®

REPUBLIQUE Radiation effe_cts In state-of-the art
FRANCAISE CMOS Image sensors cNnes
Liberté
ﬁxarlitf' v A. Antonsanti')?) C. Virmontois'!), V. Goiffon(?), A. Le Roch(?), el
rarerniie
L. D. Ryder 3), J.-M. Lauenstein!3) T S —
™~ (ICNES: Centre national d’Etudes Spatiales, (2ISAE-SUPAERO, | S a e ?-;(
Goal: Study radiation 3)NASA Goddard Space Flight Center
hardness of recent CMOS SUPAERO
Image Sensors (CIS) Radiation effects in CIS ~

Sense node -lonizing dose: SI/SI02
Interface States *
Oxide trapped charges #p
homogeneous degradation
-Displacement damage

dose: bulk defects ¥

DUT:. Sony IMX219, commercial
device (smartphone)

Main result:

v Typicall CIS degradation
trend for displacement
damage dose

Epitax : :
v Very good ionizing dose Space Charge Region . exponential tail of hot
\_ tolerance upto 250 krad / \_ pixels Y,
Dark current increase .
1077 ! ! | \
107 % | | | | ' . : . _ | Gamma irradiation E
—7.210"%*/cm? (10 krad) lonizing dose (gamma irradiation): . T =100ms
10°4 3.6x107p"/em? (50kad) + No change in the dark signal histogram ;¢! & 22 - —

; | —6.6x10" 'p"/cm? (90 krad) : : [ —100Kkrad ON | -
] — —model, v, 4000 &'/ up to 100 krad(SIO,) when biased and E - tookead OFF |
210 RN up to 500 krad(SI10,) when grounded S il T 250kad ON |
S ] NL o Displacement damage dose (proton £ | 500krad ON |
£ Proton irradiation: o 0 -« =500Krad OFF |

. Irradiation): | e tMad O |
Follows typical trend for silicon detectors ' | - = - 1Mrad OFF
10" : :
with 10x smaller microvolumes due to | | W |
o 1 . 3 4+ s small pixel pitch (1.1 pum) 100 4 S =2 38 okd oy 5’:}@
K Dark Current increase (e’/s)  x10° Dark signal (ADU) /
10°4 110 e7s, SUSIO, infert | - - A
140 ) LU €S, SIisIO; intertace | |n |ine with state-of-
signature - )

= 103 _ | the-art results for

Q 130 = —_ooton, 7.2¢10 P/emd 1 CMOS Image sensors

= 3 | | despite:

2 120 510 1120 e's, . smpaller ixel pitch
o = Bulk defect D :
M 110 | ol signature than previous work
A | | | e pixel desigh moving
100} Malmmum .RTS an':nplltudel _ 10“- .‘ . A | away from the
100 200 300 400 500 o 00 10000 18000 planar PPD
\ Time (s) Maximum RTS Amplitude (e /s)
/

. &
gur- T .

1180 i:é.{l/g, P+

1Mrad, gamma

* The biasing conditions have a strong impact on the ionizing degradation of the device
with the worst-case scenario being when the device Is biased and operating during
Irradiation. The device exhibit a very good tolerance to ionizing dose up to 250 krad.

» Displacement damage induced degradation is in line with state-of-the art trends for CIS
both for radiation induced dark current and Random Telegraph Signal.
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