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In order to reveal the action mechanism of different brass solder compositions on the microstructure of 
weld joints in unleaded-tin-coated coppers brazing-stitch soldering, the laser soldering process of solar 
panel busbar was studied by using three different coated brass solders: Sn-37Bi-3Ag, Sn-42Bi-3Ag and 
Sn-47Bi-3Ag. Scanning electron microscope, energy spectrometer, X-ray diffractometer, tensile testing 
machine and Vickers microhardness tester were used to test and analyze the influence of Bi element 
content on the microstructure and mechanical properties of weld joints in solar panel busbar brazing-
stitch soldering. The results show that: (1) With the increase of Bi element content, the wettability of 
soldering ceam is gradually improved, and the weld joints eutectic mainly consists of SnAg phase, Ag3Sn 
phase, Cu6Sn5 phase, Cu3Sn phase, SnAgCu phase, β-Sn sosoloid and Bi with rhombic layered structure. 
(2) The fracture of weld joints occurred at the interconnection belt side, it presents brittle and ductile 
mixed fracture. With the decrease of Bi element content, the tensile strength of weld joints gradually 
increased, and the maximum tensile strength of weld joints was 212 MPa. (3) The of weld joints decreases 
gradually from the busbar side to the interconnection belt side, and the highest microhardness of weld 
joints appears at the interface layer, it can reach 330.1 HV. With the decrease of Bi element content, the 
microhardness of weld joints gradually increased. This paper provides a scientific basis for the optimal 
selection and use of busbars in solar panels high-quality laser soldering.  
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 Introduction 

Busbar soldering is a crucial link in the production 
of solar panel modules, and its soldering performance 
directly determines the working efficiency of the panel 
[1]. The solar panel busbar soldering is to connect the 
interconnection belts on two adjacent battery strings 
together by means of stitch soldering, which plays the 
role of parallel battery strings. Among them, the 
busbar and the interconnection belt are both tin-coa-
ted copper alloys, so it belong to the stitch soldering 
of the same alloy [2]. During soldering, the soldering 
heat source heats the soldering strip to a temperature 
higher than the melting point of the tin solder but 
lower than the melting point of the base metal oxygen 
free copper. After the tin solder melts, it has a certain 
fluidity and can wet the base metal. After the tin solder 
is cooled and solidified, the interconnection belt and 
the busbar are connected. However, due to the di-
fficulties such as the shape warping of busbar and in-
terconnecting belt, and the high temperature sensiti-

vity (optimal temperature is 240℃- 280℃) [3], so it is 
of great engineering value to develop high-quality sol-
dering methods suitable for solar panel busbar. 

At present, the commonly used soldering techno-
logies of solar panel busbar include electric soldering 

iron, electromagnetic soldering and infrared lamp he-
ating soldering. But the electric soldering iron is low 
life and low stability [4], the electromagnetic soldering 
technology has the problem that the flux will crys-
tallize on the surface of the battery panel and the 
energy will be wasted seriously [5], the main disadvan-
tage of infrared lamp heating soldering technology is 
that the heating area is large, which affects the packa-
ging of solar panel modules [6]. Compared with tra-
ditional soldering methods, laser soldering is an im-
portant application field of laser additive manufactu-
ring. Laser soldering has the characteristics of high 
power density, small heat input and heat affected area, 
and is easy to realize automation, fast soldering speed, 
and accurate and adjustable heat input [7-14]. There-
fore, in terms of the heat source quality and the degree 
of automation, laser soldering is the best soldering me-
thod for interconnection belts and busbars. Now, 
many scholars have carried out a lot of research on 
laser soldering of copper alloy materials. Anil Kunwar 
[15] studied the effect of heat and mass transfer of la-
ser soldering on the growth behavior of intermetallic 
compounds in Sn/Cu and Sn-3.5, Ag-0.5/Cu joints, 
and predicted the interface morphology of interme-
tallic compound Sn-xAg-yCu/Cu (SAC/Cu) using a  
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data-driven method combined with laser soldering ex-
periments, finite element analysis and machine lear-
ning. Nabila [16] studied the influence of optical fiber 
laser parameters on the interface reaction and wetting 
angle of two different types of solder pastes SAC305 
on copper pads. Martin [17] studied the resistance of 
soldered battery cells. Zhou [18] used different Zn-Al 
components to explore the influence of Al content 
change in soldering wire on the microstructure and 
mechanical properties of Al/Cu welded joints. Howe-
ver, there is little research on the application of laser 
soldering technology in solar panel busbar. Some va-
luable literature on laser welding, such as Pavel [19], 
Ikhsan [20], Ondrej [21], these studies indicate that la-
ser welding technology is an advanced material manu-
facturing technique 

