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Analysis of Photon Radiation Response Characteristics of 4T-PPD-APS
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Abstract The structural features and the energy deposition process of y-ray photons in the pixels for the 4
transistors pinned photodiode active pixel sensors (4T-PPD-APSs) are analyzed. By the establishment of simulation
calculation models of sensor pixels and pixel array and by the experiment of y-ray radiation response, the response
characteristics of the active pixel sensors ( APS) under different photon energies and different radioactivity level
conditions are investigated. The research results show that, the energy deposition of the ¥ photon at the photodiode
spatial charge area and the formation of diffused photocurrent are the root causes for the photon response phenomena
occurring in the APS. The mean pixel value first increases and then tends to saturate with the increase of the dose

rate. When the multiple peaks appear in the typical event areas, the statistical pixel value cannot accurately reflect

the radioactivity level of the radiation fields.
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Table 1 Simulated results of single photon

energy deposition in pixels

Radioactive Deposition Reaction

Energy /MeV

source energy /keV probability /%
%Co 1.175 1.33 2.33575 0.039025
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Fig. 5 Nephogram of incident photon density distribution.

(a) Vertical incidence; (b) incidence with an angle of 45°

0504002-3



e ES

Es i

TCN I RE TR E s a0 B Y STERAEASBRIT N KR
J R JE A G T a i FAER T N BE R DT AL,
B5 aTRLE Ly A A% 00 3 T DT R fE
A2 JA] PR R RIS i DT AR BE AR 1Y 10000 4% AL, PR B 7
T E g T Z BT BUBT 50T N I TTR BE 2
A A v SHEAERTT N P TR AR i SR,
D5 HAT AR R,y e F A APS R EBR5
Jei o A X 38k 15 290 9 OB RE B L AR el R A A
g BRAST R W] AT, X TR B TE O F A A 2 ) H A
DX P i BB 7 A ) L A 2 T g DX U I o
WA LR R A AR AL SO R S & R
Ak, A y S F OO AR LI R B0 X R R
Pl NS R L1 1 R L FR 22 o M A0 SY 7 i 1o =
TR TR S, % APS (14 5% T 4 S e N 4
5 o AR TEA T RIS, X 05 LA B 4 SR A T BRI

4 RS

4.1 LBHER

g KBNS SR T . D B
e sk AIECh 8, R R IX [H] 2 0~255;2) APS:
BRG Z R 1920 X 12005 3) 15 828 . FL4 B ]
H1/25 s,
1.2 EERIE

SH P X B R SHIE IR . D T Cs B
ZWEHFEFEERYA N 657 photons (cmes) ',
WA AR S B NT 5% 52) © Co HCS IR . i 5 IR
SETEEE SN 9X10" B ARSI A AH S BT 105,
4.3 LIIBE

ST B AT-PPD-APS ith H 1E X6 i 569 I8 v B
fl. BES T BECE AR 12 B AR R AL
A, F R IUE B R 9~680 Gy-h™ ', FHRE
FHAL 2 550 D0 B AR A AN o /N T 5 %0
1.4 ZHRERE5ITE

BT Cs YRR B 2% 1R S R o Ry S5 1R n 1 6
JEoR s Forfr XY 43 51 Sy SR S i 97 = X e R
Tia] AN 1o 1) 45 38 4000 A7 11 A o o7 = 4 X814 K 3
RAHE . ATLAE AR RO TR IRA T R
25 B4 5] v AR e i o 5 L £ . 1) Y IXK IR R
W45 N B G A /N B R 3R B Sy 55 )
FE A R AR R AT ) PRV L {F (T i B A/
SR FEEYIAE 15 LAF 52) 24 XI5 2 B 51 A 5
AR, 7 Wi 7 =47 0 B2 30 0 KA

Co Y5 5 M8 2% 1 T S B e b 4 dn 1 7
Jin . BB AR R B X8RN & A e g 4R T

(@

Pixel value

(b)

[AVIEN W)
S W
[= I

Pixel value

50

00 3 X

Bl 6 197 Cs y 54 00 i 0 7 = B
Ca) 55 W 17 5 (b)) 558 Wi iy
Fig. 6 Meshes of typical photon response events with
Y¥7Cs y-rays. (a) Weak response; (b)strong response

ot bR RE SR ER2A X, B 7R,
R T A 2 B e g DX, B A3 SR O O T i
o7 S5 & HE AR A D HLAG G K R 3R (B R g
IR A A 50 %0, LLES MR R R 3 I R A
T M 107 DR, S A SR e N B AR T B S
16 2% {1 B 7] ek S 1 38 R HS OL DXC S ) B — A
WEAE , QAL 7 (b)) ~ (D TR 5 245 57 o 818 4K 22 1k
M S0 DX B S5 0 o 155 100 28 A5 S A L O R B 22 0
i, E 7Ce) ~ (h) fron . Bl i 30 i — 03
R 7 R LR B AR AN X, Q& 7 (D ~ (D s, 3
TR e X358 PN 1) U {0 — 20 3 22, 25 45 T 4 5 ) g
TC 7 PERE K AZ R i AR 2 H 9 B8 T HE S BE HE 6
B ) 5 6 I 3 ) S P KRR B

R S o 1 ST 2 AR WY, ARy O R KA
RNV e R, S BUR R EI K, X 505 58 50
SSe VG . I Y AL R AR KT Ot e B
KIS RNBREZERM, RRESIHED
TC I I W 5k 3 1 TS KT

5 4 1w

4T-PPD-APS %} v 6 F RIS m v % & i T
HFHEGITTHNITRR IR — e =4 7 B ff . X

0504002-4



#

g3

Bl 7 °Co v 4k BG4 RAE K, () 5.2 Gy*h !5 (b) 21.4 Gy*h ;5 (¢) 29.3 Gy*h '; (d) 69.2 Gy*h '3
(e) 87.8 Gy*h™'; () 128.4 Gyh '; (g) 155.4 Gy-h '; (h) 173.4 Gy-h'; (i) 186.9 Gy-h ';
() 216.0 Gy*h™"; (k) 299.0 Gyh™'; (1) 276.0 Gy+h™!

Fig. 7 Meshes of typical photon response events with ® Co y-rays under different dose rates. (a) 5.2 Gy*h ';
(b) 21.4 Gy*h™'; (¢) 29.3 Gy*h™'; (d) 69.2 Gy*h™'; (e) 87.8 Gy*h™'; (f) 128.4 Gy*h™!; (g) 155.4 Gy*h™*;
(h) 173.4 Gy*h'; (i) 186.9 Gy*h™'; (j) 216.0 Gy*h™'; (k) 299.0 Gy*h™'; (1) 276.0 Gy*h!
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