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1 ' ' LEAD FRAME AND METHOD FOR PLATI NG THE SAME

BACKGROUND OF THE | NVENTION 5 1. Field of the Invention | 2 8V 2000
present invention relates to a | ead frame for sem conductor packages
and a nethod for plating the lead franme, and nore particularly, to a

pr e-pl-at ed | ead frame having an irrpro1ved outernost plated | ayer over a
netal substrate and a nethod for plating the lead frame. 10 2.
Description of the Related Art Lead frames, which forma

sem conduct or package together with a sem conductor chip, serve to

- support the sem con r Lo ' e 1ol

electrically conne_c&%ﬂtm% ﬂ@ﬁﬁ%@?ﬁQWBhﬁ!!@wé %}-\IEII% An
exanple of a lead frane is shown in FIG 1. As shown in FIG 1, the 15
| ead frame 10 includes a pad 11, an inner |ead 12 and an outer |lead 13. The

| ead frame 10 is usually manghgmgg”@ 6§;aﬂ1?§' qﬂ‘\fg;!fMi ng.

FIG 2 shows an exanpl e of ) own in FI G
2, a semnm copdugct or &l ' is mounted on the pad 11, is connected
to the inne§I Iug'ad 1@%’&%&?@“&% Ing. The outer lead 13 is electrically

com gggt \fm.dt ﬁoa ﬁ o ?nnn%@%aﬁi inGéritioni rblated @ #18ha frameof séifconBlstor badkhgks ar e
and a method for plating the lead frame, and more particularly, to a pre-plated
lead frame having an improved outermost plated layer over a metal substrate
and a method for plating the lead frame.

10 2. Description of the Related Art
~ Lead frames, which form a semiconductor package together with a
semicondﬁctor chip, serve to support the semiconductor chip in the paékage in
addition to electrically connecting the chip to an extemnal circuit. |
An example of a lead frame is shown in FIG. 1. As shoWn in FIG. 1, the
15 lead frame 10 includes a pad 11, an inner lead 12 and an outer lead 13. The
lead frame 10 is usually manufactured by stamping or etching.
FIG. 2 shows an example of a semiconductor package. As shown in
FIG. 2, a semiconductor chip 15, which is mounted oh the pad 11, is connected
to the inner lead 12 by wire bonding. The outer lead 13 is electrically connected
20 toanexternal circuit. The chip 15 and the inner lead 12 are molded with a resin
14, so that a semiconductor package 16 is completed.
In the manufacture of such a semiconductor package, edges of the f)ad
11 and inner lead 12 are plafed with a metal such as silver (Ag) so as to
improve"t'ﬁe wire bonding properties between the chip 15 and the inner lead
25 12, and the characteristics of the pad 11. Also, for an improved solderability in
mounting a semiconductor package onto a printed circuit board (PCB), solder

containing tin (Sn) and lead (Pb) is deposited on a predetermined area of the
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14, so that a sem conductor package 16 is conpl et ed. In the
manuf acture of such a sem conduct or package, edges of the pad 11 and
inner lead 12 are plated with a metal such as silver (Ag) so as to

i nprove the wire bonding properties between the chip 15 and the inner |ead
25 12, and the characteristics of the padpl1l. Al so, for an inproved

sol derability in nmounti ng a sem conduct or package onto a printed
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bres plated t hans hald BYGR this problem; use of PpRYfhfbd Pt Bt suifpsiia.

For mod i t ' a AR RAnBHEBRHAka REARRAS, BiHIE Romiosnadeet Pokdlebroodsy

formed with a nateri havli ng go tta ty on a

FIG 3's hO\g? g@ggaaqgﬁ;r% 46 f@rmé%ﬁﬂitﬁ é;‘tﬁ%ériaﬁwmwo%l&éfr wéability on a lead

conventi on ng techni que. conventional lead frane” 20 shown in
FIG 3, which frgméi scl osed i n Japanese Patent No. 1501723, includes a
nickel 10 (Ni) plated |layer 22 as an internediate | ayer and a pal |l adi um

(Pd) plated layer FIG. 28hows ahexampky ofcslcabdsernes manafactured bydhent i al |y
formed on a netal substrate 21 made of copper (Cu) or copper alloy.

conventional pre-plating technique. The conventional lead frame 20 shown in
FIG. 3, which is disclosed in Japanese Patent No. 1501723, includes a nickel

10 (Ni) plated layer 22 as an intermediate layer and a palladium (Pd) plated layer
23 as the outermost layer, which are sequentially formed on a metal substrate
21 made of copper (Cu) or copper élloy. '

In the lead frame 20, the Ni plated layer 22 prevents diffusion of Gu or

Fe of the metal substrate 21 up to the surface of the lead frame, by which

15 copper oxide or copper sulfide are produced on the frame surface. Also, the
Pd outermost plated layer 223 is formed of a good solderability material to
provide a protective function for the surface of the nickel plate layer 22.

In the manufacture of the lead frame 20, a pre-freatment is carried out

before plating. However, in the case where the surface of the metal substrate

20 21 has defects, due to a higher energy level in the defect region than in the other
region having no defects, Ni plating for the Ni plated layer proceeds faster in the
defect region than in the other region, resulting in a rough surface of the plafed
layer due to a decreased coherence with the other region. Especially, in the
case where Pd is plated on the surface of the Ni plated layer formed on the

25 defect region by electroplating, a large amount of hydrogen bdbbles
effervescing in electrolyte, are incorporated into the Pd plated layer during the

plating with Pd. This is because the Pd deposition potential is similar to the



In the lead frane 20, the Ni plated |ayer 22 prevents diffusion of Cu or
Fe of the netal substrate 21 up to the surface of the |ead frame, by which
15 copper oxide or copper sulfide are produced on the frame surface. Al so,

t he Pd outernost plated |ayer 223 is fornmed of a good solderability
material to provide a protective funcgion for the surface of the
ni ckel plate |ayer 22. In the nufacture of the lead franme 20,
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el ectrolyte, are incor por at I ayer ur| ng" t
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deposi ti on pot Qirdcdl of tHE Perclitamost pResd ket tambe Gxidiied bithe thermaken

bubbl es are present boosting the def ect problens with the Pd plated | ayer.
Such def ects iprochss, fierebgideterioratitig the istesrentgabal solderabilityhef péllagdium.e | ayer ,

I n addition to deteriorating the wire bonding and sol derability
properties. Besi desAnéthesexamplefefa lead frameemantifactured by the pre-platiognduct or
manuf act ure may cause
10 technique, which has been suggested so as to solve the above problems, is
shown in FIG. 4. The lead frame 20’ shown in FIG. 4 further comprises a thin film
24 formed of gold (Au) on the Pd plated Iayer 23 compared to the lead frame .
20in FIG. 2. In the disclosure, Au having good oxidation resistance is used to
plate the Pd plated layer so as to prevent oxidation of the Pd plated layer 23
15 ~with an improved solderability.

