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Abstract: This review article presents 2 comprehensive and m-depth discussion of thermal management, optical performance
enhancement, znd reliability 1ssuss m semiconductor laser packaging techmology. By synthesisimg existmg literatnre and research
results, the article presents 2 systematic summary of the resesrch progress and practical applications of semiconductor laser
packaging technology i these key areas. In the section on thermal manapement, the article reviews different heat sink
techmologies, packaging structures. and solid erystal materisls with the aim of mproving the thermal stability and long-term
relizbility of semiconductor la ser devices. In the section on optical performance enhancement, the article outlines beam shaping
techmques and packaging technologies. It also addresses reliability issues in packaging, dts-::ussmg optical mirror damage as well
25 stress and mechanical damape. The zim of this review 15 to provide assistance for the further development and zpplication of
semiconductor laser packaging technelogy, with the objective of promotmg the rapid and heslthy development of the laser
mdustry.
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1. Introduction

Semiconductor lasers are devices that convert electrical enerpy mto optical energy. They offer advantages such as high
speed, efficiency, and precision. They are widely utilized i optical communication, biomedicine, ntelligent manufacturing,
optical fiber transmission systems, and scientific applications[1-4]. As lzser technology contimues to advance, the variety and
quantity of lzsers are mereasing, along with the demand for mproved performance and reliability[3]. However, due to the unique
propetties of lasers, their packaging and testing technolegies encounter significant challenges. Firstly, lasers have very high
output optical power, necessitating strmgent requirements for packaging materials and structures to ensure stability and relizbdl ity.
Secondly, precise testing and contrel of the output opticzl spectrum characteristics and beam guality are essentisl to guarantes
performance and quality. Traditionsl laser packsping and testing methods typicelly mvelve peckeompg multiple chips m one
package and then testing them using extemal equipment. This zpproach hzs limitations, such as the mability to test mdividual
chips and analyze the mtemal structure and performance of the chips. Therefore, the research and development of advanced laser
packaging and testing technoloegies zre crucial. The quality and reliability of the laser package directly affect the performance and
lifetime of the entire laset[6]. The main purpese of packaging is to protect the laser chip from external mterference and damape
while improving stable electriczl and thermal performance[7-9].The materials and techniques used m the packagng process need
to meet the working requirements of the laser, mcluding good optical transparency, high thermzl conductivity, low thermal
expansion coefficient, and goed mechanics] strength. Additionally, 2 series of tests and verification work need to be carnied out
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throughout the packaging process to evaluate its performance and reliability. These tests mclude assessing the optical ocutput
characteristics, electrical charactenistics, thermal charactensties, and aping tests of the laser chips to ensure the stzbility and
relizbility of the laser chips under different working conditions.

By studying the peckaging technelegy of semiconductor lasers, this paper aims to provide 2 reference for scholars and
engmeers m the relevant field. It secks to promote the development of laser chip packaging technology, enhance the performance
and potentizl of laser chips, reduce costs, and further advance the application of laser technelogy i various fields.

2. Thermal Management of Semiconductor Lasers

In microelectronic devices, most forms of electrical energy appear i the form of heat Electrical energy 15 largel v converted
mto thermal energy, mcreazing the tempersture of devices and packaging materials, which i tom rzizes the ambient temperature
and lezds to various hamful effects[10]. In addition, peckaging iz moving towards high integration and miniaturization. In this
process, the Junction temperature of the device keeps nismg, leading to issues such 23 thermal falure[11]. Due to the poor lectro-
optical conversion efficiency of lzsers. As the laser output powsr mcresses it leads to an mersase i hest production m the
opetation of the laser, sbout 40-60%%. If this heat iz not reselved in time, the output wavelength of the semiconductor laser will be
red-shifted and the output power will be reduced. This affects the pEt'fDII[IﬂrlEE and lifespan of the laser. Besides, during laser
rmnmg the threshold current shows zn exponential merease with mereasmg temperatire. which greatly affects the use of the
laser. Therefore, appropriate thermal design should be carried out in packaging to limit the operating temperature[12]. Atan early
stage Chin C[12] has designed the heat dissipation and packaging of high power laser diodes, propesing two struchires for
jmetion-up and flip chip packaging respectively. Hest generation comes from severzl sources, such as thermal resistanes,
ambient temperzture_ heat smk performance, and thermal conductivity of materials. This section describes the current heat smk
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 smks in semiconductor laser packages are utilized to dissipate the heat generated by the laser chip. Thew primary
function is to safepuard the lzser chip from high-temperature demage while ensuring the chip operates at 2 normeal temperaturs.
Heat smks are typically made of metal materials with 2 large surface area and excellent thermal conductivity. They are m direct
contzct with the lzser chip to sbsorb the heat produced by the chip. Hear smbks transfer heat to the swrrounding environment to
maintzm the chip temperature within 2 stable range. To enhanee heat dissipation efficiency, some heat simks are coated with
materials like thermally conductive silicons prezse of aluminum fod to mprove thermal conductivity. Morsover, soms modem
heat sinks incorporate heat pipe technology, which enhances heat dissipation efficiency through the rapid heat transfer capabil ity
of heat pipes.

The specific form of thermal analysiz uses a thermal resistance model to describe the heat dissipation path of the chip.
Hzo[13] estzblished 2 packape model of flip chip bell grid array(FCBGA) with heat smk. As shown m Tzble 1 for its detailed
dimensions and physical parameters. The physical model, schematic and grid diagram are shown m Figure 1. The temperature
field of the package model was calculated using fmite element method i COMSOL. Derived thermal resistance networks for
conductive resistance(R1D) and thermal diffusion resistance(R5). With thizs network, other temperstres such a2z junction
temperature can be predicted quickly with sufficiently high accuracy.

