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Abstract: To improve the properties of Sn10Sb8Cu solder alloy, two new solders (SnSbCuAg and SnSbCuNi) were formed by add-
ing small amounts of Ag or Ni into the solder alloy. The results show that the melting point of the SnSbCuAg solder alloy decreases
by 14.1°C and the spreading area increases by 16.5% compared to the matrix solder. The melting point of the SnSbCuNi solder alloy
decreases by 5.4°C and the spreading area is slightly less than that of the matrix solder. Microstructure analysis shows that adding
trace Ag makes the melting point decline due to the dispersed distribution of SnAg phase with low melting point. Adding trace Ni,
CugSns and (Cu, Ni)¢Sns with polyhedron shape on the copper substrate can be easily seen in the SnSbCuNi solder alloy, which

makes the viscosity of the melting solder increase and the spreading property of the solder decline.
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1. Introduction

Because of excellent performances such as low
melting point, excellent mechanical properties and
low price, the traditional SnPb solder is extensively
used as an electronic material in the modern electronic
manufacturing industry, particularly household appli-
ances, electronic communications and other related
electronic industries. However, lead and its com-
pounds are toxic substances which bring great security
risks to the environment and human life. Many coun-
tries have gradually adopted legislation to restrict or
even prohibit the use of lead in electronic industries.
China has also promulgated the "approach to pollution
prevention and management of electronic and infor-
mation products" to limit the use of lead-contained
solders. It has been urgent for researching and devel-
oping new lead-free solder materials as the replace-
ment of SnPb solder.

In recent years, research works about lead-free sol-
ders have a swift development [1-6]. At present, doz-
ens of lead-free solder alloys, such as SnSb, SnAg,
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SnCu, SnBi and SnZn series, had been developed.
However, the thermal conductivity, reliability and
solderability of the SnSb binary solder alloy are worse
than those of SnAg solder and SnCu solder. Studies
about adding trace or adding appropriate third, fourth
elements into the above binary solder alloy to form
new multielement alloys had been carrying through.
SnSbCu solder alloy drew well attention because it
had been widely applied for its low cost and high re-
liability in multi-chip packaging, semiconductor de-
vice and the I/O pins with multi-layer ceramic sub-
strate connections [7-12]. Lee’s study [13] showed
that no ternary phase existed in the SnSbCu alloy, and
the reliability of SnSbCu was better than that of the
SnSb binary solder. Jan Hu, ef al. studied the wettabil-
ity, microstructure and melting point of the SbSnCu
(Bi) lead-free solder, and the results showed that add-
ing Bi in the SbSnCu solder alloy could reduce the
melting point and improve the spreadability, but the
distance of the liquid-solid two-phase section of the
solder alloy increased and its mechanical properties
were poor [14]. In the present work, two new quadru-

Also available online at www.sciencedirect.com



692 International Journal of Minerals, Metallurgy and Materials, Vol.16, No.6, Dec 2009

ple lead-free solders (SnSbCuAg and SnSbCuNi) were
formed by adding small amounts of Ag or Ni into
Sn10Sb8Cu ternary solder alloy. The influences of Ag
and Ni on the melting point, spreadability and micro-
structure of the new solder alloys were investigated.

2. Experimental procedure

2.1. Solder preparation

The pure Sn, Sb, Ag, Ni and Cu with purity of
99.95% were used as raw materials. The compositions
of the investigated alloy are shown in Table 1. The al-
lowable error is +1wt%. The solder alloys were made
in a non-consumable arc furnace for 30 min under the
vacuum of 5x107* Pa. To guarantee uniformity of the
alloy, the solders were overturned 3 times.

Table 1. Composition of the examined solder alloy wt%

No. Sn Sb Cu Ag Ni
82 10 8 0 0
82 10 8 1 0
82 10 8 0

2.2. Physical properties testing

The melting temperature of the solder alloy was
measured with differential scanning calorimeter
(DSC). The sample for the DSC analysis was a piece
of about 15 mg solder. The scanning temperature was
set from 0 to 1000°C with a heating rate of 10°C/min
under Ar atmosphere.

