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Design of low stress MEMS cantilever structure with tunable VCSEL

Pei Lina, Zou Yonggang®, Shi Linlin, Wang Xiaolong, Fan Jie, Wang Haizhu

(National Key Laboratory of High—power Semiconductor Lasers, Changchun University of Science

and Technology, Changchun 130022,China)

Abstract: The structural damage caused by micro—electro—mechanical system(MEMS) stress concentration
in tunable vertical cavity surface emitting lasers (VCSEL) of GaAs—based and InP-based materials was
studied. A bowknot MEMS cantilever structure was designed to reduce the von Mises stress at the fixed
end of the cantilever and ensure the reliability of the device while ensuring the maximum displacement
was invariable. The COMSOL software was used to optimize and analyze the influence of various
parameters of the bowknot cantilever structure on the mechanical properties. The results show that the
maximum von Mises stress at the fixed end of the optimized bowknot MEMS cantilever structure is
reduced by 64% compared to the equal—section cantilever structure. The free spectral range of a bowknot
MEMS wavelength—tunable VCSEL for GaAs—based materials is up to 45 nm.
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Fig.1 (a) Schematic diagram of the tunable VCSEL device,

(b) schematic diagram of a bowknot MEMS cantilever
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Tab.1 Model parameter settings

SMINHL R SR, 7E RS L FS A 800 nm B, R H
AR T JEE A b1 4500k MEMS 25 32 [ 58 dm B Kok

. GaAs—based InP-based
Material . .
materials materials
Cantilever .length L/ width 300/40/2.6 300/40/1.93
w/height h/pm
Air gap thickness/pm 2
Isosceles trapezoidal bottom
edge a/bottom edge b 40/80/6 40/80/0
(pwm)/bottom angle 6/(°)
Young's modulus E/GPa 84.40 65.74
Poisson ratio 0.36 0.34
Density/kg - m® 4 540 5 236
Dielectric constant 11.48 13.44
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Fig.2 (a) GaAs—based materials, (b) InP—based materials maximum von Mises stress distribution at fixed end of different 6
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Fig.3 (a) Middle, (b) edge, (c) fixed end of different 6 of GaAs—based material maximum von Mises stress distribution
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