As described above, the plating of Au on the Pd plated layer is for
preventing the oxidation of the Pd plated layer by the thermal process for
semiconductor manufacture, thereby improving the solderability in mountiﬁg the
completed package onto a PCB. In addition to the plating of Au, the

20 topography of the Au plated layer is an important concern for improving the Au
plating effects. However, a known Au plating technique is not sufficient to
provide an even plated layer on the Pd plated layer. The Au plated layer-is
usually formed to a thickness of 0.3 microinch so as to prevent the oxidation of
Pd. Unfortunately, such a thick Au plated layer brings an adverse impact into

25 molding with EMC resin for semiconductor assembly, and particularly, in view of
adhesion between the Au outermost plated layer of the lead frame and the

molding resin. In molding with EMC resin, the EMS resin has a low affinity for a
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interlayer diffusion in the lead frame in turn the solderability problens.
Al so, the surface of the Pd outernost plated | ayer can be oxidi zed by
t he thernal process, thereby deteriorating the inherent good :
solderability of palladium Anot her example of a lead frane
manuf actured by the pre-plating 10 t echni gue, which has been suggested so
as to solve the above problems, i shown in FIG 4. The |ead frane 20

shown in FIG 4 further corrprlse a thi ilm 24. f o 0 (Au)
on the Papl atRuermgeloralbyo Eecwq&@a%a@reatsﬁex'daﬂon sistan .

the Pd pl aed Pdybe Sebeabni8 s EVIch Mg BB AT P RS it dipgr |‘3‘5615
of Au"on the PRSI Eifdaintion giure. Alsg, %@ﬁfﬁ?@%@%ﬁé@%iﬁ%@ the Pd
Phor eby | upr ovb AESALSYiEhe Resi Raters e rotabiy BB BRAGE, T 0 L Ciage
ont o a PCB. g1 n add f g osh pEctPlofritsueh ok AlFpidfd 1 S0 AdRSIBle e A

pl at ed Iayer is an I nportant' cohcer inproving the "A ating

effects. Howevgew ot cSRWAIL! the Al pwetléya? NWHicH id fbrmeu a%lérf arti- eﬁaaﬁ:sn _
provi de an even plated |ayer on the Pd plated |ayer. The Au plated |ayer is

usual Iy for medayer for P FiatRely décréasbsthe adhasibn op aahip 1o @diy €THe Abplated

oxi dati on of Pd. Unf ortunately, such a thick Au plated |ayer brings an
adver se i npact layett cartimprove thengpldertwettiaility darimg oldedmgcompedred tora assenbl vy,
and particularly, in view of adhesi on between the Au outernost plated

| ayer of the |eenvehtiomal leadiframe. Howeven) dienty intesaction betweed idngpfithe platiat
resin. t he1 E Msla;(gl:s aiIr:]d Er? ?Sr?) (;u?'ivr;/g%; is(r;lidte)r/in; %:'ooaess, the Au plated layer is easy to be
broken by external impacts after being mounted on a PCB.

To account for these problerris, localized plating, i.e., plating oniy the
outer lead portion, has been suggested. However, the localized plating
requires additional masks for the plating, which raises the manufacturing costs and

15 lowers productivity. Due to this reason, the Au plate layer has been formed
over the intermediate palladium plate layer so as to prevent the oxidation of the
palladium plate layer, despite its costs.

U.S. Patent No. 5,767,574 teaches a lead frarﬁe capable of eliminaiting
the above problems, which inéludes a Ni alloy plated layer, a Pd strike plated

20 layer and a Pd alloy layer which are sequentially formed on a metal substrate.
Here, the outermost Pd alloy plated layer is composed of Pd and Au. The
problem of the oxidation of Pd and the high cost of using Au can be eliminated
by the outermost plated layer including Au. The restricted use of Au in the
outermost layer improves the adhesion with resin in semiconductor packaging

25 and minimizes the possibility of being broken after mounted oh a PCB.
However, when plating Au in the Pd-based outermost plate layer, it is difficult to

effectively prevent the incorporation of hydrogen bubbles into the outermost



4 pure netal or alloy. Al so, because Au has a greater oxidation

resi stance than Pd, the adhesion of the EMC nold to the Au pl ated

| ayer is further decreased, causing nol d delam nation failure. Al so,
such poor adhesi on between the Au pl ated | ayer and the resin | owers
the reliability of the product. 5 l@ anot her aspect, form ng such a
thick Au plated layer is undesirable in vi ew of costs. Also, the Au

Cerativel y doc@uahctha RespaRe l peteretars A G bydrogen bubhBEn the auimost
comvent 1 onal | Y8 SetaTIRIGR e Eloriagt s Hiotetds Rubeton bR TRgefind Py
Fayer ioeéiie@a%avép b e Pt A B BiGS d%éﬁﬁs% Wﬁéd or
SI 2&3 hg only tR%ndmd-gtr%E@ P @eﬁéﬁl@? R{@B&& {anné &s)@g{g Eﬁg&l' vvever the

| ocal i zed pl ating requires additional masks for the plating, whi ch
rai ses the manufacturing costs and 15 |owers productivity. Due to this

reason, the Au plate |ayer hasggrmIARY (BOTHE INVERITIONE | nternedi ate

pal | adium plate | ayer so as to prevent the oxidation of the pal | adi um
plate layer, despit®goisbivedfdlabove problems, it is &h Sbjectbfie preserlt inbentioffto
teaches a | ead frame capable of elim nat | ng t he above probl ens, which
includes a N pilovidle eleati fimeared a neethvd m'mdmfadtmmhé&arﬂeamhehm@ Pd
all oy layer which are sequentially forned on a netal substrate. Her e,

