1 : MULTI - LAYER PLATED LEAD FRAME Baégf?%ﬁnd
Of the Invention - The present invention relates to a Ieéﬂ%ﬁk}dﬁ?@gtﬁi
and nore particularly, to a nulti-layer plated lead frane in 5
whi ch the structure of a plating |ayer is inproved, such that a
pre-plated frane (PPF) process is applied to a substrate made of an
ferroall oy (Fe). A seniconductdr Iead frame is an inportant

el enent of a sem conductor package, her with the 10

sem conductor chip. - The Ie&%nﬂﬁéﬁéﬂgﬁhﬁééﬁ BREAD FRAME of the

sem conduct or package to the outside thergbf, and supports the

sem conduct or chip. In general, such a sem conductor lead frane is
manuf act ured by stanping or etching nmethod. 15 According to

t he st anping gggngnﬁm mf1ﬂﬂéﬂfhventloﬂ““er'al is formed into a
pr edet er mi ned “snape uslI ess nol di ng apparatus. Such stanpi ng

method is mainly rpe %é&d erfeﬂ%‘i%?; HAMENGd %@qefar@fﬁ% e, and

Meanwhi |l e, the etching nmethod is a chemcal etching 20 in
pr edet er m ned rd igdirt3fcdlRe-IRBL &1d & whdti-la e&r@i%é@u%@ﬂm Gal , and
I's used to manufacture smal|l quantities of 'ead franes. A
sem condudt or vikdath foulsmstmmtiee wied iptamiegfllayer is Henpadasresd] ,matdwdds has
various structures according to

that a pre-plated frame (PPF) process is applied to a

substrate made of an ferroalloy (Fe). .
A semiconductor lead frame is an important element
of a semiconductor package, together with the

10 semiconductor chip. The lead frame connects the inside
of the semiconductor package to the outside thereof, and
supports the semiconductor chip. In general, such a
semiconductor lead frame is manufactured by stamping or
etching method.

15 According to the stamping method, a thin plate
material is formed into a predetermined shape using a
press molding apparatus. Such stamping method is mainly
applie@ for mass producing lead frames.

Meanwhile, the etching method is a chemical etching

20 in which a predetermined portion of the material is
eroded using a chemical, and is used to manufacture
small quantities of lead frames.

A semiconductor lead frame manufactured by one of
the above methods has various“structures'according to

25 the mounting type of lead frame on the substrate. FIG.

1 shows a general structure of the semiconductor lead



25 the nounting type of |ead frame on the substrate. FIG 1 shows
a general structure of the sem conductor | ead

2 frame. In FIG 1, the lead frame includes a die pad 11
for mounting and fixing a menory chip thereon, an inner |ead 12
connected to the chip by wire bonding, and an outer 5 lead 13 for
connection wth an external circuit. 2 The sem conductor | ead
frame having the above - structure fornms a sem conductor package

t hr ough assenbfyame. with other parts of the sem conductor, e.g., a
menory chip. 10 In order to inprove wire bondi ng_between the
seni conduct or chi p BAdFIfe 1nnkhe| tegd 1Bryre thrcludes a diefpagelliferdie
pad 11 and the_ innger Ieaddlgiare a netal. Al so 'qagrder

pl at ed ., W t.h
to inprove sol BRI I™ X109 "3 JAFRPTH| SRR E ST £ oF PretP BT o
det I ned ' f t | ead 13, \ Ho d
Phe cor dor ol atfreoRBeqre; i tRE SHLS by BBErd onding ana AR 011

region of ghe 488115 for LEARed?iof duliRlaR R AL BIERGlsL OOV NG the

unwant ed plating solution I's necessary. To sol ve the _
problem a pre-pl ategef saiBéSiflctor 1edBt fPdnd ASaPEED SHEOORSSRE. According
to the pre-plated frame nmethod, a material having excellent sol der

wettability isstpatedrenfermsbst sanbopidectdd péckage through assembly
with other parts of the semiconductor, e.g., a memory
chip. )

io In order to improve wire bonding between the
semiconductor chip and the inner lead 12 of the lead
frame, the die pad 11 and the inner lead 12 are plated
with a metal. Also, in order to improve solderability,
a solder plating is performed on a predetermined portion

i5 of the outer lead 13.

However, during the solder plating, a plating
solution frequently encroaches on a region of the inner
lead 12, so that an extra step of removing the unwanted
plating solution is necessary.

