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Abstract: This review article presents a comprehensive and in-depth discussion of thermal management, optical performance enhancement,
and reliability issues in semiconductor laser packaging technology. By synthesizing existing literature and research results, the article presents
a systematic summary of the research progress and practical applications of semiconductor laser packaging technology in these key areas. In
the section on thermal management, the article reviews different heat sink technologies, packaging structures, and solid crystal materials with
the aim of improving the thermal stability and long-term reliability of semiconductor laser devices. In the section on optical performance
enhancement, the article outlines beam shaping techniques and packaging technologies. It also addresses reliability issues in packaging,
discussing optical mirror damage as well as stress and mechanical damage. The aim of this review is to provide assistance for the further
development and application of semiconductor laser packaging technology, with the objective of promoting the rapid and healthy

development of the laser industry.
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1. Introduction

Semiconductor lasers are devices that convert electrical energy into
optical energy. They offer advantages such as high speed, efficiency,
and precision. They are widely utilized in optical communication,
biomedicine, intelligent manufacturing, optical fiber transmission
systems, and scientific applications [1-4]. As laser technology
continues to advance, the variety and quantity of lasers are
increasing, along with the demand for improved performance and
reliability [S]. However, due to the unique properties of lasers, their
packaging and testing technologies encounter significant challenges.
Firstly, lasers have very high output optical power, necessitating
stringent requirements for packaging materials and structures to
ensure stability and reliability. Secondly, precise testing and control
of the output optical spectrum characteristics and beam quality are
essential to guarantee performance and quality. Traditional laser
packaging and testing methods typically involve packaging multiple
chips in one package and then testing them using external
equipment. This approach has limitations, such as the inability to test
individual chips and analyze the internal structure and performance
of the chips. Therefore, the research and development of advanced
laser packaging and testing technologies are crucial. The quality and
reliability of the laser package directly affect the performance and
lifetime of the entire laser [6]. The main purpose of packaging is to
protect the laser chip from external interference and damage, while
improving stable electrical and thermal performance [7-9].The
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materials and techniques used in the packaging process need to meet
the working requirements of the laser, including good optical
transparency, high thermal conductivity, low thermal expansion
coefficient, and good mechanical strength. Additionally, a series of
tests and verification work need to be carried out throughout the
packaging process to evaluate its performance and reliability. These
tests include assessing the optical output characteristics, electrical
characteristics, thermal characteristics, and aging tests of the laser
chips to ensure the stability and reliability of the laser chips under
different working conditions.

By studying the packaging technology of semiconductor lasers,
this paper aims to provide a reference for scholars and engineers in
the relevant field. It seeks to promote the development of laser chip
packaging technology, enhance the performance and potential of
laser chips, reduce costs, and further advance the application of
laser technology in various fields.

2. Thermal Management of Semiconductor Lasers

In microelectronic devices, most forms of electrical energy
appear in the form of heat. Electrical energy is largely converted
into thermal energy, increasing the temperature of devices and
packaging materials, which in turn raises the ambient temperature
and leads to various harmful effects [10]. In addition, packaging is
moving towards high integration and miniaturization. In this
process, the junction temperature of the device keeps rising,
leading to issues such as thermal failure [11]. Due to the poor
electro-optical conversion efficiency of lasers, as the laser output
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power increases it leads to an increase in heat production in the
operation of the laser, about 40-60%. If this heat is not resolved
in time, the output wavelength of the semiconductor laser will be
red-shifted and the output power will be reduced. This affects the
performance and lifespan of the laser. Besides, during laser
running the threshold current shows an exponential increase with
increasing temperature, which greatly affects the use of the laser.
Therefore, appropriate thermal design should be carried out in
packaging to limit the operating temperature [12]. At an early
stage, Chin C [12] has designed the heat dissipation and
packaging of high-power laser diodes, proposing two structures
for junction-up and flip chip packaging, respectively. Heat
generation comes from several sources, such as thermal resistance,
ambient temperature, heat sink performance, and thermal
conductivity of materials. This section describes the current heat
sink technology. The design of the package technology and the
solid crystal material give some reference for the heat dissipation
problem of the laser.

2.1. Radiator technology

Heat sinks in semiconductor laser packages are utilized to
dissipate the heat generated by the laser chip. Their primary
function is to safeguard the laser chip from high-temperature
damage while ensuring the chip operates at a normal temperature.
Heat sinks are typically made of metal materials with a large
surface area and excellent thermal conductivity. They are in direct
contact with the laser chip to absorb the heat produced by the chip.
Heat sinks transfer heat to the surrounding environment to maintain
the chip temperature within a stable range. To enhance heat
dissipation efficiency, some heat sinks are coated with materials like
thermally conductive silicone grease or aluminum foil to improve
thermal conductivity. Moreover, some modern heat sinks
incorporate heat pipe technology, which enhances heat dissipation
efficiency through the rapid heat transfer capability of heat pipes.

The specific form of thermal analysis uses a thermal resistance
model to describe the heat dissipation path of the chip. Hao [13]
established a package model of flip chip ball grid array(FCBGA)
with heat sink, as shown in Table 1 for its detailed dimensions
and physical parameters. The physical model, schematic, and grid
diagram are shown in Figure 1. The temperature field of the
package model was calculated using finite element method in
COMSOL. Derived thermal resistance networks for conductive
resistance(R1D) and thermal diffusion resistance(RS). With this
network, other temperatures such as junction temperature can be
predicted quickly with sufficiently high accuracy.

Deng [14] enhanced the prediction of temperature distribution
in high-power laser diode arrays (HPLDAs) by conducting
experiments using the forward voltage method to measure the
transient temperature behavior of the chip without a heated load.
Based on this, a numerical method was developed to calculate the
thermal resistance of multiple unknown surfaces. This process
was carried out using COMSOL software, and the mesh model is
depicted in Figure 2. The transient temperature of the chip was
analyzed to determine the thermal resistance of different layers,
aiming to enhance the accuracy of temperature distribution
prediction. By evaluating the thermal resistance of each layer, it
was observed that the first heat sink and the chip exerted the most
significant influence on thermal resistance. While the chip was in
operation, the heat inside the chip was the most severe, with the
surrounding area experiencing relatively less heat. Therefore,
improving heat dissipation at the contact surface between the first
heat sink and the center of the chip was crucial in addressing the
temperature difference problem to a greater extent. In the
experiment, the maximum deviation between the numerical
simulation results and the actual experimental results was only 1.3
K. Both researchers worked on the measurement of thermal
resistance, and when comparing the two, Hao was able to achieve
fast temperature prediction by deriving a thermal resistance
network. Deng, on the other hand, was able to obtain the thermal
resistance of different layers with more accuracy.

