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Abstract: In order to realize the miniaturization and multi-function of optoelectronic devices and further
improve the capacity and speed of information transmission, an on-chip integrated device based on photonic
crystal for dual-wavelength electro-optic modulation and mode division multiplexing (MDM) is proposed. The
electro-optical modulation module of the integrated device is composed of a silicon-based photonic crystal
waveguide and two L3 composite resonators, and the MDM module consists of silicon-based asymmetric parallel
nanowire waveguides. A silicon-based photonic crystal waveguide is used at the junction of the two modules. The
L3 composite resonators and PN doping structure are used to achieve the modulation of the two-wavelength TE,
mode, and the asymmetric directional coupling structure is used to convert the TE;, mode of two wavelengths into
the TE; mode. The parameters of the integrated device are calculated using three-dimensional finite-difference
time-domain (3D-FDTD) method. The results show that when the voltage is 1.05 V, the integrated device can
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achieve a center wavelength of 1 552.1 nm and 1 556.1 nm TE, mode, TE; mode on-off modulation and two-

mode mode division multiplexing function. The extinction ratio of the device is as high as 24.67 dB, and the

modulation depths are both 0.99. The insertion loss and the channel crosstalk are less than 0.57 dB and

—34.68 dB, respectively. And the minimum modulation speed is 17.54 GHz. The integrated device has compact

structure and is expected to be applied to high-speed and large-capacity optical communication systems.

Key words: photonic crystal;

mode-division multiplexing;
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Fig.1 Theoretical model of dual-wavelength electro-optic modulator and mode division multiplexing integrated device
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Fig.3 Theoretical model of silicon-based mode division multiplexing
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Fig.5 (a) Structure diagram of electro-optic modulation module;

(b) Variation of the resonance wavelength and transmittance of
the L3 resonator with the radius R of the yellow air hole;
(c) Variation of the resonance wavelength and transmittance of the
L3 resonator with the moving distance Ad of the upper and lower

air holes
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Fig.6 Schematic diagram of electro-optic modulator doping structure
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—— After optimization
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Fig.10 (a) Schematic diagram of the modulation module structure after
cascading; (b) Schematic diagram of cone structure; (c) Input the
transmission spectrum before and after optimization of the

waveguide
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Fig.12 On-off steady-state field distribution diagrams of different wavelengths and modes. (a) 1552.1 nm TE, "on" state; (b) 1552.1 nm TE, "off" state;

(c) 1552.1 nm TE, "on" state; (d) 1552.1 nm TE, "off" state; (e) 1556.1 nm TE, "on" state; (f) 1556.1 nm TE, "off" state; (g) 1556.1 nm TE,

"on" state; (h) 1556.1 nm TE; "off" state
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Fig.13 Stable time when the integrated device is in the "on" and "off" states. (a) "on" state; (b) "off" state
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Tab.1 Performance comparison of photonic crystal electro-optic modulator and two-mode mode division

multiplexing integrated device

Reference Extinction ratio/dB Insertion loss/dB Channel crosstalk/dB Footprint
[8] - 4-5 - 200 um
[9] 15.1 0.3 - 46 umx8 pmx0.22 um
[10] 3-4 1 - 200 pm
[11] 29.13 1.33 - 9.03 um
[12] - 0.3 <36 300 pm
[13] - 0.3 <22 >48.8 um
[14] - <15 <30 >100 pm
[15] - <3.2 <21 18 um
[17] 13-16 22 - 0.45 mm®
[18] 19.73 <0.46 <-14.66 54 umx22 pum

This work >21.65 <0.57 <-34.68 65 pmx18 um
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