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Table 1.  Input conditions and imaging positions of MMI with different interference mechanisms
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Fig. 1. Relationship curve between beat length ratio (gq/p)

and multimode waveguide width.
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Fig. 2. Schematic diagram of two-section multimode interference coupler.
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Fig. 4. Transmission spectrum of the two-section MMI: (a) IL/CT in 1550 nm band; (b) IL/CT in 980 nm band.
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Ta,05 980/1550 nm wavelength multiplexer /demultiplexer

. . *
based on segmented cascaded multimode interference
HE Xiwen?)  MA Deyue!?  ZHANG Zheng?  WANG Rongping?
LIU Jigiao Y%  CHEN WeibiaoV?  ZHOU Zhiping V91
1) (Aerospace Laser Technology and Systems Department, Shanghai Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Shanghai 201800, China)
2) (Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China)
3) (Advanced Technology Research Institute, Ningbo University, Ningbo 315211, China)
4) (School of Electronics, Peking University, Beijing 100871, China)

( Received 5 September 2024; revised manuscript received 3 December 2024 )

Abstract

On-chip erbium-doped/erbium-ytterbium co-doped waveguide amplifiers (EDWAs/EYCDWAs) have
received extensive research attention in recent years. However, there has been relatively little research on
integrated wavelength division multiplexing/demultiplexing devices for 980-nm pump light and 1550-nm signal
light. This work aims to propose a compact Ta,O5 diplexer for 980/1550-nm wavelengths based on multimode
interference effects. The device utilizes a structure that combines symmetric interference with a cascaded paired
interference design, thereby reducing the total length of the segmented multimode interference waveguide to
one-third that of a conventional paired multimode interference waveguide. This is achieved without using any
complex structure, such as subwavelength gratings, to adjust the beat length of the pump and signal light. The
three-dimensional finite difference time domain (3D-FDTD) tool is used to analyze and optimize the established
model. The results demonstrate that the designed MMI diplexer has low insertion loss and high process
tolerance, with an insertion loss of 0.4 dB at 980 nm and 0.8 dB at 1550 nm, and that the extinction ratios are
both better than 16 dB. Moreover, the 1 dB bandwidth reaches up to 150 nm near the 1550 nm wavelength and
up to 70 nm near the 980 nm wavelength. The segmented structure designed in this work greatly reduces both
the difficulty in designing the MMI devices and the overall size of 980/1550 nm wavelength division
multiplexers/demultiplexers. It is expected to be applied to on-chip integrated erbium-doped waveguide
amplifiers and lasers. In addition, the segmented design method of cascading the hybrid multimode interference
mechanism provides a technical reference for separating two optical signals with long center wavelengths such
as 800/1310 nm and 1550/2000 nm, and has potential application value in communication and mid infrared
diplexing devices.

Keywords: multimode inteference, cascade, wavelength division multiplexing, Tay,O5
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