the outernost Soldedabilify, wiretendingsirength, theradisasibrowitiPdesim th semicthductor

probl em of the oxidation of Pd and the high cost of using Au can be

el i ninated10 packaging: andedraisstiviuaciion fon aepalladivmidid) plated layreareest ri ct ed
use of Au in the outernost |ayer inproves the adheS|on wWth resinin
seni conduct or {RIeXgAng 25 and m' ni m zes the possibility of being broken
after nounted on a

t Al th
outernost plate | ayfhe apP"?leﬁqﬁ quepg)y {%ea o Q&lacbg*'ﬂ)gﬁ?g\%?faggﬂ

i ncor poration of en | es i nt the uter
P mverIﬁYon f89man c?unng d18ad frame, fﬁe Reida comprising: forming a

protective layer with nickel (Ni) or Ni alloy on a metal substrate; forming an

15 intermediate layer with palladium (Pd) or Pd alloy on the protective layer; and
alternately plating the surface of the intermediate layer with Pd and gold (Au) at
least one time to form an outermost layer including both Pd and Au patrticles.

Preferably, the alternate plating to form the outermost layer, either Pd or

Au can be plated first on the intermediated layer. |

20 In the outermost plate layer formation, first Pd is roughly plated at the
nucleation site of the intermediate layer by applying the pulse current, and in turn
Au is accumulated filling the space between accumulated Pd particles. Because
the Au deposition potential is lower than that the Pd deposition potential, Au
particles can be easily accumulated between the Pd particles.

25 According to another aspect of the present invention, thére is provided a
lead frame for a semiconductor package, comprising: a protective layer formed

of nickel (Ni) or Ni alloy on a metal substrate; an intermediate layer formed of



5 | ayer. The presence of perforations due to hydrogen bubbles in the
out er nost | ayer deteriorates the outernost |ayer's protective function
for the underlying Pd plated layer. In addition to, the presence of
the perforations degrades the wire bondi ng strength and sol derability
of the lead franme during thermal process.

SUWWARY OF THE | NVENTI ON To sé?ve the above problens, it is an

obj ect of the present ven ion to frange an et hod
for manuf act ur&“@dﬂ%(#’ PrP'WﬁP'(!‘f? layer: and ﬂ'@?%% ilayer m\ﬁ‘f%ﬂ%%ﬁﬂ&ng
strength, the a g%l on mgt&%m %d'ﬁr‘}ﬁ m conductor 10 packagi ng, and a

protective furQR ‘pI ated | ayer are | mproved.
Trventson o eﬁé@?la%?@_&*?%&hb%ﬁ% ﬁ%&%ﬁeﬁﬁ%@h%%@%?%S'Pég?%f%f 3 a
B 151 nt er mocoiEondysr iEEkae; copiishle: B roiéchV fyeioRined 0P pickal R i, 29
layer; and g O?@{ﬁ ighAstivBiraib! 4% &R BufkinlodFBya foriéd of bl iPA) Aty o

with Pd and g east one orm an out er nost ayer
i ncl udi ng bot f‘gﬁdéﬂﬂﬂorﬂhﬁﬁté&wgh yer. Preferably, the alternate
r

plating to fo e outernost layer, either Pd or Au can be plated
first on the internpdhefdthdtion of the intermediate layer of Pd or Pd alloy and the Au or
Au alloy plated regions, high pulse current application, sputtering or vapor

deposition technique is used.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advahtages of the present invention wi'll become -
more apparent by describing in defail preferred embodiments thereof with
reference to the attached drawings in which:

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

FIG. 2 is an exploded perspective view of a semiconductor package;

FIGS. 3 and 4 are sectional views depicting examples of a conventional
lead frame; |

FIG. 5 is a sectional view of an embodiment of a lead frame according to

20 the present invention;
| FIG. 6 is a sectional view of another embodiment of the lead frame
adoording to the present invention; -

FIG. 7 is a sectional view of another embodiment of thé lead frame
according to the present invention;

25 . FIG. 8 is a partially enlarged perspective view of the Iead frame in FIG.
7



éO - I n the outernost platellayer formation, first Pd is roughly plated

at the nucl eation site of the internediate | ayer by applying the pul se
current, and in turn Au is accunulated filling the space between
accunul ated Pd particles. Because the Au deposition potential is |ower
than that the Pd deposition potential, Au 7 particles can be easily
accunul ated between the Pd part i cI es. 25 Accor di ng to anot her aspect
of the present inve tlon her rovided a r for a

seni conduct or pack WB@W’%S!"H?@“WQJP?(& of ni ckel
(Ni) or N allog rretal ate nln ernmedi ate | ayer forrred of

6 pal | acﬁ%ﬂlﬂpg@f B‘FPOFWBQ ’lvgi?@?’ and an outernost | ayer

I anot her embodi meFIE: qﬁa%a@%%ﬁlﬁﬁgﬁ% sty g B Blead e o,
sem conduct or %%F&ﬂﬁe‘%&%@{&% ?'%{e“?'°§r?3‘td§§}b$ﬁ1§a%%¢ayer .Oénd”ll ckel (N)

or N 5 alloy on orrred of

pal | adi um (pd) and gg. 1199#@ i&%}réehcﬂﬁng gélgéfa‘bih g Fﬁﬁrframea rding to In

the formation of the I'nter d or andt

Au al l oy pl at qﬁel“ﬁgséﬁﬁnvé‘ﬁﬁgh dngl@&nggfdtﬁgtgmbgat lon, sputtering or
vapor deposition technique 1s used '