Microchannel cooling [15, 16] is currently a new type of laser
cooling in the cooling method, microchannel cooling and the
traditional large-channel water cooling method of the difference is
mainly in two places, the first, the channel size is small, in line
with the direction of the future development of lasers; the second
surface tension is larger. And the cooling cost is low. Some
traditional microchannel heat sinks are shown in Figure 3. In
addition, Deng also designed a hybrid microchannel and slit jet
array heat sink [17] (the heat sink structure is shown in Figure 4)
to improve the thermal performance of high-power laser diodes.
In the experiment, using the forward voltage method to measure
the chip temperature and the structure function method to
calculate the heat sink thermal resistance, the cooling water in the
heat sink is chosen to be deionized water. The thermal resistance
was reduced by more than 15% compared to the conventional
thermal solution.

Beni [18] using the finite volume method for numerical
simulation of fluid flow and heat transfer in microchannel heat
sinks in diode lasers selected several different microchannel
geometries (The geometric structure parameters are shown in
Table 2) to repeat the simulations. By comparing fluid and heat

Table 1
Detailed dimensions and physical parameters of the model
Size x/pm Size y/um Size z/um KW-(mK)!
Fins (28) 800 185 000 100 000 130
Heat Sink Floor 405 000 185 000 2000 130
TIM2 27 000 27 000 600 6
Lid 27 000 27 000 1000 385
TIM1 10 160 7300 67 2.2
Die 10 160 7300 790 117
Solder ball 27 000 27 000 500 0.1, 0.1, 35
Bump 10 160 7300 60 0.5, 0.5, 33.86
PCB 400 000 180 000 1800 95.76, 95.76, 0.52
Substrate 27 000 27 000 1488 0.48, 0.48, 16.75
Air channel 600 000 400 000 1400000 -
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Figure 1
Physical model: (a) front view, (b) top view, (c) schematic diagram; Grid model: (d) top view, (e) x-y plane view, (f) front view
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transfer properties, make appropriate geometric modifications to
improve the thermal performance life of the system. The
simulation results show that the heat sink with sinusoidal
microchannels has the best thermal performance. In sinusoidal
structure, the system life is increased by 44% and the system
pressure drops by 18%.

Zhang [19] proposed and analyzed a new vertical package heat sink
structure as shown in Figure 5, which significantly improves the heat

Figure 2
Grid model
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dissipation performance, and through finite element simulation, it is
concluded that the thermal resistance of the traditional structure is 2.0
K/W while the thermal resistance of the new heat sink is less than
1.6 K/W, and the junction temperature of the new package scheme is
lower. The output power of the laser can be significantly increased
by this new heat sink. In the early stages, Kemp [20] explored the
potential for enhancing the performance of semiconductor lasers by
incorporating heat sinks comprising high thermal conductivity
materials, including diamond, silicon carbide, and sapphire. Li [21]
used silicon carbide (SiC) and aluminum nitride (AIN) heat sinks for
heat dissipation in the packaging of 880 nm semiconductor laser
chips with a stripe width of 100 pm. The analysis of the thermal
resistance in the finite element method simulation and the wavelength
drift method, the results show that the thermal resistance under the
SiC heat sink is low and has a higher output power, and the AIN
heat sink has worse thermal performance than SiC. SiC is more
suitable for high-brightness semiconductor lasers. Figure 6 shows the
laser COS package structure. The heat sink is studied based on this
package structure. Yu [22] fabricated a high heat dissipation PiGF
(Phosphor-in-glass film)-AS (AI203 substrate) heat sink by applying
a layer of LSN:Ce fluorescent lamp glass film directly on an
aluminium oxide (A1203) substrate. It is used for phosphor-converted
white laser diode. According to the experiment that the heat
dissipation can significantly improve the optical-thermal performance
and reliability of this laser, and the working temperature is only
58.3°C under the laser excitation of 3.18 W/mm?.
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Figure 3
(a) Typical microchannel heat sink structure (b) Some kind of microchannel heat sink profile
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Figure 4
Hybrid microchannel and slit jet array heat sink structure
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Shu [23] investigated the application of heat pipes for thermal
management in high-power semiconductor lasers by using a heat
pipe system instead of a water cooler to realize a more compact
and lightweight laser. The heat pipe cooling system includes an
n-type heat pipe cooling system and a u-type heat pipe cooling
system (shown in Figure 7), and then the two heat pipe systems
were tested. The test results show that the n-type can easily
handle a thermal load of 73 W from one laser, while the u-type
can easily handle a thermal load of 300 W from five lasers, and

(b) ey
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Figure S
Traditional and new structures

the optical power of the high-power semiconductor laser can
reach 210 W. All of the above results show that the heat pipe
system can be an alternative to the water cooling machine for
cooling high-power semiconductor lasers.

Table 3 summarizes some of the heat dissipation techniques
used for semiconductor lasers, including changing the heat sink
material to improve the heat dissipation performance, exploring
new heat sink structures to achieve heat dissipation, using new
heat dissipation methods, and designing heat sinks based on
different heat dissipation channels.

Table 2
Geometric characterization of microchannels
Hydraulic
Length of Width of diameter of
microchannel microchannels Number of Total volume of microchannels
Structure (mm) (mm) microchannels microchannels (mm)? (mm)
Straight(current) 3.00 0.4 14 5.88 0.37
Zigzag 3.18 04 14 6.23 0.37
Curved 3.05 0.4 14 5.98 0.37
Sinusoidal 3.30 0.4 14 6.46 0.37
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Figure 6
Laser COS package structure

2.2. Package structure to improve heat dissipation

In addition to the study of heat sinks, different package structures,
as well as packaging processes, play an important role in solving the
thermal management problems in laser chip operation. In the early
days, lasers were encapsulated in small packages, and the earliest
electrowelding packaging technology was proposed. At that time,
the package structure was relatively simple, usually using a metal
shell or ceramic shell to protect the laser, and through the transfer
of heat dissipation to the external environment. Engineers then
began to design more efficient packaging techniques to better
control the laser’s temperature and reflections. The transistor outline
can(TO-Can) packaging technology was born, which placed the
laser chip inside a metal tubular housing and used metal solder to
connect the chip to the tubular housing. However, the heat
dissipation effect is relatively limited due to its structure and material.

