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Ultra-compact Parabolic Silicon Based
Optical Mode-spot Converter
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Laboratory of Optoelectronic Detection Technology and Systems, Tiangong University, Tianjin 300387, China)

Abstract In integrated photonic circuits, the optical mode-spot converter can realize the adiabatic optical
transmission between two optical waveguide devices with different mode sizes, which plays an important
role in reducing the insertion loss of optical link. In silicon photonic chips. silicon optical mode-spot con-
verters are usually used to connect singlee-mode waveguides and multimode waveguides, and the most com-
mon application is the interconnect between grating couplers and single-mode waveguides. Due to the large
size of the traditional linear mode-spot converter, valuable chip area is wasted. To realize ultra-compact
adiabatic mode-spot conversion, a novel parabolic mode-spot converter is proposed and experimentally
demonstrated. The test results show that the parabolic mode spot converters work well in O-band and C-

band. When the size length is 54 pm and 100 pm, the optical insertion losses for C-band device are 0. 25 dB

and 0. 18 dB, respectively. When the size length is 64 pm and 110 um., the optical insertion losses for O-
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band device are 0. 25 dB and 0. 09 dB, respectively. The measurement results agree well with the simula-
tion results.

Key words silicon-on-insulator; silicon optical waveguide; parabolic mode-spot converter
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Fig. 1 (a) Schematic diagram of the proposed parabolic optical mode converter; (b) Schematic diagram of the parabolic line shape
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Fig. 2 (a) Calculated optical field profile in the 110 pm-long O-band parabolic optical mode converter, (b) Calculated optical

transmission efficiency of C-band parabolic and linear optical mode converters as a function of device length, (c) Calculated

optical transmission efficiency of O-band parabolic and linear optical mode converters as a function of device length
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Fig. 3 (a) Comparison of calculated insertion loss of C-band parabolic and linear optical mode converter with the same

device lengths; (b) Comparison of calculated insertion loss of O-band parabolic and

linear optical mode converter with the same device lengths
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Fig. 4 (a) Calculated insertion loss of C-band parabolic optical mode converter with fabrication errors;

(b) Calculated insertion loss of O-band parabolic optical mode converter with fabrication errors
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Fig. 5 Flow chart for the preparation of a parabolic plaque converter
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Fig. 6 (a) Layout design of the test devices for characterization of the proposed parabolic mode converters;

(b) Microscope photo of the fabricated test devices; (c¢) Scanning electron microscope image of

the 110 pm-long O-band parabolic mode converter
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Table 1 Comparison of the performance matrics for different types of mode converters in SOI platform

Start-end waveguide Transmission Design variables
References Type Length (um) Working Band
width (um) efficiency count
[21] Segmented 12—0.5 20 86 % (measured) 10 C
[27] Parabolic 2—0.5 2.9 99. 5% (simulation) 2 C
[22] Parabolic 12—0.5 120 98. 3% (simulation) 2 C
[28] Segmented 10—0. 56 15. 4 70 % (simulation) 10 C
[29] Segmented 10—0.5 15 92% (measured) 4 C
[23] Exponential 15—0.5 22 92% (simulation) 3 C
This work Parabolic 12—0. 45 54 94, 4% (measured) 1 C
This work Parabolic 12—0. 38 64 94. 4% (measured) 1 @)
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