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Abstract: In this paper, the PICS 3D(Photonic Integrated Circuit Simulator in 3D )simulation software was utilised
to design a 1.3 wm vertical cavity surface-emitting laser(VCSEL) with an InGaAs transition barrier and a double ox-
ide layer structure. The objective of this study was to enhance the uniformity of carrier distribution within the active

region and to improve carrier transport characteristics, with the aim of increasing the differential gain. The results in-
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dicate that with the introduction of the InGaAs transition barrier and the double-oxide layer structure, the device's

threshold current gradually decreases, whilst the slope efficiency, output power and power conversion efficiency grad-

ually increase. The InGaAs transition barrier has been shown to enhance carrier injection, resulting in a more uni-

form carrier distribution within the active region. Concurrently, the insertion of an oxide layer on the n-side to form a

double-oxide structure further enhances the confinement of carriers and the optical field. For the novel VCSEL with

an oxide aperture of 7 wm, the peak conversion efficiency reaches 37. 8%, the maximum slope efficiency is 0. 923

W/A, and the output power reaches 9 mW. At an injection current of 10 mA, the maximum 3 dB modulation band-

width of the novel VCSEL at 25 °C and 85 °C is 19. 8 GHz and 16 GHz, respectively, demonstrating excellent high-

speed performance. The theoretical design of the new 1.3 pm VCSEL provides theoretical guidance and data support

for the preparation of epitaxial materials.

Keywords: vertical-cavity surface-emitting laser; high speed; optical interconnect; small-signal modulation band-

width; differential gain
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Fig.1 ~Schematic diagram of VCSEL structure (a) basic structure; (b) using InGaAs barrier structure; (c¢) double oxide layer

structure
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Tab. 2 This is an integral component of the differential gain within a quantum well
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