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Abstract: Several important properties of the micromr powdered So-AgCu-Ce solder, including the spreadability,

spreading ratio, wetting time, and melting point, were investigated for verifying the effects of rare earth element Ce

on solderabilities of microrr powdered Sn-A g-Cu solder. The solidus and the liquidus of the micron-powdered SrAg-
CuCe solder are 193. 6 C and 218.4 C, respectively, about 28 C and 3 'C lower than the melting point of the block

S A g-Cu solder, which reminds the existence of the surface effect of the micron-powdered solder. By adding Ce in-

to SrAg-Cu alloy, its wetting time on pure copper can be obviously decreased. For the Sn-Ag-Cu-0. 03% Ce, the

soldering temperature is 250 'C, and the wetting time on pure copper is close to 1s, with the soldering temperature

approaching to 260 C, the wetting time is dropped to 0. 8 s, which is close to the wetting time, 0.68 s, of SrPb

solder at 235 C.
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1 INTRODUCTION

With approaching the deadline (July 1, 2006)
of WEEE and RoHS, many investigations and ap-
plications about new lead-free solders were pro-
gressed with a lot of achievements worldwide.
During developing novel lead-free solders, all the
assessment standards of the solders are based on
the properties of traditional Sn-Pb solders. Nowa-
days, the solders of Sn-Ag-Cu series are generally
accepted as the main alloy series for replacing the
Si-Pb solders'" ?. Since the melting point of Sn-
Ag-Cu solders is about 38 C higher than that of
Sn-Pb solders,
spreadability of SmAg-Cu solders are poor than
those of Sn-Pb solders, some limitations need to be

as well as the wettability and

overcome in the industry application of SnmAg-Cu
solders.

With decreasing the size of metal or alloy par-
ticles from micron to nanometer, a series of special
properties, especially the decrease of the melting
point, will emerge'> . However, due to the diffi-
culties in preparing Sn-A g-Cu nano or micron pow-
der, the reports regarding SnAg-Cu microm (or
nano-) powdered solder are very limited, especially
no report can be referred to the effect of Ce on the
properties of Sn-Ag-Cu- Ce micron ( or nano)
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pow der.

In the present study, the fine Sn-Ag-Cu-Ce
powder was manufactured by adopting a special
method with the help of laser beam. The solidus,
wettability and spreadability of the fine solder
powder were investigated in order to assess the
effect of Ce on the properties of lead-free SnAg-
Cu Ce micron (or nano-) powdered solder.

2 EXPERIMENTAL

2.1 Materials

The base metal for testing was pure copper.
The lead-free solder was SnA g-Cu-Ce alloy which
was composed of 3. 5% Ag, 1. 0% Cu, 94. 0% Sn,
0. 05% Ce and 0. 5% ( mass fraction) other ele
ments. Sn-Ag-Cu-Ce alloy was produced by means
of traditional smelting method, and then made into
fine spherical powders by a special laser-aided tech-
nique. At the same time, bar solders of Sn-Ag-Cu
and Sm-A g-Cu-Ce alloy were obtained as reference
materials.

2.2 Spreadability test

All spreadability tests were performed accord-
ing to GB/T 11364 —1989 ( T est method of spread-
ability and clearance filling ability for filler metal),
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referred to correlative prescribes of GB/T 3131 —
2001 ( Tinlead solder) .

2.3 Test of wettability time

All tests of wettability time were carried out
according to JIS Z 3198: 2003 ( Test methods for
lead-free solders, Part 4: Methods for solderbility
test by a wetting balance method and a contact an-
gle method) with SAT-5100 Solder Checker
(Rhesca Corp., Japan), as shown in Fig. 1. After
immerging test piece into melted solder to some
depth, the piece will be supported mainly by the
interfacial intension between solder and the testing
piece surfaces and the flotage. Assuming the flo-
tage of dipped piece could be ignored, the variety
of contact angle( 0) between the piece and the sold-
er can be described as Fig. 2( @ ®) whether the

piece is wetted or not.

