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Effect of diode-laser parameters on shear force of micro-joints soldered with
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Abstract: Soldering experiments with Sn-3.5Ag-0.5Cu lead-free solder on Aw/Ni/Cu pad were carried out by means of diode-laser
and IR reflow soldering methods respectively. The influence of different heating methods as well as output power of diode-laser on
shear force of micro-joints was studied and the relationship between the shear force and microstructures of micro-joints was analyzed.
The results indicate that the formation of intermetallic compound Ag;Sn is the key factor to affect the shear force and the fine
eutectic network structures of micro-joints as well as the dispersion morphology of fine compound Ag;Sn, in which eutectic network
band is responsible for the improvement of the shear force of micro-joints soldered with Sn-Ag-Cu lead-free solder. With the
increases of output power of diode-laser, the shear force and the microstructures change obviously. The eutectic network structures of
micro-joints soldered with diode-laser soldering method are more homogeneous and the grains of Ag;Sn compounds are finer in the
range of near optimal output power than those soldered with IR reflow soldering method, so the shear force is also higher than that
using IR reflow soldering method. When the output power value of diode-laser is about 41.0 W, the shear force exhibits the highest
value that is 70% higher than that using IR reflow soldering method.
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1 Introduction

With low cost, Sn-Pb alloy has been widely used in
electronic packaging on account of its low melting
temperature and good wettability on substrates, such as
Cu and Au/Ni/Cu pads. However, Pb and its compounds
in the Sn-Pb solder are harmful to people’s health and the
environment, and recent concerns over the toxicity of
Sn-Pb solder alloy result in the development of new
lead-free solder alloys for electronic packaging[1,2].
Among several lead-free candidate alloys, which have
been researched and developed, the Sn-Ag-Cu alloy
family is believed to be the best choice[2—4]. Compared
with conventional Sn-Pb solder, Sn-Ag-Cu solders
exhibit superior tensile and creep properties[5,6], good
compatibility with current components|[7], and the

melting point of eutectic Sn-Ag-Cu solder alloy is lower
than that of Sn-Ag alloys and Sn-Cu alloys[8]. Although
Sn-Ag-Cu solders are an attractive alternative to eutectic
Sn-Pb among all the candidates, more studies are
required to investigate their material characteristics in
terms of melting point, solderability, mechanical
properties, creep resistance, thermal fatigue resistance,
and so on[6].

At present, infrared(IR) soldering,
convection reflow soldering, and hot plate reflow
soldering are the main techniques widely used in
electronic packaging, but the high packaging density of
components on printed circuit boards, and the subsequent
reduction in size continue to pose great challenges to
these entire heating methods. Defects such as bridging
tend to exist using these techniques mentioned above.
On the other hand, if solder, whole component and whole
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substrate are in the same soldering temperature, stress
and strain will highly concentrate in thermal cycles under
the subsequent service conditions as a result of different
coefficients of thermal expansion, so the micro-joint is
usually easy to fail[9].

With the development of lasers, laser soldering is
more and more widely used in the electronic fields[10].
Laser soldering enables the delivery of a large amount of
energy to specific locations, even the place difficult to
reach. The energy is absorbed by the solder in a short
time, making the solder melt and spread around the lead,
without causing heat-related damage to surrounding
areas or components. Once the laser beam removes, the
solder solidifies rapidly to form the required micro-joint.
Actually, the laser soldering process brings several
advantages mainly in terms of localized heating, rapid
rise and fall in temperature, noncontact and easy
automation. These features make laser soldering
especially be applicable for special substrates, thermal
sensitive components, and high-temperature and
lead-free solders[11,12].

A number of different lasers have been used for
soldering, while it has been found[12,13] that
semiconductor diode laser is advantageous due to the
fact that the energy produced is efficiently absorbed by
the solder, but less absorbed by the substrate. In addition,
because of small size and low mass, which leads to low
cost, diode laser gains high interest as a pump source for
electronic packaging[12].

