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Abstract: High-brightness edge-emitting semiconductor lasers, with advantages such as high electro-optical con-
version efficiency, high beam quality, and high peak power, have been widely applied in various fields, including

material processing, medical treatment, and light detection and ranging (LiDAR). However, it remains challenging
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to achieve edge-emitting lasers with both high output power and high beam quality, and this challenge has become a
research focus in the field of high-brightness edge-emitting semiconductor lasers. First, this paper systematically
summarizes the research progress of high-power and high-beam-quality edge-emitting semiconductor lasers both do-
mestically and internationally in recent years, outlines the methods for lateral mode control and vertical far-field di-
vergence angle optimization of such lasers. Second, it presents the pulsed driving technology, which helps alleviate
thermal accumulation in the active region, achieve high peak power output, and thereby enable high-brightness oper-
ation of the device. The brightness of the multi-active-region tunnel junction lasers can reach 300 MW *cm™+s1™" at a
peak power of 100 W. The High-brightness vertical broad-area edge-emitting (HiBBEE) laser can reduce the verti-
cal far-field divergence angle, further improving the coupling efficiency of the optical system and lowering the cost of
collimating and focusing lenses. Finally, combined with the current development status and future requirements of

driving technologies and high-brightness lasers, this paper provides an outlook on the realization of high-performance

pulsed-driven high-brightness semiconductor lasers.
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Tab.2 Advances in lateral mode control of high-brightness edge-emitting semiconductor lasers

LR A RSB R LA W) mig ks e, x0, (FWHM)  HJ/A YIRIW %30k
RO 2008 L=3.9 mm,W=5 pm 9.2°x15. 8° 2.1 1.5 [39]
LN 2012 L=6 mm, W=7 pm 6.5°%9° 2.56 1.3 [40]
ROt 2018 L=3 mm, W=7 um 6.8°x11.5° 2 1.9 [41]
XL PBC 2017 L=1.7 mm, W=84 pm —x16.5°(0,,,) 2.5 2 [21]
M) PBC 2014 L=2. 64 mm,W=9 pm 9°x14° 2.6 1.9 [47]
i3 PBC 2014 L=1.3 mm, W=200 wm 5.7°x10.5° 2 1 [50]
135 PBC 2015 L=2.64 mm,W=6 pm 11°x14.7° 2.8 1.7 [48]
¥1.3 PBC 2016 L=2 mm, W=4 pm 3.6°x15.5° 2.5 1.7 [51]
31 PBC 2021 L=4 mm,W=100 pm —x15.6° 20 17.5 [52]
i3 PBC 2025 L=4 mm, W=350 wm 15.5°x18.2° 60 54.5 [54]
HiBBEE 2016 L=5 mm,W=8 pm 9°x10. 3° 3.5 2.2 [56]
HiBBEE 2024 L=2 mm,W=15 um 5.1°x8. 6" 1.5 0.8 [57]
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Tab. 3 Comparison of three types of pulsed laser technologies
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Fig.9 Principle structure of pulsed driving circuit'*’
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Fig.10  Heterogeneous integration driver of GaN integrated circuit and high-performance silicon-based 1C""’

2022 4F , WL TR KA B 2 2o R R
FI 96 2k 2R 444 58 703X H iy R 1 42 4 N GaN B0
9K B % , 2 0K Bl 2% 68 0% ) A 0 fH LT R 10 A LBIK
E A 2 ns ARG DK B, E TOFE R 20 MHz
A, FF G T AR Y 3 38 48 3R TG BT 3R A 1. 98 ns A1
953 ps, H Kk i 9 _L TR R B R R 435 ps F11259 ps.
2025 4F, i[5 5 T BH B 2 38 R 27 00 i R AR
T e Dy AR Bk v O R B g L X OB B

FRSCILT 10 A YA FLIA L DK PR RE SR ]S4 10 ns,
WA N 20 MHz, SE3 75% B9 IEAE 50K

R G ok v B 2 L G P BE R AR RS TR 4
H1, GaN 2% 14 FF 5 ma S 3 B PR, koo b5 T B
B[] AT 3k S g Fb o, HARFR K28 3 H FIOE &R 8
S5 KGN s MOSFET #8514 TAF it R 3 Bl 9 L i
LTI ST N 52 N1 9 A= T W A R 3
I H

F4 ETFTFXRTMHREKTIREIEEEEEIERICE

Tab.4 Summary of performance indicators for switch-element-based pulsed-driven circuits

FF T2 Ay Jok 5 BE s IR /e ETF R R A /ms 0E{E HL /A 22 ik
MOSFET 2011 4.6 50k 2.2/— 72.2 [62]
MOSFET 2014 8.6 — 4.5/13.6 124 [63]
MOSFET 2018 0.538 100M <1 3 [65]
MOSFET 2022 3.8 10k 3.5/3.7 132 [64]
MOSFET 2025 0.1 30M — 15 [66]
GaN 2010 2 100M <0.5 20 [67]
GaN 2016 0.58 5M — 30 [68]
GaN 2022 12.6 10M — 8.25 [70]
GaN 2022 2 20M 0. 435/0. 259 10 [71]
GaN 2025 10 20M — 10 [72]
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