DETAILED DESCRIPTION OF THE INVENTION

As shown.in FIG. 5, which shows an embodiment of a lead frame for a
10 semiconductor package, the lead frame includes a metall substrate 31 formed of
copper (Cu), Cu alloy or iron-nickel (Fe-Ni) alloy, a protective layer 32 formed of
Ni or Ni alloy on the metal substrate 31 an intermediate layer formed of
palladium (Pd) or Pd alloy on the protective layer 32, and an outermost layer 34,
which includes Pd and gold (Au) particles, formed on the intermediate layer 32.
15 The outermost layer 34 may be formed by plating alternately with Pd and Au.
Another example of the lead frame according to the present invention is
shown in FIG. 6. The lead frame 40 in FIG. 6 includes a protective layer 42
formed of Ni or Ni alloy and an outermost layer 43, which are sequentially |
stacked on a metal substrate 41. In the outermost layer 43, both Pd and Au
20 particles are present as in the lead frame shown in FIG. 5.
In the above embodiments, the metal of the outermost layer is not
limited to Pd and Au. For example, silver (Ag) may be used instead of Au.
FIG. 7 shows another example of the lead frame according io the
present invention. As shown in FIG. 7, the lead frame 50 has a protective layer
25 52 formed of Ni or Ni alloy on a metal substrate 51. An intermediate layer 53 is
formed of Pd or Pd alloy on the protective layer 52.. Plated regions 54 having a

small thickness are locally formed over the intermediate layer 53 with Au or Au



- BRI EF DESCRI PTI ON OF THE DRAW NGS The above objects and

advant ages of the present invention wll becone nor e apparent by
describing in detail preferred enbodiments thereof with reference to
the attached drawi ngs in which: 15 : FIG 1 is a plan view of a general
| ead frane; FIG 2 is an expl oged perspective view of a

sem conduct or package FIGS. 3 and 4 are sectional views

2 Sect i onal v B0 heoeRN fan bt aemsﬁpahee”féeme&% aygrsgcepde ' °
Erbodi ment of S48 NELG: B o, 06 W rbse o e SR Blon Ko aBE e 6.
according to- tHEoRfEsskbRl B T 5sSROAH TR, Sng HehiBiabidf® sgie . oq
perspective ¥ ﬁé%%ée*@%ebﬁ?&?‘gkﬁ%@ Bﬂhﬁﬁ&e%ﬁgﬁ%e 54 Prefaragy; e Au oy
zgalmse a gr aph shovm %Jﬁeﬁ?gﬁl&w reS| S flongn} Iegg frame FI ©
according to the pr EmthA thrQugH 90 ilRBEratecdn 6MBBAINTrt 'O Idaddrame frianufstture
according to the present invention. First, the metal substrate 31 formed of Cu,
Cu alloy or Fe alloy is prepared, and the protective layer 32 is formed of Ni or
Ni alloy on the metal substrate 31 as shown in FIG. 9A. Then, the intermediate
10 layer 33 is formed of Pd or Pd alloy on the protective layer 32 as shown in FIG.
9B. The protective layer 32 and the intermediate layer 33 can be plated by
applying pulse current, or by sputtering or vacuum deposition. Then, the
outermost layer 34 where Pd and Au particles coexist is formed on the
intermediate layer 33, completing the lead frame 30 (see FIG. 9C). The
15 outermost layer 34 is formed by the plating with application of pulse current. In
other words, palladium is accumulated only at nucleation sites on the protective
layer 32 by adjusting current density and plating time, resulting in palladium
spots on the surface of the intermediate layer 33. “
In turn, Au is accumulated filling the space between deposited Pd
20 particles on the intermediate layer 33. The Au deposition potential which is
lower than the Pd deposition potential allows easy electroplating of Au between
Pd particles. After the electrbplating with Au is completed, Pd is accumulated
again to fill porosities or micro cracks which may present between the Au and Pd
particles and cause unstable lead frame, resulting in the outermost layer 34 on

25 the intermediate layer 33.



5 ‘ FIG 11 is a graph showing the solderability of a |lead frane

according to the present invention and Conparative Exanpl es.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON As shown in FIG 5, which
shows an enbodi nent of a lead franme for a 10 sem conductor package, the

| ead franme includes a netall substrate 31 forned of copper (Cu), Cu
alloy or iron-nickel (Fe-Ni) alloy, a proteéctive |ayer 32 forned of Ni

or N alloy on the petal sybstrate 31, an internedjate |ayer formed of
pal | adi um (Pd) or Pinstgadsf fgrming thepyeapesty y?'é)%‘rthgfﬁe‘&?éﬁ%tﬁ I3YRTeSrost

el o S A R R B A RITBE ST,
o ernat el leFa B0t siomen by paira IRALS AT o1 S, o0 frame
10,11 FLE 8 Lnc! 85 GhabhBLPRLAE 4Gt ayr SO gk Pyl O

substrate 4§. id}hé{b?%sg#? fHvERfidn taY BE ;&ﬁeﬂaﬁﬁa@nﬂa&ﬁnﬁﬁepﬁ@m ahBAAT €

present as In the e rame shown | he above

enbodi ments, t hepREhg! Dﬁﬁn%@lencgsblggﬁ%&tﬂe%(ﬂénﬂ&t Ry formatibn, 8 piisk bandik and

Au. For exanpl e, silver (AQ) sed instead

shows anot her xgpplied. The rétah@igr Waverorn of tHedbulse @rrédienay be afseties of
i nvention. As shown in FIG 7, the |lead frame 50 has a protective |ayer 25

52 formed of Npositive\pulsbs sgparated by agredetesmireideintetval AThenvaveforn aif the ayer
53 is formed of Pd or Pd alloy on the protective |ayer 52.. Plated

regi ons 54 haveurgent may alsowlternaté betveaen positivecand hggdtiveputbesy eihara may
' nterned at1% ! g sgrbeS: p\rgdtert]erpr#ngcri inﬁ\grval between the positive and negative pulses.
Additionally, the waveform of the current may alternate between positive and
negative pulses; wherein each of the positive and negative pulses are
modulated by a small pulse train. |
Also, the lead frame 50 as shown in FIG. 8 is fermed by high pulse
15 application so as to improve evenness of the intermediate layer 53 made of Pd
or Pd alloy. Also, the formation of the plated regions 54 with Au or Au alloy on
 the surface of the intermediate layer 53 can be achieved by the high-pulse
application, sputtering er deposition. "
In semiconductor package manufacture using the lead frame according to
20 the present invention, diffusion of Ni out of the protective layer 32, which is
formed of Ni or Ni alloy, toward the outermost layer 34 of the lead frame during a
thermal preoess can be prevented by the intermediate layer 33. Thus, -
oxidation or corrosion of the lead frame can be avoided.
The outermost layer 34 on the intermediate layer 33 or the surface of the
25 intermediate layer 53 having the plated regions 54 includes boih Pd and Au
particles having good wire bonding properties. Also, the presence of Au

