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Abstract: With the increase in output power of high power semiconductor lasers (HPSLs), thermal
management is one of the critical bottlenecks affecting the optical-electrical performance and reliability of
HPSLs. Thermal characteristics of a kW—level conduction cooled semiconductor laser array were analyzed
based on numerical simulations and experiments. Firstly, transient thermal behavior was studied using
finite element method (FEM). There is significant "thermal crosstalk" behavior among the semiconductor
laser bars with pulse width greater than 250 ps. It shows thermal resistances along horizontal and vertical

directions are 64.7% and 35.3% , respectively, indicating that heat mainly dissipates along horizontal
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direction. 74.9% of thermal resistance along horizontal direction and 66.5% of thermal resistance along

vertical direction origin from CuW layer, which shows that CuW is the most significant factor affecting

the efficiency of thermal dissipation. Based on accumulated average temperature method, the simulated

temperature differences are 2.13, 1.47, 0.75 C at the repetition frequencies of 20, 30 and 40 Hz compared

with that at the frequency of 50 Hz. Average junction temperature rises at different repetition frequency

have been measured using spectral method, and the temperature differences at the repetition frequencies of

20, 30 and 40 Hz are 2.33, 1.56, 0.78 C, respectively. The average error is less than 6.85% between

experiment results and numerical simulation. It shows that the simulated transient thermal resistance is

coincident with the experimental result.
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Fig.1 Schematic structure(a), picture of real products(b) and the
finite element model(c) of 5 bar G—Stack semiconductor

laser array
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Tab.1 Structure parameters of diode laser array
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Tab.2 Material properties used in simulations

Material Thermal conductivity — Density  Specific heat
/W-m™-K! /kg-m™  /J-kg'-K™!
Cu 398 8.930x10° 384.56
CuW 170 1.66x10" 156
AIN 180 3.26x10° 738
AugSny, 57.3 1.972x10* 129
Au 301 1.932x10* 128.74
Si0, 1.95 2.2x10° 841
GaAlAs 13.7 4.852x10° 366
GaAs(active area) 66 5.32x10° 370
GaAs(substrate) 50 5.316x10° 325

Each layer of chipset  Length/pm Width/um Thickness/pwm

AuSn solder 10 000 1500 5
Au/Pt/Ti 10 000 1500 0.7
GaAs substrate 10 000 1500 187.99
U w0
GaAlAs active region 10 000 1500 0.01
Cladding ?ayer and 10 000 1500 1
waveguiding layer
Ohmic layer 10 000 1500 0.2
CuW 10 000 1750 300
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Fig.2 Transient temperature distribution of G—Stack semiconductor laser array at different time points from 50-1 000 ps
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Fig.4 Transient temperature profiles of active region when the

device worked with 0.5% duty cycle(20 Hz,250 ps)
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Fig.6 Horizontal and vertical temperature profile of the G—Stack
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Fig.7 Measured spectrum curves of semiconductor laser array
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Tab.3 Calculation results of the average temperature
of each bar and the average deviation under
different conditions(Unit: °C)

Frequency 50 Hz 40 Hz 30 Hz 20 Hz

#1 35.476 34.827 34.187 33.587

#2 35.900 35.124 34.379 33.699

#3 36.114 35.283 34.492 33.778

#4 35.986 35.192 34.432 33.741

#5 35.735 35.041 34..366 33.741
Average of 5 bars 35.842 35.094 34.371 33.709
Standard deviation 0.220 7 0.1554 0.1022 0.0659

ARG 7 Fp L 25 S AT A i I AR 2R

BOT A5 K T8 250 s #1543 51 K 20,30 .40 Hz
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