
WELDING RESEARCH 

SUPPLEMENT TO THE WELDING JOURNAL, |UNE 1989 

Sponsored by the American Welding Society and the Welding Research Council 

All papers published in the Welding Journal's Welding Research Supplement undergo Peer Review before 
publication for: 1) originality of the contribution; 2) technical value to the welding community; 3) prior 
publication of the material being reviewed; 4) proper credit to others working in the same area; and 5) 
justification of the conclusions, based on the work performed. 

The names of the more than 170 individuals serving on the AWS Peer Review Panel are published 
periodically. All are experts in specific technical areas, and all are volunteers in the program. 

Rapid Solidification of Lead-Based Solders 

A lead-based solder cast by rapid solidification is compared 
to a solder of the same composition processed by 

conventional rolling 

BY M . R. LAMBERT 

ABSTRACT. Lead-based solders have 
been produced by rapid solidification (RS) 
using planar flow casting (PFC) technolo
gy, which allows the production of a 
ribbon of a predetermined thickness in a 
single operation, without rolling. The RS 
processing results in a cooling rate of 
approximately 106°C/s. Even in these 
low-melting alloys, such a rapid cooling 
rate usually results in a refined, metasta
ble microstructure in as-cast material. 

One of the lead-based solders which is 
commonly used in the electronics indus
try is Pb-5ln-2.5Ag. The equilibrium 
microstructure of this particular composi
tion consists of a Pb solid solution matrix 
phase with Ag2ln intermetallic particles. In 
comparison, the as-cast (RS) ribbons of 
Pb-5ln-2.5Ag have a metastable micro-
structure in which the solute elements 
occur in supersaturated solid solution in 
the Pb matrix phase. Examination of con
ventional rolled solders of the same com
position shows that they have an equilib
rium microstructure typically consisting of 
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numerous Ag2ln intermetallic particles dis
tributed throughout a Pb matrix phase. 
The size and exact distribution of the 
Ag2In intermetallic particles varies from 
one rolled solder ribbon to another, 
depending on the details of the rolling 
process used by each manufacturer. 
Microhardness measurements of the 
rolled and as-cast RS solder ribbons show 
that the as-cast RS ribbon is about 60% 
harder than the rolled ribbon. The 
increased hardness in the as-cast RS rib
bon is attributed to the fine grain size and 
the metastable microstructure, which 
produces significant solid solution hard
ening. 

Auger analysis of RS and rolled solder 
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ribbons showed that the RS ribbon has a 
thinner oxide layer. The oxide layer on 
the RS ribbon consists of mostly ln203 
and metallic Pb, compared to Si, ln203, 
PbO? and C on the rolled ribbon. In 
wetting tests, the RS solder preforms 
exhibited a smooth surface and good 
adhesion, while the rolled solder pre
forms developed a wrinkled surface and 
readily popped-off the leadframe. 

Upon melting and resolidification of 
the solder during a die attach operation, 
the metastable RS microstructure will 
tend to develop into a fine-grained equi
librium microstructure. Observations of 
solder joints, made by furnace die attach 
using rolled and RS solder ribbons, show 
that they have similar microstructures: a 
Pb matrix phase decorated with Ag2ln 
intermetallic particles. However, the 
Ag2ln particles in the RS solder joint are 
typically about one-half the size of the 
intermetallics found in the joints made 
with rolled solder ribbon. 

Introduction 

The high power demand of semicon
ductor power devices generates large 
amounts of heat that must be dissipated 
through the package. The high heat load 
produced by these devices creates 
severe thermal stresses in the package. 
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Fig. 1 — Schematic representation of the planar 
flow casting (PFC) process 

The advantage of using Pb-based solders 
in this application is that they have better 
thermal conductivity than the epoxies. 
On the other hand, in comparison to the 
stronger Au-Si solders, the Pb-based sol
ders are softer and deform more readily. 
This helps prevent device failure due to 
cleavage of the silicon chip, which is 
often observed with the Au-Si die attach 
technology (Ref. 1). 

Pb-based solder ribbons traditionally 
used in this application have been pro
duced from ingots, which are then rolled 
down to ribbon form through a number 
of passes. The microstructure of the as-
rolled solder ribbon approximates the 
equilibrium microstructure predicted by 
phase diagrams (Ref. 2). In general, the 
ribbon microstructure consists of a fairly 
large grain size, elemental segregation, 
and in certain alloy systems, intermetallics 
(Ref. 3). In addition, the oils used in the 
various rolling operations become 
entrapped in the as-rolled solder ribbon, 
and can cause significant oxide forma
tion. 

