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There has been considerable interest in the use of pall
dium for lead frame plating material for its various
advantages in the semiconductor assembly process.
usage has been confined, however, to the copper alloy le
frame as a two-layer structure: palladium over a nickel
layer over copper alloy, because of severe corrosion inw
atmospheres. In this study, various layer structures with
copper, nickel and palladium were electroplated on an
iron-42 wt pct nickel lead frame, then packaged in the
assembly line. The corrosion behavior of each layer strug
ture was studied by using
the salt atmosphere test]
and the electrochemical
impedance method. The
lead frame was plastic-
molded to an SOJ-type
package; the surface states
after trimming and form-
ing of the lead were inves-
tigated by optical micro-
scope. The experimental
results indicated that the
additional layer formation
of palladium and copper
between the lead frame
and the nickel intermedi-
ate layer greatly increased
the corrosion resistance,
and was well accounted for
in terms of electrode ki-
netics of a metal-metal
couple composite system
Additionally, it was found
that the higher corrosion
resistance supported good
assembly properties of sol-
derability and wire
bondability.
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Special intere$f has been

dium (Pd) instead of silve
(Ag)inthe electroplating o

tor packages because

many advantages, such

reduction of process tim
resulting from elimination
of tin-lead alloy (Sn-Pb
plating in semiconducto
packaging and significan

Fig. 1—Surface states for various
layers of (a)Cu-LF/Ni/Pd, (b)alloy
42-LF/Ni/Pd (c)alloy 42-LF/Cu/Ni/
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-cal semiconductor component metal finishing operations.
Actually, the Pd-electroplated copper alloy lead frame has

Isbeen successfully us€ts two-layer structures of nickel and

adPd on the lead frame: a copper alloy lead frame under the Ni

layer under the Pd outermost lay€u¢LF/Ni/Pg. The Pd-

btelectroplated iron-42 wt pct/Ni alloy (alloy 42) lead frame
has not been used, however, because of its very low corrosion
resistance in wet atmospheres.

Many workers’® therefore, tried to overcome the corro-

- sion problem of the Pd electroplated alloy 42 lead frame. A
three-layer structure of Cu, Ni and Pd on the alloy 42 lead
frame @lloy 42-LF/Cu/Ni/PJ was constructed by Akihiko
and Nirind in an attempt to get corrosion resistance similar
to the corrosion resistance of the two-layer structOuet F/
Ni/Pd. Leeet al* experimentally proved, however, that the
three-layer structurelloy 42-LF/Cu/Ni/Pctould not endure
the corrosive environment of a salt atmosphere.

Kadija et aF increased the thickness of the intermediate
layers of Cu and Ni on the alloy 42 lead frame from normal
thickness, 1 to 4m each to raise the corrosion resistance.
Simet al,® however, reported that as the thickness of the Cu
and Ni intermediate layers increased ovain3, the wire
bondability and solderability of the lead frame in the assem-
bly process was greatly decreased. It was necessary, there-
fore, to develop the Pd-electroplated alloy 42 lead frame to
have both high corrosion resistance and good assembly
properties.

This study is concerned with the effect of an intermediate
layer between the lead frame substrate and the outermost Pd
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t Fig. 2—Nyquist plots for the various layer structures obfkyy 42-LF/Pd/

Pd, (d) alloy 42-LF/Pd/Cu/Ni/Pd  decrease of hazardous comCu/Ni/Pd (b)Cu-LF/Ni/Pd (c)alloy 42-LF/Cu/Ni/Pd (d)alloy 42-LF/Ni/

obtained after salt spray test for 24

_Pdin 3.5 wt pct NaCl solution in the frequency range from 0.1 ¥kt

hr. by optical microseopy (X3). pounds encountered intyp,
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the single sinusoidal potential of 5 mV.
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Fig. 4—Remnants of Au on the lead frame surface of the SOJ-type plastic package with the lag2+dloy
Pd/Cu/Ni/Pdobtained after Au-wire pull test by optical microscopy.

