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Device structure

Photodiode structure Band diagram

Zn-doped
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—p SWIR (Short Wavelength InfraRed)
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Space Application Example

False color SWIR image
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Space radiation environment

iy ; Space radiation environment 2
Galactic cosmic rays

(H, He--Fe--nuclei.....) .
s iy : ; Radiation belts (Van Allen): depends on Solar activity

protons keV = 500 MeV
@' electrons eV + 10 MeV
LLalt'ge ?|°|a|' : : Solar wind and flares: depends on Solar activity
roton flares p— : -
s protons keV = 500 MeV
ions 1 + few 10 MeV/n

Galatic Cosmic Rays (GCR, HZE): ~ constant background

Protons and Flux maximum at

ions (high charge Z ~ 300 MeV/n
and energy E)

Geomagnetically trapped
- radiation
(protons, electrons)

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_Il_radiation.jpg

Space radiation degrade the InGaAs Photodiodes
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Image examples

Pristine Proton-irradiated
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Analysis pre-irradiation

Test cell top view

r=( r=R, r=Z
Trezza et al. "Analytic modeling and explanation of
ultra-low noise in dense SWIR detector arrays." 2011.
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Before Irradiation : the Dark Current

Considered diode diameters
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Diffusion current extraction

V
I =lgirs + Lrec — Iprpr = 1(e™'T — 1) — Igrpr n : ideality factor (=1 if diffusion dominates)

%4
Forward Bias > [ = IyeVr where Iy = Ii¢r
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< I.. Reverse bias : Generation Current
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Before irradiation

The diffusion current has perimeter and bulk contribution

The generation current has mainly peripheric contribution
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What about after proton irradiation?
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Radiation-Induced Dark Current

Diode diameter = 250 um

-5 -7
10 4 x10 |
— ® data
S— ~3 —fitted curve
‘g <
U -
=10 =
f 10 O 1t
:u
0 ©)
0 | | |
0 2 4 6 8
0 2 4 6 8 . 5 4
) Diode area (cm x10
Reverse bias (V) (cm’)
« Current increase and higher bias dependence « Reverse current proportional to diode surface

1-v lab z -
ThalesAlenia ' . Lk
M. Benfante e SPACE SUPAERO



Post irradiation : activation energy
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SiN
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Zn-doped
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Field Enhancement Mechanisms
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Zn-doped

W : Depletion Region Width

A1<V)=/G=j6dx

w
dAJ
i=6x(@® = |[Dure
0% aw * I Finax) I : Field

Enhancement Factor

v

Je = Go j I'(F)dx

w

Epay: Maximum
Electric Field

ni-v lab el
ThalesAleni 1546
M. Benfante + Tien /e oy Space f.\ s u P A E R 0

#e/h ]

G : generation rate [ (Come) < (ol

Dark Current Model



Field Enhancement Factor
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Dark Current Model Fit

Results

Fitted Low Field Dark Current

Dark Current Density (Afcmz)
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1 x 10" 91
3 x 10 36
1 x 10" 11
3 x 10" 3.71

The electric
field has to be
reduced!
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Conclusion

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
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M. Benfante

Ongoing works

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

Photoluminescence measurement for extraction of carrier lifetimes in Shockley-

Read-Hall processes ]
Perspectives

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

GalnAs (P)
InP (I)
. . . . InP (N)
Uni-Travelling Carrier Diodes (UTC) .
Absorbant 4
Collelcteur

530

ThalesAleria ' -\V.180 |
SUPAERO

< e SDACE fi\




M. Benfante

Thank you !
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