20 . To solwve the problem, a pre-plated frame (PPF)
method has been suggested. According to the pre-plated
frame method, a material having excellent solder
wettability is coated on a substrate prior to the
semiconductor packaging process, to form a plating ——

25 layer. Structures of the plating layer obtained by the

above method are shown in FIGs. 2, 3 and 4.

Referring to FIG. 2, a nickel (Ni) plating layer



sem conduct or packagi ng process, to forma plating 25 | ayer. Structures
of the plating | ayer obtained by the above nethod are shown in FlGs.
2, 3 and 4. Referring to FIG 2, a nickel (N) plating |ayer

3 22, and a palladium (Pd) or Pd/Ni alloy plating |ayer 23, are
sequentially formed on a copper (Cu) substrate 21, formng a

mul ti-layer plating |ayer. The3d ead frame of FIG 3 includes a
Ni plating 5 | ayer 32, a Pd/N alloy plating layer 33, a Ni plating

| ayer 34, and 22 Pipd & ipalladdam 3Rdwner S Nheallar impting laygers 32,
33, 34 and 35 are sequentially forned on_a Cu substrate 31.

According to the IR FeRPOFaIFNG formed \¢n # AIRRET 10°¢) |SHR§t¥Btand a Pd

or gold (Au) plati | ayer 43, ar uentjally formed on a Cu
substrate 41. %ﬁ'soggﬂm%ql\? mdltl'%aaﬁedg/ pplisa}tqur}%]t *44, a Pd or Au
plating |ayer 43 aﬂg % Rl pl At l.ay. for he Pd or
Au pl ating | ayer lf’fd "ge A@ ﬂl%‘we%eﬁcﬁ%ea% :aacfﬂ’l‘ amel-'g:ﬂl FIGs. 2

through 4 gre jayer MUTAGSYUNSO LOGY Qi iRy A R PIAL & Nf PEaPrRress by
using Cu or Cu alloy as the substrat'e material, "and It I's difficult to

apply the pre-phyaded4 ) aimd i GERSSLatSty layed @5 ,f GiHERGid thd suchd 1gres  of
FIGs. 2 through 4 to a 20 substrate nmade of alloy 42. Here, Alloy 42
consi sts of layers 32, 33, 34 and 35 are sequentially formed on a Cu
substrate 31.
According to the lead frame of FIG. 4, a Ni plating

10 layer 42 and a Pd or gold (Au)} plating layer 43, are
sequentially formed on a Cu.substrate 41. Also, a P4/Ni
alloy plating layer 44, a Pd or Au plating layer 43’ and
a Pd plating layer 45 are formed on the Pd or Au plating
layer 43.

15 However, the lead frames of FIGs. 2 through 4 are
manufactured according to a pre-plated frame process by
using Cu or Cu alloy as the substrate material, and it
is difficult to apply the pre-plated frame process used
for forming the lead frames of FIGs. 2 through 4 to a

20 substrate made of alloy 42. Here, Alloy 42 consists of
Ni, Fe and minor amount of other elements, and is widely
used as a lead frame substrate material. However, Alloy
42 is seriously corroded by the assembly process of
gsalty atmosphere. This is due to galvanic corrosion

25 caused by the great difference in electrochemical

potential between Fe of the alloy 42 and Pd of the

plating layer.



Ni, Fe and m nor anount of other elenents, and is wdely used as a
lead frane substrate material. However, Alloy 42 is seriously
corroded by the assenbly process of salty atnosphere. This is due to
gal vanic corrosion 25 caused by the great difference in electrochem cal
potential between Fe of the alloy 42 and Pd of the plating |ayer.

4 Summary of the Invention 4 To solve the above problem it
is an object of the present invention to provide a | ead franme having
an excel $am ntof cohe ofnwenpiomperty, as well as good 5 sol dering
and wire bonding properties, by inproving the structure of plating

| ayers thereof. To solve Tohgcapeve prebidroveibblecan obikeetiof pthei ded a
multi-layer plated | ead frang conprising_a substrate made of

ferroal | oy, arRFeFERt sinTRREIFRsEAREPVHIALR ntpad ofrane a3 ving amt er medi at e

plating |ayer, an second. recious netal plati | ayer, .which are
sequentially excglf%?%%nntb "??Fér%%b%?r Perty, 45 weﬂgr?ﬁ IRy, the

. ! A ! . . g
i ckel (N pratidgRing'Ee pird Binaing pedfbltal i MfloPtha W 0.
The above obj 64t @ AIVEAISOOS A TdFe i B ot .

