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Abstract: Maximum bubble pressure measurement was employed to evaluate surface tension of Sn-8Zm3Br

(070.15) Nd and So-8Zur3Br (0 ~ 0. 15) La solder melts. Wetting balance method was used to measure wetting

force and wetting time on Cu substrate of the two group solders. The experimental results show that minute

amount of Nd or La addition to Sn-8Zmr3Bi solder causes significant decrease of the surface tension of the solder

melts at 200 =240 C and Nd addition is more effective on reduction of surface tension than that of La. Nd or La

addition has the effect on enhancing the wetting force of the solder melts on Cu substrate, which results from the de-

crease of interfacial tension between the solder melt and Cu substrate. The wetting force reaches the maximum when

0.1% Nd is added to the base alloy. The contact angle between Su-8Zmr3Bi base solders and Cu substrate decreases

with the addition of Nd or La and the minimum of the contact angle is obtained from the solder with 0. 1% Nd addi-

tion.
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1 INTRODUCTION

With increasing global concern on environ-
ment and health, more and more attention has been
paid to suitable substitution of lead-free solders for

SrPb solders.

lead-free solders can be divided into Sn-A g system,

The most widely recommended

Sm-Cu system, Sm-Zn system, SmBi system and
SorIn system. Even though the main stream of the
lead-free alloys is the alloy based on the Sn-Ag-Cu
system, this alloy has high melting point up to 217
‘C, resulting in the increase of soldering tempera-
ture' "

Sn-Zn eutectic alloy has recently been consid-
ered a candidate for lead-free solder material be-
cause of its low melting point (198 C), excellent
mechanical properties and low cost. However,
since Zn-contained alloys have the problem of oxi
dation and poor wetting!*®, new SnmZn based al-
loys are still under development. Lin et al'”* have
reported that adding Ag or Al to Su-9Zn alloys can
accelerate their wetting on Cu substrate. Yu et
al” and Xie et al''"” have demonstrated the effect
of Re and Cu on the wetting behavior on Cu sub-
strate of Sn-Zn based solders. The wettability of
St-9Zn base alloys can be improved with addition
of Ce-La mistch metal or Cu. Chen et al'''" have re-
ported wetting behavior of SnZn-Ga alloys, and
revealed that addition of Ga can enhance the wet-

ting area on Cu. The patent''”, Kim et al'” and
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Zhou et al'" have reported that Bi as a surface
active element can develop wettability of Sn-Zn
solders. A series of researches are thus underway
to improve wettability of Sn-Zn based alloys, and a
lot of alloying elements have been widely dis-
cussed. Surface tension of solder melt and interfa-
cial tension between solder melt and Cu are two
important factors which determine its wetting be
havior. But there is not enough discussion on rela-
tionship between alloying elements and surface
tension or interfacial tension with Cu substrate of
SirZn based alloys.

The objective of this study is to display the
effect of the forth additives(Nd and La) on the sur
face tension and the wettability of Sn-8Zn-3Bi sold-
ers. The focus is placed on deciding a more effec
tive element which can reduce the surface tension
and the interfacial tension on Cu substrate of the
solders.

2 EXPERIMENTAL

2.1 Materials

Elements with industrial purity were used to
prepare alloys in this study. Sn-5Nd and Sn-5La
master alloy ingots were firstly prepared by melt-
ing Sn and Nd or Sn and La in N2 atmosphere at
720 C for 20 min. Then, these master alloys were
remelted with Sn, Zn and Bi in N2 atmosphere at
400 C. After insulation for 10 min, the melts were
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chill casted as ingots in a steel mold. The final
composition was controlled by inductively coupled
plasma (ICP). The designed chemical composi
tions of these alloys are given in Table 1. Alloy 1
was the base alloy. Different amounts ( from
0.05% to 0. 15%, mass fraction) of Nd were add-
ed into alloys 2, 3 and 4, and different amounts
(from 0.05% to 0. 15% , mass fraction) of La were
added into alloys 5, 6 and 7.

Table 1 Designed chemical compositions of alloys
( mass fraction, %)

Alloy No Zn Bi Nd La Sn
1 8 3 = = Bal
2 8 3 0.05 = Bal
3 8 3 0.10 - Bal
4 8 3 0.15 = Bal
5 8 3 = 0.05 Bal
6 8 3 - 0.10 Bal
7 8 3 - 0.15 Bal

2.2 Experimental principles and methods

Fig. 1 shows the apparatus of surface tension
measurement. The apparatus included a heater, a
thermocouple, a WT-80 temperature controller, a
tubule with 1.0 mm inside radius, a pressure con-
troller and a pressure gauge.
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Fig.1 Apparatus of surface tension measurement

The end of the tubule was just immerged in
melting solder. Fig. 2 shows the process of form-
ing a bubble. At the end of the tubule, curvature
radius(r) of the bubble decreased firstly with the
increase of pressure difference ( Ap) between inside
and outside of the bubble. After r reached the ra-
dius of the tubule (R), r increased with the vol-
ume increase of the bubble, and Ap decreased. So
the following relation could be proposed by Laplace

formula:
Ap max — 2Q/R ( 1)
where Owas the surface tension of the melt.