decreases the area of the outermost layer occupied by Pd that is subjected to



8 alloy. The location of the plated regions 54 on the internediate

| ayer 53 can be seen in FIG 8. Here, the thickness of the plated
regions is equivalent to the hei ght of several atons. Thus, as shown
in FIG 8, the internediate |ayer 53 is - | ocal | y exposed or occupi ed by
the plated regions 54. Preferably, the Au loy 5 for the plated regions
54 is Au-Pd or Au-Ag. FIGS. 9 hrough 9C illustrate an

enbodi nrent of | ead frape nanufacture

. ; ! L . achﬁpr di Qgﬂho tl,he %gs nt

i nvention. Fi r @fidatione W‘"Q‘Mb@?%e?@n%lf) ; _"6$f ! e: '":c'" 89al oy or NFe
211y on Lhe’ naddory (%ﬁp:p?ﬁz Bﬁi%‘gt‘?&ibfliﬁmﬁgﬁrﬁ a%ﬁtihségﬂ?er oo, the aﬁh@%‘?ﬁ@&L ate
e > e Rt e B it Dol tesils mprtett, A, ik i Rhuimaig o1
0712, v A i b R MM Rt e,
rame 30 (sto TRESHEdy iminatind BforaBoh e oM ragen bERBRETAGE a0 BoM,
wi th applicatipebratidHbétieeH Pand Al'in the %utBFrﬁ&'Et l%?ér‘%ﬂ: infiRbyedingm i S

accunul ated only at nucleation sites on the protective ayer 32 by

adj usting currsdléde@ping} avd Mire udnatrigc"l;;s'g?gm%s coffpdréd Wtﬁéba%éldfmmin? the

spots on the surface of the internedi | ayer "33. _ urn, Au
i s accunul at edoitetrhostdaycrexensivelytindiuding Al FRurtheairofe] sitice tiheAuiorlARFalloy t he
I nternmedi ate | ayer 33. The Au deposition potential which is | ower than

t he Pd deposi tiager isdormed as thih las\yossibie, ted anouapbbéxpensivie Au ubed canibe

Pd particles. After the electroplating with Au is conpleted, Pd is

accunul at edo redueegilowering the magnufaatunngcosbr micro cracks which may present
bet ween the Au and Pd particles and cause unstable | ead frane

resulting in the oullke atest of Relead frapie eg:or@ingmmedrrnﬁmtdm\@nﬂ@pe{vill bs.

thorough and complete by the folloWing examples.

Example 1
15 For a lead frame according to the present invention, a Pd intermediate

layer was formed to have a thickness of 0.2 microinch and an outermost layer
including both Pd and Au particles was formed on the Pd intermediate layer.
Also, a lead frame having a Au outermost layer on thé Pd intermediate |ayér was
manufactured for Comparative Example 1, a lead frame having no outermost
20 layer on the Pd plated layer was manufactured for Comparative Example 2, a
lead frame having a Pd-Au plated layer on the Pd intermediate layer was
manufactured for Comparative Example 3. -
For a solderability test, the lead frame was baked at 250°C for 5 minutes
and cured at 270°C for 1 hour. After bending leads of the frame, the lead frame
25 was exposed to curing at 175°C for 1 hour, and in fum steam éging at 95°C for
8 hours. For a wire bonding test, a Au wire having a diameter of 1 mil was used.

The bonding power and bonding force applied at the chip mounted on the pad



9 Instead of form ng the outernost "layer"” on the internediate
| ayer, as showmn in FIG 8, the plated "regions" 54 that are scattered
on the internediate | ayer 53 can be formed by plating with Au or Au

al | oy. As descri bed above, the outernost |ayer 34 of the | ead
frame according 5 to the present inventiqnlcan be formed by alternately
accunmul ating Pd and Au by plating. During electroplating of the

vaver orm of 1 nancal 6 i iead Wess SOan a4 foQ mY. ThaBBpG perba e " ™
21 S0 al ter nat CWBR TREDFRCRAAT &0 pibel i egheR e 8 Bnthn bAl ape e e, 1C
A i onal 1y, Path eEbAleRE R she ik olsifordfi AR bYIALadBRs e 1.

are  moau SNEERHIRERnet BRI BBELIOA. T Ne Post T ve B e | ead T+ ane

50 as showngin FIG ' ofBfd ' spéﬂ i lgd ' &
| mprove eve?mess OfTﬁgéslu?]tthr rredﬁctjéehﬁig er %@Iréngggagg t%ﬁ@hi’@@h«%lr@npdT%lﬁFoy_
Al so, the fornption of the plated regions 54 with Au or Au alloy on

the surface of the internediate | ayer 53 can be achi eved by the high-pul se

application, sputtering or deposition. . | n"sem conduct or
package manufacture using the |ead frame according to
Table 1
ltems Comparative Comparative Comparative Present
Example 1 Example 2 Example 3 Invention
Number of layers 3L 1 2L 3L -2.5L
Solderability (%) 20-30 20-30 20-30 90-95
Wire bonding 3.36 | 2.38 3.75 5.83
strength (gf)

10 Table 1 shows that both the solderability and wire bonding strength are

improved for the lead frame according to the present invention.

Example 2
For a lead frame according to the present invention, a Pd intermediate

15 layer was formed to have a thickness of 0.2 microinch and an outermost layer
including both Pd and Au particles was formed on the Pd intermediate layer 0.2-
microinch thick. Also, a lead frame having a Au outermost layer on a Pd
intermediate layer having a thickness of 0.8 microinch was manufactured for

Comparative Example 1, and a lead frame having no outermost layer on a Pd



20 the present invention, diffusion of NN out of the protective |ayer 32,
which is formed of NN or N alloy, toward the outernost |ayer 34 of
the lead franme during a t hermal process can be prevented by the
internedi ate |ayer 33. Thus, oxi dation or corrosion of the |ead frane
can be avoi ded. The out er nost 1gyer 34 on the internediate

| ayer 33 or the surface of the 25 internedlate | ayer 53 having the plated
regions 54 includes both Pd an

properties. Al B@f‘emﬁ)éerd?aé’M@?‘Eiégﬁ@Of 02%&&’%@3’2&%‘3%@# {ﬁebondi "
SRR L
W re bonding. the afRbeeblfeBibiRY 16t heTefH hufss By S CTOR L v,
S e A S e el 5 AR T
"ht or act 1 on ShePoAdiRb s8r ] ddhdihi foRa oditelut e cAptfiguied on the pad.and

sol derability gfghethrér IBAANdE %rﬁﬁcéﬁa QQOW%Q%&@LWW& tithe WaisM g9

t he out ernost | ayer excl usive I ncl udi ng Au. ernore, since the

Au or Au al | oymsec and@0aisbé with ré&sbolfo thaidhippén BessadPhnd tHeiAnenedat  of
expensive Au used can be 10 reduced, |owering the manufacturing cost.

