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Proton Radiation-induced Dark Current 
Increase in InGaAs Photodiodes
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Device structure

Electric Field Region

Photodiode structure Band diagram

𝝀𝒄 = 𝟏, 𝟔𝟓 µm 
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Intro

𝝀𝒄 = 𝟏, 𝟔𝟓 µm SWIR (Short Wavelength InfraRed)
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Remote Sensing 

(e.g. Earth Vegetation)

Space Application Example

False color SWIR image

Red : Healthy

Blue : Unhealthy
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Space radiation environment

Satellite

Introduction to radiation damage: concepts, physical quantities, radiation 

environment, Prof. Jeffery Wyss, Padova 2007

https://www.nasa.gov/sites/default/files/thumbnails/image/edu_stem_ll_radiation.jpg

Space radiation degrade the InGaAs Photodiodes
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Pristine Proton-irradiated

Image examples

HIGH DARK CURRENT
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Analysis pre-irradiation
Test cell top view

Trezza et al. "Analytic modeling and explanation of 

ultra-low noise in dense SWIR detector arrays." 2011.

Cross Section
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Before Irradiation : the Dark Current

Photodiode working region

r

T=315 K

Diffusion

Diffusion + Generation

Band-to-Band Tunneling

Considered diode diameters

µm

r
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Diffusion current extraction
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Ea=0.86 eV

(gap InGaAs)

T=285:15:315 K

𝐼 = 𝐼𝑑𝑖𝑓𝑓 + 𝐼𝑟𝑒𝑐 − 𝐼𝐵𝑇𝐵𝑇 = 𝐼(𝑒
𝑉

𝑛𝑉𝑇 − 1) − 𝐼𝐵𝑇𝐵𝑇

Forward Bias  𝐼 = 𝐼0𝑒
𝑉

𝑉𝑇 where 𝐼0 = 𝐼𝑑𝑖𝑓𝑓,0

Series resistance

n : ideality factor (=1 if diffusion dominates)
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Reverse bias : Generation Current

𝐼 − 𝐼𝑑𝑖𝑓𝑓 = 𝐼𝑔𝑒𝑛 + 𝐼𝐵𝑇𝐵𝑇

Activation 

Energy           

Diode Guard Ring at ground

𝐼𝑑𝑖𝑓𝑓

𝐼𝑔𝑒𝑛 𝐸𝑔

𝐸𝑔/2
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► The diffusion current has perimeter and bulk contribution

► The generation current has mainly peripheric contribution

Before irradiation
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What about after proton irradiation?
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Radiation-Induced Dark Current

• Current increase and higher bias dependence • Reverse current proportional to diode surface
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Post irradiation : activation energy

Eg/2

Electric Field Mechanisms?

Before Irradiation : Diffusion + Generation

After Irradiation : Generation
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Field Enhancement Mechanisms

Field Enhanced Mechanisms:

• Poole-Frenkel

• Phonon-Assisted Tunneling

Cas : 𝐹 = 0

Cas : 𝐹 ≠ 0
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𝐺 = 𝐺0 × 𝜞(𝐹)
𝜞 : Field 

Enhancement Factor

Dark Current Model

𝐽𝐺 = 𝐺0 න

𝑊

𝜞(𝐹)𝑑𝑥

𝑑Δ𝐽

𝑑𝑊
∝ 𝜞 𝐹𝑚𝑎𝑥

𝐹𝑚𝑎𝑥: Maximum 

Electric Field

Δ𝐽(𝑉) = 𝐽𝐺 = න

𝑊

𝐺 𝑑𝑥

G : generation rate 
#𝑒/ℎ

𝑡𝑖𝑚𝑒 ×(𝑣𝑜𝑙𝑢𝑚𝑒)

W : Depletion Region Width

W
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Results

M. Benfante et al., "Electric Field-Enhanced

Generation Current in Proton Irradiated InGaAs

Photodiodes," in IEEE Transactions on Nuclear

Science, vol. 70, no. 4, pp. 523-531, April 2023, doi: 

10.1109/TNS.2023.3244416.

Field Enhancement Factor Dark Current Model Fit

Fitted Low Field Dark Current

Generation Lifetime

𝐹𝑚𝑎𝑥 =
𝑞

𝜖
× 𝑁 ×𝑊(𝑁, 𝑉) The electric

field has to be

reduced!
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► Modeling of dark current before irradiation

 Extraction of minority carrier diffusion length

 Extraction of generation current and its activation energy

► Modeling of dark current after irradiation

 Extraction of Damage Factor (not shown)

 Extraction of Field Enhancement Factor

 Extraction of Low Field Dark Current Generation Lifetime

Conclusion
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► Dark Current Random Telegraph Signal on Commercial InGaAs sensors and single 
diodes

► Photoluminescence measurement for extraction of carrier lifetimes in Shockley-
Read-Hall processes

Ongoing works

Perspectives

► Design of Radiation-Hard InGaAs sensors : low electric field in the InGaAs layer

Uni-Travelling Carrier Diodes (UTC)
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Thank you !


