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Abstract Herein, the radiation response uniformities of six types of charge-coupled devices and complementary
metal-oxide-semiconductor image sensors are studied and compared. Irradiation experiments are performed to
investigate the average incremental pixel values and nonuniformities of radiation response signals in different regions
of the pixel array. The radiation response uniformities of the global pixel array, regional pixels, and typical pixels in
various solid-state image sensors are mainly studied. Results show that the incremental pixel value of the frame
image under a steady-state gamma-ray irradiation is not a fixed value, and the uniformity of the radiation response
signal in each region of pixel array is not affected by the radiation dose rate. For the same image sensor, the
distribution of the radiation response signal in any frame image is the same as the radiation response distribution of
any pixel, which is from the pixel array, in the multi-frame image. However, there is a deviation in the statistical
results across the typical pixels, regional pixels, and global pixel array due to the difference of the sensor
background noise. This study provides a theoretical basis and data support for improving the technology of gamma-
ray radiation detection based on image sensors and realizing real-time radiation detection without shading.
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Table 1 Parameters of various solid-state image sensors
No Type Signal Model Resolution /(pixel X pixel)  System on chip Analog-to-digital converter /bit
1 CCD Analog Sony811 976 X582 EFFIO 4140
2 CCD Analog Sony673 976 X582 EFFIO 4140
3 CMOS Analog MT9V139 13051049 FH 8520
4 CMOS  Analog  Sony imx238 976 % 582
CMOS Digital AR0130 1280960
CMOS Digital 0OVv9712

FH 8510

Hi 3518C
1280 X800 Hi 3518C
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Fig. 1 Schematic of experimental system
2.3 ELEEAE
XUL EE % 1% Mﬁ%ﬁ E@ ;’; E@ %( *E ft_l: '/ﬁ‘ ﬂ* g, Z"J ﬂ% g 350 statistical area|
LA Gt 8P X LA SC P AT 0 R O AR A S 20 @
JPEG P 2. th T 46 46 A8 10 29 R OR T, = 20
TR H 45 2 P 1514 RS O 15 1 2 £ - @@%Malpm
B3
BEHUR R RS ot XY 350 X200 MEE I &l 43 100 ]
B 6 G R A X0 P T 8 B e 7 A F @/
1 1 AMGT A o 1R T B X B 5 A 5 L
BLL(50,50) . (150,50) . (50,200) . (150,150) . (50, 20 100 150 =00

300) F(150,300) Ak br i B AR T MR EK B IT. B
RN g1t X AR RGOTR B EIWE 2 iR,

FIHATFE ML K JPEG #8 2X - R SCHF 5540
BOERE R T AT B A B, R AL R A5 i 1%
P18 74 G R 75 R Sy

1 h
E . :;ZEmnx”) ’ @)
=1

KA em on ARG R AR AL AR 7 S B Wik h =
4000 frame; E () 425 0T & 15 1 0K 2 7 1, L R &

——— horizontal direction

2 ARFEFES AT AR IT e BUR B

Fig. 2 Schematic of pixel array and typical pixel selection
B4 .
5 L WU TR R A & 0T Y E
1y
s,=N;(V,.D—1,.>, (2)
KAV WS RERR D B2 DNMBRENKRE
BT, 0% i MERIARIRBRRME N R REE .,

0728007-3



% i

BB AL G R R A AR S B N

1 1< ,
RNUD:‘TD Z;(V{n_vn) ’ (3)
XV AGIHE R RRRE.
3 LR HME

3.1 KBS

& 3 K 6 25 CCD K CMOS FIR ML 2 4515 &
AN W 4 A A% Bl . Sony673 I Sony811 Wi 3k
CCD PG A% I i 1) A IS M 75 R B — AN 8O PR
f18) Ml 7 PG A5 3R W 90 b 2 L 1) 1 IR IR R AR
AR R MR S el . H I 3 b 4 28 CMOS A

T

gl T V,=5.2496
Sony673_— — V=
(@ onyorS | R=0.1415
47
% 12
g 10
[}
E 8
6 5%00
4 boS
Q 0 ol
Pixey S == 0o
©ip , N =20 S
iy, o 50 &V
LA NG\
ecthn 5 ¢ dg\
T v ,=434672
© MT9V132/ | R 2002603
> ~T h \'\\‘\?
65 |
60 ‘
© 55
Z 50
% 45
g 40
A 35
=30 3
2 o
Q <
) 0
Lixey
UK 57
Y g 0 ~°
lra,,, Q .
ety o ng}&
(&) AROI30 | T g,:o 0720

