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Use of InGaAs detectors in space : an illustration

 The Ings3Gag 47As band Cutoff wavelength of
gap is 0.74 eV at 300 K 1.67 ym
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Effects of space radiation on InGaAs photodetectors
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Why dark current?

» Why the study of dark current is important?

SIGNAL
t Saturation
________________________________________________________________ —
Lower the dark current,
Dynamic Range - * higher the dynamic
range (higher
signal/noise ratio)
Dark Current
______________ . .
-

LIGHT INTENSITY
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Analysis pre-irradiation
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Trezza et al. "Analytic modeling and explanation of
ultra-low noise in dense SWIR detector arrays." 2011.
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First proton irradiation campaign

Irradiation steps

Step | Cumulated fluence (cm~2)
| 1 x 1010
2 3 x 1919
3 1 x 101
4 3 % 1041
sample

Proton kinetic energy : 49,7 MeV
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Impact on photoluminescence
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49,7 MeV proton radiation effects

ey Diode diameter = 250 ym 1073 @5V
® t T=293K 1.5, -
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» Dark current increases with fluence (# of protons) Model of dark current increase?
» Dark current after irradiation depends stronger on bias

Dark current proportional to pn junction area
« : Current-Related Damage Rate
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Literature modeling of dark current
increase

1) Kp=AJy/P.  [3] J
Single value if dark current increase proportional to area and fluence

2) Kjori =AG/Dy —— Ay = qWD4K1grk [8]

Ay = qWAG
D; = ® X NIEL D
(Non-lonizing Energy Loss) "

Single value if same as 1 and proportional to NIEL and W

[3] C.J Dale.P. W.Marshall. E. A. Burke, G. P. Summers. and G. E. Bender,
“The generation lifetime damage factor and 1ts vanance in silicon " IEEE

Trans. Nucl. Sci., vol. 36, pp. 1872-1881. Dec. 1989.

[8] 1. R. Srour and D. H. Lo, “Universal damage factor for radiation-induced
dark current in silicon devices,” IEEE Trans. Nucl Sci.. vol. 47, no. 6,
pp. 2451-2459, Dec. 2000.
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Model of dark current increase

Generation current is field
enhanced
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Field effect: Effect of doping

» For InGaAs, there is no proportionality of dark current increase with W (because of field
enhancement effects, confirmed by doping level impact)

AJqg = qWDyKgark
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J

3 4 5 6 T
Reverse Bias (V)

Electric field effect
Not removed

« Damage factor K«
depends on bias

* Normalization works
well at low bias -2
Universal InGaAs
damage factor?

[20] M. Benfante, I-I. Reverchon, 0. Gilard, 8. Demiguel, C. Vimmon-
tois, C. Dumez, T. Dartois, and V. Goiffon, “Electric field-enhanced
generation current in proton oradiated InGaAs phowdiodes.” JTEEE
Transaciiens on Nuclear Science, vol. 70, no. 4. pp. 523-531. Apr. 2023

[4] O. Gilard et al., “Damage factor for radiation-induced dark current
in InGaAs photodiodes.,” IEEE Trans. Nucl. Sci, vol. 65, no. 3,
pp. 884805, Mar. 2018,

[24] G. T. Nelson et al., “In situ deep-level transient spectroscopy and dark
current measurements of proton-irradiated InGaAs photodiodes.” [EEE
Trans. Nucl. Sci., vol. 67, no. 9. pp. 2051-2061, Sep. 2020.
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What about proportionality with Non-lonizing Energy Loss (NIEL)?

NIEL Scaling?

Step | Cumulated fluence (cm~2) | Proton Energy (MeV)
- | 384 x 10° 2 Mg = QWK gqr AP X NIEL
Irradiation steps 2 6.72 x 1010 497
3 9.60 x 1010 30.1
4 1.248 x 1011 14.4
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NIEL Scaling?
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Lower proton energy has:
 Higher damage rate at low bias —* NIEL scaling depends on bias!
* Lower damage rate at high bias
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DC-RTS

 Irradiation induces appearance of dark current

random telegraph signal (DC-RTS) z
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Conclusion

InGaAs photodiodes strongly affected by proton irradiation
Introduction of generation-recombination centers
Increase of dark current
Appearance of Dark Current Random Telegraph Signal (DC-RTS)
Similar behavior with MOSFET - charging/decharging mechanisms?
Modeling of dark current after irradiation

Generation current is field enhanced = reduce (increase) doping for high(low) bias
operation

NIEL Scaling

For low (high) bias operation reduce the low (high) proton energy spectrum
For imaging application (shielding would help)
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Space application example

Sunlight

===l  Reflected light

| Partie dédi¢é a la
~ détection

https://www.intelligence-
airbusds.com/files/pmedia/public/r329_9_spotsatellitetechnicaldata_en_sept2010.pdf
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Working principle

Photodiode = p — n junction

* . Dark current characteristics
SiN + T3
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Working principle
Photodiode
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Remote Sensing

False color SWIR image

Red : Healthy
Blue : Unhealthy

Remote Sensing
(e.g. Earth Vegetation)
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Space radiation environment

<y : . Space radiation environment
Galactic cosmic rays

(H, He--Fe--nuclei.....) '
AT . ' Radiation belts (Van Allen): depends on Solar activity

protons keV + 500 MeV.
electrons eV + 10 MeV
LLalt'ge ?Iolar ; Solar wind and flares: depends on Solar activity
roton flares o : :
4 protons keV = 500 MeV
ions 1 +few 10 MeV/n

Protons and Flux maximum at

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

T :
éGebmagnetically trapped
Lo 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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