Recently, a process has been devel
oped to produce a number of the stan
dard Pb-based solder ribbons by rapid 
solidification (RS). Using the rapid solidifi
cation technique, the solder alloy is quick
ly cooled from the molten state directly 
to the solid ribbon form in one operation. 
The molten alloy is cooled at rate of 
approximately 106°C/s, by casting it on a 
rapidly rotating substrate, after which it is 
immediately in-line wound. The high 
cooling rates associated with the rapid 
solidification technology tend to eliminate 
the elemental segregation that occurs in 
the slower equilibrium processes. In addi
tion, it results in a very fine grain size, and 
in some alloy systems, it can result in 
metastable microstructures by extending 
the equilibrium solid solubilities (Refs. 3, 

4). 
The particular Pb-based alloy discussed 

in this paper is Pb-5ln-2.5Ag (wt-%). 
According to the equilibrium phase dia
grams (Ref. 5), solid solubility for Ag in Pb 
is 0.1 wt-% at 304°C (579°F). Also, Ag-ln 

Fig. 2 —Rapidly solidified Pb-5ln-2.5Ag solder ribbon. A—SEM photomicrograph of the solder 
ribbon in cross-section; B — Pb x-ray map; C—Ag x-ray map; D-ln x-ray map 

intermetallics should readily form in this 
alloy system. However, the as-cast RS 
Pb-5ln-2.5Ag ribbon has a microcrystal
line microstructure with complete solid 
solution of the Ag and In in the Pb matrix. 
This means that in the RS ribbon there is 
extended solid solution of the Ag in the 
Pb matrix phase. Such a uniform micro-
structure and the fact that the RS ribbon 
has no entrapped organics is significant 
since it provides enhanced properties 
compared to rolled solder ribbon. 

Experimental Procedure 

Ribbon Casting 

Rapidly solidified solder ribbon was 
manufactured by casting molten alloy 
onto a cooled, rapidly rotating substrate 
wheel. Using this method, the alloy cools 
at a rate of approximately 106oC/s. The 
specific technique used to manufacture 
this ribbon is called planar flow casting 
(PFC). In the PFC process, the crucible 
that holds the molten alloy is brought into 
close proximity to the rotating substrate 
while the alloy is being ejected, as shown 
in Fig. 1. This configuration provides con
finement for the molten alloy pool during 
casting. The resulting ribbon is then auto
matically in-line wound as it comes off the 
substrate. 

Die Attachment 

The solder joints studied in this work 
were formed by assembling devices 
using Ni-plated TO-3 leadframes and Ag-
backed dies. Solder preforms were 
placed on the leadframe, with a die on 
top, and then reflowed in a Sikama belt 
furnace with an Ar-4%H2 atmosphere. 
These assemblies were heated to 385°C 
(725°F) for 45 s and then cooled at room 
temperature for 65 s while still in atmo
sphere. 

Solder Properties and Characterization 

The melting behaviors of the RS and 
rolled ribbons were studied using the 
differential scanning calorimetry (DSC) 
technique. Approximately 50-mg ribbon 
samples were heated at a rate of 5°C/ 
min (9°F/min), to a maximum tempera
ture of 500°C (932°F). 

A Vickers indentor was used to mea
sure the microhardness values of the 
solder ribbons and joints. The ribbons 
and joints were mounted in cross-sec
tion, polished and then indentations were 
made. A 5-g load was used in all cases. 
Ten readings were made and then aver
aged for each sample. 

The microstructure of the solder rib
bons and joints were examined in cross-
section using both optical microscopy 
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and scanning electron microscopy (SEM). 
Energy dispersive x-ray analysis (EDX) was 
used to determine approximate phase 
compositions, using a standardless analy
sis program, and to generate elemental 
x-ray maps. 

The chemical composition of the oxide 
layers present on the surface of the RS 
and rolled ribbons were determined 
using high-resolution x-ray photoelectron 
spectroscopy (XPS). Depth profiling, by 
the auger electron spectroscopy (AES) 
technique, was used to measure the film 
thickness of these oxide layers. 