Table 1
Detailed dimensions and physical parameters of the model

Size x/pum Size y/um Size z/pm k/W-(m-K)™
Fins (28) 200 185 000 100 000 120
Heat Sink Floor 405 000 185 000 2000 130
TIM2 27 000 27 000 600 b
Lid 27 000 27 000 1000 385
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TIM1 10160 7300 &7 2.2
Die 10 160 7300 J90 117
Solder ball 27 000 27 000 500 0.1,0.1,35
Bump 10 160 7300 60 0.5,0.5,33.86
PCE 400 000 180 000 1800 95.76, 95.76,
0.52
Substrate 27 000 27 000 1438 0.48, 0.48, 16.73
Air channel 500 000 400 000 1400000 -
Figure 1

physical model: (a) front view (b) top view (c) schematic d.u.g;ram, Grid model (d) top view (g} x-v plane view (f) front
view
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Deng[14] enhanced the prediction of temperature distribution m high-power laser diode arraws (HPLDAs) by conductmg
experiments using the forward voltage methed to measurs the transient temperature behavier of the chip without 2 heated load.
Eased on this, 2 numerical methed was developed to caleulate the thermal resistance of multiple unkmown surfaces. This process
was carried out usmg COMSOL software, and the mesh model iz depicted m Figure 2. The transient temperature of the chip was
anzlyzed to determine the thermal resistance of differemt lzvers, miming to enhance the sccursey of tempersture 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 mfluence on thermal resistance. While the chip was m operation, the heat mside the chip was the most severs,
with the surrounding ares experiencing relatively less heat Therefore improving heat dissipation at the contact surface between
the first heat sink and the center of the chip was crucizl i addressing the temperature difference problem to 2 preater extent. In
the experiment, the maximum deviation between the numerical simulation results and the actual expermmental results was only
13 E_ Both researchers worked on the measurement of thermal resistance_ and when comparing the two, Hao was zble to achieve
fast temperature prediction by deriving 2 thermal resistance network. Deng, on the other hand, was zble to obtzin the thermal
resistance of different layers with mors accuracy.

Micro-channe] cooling[15-16] 15 cutrently 2 new type of laser cooling i the cooling method, micro-channel cooling and the
traditional large-channel water cocling methed of the differsnce iz mamly in two places, the first, the channel size iz small, m line
with the direction of the future development of lasers; the second swfzce tension is larger. And the cooling cost is low. Some
traditional microchannel heat sinks zre shown m Figure 3. In addmion. Deng also designed a hybrid microchannel and slit jet
array heat smk[17] (the heat sink structore 43 shown m Figure 4) to improve the thermal performanee of high-power lzser diodes.
In the experiment, using the forward veltzage method to mezsuwre the chip temperature and the structure function methed to
caleulate the heat sink thermal resistance, and the cooling water in the heat sink is chosen to be detonized water. The thermal
resistance was reduced by more than 15% compared to the conventional thermal selution.

Figure 3
{A) Typical Micro-channel 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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EBeni[18] using the fmite volume method for numerical simulation of fluid flow and heat transfer m microchannel heat smks
m diode lasers he selected several differsnt microchannsl geometries(The peometric structure parameters zre shown i Table 2)
to repeat the simulations. By comparing fluid and heat transfer properties, then make approprizte geometric modifications to
mprove the thermal performanee life of the system. The simulation results show that the heat smk with simuseidal microchannels
has the best thermal performance. In smuscidal Structore, the system life 13 mereased by 44% and the system pressure drop by

18%.

Table 2
Geometric Characterization of Microchannels

Structure Length of width of Number of Total volume of Hydraulic

microchannel microchannels micrechannels  microchannels diameter of

(e} [mim} [mim P microchanneks

(mmj

Straight[current) 3.00 0.4 14 558 0.37
Zigraz 3.1E 0.4 14 6323 0.37
Curved 3.05 0.4 14 S.5E 037
Sinusoidal 3.30 0.4 14 .46 037

Zhang[19] proposed and analyzed a new wverticzl package heat smk structure as shown m Figure 5. which significantly
mproves the heat dissipation performance, znd through fnite element simulation, it is concluded that the thermal resistance of
the traditional structure is 2.0 I'W while the thermal resistance of the new heat sink is less than 1.6 KW, and the junction
temperature of the new package scheme is lower. The output power of the lzser can be significantly mereased by this new heat
sink. In the early steges, Kemp[20] explored the potential for enhancing the performance of semiconductor lasers by
mcotporating heat sinks comprizing high thermal conductivity materials, including dismond, silicon carbide, and szpphire. Li[21)]
used silicon carbide (SiC) and Alummum Nitride (AIN) heat sinks for heat dissipation in the peckaging of 330 nm semiconductor
laser chips with a stripe width of 100 pm The analysiz of the thermal resistance i the finite element methed simulation a3 well as
the wavelength drift method, the results show that the thermal resistance under the 54C heat sink is low and has 2 higher output
power, and the AIN heat sink has worse thermal performance than 3iC.5iC is more suitzble for high brightmess semiconductor
lasers. Figure 6 shows the laser COS package structure. The heat sink iz studied based on this packape structure. Yu[22]
fzbricated 2 high heat dissipation PiGF (Phosphor-m-glass film)-AS (A1203 substrate) heat smk by applymg 2 layer of LSN:Ce
fluorezcent lamp glass film directly on zn Aluminium Oxide (AI203) substrate. It is used for Phosphor-Converted White Laser
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Diede. According to the experiment that the heat dissipation can significantly improve the optical-thermal performance and
relizbility of this laser, znd the workimg temperature iz only 58.3°C under the laser excitztion of 3. 18Wmm2.

Figure 5
Traditional and new structures

(a) (b)

Shu[23] mvestigated the application of heat pipes for thermal menzgement m high-power semiconductor lzsers by usmg a
hezat pipe system imstead of a water cocler to realize a3 more compact and lightweight laser. The heat pipe cocling system ncludes
zn n-type heat pipe coeling system and a2 u-type heat pipe cooling system (shownin Figure 7), and then the two heat pipe systems
were tested. The test results show that the n-type can easily handle 2 thermal loed of 73 W from one laser, while the u-type can
easily handle a thermal load of 300 W from five lasers. and 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 zn altemative to the water-cooling machine for coeling

high-power semiconductor lasers.

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 Hezt Smk Technology  Result Conclusion

Dengl™] Hybrid microchannel the cocling water m the heat  This heat sink mproves heat
and slit jet zrray heat sink iz chosen to be dissipation and reduces thermal
simks deionized water» Reduces  resistance. Considerable

thermal resistance by more  performance
than 13%% compared to
conventionzl.

Benil®! Comparizen of thermal ~— With the smuseidal Heatsinks with smuscidal
performance of fluid stucture, the system life iz microchannels for optimal cooling
flow and heat transfer mereased by 44% and the performance
for heat sinks with system pressure drop by
different microchannel — 18%.
geometries

Zhangl™ New verticzl package The thermal resistance of The output power of
heat sink strueture the traditionz] structire is semiconductor lasers can be

20 KW, and the new heat significantly inecreased by this
sink is less than 1.6 KW, new heat smk.

Lil#tl Performance S1C heat smks have lower S1C heat smbks are more suitzble
Comparison of AIN thermal resistance, for high brighness semiconductor
Heat Smks and 3iC lasers.

