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Ge-on-Si pin photodetectors
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Responsivity: ratio between photocurrent 
and input optical power
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Efficiency-speed tradeoff
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Closed form model with

parameters extracted from

measurements and 3D simulations

of the device with HGe = 800 nm
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Optical problem:

M xw   ’  equations

𝜕𝐷

𝜕𝑡
= 𝛻 × 𝐻 − 𝐽

𝜕𝐵

𝜕𝑡
= −𝛻 × 𝐸

𝛻 ⋅ 𝐵 = 0

𝛻 ⋅ 𝐷 = 0

𝐷 = 𝜀𝑟𝜀0𝐸

𝐻 =
1

𝜇𝑟𝜇0
𝐵

3D multiphysics modeling

Optical generation rate (cm-3 s-1)



optical mesh FDTD

equilibrium, analysis in dark

responsivity, 

electrooptic 

frequency response

Optical problem:

M xw   ’  equations
Electrical problem:

drift-diffusion model
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1
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+ + −𝑞 𝑁𝐴

− + +𝑞𝑝 + (−𝑞𝑛)

𝐽𝑛 = 𝐽𝑛,𝑡 + 𝐽𝑛,𝑑 = −𝑞𝑛𝜇𝑛𝛻𝜙 + 𝑞𝐷𝑛𝛻𝑛

𝐽𝑝 = 𝐽𝑝,𝑡 + 𝐽𝑝,𝑑 = −𝑞𝑝𝜇p𝛻𝜙 − 𝑞𝐷𝑝𝛻p

3D multiphysics modeling

electrical mesh



Model validation

From the electro-optic frequency response, we extract the -3 dB electro-

optic cutoff frequency, and we use it for comparisons with measurements 

and parameter calibration. 

𝑓−3 𝑑𝐵

Bias = -3 V

Input optical power = 100 µW



Model validation: E/O cutoff frequency vs bias

The model has been validated against 6 WPDs, considering yield and 

bias sensitivities. In all cases the simulations achieve a good 

agreement with measurements.

Measurements

Simulation

Closed-form model

Input optical power = 100 µW
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