PGAG SRS B AS I M 75 43 A5 B AT LLUF ) CMOS ElHR
18 IR M 7 357 2 30 Ay A ST 1 MR U L AFLER A
SRRRE T AT R G A 25 7, 80 MT9V139
Al Sony imx238 M A% JiC M 75 42 K, 1 AR0130 Al
OVI712 1 ZH015 o0 B A B/ 1Y A i B 75 (GRF 415
T MR P A KD o M P A3 A AN X 515 ARO130 W S
A3 A0 IR K5 1) — HE 1945 T8 R RS R, 3 T g
JE I —HER L A8 P AE A M R R TR . R,
R T 3R G A MR T A 52 L A B SRR ALE AR T TR A A
M) 137 51 A A9 45 25 1828 Ak A B i S o o 1) ¥ 50 1 st
7 T SN BRI OTAR A b A S MR R T o Y )
[F] BF o 76 X LB 5 B0 AR TT A 2 A R JE T Rl 2

Ao

e TV =9.5693
(b) Sony881 il =
e ﬁNI'I)=0‘0924\.;
12 S

%’10
= 8
3
"’é 6
&4

2

Moveriz 1V,
T 1 RI@EBS\Z?\?

V,=0.07528

2IRIZRILIRRA
ZIRIARIITXRIARZL
p) IR 6b0 -\«1,0‘\
”Ve,T.‘b N R4 $

P S %

Pl 3 T 5 288 P AL SRR A 0 AR G TR 7 [ A [

Fig. 3 Meshes of background noise of six image sensors before irradiation
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Table 2 Average pixel value of pixels in selected region and typical pixels

Location

Average pixel value

Sony673 Sony811 MT9V139 Sony imx238 ARO0130 0OV9712
Total 5.25 9.55 43.47 29.55 0.07 0.06
(50, 50) 5.18 9.45 43.44 29.51 0.02 0.04
(150, 50) 5.22 9.48 43.48 29.48 0.03 0.04
(200, 50) 5.43 9.64 43.50 29.66 0.02 0.03
(150, 150) 5.28 9.57 43.22 29.61 0.03 0.04
(50, 300) 5.18 9.62 43.68 29.51 0.02 0.04
(150, 300) 5.32 9.44 43.57 29.44 0.03 0.04
P T~ —@—Sony673
@ T T iﬁﬁﬁiﬁﬁ’ ®) e RN +s32§811
—a— AR0130 g —@—AR0130
—o— MT9V139 ~ —@—MT9V139
—@— 0V9712 —0—0V9712
250 —— SonyIMX238 250 SonyIMX238
<200 | 2200 \ |
%;150 8150 ‘
2 100 1;4100 .
A =

P 4 A [ R 22T 545 St ot PR AR AR R (B T i P I R 18T, () 21.53 Gy/h;(b) 60.17 Gy/h
Fig. 4 Average curves of incremental pixel values of frame images from image sensor under different irradiation dose rates.

(a) 21.53 Gy/h; (b) 60.17 Gy/h
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Table 3 Average incremental pixel value and non-uniformity of sensors under different irradiation dose rates

Dose rate /(Gy * h™") Data type Sony673 Sony811 MT9V139 SonyIMX238  AR0130 0OVv9712
Pixel value 16.19 10.96 5.11 9.08 23.07 23.37
21.53 Standard deviation 3.34 3.36 4.81 2.04 6.82 6.81
Non-uniformity 0.11 0.19 0.49 0.23 0.09 0.09
Pixel value 41.26 37.78 11.57 21.05 56.82 55.80
60.17 Standard deviation 2.64 3.02 4.79 1.82 3.73 5.01
Non-uniformity 0.06 0.06 0.21 0.08 0.05 0.05
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dose rates. (a) 21.53 Gy/h; (b) 60.17 Gy/h
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Table 4 Statistical results of pixel values of typical and global pixels under different irradiation dose rates

Dose rate / Pixel value
Data type
(Gy+h D) Sony673 Sony811 MT9V139 Sony imx238 AR0130 OV9712
6 typical pixels 18.28 13.18 23.67 7.93 24.64 10.43
21.53 Total pixels 16.19 10.96 23.07 5.11 23.37 9.08
Deviation / % 12.91 20.26 2.60 55.19 5.43 14.87
6 typical pixels 43.67 40.59 58.02 14.81 58.21 22.42
60.17 Total pixels 41.26 37.78 56.82 11.57 55.80 21.05
Deviation /% 5.84 7.44 2.11 28.00 4.32 6.51
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Table 5 Statistical results of non-uniformity of typical and global pixels under different irradiation dose rates

Dose rate /

Non-uniformity

) . Data type
(Gy+h ") Sony673 Sony811 MT9V139 Sony imx238 ARO0130 OV9712
6 typical pixels 0.13 0.12 0.09 0.49 0.09 0.16
21.53
Total pixels 0.11 0.10 0.09 0.49 0.09 0.18
6 typical pixels 0.05 0.05 0.04 0.21 0.05 0.08
60.17
Total pixels 0.06 0.06 0.05 0.21 0.05 0.08
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