Heat Smks (Based on
COS Packape
Strcture)

Tl High heat dissipation The working temperature i5 The heat sink significantly

PiGF-AS heat smks only 38.3°C under laser mproves the optical and thermal
exeitation of 3. 18Wimm2. performanee and reliability of the
laser.

Shu'=! Eeplacimg water coclers  Then-type can easily Heat pipe systems can replace
with heat pipe systems ~ handle the heat load of 1 water coolers for coolmg high

lzzser, while the u-type can power semiconductor lasers.
ezsily handle the heat load
from 3 lasers.

Table 3 summezrizes some of the hear dissipation techniques used for semiconductor lasers, meluding chengmg the heat smk
material to improve the heat dissipation performance, explormg new heat simk structures to achieve hezt dissipation, using new
heat dissipation methods, and designing heat smks based on different heat dissipation channels.

2.2. Package structure to improve heat dissipation

In addition to the study of heat simks, different package structures, zs well s packaping processes, play an important rols m
solving the thermal management problems i laser chip operation. In the early days, lasers were encapsulated i small packages,
and the exrliest electrowelding packaging technology was proposed. At that time, the package structure was relativel v simple,
usually using 2 metal shell or ceramic shell to protect the laser, and through the transfer of heat dissipation to the extemal
environment. Engmeers then began to design more efficient packaging techniques to better control the laser's tempersture and
reflections. The tramsistor outlime can(TO-Can) packaging technology was bom, which placed the lzser chip mside 2 metal
tubular housing and used metal selder to connect the chip to the mbular housing. However, the heat dissipation effect is relatively
limited due to its structure and material.
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As the semiconductor laser chip packages becoms more znd more tightly packed, the spacing between the device neighbors
becomes smaller and smaller, and the heat dissipetion of the laser becomes more and more difficnlt. In response to this, Sun[24]
proposed 2 multi-wavelength stacked packasing technology. and used finite element analysis to mzlyze the arrompement of
semiconductor laser rods with wavelengths of 308 nm, 913 nm, and 930 nm, respectively, on the multi-wavelength stacked heat
dissipation effect of the integrated assembly. The results show that by changing the zrrangement of the chips, the stacked moedule
with 915nm-23(nm-308nm arrangement has the best heat dissipetion effect. By reasonzbly arrampmg the semiconductor laser
bars of different wavelengths, the heat dissipation effect of the stacked modules iz effectively improved, which provides a new
wdea for high-density mtegration and high power cutput Lucci[23] mvestigated the thermal performance of various HI-W
semiconductor laser sources based on on-chip-mteprated silicon substrates. meluding Monolithic and Heterogeneous mtegrated
structures. Through transmission electron microscopy as well as czleulating the thermal mapping of the devices, the results show
that heterogeneous semiconductor lasers are better thermally msulated than monolithic semiconductor lazers Compared to single
material or structure packapes, heterogenecus structures demonstrate better thermal msulation, which helps to reduce thermal
conduction and improve device stability and reliability. Nozaki[26] proposed 2 novel packagmg technique for high power high
temperatire operation of mdium gallium nitride (InGaN) laser diodes, called dual heat flow (DHF) packaging technology, with
this technelogy, even if the temperature of the Indium Gallium Nitride Laser Diode exceeds 85 °C, the optical output power can
be higher than 3W, enzbling high-tem perature and high-power operation. and it is zlso compatible with conventional compact
packapes. This packaping technology utilizes both surfaces of the chip 2s thermal paths 23 shown m Figure 8(k). The technology
not only supports high-temperature and high-power operation, but zlso mamtsing compatibility with traditionzl compact
packages, opening up new avenues for optimising laser performance in specific zpplication scenarios.

Figure 8
(a) Single heat flow packaging technology (b) Dual heat flow packaging technology
i lectrical
LD ch i = upper
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Li[27] designed & new single emitter stage F-mount package stucture. As shown m Figure Wb) and compared with the
traditional C-mount package structure (Figure 9(z)), the effects of different package structures on the thermal performance,
output power, wavelength and other properties of the dewvice are mvestigated through comperative amalysis. Under the
comparison of fimite element simulation as well as the comparizon of actnz] expermmental results, it 15 found that F-mount has
better thetmal management than C-mount. The anzlyzed 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 2 better package structurs
compared to C-mount. By optimising the package structure, F-mount devices show better thermal management, higher power and
efficiency at room temperature helpme to improve the overall performanee of the laser.

Figure 9
{a) C-mount structure (b) F-mount structure
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(a) (b)

In addition, Zu[28] alse propesed 2 heat sk structure m the form of DC-mount package, which can better protect the chip
and zlso has double-sided heat dissipation performance. which can effectivel y merease the heat dissipation zrea Compared with
the traditionzl C-mount package structure, the new DC-mount package structire has better heat dissipation performance and ean
effectively reduce the junction temperature and thermal resistance of the device. The new design significantly enhances the heat
dissipation capability and effectively raduces the junction tempersture and thermeal resistance of the deviee, which is an important
mezns to enhenee the stability and lifetime of the lzser m long-term operation. Figure 10 shows the structure of the two packages.

Figure 10
Structure of (a) C-mount and (b) DC-mount packages
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Wang[29] designed 2 novel double-sided coolng packaping technique for semiconductor lasers with 2 deuble-sided
laminate coolmg packagme stmcture. Simulation znd expermmental results show that this technique can reduce the maximum
temperature of the device from 48.5°C to 40°C md merease the maximum lazer power from 14.1W to 15.1W. The thermal
saturation effect of the laser i effectively mitigated. The double-sided cooling technelogy diectly reduces the wotking
temperature of the laser device and mcreases the maximum output power, effectively allevizting the thermal saturation effect,
which 13 of great significance m mproving the overall performance and relizbility of the lzser. Table 4 is 2 summary of package
strucires packaging technologies.

Table 4
Summary of package structures/packaging technologies

researcher Packaging Technelogy/Packaging Structure rezult

Sun = Multi-wavelength stacked packaging technology  Among the three fixed laser rods, the stacked
medules n the 915nm-230nm-308nm arrangement
hawve the best heat dissipation effect

Lueei!! Monoelithic and heterogeneous structires Hetz=rogen=ous structure for better thermal
msulation

Nozakil ™! Deuble-Hezt-Flow encapsulation technelogy The technolegy enables high-tem perature, high-
power operation of Indim Gallm Nitride Laser
Diodes znd is z2lso compatible with conventional
compact packapes.

