- encapsul at ed
15 sem conductor device according to this exanple, the
copper-silver alloy film21, which is conposed of copper and 0. 1% by
.wei ght of silver as compared with copper, was formed to a thickness
of 0.1 [err]m directly on that surface of the l|eadfranme materi al
(copper alloy) 20 on the reverse 20 side of the die pad portion 10 which
is not expected to '~ carry a sem conductor chip. EFTEC
64T- 1/ 2H from The Furukawa Co., Ltd. was used for the | eadfrane
mat eri al 20. The | eadframe materi al ' contains 0.35%of Cr, 0.25% of

Sn, and 0.1%of Zn, all by 25 weight, and inpurities and copper for the
r emai nder . ' '
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The copper-silver alloy film21 was provided in order to improve the
adhesi on of an LgxantlF}dﬁ boAdTRE- E uL & -and. keep . the
.adhesi on bet weggamMt¢yNDUCTOR 9[’5\]% ?WENE % INF 1% ’0 the same

| evel as in 30 METHODE FORSBIEOLE ﬁA Eead rame ﬁ m as Been Replace
conposition was determned by the followng test, the film

al ways contain 0.1% by wei ght of silver as - conpar ed vmth co ””,”,"
tn this exanple, the copper-sihygk abko¥sl ih@ Bk sdosu@s 0.1 [err] mthick.

It is necessary, however, only—that—tihe—frfm2t—1He—S5, 000 an stroms or
more in thickness in ofgevided igoaj kppéfaamee (ddh&fi én RRDER R IRY dfow

pl astic and plastic-encapsulated semiconductor devi8e, in which a

_ leadframe (1) material (copper alloy) can be prevented from
delaminating from a molding plasfic. The leadframe (1)
comprises a film of the copper alloy, which is composed of
copper and one or more metals selected from a group
including silver, gold, platinum, and palladium, and is
formed on the surface of the leadframe (1) material.



I nhibit the jnflyence of the | eadfrane material 20. dhe
conposi tion of the copper-silver alloy film?21 Wéggét'fl eicroafter

exam ni ng the adhesive force between the _ leadframe material 20 and
the molding plastic used in the 5 ®ganple, 'in the follow ng manner.

Films (0.1 [err] mthick) with various silver contents were formed on
the surface of a plate nmaterial of the sane - conposition as the

| eadf ranme material 20, and each of them was subjected to one hour of

heat treat ment L EADF RAMECF O PLASTIG -£ NEHPRUL AFEDOS CTBRUFAEe At 280l err]C
and encapsul at SEMIgONDUCTOR DEvtdeeuﬁvv?@frHE SAW:E Eﬂm P Eﬂ INgMdi tions.
Thereafter, eaeTHOD FOR THE UEXBFRAREID] ected to hour s o post cure at

175[err]C, and t he adhesive force after the heat treatnment was

measur ed by a shear test based on an autograph provided by Shinmazu 15
Cor porati on. - Thgﬁ’g}&lcgag ¥ agld pisdbsigreondi tions are given
as fol | ows: ) wuuremurduun UI é)lastlc 201 err]C
13% RH Eravidede e digapfrane ot £ pper alloy pyor

Mol di ng t enperAlEagic-ehtdiuldsed semlconductdrB) dWldﬂel)g humi @high a
32.52. 5% R leadframe (1) material (copper alloy) can be prevented from
delaminating from a molding plastic. The leadframe (1)
comprises a film of the copper alloy, which is composed of
copper and one or more metals selected from a group
including silver, gold, platinum, anci palladium, and is

formed on the surface of the leadframe (1) material.

Fig. 1A, 1B
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/ :
(4) Tyénsfer.pressure: 2 tons. - ' (5) Transfer tenperature: 175
c (6) Molding tinme: 80 seconds. 25 (7) Measuring
congi tions: Room tenperature for nmeasurenent: 201[er]C.
Huni dity: 302.5% RH. FIG 2 shows the results of measurenent
of . t he adhesi ve force. 30 In the range (straight line
portion A) where the silver cog%gnf onpared W th copper was about
0.001 or less by wei ght, as se fromFI G 2, the lower the silver
content, the smaller the adhesive force was. In the range
- (straight line portion B) where the 35 silver content conpared with
copper was 0.001 to 5% by wei ght, the adhesive.force was substantially
on the sane | evel as in the case of the unheated | eadfrane materi al
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10 / (copper. all oy). ‘ In the range (straight line portion
C) where the silver content conpared with copper was 5% or nore, the
adhesi ve force was reduced as the silver content increased. 5 In
ordér to prevent the |eadfrane and the nol ding pl astic from

del am nating fromeach other, therefore, the silver content of the
copper-si-lver alloy film conpared h copper should only range from
about 0.001 to 5% by wei ght, as Shown in FIG 2. 10 In the
.case (straight line portion A) where the silver content conpared with
copper was about 0.001 % or | ess by weight, as shown FIG 2,

