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Electron radiation experiment of CMOS image sensor

Zhou Yanping, Xie Xiaolong, Liu Yang, Jin Hao, Yu Siyuan
(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The effect of electron irradiation on CMOS image sensor was studied, focusing on average dark
current and light intensity response. The CMOS image sensors, some in operating mode and the others in
non-operating mode, were radiated simultaneously. The data were collected when the total dose of radiation
reached 5x10°rad, 1x10*rad, 7x10*rad, 1x10°rad, 5x10°rad, respectively. The results showed that, when the
total dose of radiation exceed a threshold between 7x10*rad and 1x10°rad, dark current of the imager
showed a basically linear relationship with the total dose of radiation. When concerning the light intensity
response, for the imagers which were radiated in non-operating mode, radiation have no effect on the
response; while for the imagers which were radiated in operating mode, with the total dose of radiation
exceed a threshold, 7x10'rad, the response curves shifted down and the slopes decreased with the total dose
of radiation increased. In other words, radiation reduced sensitivity of the imagers. At last, the model of
dark current versus total dose of electron radiation was developed after theoretical analysis. It is shown that
after working in the space for a long time, CMOS image sensors are easily affected by the total dose
effect of radiation, thus reasonable protection measures against radiation are needed.
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Tab.1 Controls parameters of radiation source

in electronic radiation experiment

Expected Actual Electron Dose
Beam

dose dose Charge/C Time/s energy A rate
/rad(Si) /rad(Si) /MeV /rad-s™!
5%10°  5.09x10° 23x107° 53 1 1 100
1x10*  1.00x10" 45x107  107.7 1 1 100
7x10*  7.00x10* 316x1077  623.4 1 1 100
1x10° 1.00x10° 452x10~7  955.4 1 1 100
5%10°  5.04x10° 2277x107" 3 074.5 1 2 200
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Fig.1 Layout of radiation field in electron radiation experiment
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Fig.2 Test system of light intensity response of CMOS image sensor
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Fig.3 Light intensity response curve of nonradiative CMOS image sensor

i CMOS FMG AL A A T A RS s o 1 ith 2k o 7
ABFETIR A 0.015 wW B, XF 17 14 5 H S F- Y K
JEAH 30, 2 ASE T2 0.075 pW I, Fin i B4
S-S5 K BEAE R 230, BLEF CMOS EIE AL Il 3 A Gk
AN, ARSI BRI FE AR R AR
SE o MITE CMOS &5 1 8 i th ) TAE DX, 2ok
M) o7 88 A - il M R S B ) BER
2.2 FEREMNR
221 BT R e s

&l 4 2 CMOS EHG AR IREFFE TAERSFEE TAE
RET, o 52 48 5 5 45 20 (0 °F- 357 15 rL I i 15 Bl
g E Ak, THERESTEZEME,
CMOS B4 A% 25 W5 L U (4 °F- X5 K BE(ELZE 1T 4 A48
SRR A LR R e Bl JTAE 5%10° rad IR |
b2 32, I I R U ) - 38K B AR 24 SRy AR D I 1)
16 i . AR TARIREHE ZH S 1) CMOS B AL 4%
fE 1x10" rad 5 & S, 5L P B K EE y 8, 8
T IR ) 5x10° rad B FL 3 A9 - 34 K BEAE M 15,
IHYC I 25478 %) 5 P YA 1 S X8 K (R Sy A 1 5 6 00 3 s
i) 7.5 1%,

W
w

X:5e+005
© Power down Y:SS I!

w
(=
T

S

[n]
_—-.Power on

N
(%3

t
1]
!
I
f
!
!

X:5e+005 1

Gray value of dark current output
N
=)

15f s f
/
X:1e+004 2
10p Y:8
ey .
10° 10* 10° 10°

Total dose of radiation/rad

Pl 4 W75 S X CMOS 1145 A I8 I EL 3 i 1 22 f 32 i)
Fig.4 Effect of electron radiation on dark current output changes of

CMOS image sensor

Fb A8 T 4% il 26 1T LA & B . CMOS G A% Ik 25 7
WA R R S e, TAERES w4
1, I A IR B 0 R T AR AR T W L
M3 RIR R, B TARREE R 2 4w S i & 1k el T
VEIR AT 422 52 4 S 1 #8452 405 8 Jn ™
222 RBAAEAEEHER

Kl 5 R TARRE T2 5 5 1) CMOS B4 15 &
i 1 5 e N 5 A A R R A G R e, R IR
i M 5x10° ~7x10" rad , 658 M b7 ph 26 A8 fb /0N, 5ol

0520006-3



aoh gk T2

% 5 4

www.irla.cn
—

% 45 %

LRIV, RS RBU R E] 1x10° rad
I, D' S W) 7 T 2 194 2 Al iR 28 3 K e S SRR
IR B 5x10° rad ' 5 A B 2R 4722 A6 I RE B )
3, SR I 55 ) 57 T 24 194 2 3R T A D/ R R
1] T fi B8 4 B, CMOS [ 45 A% IR g 480 SR A0 [ A1

3R e 1 B2 AT
250
O Pre-iradiation Q
5 200 #5000 rad %%w §<
2“0 510000rad 2 49
= 70 000 rad G
o 150F 1100000 rad g d
Q
%500000rad _ Q 4 5w
g 23 w
‘s 100 1<
4 TR
s g %
& 50 g% a @
4
0

0 0.02 0.04 0.06 0.08 0.10
Input power/pW

K 5 TARRET 152 AT ] B AR 4T i CMOS {5 A% 8 14
S ) 17 it £
Fig.5 Light intensity response curve of different total dose of
radiation when CMOS image sensor accepted radiation

in operational mode
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