The effect of tdspetthaly.f Thom, the tansibriforéedotthe Au wise bbndew acioss thechip drel

the inner lead was measured.

10 The resulis of the solderability and wire bonding tests are shown in Table
2.
Table 2
ltems Comparative Example | Comparative Example | Present Invention
1 _ 2
Number of Iayers 3L 2L 2.5L
Solderability (%) 85-95 60-80 100
Minimum wire 2.65 0.91 7.03

bonding strength

(of)

Maximum wire 7.58 6.86 9.64.-

bonding strength
(df)

Average wire 4.73 3.55 8.81

bonding strength
(gf




t hor ough and conpl ete by the foll ow ng exanpl es. Exanple 1 15
For a lead frame according to the present invention, a Pd internediate

| ayer was forned to have a thickness of 0.2 microinch and an out er npst

| ayer i ncluding both Pd and Au particles was forned on the Pd

I nternmedi ate | ayer. Al so, a |ead fraqqghaving a Au outernost |ayer on
the Pd internedi ate | ayer was manuf actured for Conparative Exanple 1,

a lead frame having no outernost 20 |ayer on the Pd plated | ayer was

manuf actured for Conparative Exanple 2, a | ead frame having a Pd-Au

| ated | ayer on the,Pd_internedia I, \Wa Lanuf.act ur fpr
ICC)Jorrpar ati ze Exanpl eA§_can be seen rontﬁ el_ﬁ‘b@% t§8Is§lﬂeﬂ7t?'|'tytwldttﬁét“{"e[elﬂ@4?%d frame

hour . A ter beRrolh e Bherpve I foad frarS RotifeFid Rung Bleakt ety
curing at 175[err]C for 1 hour, and in turn steamaging at 95[err]C for
8 hours. For a wire bonding test, a Au wre having a dianeter of 1 ml| was

used. ghe bondgpgmppygr and bonding force applied at the chip nounted
on the pad and at the inner lead were 90 mWand 100 nN. The

bondi ng period of tTH&adhesion between the outermost layer and resin was measured for
the lead frames manufactured in Example 1. For the adhesion test, two
commercially available thermocurable resins (SL7300 and T16BC) were used
to mold the lead frame. The result is shown in FIG. 10.
10 As shown in FIG. 10, the adhesion force between the outermost layer
and rein is maximum with respect to the lead frame having the Pd-Au outermost

Iayér on the Pd intermediate layer for both two resins.

Example 4
15 For a lead frame according to the present invention, a Ni protective layer

was formed on a metal substrate formed of Cu to have a thickness of 30
microinch, and a Pd intermediate layer was formed on the Ni protective layer to
have a thickness of 0.8 microinch. In tumn, plated regions formed of Au or Au
alloy were formed being scattered on the Pd intermediate layer to have a

.20 thickness of about 0.03 microinch.

For Comparative Example 1, 0.3 microinch-thick plate regions were
formed of Au or Au alloy on a general PPF lead frame. For Comparative -
Example 2, a lead frame having a 30 microinch-thick Ni protective layer and a
1.0 microinch-thick Pd intermediate layer, with no plated regions, was

25 manufactured. | |
Fora solder_ability test, the lead frame was cured at 275°C for 1 hours in

an oven. After bending leads of the frame, the lead frame was exposed to



was 1'5 nmsec and 20 nsec with respect to the chip on the pad and the inner
| ead, respectively. Then, the tension force of the Au wire bonded across

t he chip and the inner | ead was neasured. 5 The results of
the sol derability and wire bonding tests are shown in Table 1.
Table 1 Itens Conpar at i ve 4 Conparat I ve Conpar ative
Present Exanple 1 Exanple 2 Exanple 3

| nvention M\ JLAf layers L 2L o 3L '

2. 51 SoP NG 17576 Torg HOU3. apt i tum stogm aging at 957G Jor hotits. Fagg. os

strength (gr) WireRiohding tost;awi® bening 4 saeflqf 1w dhe e bgroing,
wi e bONdi NG’ Spea0 ik Bbfiding forck BSpAAE e ¥ or s 1 HEPpASEAK B B0 Lo the

present invent
inner lead of the frame were 90 mW and 100 mN. The bonding period of time

5 was 15 msec and 20 msec with respect to the chip on the pad and the inner
lead, respectively, and the bonding temperature was 215°C. Then, the tension
force of the Au wire bonded across the chip and the inner lead was measured.

In the solderability test, the outer lead of the frame was immersed in an R
flux at 245°C for 5 seconds and drawh out of the flux, and an area of the outer
10 lead with the flux with respect to the total area of the outer lead is shown by
percentage. |
The results of the solderability and wire bonding tests are showh in FIG. h
1.
In FIG. 11, the hatching bars represent the result of the solderability test,
15 and the plot represents the result of the wire bonding test. The solderability and
the Wire bonding strength for Comparative Example 1 are 60% and- 2.69 df,
respectively. The solderability and the wire bonding strength for Comparative
Example 2 are 80% and 2.69 df, respectively. Compared to the solderability
and the wire bonding strength for Comparative Examples 1 and 2, those for the
20 lead frame according to the present invention are improved at 100% and 5.91

of, respectively.

Example 5
As the lead pitch of the lead frame and the chip size decrease, the size of

25 capillary used for wire bonding has decreased. In order to keep step with this
trend, the wire bonding strength of a lead frame according to the present

invention was measured with a reduced bonding power and bonding force.