In this study, soldering experiments with
Sn-3.5Ag-0.5Cu lead-free solder on Au/Ni/Cu pad were
carried out by means of diode-laser and IR reflow
soldering methods respectively. The influence of
different heating methods as well as output power of
diode-laser on shear force of micro-joints was studied,
and the relationship between shear force and
microstructures of micro-joints was analyzed.

2 Experimental

The 0805 rectangular chip component was chosen
in the experiment. The solder adopted in the experiment
was Sn-3.5Ag-0.5Cu, and its melting point is about 217
‘C. The printed circuit board(PCB) was selected with

Au/Ni/Cu pad structure. Rectangular chip components
were soldered on Au/Ni/Cu pad by means of diode-laser
and IR reflow soldering methods respectively. Fig.1
shows the schematic diagram of LY-FCDL-WS90
diode-laser soldering system. The shear force of
micro-joints was tested by STR-1000 joint strength tester
made in Japan. Finally, MM6 optical microscope was
used to observe the microstructures of micro-joints.

One of the most important advantages of laser
soldering is its ability to set process parameters to suit
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Fig.1 Schematic diagram of diode-laser soldering system

the requirements of individual solder joint. The property
of micro-joint mainly depends on the diode-laser
parameters such as the output power of diode-laser (P)
and the soldering speed[12]. The solder does not spread
sufficiently with low output power, and excesses output
power results in the thermal breakdown of the printed
circuit board, therefore, different output power values
(34.1, 37.5, 41.0, 44.5 and 48.8 W) were adopted based
on the former experimental results. Effect of the output
power of diode-laser on shear force of micro-joints
soldered with Sn-Ag-Cu lead-free solder on Au/Ni/Cu
pad was studied.

3 Results and discussion

3.1 Results of shear force test

After rectangular chip components were soldered,
the shear forces of micro-joints soldered under different
techniques were tested, and the results are shown in
Table 1.

The relation between output powers and average

Table 1 Shear forces (N) of micro-joints under typical techniques

Diode-laser soldering with different output power

IR soldering

e 341W 3715W HNOW 445W 48.8W (235°C)
1 202.24 24539 326.85 170.79 85.65 177.67
2 20424 22367 311.30 173.93 79.39 21530
3 198.68 205.43 43822 17831 67.42 159.26
4 179.46 228.80 283.98 20135 90.71 186.89
5 189.68 22185 273.67 187.53 92.15 164.75
Average value 197.53 22477 30738 179.92 85.25 176 44
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shear forces of micro-joints of rectangular chip

components is shown more clearly in Fig.2.
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Fig.2 Average shear forces of micro-joints with different

techniques

As shown in Fig.2, with the increase of output
power of diode-laser, the shear force increases at first,
then decreases. When the output power value of
diode-laser 1s about 34.1, 37.5 or 41.0 W, the shear force
is much higher than that using IR reflow soldering
method, especially when the output power value is about
41.0 W, the shear force exhibits the highest value which
is about 70% higher than that using IR reflow soldering
method. But the shear force decreases sharply when the
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output power value is much higher than the optimum
value of about 41.0 W. When the output power value is
about 48.8 W, the shear force is about 50% of that using
IR reflow soldering method.

Fig.3 shows the shear curves of micro-joints with
diode-laser soldering and IR reflow soldering. It is clear
that from Fig3, there is an obvious yield point
elongation on the shear curve when the output power
value is about 37.5 and 41.0 W, as well as using IR
reflow soldering. While as shown in Fig.3(c), there is no
yield point elongation on its shear curve when the output
power value is about 48.8 W, so it can be inferred that
the fracture mechanism of soldered joints pertains to the
brittle fracture in this instance.

3.2 Analysis of microstructures of micro-joints

Microstructures of micro-joints soldered with Sn-
Ag-Cu lead-free solder on Au/Ni/Cu pad are shown in
Fig.4, micro-joints of Figs.4(a), (b) and (c) are soldered
with diode-laser, and the output powers are 37.5, 41.0
and 48.8 W respectively, micro-joint of Fig.4(d) is
soldered with IR reflow.

