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Abstract: In order to select the type of image sensor module which is suitable for y-ray
irradiation environment and has the most potential ability for radiation hardening, seven
types of image sensor modules were studied by analyzing the parameters of bright and
dark images before and after irradiation. The radiation resistance of different types of

analog and digital image sensor modules was studied, and the radiation damage mecha-
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nism was also discussed. The experimental results show that the damage and interfer-
ence degree of the image sensor module is related to the module type, the process of the
image sensor, the irradiation dose rate and the total dose. The radiation damage does
not show simple linear relationship with the dose rate. The light transmittance of the
camera lens decreases with the increase of the total dose. The interference by the
incident y-ray on the quality of the collected pictures is related to the intensity of the
ambient light, and the weaker real signals are more likely to be flooded by noises
induced by the incident y-ray. As a conclusion, the primary damage and interference of
the incident y-ray on the image sensor are caused by the dark current and positive pulse
noise in each pixel. According to the experimental analysis, digital module using CMOS
technology is more suitable for online monitoring in radiation environment, but it is still
necessary to improve the reliability and service life by means of radiation hardening.

Key words: image sensor; ionizing radiation damage; total ionizing dose effect; dose

TRST IB 45 22 2R G A% IR s A 2 W 3 4 S5 4500 ) L AT 5T 2093

rate effect

TAT W 45 38 5 R 76 A% Tk T 25 6 kA i B
J WS IR B A L B N B PR
1 b o) A Y S T R U A . R
JERE BB A B R A 95 2R G R R A% L
TCER 3O B R TR G U R T . B
X FL - T 1 P B G A A O 5 A R
FRI 5 238 f AR DA 7 o e IR BT L LR S 4 AT
P37 45 70 o R AR O LA TR KR B A AE
JLER R O R S8 A A R AR e
DO BN BT IR AL B R b R XA G
SRR TS RENEE . W
U N B Bl 4 PG A TR S 0 A G A
T A5 55 55N Ay e A A A1 7 181 OO AT 4y
T A AS 0 4 S — IS AU RS 4 7% vl 8 56 I 402 40 25
W R B T A 28R AL

BiE T2k &, Ot & 8 A ek 51k
(CMOS) 11 1 fig & W # ik i ff 8 & Jc 1+
(CCD)., HH, CMOS #5715 R AL IR A5 A
A1 CTRIFR BT 4D B4 X G A 5 i AT Ak PR
1) P 2 AR ) il vl 0 A7 A2 i, R R 4 5
T BT AR TG st W B0
BRLH AT S B AL AR L 5 R A Ly L O
FHBEE BRI % B (FPC) HEZR 3 332 T o A
F TP S . R ECE A A R BE K R
T M R AR S O 5 5 2 BT e R 4 58
LR EEGE S M A A R b T
P fg o F I Y 4R TR N,
I,/ 4 CCD Al CMOS B4 A% B 45 1 14 BE LA

LA DL A R R R 4 P BE AT X EE AT
R AR SCHRTIE W+ S 2068 3 74 o ] 0 12 T
e AR LA R By b U R i 450 R L
B S TR R SN BRI R S B
T AR AL I ELAR AR -8 O 2 (il 3
153 B AT SO Tk B A e AR S
i N TP B e S k=N R S U S I S
P 5 A% T A 2R 8 i S S I IR PRI 2 K R
R R 38 18 958 B2 e 5 i AR S B AR AL AR
JEE o 6 E A% AR UL B B A 1) S B B A
T3 53 M PR S 4545 LR L AT Bk 3 B AT B
PNk - paRibE:S2ie St

1 EWAHARRHBELEFE
1.1 LHHRSEE IR

1) SRR

K F 7 SR B AL IR AR A AR R RE
SPALIEAT LR ARALARE SR AL T 2K R
PRIRAR A 25 1 A RE 2 4LRE 5, 40 B e A
Y TR RS B e b R 26 2 R A% 1R R [l e 3k
FTHR IR SC 0, SRR Sl 2 5 B R S 8N & 1
fr 3,

2) LT R

K™ Co MMt AR v ST IR b FRE RN
1.17.1. 33 Me V., JC 5 U 7% & ok 680 kBq.
P A AR S B TG R AL F AR T v L T
T IR SRR o S R BT A B . AR A0 B
TR T E IR 50 s, AR E AR TRAR



2094 JFFRERFEHR 504
®1 ZHESRSH
Table 1 Parameter of experimental sample

FATE R MRS R & L iy T2 G A% e 5 I B Bt Jr %
1# B+ CMOS 0OVo712 1 280X 800 HI3518C
24 CMOS ARO0130 1 280X 960 HI3518C
34 CMOS SONYIMX 2221.QJ 1 984X1 225 HI3516
44 i) CCD SONYS811 976 X582 EFFIO 4140
54 CCD SONY673 976 X582 EFFIO 4140
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Table 2 Experimental scheme and parameter
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Fig. 1 Dark image average gray level

of each sample before irradiation
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Table 3 Camera light transmittance before and after irradiation

B ZBH D/ Gy HERTATE R T/ % HBJGERR T/ % B EWATE AT/ %
YEHE 1 88. 4 23.73 23.01 96. 97
UEEE 2 1010.0 23.73 22.98 96. 84
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Fig. 2 Dark image average gray level

of each sample before and after irradiation
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with maximum dose rate of 16. 63 Gy/h(SiO,)
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Fig. 6 Average gray level of dark image at different dose rates
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