To achieve the above object, there is provided a

multi-layer plated lead frame comprising a substrate
made of ferroalloy, and a first precious metal'pléting
10 layer, an intermediate plating layer, and a second
precious metal plating layer, which are sequentially’
formed on the substrate.
Preferably, the intermediate plating layer includes
a copper (Cu) plating layer and a nickel (Ni) plating

15 layer.

Brief Description of the Drawings

The above object and advantages of the present
invention will bécome more appagent by describing in
detail a preferred embodiment thereof with reference to

20 the attached drawings in which: .

FIG. 1 is a plan view of the structure of a general
lead frame;

FIGs. 2, 3 and 4 are sectional views showing the
structure of plating layers of a conventional lead

25 frame;

FIG. 5 is an Evans diagram; and



I nvention wll become nore apparent by describing in detail a
preferred enbodi nent thereof with.reference to 20 the attached draw ngs
i n which: FIG 1 is a plan view of the structure of a general

| ead framne; FIG. 2, 3 and 4 are sectional views show ng the
structure of plating |ayers of a conventional lead 25 frame;

FIG 5 is an Evans diagram and .5 . 5
FIG 6 is a sectional view showi ng the structure of pl ati ng | ayers of
a lead frane accor dfFg- t® i#ea ppecieienal viewahewing the stretiar¢e edf
Description of fhe, I nvention The present _jnvention is

5
charact eri zed PIREIRY lavers QfiRiiead e AT 169 the PreseRlr|y
plated with a , recious netal or an alloy thereof. After form ng such
preci ous netaIL$Y%R€&P?ayer, an intermediate plating | ayer and an
outernost plating layer are formed, 10 conpleting the plating |ayers.
Here, a palladi um (Pd) pl ati ng | ayer may be forned between the

i ntermedi ate Detafié’&ilﬁ@séf‘i’%iéﬁ'%f heh O Ut Srd@siop! ating | ayer. Here,

the plating |ayer contalning | Mpr oves adhesr on bet ween t he

intermedi & e platinphé ayessamt idgemtiod MStcharacterized in that a
substrate made of ferroalloy, is initially plated with a
precious metal or an alloy thereof. After forming such
precious metal plated layer, an intermediate piating
layer and an outermost plating layer are formed,

10 completing the plating layers. Here, a palladium (Pd)
plating layer may be formed between the intermediate
plating layer and the outermost plating layer. Here,
the plating layer containing Pd improves adhesion
between the intermediate plating layer and the outermost

15 plating layer, as well as reducing surface roughness of
the plating layers, thereby improving solderability and
wire bonding.

The principle of the present invention will be
described with reference to the Wagner’s mixed kinetic

20 electrode theory.

In the field of electrochemistry, it is general
- that the corrosion rate of a metal can be expressed by

the following equation (1).

i = iexp{AE/B) ... (1)



15 plating | ayer, as well as reducing surface roughness of the plating
layers, thereby inproving solderability and W re bondi ng.

The principle of the present invention will be described with
reference to the Wagner's m xed kinetic 20 electrode theory. In
the field of electrochemstry, it is general that the corrosion rate
of a nmetal can be expressed by the f@ | ow ng equation (1). [err]

6 where i[err] is an exchange current density, [err] is the Tafel
const ant, and whexd B, ést be eéxthengaceubsenbedennibyi dét ienthe Tafedacti on
potential and a reduction reaction potential. According to the

m xed ki neti c WG e ab M 15 the dififaragnae ketuassh as wgdfsian of an

oxi dation reaction . and ,a .redugction yeaction, and the corrosion
Ceaction . Feaftdom PETad AMhE FRIGHE D USRI R at e

o caual (o the T ekeL NP AL WG Jines vl TR VT )
ey o (PIRSEAISNE b AR L i R gy |
corrosion of @nwetalrdddtdMidi0 AV and the corrosion reaction
rate can be deteémined when the oxidation reaction rate
is equal to the reduction reaction rate.
The corrosion behavior of metal can be eaéil§

10 expected by using the Evans diagram of FIG. 5, in which
the relationship between AE and the current density i of
the equation (1) is expressed as a semi-log type.