As the semiconductor laser chip packages become more and
more tightly packed, the spacing between the device neighbors
becomes smaller and smaller, and the heat dissipation of the laser
becomes more and more difficult. In response to this, Sun [24]

proposed a multi-wavelength stacked packaging technology and
used finite element analysis to analyze the arrangement of
semiconductor laser rods with wavelengths of 808 nm, 915 nm, and
980 nm, respectively, on the multi-wavelength stacked heat
dissipation effect of the integrated assembly. The results show that
by changing the arrangement of the chips, the stacked module with
915nm-980nm-808nm arrangement has the best heat dissipation
effect. By reasonably arranging the semiconductor laser bars of
different wavelengths, the heat dissipation effect of the stacked
modules is effectively improved, which provides a new idea for
high-density integration and high-power output. Lucci [25]
investigated the thermal performance of various III-V semiconductor
laser sources based on on-chip-integrated silicon substrates, including
monolithic and heterogeneous integrated structures. Through
transmission electron microscopy as well as calculating the thermal
mapping of the devices, the results show that heterogeneous
semiconductor lasers are better thermally insulated than monolithic
semiconductor lasers Compared to single material or structure
packages, heterogeneous structures demonstrate better thermal
insulation, which helps to reduce thermal conduction and improve
device stability and reliability. As shown in Figure 8(a), only one
surface of the InGaN LD chip is used as a thermal channel in the
conventional package configuration. Nozaki [26] proposed a novel
packaging technique for high-power high-temperature operation of
indium gallium nitride (InGaN) laser diodes, called dual heat flow
(DHF) packaging technology, with this technology, even if the
temperature of the Indium Gallium Nitride Laser Diode exceeds 85°
C, the optical output power can be higher than 3 W, enabling high-
temperature and high-power operation, and it is also compatible with
conventional compact packages. This packaging technology utilizes
both surfaces of the chip as thermal paths as shown in Figure 8(b).
The technology not only supports high-temperature and high-power
operation but also maintains compatibility with traditional compact
packages, opening up new avenues for optimizing laser performance
in specific application scenarios.

Li [27] designed a new single-emitter stage F-mount package
structure. As shown in Figure 9(b) and compared with the
traditional C-mount package structure (Figure 9(a)), the effects of
different package structures on the thermal performance, output

Figure 7
n-type heat pipe cooling system and u-type heat pipe cooling system
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Table 3

Heat dissipation technology summary

Researcher

Heat sink technology

Result

Conclusion

Deng [17]

Beni [18]

Zhang [19]

Li[21]

Yu [22]

Shu [23]

Hybrid microchannel and slit jet
array heat sinks

Comparison of thermal performance of
fluid flow and heat transfer for heat
sinks with different microchannel
geometries

New vertical package heat sink
structure

Performance Comparison of AIN
Heat Sinks and SiC Heat Sinks
(Based on COS Package Structure)

High heat dissipation PiGF-AS
heat sinks

Replacing water coolers with
heat pipe systems

The cooling water in the heat sink is
chosen to be deionized water and
reduces thermal resistance by more
than 15% compared to conventional.

With the sinusoidal structure, the
system life is increased by 44% and
the system pressure drops by 18%.

The thermal resistance of the traditional
structure is 2.0 K/W, and the new
heat sink is less than 1.6 K/W.

SiC heat sinks have lower thermal
resistance,

The working temperature is only
58.3°C under laser excitation
of 3.18 W/mm?.

The n-type can easily handle the heat
load of 1 laser, while the u-type can
easily handle the heat load from
5 lasers.

This heat sink improves heat dissipation
and reduces thermal resistance.
Considerable performance

Heatsinks with sinusoidal
microchannels for optimal cooling
performance

The output power of semiconductor
lasers can be significantly increased
by this new heat sink.

SiC heat sinks are more suitable for
high-brightness semiconductor lasers.

The heat sink significantly improves the
optical and thermal performance and
reliability of the laser.

Heat pipe systems can replace water
coolers for cooling high-power
semiconductor lasers.
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Figure 10
Structure of (a) C-mount and (b) DC-mount packages
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power, wavelength, and other properties of the device are investigated
through comparative analysis. Under the comparison of finite element
simulation as well as the comparison of actual experimental results, it is
found that F-mount has better thermal management than C-mount. The
analyzed results show that F-mount devices have smaller thermal
resistance and divergence angle, higher power, and efficiency at
room temperature. This all proves that F-mount has a better
package structure compared to C-mount. By optimizing the package
structure, F-mount devices show better thermal management, higher
power, and efficiency at room temperature, helping to improve the
overall performance of the laser.

In addition, Xu [28] also proposed a heat sink structure in the
form of DC-mount package, which can better protect the chip and
also has double-sided heat dissipation performance, which can
effectively increase the heat dissipation area. Compared with the
traditional C-mount package structure, the new DC-mount package
structure has better heat dissipation performance and can effectively
reduce the junction temperature and thermal resistance of the
device. The new design significantly enhances the heat dissipation

(b)

Gold wire

Laser chip

TU1 heat sink 2
Submount
AIN ceramic

Electrode

TU1 heat sink 1

capability and effectively reduces the junction temperature and
thermal resistance of the device, which is an important means to
enhance the stability and lifetime of the laser in long-term
operation. Figure 10 shows the structure of the two packages.

Wang [29] designed a novel double-sided cooling packaging
technique for semiconductor lasers with a double-sided laminate
cooling packaging structure. Simulation and experimental results
show that this technique can reduce the maximum temperature of
the device from 48.5°C to 40°C and increase the maximum laser
power from 14.1 W to 15.1 W. The thermal saturation effect of the
laser is effectively mitigated. The double-sided cooling technology
directly reduces the working temperature of the laser device and
increases the maximum output power, effectively alleviating the
thermal saturation effect, which is of great significance in
improving the overall performance and reliability of the laser.
Table 4 is a summary of package structures/packaging technologies.

High-power semiconductor lasers are comprised of two types of
packages, including epitaxy-up(epi-up) and epitaxy-down(epi-
down). However, in fact, the thermal performance of epi-up

Table 4
Summary of package structures/packaging technologies
Researcher Packaging technology/Packaging structure Result
Sun [24] Multi-wavelength stacked packaging Among the three fixed laser rods, the stacked modules in the
technology 915nm-980nm-808nm arrangement have the best heat
dissipation effect
Lucci [25] Monolithic and heterogeneous structures Heterogeneous structure for better thermal insulation

Nozaki [26] Double-Heat-Flow encapsulation technology

Li [27] New single-emitter stage F-mount package
structure

Xu [28] A heat dissipation structure in the form of a
DC-mount package

Wang [29] New Packaging Technology for Dual-Sided

Cooling of Semiconductor Lasers

The technology enables high-temperature, high-power operation
of Indium Gallium Nitride Laser Diodes and is also compatible
with conventional compact packages.