Li*l New single emitter stage F-mount package F-mount devices offer lowser thermal resistance and

structurs divergence angle higher power and efficiency at

foom temperature.
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Hu™ A heat dissipation structure in the form of aDC-  The new DC-mount package structure has better
mount package heat dissipation performance and can effectively
reduee the junction t=mperzmire znd thermal
resistznee of the device.

Wangl=! New Packagmg Technolegy for Dual-Sided The technelegy can reduce the maximum
Coolng of Semiconductor Lasers temperature of the laser device from 43.5°C to
40°C, mnd mereasze the maximum laser power from
141 Wio 15.1 W It effectively alleviates the
thermal saturation effect of the laser.

The zhove zre based on the tradimonal packaging form of new packaging structire znd new packaging technology to
solve the current semiconductor laser heat dissipation problems. It can be seen that these studies mamly foens on
optimizsing the package design, mtroducing new materizls and structures, 2z well 25 mnovative heat dissipation
mechanisms. Future research will contimue to explore more efficient thermal management strategies, such as the
combination of microchannel cooling, liquid coclmg, or even phase change cocling technology, m order to further
reduce the opetating temperature znd thermal resistance of the laser.

High-power semiconductor lasers zre comprised of two types of peckzpes, mcluding epitaxy -up(epi-up) and epitaxy-
down(ept-down). However, m fact the thermal performance of ept-up packages is poor m comparison, and the related
zpplications are few, and most schelars have focused on solving the heat diszipation problem of epi-down packages, and there are
few studies on epi-up. To fully utilize the epi-up package. Wang[30] used 2 new material, graphens-based composite films 25 2
heat sink chennel for the packaging of high-power laser diodes. Such as the mtroduction of additional transverse heat dissipation
channels on praphens-bazed composite to improve heat conduction. The praphens-coupled epi-up package method mereases heat
dissipation while reducing thermal stress | and this material can reduces the junction temperzture and thermal resistance in the
active zone of the package. In the experiment » simulating package structures of graphens-based composite with different
thickmesses, when the thickmess is 20 pm, the chip temperatore 15 lowest. And the thermal performance of graphene gets better
and better as the output power of the laser mereases. Figure 11 shows the struchwe and temperatire distribution of the
conventionzl package and the new graphens package.

Figure 11
{a) conventional Package Structure (b) new graphene package Structure
{c) conventional package temperature distribution {d) new graphene package Temperature Distribution
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2.3, Die attach materials

The die-zttach materials commoenly used m laser chip packaging mclude Indium selder, Tim paste, Silver glue, and Gold-Tin
eutectic materizls. For example, Yan[31] used Nane-Silver paste as the die attach materisl m 2 laser diode package. The
parzmeters of the laser diode zre power 60W wavelength 308nm. the operatmg charseteristics and thermal impedanee
characteristics of the laser under this die attach materizl are mvestigated. The thermal characteristics of the laser diede are
compared with those of the laser diede solidified with Indium material and Geld-Tin selder using the fmite element methed. The
test results show that the lzser diode using Nano-Silver paste has the lowsst temperamire under contmuous operation. Figure 12
shows the structure of the C5-mount laser diode encapsulated using Nano-Silver paste.

Figure 12
Detailed view of the solder layer of a 60w 808nm CS5-Mount laser diode encapsulated with silver Nano-Paste

Laser Bar

Heat Sink

In addition to die attach materials such as Silver paste, there are zlzo entectic materials. Wang[32] used double-Cu'W MCC-
packaped (DMCC) packape structire and AuSn eutectic solder to package diode laser zrrays. Firstly, based on the simulation
results, it was concluded that the Smile effect(Unevenness of the chip surface after package) and the thermal stress were reduced
by 0.24 pm and 16 MPa respectively. Reflecting the ability of AuSn eutectic selders to reduce thermal stresses i the packape and
Smile effect. By meorporating 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 tradihonal Indium seft brazing
material is commonly used. Indium is 2 137°C soft brazmg materizl with goed 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 canse mechanical stress zltermation m the deviee, which m tum triggers a variety
of failures such as device fracture, migration, and thermal fatipue. Recent studies have found that mdium selder welding lasers
are less reliable compared to Gold-Tm (AuSn) welding structures. Hou[33] designed an advanced diede laser stack (shown in
Figure 13) through Coefficient of thermal expansion (CTE)-matched submount packagmg 23 well 25 AnSn weldmg technique,
which achieves higher relizhility as well 2z higher cutput power. In addiion, the stueturs was optimized for spacmg and
improved heat dissipetion. Compared with the dicde lazer stack using Indium solder, the lifetime and reliability are significantly
improved.

11
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Figure 13
Schematic diagram of diode laser stacking packaged using Gold-Tin soldering technigue

Heatsink

Wang[34] designed 2 hard solder microchannel coeler (HSMCC) technologyw(Figure 14) for packaging high-power diode
laser arrays, and compared the thermal characteristics with Indium solder microchannel cocled packaping. The experimental
results show that zt the same output power, HSMCC package laser arrays hawve lower Smile wvalues znd higher reliability
compared with the conventional Cu-MCC packapge laser bars using mdinm welding technology. The combmation of hard solder
znd microchanne] cooler technolegy has alse shown pesitive results, not enly reducing the SMILE walue, but also dramatically
mproving device relizbility.

Figure 14
Schematic diagram of HSMCC technology package
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These are several die attach materizls commenly used nowadays, Nano-Silver paste Indiim selder and Gold-Tm seolder. And
Yan[33] compared these three die attach materizls and analyzed the pulsed transient therme] effect of the three encapsulated
structures and all unmoeuntad CoW moedules using the fmite element methed. The results show that the laser module encapsulated
with Nane-silver paste exhibits the lowest junction temperature of 32.3 *C. In contrast, the junction temperatures of the laser
module encapsulated with mdmm selder and AuSn solder were 41.8 °C and 43.6 °C, respectively.
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Table 5
Research summary of die attach materials
resgarcher die attach materials result
Yanl] Nano-Silver paste Laser diodes with Nano-Silver pastes
comparative materials: have the lowest temperatures in
Indium, Gold-Iin solder. continuous operation
WangF AuSn eutectic solder, The simulation results show that the
using double-CuW MCC- smile effect and thermal stress are
packaged structure(DMCC)  reduced by 0.24um and 16 MPa,
respectively.
Houl! AuSn eutectic solder AuSn eutectic solder achieved higher
compared to Indium reliability and higher output power.
Lifespan and reliability have been
significantly improved.
WanglF? Hard solder compared to Hard soldering microchannel cooler
Indium solder technology have lower Smile values
{microchannel cooler and higher reliability
technology)
Yanl Nano-Silver paste, Indium Semiconductor lasers using Nano-

solder and AuSn solder

Silver paste exhibit lowest junction

temperatres

Table 5 show that nane-silver pastes, due to their excellent thermal conductivity, perform well m lowering the operating
temperature of the deviees, especizlly m the contmnous operation mode, laser dicdes usmg Nano-silver pastes are zhle to
maintzin lower temperatures, which iz crucizl for improving the stability and lifetime of the devices.