Ribbon Characterization Results 

Microstructure 

The microstructure of the as-cast RS 
ribbon (Fig. 2A) consists of a single phase. 
The EDX analysis indicates that this phase 
is predominately Pb with all of the Ag and 
In in solid solution. Elemental x-ray maps 
(Fig. 2B-D) show the uniform distribution 
of the Pb, Ag and In throughout the 
ribbon. Whereas the microstructure of 
the rolled ribbon (Fig. 3A) consists of a 
matrix phase and a nonuniformly distrib
uted second phase. This second phase 
ranges in size from 5 to 25 ,um and is 
enlongated in the rolling direction. The 
EDX analysis indicates that the matrix 
phase is Pb with about 3.5% In in solid 
solution, while the second phase is an 
Ag-In intermetallic of composition Ag2ln. 
The distribution of the Pb, Ag and In are 
shown in Figs. 3B-D, respectively. 

Microhardness 

Microhardness measurements were 
made on the cross-sections of both the 
RS and rolled ribbons. The data show that 
the RS ribbon is harder than the rolled 
ribbon. The average hardness number 
for the as-cast RS ribbons was 16.8 VHN 
compared to 10.4 VHN for the as-
produced rolled ribbon. In comparison to 
these Pb-based alloys, the average hard
ness value for an as-cast RS ribbon of 
pure Pb is only 6.0 VHN. 

Fig. 3-Rolled Pb-5ln-2.5Ag solder ribbon. A—SEM photomicrograph of the solder ribbon in 
cross-section; B — Pb x-ray map; C — Ag x-ray map; D — ln x-ray map 

IU.UU 

u 

1 500 

u 
3 

0.00 

31 2°C 

Thermal Analysis 

The melting and freezing behavior of 
the ribbons was studied using the DSC 
technique. Upon heating, the RS ribbon 
was found to have a sharp melting peak 
over the range of 305° to 318°C (581 ° to 
574°F), with a maximum at 312°C 
(594°F)-Fig. 4A. No other peaks were 
observed during the heating cycle, up to 
the 500°C maximum temperature. The 
test results for the rolled ribbon demon
strated a similar melting behavior as the 

10.00 

RS ribbon. The heating curve (Fig 4B) has 
one melting peak, which also has a maxi
mum at 312°C. Optical microscopy was 
used to observe cross-sections of the RS 
and rolled DSC samples after heating to 
500°C and subsequent cooling to room 
temperature. These DSC samples were 
made by stacking many ribbon preforms 
in the DSC sample cup to obtain a sample 
weight of approximately 50 mg. Optical 
photomicrographs (Figs. 5A and B) of the 
RS and rolled DSC samples show that 
two microstructural differences can be 
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Fig. 4 — DSC heating curves for Pb-5ln-2.5Ag solder ribbon run at 5°C/min. A - rapidly solidified ribbon; B - rolled ribbon 
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Fig. 5 — Optical photomicrographs of cross-sections of DSC samples heated to 500°C and then 
cooled to room temperature at 320°C/min. A —Rapidly solidified ribbon; B —rolled ribbon 

Table 1—Atomic Concentration of Elements 

Sample Pb 

RS 4.0 
Rolled 4.8 

As-Produced 
In 

96.0 
11.2 

in the Oxide Layer 

Si Pb 

1.1 
84.0 10.8 

After Reflow 
In 

98.1 
66.1 

Si 

23.1 

observed b e t w e e n these t w o types of 
solder r ibbons. The first, and most signifi
cant d i f ference, is that the RS sample has 
complete ly mel ted to f o r m a single ingot 
w i t h a cont inuous surface, whereas the 
rol led sample has not comple te ly mel ted 
and thus has a discont inuous surface w i t h 
many of the original r ibbon- to - r ibbon 
interfaces still present. The other dif fer
ence that is apparent f r o m the p h o t o m i 
crographs is that the rol led sample has 
fewer yet larger Ag-ln intermetall ics, 
compared to a larger number of smaller 
intermetallics f o u n d in the RS sample. 