If the end of the tubule was just immerged in
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Fig.2 Schematic diagram of bubble in forming

the melting solder, Ap could be displayed by the
pressure gauge. When altitude difference ( Ah) be
tween the two water column showed the maxi
mum, Ap reached the peak. O could be expressed
by the following formula:

0= Qg A * R/2 (2)
Q was the density of water, and Ahmx was
the maximum altitude difference between the two

where

water columns in the pressure gauge.

The wetting balance tests were performed
with SAT-5100 of Rhesca Co. Surface tension and
interfacial tension made the solder ¢ climb’ to the
test Cu piece, as shown in Fig. 3. Wetting force
(Fw)'™ was defined as the force with which the
melt could climb the Cu piece. The piece was sus-
pended from a sensitive balance. It was immersed
at a predetermined speed before the end of it
reached a controlled depth into the solder melt at a
special temperature. The resultant vertical force of
buoyancy and wetting force of the Cu piece could
be detected by a transducer and recorded. Wetta-
bility was determined by the examination of the
vertical forces as a function of time. In the present
experiments, the Cu piece was immersed at a speed
of 20 mm/s, before the immersion depth reached 2
mm. After keeping it for 5 s, the Cu piece was
taken out. A middle active rosin flux (RMA) was
used in the wetting balance experiments.

3 RESULTS

3.1 Surface tension

Fig. 4(a) shows the surface tensions of S
8Zm3Br (0~ 0. 15) Nd solder melts in air at 200 ~
240 C. It is clear that the surface tension of the
solders decreases with the increase of temperature.
Adding minute amount of Nd into the base alloy
causes the decrease of the surface tension. With
addition of 0. 05% Nd, the surface tension reaches
When additive of Nd rises to

the minimum.
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Fig.3 Schematic diagram of
wetting balance measurement
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Fig. 4 Surface tension as function

of temperature
(a) —Sn8Zmr3Br (0~ 0. 15) Nd melts;
(b) —Sr8Zu3Br (0~ 0.15) La melts

0. 15%, the surface tension at 240 C increases be-
yond that of the base alloy, and the surface ten-
sions at 200 C and 220 C are still lower than that
of the base alloy.

As shown in Fig. 4(b), adding minute amount
of La can also decrease the surface tension of the

solder melts until additive content of La reaches
0. 10% . Compared with Fig. 4(a), it is obvious
that the effectiveness of La is not as strong as Nd.
Moreover, temperature shows a strong effect on
the surface tension of La contained Sn-8Zn-3Bi
solders. It indicates that soldering temperature
should be raised enough to decrease the surface
tension of La contained Sn-8Zn-3Bi solders, be-
cause the wetting performance is based on low sur-
face tension of the solder melts.

3.2 Wetting force and wetting time

Fig. 5(a) shows the wetting balance curves of
Sn-8Zm3Br (0~ 0. 15) Nd solder melts on Cu sub-
strate. It is obvious that the wetting force of the
solders increases with adding minute amount of Nd
into the base alloy. The optimal additive content of
Nd is 0. 10% . The wetting force decreases when
Nd content reaches 0.15%. Adding minute a
mount of La into the base alloy can also improve
the wetting force of the solders, and the optimal
additive content is also 0. 10% . But compared with
Nd-contained solders in Fig. 5(b), the effective
ness of La is not as strong as Nd. Moreover, the
additive of Nd shortenes the wetting time of the
solder melts on Cu substrate.
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Fig. 5 Wetting balance curves of solders
(a) —Sm-8Zm 3B (0~ 0. 15) Nd;
(b) —Swr8Zm3Br(0~0. 15) La
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4 DISCUSSION

Wetting balance test is a common method to
evaluate wetting behavior of solders on substrates.
It provides two quantitative parameters, wetting
force and wetting time, to denote wetting behav-
ior. Wetting time occurs when the test piece is
acted on by buoyancy only and the surface of solder
just reaches horizontal, as the point D in Fig. 3.
Wetting time depends on wetting kinetics of solde-
ring action, and it reveals wetting speed. The sur-
face tensions of solder and substrate, the interfa-
cial tension between solder and substrate relate to
the wetting force, so the wetting force achieved
from a wetting balance curve may be used to inves-
tigate these tensions.