Generally, corrosion of a metal M having a valence
v occurs by the following oxidation reaction and

15 reduction reaction.

Oxidation reaction (interface between a lead frame
and a plating layer) : M = M™ + ve”

Reduction reaction (interface between the plating
layer and atmosphere) : O, + 2H,0 + 4e” = 4(OH)"

20 The corrosion rate of the metal can be determined
at crossing points between "AE-vs-log i" oxidation
reaction curve and "AE-vs-log i" reduction reaction
curve.

In order to lower the corrosion rate of the metal,

25 an oxidation reaction rate and a reduction reaction rate
must both be reduced. However, the reduction reaction

is fixed as an oxidation reduction reaction in normal &



[err] occurs by the follow ng oxidation reactioen and 15 reducti on
reaction. Oxi dation reaction (interface between a | ead frane

and a plating layer) : M= Merr] + [err] Reduction reaction
(interface between the plating | ayer and at nosphere) : derr] +

2H err] O + 4de[err] = 4(OHJ[err] 20 The corrosion rate of the netal
can.be determ ned at crossing pointsybetween "[err]E-vs-log i"

oxi dati on reaction curve and "[err]E-vs-log i" reduction reaction
curve. saltynaondsphése | omeiis | het chs rnstofsapy et of chiegaetne, 25

an oxidation reaction rate and a reduction reaction rate must bot h be
reduced. Howeveetal heededben oreachiton ofor decréasingethascarroxicati on
reduction reaction in normal & 7
salty atnnsphé?%?eT%Gsth?tm¢%a%ecessary to change the netal reduction
reaction for decre g%rthe coJr rate of the netal

As previously describeid;THe" o e%ﬁﬁ%ﬁﬁ@(ﬂFheEF?%%&t?%ﬁﬁ%%&?ﬁy OCCU[S at
h f d. t.h t t

So°it becce. TeadEE bRl cogure AR ueiriade v%%‘?w??‘%n hel#Adni { nde

of the el ectroghem cghg Pn%&”fiﬁ%}t %eﬁi@éiégrﬂ%lﬂ#%% So chro &bme The

corrosion rate 1s decreased wt ecrea en1ca|

potential differpnres DBy Wagtottht to dét?@x%ifﬂé‘%é’@dlé hend | hisdn PL3dd N9

| ayer.
of the electrochemical potential of the first plating

layer. The corrosion rate is decreased with deéreésing
10 the electrochemical potential difference between the
lead frame and the first plating layer.

For example, as shown in FIG 5, the electrochemical
potential of the metals are increased in the order of
Mn, Fe, Cu and Pd. And, the overall metal corrosion

15 rate is remarkably decreased in the ordexr of Mn, Fe, Cu
and Pd.

In the present invention, based on the above
principle, it is intended to reduce the oxidation
reaction rate by plating a precious strike layer such as

20 palladium (Pd) on an Fe lead frame, thereby slowing down
the corrosion rate.

Hereinafter, the structure of a lead frame
according to a preferred embodiment of the present
invention will be described with reference to FIG. 6. -

25 A first precious metal plating layer 62, which is
formed of one metal selected from the group consisting

of palladium (Pd), gold (Au), platinum (Pt), rhodium



For exanple, as shown in FIG 5, the el ectrochem cal potential of the

.nmetals are increased in the order of Mnh, Fe, Cu and Pd. And, the

- overall nmetal corrosion 15 rate is renmarkably decreased in the order of
Wn, Fe, Cu and Pd. In the present invention, based on the
above principle, it is intended to reduce the oxidation

reaction rate by plating a precious strikeslayer such as 20 pal | adi um
(Pd) on an Fe |ead frame, thereby slow ng down the corrosion rate.
Herei nafter, thBhktratives 6hah., | Badheéniwm(Ru) andcabloymgthereofriserred

esent I nvention wll be described with reference

enbodi ment of%he [ €

to FIG 6. 25tormed on g;substyate otk hedalobl eTrepliger ceranith is
formed of one tal selected fromithe graoup consisting of pal | adi um
(Pd), gold (AU?; %ﬁ%f?ﬁ%?i?FE??tr%% igﬁhékﬁgss of the “substrate is