2.4. Thermal management summary for laser packaging

In the research of heat sk technology, scholars have studied many directions, among which the heat sink technology of
microchannels 13 2 packaging technology that requires grest precision. For example, the mannfacturing of hybrid microchannel
and slit jet array heat sinks requires high manufacturing precision. In recent wears, the rapidly developing and becoming hot
through-silicon vias (TSV) packaging technology may be zpplied to microchannel heat dissipation technology, and the
zdvantages of this technelogy cam effectively solve the processing difficulties of waditionzl microchannels[36]. For the
exploration of radiator materials m addition to the previously mentionsd AIN, 3iC. there are also Cu'W that have lower thermal
expanszion 2z well 23 higher thermal conduetivity, which iz widely used in high-power lazers. Graphene, 2 material with ultrz-high
thermal conductivity. It can zlzo be compounded with other materizls (such 25 metals, ceramics or polymers) to form new
materizls with excellent thermal conduetivity. The future packaging structure will certamly develop m the direction of smaller,
mors compact, more efficient, more relisble and meore environmentally friendly. For the tme bemg, it 43 difficult to rezlize the
zbove directions and achieve satisfactory results. In addition, how to mtroduce new materials combined with micro-channel
cooling, liquid cooling and even phase change cooling technology are all the difficulties i 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 mtensity distribution of the laser beam is
often not uniform due to the limitations of the laser's structure and principle of operation. In zddition, laser beams are very
sensitive to external distwbanees, such as dust and moistore. These limit the application of lasers m some arezs. Many fields
require lasers to be zble to travel far enough and meintzin the mtensity of the light m 2 small 2rea or require that the emitted light
be parallel. Therefore, it is necessary to explors ways to improve the optical performance of lasers. Beam collimation, how to
merease the output power of the laser, and optimization of the laser optical system are all m need of m-depth study. Laser beam
shzping technolegy is mmportant for optimizmg 2 large mumber of laser materizl processmg zpplications and laser-material
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mteraction studies. In pursuit of these goals, scholars have done 2 preat deal of research i this aspect of beam shaping. This
section reviews various techmiques for mproving laser optical performance, meluding beam shapmg and encepsulation
techniques.

3.1 Beam shaping techniques

A common beam shepmg system reported by Hoffnagle(37] is shown m Figure 13, However, due to aspherical lens are
mors complex to design and manufzeture then conventional spherieal lenses, and these issues limit the application of aspherical
lenses in mmproving the performance of optical systems. In both mdustrial and commercial manufactoring, the methed has 2
number of problems Lue[33] mtroduced 2 novel beam collimation system. A semiconductor laser beam shaping system utilizing
zn ellipsotdzl lens of epoxy resm. The stuctire i3 shown m Figure 160 Accordmg to the theorstical amalysis as well as
expetiments, the results show that the light emitted from the laser can be well deformed and collimated under this system.
Morsover, the laser package size of this system is only @3 mm =10 mm, which grestly facilitates the application of the lazser.

Figure 15
Planar aspheric lens pair for beam shaping
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Figure 16
Semiconductor laser beam shaping system with ellipsoidal lens

Due to the uneven beam parameters m the vertical and horizontal axes of semiconductor lasers, fiber coupling iz difficult,
Cheng[39] propesed 2 beam shaping technique based on the combination of mtemal total reflection and pelarization surface for
this problem. By this technique, the dark region fillmg of the beam and the polerization mergmg are reslized. In addition, the
reuse rate of the polarization plane iz improved. Three stacked arrays of semiconductor lasers can be coupled mto 2 smgle fiber.
Simulation results show that the technique achieves an cutput power of 1099 W and an optical conversion efficiency of 83.8%.
The contrel of Gaussian mtensity distribution beams mto flat-top beams usmg laser beam shapmg technique i3 2 hot research
topic in recent years. In laser applications, converting a Ganssian beam ito a flat-top beam coan effectively prevent the light
energy from being overly concentrated in the center of the beam, which can damage the lazer optics and so on. In order to convert
2 Gaussizn beam mto a2 flat-top beam, a beam shaping lens based on particle swam optimization algorithm (P30) was designed
by QOm[40]. The fimess finction was mmimized by a self-written MATLAE program,_ znd a double-lens shaper and a smgle-lens
shaper were designed. The experimental results show that the designed laser shaper can effectivel v convert 2 Gaussian beam nto
2 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 prefile. By developing 2 fluid laser rectifier, the
mteraction between pump powet, shsorption coefficient and distance to obtam 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 Gaussizn beam can also be
converted inte a flat-top beam by controlling the parameters of pump power and absorption coefficient of the thermzl lens. In
zddimon Doan[42] proposed a novel method of laser shapmg using Fluidic Laser Beam Shapen(FLES) technology, which also
converts 3 Ganssizn beam mto 2 flat-top beam.
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Figure 17
Schematic diagram of the conversion of a Gaussian beam into a flat-topped beam
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In contrast, Yang[43] proposed an intracavity laser beam shapmg technique (schematic dizgram shown m Figurs 18) to
obtzin 2 high pulse energy flat-top beam from both theoretical and experimental aspects. The beam shaping system is composed
of a polzrizer, an RBE prism, and a2 Porro prism, which uses the polarization properties of light to mtroduce a phase change. The
phase shift nduced by the two prisms iz analyzed by the Jones matrix formula which has been demonstrated to be an effective
methed for obtzming a flat-topped beam of 72 mT as well as 2 highly efficient optical conversion, where the Jones matrix of the

imcident light is assumed to be m=[é] . the polarizer is .-‘L-g,=|; g] and the incident light passes completely through the
. . 4 B . c D
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Figure 18
Schematic diagram of the orthopedic system and Jones matrix
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Similarly, Le[44] designed alaser beam-shaping device based on a fiber taper, which was designed under the analytical
methed of mode coupling theory and far-field diffraction for fiber laser beam shapers. Experimentally, 2 Gaussian laser beam
was successfully transformed mto a flat-topped beam after passmg through this shapmg device. Nzdoeo[43] demonstrated a
methed that can rezlize a2 high-brightmess lazer by using 2n intracavity beam shaping system to alter 2 single transverse moede of
the mtracavity profile to attzin 2 Gaussizn mede at the output and 2 flat-topped mode at the gain. The ensrgy extraction as well as
the beam quality are zlso optimized. The limitstion of low energy extraction with 2 small mede volume is overcome, which
mproves 2 valushle reference for the design of futre high-brighmess laser cavities.