In this paper, the laser brazing and stitch soldering 
of the unleaded tin-coated coppers was carried out, fo-
cusing on the comparative analysis of the influence of 
the coated brass solder with different Bi element con-
tents on the welded joint morphology, microstructure 
and mechanical properties. The research purpose of 
this paper is to reveal the mechanism of Bi element of 

brass solder in the process of laser melt brazing to re-
gulate the weld microstructure and performance, and 
lay a theoretical foundation for the application of laser 
melt brazing in the field of solar panel soldering. 

 Experimental materials and method 

The base metal of busbar is TU1 oxygen free cop-
per sheet, its length, width and thickness are 
600mm×100mm×0.35mm. The base metal of inter-
connection belt is also TU1 oxygen free copper sheet, 
its length, width and thickness are 
200mm×40mm×0.15 mm, These base metals are 
both in rolled and annealed state. The brass solder is 
tin solder. The Table 1 is the specific composition of 
different brass solder alloys used in this experiment. 
The base metals are coated brass solder by hot dip gal-
vanizing, and the thickness of brass solder coating is 
0.025 mm. The interconnection belt and busbar are 
assembled by vertically butted from the top to bottom, 
and the two sides are aligned without slope. The clam-
ping device is used to clamp them on the phenolic in-
sulation board.

Tab. 1 Alloy Composition of brass solder 

Order number Brass solder 
Alloy Composition（wt.%） 

Sn Bi Ag 

1 Sn-37Bi-3Ag 60 37 3 

2 Sn-42Bi-3Ag 55 42 3 

3 Sn-47Bi-3Ag 50 47 3 

 

The laser spot is aligned with the long center line 
of base metal contact surface, and a medium power 
continuous fiber laser (GCL-500) is selected. Its tech-
nical parameters are shown in Table 2. The specific 

parameters of laser are determined as the power 
P=400W and the soldering speed v=10mm/s by con-
sulting the datum.

Tab. 2 Technical parameters of continuous fiber laser 

Model Polarization Rated power Wavelength Spectral width 

Continuous Random 530W 1080nm 3nm 

Red light power BPP NA Switching phototime Modulation frequency 

0.1mW SMF 0.4 0.12 20ns 20kHz 

 

Before soldering, the test piece shall be strictly cle-
aned, and the oxide film on the surface shall be re-
moved with flux. After soldering, cutting out a 
10mm×10 mm metallographic sample along the cross 
section of weld line, and put it into the inlaid proto-
type to make sample for easy grinding and polishing, 
then use a cotton swab to dip a small amount of aqua 
regia corrosion the sample for about 5 seconds. Finally, 
we use a scanning electron microscope (SEM, 
EVO18), a energy dispersive spectrometer (EDS, 

Link-ISIS) and a X-ray diffraction (XRD-6000) to ana-
lyze the influence of different brass solder compositi-
ons on the surface morphology of the welded joints. 
For mechanical properties of welded joints, cutting 
out some tensile samples according to GB/T2651-
2008 standard, and we use electronic universal testing 
machine to conduct tensile test under room tempera-
ture and tensile rate is 3mm/min. Recording the ma-
ximum load on the sample during the tensile test, re-
peating the test five times and taking the average value  



June 2025, Vol. 25, No. 3 MANUFACTURING TECHNOLOGY 
ISSN 1213–2489 

e-ISSN 2787–9402 

 

indexed on http://www.webofscience.com and http://www.scopus.com 426  

of the maximum loads, the average value of the ma-
ximum loads is the tensile strength of the welded joint. 
For the fracture, we use SEM to observe the fracture 
morphology and analyze the fracture type of the wel-
ded joint. For the hardness, we use a full-automatic 
Vicker microhardness meter (Dure Scan) to test the 
hardness of the welded joint. 

 Microstructure of welded joints 

The macroscopic morphology of the front and 
back sides of welded joint formed by using four diffe-
rent coated brass solder compositions are shown in 
Table 3.