2.3. Spreading properties testing

In the spreading properties test, copper sheets with
dimensions of 40 mmx40 mmx0.2 mm were polished
using 400 grit sand paper and washed in methyl alco-
hol. The solder of 0.2 g +1% was plated on the Cu
sheets. Soldering was conducted on a computer con-
trolled re-flow machine. The soldering process was
carried out at 350°C for 5 min. After soldering, the
specimen was cleaned with acetone to remove the
leftover of flux. The specimen was scanned into a
computer along with an area-preknown reference and
the spreading area of the solder was calculated
through the function of “inquire” in AutoCAD soft-
ware. The spreading sample was sectioned along the
center of the spreading solder metal and the specimen
fracture profile was scanned and copied into Auto-
CAD software, then the wetting angle of the solder
was calculated through the function of “labeling an-
gle” in AutoCAD software as shown in Fig. 1.

The angle @ can be calculated by the formula as
follows:

_ O +0k
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where 6 is the wetting angle, &, the left wetting an-
gle and 6y the right wetting angle.
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Fig. 1. Wetting angle.

2.4. Microstructure observation

The sample was inserted into two copper sheets and
fixed with 502 glue, polished with metallographic
water sand paper and 2.5 um carborundum polishing
paste, and corroded with 4vol% of HNOj; alcohol so-
lution for 5 s. The microstructure was observed with a
JSM-5610LV scanning electron microscope, and the
phases were analyzed using EDAX and D8-Advance
X-ray diffraction.

3. Results and discussion

3.1. Effect of Ag and Ni on the melting temperature
of the SnSbCu solder

The solidus temperatures, liquidus temperatures
and the melting points of Snl0Sb8CulAg,
Sn10Sb8CulNi and Sn10Sb8Cu are shown in Fig. 2.
It can be seen that the solidus temperature, melting
point and liquidus temperature of Sn10Sb8CulAg sol-
der are 220.5, 236 and 238.2°C, respectively, which is
18.3, 14.1 and 22°C lower than those of Sn10Sb8Cu
solder alloy, respectively. The width of liquid and
solid two-phase region temperature of
Sn10Sb8CulAg is also reduced by 3.7°C.

The effects of Ni on the solidus temperature, lig-
uidus temperature and melting point of the SnSbCu
solder alloy are similar to those of Ag. It can be seen
from Fig. 2 that the solidus temperature, melting point
and liquidus temperature of the Sn10Sb8CulNi solder
decline by 4.6, 5.4 and 4.1°C respectively compared
with those of the SnSbCu solder. But the width of the
liquid and solid two-phase region temperature is al-
most remained.

Fig. 3 is the SEM images of Snl10Sb8Cu,
Sn10Sb8CulAg and Sn10Sb8CulNi solder. Energy
spectrum analysis shows that the microstructure of
Sn10Sb8Cu is composed of gray SnSbCu ternary solid
solutions, irregular strips of atramentous CugSns and
Cu;Sb, and blocks of dark gray SnSb binary phase.
Adding 1% Ag into Sn10Sb8Cu solder alloy, SnAg
phase is found in Sn10Sb8CulAg solder alloy except
grey SnSbCu solid solution, CugSns, CuzSb and SnSb.
The melting point of SnAg (about 221°C) is lower
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than that of Sn10Sb8Cu. The existence of the low
melting point phase may be the reason for the declin-
ing of the solidus temperature, melting point and lig-

uidus temperature of Sn10Sb8CulAg quaternary alloy.

The statistical results show that the area percents of
the black irregular strips CugSns and CuzSb in
Sn10Sb8Cu and Snl10Sb8CulAg solder alloys are
15.3% and 12.8%, respectively. That is to say CusSns
and Cu;Sb in Sn10Sb8CulAg solder alloy are slightly
reduced than those in the matrix solder (as shown in
Fig. 3(a) and (b)). Since the melting points of CusSns
and Cu;Sb are 415 and 586°C respectively, the de-
creasing of those high melting point phases maybe
causes the decreasing of the melting temperature of
Sn10Sb8CulAg solder alloy.

The microstructure of Sn10Sb8CulNi solder is also
composed of gray SnSbCu ternary solid solutions, ir-
regular strips of atramentous CusSns and CuzSb and
blocks of dark gray SnSb binary phase. Ni exists in
needle-like NiSb, in SnSb phase. But the shape of the
low melting point phase SnSb (about 250°C) is

s i 3

Fig. 3.

3.2. Effects of Ag and Ni on the spreadability of the
SnSbCu solder

The spreading areas and wetting angles of
Sn10Sb8Cu solder, Sn10Sb8CulAg and Sn10Sb8Cu-
INi are shown in Fig. 4. It can be seen that the
spreading area of Sn10Sb8CulAg solder increases by
19.4% and the wetting angle decreases by 3.75° than
those of the matrix solder under the same soldering
process, while the spreading area and wetting angle of
Sn10Sb8CulN:i also decreases by 10.7% and increases
by 1° respectively compared with those of the matrix
solder. It clearly indicates that adding 1% Ag can im-
prove the spreadability of Sn10Sb8Cu solder alloy,
while adding 1% Ni makes the spreadability of
Sn10Sb8Cu decrease.