A low-cost fabricated aspheric deformation lens has been propoesed by Czo[46]. They drop UV-cured negative photoresist
on asymmetrically paired substrates, which evolves mto an aspheric surfzce under electrostatic foree. The schematic of the
methed i3 shown m Figure 19 After experimenta] results and numerical analysis, the lens can have different optical powsrs m
two transverse directions, which can realize high-energy collimation of the evanescent beam i the fast-axis direction.
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Figure 19
{a) Structure of the liquid lens (b) Schematic of fabrication
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Hiong[47] designed a new variable radins of curvature collimating lens for the problem of peor beam collimation of slow-
axis semiconductor lasers with nesr-axis spproxmmation. The lens has good beam collimation ability 2s well as low refractive
mdex. The dezigned lens iz shown to be discretized under the finite element methed to reach the possibility of micremachining.
Taking 2 976nm semiconductor laser bar 25 an example, 2 collimating lens 2t 2 refractive index of 1.51 can achieve a divergence
angle of Gum for a slow-axis collimated beam. This method has 3 promismg zpplication m high power and high brighmess
zpplications of semiconductor lasers. Tian[43] reported 2 novel beam shapmp method for biamial hyperbolic microlenses
fabricated by femtosecond laser technelogy, The sheping method focuses the light from the fast and slow axes to the same focal
point, which effectively reduces multiple reflections and sbsorptions at the mterface, and enzbles the fast-axis dispersion and
slow-zxis dispersion of the smple-emizsion lzser beam to be collmated with a smgle lens. It can effectively compress the beam
divergence angle of fast and slow azxes from 60°~07 to 6.9mrad and 32 3mrad. Figure 20 shows 2 schematic diapram of this
biaxizl hyperbelic microlens. The structure zveids multiple reflections and absorptions of the beam 2t multiple collimators,
further reducing errors.

Figure 20
Schematic diagram of a biaxial hyperbolic microlens
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Table 6

Summary of beam shaping technigues

researchers beam shaping design result

Lug!*! Semiconductor laser beam shaping With this system, the light from the
system utilizmg ellipsoidal lenses with  lzser can be well deformed and
EpOXY tesin collimated. And the laser package

size of thiz system iz only @3 mm=10
mm.

Chengl#! A beam shaping technique based on the  Dark zone filling of the beam
combination of mtetnal total reflection pelarization merging, mereased reuse
and polarization surface of the polarization plane, 1090W

output power and 83.8% optical
conversion efficiency were achieved.

Q!+ Eeam shaping lens bazsed on particle Efficient conversion of Gaussian
swarm eptimizztion algorithm (P30) beams to flat-top beams

Doan!#! Fluid lzser rectifier Ev controlling parameters such as the

pump power znd shsorption
coefficient of the thermal lens, 2
(Gznssian beam can be converted to 2
flat-top beam

Doan!* Fluidic Laser Beam Shaper technology  Converts 2 Ganssizn beam to 2 flat-

top beam.

Tangl Intracavitary Laser Beam Plastic The technelogy succesds m obtaming
Surgery 2 flat-topped beam of 72 mJ as well

as a high optical conversion
efficiency.

Lengh+ Laser beam shaping device based on The Ganssian laser beam i3
fiber taper successfully converted mto a flat-top

beam after passing through the
shaping device.

Nzidool**l Intraluminal Beam Shaping System Change the single transverse mode of

the cavity profile to achieve a
(Gzmssian mode on the output side
and z flat-top mode on the gam side.

Capl¥l Methed of zspheric deformation lens The lens can have different optical
fzbricated at low cost powers m the two transverse

directions, enzbling high-energy
collimation of the diverging beam in
the fast-axis direction.

Hiong#! New collmating lens with variahle Takmg 2 976nm semiconductor laser

radins of curvanirs

bar a3 zn example, 2 collimating lens
at a refractive index of 1.51 can
achieve a divergence angle of 6um
for 2 slow-axiz collimated beam.
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Tian |* Nowvel beam shaping methed for bizxial — Focusing light from the fast and slow
hyperbolic microlenses fabricated usmg  zxes to an wdentical focal pomnt
femtozecond laser technology effectivel v reduces multiple

reflections and absorptions at the
mterface.

It is obvious from Table 6 that most of the beam shaping studies zre those that convert Gaussian beams mto flat-top beams.
Flat-top beams are advantzgeous in many mdustrisl, scientific, and medical applications, such as materizls processing, laser
printmg, optical communications, and leser display. Flat-top beams provide more uniform ensrpy distribution, reduce thermal
stresses, and improve processing quality and efficiency.

3.2. Packaging to improve laser optical performance

In addition to beam shapimg of the laser, another way to improve the optical performance of the laser iz packaging, a larpe
patt of the cost of the optical medule iz attributable to peckaging and assembly[49], zccording to the characteristics of the laser
and the application requirements, the design of a reasonzble packaging structurs, you can reduce the optical path of the reflected,
scattered znd zhsorbed lamp loss, mmprove the stzbility =nd reliabiity of the optical path as well 23 the selection of high
transmittenee, low seattering, low zhsorption of the materizl. ete. to Improve the optical performance.

