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Fig. 1. Gain spectra of In,Ga, ,As/Aly3GagcAs QW with

different In compositions (carrier concentration is 5 x

10' cm ?).
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Fig. 2. Gain spectra of In,Ga; ,As/Al;;GaycAs QW with

different well widths and In compositions versus carrier

density.
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WiTsEmE, AR5 A Axitron G4 B MOC-
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() N-DBRs, 4 T J/MA R 4 rhiald AL K
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ZJE K 20 nm 1 AlygsGag poAs 2, 1E R E AR
2 PR AK 20 X Al 9Gag 1 As/Aly 15Gag ssAs
(") P 4 DBRs, )7, K EBAM PRI fil
2. SERAMNEA KR, TR T AME R Y 6
1 PL %, 4rBIANE 4(a),(b) B, M i i £
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PL i (4 4y 893.7 nm, ¢4 % (FWHM) K
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Fig. 4. Measured (a) white light reflection spectrum and
(b) PL spectrum of 905 nm VCSEL epitaxial wafer.
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Fig. 5. Schematic diagram of VCSEL device structure.
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Fig. 6. (a) L-I characteristics; (b) V-I characteristics; (c) threshold currents; (d) maximum output powers; (e) roll-over currents;

(f) threshold power consumption of VCSELs with varied oxide apertures.
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Design and fabrication of 905 nm vertical cavity surface
emitting laser with high power conversion efficiency”

Zhao Zhuang-Zhuang Xun Meng’ Pan Guan-Zhong  Sun Yun
Zhou Jing-Tao  Wang Da-Hai  Wu De-Xin

(Microelectronics of Chinese Academy of Sciences, Beijing 100029, China)

( Received 8 January 2021; revised manuscript received 30 January 2021 )

Abstract

Vertical cavity surface emitting lasers (VCSELSs) have lots of excellent properties, such as circular beam,
low threshold, single longitudinal mode, high speed modulation and monolithic array fabrication capability. The
VCSELs have been widely used in data communication and short-distance optical interconnection. In the fields
of distance detection and automatic driving, high accuracy lidars have become an indispensable component. In
practical applications, 905 nm laser exhibits little absorption by the water vapor in the air. In addition, the 905 nm
laser can match with both inexpensive Si detector and high response avalanche photodiode (APD). Therefore,
the 905 nm semiconductor laser has become a key light source of lidar. This paper presents the design and
fabrication of 905 nm VCSEL with high power conversion efficiency. First, the main factors influencing the
power conversion efficiency (PCE) of VCSEL are analyzed theoretically. It is concluded that the slope efficiency
contributes to the PCE most. In order to achieve a high slope efficiency, strained InGaAs is used as a quantum
well material. Due to the wavelength redshift caused by the thermal effect, the lasing peak wavelength of the
multiple quantum well (MQW) is designed to be about 892 nm by optimizing the In composition. The active
region consists of three pairs of Ing 195Gag gsAs/Aly 3Gag; MQWSs. The N-distributed Bragg reflectors (DBRs) are
designed to have 40 pairs of Alj¢GayAs/Al1,GaggsAs, and the P-DBRs are designed to have 20 pairs of
Aly ¢GagAs/Aly 1oGagggAs. The epitaxial structure is designed and grown by metal organic chemical vapor
deposition (MOCVD). The cavity mode of the epitaxial wafer is around 903.7 nm. The photoluminescence (PL)
spectrum is also measured. The peak wavelength is approximately 893.7 nm, and the full width at half
maximum is 21.6 nm. Then, the 905 nm VCSELs with different apertures (6 -18 pm) are fabricated via
semiconductor technologies such as photolithography, evaporation, inductively coupled plasma (ICP), wet
oxidation, electroplating, etc. Finally, the L-I-V characteristics and spectra of VCSELs with different apertures
are tested. The obtained maximum slope efficiency and PCE of the devices are 1.12 W/A and 44.8%,
respectively. In addition, the influences of aperture size on the far-field profiles and spectra of the devices are
investigated. These 905 nm VCSELs with high PCE are potential for the miniaturization and lowing the cost of
LiDAR.

Keywords: 905 nm vertical cavity surface emitting laser, high power conversion efficiency, epitaxial structure

design, device fabrication
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