As shown in Fig. 6, only the buoyancy and the
wetting force act on the Cu piece immersed into the
solder. The relationship of them is

Fv=F+ @V (3)
where Fw is the wetting force, F is the resultant
force acted on the Cu piece (the value in ordinate of
wetting balance curves), and &V is the buoyancy.

[} L]
| B

Fig. 6 Schematic diagram of
wetting behavior on Cu

As shown in Fig. 6(a), if no flux is applied,
Fw can be expressed as

Fw = LOjcosf (4)
where L is the perimeter of Cu piece, O is the
surface tension of solder in air, and 01is the contac
ted angle between solder and Cu.

According to Young-Dupre formula, there is

Ogcos= Q.- O (5)
where 0, is the surface tension of Cu in air, G is
the interfacial tension between solder and Cu.

So Fw can be also expressed as

Fy=L(%- %) (6)

As shown in Fig. 6(b), if flux is used, Fw can
be expressed as

Fw= LOgcostt+ LOycosh (7)
where G is the interfacial tension between solder

and flux, 0 is the contacted angle between solder

and Cu, Gy is the surface tension of flux in air, 6 is
the contacted angle between flux and Cu. Accord-
ing to Young-Dupre formula, there are

Grcosb= G- O,

Gycost= O.— G (8)
So Fw can be given as
Fw= L( G+ Gn— G- Q) (9)
And because Jn= G, Fyw can be also given as
Fw= L(0.- 0) (10)

T his result indicates that flux has no effect on
the wetting force. The wetting force linearly de
pends on G.— O.. Because O is constant when the
same Cu pieces are used in the tests, the wetting
force only depends on the interfacial tension G, be
tween solder and Cu substrate. It reveals that the
wetting force increases with the decrease of ;.

The wetting forces achieved from the wetting
balance curves in this study show that additive of
Nd or La improves the wetting force of the Sn-8Zn-
3Bi based solders. According to the relationship
between the wetting force and O, the increase of
the wetting force results from the decrease of 0O,
which demonstrates that additive of Nd of La can
decrease the interfacial tension between solder and
Cu substrate.

As shown in Fig. 7, the contact angle 0 be
tween solder and Cu substrate is a very important
parameter which characterizes the wettability of
solder. 0 can be given by the Young-Dupre formula
as follows:

0= cos™ '( G- G.)/ O, (11)

oD

Fig.7 Schematic diagram of wetting angle

The results in this paper have shown that
minute addition of Nd or La decreases G, and Os.
According to the above formula, 0 ought to de
crease with the decrease of 0, and O.. Therefore, it
can be concluded that minute additive of Nd or La
can improve the wettability of the Sn-8Zn-3Bi sold-
ers.

0 can be calculated by Fw and 0. The calcu-
lated results for the contact angles are listed in
Table 2. The effect of Nd or La on 0 of the
Sn-8Zn3Bi solders can be seen from the table. 0 of
the Sn-8Zn-3Br0. INd solder is the minimum
among all solders in this study, which results from
stronger effectiveness of Nd on decreasing the sur
face tension of solder and the interfacial tension be
tween solder and Cu. The additive of Nd shortens
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the wetting time of the solder melts on Cu sub-
strate. Therefore, Nd is a stronger effective ele-
ment than La on improving wettability.

Table 2 Contact angles of solders on
Cu_substrates

Alloy No Fw/mN 9./ (mN * m™ ") ¥ ()
1 1.21 460 74.9
2 1.77 443 66. 4
3 2.52 446 55.6
4 2.37 462 59. 1
5 1.52 458 71.2
6 1.86 462 66. 2
7 1.55 469 70.7

S CONCLUSIONS

1) Minute amount of Nd or La addition to Sn-
8Zn-3Bi solder causes significant decreases of the
surface tension of the solder melts at 200 = 240 C
and the addition of Nd is more effective on reduc
tion of surface tension than that of La.

2) Nd or La addition has the effect on enhan-
cing the wetting force of the solder melts on Cu
substrate, which results from the decrease of inter-
facial tension between the solder melt and Cu sub-
strates. In the present investigation, the wetting
force reaches the maximum when 0. 1% of Nd is
added to the base alloy.

3) The contact angle between the Sn-8Zn-3Bi
base solders and Cu substrate decreases with the
addition of Nd or La and the minimum of the con-

tact angle is obtained from the solder with 0. 1% of
Nd addition.
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