In Fig.4, tinge f-Sn grains are surrounded by dark
eutectic regions, which consist of AgzSn, CusSns and
B-Sn ternary eutectic[14]. The difference of shear force
of micro-joints is caused by the changes of the
microstructures, especially the size change of f-Sn grains
and intermetallic compound particles. The shear strength
of the Sn-Ag-Cu alloy system mainly depends on the fine
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Fig.3 Shear curves of micro-joints with diode-laser soldering and IR reflow soldering: (a) P=37.5 W; (b) P=41.0 W; (c) P=48.8 W (d)

IR reflow soldering
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Fig.4 Optical images of Sn-Ag-Cu micro-joints with different techniques: (a) P=37.5 W; (b) P=41.0 W, (¢) P=48.8 W, (d) IR reflow

soldering

eutectic network structures, and the dispersion
morphology of fine Ag;Sn in the eutectic network[15].

The microstructures in Figs.4(a) and (b) are the
typical microstructures of Sn-Ag-Cu solder, with f-Sn
island surrounded by a fine eutectic network. Especially
in Fig4(b), the crystal grains are fine, and the
microstructures of the micro-joints are most
homogeneous of all; the fine compound Ags;Sn as the
strengthening phase, corresponds to the dispersion
strengthening theory, making the shear force of the
micro-joints exhibit the highest value.

In Fig.4(c), the excess output power results in the
phenomenon of superheat, and coarser f-Sn grains can
be found in the microstructures. In the process of
solidification, the residual liquid phase is partitioned by
the coarse grains, so the solidification shrinkage come
from the residual liquid phase can not be replenished in
time, which results in the formation of voids, as shown in
Fig.5[16].

Furthermore, the excess output power accelerates
the mutual diffusion of Sn and Ni atoms from solder and
Ni/Au coating respectively, and the formation of
intermetallic compound is also accelerated, so the
residual coating is thinner than that in other micro-joints.
Due to the thermal cycle in the subsequent service
conditions, the different diffusion speed of Sn and Ni
results 1n the formation of Kirkendall voids, which leads

Fig.5 Voids between coating and solder

to the strength reduction of micro-joints and the brittle
fracture[7,17].

Attention must be paid to the existence of coarse
AgsSn plates besides the dispersion morphology of fine
compound Ag;Sn in Fig.4(d), which can be seen more
clearly in Fig.6.

The cooling speed with IR reflow soldering is lower
than that using diode-laser soldering method, so the
coarse Ags;Sn plates solidify first, providing nucleation
sites for eutectic dendrites[15]. The formation of coarse
AgsSn plates that are quite brittle must be avoided
because they induce defects in soldered joints under low
stress or some cyclic stress in service. As a result of the
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Fig.6 Optical images of coarse Ag;Sn plates

existence of coarse Ag;Sn plates, the shear force of
micro-joints soldered using IR reflow soldering method
is lower than that using diode-laser soldering system.

4 Conclusions

1) The formation of intermetallic compound Ag;Sn
is the key factor to affect the shear force, and the fine
eutectic network structures of micro-joints as well as the
dispersion morphology of fine compound Ag;Sn, in
which eutectic network band is responsible for the
improvement of the shear force of micro-joints soldered
with Sn-Ag-Cu lead-free solder.

2) With the increase of the output power value of
diode-laser, the microstructures of Sn-Ag-Cu solder
micro-joints change obviously. When the output power
value of diode-laser is about 41.0 W, the microstructures
of the micro-joints are homogeneous, the crystal grains
are fine, and the shear force of the micro-joints exhibits
the highest value, which is about 70% higher than that
using IR reflow soldering method. Because of the
existence of coarse Ag;Sn platelets, the shear force of

micro-joints soldered with IR reflow soldering method is
lower than that using diode-laser soldering method.
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