Seen from Fig. 2, the melting point of Sn10Sb-
8CulAg solder alloy is 14.1°C lower than that of the
SnSbCu solder alloy. Under the same soldering proc-
ess, the overheating temperature of Sn10Sb-8CulAg
solder alloy is higher than that of the matrix solder.

SEM micrographs of solder alloys: (a) Sn10Sb8Cu; (b) Sn10Sb8CulAg; (c) Sn10Sb8CulNi.

changed from irregular shape to lump and the area
percents reduces. The shape of the high melting point
phase CugSns and CuzSb is changed from rod to ir-
regular round or oval-shape and the area percents
slightly decreases, which also makes the melting point
of Sn-10Sb-8Cu solder alloy decreased.
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Fig. 2. Melting temperature of solder alloys.

Generally, the higher overheating temperature, the
better the fluidity of the solder alloy, then the larger
the spreading area and the smaller the wetting angle
[15]. Therefore, the spreadability of Sn10Sb-8CulAg
solder alloy is better than that of the matrix solder.
The width of the liquid and solid two-phase region
temperature affects its spreadability to a certain extent.
A larger width resulting in the improvement in viscos-
ity of the melting solder is bad for its spreadability.
Seen from Fig. 2, the liquid and solid two-phase re-
gion temperature widths of Snl0Sb8Cu and
Sn10Sb8CulAg solder alloys are 21.4 and 17.7°C,
respectively. This is to say, adding small amounts of
Ag into the matrix solder alloy can reduce the liquid
and solid two-phase region temperature width, which
indicates that Sn10Sb8CulAg has a better spreadabil-
ity than the matrix solder.

The spreadability of the solder alloy is related to the
thickness and shape of the substrate intermetallic
compounds. The more irregular the shapes of the sub-
strate intermetallic compounds, the worse the spread-
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ing performance of the solder alloy, the slight metal-
lurgical reaction between the solder alloy and the sub-
strate can promote the spreading property of the solder
alloy. [16]. The SEM images of the substrate inter-
metallic compounds of Sn10Sb8Cu, Sn10Sb8CulAg
and Sn10Sb8CulNi solders are shown in Fig. 5. The
statistical results show that the substrate intermetallic
compound thicknesses of Snl0Sb8CulAg and the
matrix solder are 3.8 and 3.1 um, respectively. So the
spreadability of Sn10Sb8CulAg solder is better than
that of the matrix solder.

The effect of Ni on the spreadability of Sn10Sb8Cu
solder alloy is different from that of Ag. The melting
point and liquidus temperature of Sn10Sb8CulNi
hardly change compared with those of Sn10Sb8Cu
solder. But there is a greater impact on the substrate
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intermetallic compound thickness. The solder alloy
reacts too strenuous with the substrate so that the sub-
strate intermetallic compound thickness are too thick,
which is negative for the spreading of the solder alloy
[16]. The statistical results show that the substrate in-
termetallic compound thickness of Sn10Sb8CulNi
solder is 7.6 um, which is about double of the sub-
strate intermetallic compound of the matrix solder.
Energy spectrum analysis shows that the substrate in-
termetallic compounds of Sn10Sb8CulNi solder are
composed of CugSns and polyhedron (Cu, Ni)eSns.
CugSns is covered by (Cu, Ni)¢Sns. And a large num-
ber of intermetallic compounds are found on the cop-
per substrate which results in the increase of viscosity
and the significant decrease of the spreadability of
Sn10Sb8CulNi solder alloy.
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Fig. 4. Spreadability of solder alloys on copper substrates: (a) spreading area; (b) wetting angle.

Fig. 5.
4. Conclusions

(1) Small amounts of Ag or Ni have different af-
fects on the melting point of Sn10Sb8Cu solder. The
solidus temperature, melting point and liquidus tem-
perature of Sn10Sb8CulAg solder alloy decrease by
18.3, 14.1 and 22°C respectively compared with those
of Sn10Sb8Cu solder alloy, and the width of the lig-
uid-solid phase range reduces by 3.7°C. But the
solidus temperature, melting point and liquidus tem-
perature of Sn10Sb8CulNi solder alloy hardly change,
and the width of the liquid-solid phase range slightly
increases.