Surface Analysis 

XPS analysis was used to identi fy the 
surface species o f the as-cast RS and the 
rol led r ibbons in the as-produced cond i 
t ion and after they had been mel ted in a 
belt furnace at 355°C (671 °F). The XPS 
spectra for the as-produced r ibbons (Figs. 
6A and B) show that the ox ide layer on 
the RS r ibbon consists of most ly l n 2 03 , Pb 
metal and P b 0 2 . Mos t of the Pb is 
present as Pb metal , as s h o w n in Fig. 7A. 
The ox ide layer o n the rol led r ibbon 
contains significant amounts of silicon and 

Table 2—Oxide Layer Thickness 

Sample As-Produced (A) After Reflow (A) 

RS 
Rolled 

30 
45 

75 
125 

carbon, w h i c h are no t present on the 
surface of the RS r ibbon. The oxide layer 
also consists of l n 2 0 3 , P b 0 2 and Pb 
metal . H o w e v e r , in this case, most of the 
Pb is present as the ox ide P b 0 2 —Fig. 7B. 
Af ter re f l ow, the same species w e r e 
f ound on the surface of the RS and rol led 
r ibbons, h o w e v e r , their relative concen
trations w e r e di f ferent . This can be seen 
in Table 1, wh i ch lists the atomic concen
trations of the elements calculated f r o m 
the XPS results. 

For b o t h types of solder r i bbon , little 
Ag was de tec ted o n the r ibbon surface, 
and the exact chemical state of the A g 
that was present cou ld not be ident i
f ied. 

Auger spect roscopy dep th profi les o f 
the RS and rol led solder r ibbons (Figs. 8 
and 9) show the relative intensity o f Pb, In 
and O w i t h posi t ion th rough the r ibbon . 
For this analysis, 1 min of sputter ing t ime 
is approx imate ly equal t o 8 A. The A g 
signal was not p lo t ted because the inten
sity is ve ry l ow . The thicknesses o f the 
oxide layers on the RS and rol led r ibbon 
are listed in Table 2. 

The dep th profi les show that there is a 
significant increase in ox ide layer thick
ness after the r ibbon is mel ted. In add i 
t ion they show that the ox ide layer on the 
RS r ibbon is thinner than o n the rol led 
r ibbon . 

Wetting 

The we t t i ng behavior of the RS and 
rol led solder r ibbons was tested by 
re f low ing circular p re fo rms on Ni-plated 

RS Pb-5ln-2.5 Ag 

-1000 -800 -600 -400 
Binding Energy. eV 

-200 
B 

-1000 

Rolled Pb-5ln-2.5 Ag 

-800 -600 -400 
Binding Energy. eV 

Fig. 6 - XPS spectra of as-produced Pb-5ln-2.5Ag solder ribbon. A — Rapidly solidified ribbon; B - rolled ribbon 
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Fig. 8 —Auger spectroscopy depth profiles of rapidly solidified Pb-5ln-2.5Ag solder ribbon. A —As-cast ribbon, B —reflowed ribbon 
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Fig. 10-Optical micrographs of Pb-5ln-2.5Ag solder preforms reflowed on leadframes to test their wetting and adhesion properties. A-Rapidly 
solidified preforms; B - rolled solder preforms 

TO-3 leadframes. Two preforms were 
reflowed on each leadframe, after which 
an attempt was made to scrape-off one 
of them. Optical micrographs (Figs. 10A 
and B) show that both the RS and rolled 
ribbon preforms dewet slightly at the 
edges. The surface of the RS preforms 
are very smooth, while the rolled solder 
preforms have a wrinkled surface. This 
wrinkled appearance results from the 
formation of a thick oxide layer. This 
oxide layer was also detected on the 
thermal analysis and surface analysis sam
ples. When the reflowed preforms were 

scraped with a scalpel, none of the RS 
solder preform was removed from the 
leadframe. On the other hand, much 
of the rolled solder preform readily 
popped-off when scraped. 

Joint Characterization Results 

Microstructure 

SEM analysis was used to study the 
microstructures of joints made with RS 
and rolled solder ribbon. SEM photomi
crographs, Figs. 11A and 12A, show that 

joints made with RS and rolled solder 
have very similar microstructures. The 
joint microstructures are found to consist 
of Ag-ln intermetallics in a Pb matrix. 
According to EDX analysis, the intermetal
lic phase is Ag2ln, while the matrix phase 
is Pb with about 3 wt-% In in solid 
solution. In these solder joints, the Ag-ln 
intermetallics are found to segregate 
toward the die-solder and solder-lead-
frame interfaces. However, there does 
appear to be a greater tendency for 
these intermetallics to segregate toward 
the die-solder interface. 