8 (Rh), $idvesnfAg)., Ruthenium(Ru) and alloys thereof is f or med
on a substrate 61 nade of ferroalloy. Here, it Is preferable that the

t hi ckness ©f the supsdrai foy Suged fo:p-@%l?rgf% the first Cﬁai@@i@ﬁé%@é‘?fd for

formng the first precious netal ting [ayer 1 ncludes a u all oy

contai ni ng S0wWPa®ing layer eBScDidé¥! a apdtmion Bl P Yo &ty Bh 1thdd O VY %Lr
| ess of Co, a Pd-Walloy containing 50m % or | ess of tungsten

less of Au, a Pd-Co alloy containing 50wt% or less of

Co, a Pd-W alloy containing 50wt% or less of tungsten
(W), a Pd-Ti alloy containing 50wt% or less of titanium

10 (Ti), a Pd-Sn alloy containing 50wt% or less of tin
(Sn), a PA-Ni alloy containing 50wt% or less of nickel
(Ni), and a Pd-Mo alloy containing 50wt% or less of
molybdenum (Mo). The above percéntages are based on the
total weight of the alloy. The first precious metal

15 layer reduces the electrochemical potential difference
between the oxidation and reduction, as described above,
thereby improving the anti-corrosion property. Also,
preferably, the first precious metal layer has a
thickness of 0.01~10um.

20 A Cu plating layer 63 is formed on the first
precious metal plating layer 62, formed of Cu or Cu
alloy including Cu as a major component and 50wt% or
more of another metal based on the total weight of the
alloy. The other metal is selected from the group

25 consisting of Sn, Ni, Mo, Mn and Co. Preferably, the Cu
.plating layer 63 has a thickness of 0.01~10um.

The Cu plating layer 63 improves the adhesion



(W, a Pd-Ti alloy containing 50 % or |less of titanium 10 (Ti), a Pd-Sn
~al oy containing 50m % or [ess of tin (Sn), a Pd-N alloy containing
50m % or | ess of nickel (Ni), and a Pd-M alloy containing 50w % or

| ess of nol ybdenum (M) . The above percentages are based on the

total weight of ‘the alloy. The first precious netal 15 | ayer Teduces the
el ectrochem cal potential difference 9 bet ween the oxidation and
reducti on, as described above, t hereby i nproving the anti-corrosion
property. Al sdetween theffizdfl \pradiods mettalr agiahusovetater Hrandisa a

t hi ckness of 0.0l ~10[err]m 20 A Cu plating layer 63 is fornmed on
the first Ni plating ayYen ¢4 atdnd pegksnte? the wiqy of wgral

al | oy inC|UdiE§iC“ Q%Ea | or G0 onent and 50wt % or nore of anot her
nmetal based orf tHE t'of AT gitPH 2 4fe alloy. The other netal is
selected fromthe OUR+ onsy st f. S | - Mo, Mh and Co.
Preferably, the Cugfhe H\Tlplzg?\][alltn%lq :lyaz%exggsqﬂalss a%?lﬁlrfécq(r?esssanof 0.01~10[err]m

ghe Cu plai n%ﬁ{%ﬁ?@ﬁaﬂm&y@ﬁ EJ'?E Q{}}enggﬁneratio of a

_ bet we Irst precious metal pla ayer 62 and a Ni
plating layer fdhctaifh iy orddudt fdus s HogPirtloxide oxat&i'f?éf omthe
substrate. The N plating layer 64 is fornmed as an

i ntermedi at e |sylefide, prleMantid ebtgeinerdthyom adfesotion witdadiu weaapper
product such as copper oxi de or copper
diffused to the surface of the outermost layer. The Ni
plating layer 64 is formed of Ni or Ni alloy iﬁclﬁding

10 Ni as a major component and 50wt% or more of another
metal based on the total weight of the alloy. The other
metal is selected from the group consisting of Cu, Sn,
Mo, Mn, Co and W. Preferably, the Ni plating layer 64
has a thickness of 0.01~10um.

15 A Pd plating layer 65 is formed on the Ni plating
layer 64, formed of Pd or Pd alloy including Pd as a
major component and 50wt% or more of another metal based
on the total weight of the alloy. The other metal is
selected from the group consisting of Mo, W, Ti, Sn, Ni,

20 Ag and Co. The Pd plating layer 65 has a thickness of
0.01~10um. The Pd plating layer 65 covers pores in the
surface of the Ni plating layer 64, to even the surface
roughness of the Ni plating layer 64. Accordingly, the
thickness of the outermost layer, to be formed by a -~

25 subsequent step, can be evenly maintained.