10 um

Intermetallic compounds in Cu substrates: (a) Sn10Sb8Cu; (b) Sn10Sb8CulAg; (¢) Sn10Sb8CulNi.

(2) Small amounts of Ag or Ni have great impact
on the spreadability of Snl10Sb8Cu solder. The
spreading area and the wetting angle of
Sn10Sb8CulAg solder increase by 19.4% and de-
creased by 3.75° respectively compared with those of
Sn10Sb8Cu solder alloy. But the spreading area and
the wetting angle of Sn10Sb8CulNi solder decrease
by 10.7% and increase by 1° respectively compared
with those of Sn10Sb8Cu solder alloy. It is clear that
adding 1% Ag can improve the spreadability of
Sn10Sb8Cu solder alloy, but adding 1% of Ni results
in the spreadability of Sn10Sb8CulNi dropping.
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(3) The effect of Ni on the spreadability of
Sn10Sb8Cu solder alloy is different from that of Ag.
Adding Ag into the SnSbCu solder makes the sol-
derability of the matrix solder increase, while adding
Ni into SnSbCu solder has the opposite effect. It is re-
lated to the shape and thickness of the substrate inter-
metallic compound.

References

[1] X. Ma, F.J. Wang, Y.Y. Qian, et al., Development of
Cu-Sn intermetallic compound at Pb-free solder/Cu joint
interface, Mater. Lett., 57(2003), No.22-23, p.3361.

[2] F. Gao and T. Takemoto, Effects of addition participation
in the interfacial reaction on the growth patterns of
Cu6Sn5-based IMCs during reflow process, J. Alloys
Compd., 421(2006), No.1-2, p.283.

[3] Y.P. Shi, S.B. Xue, J.X. Wang, et al., Research status and
development of Sn-Cu based solder, Sci. Technol. Weld.
Join. (in Chinese), 2007, No.4, p.14.

[4] T.C. Chang, M.H. Hon, and M.C. Wang, Intermetallic
compounds formed at the interface between Cu substrate
and an Sn-9Zn-0.5Ag lead-free solder, Mater. Res. Bull.,
38(2003), No.5, p.909.

[5] J.K.O. Asante, J.J. Terblans, and W.D. Roos, Segregation
of Sn and Sb in a ternary CuSnSb alloy, Appl. Surf. Sci.,
252(2005), No.5, p1674.

[6] B.L. Chen and G.Y. Li, Influence of Sb on IMC growth in
Sn-Ag-Cu-Sb Pb-free solder joints in reflow process, Thin
Solid Films, 462-463(2004), p.395.

[7] C. Lee. The 260°C phase equilibria of the Sn-Sb-Cu ter-
nary system and interfacial reactions at the Sn-Sb/Cu
joints, Intermetallics, 2007, No.15, p.1027.

[8] J. Shen, Y.C. Liu, and H.X. Gao, Rapid directional solidi-
fication in Sn-Cu lead-free solder, J. Univ. Sci. Technol.
Beijing, 13(2006), No.4, p.333.

[91 Y.Y. Yan, H.X. Yan, F.C. Chen, et al., Influence of stress
on the creep behavior of Cu particle enhancement SnPb
based composite solder joints, Rare Met., 26(2007), No.1,
p.S1.

[10] Z. Guo, Y.H. Pao, and H. Conrad, Plastic deformation
kinetics of 95.5Sn4Cu0.5Ag solder joints, J. Electron.
Packag., 117(1995), No.6, p.100.

[11] M.L. Huang, Development of Lead-Free Solder Alloys in
Electronics Packaging [Dissertation] (in Chinese), Dalian
University of Technology, Dalian, 2001, p.59.

[12] H. Mavoori and S. Jin, New, creep-resistant, low melting
point solders with ultrafine oxide dispersions, J. Electron.
Mater., 27(1998), No.11, p.1216.

[13] J. Shen, Y.C. Liu, Y.J. Han, et al., Effects of rapid solidi-
fication on the microstructure and microhardness of a
lead-free Sn-3.5Ag solder, Rare Met., 25(2006), No.4,
p.365.

[14] J. Hu and L.S. Xiong, The research of Sn-Sb-Cu(Bi) lead
free solders, Electron. Quant., 2005, No.8, p.85.

[15] X. Zou, Soldering and Brazing (in Chinese), China Ma-
chine Press, Beijing, 1989, p.65.

[16] Q.Y. Zhang and H.S. Zhuang, Hand-book of Soldering
and Brazing (in Chinese), China Machine Press, Beijing,
1999, p.185.



