
• IoT (internet of things), connected vehicles, sustainable data centers etc. require a high

bitrate and large bandwidth infrastructure capable of tens of Gbit/s with few ms latencies.

• Therefore, optical links – historically confined to long-distance telecommunications – are

now increasingly used in datacom interconnects and other short-haul applications.

• Key to this expansion is the low-cost deployment of silicon-based optoelectronic

technology – usually called silicon photonics: existing fabrication techniques for silicon-

based integrated circuits are adapted to include hybrid or monolithic optical components

onto a single microchip.

• Among all the building blocks of a silicon photonic system (lasers, optical modulators,

passive devices such as couplers and splitters, etc.), the focus of my research has been

on waveguide photodetectors (PDs).

• The most promising PD structures include a germanium absorption region (ideal for

operation in the O and C bands of the near-infrared spectrum, i.e., 1.31 and 1.55 µm) and

are waveguide-integrated (which allows the independent optimization of responsivity and

bandwidth)

• Multiphysics simulations: finite-difference time-domain

(FDTD) for the electromagnetic problem, and drift-diffusion

(DD) for the carrier transport problem

• The multiphysics coupling is unidirectional, i.e., the FDTD

solution is used as a generation term in the DD equations,

without any self-consistent loop. 

• The simulation software used is a set of commercial CAD suites by Synopsys:

• Synopsys RSoft FullWave: FDTD solver

• Synopsys TCAD Sentaurus: mesh generation, DD solver
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• Bandwidth optimization, taking into account both transit-time and RC contributions

• Model validation against measurements provided by Cisco Systems

• Minimization of the sensitivity of the frequency response to the input optical power

• Extension to large-optical-power applications based on time-domain multiphysics

simulations 

• The goals of my work are to set up a multiphysics modeling approach for Ge-on-Si butt-

coupled waveguide PDs, to validate it against experimental measurements provided by

Cisco Systems on several families of devices at different bias voltages, and to suggest

ways to increase both responsivity and bandwidth.

• Bandwidth optimization means RC and transit time optimization, keeping responsivity

constant

• Extending the model validation against additional experiments should allow the extraction

of relevant microscopic quantities (e.g., saturation velocities of carriers) for new designs

• The time domain analysis may directly provide the eye diagrams starting from a physics-

based approach

• This work could be instrumental for next-generation pin photodetectors with focus on high

bandwidth, low-bias and low-power application
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