Currently, the development of laser diede technelogy is mamre, but less visible wavelengths are utilized for lightmg[30, 31].
However, the Wall-Plug-Efficiency(WPE) of semiconductor lasers m the wisible wavelength band 1z zbove 70%%, and this
conversion efficiency is mote energy efficient than traditional meandescent and phesphor lamps[32]. According to this Zheng[50]
propoesed an laser diode (LD) lighting device based on 2 composite phosphor mold package, compared with the same package of
LED light-emittmg devices, the luminous flux as well as the luminous efficiency of the LD lighting device iz better than that of
the LED lighting dewvice, which hzs the cheracteristics of high brightmess, wide color gamut, long lifstime low power
consumption, znd better eye protection[33]. Li[34] combined Bi203-B203-Zn0-Ba0(BiBZBz) 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 Alummum Nitride(AIN) sapphire substrate, resultmg m a PiG-encapsulated white laser diode. Under the excitation of blue
lazer light, it shows excellent optical performance. Itis the phenomenon of decreasing efficiency of LED chips[35-37] that limits
the zpplication of LED technelogy in ultra-high brighmess lighting. So the use of lasers for lighting iz the current research trend.
The development of nesr-infrared laser dicde is more mamre, compared with the green LD, how to improve its output power is
still 2 big challenge[38]. Fhzo[3%] mtroduced 2 high-power fiber-coupled preen LD, the laser adopts the TO-CAN package
structure, and designed an aspherical cylindrical lens with a focal length of 3.5 mm for collimating the beam, and cozted with 2
520 mm A 320-mm transmittance-enhancing layer was coated on its surface. Fmally, 2 total of 12.2 W continuous wave was
output at 320 nm with a coupling efficiency of 86.5% and an electro-optical efficiency of 10.6%%. Figure 21 13 the classic TO-can
packape stucture. The zhove ressarch and development on semiconduetor lasers m lighting technology can clearly ses that laser
lighting has demonstrated significant advantages over traditional LED lighting in a number of ways, especially in terms of energy
efficiency, brighmess, color gamut and so on. For fuotawre research, contmuous research and development of new phosphors,
substrate materizls and packaping technology, ete., to mprove the optical performance and stebility of semiconduetor lasers.

Figure 11
TO-Can package structure
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O Dull[60] report 2 compact package semiconductor laser encapsulated i 2 small 14-pin butterfly package structure with a
micro-optical isolator that elimmates back-reflection of the laser light from comnected optical cirenits. A schematic diagram is
shownin Figurs 22.

Figure 12
(a) Simplified schematic of DM laser (b) Picture of 14-pin butterfly module
(a) (b)
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For organic semiconductor lasers, the same problem of optical stzbility is faced because organic materizls degrade under the
combined effect of light and oxygen, which leads to the choiee of packagmg for this laser bemg a big problem, thus affectmg the
optical performance[61]. Fouchet[62] reported 2 fully encapsulated mechanically flexible organic semiconductor laser realized
by means of an ultrathin glass. The package can bypass the degradation problem i order to improve the optical stability. Based
on the experimental results_ it can be seen that the optical stability under this encapsulated structure is mproved by two orders of
mapnitude compared to the reference deviee for the encepsulation. Mechanicsl flexibility is 2lso 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 pelymer carrier. They used FR4 a5 2 standard substrate and treated it with standard encapsulation techniques for 2
reasonzble comparison with the LD encapsulated m PRMA polymer. At the same time both groups wers not heat treated. It was
tested that the optical performance of the PMIA encapsulated LDz could be further improved compared to the FR4 encapsulated
LDz, mncluding higher cutput powsr znd more stable long term laser patterns. Designing special structures, utilizing and
combining advanced thermally conductive materials will be the mam development trend for further heat dissipation of polymer-
encapsulated optoslectronic components. There 45 an mereasmg demand for mechanieal flexibility of the package, and how to
reduce the cost of the package materizl, thermal management, and the impact on the opticzl performance are subject to
continuous experimentation and research. Li[64] proposed an enhanced specular reflection ESE structure to improve the radiation
efficiency of Vertical -Cavity Surfzce-Emittmg Laser(VCSEL) devices. The structure is shown m Figure 23, The experimental
results show that the stucturs can sipnificently improve the radistion efficiency of seattering primary VCSEL deviees. It has
great potential for dlummation and 3D imaging.

Figure 13
Schematic of VCSEL device with ESR structure
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3.3, Summary of technical explorations to improve laser optical performance

This section provides an overview of techniques to improve laser optical performance, mcluding beam shaping techniques
and packaging techniques. There is no doubt that the development of beam shaping technelogy has advanced the laser mdustry.
The beam quality has been greatly mproved. Most of the above resezrch iz based on how to convert Ganssizn beams mto flat-top
beams, and alse to prove that flat-top beams are very promizing for laser applications. There is also the fabrication of various
lenses. How to better rezlize the flat-top beam and how to manufacture lenses with better collimation effect are i need of
contmuous resezrch. Beam sheping technology i the rezlizetion of dynamically adjustzsble, mtelligent, high-efficiency and high
relizbility 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 m many fields due to s unique
advantages. Particul 2rly in packaging technelogy, l2ser packaging has become an indispenzable part of the modem electronic
manufzacturing mdustry with its high precision, high efficiency and reliability. However, laser packaging technology still faces
many challenging issues in practical applications, which not only impect the quality and efficiency of packaging but also hinder
the further zdvancement and utilization of laser packaging technology. Therefore, it is of great significance to conduet m-depth
research on the relishility issues i laser packaging and explore effective solutions to enhance the development and application of
lazer 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

Opticz]l mirror damape is typically eanzed by the high ensrpy density produeed when the lzser beam nteracts with the
material, which can lead to melting, ablation, or other forms of damage to the material surface. The main canses of optical
specular damage during laser encapsulation may mcude excessive laser power, poor beam quality, contamination of the material
surface or the material's mhersnt sensitivity to the laser. In order to avoid or mitigate optical mirrer demage, 2 series of measures
need to be taken, such as optimizing the laser paramsters, improving the beam gquality, cleaning the materizl 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
luminesity of any light seurce[63-67]. However, catastrophic optical mirror damage (COMD) is still one of the failure
mechanizsms of diede lasers[63], and it has been reported that fluxes and residues m the corresponding cdeaning selvents can
exarerbate the damape to optical mirrers[69 . 70]. Fluxes usually contain organic scids, active agents_ and solvents. Durmg laser
diede encapsulation, flux residues may adhere to the optics if the flux is used mpropetly or i3 not thoroughly clezned. These
residues may decompose at elevated temperatures to produce gases or form depoesits that can contaminate or damage the optical
mirror surfzce. Zhalefar[71] mvestigated the effect of flux reflow time and the amount of cleaning selution residue on the mirror
surface. Flux was used throughout the process to facilitate the scldering process. And cleaning was done at the end of soldering.
The results showed that the COMD mcreazsed with a contmuous mereasze m reflow time. However, for different solder
flumes(2000 . FA . BMA), the effect was negligible in the samples treated with 2000 and A when the reflow time was less than
15 mimutes. Whereas for BMA treated samples, COMD occurs when the reflow duration 15 5 min. Similarly, Liu[72] addressed
catastrophic optics damage by using 2 multi-segmented waveguide to elimmate catastrophic optics damage i continuous-wave
high-power laser diodes. This was achieved by fabricating a multisection (LD) with 2 wavepnide struetire of a cavity that
separates the output surface from the heat-generating laser region. The LD wavegnide was divided mto electrically isolated laser
and windew sections along the cawity. This design limits the thermal mmpact of the laser cross-section on the faceted surface. Itis
zhble to suppress the self-heating effect of the lzser on the temperature sensitive output surface. This m tum allows for high power
opetation and significant reduction i surface temperaturs without COMD fzxilures.

