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Abstract Taking 4T PPD (4 transistor clamped photodiodes) type CMOS image sensor as the research object, the
damage simulation of neutron irradiation fluence of 1X 10", 3X 10", 5X 10", 7X 10", 1X 10" neutron/cm” are
carried out, and the device model of CMOS image sensor and the defect model of displacement damage after
different neutron irradiation fluence are established. The correlation double sampling technique is used to measure
the output value of floating diffusion (FD) under two continuous pulses from bright to dark, and a simulation
method for measuring charge transfer loss (CTI) is established. The relationship between CTI and neutron
irradiation fluence is obtained, and the variation of CTI with neutron cumulative fluence is analyzed. Combined with
neutron irradiation effect experiments to verify the validity of the theoretical simulation results of neutron
irradiation-induced CTI degradation. The results show that the sensitive region of displacement damage of CMOS

image sensor is space charge region, and displacement damage defects will be introduced into space charge region
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after neutron irradiation. Through continuous capture and emission of carriers, these defects make the signal charge

can not be quickly transferred to FD, resulting in charge transfer loss, and the charge transfer loss increases with

the increase of neutron irradiation fluence, and there is a linear relationship between them in a certain range.
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Table 1

Defect information in Si substrate after neutron

irradiation with energy of 1 MeV!™

Defect o,/ o,/
E /eV , o /cm
type (10" em™ ®) (10 " em™ )
E.—0.42 vy /© 0.2 2.00 1.613
E.—0.46 VYV /” 0.5 5.00 0. 900
E,+0.36 C, 0, 2.5 0.25 0. 900
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Fig. 4 Schematic of influence mechanism of charge transfer. (a) TG open; (b) TG shut down

DA b 4 ASPRER 2 il A 7 T 20K BRI A B i e
TN E B O X 2y 3 O A LA R o8 A i
B AR SCR - AR A1 TG i 48 227, Hoal LAY
PR A2 08 4 R 4B 2R 0 PR ™ 2R i S B A g &2
AL P BEE B TG IFE I E N PPD ot
7 RE RS W 2 TR % 78 & FD o, ik o (R 56 3% I 6] AN 8
R R R . A FD & B R 88 K, 1T
LA PEIRZS T PPD A A A AR O6 AR fa i X AR i
TR AR R — S e £ i AR A ST TN 3R
B3 5 B X M o B D57 % 45847 T S P AT % il A8k R

IR AL B 17 5 S P i R 0847 2 A e A7 12 i A R
1B RO X B

3.2 CTIEiLEMFE
CTI 1Al CMOS B 14 1% & 4% b | oy 5% 5% 1o
B EESRL N T o B85 % CTIRLRY

PLBE A SCHEE ST T —Fp CTT A B B0 )7 i, 4T
PPD #! CMOS K& 1% J& £ & H AH ¢ Xk #F
AR A I AR R FD T S Y R 25 F
M5 M PPD # %% 2| FD F BG4 B iZ 8 R A
FIFHEBRAREE S T8, 8 TIFRE CTI 3R
R IO B % 2 I e Bk ol E 58— > B3 B T) Y
SIS A B 45 15 15 B0 i EIE R AU e
AR B BB OB TR CMOS B AL 18 45 ik
TGRS B0 45 o 5 A5 20 00 A o (AL VR 1 — i Bk
IS 5% B AE PPD R L 18 AU, g e I
B3 I {2 Rl A R O 25 4 PPD il 4 3|
AR TR, R CTI Rl AR R N

PA— AUZ,d;uk (9)
et AUl.pulsC + AUZ.dark ’
A AU, e HOG AT FD T 4 79 |

0723002-4



MR

E 425 F7HI/2022 F 4 B/EER

AU, g HICREENMET FD T i iy R, B T
B A A L VR BT X CTT A B 38 5 005 2 368 5%
M), N [ R SR B d F AE CTT A AR 400t A v ol i
e 4% 5 BRI S 473 PPD 78 B4 B B 3k 3128 1 Al

Bl 5 25 th T CMOS G AR RS 1 i Jik o, 36
U Vigsr 1 Vi 43050 0 800 f T UG S it i . T