Fig. 2 Test principal for determining wetting
force and wetting time

3 RESULTS AND DISCUSSION

The SEM morphology of Sn-A g-Cu-Ce powder

is shown in Fig. 3. It can be seen that the diame
ters of particles of Sn-Ag-Cu-Ce are between 1720
Hm. On a smooth sphere particle, elemental com-
positions were analyzed by EDS, and the results
are listed in Table 1.

Fig.3 SEM image of Sn-A g-Cu-Ce powder

Table 1 Elemental composition of
pow der( mass fraction, %)

Ag Cu Ce Sn

Others

3.00 1.61 0.03 94.61 Bal.

Usually, Sn-Ag-Cu alloy is difficult to make
into spherical powders without rare earth element
Ce'*™ . Because the Ce in SmrA g-Cu-Ce alloy segre-
gates at the grain boundary, as an interface activa-
tor, Sn-A g Cu alloy is easy to be made into spheri-
cal powders. The optimum Ce addition is about
0. 03% ( mass fraction).

The solidus and liquidus of powder solder of
SirA g CuCe are determined to be 193. 6 C and
218. 4 C respectively, by DSC ( Perkin-Elmer,
USA), as shown in Fig. 4 and Fig. 5. One of the
characteristic thermodynamic properties of nano
particle is the decrease of its melting point in com-
parison with the same block material”’. Although,
the laser-aided pow der preparing method can be ap-
plied to produce a lot of metallic nano powders, in
present study the particle size of Sn-Ag-CuCe
alloy is only micron scale with the same powder
process. Even so, the solidus and liquidus temper-
atures of micron Sm-A g-Cu-Ce powder are 193.6 C
and 218. 4 C, respectively, 28 C and 3 C lower
than 221 C, the melting point of the conventional
block SAg-Cu lead-free solder. Compared with
the solidus temperature of the block Sn-Ag-Cu-Ce
solder (218 C)!", that of micromr powdered Sn-
Ag Cu-Ceis 24 Clower, which could be attributed
to the reduction in particle size.

Possibly, with the reduction of particle size,
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Fig. 4 Solidus of Sn-A g-Cu-Ce powder solder
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Fig. 5 Liquidus of Sn-A g Cu-Ce powder solder

atomic number on interface increases, the particle
surface energy level and surface tension increa
ses'® ', which results in the change of some
chemo-physical properties of the particles, i.e. the
surface effect. Surface effect will lead to increasing
surface activity of nano particles, which changes
not only the transportation and the configuration of
surface atoms of the particles, but also spin con-
struction of surface electron and surface energy
spectrum. The surface effect results in the insta-
bility of active nano particles, which is the main
difficulty in developing nano-powdered Sn-A g Cu-
Ce solder.

Sn-A g-Cu-Ce alloy powder in spherical shape
is especially suitable for manufacturing soldering
paste, because the solidus of SmAgCu-Ce alloy
powder is about 28 ‘C lower than that of block Sn-
A g-CuCe alloy, and only 10 C higher than that of
Si-Pb solder (183 C)!"” " If the diameter of
micron Sn-A g-Cu-Ce powder is further minimized,
a novel lead-free solder with the solidus close to

(even below) 183 C could be developed in the fu-

ture. Namely it is a new possible approach to

developing novel applicable lead-free solders.

The solderability test results ( spreading on
pure copper at 235 C) are shown in Table 2. As
mentioned in Table 2, both the spreading area and
spreading ratio of micron-powdered Sn-Ag-Cu-Ce
solder are 10% larger than that of block solder of
SmrA g CuCe, which illustrates that the surface
effect of the micron powder is remarkable and
favorable for improving spreadability and solder
ability.