According to Rauch[73] unsuitzble reverse coupling m optical feedback can lead to zccelerated depradation of Gallium
Arsemide(GaAs) high-power semiconductor lasers as well 25 catestrophic optics damage. Accordmgly Rauch et 2l through 2
multi-device experimental study of 2 950 nm broad-face laser (A simplified diagram of the experiment iz shown in Figure
24)showed that the threshold for catastrophic optics damage was reduced the most by positioning the feedback return poeint so
that it covered the entire area
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Figure 24
Simplified diagram of the experimental setup
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In this case, Zhang[74] based on the phenomenen of catzstrophic optics damage, proposed 2 convenient, mexpensive
techmique to detect the phenomenon. Using an optical system based on a 1550 nm laser diede source and a photediede, early
catastrophic optical damage processes can be quickly tracked m a transient real-time mode by measurmg the surface reflectance,
which provides information zbout the surface topography of the output surface m 2 ns. Wang[73] based on the fact that 808 nm
laser diedes are susceptible to COMD and thermal rollover dus to their short wavelength. In order to mprove the conversion
efficiency as well as to reduce the effect of COMD, they optimized an InGaAsO/InGaPd based structure with facet passivation.
The results show that in this case, the laser i3 able to reach 19 W a2t zn output power of 20 A without the effect of COMD.

4.2 Stress and mechanical damage in laser packaging

During lzser encapsulation, differences n materizl expansion coefficients, changes i thermal stresses, and other factors may
lead to stresses within the encapsulation structure, which m twm may cause mechanical damage. These dzmages may
compromise the mtegrity of the optical components and mmpact the quality of the laser beam. Therefore, researchers need to pay
sttention to the selection of encapsulation materizls and process contrel to mimimize the cocurrence of stress and mechanieal
damage.

Mismatches i expansion coefficients, mechanical 23 well 2z thermal properties between different materials often cauze a
number of reliability problems such as waping 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 damape m the package has been the concem of many scholars. For example, Ye[T6]mvestizated the nano-
silver solder with the commonly used AuSn and In solder as the solidification material between the laser chip and the substrate.
And fmite element analysis was used to simulate the heat dissipation and stress distribution of semiconductor lasers at room
temperature. The results show that the use of nane-silver selder pasts is mors conducive to the heat dissipation of the laser chip
and can effectivel y reduce the thermal stress of the laser chip. Figure 23 shows the smplified dizpram of the model simulation.

Figure 15
Simplified diagram of semiconductor laser model simulation
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4 3. Summary of research on reliability issues

Optical mirror damage is primarily caused by flux residues, contaminants, and the direct action of 2 high-power lazer beam.
Flux residues and contaminants may adhere to the optics, resulting in loss of laser beam quelity or degradation of the optics.
High-power lzser beams may directly sblate or melt the optics, cansing #rreversible damage. The first resezrch program
mvestigates different fluxes and reflow times, firstly, itis given that different fluxes lead to different COMD effects. Then itis 2
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 demage are mamly cansed by differences m the
coefficients of thermal expanszion of materials chanpes i thermeal stresses during solderimg. and poor design of the package
structure. The design of the package structure directly affects the distribution and magnitude of thermal and mechanical stresses.
Eeazonzble package structure can reduce the concentration and wransfer of stress, 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 m laser packaging.
By studymg these problems i depth, explormg effective solutions, and contmuously optimizmg the lzser packasme process and
material selection, we can improve the relizbility and stability of laser devices and promeoete 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 1ssues. The first part
provides a detsiled review of the thermal management of semiconductor lasers in terms of heat simks, package structures, and die
attach material selection. However, with the fabrication of complex three-dimensional microchannel structures and the
development of electronic devices to ministurisation, multifunctionzlity and high performance, the heat dissipation of high-
demsity mtegrated microsystems is increzsingly in demand, and the microchannel heat sink technology needs to be adaptad to the
higher heat flow density and smaller heat dissipation zrea. But the development of through-silicen vias (TSV) packaging
technol ogy has brought new breakthroughs m microchannel heat dissipation technelegy. Secondly, n order to enhance optical
performance. resesrchers have endeavoured to optimise the design of optical elements_ reduce optical losses, and mmprove beam
quality. In t=rms of optical performance. beam sheping technology plays 2 cmcizl role. Rezsonsble beam sheping technelogy
enzhles users to exert greater contrel and optimise the quality and shape of the laser beam thereby expanding the scope of laser
zpplications and enhancing the utilisation efficiency of lzser. The distmctive 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 Gaussizn beams inte flat-top beams. There are many ways to convert two beams. There zre beam shaping lenses based
on Particle Swarm Optimization (PSC) algorithms, fluidic lzser rectifiers and Flnidic Laser Beam Shaper technology. The
relizbility i33ues 2ssociated with semiconductor lasers are primarily related to the potentiz] for damage to optical mirrors, stress,
and mechanical failure. These issues not only impact the functionality of the laser apparatus, but may alse result i a reduction of
its operational lifespan, thereby compromising the stability and reliability of the entire laser system. To address these 1ssuss,
scholars have put forth 2 range of potential selutions, meluding the optimization of flux selection and reflow tme, the
improvement of package structure to enhanee 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 2
series of preventative mezsures have been put forward. The fmdings of this research not only provide a theoretical basis and
techmical support for the reliability design of semiconductor lasers, but also mdicate the direction for subsequent resezrch and
development.
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