layer on the corrosion resig-range of 10 to 10 Hz at room temperature in 3.5 wt pct NaCl

tance of the alloy 42 lead solution.

frame and on the assembl]y For the feasibility test for the assembly manufacturing

feasibility for the plastic| process, the Pd-electroplated lead frame was plastic-molded,

package. For this purposethen trim-formed to be an SOJ-type package. For surface

various layer structures con-investigation, the optical microscope and scanning electron

sisting of Cu, Niand Pd werge microscope were used. The solder coverage on the lead was

electroplated on the alloy estimated based on the dip-and-look metfiodirebond

42 lead frame. studies were performed with UTC 100 bonders in wedge/
The salt spray test andwedge ultrasonic mode, using g6t Au wire.

the a-c impedance measure-

ments were carried out tpResults & Discussion

measure corrosion resis-Corrosion  Behavior

tance in various atmospher|cFigures 1a,b,c,d show the lead frame surfaces @@ theF/

and solution environments. Ni/Pd, thealloy 42-LF/Ni/Pd theFe-42 wt pct Ni-LFNi/Cu/

Solderability, gold wire| Ni/Pd and thealloy 42-LF/Pd/Cu/Ni/Pdstructures investi-

bondability and crack den- gated after 24-hr salt atmosphere tests based on MIL-STD

sity of the lead finish were 883d 1009.8by optical microscope. It was found that there

measured for determiningwas no surface corrosion apparent for@eLF/Ni/Pd(Fig.

feasibility for the semicon{ 1a). On the other hand, severe corrosion, even resulting in

ductor package process.broken leads, occurred for tadoy 42-LF/Ni/Pd(Fig. 1b).

From the experimental re- Figure 1c indicates that some corroded areas at the lead,

sults, a highly corrosion-re- edge and pad regions was found fordhey 42-LF/Cu/Ni/

sistant layer structure couldPd. The amount of corroded area is considerably less, how-

be obtained and it was a¢-ever, than that of treloy 42-LF/Ni/Pd Itis shown in Fig. 1d

counted for in terms of the that, remarkably, there is no surface corrosion forattoey

Fig. 3—Surface states of (aJloy mixed electrode kinetics in 42-LF/Pd/Cu/Ni/Pdwhich is very similar to the surface state

:ﬁ;};’i’l’;dp(;)gﬂ%i“((zj')'-a':“’gffz‘;"(fg/ a corrosive environment. | of theCu-LF/Ni/Pd The results indicate that the addition of

Cu/Ni/Pd measured by scanning . Pd, even the small thickness of 0.0%, to the mterfa_ce

electron microscopy (SEM). Experimental between the lead frame and the Cu/Ni layer plays an impor-

Procedure tant role in enhancing the corrosion resistance of the multi-

In the experiments, the Cu alloy lead frame CHMI the Fe{ layer plated alloy 42 lead frame.

42 wt pct Ni lead frame of alloy 4@%vere used. Electroplating  Figures 2a, b, c and d show the electrochemical impedance

was carried out in the cut-strip-type plating machine withpdots for various layer structures obtained in 3.5 wt pct NaCl

continuously circulating bath. Table 1 shows the platirgplution. It is clearly seen from Fig. 2 that the magnitude of

conditions of each layer of the alloy. The surface morpholothe impedance arc corresponding to the corrosion resistance

of the layer formation was investigated by scanning electron

microscopy.
The salt spray experiment based on MIL-STD 883d 160

was carried out to determine the atmospheric corrosi

Table 1
Layer Preparation  Conditions

resistance of the electroplating layer. The electrochemi Applied Current Layer
impedance measurements were utilized for quantitative|c Basic Bath Density ez lilekses
rosion measurement in solution environment by using Zahi Process S S € Hm
No. IMD5. The electrochemical cell used in this study ffc Pd plating*  Pd(NH) CI, 2 35 0.05
impedance measurement was similar to the cells previqu cy plating CyP,0, - 3HO 25 55 2
described in the literatufelhe surface area of the specime . . :