F-mount devices offer lower thermal resistance and divergence
angle, higher power and efficiency at room temperature.

The new DC-mount package structure has better heat dissipation
performance and can effectively reduce the junction temperature
and thermal resistance of the device.

The technology can reduce the maximum temperature of the laser
device from 48.5°C to 40°C, and increase the maximum laser
power from 14.1 W to 15.1 W. It effectively alleviates the
thermal saturation effect of the laser.

The above are based on the traditional packaging form of new packaging structure and new packaging technology to solve the current semiconductor
laser heat dissipation problems. It can be seen that these studies mainly focus on optimizing the package design, introducing new materials and
structures, as well as innovative heat dissipation mechanisms. Future research will continue to explore more efficient thermal management
strategies, such as the combination of microchannel cooling, liquid cooling, or even phase change cooling technology, in order to further reduce

the operating temperature and thermal resistance of the laser.
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Figure 11
(a) Conventional package structure, (b) New graphene package structure, (¢c) Conventional package
temperature distribution, and (d) New graphene package temperature distribution
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packages is poor in comparison, the related applications are few, and
most scholars have focused on solving the heat dissipation problem of
epi-down packages, and there are few studies on epi-up. To fully utilize
the epi-up package. Wang [30] used a new material, graphene-based
composite films as a heat sink channel for the packaging of high-power
laser diodes. Such as the introduction of additional transverse heat
dissipation channels on graphene-based composite to improve heat
conduction. The graphene-coupled epi-up package method increases
heat dissipation while reducing thermal stress, and this material can
reduce the junction temperature and thermal resistance in the active
zone of the package. In the experiment, simulating package
structures of graphene-based composite with different thicknesses,
when the thickness is 20 pm, the chip temperature is lowest. And
the thermal performance of graphene gets better and better as the
output power of the laser increases. Figure 11 shows the structure
and temperature distribution of the conventional package and the
new graphene package.

2.3. Die-attach materials

The die-attach materials commonly used in laser chip
packaging include Indium solder, Tin paste, Silver glue, and
Gold-Tin eutectic materials. For example, Yan [31] used Nano-
Silver paste as the die-attach material in a laser diode package.
The parameters of the laser diode are power 60 W wavelength
808 nm. The operating characteristics and thermal impedance
characteristics of the laser under this die-attach material are
investigated. The thermal characteristics of the laser diode are
compared with those of the laser diode solidified with Indium
material and Gold-Tin solder using the finite element method. The
test results show that the laser diode using Nano-Silver paste has
the lowest temperature under continuous operation. Figure 12
shows the structure of the CS-mount laser diode encapsulated
using Nano-Silver paste.

In addition to die-attach materials such as silver paste, there are
also eutectic materials. Wang [32] used double-CuW MCC-
packaged (DMCC) package structure and AuSn eutectic solder to
package diode laser arrays. Firstly, based on the simulation
results, it was concluded that the Smile effect(Unevenness of the
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chip surface after package) and the thermal stress were reduced by
0.24 pm and 16 MPa, respectively, reflecting the ability of AuSn
eutectic solders to reduce thermal stresses in the package and
Smile effect. By incorporating an advanced package structure to
further optimize the thermal management performance of the
device, it improves overall reliability and output power. In high-
power laser soldering, the traditional Indium soft brazing material
is commonly used. Indium is a 157°C soft brazing material with
good toughness, which can effectively solve the stress problem
caused by the thermal expansion mismatch of the array/assembly
substrate. However, the repetitive on-off current cycles with high
duty cycle and large pulse width can cause mechanical stress
alternation in the device, which in turn triggers a variety of
failures such as device fracture, migration, and thermal fatigue.
Recent studies have found that indium solder welding lasers are
less reliable compared to Gold-Tin (AuSn) welding structures.
Hou [33] designed an advanced diode laser stack (shown in
Figure 13) through coefficient of thermal expansion (CTE)-
matched submount packaging as well as AuSn welding technique,
which achieves higher reliability as well as higher output power.
In addition, the structure was optimized for spacing and improved
heat dissipation. Compared with the diode laser stack using
Indium solder, the lifetime and reliability are significantly improved.

Wang [34] designed a hard solder microchannel cooler
(HSMCC) technology (Figure 14) for packaging high-power
diode laser arrays and compared the thermal characteristics with
Indium solder microchannel cooled packaging. The experimental
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Figure 13
Schematic diagram of diode laser stacking packaged
using Gold-Tin soldering technique
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Figure 14
Schematic diagram of HSMCC technology package
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results show that at the same output power, HSMCC package laser
arrays have lower Smile values and higher reliability compared with
the conventional Cu-MCC package laser bars using indium welding
technology. The combination of hard solder and microchannel cooler
technology has also shown positive results, not only reducing the
Smile value but also dramatically improving device reliability.

There are several die-attach materials commonly used
nowadays, Nano-Silver paste, Indium solder, and Gold-Tin solder.
Yan [35] compared these three die-attach materials and analyzed
the pulsed transient thermal effect of the three encapsulated
structures and all unmounted CuW modules using the finite
element method. The results show that the laser module
encapsulated with Nano-silver paste exhibits the lowest junction
temperature of 32.8 °C. In contrast, the junction temperatures of
the laser module encapsulated with indium solder and AuSn
solder were 41.8 °C and 43.6 °C, respectively.

Table 5 shows that nano-silver pastes, due to their excellent
thermal conductivity, perform well in lowering the operating
temperature of the devices, especially in the continuous operation
mode, laser diodes using Nano-silver pastes are able to maintain
lower temperatures, which is crucial for improving the stability
and lifetime of the devices.

2.4. Thermal management summary for laser
packaging

In the research of heat sink technology, scholars have studied
many directions, among which the heat sink technology of
microchannels is a packaging technology that requires great
precision. For example, the manufacturing of hybrid microchannel
and slit jet array heat sinks requires high manufacturing precision. In
recent years, the rapidly developing and becoming hot through-
silicon vias (TSV) packaging technology may be applied to
microchannel heat dissipation technology, and the advantages of this
technology can effectively solve the processing difficulties of
traditional microchannels [36]. For the exploration of radiator
materials, in addition to the previously mentioned AIN and SiC,
there are also CuW that have lower thermal expansion as well as
higher thermal conductivity, which is widely used in high-power
lasers. Graphene is a material with ultra-high thermal conductivity.
It can also be compounded with other materials (such as metals,
ceramics, or polymers) to form new materials with excellent thermal
conductivity. The future packaging structure will certainly develop
in the direction of smaller, more compact, more efficient, more
reliable, and more environmentally friendly. For the time being, it is
difficult to realize the above directions and achieve satisfactory
results. In addition, how to introduce new materials combined with
microchannel cooling, liquid cooling, and even phase change
cooling technology are all the difficulties in the current research.