F Pie Leadframe 
X 

Solder 

• 

I <&. 

Fig. 11 - Solder joint made with rapidly solidified Pb-5ln-2.5Ag solder ribbon. A - SEX 1 photomicro
graph of joint in cross-section; B — Pb x-ray map; C-Ag x-ray map; D-ln x-ray map 

Microhardness 

The microhardness of joints made with 
RS and rolled solder ribbons were mea
sured. The indentations were made in the 
solder portion of the joint. The micro
hardness values were found to be similar 
for both the RS and rolled solder joints, 
with values of 13.8 and 13.7 VHN, 
respectively. A similar joint made with a 
pure-Pb RS solder ribbon had a micro
hardness of only 8.8 VHN. 

Discussion 

The microstructure found in the RS 
Pb-5ln-2.5Ag solder ribbon shows that 
the RS process creates a metastable 
microstructure. The resulting ribbon had 
a very fine grain size and total solid 
solubility of the In and Ag in the Pb matrix 
phase. At room temperature, the equilib
rium solid solubility of Ag in Pb is less than 
0.1 wt-%. The RS process has greatly 
extended that solid solubility in this alloy, 
incorporating 2.5 wt-% Ag in the Pb-
based phase. In comparison, the rolled 
ribbon has an equilibrium microstructure, 
as predicted from the phase diagrams, 
which consists of numerous large Ag-ln 
intermetallics randomly distributed 
throughout the Pb matrix phase. The 
Ag-ln intermetallics were identified as 
Ag2ln. 
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The difference in microstructure 
between the RS and rolled solder ribbons 
results in some differences in behavior. 
For one, the as-cast RS ribbon exhibits a 
greater microhardness than the rolled 
material, 16 versus 10 VHN, respectively. 
The higher hardness of the RS ribbon is 
attributed to a combination of the finer 
grain size of the Pb matrix phase and 
significant solid solution hardening that 
results from the total solid solubility of the 
Ag and In in the Pb matrix phase. 

Another beneficial difference resulting 
from the RS processing of solder ribbon is 
that this manufacturing technique greatly 
restricts oxide film formation on the rib
bon surface. Auger analysis shows that a 
thin oxide layer, approximately 30 A 
thick, forms on the as-cast RS ribbon 
surface. This oxide layer consists of most
ly indium oxide (ln203) and Pb metal. 
Work by Bird (Ref. 6) has shown that the 
addition of small amounts of In to Pb 
drastically changes the Pb oxidation 
behavior. He found that the In preferen
tially diffuses to the surface, resulting in a 
much higher concentration of In at the 
surface than in the bulk. The In at the 
surface then oxidizes to form ln203. It 
was also found that as the concentration 
of In at the surface increased, progres
sively greater quantities of metallic Pb, as 
opposed to Pb oxide, were found at the 
surface. In addition, the presence of In at 
the surface changed the form of the Pb 
oxide from the PbO found in pure Pb to 
Pb02 . All of these features were 
observed in both the RS and rolled Pb-
5ln-2.5Ag solder ribbons. However, in 
the RS ribbon, the uniform distribution of 
In and the lack of Ag-ln intermetallics 
promoted the rapid diffusion of In. This 
resulted in a larger concentration of In at 
the surface of the RS ribbon. The XPS 
analysis of the Pb in the oxide layers on 
the RS and rolled ribbons showed that it 
was present as mostly metallic Pb in the 
RS ribbon, while in the rolled ribbon most 
of it was oxidized as Pb02 . 

The fact that the oxide layer on the 
as-cast RS solder ribbon is thin and free of 
contaminants means that it is easy to 
reduce during the die attach operation, 
and thus leads to better wetting and 
adhesion of the solder preform to the die 
and leadframe. This was demonstrated in 
the wetting test in which the RS solder 
preforms developed a very smooth sur
face, characteristic of a thin oxide layer. 
They also formed a very strong bond 
with the leadframe. Auger analysis 
showed that the as-produced rolled rib
bon had a 45-A-thick oxide layer, which 
grew to 125 A when the ribbon was 
reflowed. In addition, large quantities of 
Si and C were present at the surface. The 
thick oxide layer, along with the oils and 
contaminants entrapped on the rolled 
ribbon surface, caused the rolled solder 
preforms to develop a wrinkled surface 

•Die Leadframe" 

Solder 

Fig. 12-Solder joint made with rolled Pb-5ln-2.5Ag solder ribbon. A —SEM photomicrographs of 
the joint in cross-section; B — Pb x-ray map; C-Ag x-ray map; D — ln x-ray map 

when reflowed. This resulted in a weak 
bond between solder and leadframe. 
The poor adhesion displayed by this 
rolled solder frequently will lead to a 
poor solder joint, which in turn can dete
riorate the performance of the device. 