. . Ni plating Ni(NH,SO,) 4 50 2
exposed to electrolyte was 1 €A platinum wire and -
saturated calomel electrode (SCE) were used as coyn Pdplating — Pd(NH) CI, 2 35 0.1

electrode and reference electrode, respectively. A sin

. . . . * *%
sinusoidal potential of 5 mV was applied over the frequen ", MNer Pd layer == Outer Pd layer

-
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increases in the ordeatloy
42-LF/Ni/Pd< alloy 42-LF/
Cu/Ni/Pd< alloy 42-LF/Ni/
Pd=alloy 42-LF/Pd/Cu/Ni/
Pd.

The surface corrosio
status (Fig. 1) change wit
layer structure is in goo
agreement with the order ¢
the impedance arcs (Fig. 2
It means that the corrosio
behavior for the multi-laye

environment is similar tg

ment.

The corrosion resistanc
may be thoughtasimprove
by the increase in total laye
thickness because of th
addition of Pd from 4.1 tg
4.15um. According to Fig.
2, however, the corrosio
resistance of thalloy 42-
LF/Pd/Cu/Ni/Pdwhich cor-
responds to the radius of th

: order of magnitude large
F;IQ- %—Th(%)sgrface statdes( ‘)Jf (@)than that of thalloy 42-LF/
shoulder, ottom and (c) toe ; ; i
region for the SOJ-type plastic C.U/NI/Pd !tISthusnOtplau
package with the layer allo§2-LF/ S!ble to thmk that_the corro
Pd/Cu/Ni/Pcbbtained aftertrimming SION resistance increase
and forming measured by 3D optical prought about by the in
microscopy (50X). crease in total layer thick

ness.

finish in the atmospheri¢

that in the solution environt

increasing the electrochemi-
cal potential of the anodic
reaction (1) toward the more
noble direction. It is thus
plausible to think that the
additional plating of the Pd
layer between the Fe-42 wt
pct Ni lead frame and the
Cu layer increases the elec-
trochemical potential of the
anodic reaction (1) toward
the more noble direction,
resulting in the greater cor-
rosion resistance ofthe layer
structure alloy42-LF/Pd/
Cu/Ni/Pd(Figs. 1 and 2).
Figure 3 shows surface
states of (a) thalloy 42-
I'Fig. 6—Surface states of (a) trimmed,LF/Pd, (b) thealloy 42-LF/
ethen (b) formed lead of the SOJ-typePd/Cy, (c) thealloy 42/Pd/
package oblained after 8 If steamcy/Nj, and (d) thelloy 42/
pang, hen solder dpping messuecp g/ CuNIPg measured by
scanning electron micro-
scope (SEM). Itwas found that as the layer was electroplated,
no pores or surface imperfections were formed. It is thus
eexpected that the stable surface morphology might support

h

semicircle, is more than angood corrosion resistance. It was impossible, however, to

r obtain the low corrosion resistance for the struciloy 42-
LF/Pd/Ni/Pd because it was attributed to the porous struc-
ture of Ni formed directly on PH.

- Feasibility for Assembly

iBecause the high corrosion resistance to the corrosive atmo-

- spheric and solution environments could indicate feasibility

- for the semiconductor assembly process, some tests were

conducted to insure compatibility of taboy 42-LF/Pd/Cu/

In the field of corrosion kinetics,it is generally agreed Ni/Pdwith the requirements of the semiconductor packaging

that even though various transient electrochemical rea
steps may be involved, the main anodic and cathodic

Ctimocess.
proTable 2 shows the wire bond reliability test results of the

cesses during atmospheric corrosion of a metal-metalatioy 42-LF/Pd/Cu/Ni/Pdcompared with thalloy 42-LF/

metal-oxide composite system can be expressed as fol

M=M=+ ze at the metal/metal interface (|
O,y + 2H,0 + 4e = 4(OH)
at the metal/atmosphere interface

where M, M*, z, e, Q  and (OH)represent the metal ator
charged metal ion, the charge number of the metal, ox
gas and hydroxyl ion, respectively.

