
Multi-scale simulation of single-photon avalanche
detectors

Background:
Design  of  waveguide  integrated  single-photon  avalanche  detectors
(SPADs) with high detection efficiency and speed is crucial for photonic
quantum information processing and quantum key distribution. Recently,
experimental works have been proposed for waveguide integrated photo-
diode based on 2D materials [1]. However, such studies on waveguide
integrated  III-V  SPADs  are  still  missing,  though  they  are  important
material choices for near-infrared bands.

Goal:
In this project, we aim to develop a multi-scale simulation framework that is suitable for design of waveguide
integrated SPADs, i.e. it  should be able to calculate several  device performance parameters such as photon
detection efficiency (PDE) and dark count  rate  (DCR).  Ideally,  these parameters will  be optimized using the
established simulation framework.

Methodology:
For  modeling of  waveguide integrated  SPADs,  one runs  coupled  opto-electrical  simulations:  we  plan to  use
Lumerical for  calculation  of  optical  modes  and  our  in-house  code  for  solving  electrical  transport  problem.
Furthermore,  the  impact  ionization  rates  of  the  investigated  III-V  material  will  be  calculated  based  on  GW
approximation using our in-house code [2,3]. A Python/Matlab-based pipeline will also be developed to couple
Lumerical and QuaTrEx to perform 3D opto-electrical simulations.

Type of work
Theory (20-30%), model development (40%), simulation & analysis (40%).

Prerequisites
You have (1) knowledge in opto-electronics and semiconductor physics, (2) with Python and programming.
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