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Silicon Photonics

* Integrated solution to photonic
systems and circuits

* Intra-datacenter signal
processing - routing, switching, daes i
modulation

* CMOS compatible, non-toxic N i
* Robust it |

* Compact devices due to high
index ratio

o

“Silicon photonic chip” © 2014 Lukas Chrostowski, reproduced with permission

5th October, 2017 Optimization of an MMI-based PBS 3



Modes: Refractive Index

* Si/Si02 — core/cladding

 High core/cladding index ratio

* Mode confinement -> TE, TM
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Modes: Polarization Sensitivity
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L. Chrostowski and M. Hochberg, Silicon Photonics Design. Cambridge, England:
Cambridge University Press, 2015
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Polarization Splitters (e.g.
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B. Shen, P. Wang, R. Polson and R. Menon, "An integrated-nanophotonics polarization

beamsplitter with 2.4 x 2.4 pum2 footprint", Nature Photonics, vol. 9, no. 6, pp. 378-382, 2015.

Cross Port ~ P Bar Port

W.Yang, Y. Xu, Y. Li, X. Wang and Z. Wang, "A compact and wide-band polarization beam
splitter based on wedge-shaped MMI coupler in silicon-on-insulator”, in Optical Fiber
Communications Conference and Exhibition, Los Angeles, CA, USA, 2015.
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Y. Xu and J. Xiao, "Ultracompact and high efficient silicon-based
polarization splitter-rotator using a partially-etched subwavelength B. Bai, Q. Deng and Z. Zhou, "Plasmonic-Assisted Polarization Beam Splitter Based on Bent
Directional Coupling", IEEE Photonics Technology Letters, vol. 29, no. 7, pp. 599-602, 2017.

grating coupler", Scientific Reports, vol. 6, no. 1, 2016.
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E. El-Fiky et al.,"A High Extinction Ration, Broadband, and Compact Polarization Beam Splitter
Enabled by Cascaded MMis on Silicon-on-Insulator," Dept. Elect. Eng., McGill Univ., Montreal,

Canada, 2016.

D. Dai, "Silicon Polarization Beam Splitter Based on an Asymmetrical Evanescent
Coupling System With Three Optical Waveguides", Journal of Lightwave Technology,
vol. 30, no. 20, pp. 3281-3287, 2012.
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Fabrication Variations

* E-beam lithography, imperfect
fabrication technique

* Variances can cause a huge
change in some PBS devices

 Sidewall roughness

e MMI structures are tolerant to
variation

L. Chrostowski and M. Hochberg, Silicon Photonics Design. Cambridge, England:
Cambridge University Press, 2015
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Multi-Mode Interferometer (MMI)

freq(l)=1.9341E14 Hz Multislice: Electric field norm (V/m)

Self imaging length:

I~ 4an§
n 3¢
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Modules & Constraints

* Wave Optics — Electromagnetic Waves, Beam Envelope (ewbe)
 Scattering boundary condition: Decaying field beyond sim domain

* Port excitation (input)
* TE and TM separately

* Matched boundary condition (output)
* Output issue — port causes reflections and no transmission
* Smaller mesh needed with no port?



Multi-Mode Waveguide (3um)
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Geometry

* Angled input waveguide 6
* TM top port

TM Port
* TE bottom port

. 2 TE Port
* Tapers funnel light
0
Input Port
-2
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Mm
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Optimization for TM
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Optimization for TE
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Spectral Performance Charactersitics

. 'Il'ransmilssion Spectrum Mode @ Insertion

g Output Port| Loss (dB)
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Future Work

* Fabrication
* Characterize temperature dependence in COMSOL
* Increase bandwidth

* Redesign for other central wavelengths

e Optimization module
* Boundary Element Method (?) :

;;;;;

;;;;;
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Polarization Splitters (e.g.
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TM 1D optimization
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TE 1D optimization
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