The above-described Pd plating layer 65 markedly

decreases local corrosion in salty atmosphere,



sulfide, which is obtained by a reaction with Cu atons diffused to

the surface of the outernost |ayer. The Ni plating |layer 64 is forned
of Ni or N alloy including 10 N as a major conponent and 50wt % or nore
of anot her nmetal based on the total weight of the alloy. The other
netal is selected fromthe group consisting of Cu, Sn, Mo, M, Co and
W Preferably, the N plating | ayer 64 10 has a thickness of
0.01~10[err]m 15 A Pd plating layer 65 is forned on the Ni plating
| ayer 64, fornettdadthoriiig laddding ndock foptekaas the Ni plajnig conponent
and 50wt % or nore of another netal based on the total weight of the

al l oy. The ot hetvemted and a secend aptegidunmetal @laplndnsEyey eR bf M,
W Ti, Sn, Ni, 20 Ag and Co. The Pd plating |ayer 65 has a thickness of
0. 01~10[ er r ] meSHPPPHISXRIRS IRV IS Jaxrr s fcardinghe in surface of

the NI plating.|layer 64 o- even the surface roughness of the N
plating | ayergcéféll. Wt‘%r%ﬁ%(ﬁ?ﬁmt% Steéps ata%ﬁﬁ‘é%@t&fnqgl‘?e out er nost | ayer,

to be forned . Hpﬁfqﬂgﬂ% : Y | iqﬁg!

The above[%es%%/el ecd&gic]fp ating a@%%&;‘ﬁlﬁi}c}ﬁ/q@é&@ec@eases | ocal
corrosion i n splddrALIMS R Pidening of k inimized. A

10 i ncr?a'?si ng tlhe bi ndi nger%lorf%eo be';'EI\./avecenS tchat-fTl [\k";e ﬁlar%li%lgze ?aayer 64

and a second pFeafialls dBlddrabAlitig drdty eFi82 bonding FrdgertidLr rmst
plating |layer. Accordingly, in
well as anti-corrosion properties, are improved by
preventing the diffusion of Ni from the Ni conﬁaiﬁing
10 plated layer 64.

The second precious metal plating layer 62’ is
formed on the Pd plating layer 65, formed of one metal
selected from the group consisting of Pd, Au, Pt, Ag,
Ru, Rh and alloys thereof. As the outermost plating

15 layer, the Pd plating layer 65 protects underlying
layers and prevénts the oxidation of all other plating
layers and improves the solderability-andnwire bonding
property. .

Here, preferably, the second precious metal plating

20 layer 52' has a thickness of 0.01~10um.

In the lead frame having the above structure, a
wire bonding region, or the entire lead frame including
the wire bonding region, is plated.

Hereinafter, the present invention will be

25 described in detail with reference to examples, but the

present invention is not limited to the following

examples.



trimmng and formng steps after nmounting a 5 sem conductor chip on a pad

of the lead frame, the generation or w dening of cracks can be
‘mininmzed. As a result, solderability and wire bonding properties, as
wel | as anti-corrosion properties, are inproved by preventing the
diffusion of N fromthe Ni containing 10 pl ated | ayer 64.

The second precious netal plating |ayer 6231 is formed on the Pd
plating | ayer 65, formed of one netal sel ected fromthe group

consi sting of Pd, A@Exmzpld!ng Ru, Rh and alloys thereof. As the

out ernost plating | ayer, the Pd pI ating layer 65 protects underlying
| ayers and prevent sAftFl%ch@Jﬁ%@lFWSDfa Aretorentimgnitatdmep Fe-Ni | ayers and

i mproves the solderability and wire bondi ng property

Here, prefer ab?‘&bS‘{IF%t%ec%n%fi PP RR S ARG W aﬁqm@ed 2’6’ a |t§yé?krsezss has a
Structare, a Of ?e%{%%%%hagww% B e s Wi dd bl udi ng
;[Exe/e\r/lmt rgn%)\nnﬂlr%éfw d¢escr| beg'q}le det al Iof A grr?afeéne(;el técf[he’xame)sggt but
ngar’rpl oo Pr ety AN 410 dtSu AP thdvd hd &d rﬁéﬁr{go"!é}gar was exarr_pl es.
sequentially plated with Ni and Ni-Pd alloy, in
approximately lpm thickness and approximately 3pinch,
respectively. Then, a Pd plating layer having a
10 thickness of approximately 3uinch was formed on the
plated Ni-Pd alloy plating layer. The Mo. GL-
2(8) {Degussa Co.) was used for Pd plating and Ni-Pd
plating, copper pyrophosphate solution {Poong Won
Chemical Co.) for Cu plating, and

15 the Mo. 6450(begussa Co.) for Ni plating.