Table 2 Experimental results of spreadability
and spreading ratio of micron pow dered
S A g-Cu-Ce solder compared
with block solder

Solder Spreading area/ mm’  Spreading ratio/ %
Powder solder 84.6 71.0
Block solder 76.0 64.4

The wetting times of SnmAg-Cu on pure cop~
per at different Ce contents and temperatures were
determined and shown in Figs. 6 = 11 according to
the standard of JIS Z 3198: 2003 by means of the
instrument of SAT-5100 Solder Checker. From
Fig. 6 to Fig. 11, the wetting times of SnrAg-Cu
and S A g-Cu-Ce alloy on pure copper tend to de
crease with the increase of experimental tempera-
ture. Furthermore, the wetting times decrease ob-
viously by adding rare earth element Ce. The opti-
mum Ce addition is about 0. 03% .
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Fig. 6 Variety of wetting time of
Sn-A g-Cu with temperature

From Fig. 6 we can know that the wetting
time of Sn-Ag-Cu-Ce alloy on pure copper is less
than 1 s at the temperatures high than 260 C,
which meets the needs of automatic soldering tech-
nology in electronic industry (i. e. to< 1s) very
well, as required by IPC/EIA J-ST D-003B-2004.
When the soldering temperature is below 260 C,
such a technical demand cannot be satisfied. Fur



- 1288 * Trans. Nonferrous Met. Soc. China Dec. 2005
2‘5 1.0
) g
= &
g =
0 0.01 0.03 0.05 0 0.01 0.03 0.05
Content of Ce/% Content of Ce/%
Fig.7 Wetting time of Sn-Ag-Cu Fig. 10 Wetting time of Sn-Ag-Cu
added differaiit corntents of Ce on added different contents of Ce on
pure copper at 235 C pure copper at 270 'C
1.20 0.8
1.15 r 0.6
® 1,10 w04t
B i
‘d—') ﬁ
3 2
105 02}
by 0.01 0.03 0.05 0
i : i ' 0 0.01 0.03 0.05
ol Content of Ce/%
Fig. 8 “Xfffetting time of Smw-Ag-Cu Fig. 11 Wetting time of Sn-Ag-Cu
added different contents oeéCe on added different contents of Ce on
pure copper at 250 pure copper at 280 C
0.95 ; ;
notably improved by adding rare earth element Ce.
Especially when the content of Ce in Sn-Ag-Cu-Ce
0.90 alloy is about 0. 03%, the wetting time is about 1s
@ at 250 C and below 0. 8 s at 260 C( close to 0. 68 s,
£ 08sr the wetting time of So-Pb solder at 235 C). As we
on know, the mechanical properties of Sn-A g-Cu allo
o prop & y
£ 0.80 are better than those of Sn-Pb solder, as well as
= the relatively poor wettability of SnAg-Cu alloy
075+ can be improved by means of adding Ce'"™",
' which provides the experimental basis for the lead
T free solders in reflow soldering application.
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Fig. 9 Wetting time of Sn-Ag-Cu
added different contents of Ce on
pure copper at 260 C

themore, the wettability of Sn-Ag-Cu alloy is

4 CONCLUSIONS

1) The wetting time of Sn-Ag-Cu-Ce alloy on
pure copper can be reduced by adding rare earth el-
ement Ce. Especially when the content of Ce is
about 0. 03%, the wetting time is close to 1 s at
250 C and below 0.8s at 260 C (0.68s for
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conventional Sm-Pb solder at 235 C), which is
suitable for automatic soldering in electronic indus-
try as required by IPC/ EIA J-ST D-003B-2004.

2) The solidus and liquidus temperatures of
micron-pow dered Sn-A g-Cu-Ce solder are 193.6 C
and 218. 4 C, respectively, about 28 C and 3 C
lower than that of block SmmAg-Cu alloy. As well
as, the solidus temperature of Sn-Ag-Cu-Ce solder
is reduced by about 24 ‘C, which can be attributed
to the reduction in particle size, i. e. the surface
effect.

3) The spreadability and spreading ratio of the
micron-pow dered Sn-A g-Cu-Ce solder can be obvi-
ously improved in comparison with the same block
solder. The spherical powder of SnAg Cu-Ce
alloy, with a gradient particle size distribution, is
manufacture soldering

particularly suitable to

paste.
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