Tab. 3 Macroscopic morphology of the front and back under different brass solder 

Order number Brass solder 
Macroscopic morphology 

Front Back 

1 Sn-37Bi-3Ag 
  

2 Sn-42Bi-3Ag 
  

3 Sn-47Bi-3Ag 
  

 

It can be seen from Table 3 that for brass solders 
with different Bi element contents, the surface of wel-
ded joints have different shapes, have not the solde-
ring defects, and have the obvious metallic luster. 
When the Bi element content is 37% in brass solder, 
black oxide is generated on the front side of the wel-
ded joint. When the Bi element content is 42% and 
47%, the wettability and spreadability on the front side 
are both good, the front side of the welded joints are 
both uniform and continuous, and the back sides only 
show light yellow due to thermal effect, which indicats 
the penetration is deeper, and the width of welded 
joint in the third group experiment is the largest. The-
refore, the macroscopic morphology of busbar laser 
welded joint can be improved by adjusting the com-
position of coated brass solder. 

The Figure 1 is the microstructure morphology of 
the welded joint near the base metal area of intercon-
nection belt under coated brass solders with different 

Bi element content. The left side of Figure is the weld 
area, which is mainly composed of spherical rich equi-
axed crystals and black carbides, the right side is the 
base metal area, and the middle is the interface area. 
The Figure 1(a) is Sn-37Bi-3Ag coated brass solder, 
the Figure 1(b) is Sn-42Bi-3Ag coated brass solder, the 
Figure 1(c) is Sn-47Bi-3Ag coated brass solder. With 
the increase of Bi element content, the content of dis-
solved base metal Cu decreases, the compound re-
action in the welded joint decreases, the thickness of 
the formed interface layer also decreases, and the in-
terface layer gradually becomes flat and smooth, and 
the structure of the transition layer gradually disappe-
ars. The thickness of fusion line in interface area is Fi-
gure 1(a) 2.70μm, Figure 1(b) 2.32μm and Figure 1(c) 
1.98μm. It can be seen that the thickness of the inter-
face area decreases with the increase of Bi element 
content in coated brass solder. 

 

Fig. 1 Microstructure of the weld joints with different Bi content 
 
The Figure 2 is the XRD phase analysis atlas of 

welded joints in the coated brass solders with different 
Bi element contents. It can be seen from Figure 2 that 
the grayish phase with low contrast is Sn, the white 
phase with high contrast is Bi, and the formed phase 

between Ag and Sn isεphase, namely dark Ag3Sn. 
With the increase of Bi element content, the brittle 
blocky area (Bi) increases and segregation becomes 
more obvious. 
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Fig. 2 XRD analysis of the weld joints with different Bi con-
tent 

 Mechanical properties of welded joints 

The Figure 3 is the influence of the coated brass 
solder with different Bi element contents on tensile 
strength of welded joints. The fracture of tensile spe-
cimen occurred at the welded side of interconnection 
belt. It can be seen from Figure 3 that with the decre-
ase of Bi element content in the brass solder, the ten-
sile strength of the joint is gradually increasing. When 
the coated brass solder is Sn-47Bi-3Ag, the tensile 
strength of the joint is 137MPa. With the decrease of 
Bi element content, when the coated brass solder is 
Sn-42Bi-3Ag, the tensile strength of the joint is 
179MPa. When the coated brass solder is Sn-37Bi-
3Ag, the tensile strength of the joint will further incre-
ase to 204MPa. This is because with the increase of Bi 

element content in the coated brass solder, the brittle 
area (Bi phase) is increasing, and the segregation is 
more obvious. Although the solid solution and preci-
pitation of Bi in the Sn matrix will increase the stren-
gth of the solder alloy, resulting in a small number of 
intermediate phases, namely, Ag3Sn phase, therefore, 
the ability to block the movement of particle disloca-
tions is weakened, resulting in poor strengthening 
effect and reduced plasticity and toughness, so the ten-
sile strength will decrease with the increase of Bi ele-
ment content. 

 

Fig. 3 Tensile strength of tensile samples 
 
In order to investigate the composition of interme-

tallic compounds at the interface, EDX was used to 
perform surface element scanning on laser brazed 
micro solder joints.  

