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Fig. 1. Schematic diagram of the MSG-VCSEL structure,
with the enlarged view showing the cross-sectional schematic

diagram of the MSG reflector.
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Fig. 2. TE-polarized light is incident vertically from the
AlO, side: (a) Reflection spectra of different diffraction or-
ders of MSG; (b) diffracted optical field patterns; (c) the
variation of MSG reflectivity with the thickness h, of the

homogeneous sublayer.
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Table 1.
ers for the te-msg reflector (Rrp > 99.5%).

optimization ranges of various paramet-

Parameter Tolerances
A/nm 702—870
1% 17.5—38.6
hy/nm 150—182
hy/nm 132—221
hs/nm 140—220
¥/(C) 0—15
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Fig. 3. (a) TE-MSG reflection spectra for different grating sidewall inclination angles, the solid lines represent i) = 0° and the

dashed lines represent ¢ = 15°%;

(b) curves showing the variation of TE-MSG reflectivity with the incident angle 6.
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Fig. 4. Cross-sectional scanning electron microscopy (SEM) image of the fabricated MSG; (b) metallographic micrograph of the

MSG-VCSEL.
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Fig. 5. (a) Electroluminescence image of MSG-VCSEL during on-wafer testing; (b) lasing spectra under different polarization states;
(c) lasing spectra at different temperatures; (d) far-field patterns under different injection currents; (e) L-IV curves.

HIVEHLJERY AlAs 2FR4A AL, BEZEORIEHRS iff b4 1)
AAEFLAR (2410 ), SCELRIE S & s 4
FEIAANIICER)Z AlO,. Mitt, T EABIIT G
FALFLAR AR ST, () Hsf 3 e 14 AR T R RR 4
bS5 B BR X Y R B 73k B G248 4y iR T
IV — 4R m A T 1B 4(a) B A R R
78 T4 MSG iy SEM R F, Ho A = 750 nm,
L2 f = 28%, hy = 170 nm, hy = 200 nm, 4%
SRS TR BN EALETE R ALO, A1

VERCIZE hy = 200 nm, HJF R AlAs J2 B8 5
b AR ERE AT TC W R B R SE A, X A 2 T 1]
O J2 X6k N7 3 0 A AR5 S e it T AR A A o R
P 4(b) Ml & #) MSCG-VCSEL 4l B A, N
TR AL BRI

4 MSG-VCSEL #4547
MSG-VCSEL 7& Rt i & G RE R-niE 5(a)

140402-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026)

140402

i, B 5(b) A FE RS I IR 6, 7T LA
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Abstract

Vertical-cavity surface-emitting lasers (VCSELSs) are widely used as light sources in optical communication,
lidar, biomedicine, and 3-dimensional sensing due to their low threshold current, high modulation bandwidth,
single longitudinal mode, and natural suitability for high-density two-dimensional integration. However,
VCSELs have inherent limitations. When the oxide aperture exceeds 4 pm, multimode lasing is likely to occur,
and their polarization performance remains poor. These issues hinder their use in applications such as quantum
communication and atomic clocks. To overcome these limitations and enable device miniaturization, this study
designs and fabricates a VCSEL incorporating a metasurface grating (MSG) as a high-reflectivity output mirror.
The key innovation lies in an MSG structure compatible with the VCSEL material system. Composed of
GaAs/AlO,, the structure incorporates a GaAs homogeneous sublayer beneath the grating teeth to reduce
interface stress. This sublayer also significantly modulates the reflectivity characteristics of the MSG.
Simulations based on the rigorous coupled-wave method determine the optimal parameter range for the TE-
polarized MSG. The results indicate a high-reflection band of nearly 100 nm around 940 nm, along with strong
polarization selectivity and angle sensitivity. These properties support stable single-mode device operation.
Experimentally, MOCVD (metal-organic chemical vapor deposition) epitaxial growth, ICP (inductively coupled
plasma) dry etching, and one-step dual-domain oxidation are combined to achieve monolithic integration of the
MSG and VCSEL. Tests show that the device achieves stable TE-polarized lasing at room temperature, with an
operating wavelength of 940 nm, a threshold current of 2 mA, and a single-mode output power of 1.76 mW at
25 mA. Stable single-mode operation is maintained throughout. This study demonstrates that MSG simplifies
the VCSEL structure and facilitates integration and miniaturization, aligning with low-cost development trends.
It also addresses multimode lasing and poor polarization in conventional VCSELs, improves device stability,
and lays the foundation for applications in high-precision fields, highlighting its theoretical and practical

significance.

Keywords: metasurface grating, vertical-cavity surface-emitting laser (VCSEL), polarization, single-mode
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