3. Exploration of Techniques to Improve Laser
Optical Performance

Commonly, lasers suffer from poor beam quality due to beam
divergence, or the intensity distribution of the laser beam is often not
uniform due to the limitations of the laser’s structure and principle of
operation. In addition, laser beams are very sensitive to external
disturbances, such as dust and moisture. These limit the
application of lasers in some areas. Many fields require lasers to
be able to travel far enough and maintain the intensity of the light
in a small area or require that the emitted light be parallel.
Therefore, it is necessary to explore ways to improve the optical
performance of lasers. Beam collimation, how to increase the

Table 5
Research summary of die-attach materials
Researcher Die-attach materials Result
Yan [31] Nano-Silver paste, comparative materials: Laser diodes with Nano-Silver pastes have the lowest temperatures in
Indium, Gold-Tin solder. continuous operation
Wang [32] AuSn eutectic solder, using double-CuW The simulation results show that the Smile effect and thermal stress are
MCC-packaged structure(DMCC) reduced by 0.24 pm and 16 MPa, respectively.
Hou [33] AuSn eutectic solder compared to Indium AuSn eutectic solder achieved higher reliability and higher output power.
Lifespan and reliability have been significantly improved.
Wang [34] Hard solder compared to Indium solder Hard soldering microchannel cooler technology have lower Smile values and
(microchannel cooler technology) higher reliability
Yan [35] Nano-Silver paste. Indium solder and Semiconductor lasers using Nano-Silver paste exhibit lowest junction
AuSn solder temperatures
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output power of the laser, and optimization of the laser optical system
are all in need of in-depth study. Laser beam shaping technology is
important for optimizing a large number of laser material processing
applications and laser-material interaction studies. In pursuit of these
goals, scholars have done a great deal of research in this aspect of
beam shaping. This section reviews various techniques for
improving laser optical performance, including beam shaping and
encapsulation techniques.

3.1. Beam shaping techniques

A common beam shaping system reported by Hoffnagle [37] is
shown in Figure 15. However, due to aspherical lens are more
complex to design and manufacture than conventional spherical
lenses, and these issues limit the application of aspherical lenses
in improving the performance of optical systems. In both
industrial and commercial manufacturing, the method has a
number of problems. Luo [38] introduced a novel beam
collimation system. A semiconductor laser beam shaping system
utilizes an ellipsoidal lens of epoxy resin. The structure is shown
in Figure 16. According to the theoretical analysis as well as
experiments, the results show that the light emitted from the laser
can be well deformed and collimated under this system.
Moreover, the laser package size of this system is only @5 mm X
10 mm, which greatly facilitates the application of the laser.

Due to the uneven beam parameters in the vertical and
horizontal axes of semiconductor lasers, fiber coupling is difficult.
Cheng [39] proposed a beam shaping technique based on the
combination of internal total reflection and polarization surface for
this problem. By this technique, the dark region filling of the
beam and the polarization merging are realized. In addition, the

Figure 15
Planar aspheric lens pair for beam shaping
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Figure 16
Semiconductor laser beam shaping system with ellipsoidal lens
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reuse rate of the polarization plane is improved. Three stacked
arrays of semiconductor lasers can be coupled into a single fiber.
Simulation results show that the technique achieves an output
power of 1099 W and an optical conversion efficiency of 85.8%.
The control of Gaussian intensity distribution beams into flat-top
beams using laser beam shaping technique is a hot research topic
in recent years. In laser applications, converting a Gaussian beam
into a flat-top beam can effectively prevent the light energy from
being overly concentrated in the center of the beam, which can
damage the laser optics and so on. In order to convert a Gaussian
beam into a flat-top beam, a beam shaping lens based on particle
swarm optimization algorithm (PSO) was designed by Qin [40].
The fitness function was minimized by a self-written MATLAB
program, and a double-lens shaper and a single-lens shaper were
designed. The experimental results show that the designed laser
shaper can effectively convert a Gaussian beam into a flat-top
beam. Figure 17 shows the schematic diagram of the conversion
of Gaussian beam to flat-top beam, and Doan [41] studied the
effect of pump power and transmission distance on the probe
beam profile. By developing a fluid laser rectifier, the interaction
between pump power, absorption coefficient, and distance to
obtain a flat beam profile was explored. The results show that the
distance of the flat-top beam profile decreases with increasing
absorption coefficient and the Gaussian beam can also be
converted into a flat-top beam by controlling the parameters of
pump power and absorption coefficient of the thermal lens. In
addition, Doan [42] proposed a novel method of laser shaping
using Fluidic Laser Beam Shaper(FLBS) technology, which also
converts a Gaussian beam into a flat-top beam.

In contrast, Yang [43] proposed an intracavity laser beam
shaping technique (schematic diagram shown in Figure 18) to

Figure 17
Schematic diagram of the conversion of a Gaussian
beam into a flat-topped beam

L Rm[l.‘( > Ioul <
— aser
i
. n . - A h
Optical axis % Shaper ; ;
/
Iy — 14
-
Figure 18
Schematic diagram of the orthopedic system and Jones matrix
X Out
Porro prism
Polarizer o \ RB b 7 X
In ' ‘ y >z
1 10 A B c D
[0] [0 0] [B AT [D C']



Journal of Optics and Photonics Research Vol. 00

Iss. 00 2024

obtain a high pulse energy flat-top beam from both theoretical and
experimental aspects. The beam shaping system is composed of a
polarizer, an RBE prism, and a Porro prism, which uses the
polarization properties of light to introduce a phase change. The
phase shift induced by the two prisms is analyzed by the Jones
matrix formula, which has been demonstrated to be an effective
method for obtaining a flat-topped beam of 72 mJ as well as a
highly efficient optical conversion, where the Jones matrix of

the incident light is assumed to be M;, = [1

0], the polarizer is

M, = {(1) g}, and the incident light passes completely through

the polarizer. RBE is Mgpeg =

-[5 2]

Similarly, Le [44] designed a laser beam shaping device based
on a fiber taper, which was designed under the analytical method of
mode coupling theory and far-field diffraction for fiber laser beam
shapers. Experimentally, a Gaussian laser beam was successfully
transformed into a flat-topped beam after passing through this
shaping device. Naidoo [45] demonstrated a method that can
realize a high brightness laser by using an intracavity beam
shaping system to alter a single transverse mode of the intracavity
profile to attain a Gaussian mode at the output and a flat-topped
mode at the gain. The energy extraction and the beam quality are
also optimized. The limitation of low energy extraction with a
small mode volume is overcome, which improves a valuable
reference for the design of future high-brightness laser cavities.