<Comparative Example 1>

After performing a pretreatment on a substrate made
of Alloy 42, the substrate was sequentially plated with
Cu, Ni and Pd, thereby completing a lead frame having

20 the structure of three plating layers.

<Comparative Example 2>

After performing a pretreatment on a substrate made
of Alloy 42, the substrate was sequentially plated with
Ni, Cu, Ni and Pd, thereby completing a lead frame

25 having the structure of four plating layers.



After performng a pretreatnment on a Fe-N substrate, a Pd strike

| ayer was fornmed to a thickness of approximately 3[err]inch. After
"plating the Pd strike 5 layer with Cu to a thickness of approxinmately
2[err]m the resultant structure having the Cu plating |ayer was
sequentially plated wwth Ni and Ni-Pd alloy, in approximately 1[err]m
t hi ckness and approximately 3[err]inch, 12 respectively. Then, a Pd
plating layer having a 10 t hi ckness of aﬁﬂé?xinately 3[err]inch was

formed on the Thsirat expIerdbidlitey geadh | (MEL-S8T-88RKk Methgd
2(S) (Degussa Eggf was used for Pd plating and N -Pd pl ati_ng, copper
pyr ophosphat e 2983xt7)on §adoriRtsh Spray teftni ¢HL-EFD- 483D .oMeHhad ng, and

15 the Mb. 6450 sa Co.) for NI plating. . . <Co rative
Evampl o 1a H00Y. B0 ERE A i ont on. rranerE ST ARIRE made
of Alloy 42, t S i.al | Cu, N and
Pd, the?/eby c%%%%ﬁogéq%eea f %gﬁgﬂgllﬁlﬁg%%%?ﬁg st'r lﬁ:etﬁ?re of tlhree

plating | @yer$erformed on thesGRIMRArAL WRIE 1%2d frames After
performng a gﬁetf%af%enflon a substraéﬁﬁhggé of Alloy 42, the

substrate vas ngefifdtildd By altRd pMdniple and Momgadtaddveatkdipldder eby

conpleting a lead frame 25 havi ng the structure of four plating |ayers.
and 2. The results are shown in Table. 1.

Table 1
sample solderability | wire bonding anti-
property corrosion
10 Example good 12.01gf good
(excellent)
Comparative poor 4.61gf poor
Example 1 (poor)
Comparative poor 8.40gf poor
Example 2 (moderate)
15 From Table 1, it is can be seen that the lead frame

manufactured by the Example has better solderability,
wire bonding property and anti-corrosion property than
those of Comparative Examples 1 and 2.
As described above, the lead frame according to the
20 present invention has improvements in all

characteristics such as wire bonding, anti-corrosion and



12 Then, solderability test (M L-STD 883D, Method *2003.7),

.salt water spray test (ML-STD 883D, Mt hod 1009.8) for evaluating
anti-corrosion properties under salty atnosphere, and a wire bondi ng
test, were 5 perforned on the nulti-layer plated | ead franes

manuf actured by the Exanple and Conparative Exanples 1 and 2. The
results are shown in Table. 1. 13 Table 1
sanpl e sol derability wre bonding anti -

property cHEAIsarabilitpy Thushxanpligh yield deogxpected irp tuyf

good . (excel I ent) Conpar ati ve
poor sg_trgﬁj:fnductor [R%:rkage PTrOSefifp| &mproving productivity. (poor)
Conparative poor 8. 40¢gf poor Exanpl e 2