With regard to thermal behavior, both 
types of solder ribbon have a major 
melting peak around 312°C. This peak 
corresponds to the melting of the Pb-
based phase. Pure Pb melts at 327.5°C 
(621.5°F). In this alloy, the melting point is 
lowered to 312°C due to the solid solu
tion of a small amount of In in the Pb 
phase. No other phase transformations 
were detected during the heating of 
these materials to 500°C. When the DSC 
samples were removed after testing, the 
RS ribbon was found to have fully 
melted, forming a small rounded ingot. 
However, the rolled ribbon still main
tained much of its original shape, with 
many of the ribbon interfaces in the stack 
of ribbon preforms still apparent. Obvi
ously, the rolled ribbon did not complete
ly melt, even at 500°C. This incomplete 
melting of the rolled ribbon is partly 
attributable to the oxide layer that forms 
on the ribbon surface. The oils and other 
contaminants introduced by the rolling 
operation, along with the increased thick

ness of the oxide layer, combine to form 
an adherent surface film that is not readily 
reduced when the solder is melted. The 
presence of the Ag2ln intermetallic phase 
in the as-produced rolled ribbon is prob
ably another factor in the incomplete 
melting. This intermetallic has a solidus at 
about 550°C (1022°F) and a liquidus 
around 660°C (1220°F). Therefore, at a 
temperature of only 500°C, the Ag2ln 
phase will still be solid. 

Once the RS ribbon is remelted to 
form a solder joint, its metastable micro-
structure will start to revert to the equilib
rium microstructure. Photomicrographs 
of the solder joints made with RS ribbon 
show that the Ag-ln intermetallic phase 
forms during the die attach operation, 
resulting in a microstructure that looks 
similar to that found in solder joints made 
with rolled ribbon. However, one differ
ence that is noted in these microstruc
tures is the formation of larger Ag-ln 
intermetallics in the solder joints made 
with rolled ribbon. These Ag-ln interme
tallics measured as much as 35 /im in one 
dimension, sometimes stretching across 
one-half the width of the joint. In the 
solder joints made with the RS ribbon, 
the Ag-ln intermetallics were finer, mea
suring less than 15 nm, and more uniform 
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in size. In addition, with appropriate con
trol of the die attached time and temper
ature, it should be possible to exercise 
some control over grain growth and 
Ag-ln intermetallic size in solder joints 
made with RS ribbon. 

A comparison of the microstructures 
of the as-produced rolled ribbon and a 
joint made with rolled ribbon shows that 
they are very similar, except that the 
Ag-ln intermetallics in the as-produced 
rolled ribbon are elongated in the rolling 
direction and are more uniformly distrib
uted. In the solder joint, these intermetal
lics are more rounded and segregated to 
the interfacial regions. The remelting of 
the rolled solder ribbon during the die 
attach operation, therefore, has little 
effect on the as-produced microstruc
ture, other than to eliminate the rolling 
texture. This means it is not possible to 
exercise any control over the microstruc
ture formed in solder joints made with 
rolled ribbons. 

Conclusions 

A study of RS Pb-5ln-2.5Ag solder rib

bon and joints has shown the following 
conclusions: 

1) In the as-cast state, the RS ribbon 
has a metastable microstructure that con
sists of a microcrystalline Pb-base matrix 
phase with the Ag and In in total solid 
solution. This is a metastable microstruc
ture since the solubility of the Ag in Pb is 
extended far beyond its equilibrium solid 
solubility at room temperature. 

2) The fine grain size and extended 
solid solubility found in the RS ribbon 
produce a significant increase in hardness 
compared to that of the rolled ribbon. 

3) The RS process produces a ribbon 
with a very thin oxide layer free of 
surface oils and contaminants. This oxide 
layer is easily reduced, allowing the sol
der to readily wet and form strong bonds 
with the die and leadframe. 
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