A low-cost fabricated aspheric deformation lens has been
proposed by Cao [46]. They drop UV-cured negative photoresist
on asymmetrically paired substrates, which evolves into an
aspheric surface under electrostatic force. The schematic of the
method is shown in Figure 19. After experimental results and
numerical analysis, the lens can have different optical powers in
two transverse directions, which can realize high-energy
collimation of the evanescent beam in the fast-axis direction.

A B .
{B A*}’ porro is Moo

Figure 19
(a) Structure of the liquid lens and (b) schematic of fabrication
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Figure 20
Schematic diagram of a biaxial hyperbolic microlens
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Xiong [47] designed a new variable radius of curvature
collimating lens for the problem of poor beam collimation of
slow-axis semiconductor lasers with near-axis approximation. The
lens has good beam collimation ability as well as low refractive
index. The designed lens is shown to be discretized under the
finite element method to reach the possibility of micromachining.
Taking a 976 nm semiconductor laser bar as an example, a
collimating lens at a refractive index of 1.51 can achieve a
divergence angle of 6 pum for a slow-axis collimated beam.
This method has a promising application in high-power and
high-brightness applications of semiconductor lasers. Tian [48]
reported a novel beam shaping method for biaxial hyperbolic
microlenses fabricated by femtosecond laser technology. The
shaping method focuses the light from the fast and slow axes to
the same focal point, which effectively reduces multiple
reflections and absorptions at the interface, and enables the fast-
axis dispersion and slow-axis dispersion of the single-emission
laser beam to be collimated with a single lens. It can effectively
compress the beam divergence angle of fast and slow axes from
60°~9° to 6.9 mrad and 32.3 mrad. Figure 20 shows a schematic
diagram of this biaxial hyperbolic microlens. The structure avoids
multiple reflections and absorptions of the beam at multiple
collimators, further reducing errors.

It is obvious from Table 6 that most of the beam shaping studies
are those that convert Gaussian beams into flat-top beams. Flat-top
beams are advantageous in many industrial, scientific, and medical
applications, such as materials processing, laser printing, optical
communications, and laser display. Flat-top beams provide more
uniform energy distribution, reduce thermal stresses, and improve
processing quality and efficiency.

3.2. Packaging to improve laser optical
performance

In addition to beam shaping of the laser, another way to improve
the optical performance of the laser is packaging, a large part of the
cost of the optical module is attributable to packaging and assembly
[49], according to the characteristics of the laser and the application
requirements, the design of a reasonable packaging structure, you
can reduce the optical path of the reflected, scattered and absorbed
lamp loss, improve the stability and reliability of the optical path
as well as the selection of high transmittance, low scattering, low
absorption of the material, etc., to Improve the optical performance.

Currently, the development of laser diode technology is mature,
but less visible wavelengths are utilized for lighting [50, 51].
However, the Wall-Plug-Efficiency(WPE) of semiconductor lasers
in the visible wavelength band is above 70%, and this conversion
efficiency is more energy efficient than traditional incandescent
and phosphor lamps [52]. According to this Zheng [50] proposed
a laser diode (LD) lighting device based on a composite phosphor
mold package, compared with the same package of LED light-
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Table 6
Summary of beam shaping techniques

Researchers Beam shaping design Result

Luo [38] Semiconductor laser beam shaping With this system, the light from the laser can be well deformed and
system utilizing ellipsoidal lenses with collimated. And the laser package size of this system is only
epoxy resin @5 mm X 10 mm.

Cheng [39] A beam shaping technique based on the Dark zone filling of the beam, polarization merging, increased reuse
combination of internal total reflection of the polarization plane, 1099 W output power, and 85.8% optical
and polarization surface conversion efficiency were achieved.

Qin [40] Beam shaping lens based on particle Efficient conversion of Gaussian beams to flat-top beams
swarm optimization algorithm (PSO)

Doan [41] Fluid laser rectifier By controlling parameters such as the pump power and absorption
coefficient of the thermal lens, a Gaussian beam can be converted
to a flat-top beam

Doan [42] Fluidic Laser Beam Shaper technology Converts a Gaussian beam to a flat-top beam.

Yang [43] Intracavitary Laser Beam Plastic Surgery The technology succeeds in obtaining a flat-topped beam of 72 mJ as
well as a high optical conversion efficiency.

Leng [44] Laser beam shaping device based The Gaussian laser beam is successfully converted into a flat-top

on fiber taper

Naidoo [45] Intraluminal Beam Shaping System

Cao [46] Method of aspheric deformation lens
fabricated at low cost

Xiong [47] New collimating lens with variable radius
of curvature

Tian [48] Novel beam shaping method for biaxial

hyperbolic microlenses fabricated using
femtosecond laser technology

beam after passing through the shaping device.

Change the single transverse mode of the cavity profile to achieve a
Gaussian mode on the output side and a flat-top mode on the gain
side.

The lens can have different optical powers in the two transverse
directions, enabling high-energy collimation of the diverging beam
in the fast-axis direction.

Taking a 976 nm semiconductor laser bar as an example, a
collimating lens at a refractive index of 1.51 can achieve a
divergence angle of 6 pm for a slow-axis collimated beam.