I 20 FF 5 6 U8, A CMOS &G A% 8% 2% kb T 8 6 4R
A, PPD IR WA G A W far s T I 20 56 A1 OG U8 T IR
TG, PPD W4k (% A= Ha fof 9 7% % 1) FD v, 55 — it
BBk 25 9 T, 2 T, B %1, CMOS B AL B4
b TR IR, T, %) TG IR S b — Wi 5 ik b
Bl B AE PPD v, i 6 A= H far 8 5 B B FD b T
W20 TG ICH 55 i 5 ik b 4521

i P '
: o :
i P '
' 1 L} '
o Jdus } :
— o f— ' | ' '
i T :
Visr . — :
lus_ 3 - :
—_— —— i .
v Laf—— illumination == - dark -
= ) 1 ] ! '
' 1 ] ] '
' 1 ] ] '
) 1 ] ! 1
1 1 L] 1 1
time | I .
! I —
TO Tl T2 T3 T4

B 5 CTI BEye A RLad e o 1% 9K 5 I

Fig. 5 Driving timing in CTI theoretical simulation

CMOS B 5 4% J888 A6 i 5 Tk b 9 3K 35 F 58 i
A FLAaf 0 A% RS2 Y 0T 1) 288 20 D9 50 0 R ok R
oy A e R AR AR . B 6 4h T O A HL ff AR TR
AR S R R E . B 6 RR T,
Af Z CMOS EMG AR 838 v IR R BT 45 0 oK 2 3]
JGHRLPPD Ak T 58 2 B JOIRA, i L PPD N Y HLF

WRERAL, B 6 () T, — T, W]y i e il
e gl PPD IS4 0% A f fef , i L PPD N HE T
W EN S, B 6(oFR T, WA TG L& I
Ja » PPD WS4 B (9 6 A M fif 5% #8 3] FD J5 Y HE Ik
JEor AT, T T R R R AR D, 7E 4R B Ry
PPD "h i FYRE FREMRB R, B 6(DERR T,

Density /cm
1.8020 X 10%
8.6907 X 10%
4.1913 X 10"
2.0213 X107
9.7483 X 10?

4.7013X 102
2.2673X10°¢

&6 LA AT TR A 5L B B vh (M L YR 20 A . (@) G IR T PPD Ab T 28R s (b) SIS PPD A4 Ol A= W 7T 5
(o) TG IFJi iy PPD WG A 4% %% 8] FD 5 (D TG KM G PPD AR JeE AT (o) 3% T PPD R R HL AT 5
(D TG IFJA I PPD AR AY G AE HL A B % 7 2] FD

Fig. 6 Electron concentration distribution of photogenerated charge in process of formation and transfer. (a) PPD is fully

depleted before illumination; (b) photogenerated charge is collected in PPD after illumination; (c) photogenerated

charge in PPD is transferred to FD when TG is turned on; (d) residual photogenerated charge in PPD after TG is

turned off; (e) accumulated charge in PPD under dark field; (f) residual photogenerated charge in PPD is transferred
to FD when TG is turned on
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Fig. 7 Distribution of carriers captured by displacement damage defects after irradiation with different neutron injection

amounts. (a) 0; (b) 1X10" neutron/cm”; (¢) 5X 10" neutron/cm?®; (d) 1X10" neutron/cm’
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Table 2 Degradation of charge transfer loss with neutron fluence
Fluence /(neutron * cm *) U,/V U,/V AU, e/ V U,/V U,/V AU, g/ V CTI /%
0 2. 64384 2. 06389 0.57995 2. 64356 2. 64356 0 0
110" 2. 64401 2.06405 0.57996 2.64366 2.64362 0.00005  6.89X10 °
3x10" 2.64366 2.06372 0.57994 2.64384 2.64375 0.00009  1.50x 10"
510" 2. 64384 2.06388 0.57996 2.64413 2.64398 0.00015  2.50X10""
7X10" 2.64365 2.06370 0.57995 2.64366 2.64345 0.00021 3.60x10 "
110" 2.64379 2.06383 0.57549 2.64429 2.64400 0.00029  5.00X10 "
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