According to Wagner’s mixed electrode theétthe cor-
rosion current density for the metal system is decrease

Table 2

Pull Strength Values of Wire Bondability

Pull strength, g Ag spot plating Pd plating
lead frame lead frame
Min. 9.5 9.0
Max. 15.5 17.0
Avg. 12.4 13.5
Standard deviation 1.73 2.19
Cp 1.62 1.44

oivg: Test criteria include pull strength. From the results of
Table 3, it is shown that there is no statistical difference
1petween the wirebonding properties of ey 42-LF/Pd/
Cu/Ni/Pdand the silver spot lead fraraéloy 42-LF/Ag
Figures 4a, b and ¢ show the remnants of Au on the lead

ZAjnish surface ofalloy 42-LF/Pd/Cu/Ni/Pdfor the plastic
package obtained after the Au-wire pull test. It is seen that a
n,considerable amount of Au residue exists, indicating rela-
darely good adherence between the Au wire and the lead
frame surface.

From the wire bonding results, it can be said that the

dsoyface of thalloy 42-LF/Pd/Cu/Ni/Pdead finish can with-
stand, without severe oxidation, the high temperature wire
bonding conditions.

Figures 5a, b and c show the lead frame surfaces for the
alloy 42-LF/Pd/Cu/Ni/Pdhfter lead bending of the SOJ type
package measured by 3D optical microscopy. Itis easily seen
that there are no severe cracks formed during the trimming
and forming process for the lead frame areas of (a) shoulder,
(b) bottom and (c) toe.

Figures 6a and b show the lead frame surfaces, (a) trimmed,
then (b) formed for the SOJ type package, obtained after 8 hr
steam aging, then solder dipped and measured by 3D optical
microscope. It was found that the lead frame surface has

June 1999

solder coverage above 95 percent. According to previous
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work on theCu-LF/Ni/Pdalloy for semiconductor packages,14. A. Abys, I.V. Kadija, E.J. Kudrak Jr., J.J. Maisano, Jr.,
the solderability can be decreased mainly because of oxida- U.S. patent 5,360,991 (1994).
tion of Cu atoms on the lead finish.
Abyset al'* reported that Cu migration onto the outer PAbout the Authors
surface occurs through the easy paths in the intermedi
layer, such as cracks or pores during the assembly proce
the Cu-LF/Ni/Pdlayer, and this kind of surface contamin
tion can be detrimental to solderability and wire bond
properties. It can thus be understood that good soldera
results (Figs. 6a,b) are in good agreement with the Id
crack results (Figs. 5a,b,c).

Conclusions
From the experimental results in this study, the follow
conclusions can be reached.

1.

Corrosion resistance measurements in a corrosive 3
spheric environment (salt spray test) and in solu
environment (a-c impedance technigue) show that f
corrosion resistance of the Pd-electroplated alloy 42
frame can be obtained by formation of the multi-la:
structurealloy 42-LF/Pd/Cu/Ni/Pd

The increase in corrosion resistance resulting from
additional plating of Pd between the lead frame and
Cu/Ni intermediate layer accounts well for the chang

the anodic reaction during the corrosion process towd

the more noble direction owing to the Pd plating on
lead frame.

. It is found from the results of solderability and w

bondability tests that the high chemical stability g
relatively lower crack formation of thedloy 42-LF/Pd/
Cu/Ni/Pdmakes feasible the layer structure for the
sembly manufacturing process.

Editor’s note: Manuscript received, January 1999; revisi
received, March 1999.
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