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High-power VCSEL lasers measurement method for
beam divergence angle

CUI Chen-hao, LI Zheng-quan
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Abstract ; Vertical-Cavity Surface-Emitting Laser( VCSEL) is distinguished by its ability to emit light beams perpen-
dicular to the cavity surface. This unique characteristic allows multiple VCSEL lasers to be densely integrated on a sin-
gle chip without requiring a significant amount of space. Additionally, VCSEL lasers utilize the reflective mirrors of a
resonant cavity to enhance and amplify the light,leading to efficient light emission. Typically,the luminous efficiency
of VCSEL lasers can range between 40 % and 60 % . Compared to traditional lasers, VCSELs are more apt to achieve
high efficiencies. Due to their excellent integrability and high efficiency, VCSELs have found broad applications in
fields such as 3D perception, automatic driving, and optical communication. Hence, the quality inspection of VCSEL

lasers is becoming increasingly vital. As VCSEL lasers venture into the high-power domain, their light beam modes
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have evolved from fundamental mode to high-order mode. The beam has transitioned from a Gaussian-like beam to a

Laguerre-Gaussian hollow ring beam. While traditional methods such as 1/e* and D86 are quite accurate for measuring

the divergence angle of Gaussian-like beams in fundamental mode,they exhibit notable discrepancies when applied to

the Laguerre-Gaussian hollow ring beams in high-order mode. Given the widespread use of VCSEL lasers in crucial ar-

eas like autonomous driving,the demand for precise beam measurements has also surged. Therefore, this article adopts

the D4g algorithm to measure the divergence angle of the Laguerre-Gaussian hollow ring beam and compares it with

conventional methods like 1/¢* and D86. The results indicate that the new method enhances the accuracy of diver-

gence angle measurements by up to 2. 30 %.

Keywords : D4g algorithm ;beam quality ;beam divergence angle ; VCSEL ; Laguerre-Gaussian hollow ring beam
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Tab. 1 Divergence angle under 1A current stress

UITERERES 1 2 3 4 5 Vv oNiEAT
1/¢* 16.932° 16.905° 16. 844° 16. 809° 16.991°
2.19 %
D4o 17.304° 17.260° 17.181° 17.162° 17.331°
PN 6 7 8 9 10 R B R A #
1/¢ 16.831° 16. 815° 16. 835° 16. 833° 16. 838°
2.26 %
D4o 17.184° 17.151° 17.205° 17.203° 17.220°
%2 L8AWGMNATRHA
Tab. 2 Divergence angle under 1. 8A current stress
HIREWERER 1 2 3 4 5 KR A i
1/¢* 18.453° 18. 487° 18.492° 18. 494° 18. 481°
2.29 %
D4o 18.841° 18. 894° 18.917° 18.901° 18. 887°
HIRENERFR 6 7 8 9 10 RO B R AR S
1/¢* 18.427° 18.419° 18.423° 18.503° 18.631°
2.30 %
D4o 18.851° 18. 824° 18. 846° 18.910° 19. 022°
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