Focusing light from the fast and slow axes to an identical focal point
effectively reduces multiple reflections and absorptions at the
interface.

emitting devices, the luminous flux as well as the luminous
efficiency of the LD lighting device is better than that of the LED
lighting device, which has the characteristics of high brightness,
wide color gamut, long lifetime, low power consumption, and
better eye protection [53]. Li [54] combined Bi203-B203-ZnO-
BaO(BiBZBa) mixed sintered with YAG:Ce3+ phosphor for the
encapsulation of white LDs, while a low-temperature sintered
phosphor-in-glass(PiG) coating was prepared on an Aluminum
Nitride(AIN) sapphire substrate, resulting in a PiG-encapsulated
white laser diode. Under the excitation of blue laser light, it
shows excellent optical performance. It is the phenomenon of
decreasing efficiency of LED chips [55-57] that limits the
application of LED technology in ultra-high-brightness lighting.
So the use of lasers for lighting is the current research trend. The
development of near-infrared laser diode is more mature,
compared with the green LD, how to improve its output power is
still a big challenge [58]. Zhao [59] introduced a high-power
fiber-coupled green LD, the laser adopts the TO-CAN package
structure, designed an aspherical cylindrical lens with a focal
length of 3.5 mm for collimating the beam, and coated with a
520 mm A 520-mm transmittance-enhancing layer was coated on
its surface. Finally, a total of 12.2 W continuous wave was output
at 520 nm with a coupling efficiency of 86.5% and an electro-
optical efficiency of 10.6%. Figure 21 is the classic TO-can
package structure. The above research and development on
semiconductor lasers in lighting technology can clearly see that
laser lighting has demonstrated significant advantages over
traditional LED lighting in a number of ways, especially in terms of
energy efficiency, brightness, color gamut, and so on. For future
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Figure 21
TO-Can package structure

research, continuous research and development of new phosphors,
substrate materials and packaging technology, etc., to improve the
optical performance and stability of semiconductor lasers.

O Duill [60] reports a compact package semiconductor laser
encapsulated in a small 14-pin butterfly package structure with a
micro-optical isolator that eliminates back-reflection of the laser
light from connected optical circuits. A schematic diagram is
shown in Figure 22.

For organic semiconductor lasers, the same problem of optical
stability is faced because organic materials degrade under the
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Figure 22
(a) Simplified schematic of DM laser and (b) picture of 14-pin butterfly module

(b)

combined effect of light and oxygen, which leads to the choice
of packaging for this laser being a big problem, thus affecting
the optical performance [61]. Foucher [62] reported a fully
encapsulated mechanically flexible organic semiconductor laser
realized by means of an ultrathin glass. The package can bypass
the degradation problem in order to improve the optical stability.
Based on the experimental results, it can be seen that the optical
stability under this encapsulated structure is improved by two
orders of magnitude compared to the reference device for the
encapsulation. Mechanical flexibility is also ensured. As for the
flexible packaging, Wang [63] used bare edge-emitting laser diode
as the light source of the photoelectric sensor and chip and
packaged it directly on a polymer carrier. They used FR4 as a
standard substrate and treated it with standard encapsulation
techniques for a reasonable comparison with the LD encapsulated
in PMMA polymer. At the same time, both groups were not heat-
treated. It was tested that the optical performance of the PMMA
encapsulated LDs could be further improved compared to the FR4
encapsulated LDs, including higher output power and more stable
long-term laser patterns. Designing special structures, utilizing and
combining advanced thermally conductive materials will be the
main development trend for further heat dissipation of polymer-
encapsulated optoelectronic components. There is an increasing
demand for mechanical flexibility of the package, and how to
reduce the cost of the package material, thermal management, and
the impact on the optical performance are subject to continuous
experimentation and research. Li [64] proposed an enhanced
specular reflection ESR structure to improve the radiation
efficiency of Vertical-Cavity Surface-Emitting Laser(VCSEL)
devices. The structure is shown in Figure 23. The experimental
results show that the structure can significantly improve the
radiation efficiency of scattering primary VCSEL devices. It has
great potential for illumination and 3D imaging.

3.3. Summary of technical explorations to improve
laser optical performance

This section provides an overview of techniques to improve
laser optical performance, including beam shaping techniques and
packaging techniques. There is no doubt that the development of
beam shaping technology has advanced the laser industry. The
beam quality has been greatly improved. Most of the above
research is based on how to convert Gaussian beams into flat-top
beams and also to prove that flat-top beams are very promising
for laser applications. There is also the fabrication of various
lenses. How to better realize the flat-top beam and how to
manufacture lenses with better collimation effect are in need of
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Schematic of VCSEL device with ESR structure

VCSEL
Al Lez:ld-frame—r

OCW of ESR

continuous research. Beam shaping technology in the realization
of dynamically adjustable, intelligent, high efficiency, and high
reliability and other aspects of these are the future development trend.

4. Study of Reliability Issues in Laser Packaging

With the development of science and technology, laser
technology has been widely used in many fields due to its unique
advantages. Particularly in packaging technology, laser packaging
has become an indispensable part of the modern electronic
manufacturing industry with its high precision, high efficiency,
and reliability. However, laser packaging technology still faces
many challenging issues in practical applications, which not only
impact the quality and efficiency of packaging but also hinder the
further advancement and utilization of laser packaging technology.
Therefore, it is of great significance to conduct in-depth
research on the reliability issues in laser packaging and explore
effective solutions to enhance the development and application of
laser packaging technology. This section commences with the
reliability problems of optics damage, stress, and mechanical
damage in laser packaging.

4.1. Optical mirror damage in laser packaging

Optical mirror damage is typically caused by the high-energy
density produced when the laser beam interacts with the material,
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which can lead to melting, ablation, or other forms of damage to the
material surface. The main causes of optical specular damage during
laser encapsulation may include excessive laser power, poor beam
quality, contamination of the material surface, or the material’s
inherent sensitivity to the laser. In order to avoid or mitigate
optical mirror damage, a series of measures need to be taken, such
as optimizing the laser parameters, improving the beam quality,
cleaning the material surface, and selecting appropriate
encapsulation materials. This section summarizes studies on the
effects of damage to optical mirrors.

Despite the fact that diode lasers have the highest electro-optical
conversion efficiencies, excellent power levels, and luminosity of
any light source [65-67]. However, catastrophic optical mirror
damage (COMD) is still one of the failure mechanisms of diode
lasers [68], and it has been reported that fluxes and residues in the
corresponding cleaning solvents can exacerbate the damage to
optical mirrors [69, 70]. Fluxes usually contain organic acids,
active agents, and solvents. During laser diode encapsulation, flux
residues may adhere to the optics if the flux is used improperly or
is not thoroughly cleaned. These residues may decompose at
elevated temperatures to produce gases or form deposits that can
contaminate or damage the optical mirror surface. Zhalefar [71]
investigated the effect of flux reflow time and the amount of
cleaning solution residue on the mirror surface. Flux was used
throughout the process to facilitate the soldering process. And
cleaning was done at the end of soldering. The results showed
that the COMD increased with a continuous increase in reflow
time. However, for different solder fluxes(2000, RA, RMA), the
effect was negligible in the samples treated with 2000 and
RA when the reflow time was less than 15 min. However for
RMA-treated samples, COMD occurs when the reflow duration is
5 min. Similarly, Liu [72] addressed catastrophic optics damage
by using a multi-segmented waveguide to eliminate catastrophic
optics damage in continuous-wave high-power laser diodes. This
was achieved by fabricating a multisection (LD) with a waveguide
structure of a cavity that separates the output surface from the
heat-generating laser region. The LD waveguide was divided into
electrically isolated laser and window sections along the cavity.
This design limits the thermal impact of the laser cross-section on
the faceted surface. It is able to suppress the self-heating effect of
the laser on the temperature-sensitive output surface. This in turn
allows for high-power operation and significant reduction in
surface temperature without COMD failures.