 

Fig. 4 EDX element distribution of Sn42Bi3Ag initial micro-joints 
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From the EDX scan of the initial micro solder 
joint in Figure 4, (a) is SEM image, (b) is Ag element, 
(c) is Sn element, (d) Bi element. It can be seen that 
Ag atoms in the solder react with spontaneously di-
ffusing Bi atoms at the solder pad and Sn inside the 
solder to form Ag-Bi-Sn ternary compounds Most of 
the Ag phase and Sn phase are evenly distributed in 
the brazing material structure, while some Ag phase 
aggregates. A large number of Bi atoms were found 
above the solder pad, and the distribution of Ag layer 
did not completely cover the entire interface, indica-
ting that Bi atoms were involved in the interface re-
action process. 

The Figure 5 is the fracture location and SEM 
micrograph of the fracture surface for the tensile spe-
cimen welded joint in coated brass solder with diffe-
rent Bi element contents. The fracture occurs at the 

the interconnection belt welded side. It can be seen 
from Figure 5, when the coated brass solder is Sn-
37Bi-3Ag, Figure 5 (a) shows that the fracture surface 
has dimples and tear edges of different sizes, which are 
characterized by ductile fracture; When the coated 
brass solder is Sn-42Bi-3Ag, Figure 5 (b) shows that 
the fracture surface has densely distributed dimples on 
the fracture surface, and some dimples are relatively 
larger and deeper. After secondary magnification, 
small dimples can also be seen near the larger dimples, 
which is shown as ductile fracture; When the coated 
brass solder is Sn-47Bi-3Ag, Figure 5 (c) shows that 
the fracture surface is relatively flat, showing brittle 
fracture, which is easy to crack when subjected to ex-
ternal tension. This result is consistent with the tensile 
strength result in Figure 3 and Figure 4. 

 

Fig. 5 Microscopic morphology of tensile fracture 
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It extends upward along the center of the molten 
pool at the busbar end to the top of the intercon-
nection belt, the Figure 6 is the microhardness distri-
bution of the welded joint under coated brass solder 
with different Bi element contents. It can be seen from 
Figure 6 that the hardness value increases gradually 
from the interconnection belt side to the busbar side, 
and the hardness value of the molten pool closer to 
the busbar side is larger. This is because the weldpool 
is subject to the dual effects of the Marangoni effect 
and metal vapor pressure, resulting in a "vortex" phe-
nomenon, which involves the some liquid at the bot-
tom end of interconnection belt toward the center of 
the weldpool, thus increasing the microhardness of 
the weldpool center. However, when there are defects 
such as pores in the welded joint, the microhardness 
will change suddenly. Significantly, with the decrease 
of Bi element content, the grains at the weldpool are 
refined continuously, and the precipitates of metal 
compounds are increased continuously, so the hard-
ness of the welded joint is increased continuously. 
This result is consistent with the tensile strength result 
in Figure 3 and Figure 4. 

 

Fig. 6 Microhardness distribution curve 

 Conclusion 

In this paper, the microstructures and mechanical 
properties of solar panel busbar laser soldering joints 
were analyzed by using different coated brass solders, 
and the mechanism of Bi element in unleaded tin-coa-
ted copper stitch soldering was revealed. The main 
conclusions are: 

• When the continuous single-mode laser is se-

lected, the power is 400W, the wavelength is 

1080nm, and the soldering speed is 10mm/s, 

the morphology quality of unleaded tin-coa-

ted copper with brass solder Sn-47Al-3Ag is 

best, and the front side of the soldering joint 

is smooth and plump, the back side is conti-

nuous and has no obvious defects. The cross 

section morphology of the joint has obvious 

characteristics of fusion soldering and bra-

zing. 

• The soldering joint of unleaded tin-coated co-

pper can be divided into interconnection belt 

fusion weld zone, weld center zone and 

busbar brazing weld zone. There is an Ag3Sn 

phase intermetallic compound layer in the 

busbar brazing weld zone. With the increase 

of Bi element content, the massive area (Bi 

element) in the alloy structure is increasing, 

the segregation is more obvious, and the thic-

kness of intermetallic compound layer is 

decreasing.  

• The fracture of welded joints is at the inter-

connection belt side, and the maximum ten-

sile strength of the joints is 212Mpa. With the 

decrease of Bi element content, the tensile 

strength gradually increases. The maximum 

microhardness of the weld zone appears at 

the interface layer, and the microhardness of 

the weld zone increases with the decrease of 

Bi element content.  

Furthermore, this paper can continue to discuss 
the influence of solder composition Ag element, sol-
dering power, soldering speed and other process para-
meters on the microstructure and mechanical proper-
ties of solar panel busbar laser soldering. 
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