del am nati on was caused between the | eadfrane nmaterial (copper alloy)
and the oxide film In the case (straight line portion C) where the
15 silver content conpared with copper was 5% or nore,

del am nati on was caused at the interface between the oxide

the plastic.
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_The wcopper-5| lver al| 85" ff 21 may be repl aced  REPLAGHMENT BHEHTSal &6i ch
tontains copper and precious netats, 20 such @i’)@@hﬂmnM@gemumto paged .....
pal | adi um etc. This Sheet Has B;gpﬁi f erred preggaugiser al: pagad Shitoipmged {2

esti mat ed to be sanme as inj tﬂj& Ql)h%[a od he {Hqiagéd{;ﬂ
contains silver. m mE'I f ?
Co., Ltd. 25 was u

ugh LFTEC | rorpa be. Fup Weavd.....

df f ame mat pri a[ exanpl e
descri bed above, a copper alloy may alternatiyely S ag [@afa
convent | €EAIMSeadfrane material with the same! rpéﬂﬁr '1!: EQCEM ----------- I"f‘("" he

af oresai g test, the qQRRhatel Efraaééﬂiyef eJhlrﬂoa/efor §%é9.{£mgnb9 p8uPhabling

bat h of ‘H'refollovmng conposition e current  density of
50 A/ dn| &efcondngtar |¢evice, C°mPr131InI9at"’P ng 1Bt (PTokPBsitarRer alloy

Cuprous  @&yaitiede by3 lﬂdlng on the surface Bﬁtaﬁibﬁﬂfﬁﬁﬁﬂldﬁ) paterial,
Pot assi um hydrOX| de

35
Si | ver potassium cyai% d’g: tegizadyip thab ﬁ??‘d@cﬂn of t1d co?RgrsgfLégy is
cont ent afonposech pfe coppereand oag brl more metals selected from a group

including gold, platinum, and palladium.

2. A leadframe of a copper alloy for plastic-encapsulated
semiconductor device, comprising a film of the copper alloy
formed by plating on the surface of a leadframe (1) material,
characterized in that said film of the copper alloy is
composed of copper and one or more metals selected from a group
including silver, gold, platinum, and palladium, and that said
copper alloy film contains 0.001 to 5.0% by weight of the one or
more metals selected from the group including silver, gold,

platinum, and palladium, as compared with copper.

3. The leadframe for plastic-encapsulated semiconductor
device according to claim 1, characterized in that said copper
alloy film contains 0.001 to 5.0% by weight of the one or more
metals selected from the group including gold, platinum, and

palladium, as compared with copper.

4. The leadframe for plastic-encapsulated semiconductor

device according to claim 1 or 2, characterized by further
comprising a die pad portion (10).

5. A plastic-encapsulated semiconductor device,

characterized by comprising the leadframe for plastic-
encapsulated semiconductor device according to claim 1 or claim

(s

2 and encapsulated with a plastic.



mas”bhanged according to the silver potaSS|un1cyanr@esmmuus@@ aephdeat | on.

A seni conduct or devi ce was manufactured by plastic u3|ng
the | eadf rame of the exanple, as shown in 5 FI G

i nspection wusing an wultrasonic |nspect|on nac |ne

ultrasonic inage flaw det ector, MBCOPE 10, fron1H|tach| Cbnstruction
Machi nery Co., Ltd.) revealed hardly any delanlnatlon on the side

{her son. S0 br ack °3ﬁé€%§§@%%§%ﬁﬁ& B 2 1989FHEne, of i ROSBPBcess
either. alloy for pl4dtda-engapesdattied psefdcoaduetbudi demicef twbich
-presentifﬁ@%ﬁ&é§1Jm§ifﬁe8fSQBﬁBefng1§8§CEkgﬁgséé stédbper and one or
more metals selected from a group including gold, platinum, and
palladium and formed on the surface of a leadframe (1) material,
characterized by comprising the step of:

forming a film of the copper alloy by plating the
surface of the leadframe (1) material in a copper plating bath
containing one or more metallic compounds based on the metal or
metals selected from the group including gold platinum, and
palladium.

7. The manufacturing method for a leadframe for plastic-
encapsulated semiconductor device according to claim 6,
characterized in that said copper plating bath contains 0.001 to
5.0% by weight of the one more metals selected from the group

including gold, platinum, and palladium, as compared with copper.

I T



~"beunderstood.that this disclosure is for the purpose oftot8fS-4 | F&strati on

wand that_Vvarious changes and nodif ti‘ons may be made wi t hout
departing fRERDAGRD SHHRBIS! t heGi nvdnt i on .as.set forth in the appended
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1. A leadframe of a copper alloy for plastic-encapsulated
semiconductor device, compriéing a film of the copper alloy
formed by plating on the surface of a leadframe (1) material,

characterized in that said £ilm of the copper alloy is
composed of copper and one or more metals selected from a group
including gold, platinum, and palladium.