(moder at e) 15 From Table 1, it is can be seen that the lead frane
manuf actured by the Exanple has better solderability, wi re bondi ng
property and anti-corrosion property than t hose of Conparative
Exanples 1 and 2. ' As descri bed above, the lead frane according
to the 20 present invention has inprovenents in all characteristics

such as wire bonding, anti-corrosion and



13 s"l"d@ra*bf’rﬁy- ~Thus, a high yield is expected in the sem conductor

_packag roving productivity.
14 mlﬂmﬁ dis: 1. A nulti-layer plated |lead frane
corrprls# ng a trate nade of ferroalloy, and a first precious netal

pl ati ng |l ayer, an |nternediate plating layer and a 5 second precious

metal plating layer, which are sequeatially formed on the substrate.
2. The multi-layer plated |ead frame of claima1l, wherein the

i ntermedi at e kAt nie | aleinednii ses a copper (Cu) plating |ayer and
a nickel (Ni) plating 10 | ayer . 3. The multi-layer plated

I ead frane of claim2, A multyqqe}@yepfr tiheat@d plead rgrans eronpr i@ ® of Cu,
or al 1 oy i ncl udin | east one netal  sel ected fromthe

gr oup consi st| Hrrate ES% OhikaEroaNgy . M RIdntiRt Breckans  "detbanese

o mo. < gy r%?iﬁ%r'r\lla’bllaﬁ‘?‘?ﬂ“?‘g’fe aitie etk i sl
al 'oy inclddi nége%asmi f(eé_s% r@éfﬂl %elaetcltrggd lfa{fé}@t%lch ardl oup consi sting

of copper (Cu)
sequentially formed on the substrate.

2. The multi-layer plated lead frame of claim 1,
"wherein the intermediate plating layer comprises a
copper {(Cu) plating layer and a nickel (Ni) plétiﬁg

10 layer.

3. The multi-layer plated lead frame of claim 2,
wherein the Cu plating layer is formed of Cu, or Cu
alloy including at least one metal selected frowm the
group consisting of tin (Sn), nickel (Ni), molybdenum

15 (Mo}, Manganese {Mn) and cobalt (Co).

4. The multi-layer plated lead frame of claim 2,
wherein the Ni plating layer is formed of Ni, or Ni
alloy including at least one metal selected from the
group consisting of copper (Cu}, tin (Sn), molybdenum

20 (Mo) , manganese {(Mn), cobalt (Co) and tungsten (W).

5. The multi-layer plated lead frame of claim 2,
further comprising a palladium (Pd} plating layer
between the Ni plating layer and the second precious
metal plating layer.

25 6. The multi-layer plated lead frame of claim 2,
wherein the Pd plating layer is formed of Pd, or Pd

alloy including at least one metal selected from the



20 (Mb)+ mmnganese (M1), cobalt (Co) and tungsten (W. 5. -The

mul ti-| frame of claim 2, further conprising a

pal | adllgﬁﬂﬂﬂﬁﬁﬁﬁl ﬁﬂi]Layer between the Ni plating |ayer and the
second M s tal plating layer. 25 6. The nmul ti-I| ayer
pl ated | ead frame of claim 2, wherein the Pd plating |layer is forned
of Pd, or Pd alloy including at | east5one netal selected fromthe

15 group consisting of nolybdenum (M), tungsten (W titani um
(Ti), tin (Sn) grﬁP@ké‘»pn@Nﬁ)tlng Pe ROl XFenyH| dMoh tupgﬁ)teandeebalt (Co) .

7. The nultl-la er, % Iead frame of claim wherein the first
preci ous netal ﬂléPFH& ayér |§nfdﬁﬁéd nlckeloﬂNéhe ﬁéﬂHPrséﬁéébeEOﬂﬂon1the

t Pd Id (Au), plat Pt), rhodi
Gy " el ancrePTRE JPYChg) ana’al loys thereor 0 g T

The mul ti-| ayer plated | ead fraee 9byebabibiea 1aq PSHE Bet RS 360900

precious netal plating |ayer Iea one ne §él ect ed
fromthe gsoUPwhereinC@Rsl $trRg EEeEibhéthEhipﬂlatgﬂbd182@% 1B 2b-pug

(Pt), rhodi um (Rh), Rutheni un(Ru), | ver~ (Ag) and

t her eof . of one metal selected from the group cons1st1ng of
palladium (Pd), gold (Au), platinum (Pt), rhodium (Rh),
Ruthenium(Ru), silver (Ag) and alloys thereof.

8. The multi-layer plated lead frame of claim 1,
10 wherein the second precious metai plating layer is

formed of at least one metal selected from the group
consisting of palladium (Pd), gold (Au), platinum {(Pt),

rhodium (Rh), Ruthenium(Ru), silver (Ag) and alloys

thereof.