Exanpl e 2 For a lead frame according to the present invention,
a Pd internediate 15 layer was forned to have a thickness of 0.2 mcroinch
and an outernost |ayer i ncluding both Pd and Au particles was forned
on the Pd internediate |ayer O.2- m croinch thick. Also, a lead frane
having a Au outernost |ayer on a Pd ik ermedi ate | ayer having a

t hi ckness of 0.8 m croinch was manufactured” for Conparative Exanple 1,

172 bl ated | aybpr feleadampieoritl 6pS résent ovention ajead Framemavgr od
(0 1 a2 Bl SRR & i ermprete yp hRlng a LARESY o HidrSibn e
was manufactured. For Comparative Example, a lead frame having a 1.2
microinch Pd layer as an outermost layer was manufactured. For a wire bonding
5 test, a capillary having a diameter of 80 micrometer, and a Au wire having a
diameter of 0.8 mil were used.
The bonding on the chip mounted on the pad of the frame was carried out at a
bonding power of 60 mW with a bonding force 60 mN at 200°C for 15 msec.
Meanwhile, the bonding on the inner lead of the frame was carried out at a
10 bonding power of 80 mW with a bonding force 80 mN at 220°C for 20 msec.

The result of the wire bonding test is shown in Table 3.

Table 3
ltems Present I'nvention Comparative Example
Minimum wire bonding 3.38 o 1.75
strength (gf) |
Average wire bonding 4.57 | - 3.59
strength (gf)
Maximum wire bonding 6.75 5.01
strength (gf)
15 As shown in Table 3, the minimum bonding strength of the lead frame

according to the present invention is improved at about 3 g compared to
Comparative example having 1.75 gf wire bonding strength.
The lead frame having multiple plated layers according to the present

invention takes the advantages of Au and Pd plated layers, in view of the wire



For éwire bonding test, a Au wire having a dianeter of 1 ml| was used. The
5 bondi ng power and bonding force applied at the chip nmounted on the pad

and at the inner lead were 90 mVWand 100 mN. The bondi ng period of
time was 15 nmsec and 20 nsec with respect to the chip on the pad and
t he i nner | ead, respectively. Then, tfe tension force of the Au wire

bonded across the chip and ~ the inner |eéad was neasured. 10
gne results of b S ShaSgA e dolieRliy and the e it fodth i Rfer b HE°' ©

Comparati ve. Exfih o SRRk RpBiREPS B ERGHg BSU tiload frame

2.5L So bolyd 0 85- 60- 80 100
o U Wi T e h&f‘cfrahg _t%}aﬁ’e brésent |ﬁ\§erﬂﬁn&a§\1be lowered. 2 03 bondi ng
strength While this invention has been particularly shown and described with

5 reference to preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the invention as defined by the

appended claims.



(gf) MEX UMW T 6. 86 9. 64-

e Ry o ST 5

As ccah be sterr from Table 2, the solderability and the
wi re bondi ng strength were inproved fgy the |l ead franme according to-
the present invention. 5 Exanpl e The adhesi on
bet ween t he Ou\t/\ﬁ\ l{m tI er and resin was measured for

at is claim

1 1. A method for manufacturing a lead frame for a semiconductor
2 package, comprising:

3 forming a protective layer with nickel (Ni) or Ni alloy on a metal substrate;

F-S

forming an intermediate layer with palladium (Pd) or Pd alloy on the

5 protective layer; and |

6 alternately plating the surface of the intermediate layer with Pd and gold
7 (Au) at least one time to form an outermest layer including both Pd and Au

8 particles.

1 2. The method of claim 1, wherein in the alternate plating to form the

2 outermost layer, either Pd or Au can be plated first on the intermediated layer.

1 3. A lead frame for a semiconductor package, comprising:

2 a protective layer formed of nickel (Ni) or Ni alloy on a metal substrate;

3 an intermediate layer formed of palladium (Pd) on the protective layer; and
4 an outermost layer formed of Pd and gold (Au) on the Pd intermediate

5 layer. “

1 4, A lead frame for a semiconductor package, comprising:

2 a protective layer formed of nickel (Ni) or Ni alloy on a metal substrate; and
3 an outermost layer formed of palladium (Pd) and gold (Au) on the -

4 protective layer.

1 5. A lead frame for a semiconductor package, comprising:
2 a protective layer formed of nickel (Ni) or Ni alloy on a metal substrate;

3 an intermediate layer formed of palladium (Pd) on the protective layer; and



the | ead frames manufactured in Exanple 1. For the adhesion test, two
comercially avail fﬂ"ﬂl"%“‘ﬂﬂmjm“'e resins (SL7300 and T16BC) were used
to nmold the lead f il s shown in FIG 10. 10 As shown
in FIG 10, the adhdsi &n for'te bet'ween the outer nost | ayer and rein is

maxi num wi th respect to the lead frane havygg the Pd-Au outernost
| ayer on the Pd internediate | ayer for bothtwo resins.

Exanpl e 4 15 For | ead ,frame accordi.n o the present invention, a Ni
rot bt i ve Hayer  GORCUAUY B6 Avealoy piisq aionstopmed 2rahe SREHEBRILBYS  have
a thickness _of . m.croi nch, and.a Pd internediate | ayer was forned on
the N prot act psglaﬂ%%pogqgﬂ\esuﬂqgg&?@qlﬁ%mg@ggyeb_8 m croinch. In turn,
pl ated regions formed of Au or Au all oy were formed being scattered on
the Pd internmedi ate | ayer to have a 20 thickness of about 0.03 m croinch.

For Conparayive Exagpl e Fnefaqdy f?érﬁégf B@ﬁkpgvggreﬁﬁ %&Ié@%ir@@n%h@ a

fornmed of Au or Au alloy on a gener nparative

Exanple 2, 3 | m‘"ﬁﬁg?ﬁ(’bﬁ‘“ﬂ!@%ﬁhw' i.Croi nch-thick Ni protective |ayer and
-thic

a 1.0 mcroinc Internedi ate | ayer, with no plated regions,
was 25 manuf act ured. For a solderability test, the lead frane
was cured at 275[err]C for 1 hours in - an oven. After bending | eads of

the frame, the |ead7franfheasadianeofclaim 5, wherein the Au alloy is either Au-Pd alloy

2 or Au-silver (Ag) alloy.



