
Pis’ma v ZhETF, vol. 116, iss. 5, pp. 282 – 283 c© 2022 September 10

Numerical simulation of GaAs/AlOx high index contrast sub-wavelength

gratings for GaAs-based vertical cavity surface emitting lasers

Y. Luo, Y.-Q. Hao1)

National Key Lab of High-Power Semiconductor Lasers, Changchun University of Science and Technology, 130022 Changchun, China

Submitted 14 June 2022
Resubmitted 1 August 2022

Accepted 2 August 2022

DOI: 10.31857/S1234567822170037, EDN: jsjvvr

Vertical cavity surface emitting lasers (VCSELs) are

widely used in many applications because of their supe-

rior performances, such as low threshold current, small

divergence angle, circular beam profile, two-dimensional

array configuration and low power consumption [1–5].

However, VCSEL has some defects, such as multimode

operation and unstable polarization, which seriously af-

fect its actual performance. Therefore, some methods

were introduced in order to improve its mode and polar-

ization properties. Polarization in VCSELs can be con-

trolled given polarization-dependent gain/loss regions in

VCSELs, such as surface relief [6], external-cavity feed-

back [7], and sub-wavelength grating [8]. Also, high in-

dex contrast sub-wavelength grating (HCG) attracts re-

searchers’ attention for its ability to control both mode

and polarization.

The predominant characteristic of a HCG is that the

fringes of high index grating are completely surrounded

by low index medium (generally air or silicon dioxide),

which forms a large index difference. By adjusting the

grating material, thickness, duty cycle and other param-

eters, its reflectivity can reach more than 99 %. It can

be used to replace the P -type distributed Bragg reflec-

tors (DBRs) of a VCSEL, which can greatly reduce the

series resistance and absorption loss of the device. The

HCG mirror can not only decrease the thickness of VC-

SEL, but also fix polarization. The typical HCG for VC-

SEL based on GaAs is mostly composed of GaAs/air or

Si/SiO2 [9, 10]. The suspended GaAs/air HCG has some

disadvantages, such as complicated fabrication process

and poor mechanical stability, while for the HCG with

Si/SiO2 it is difficult to achieve a precise control of its

thickness. A GaAs/AlOx HCG for a mid-infrared VC-

SEL based on GaSb has been proposed in [11, 12]. How-

ever, a metamorphic growth deteriorates the HCG per-

formance, and the device laser operation couldn’t be

observed because of a lack of reflectivity of HCG [12].
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In this paper, we propose and analyze numerically

the GaAs/AlOx HCG with the same material system

as the half-VCSEL. It can be integrated with VC-

SEL through one-time epitaxial technology, which is of

great significance to obtain high quality wafers. Figure 1

shows the schematic diagram of a HCG, including grat-

Fig. 1. (Color online) Schematic diagram of HCG: period

Λ, fill factor f , grating layer h1, stress buffer layer h2, low

index sub-layer h3

ing layer, stress buffer layer and low index sub-layer.

HCG is composed of GaAs and AlOx. The AlOx as the

low index sub-layer (n ≈ 1.6) may be obtained from

AlAs by oxidation. The large index difference between

the AlOx and GaAs grating layer (n ≈ 3.538) will be

beneficial to increase the width of the reflection band.

Due to a large index contrast and near-wavelength di-

mensions, there exists a wide wavelength range where

only two modes have real propagation constants in the

z-direction. The two modes carry similar energy but op-

posite phases at the HCG output plane, thus causing de-

structive interference. Finally, the transmission is can-

celed and all of the energy must be reflected [13]. To im-

prove the stability of HCG, the GaAs layer is not com-

pletely etched to form the grating layer and the stress

buffer layer.

Based on the RCWA method, a GaAs/AlOx TE-

HCG mirror for GaAs-based VCSEL is simulated and

investigated numerically. The results show that the fill

factor and grating thickness are the most critical pa-

rameters, because they determine the reflectivity and

bandwidth. Furthermore, the stress buffer layer also af-
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fects the reflection properties of HCG, whose high re-

flection band changes periodically with the buffer thick-

ness. However, there is only a little deterioration in the

shape of high reflection band even if the fill factor dif-

ference between the upper and lower of the grating is

up to 5 %. Therefore, the GaAs/AlOx HCG not only

makes it easier to integrate with VCSEL, but also can

effectively avoid the deterioration of its reflection per-

formance. Moreover, it can be prepared with less diffi-

culty due to its large period, shallow etching depth and

large morphology tolerance. Meanwhile, its sensitivity

to the incident angles is good for VCSEL to operate with

single-mode. The HCG has a large reflection bandwidth

up to 97 nm at around 940 nm (∆λ/λ0 = 10%) with its

TE reflectivity more than 99.5 % and TM reflectivity

lower than 90 %. VCSEL integrated with HCG will un-

doubtedly have the characteristics of smaller size, single

mode, and polarization stability. It can match perfectly

the tunable diode laser absorption spectroscopy for gas

detection.

This is an excerpt of the article “Numerical simula-

tion of GaAs/AlOx high index contrast sub-wavelength

gratings for GaAs-based vertical cavity surface emitting

lasers”. Full text of the paper is published in JETP Let-

ters journal. DOI: 10.1134/S0021364022601154
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