2. The leadframe for plastic-encapsulated semiconductor

device atcording to claim 1, characterized in that said copper

alloy film contains 0.001 to S5.0% by weight of the one or more
metals selected from the group including gold, platinum, and
palladium, as compared with copper.

3. - The leadframe for plastic-encapsulated semiconductor
device according to claim 1, characterized by further comprising

a die pad portion (10).

4. ' A plastic-encapsulated semiconductor device,
characterized by comprising the 1leadframe for plastic-
encapsulated semiconductor ‘device according to c¢laim 1 and
encapsulated with a plastic.

5. A manufacturing method for a leadframe of a copper
alloy for plastic-encapsulated semiconductor device, which
includes a film of copper alloy composed of copper and one or
more metals selected from a group including gold, platinum, and
palladium and formed on the surface of a leadframe (1) material,
characterized by comprising the step of:

forming a film of the copper alloy by plating the surface of the
leadframe (1) material in a copper plating bath containing one
or more metallic compounds based on the metal or metals selected
from the group including gold, platinum, and palladium.

i T



'- cHaracterized.in that said filmof the copper alloy is conposed of copper. _ _

“and one or m)re nelthalsﬁeesmseseérmmﬁqemm atgroup including gold, piatinum and

pal | adi um Im §| i o o chereaney w0
Wel g

devi ce accor d| ng to .
contains 0.001 to 5’ t of the one or nore netals sel®ectted™ rdédm*

t he group including gold, platinum andypall adium as conpared wth copper.

3. The | eadfrane for pl asti c-encapsul ated sem conduct or devi ce
according to claim1, characterized by further conprising a die pad portion
(10). 5. AThq)Inmidﬁacsm:aqmglltmtﬁtbd g diechdfirame fibevipd@stic-

characterg GUPri g fr r ncapsul
sem condué@%%ﬁvﬁ ce ac%%&r? |éllg&‘fl%€§?al %g%lcgd %ncac%)lls&ull ac‘{eedéc\?\n t ﬁigaﬁ'g'l assf'i C.
characterized in that said copper plating bath contains 0.001 to

5.0% by weight of the one more metals selected from the group
including gold, platinum, and palladium, as compared with copper.
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5. - A manuf acturing net hod for a |l eadframe of a copper alloy for

.pl ast i=c- encapsul at ed seni conduct or ., Sdevi‘ce, which-includes a film of caopper.
~alloy conposed of copper and one or nore netal § seREELAGEMENT SHEEBSp SG

i ncludi ng gold, platinum and palladi um and forjnBdDestitien sprdedce. of paged .....
| eadf rane (1) material, characterized by conprlsFﬁ@.ihé;stepﬁyﬁ"&fmrpgng 2.
filmof the copper aIon by plating the surfacq 6fDihesiendbigde.. () paged.....
material in a copper plating bath contai A#ng oreLpAggnﬁe metal:Hi. C.. gopnednds
based on the metal or netals selected fromthejgroup incl"udi ng gol d,

platinum and. pall adi um | DATE OF RECEIPT..2%........

1. A leadframe of a copper alloy for plastic-encapsulated
semiconductor device, comprising a film of the copper alloy
formed by plating on the surface of a leadframe (1) material,

characterized in that said £ilm of the copper alloy is
composed of copper and one or more metals selected from a group
including gold, platinum, and palladium.

2. The leadframe for plastic-encapsulated semiconductor
device atcording to claim 1, characterized in that said copper
alloy film contains 0.001 to 5.0% by weight of the one or more
metals selected from the group including gold, platinum, and
palladium, as compared with copper.

3. The leadframe for plastic-encapsulated semiconductor
device according to claim 1, characterized by further comprising

a die pad portion (10).

4. ' A plastic-encapsulated semiconductor device,
characterized by comprising the leadframe for plastic-
encapsulated semiconductor ‘device according to claim 1 and
encapsulated with a plastic. '

5. A manufacturing method for a leadframe of a copper
alloy for plastic-encapsulated semiconductor device, which
includes a film of copper alloy composed of copper and one or
more metals selected from a group including gold, platinum, and
palladium and formed on the surface of a leadframe (1) material,
characterized by comprising the step of:

forming a f£ilm of the copper alloy by plating the surface of the
leadframe (1) material in a copper plating bath containing one
Qor more metallic compounds based on the metal or metals selected
from the group including gold, platinum, and palladium.

Hll\ll\ \\\I\\ |||\\ \\I\I \\ \II\



6. » The manufacturing nmethod for a |leadfranme for plastic- encapsul ated
-sem conduct or device according to ¢laim5, characterized—n-that-sar-d—--

copper plating bath contains 0.001 to 5.0% by weight o s e tals
sel ected fromthe group including gold, platinum and m ﬂmﬂn%,”ﬁi
* - C L M s *

conpared with copper.
: 13

6. The manufacturing method for a leadframe for plastic-
encapsulated semiconductor device according to claim S5,
characterized in that said copper plating bath contains 0.001 to
5.0% by weight of the one more metals selected from the group
including gold, platinum, and palladium, as compared with copper.