14 curing at 175[err]C for 2 hours, and in turn steam agi ng at

95[err]C for 8 hours. For a ire b ndlng u wire having a
diameter of 1 m | was ﬁ?@\@ha%{ngeow\m«bo%%a‘ bondi ng force

applied at the chip mp ed on the pad and "at the i nner |ead of the
franme were 90 mWand €80 nigreTeOHNd] ng pleélod of time 5 was 15 nsec
and 20 nsec with respect to the chip on the pad and the inner | ead,
respectively, and the bondi ng tenperatur s, . 215[err] C. Then, the tension
force of the Au wire bonded acro o the Ehner | ead was

measur ed. In the solderability test, the outer |ead of the
frame was immersed in an R flux at 245[err]C for 5 seconds and drawn

espect 1o the ot al-GRBLFEANE ANR MEFHOE FORPROATNG "Fhe gk oo

The results of the solderability and wre bonding tests are shown in FIG
11. In FIG 11, the hatching bars represent the result of the

sol derabi |1 6y Lest, Algadlimi/ir & bamicoHRLEBEPdabBarkseindfiof e Vi !¢

bondi ng test. The so and nding strength for
Conpar at i ve Exmahhfac&mgqnélb%d%@ lﬁ%@f‘nanufacturé %Fﬂ’ié%éd’ﬁhﬂle a bﬁ)tectwe

sol derability and the wire bonding strength for Conparative Exanple 2

are 80% and 2. RYepis forntsRith hicRENI) NI 2l oﬁarhélal ﬁiﬂsﬁﬁfeabhhmtbﬁnedlate and
the wire bonding strength for Conparative anples 1 and 2, those for the

20 | ead frame ayepisthewyfarmedhwittppaliaeium |(nd)emn>d>auov én thmlirotebﬁv@layb%% and
5.91 gf , respectively. Exanple 5
Then, Pd and gold (Au) are alternately plated on the surface of the intermediate

10 layer to form an outermost layer including both Pd and Au particles thereon.

FIG. 5



As the lead pitch of the lead frame and the chip size decrease, the size of
25 capillary used for wire bonding- has decreased. In order to keep step

with this trend, the wire bonding strength of a | ead frame accordi ng
to the present i nvention was neasypgd with a reduced bondi ng power and
bondi ng force. 15

For the lead frame according to the present invention, a |ead frame having
pl ated portions on a Pd internediate |ayer having a thickness of 1.0

m croi nch was manufactured. For Conparative Exanple, a lead frane
having a 1.2 m croinch Pd | ayer as uterprost | ayer was

manuf actured. For a w re bondi ng 5 tégsrcg_cap | lary having a di aneter
of 80 mcronmeter, and a Au wire having a dianeter of 0.8 ml| were
used. The bondi ng on the chip nounted on the pad of the frame was
carried out at a bondi ng power of 60 mWwi fli® a bonding force 60 N at
200[err]C for 15 nsec. Meanwhi | e, the bondfng on the inner |ead of

the frane was carried out at}la © o
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10 bondi ng power of 80 mMWw th a bonding force 80 mN at 220[err]C for 20

nsec. The result of the wire bonding test is shown in Table 3.
Table 3 I'tens Present | nvention Conparative
Exanpl e M ni mum wi re bondi ng 3. 38 1.75
strength (gf) Average wire boﬁc{ifhg 4. 57

3.59 strength (gf) Maxi mum wi re bondi ng 6. 75
5.01 strength (gf) 15 - As shown in Table 3, the m ninmum
bondi ng strength of the |ead frane according to the present invention
I's inproved at about 3 g corrpa&Bd to Conpar ative exanple having 1.75

é’ l e aving nultiple plated
ntj6n takes the dvainéages of Au

gf wre bonE‘ tre
| ayers acco I]%}t.o t present \/\I n
th

and Pd plfx he ARl’ill)w ew of
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16 bondi ng strength, the solderability and the adhesion with resin. In
addition to the i nprovenent in those properties, the manufacturing cost
of the lead frane according to the present invention can be | owered.
VWhile this invention has been particulqi} shown and described with 5
reference to preferred enbodi nents thereof, it will be understood by those
skilled in the art that various changes in formand details may be nade

therein wi t hout departing fromthe spirit and scope of the invention as
defined by the appended cl ai ns.
17 What is clained is: 1 1. A nmethod for manufacturing a

| ead frane for a sem conduct or

FIG. 6
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2 package, conprising: 3 formng a protective |ayer with nickel
(Ni) or NN alloy on a netal substrate; 4 form ng an internediate
| ayer with palladium (Pd) or Pd alloy on the 5 protective |layer; and 6
alternately plating the surface of the internediate |ayer with Pd and gold
7 (Au) at least one tine to forman oét nost | ayer including both Pd and

Au 8 particles. 1 2. The nmethod of claim1l, wherein in the
alternate plating to formthe 2 outernost |ayer, either Pd or Au can be
plated first on the internediatg?zgegpr. {31 3. A lead frane for
a sem conduct or package, conpri s g\ a protective layer formed of
nickel (Ni) or Ni alloy on a netal substrate; 3 an i nternedi ate
| ayer forned of palladium (Pd) on the protective layer; and 4 an

out ernost | ayer formed of Pd anqggold (Au) on the Pd internediate 5 |ayer.
1 4. A lead frame for se 'coqg¥ctor package, conprising: 2
a protective layer fornmed ) /0 rmﬁngoy on a netal substrate

and 3 an out er nost di um (Pd) and d (Au) on
gad frame for ; m conduct or
S, f nickel (N) or

the 4 protective |ayer.
package, conprising: 2
Ni alloy on a netal syggrp

FIG. 9A
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3 an internedi ate [ ayer forned of palladium (Pd) on the protective
| ayer; and 18 4

gold (Au) or Au alloy plated regions formed on the internediate | ayer, 5
partially exposing the surface of the i irrredl ate | ayer. 1 6.
The |l ead frame of claimb5, wherein thespft ted regions have a 2 thickness of
0.03 m croinch or |ess. 1 The | ead frame of claimb5,
wherein the Au aIon is either Au-Pd aIon 2 or Au-silver (Ag) alloy.

FIG. 10

o~ 70
D 60 - SL7300
g 50 1 e T16BC
> 40 _.
g 301 O/\/
Ll 201 /ﬁ\/
3 107 '
< 0 — .
Comparative Comparative
Example 1 Invention Example 2
SOLDERABILITY
-©- WIRE BONDING
STRENGTH
100% 7 =
% o
X 8ox- // E
E o 62
2 60%{ g / / B
s
W 40% ] % // / 30
a - Z
S 20% 1 % 7 % Z
- O
| 7 U1 ¢
Comparative Comparative Present o
Example 1 Example 2 Invention =