According to Rauch [73], unsuitable reverse coupling in
optical feedback can lead to accelerated degradation of Gallium
Arsenide(GaAs) high-power semiconductor lasers as well as
catastrophic optics damage. Accordingly, Rauch et al. through a
multi-device experimental study of a 950 nm broad-face laser (A
simplified diagram of the experiment is shown in Figure 24)
showed that the threshold for catastrophic optics damage was
reduced the most by positioning the feedback return point so that
it covered the entire area.

In this case, Zhang [74] based on the phenomenon of
catastrophic optics damage proposed a convenient, inexpensive
technique to detect the phenomenon. Using an optical system
based on a 1550 nm laser diode source and a photodiode, early
catastrophic optical damage processes can be quickly tracked in a
transient real-time mode by measuring the surface reflectance,
which provides information about the surface topography of the
output surface in 2 ns. Wang [75] based on the fact that 808 nm
laser diodes are susceptible to COMD and thermal rollover due to
their short wavelength. In order to improve the conversion
efficiency as well as to reduce the effect of COMD, they
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Figure 24
Simplified diagram of the experimental setup
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passivation. The results show that in this case, the laser is able to
reach 19 W at an output power of 20 A without the effect of COMD.

4.2. Stress and mechanical damage in
laser packaging

During laser encapsulation, differences in material expansion
coefficients, changes in thermal stresses, and other factors may
lead to stresses within the encapsulation structure, which in turn
may cause mechanical damage. These damages may compromise
the integrity of the optical components and impact the quality of
the laser beam. Therefore, researchers need to pay attention to the
selection of encapsulation materials and process control to
minimize the occurrence of stress and mechanical damage.

Mismatches in expansion coefficients, mechanical, and thermal
properties between different materials often cause a number of
reliability problems such as warping and deformation of the laser
chip when the chip temperature rises. These problems often lead
to laser diode failure and reduce the life of the device. Therefore,
the problem of how to solve the stress as well as mechanical
damage in the package has been the concern of many scholars.
For example, Ye [76] investigated the nano-silver solder with the
commonly used AuSn and In solder as the solidification material
between the laser chip and the substrate. And finite element
analysis was used to simulate the heat dissipation and stress
distribution of semiconductor lasers at room temperature. The

Figure 25
Simplified diagram of semiconductor laser model simulation
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results show that the use of nano-silver solder paste is more
conducive to the heat dissipation of the laser chip and can
effectively reduce the thermal stress of the laser chip. Figure 25
shows the simplified diagram of the model simulation.

4.3. Summary of research on reliability issues

Optical mirror damage is primarily caused by flux residues,
contaminants, and the direct action of a high-power laser beam.
Flux residues and contaminants may adhere to the optics, resulting
in loss of laser beam quality or degradation of the optics. High-
power laser beams may directly ablate or melt the optics, causing
irreversible damage. The first research program investigates
different fluxes and reflow times; firstly, it is given that different
fluxes lead to different COMD effects. Then, it is a good guideline
for the subsequent development of new fluxes and the
determination of reflow time. Other studies give solutions to
COMD and other factors that contribute to COMD. Stress and
mechanical damage are mainly caused by differences in the
coefficients of thermal expansion of materials, changes in thermal
stresses during soldering, and poor design of the package structure.
The design of the package structure directly affects the distribution
and magnitude of thermal and mechanical stresses. Reasonable
package structure can reduce the concentration and transfer of stress
and reduce the impact of stress on the performance of the laser.

Optical mirror damage and stress and mechanical damage are
reliability problems that need to be solved in laser packaging. By
studying these problems in depth, exploring effective solutions,
and continuously optimizing the laser packaging process and
material selection, we can improve the reliability and stability of
laser devices and promote the further development and application
of laser packaging technology.

5. Summary

This paper focuses on the key performance and reliability
assurance of semiconductor lasers and provides an in-depth
discussion and summary of the three aspects of thermal management,
optical performance, and reliability issues. The first part provides a
detailed review of the thermal management of semiconductor lasers
in terms of heat sinks, package structures, and die-attach material
selection. However, with the fabrication of complex three-
dimensional microchannel structures and the development of
electronic devices to miniaturization, multifunctionality, and high
performance, the heat dissipation of high-density integrated
microsystems is increasingly in demand, and the microchannel heat
sink technology needs to be adapted to the higher heat flow density
and smaller heat dissipation area. But the development of through-
silicon vias (TSV) packaging technology has brought new
breakthroughs in microchannel heat dissipation technology.
Secondly, in order to enhance optical performance, researchers have
endeavored to optimize the design of optical elements, reduce optical
losses, and improve beam quality. In terms of optical performance,
beam shaping technology plays a crucial role. Reasonable beam
shaping technology enables users to exert greater control and
optimize the quality and shape of the laser beam, thereby expanding
the scope of laser applications and enhancing the utilization
efficiency of laser. The distinctive properties of flat-top
beams(uniform energy distribution) have facilitated the expansion of
the field of application of lasers. In order to provide the reader with
an understanding of the significance of flat-top beams, this paper
presents a comprehensive review of numerous studies that have
converted Gaussian beams into flat-top beams. There are many ways

to convert two beams. There are beam shaping lenses based on
Particle Swarm Optimization (PSO) algorithms, fluidic laser
rectifiers, and Fluidic Laser Beam Shaper technology. The reliability
issues associated with semiconductor lasers are primarily related to
the potential for damage to optical mirrors, stress, and mechanical
failure. These issues not only impact the functionality of the laser
apparatus but may also result in a reduction of its operational
lifespan, thereby compromising the stability and reliability of the
entire laser system. To address these issues, scholars have put forth a
range of potential solutions, including the optimization of flux
selection and reflow time, the improvement of package structure to
enhance heat dissipation performance, and the adoption of high-
performance die-attach materials. In parallel, the causes of damage to
optical mirrors have been subjected to rigorous analysis, with the
result that a series of preventative measures have been put forward.
The findings of this research not only provide a theoretical basis and
technical support for the reliability design of semiconductor lasers
but also indicate the direction for subsequent research and development.
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