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Table 1. Variation of proton fluence and the number

of samples.
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Fig. 1. CCD pixel structure.
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Fig. 2. Variation of dark signal with neutron fluence.
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Fig. 3. Variation of dark signal with proton fluence, annealing time and temperature.
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Fig. 4. The displacement damage dose generated by

1 é:': \EI N 2 BB R 7= — ‘)'7-
(ﬁ‘ﬁ"ﬂ R 2t lZﬁ% T Wiﬁ EXE 0.3% % E’ 10 MeV proton and 1 MeV neutron irradiation in N+
%imﬁﬂ 3%)- buried channel.

194208-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 19 (2015) 194208

4 BB

{5 5 e FR 7R BE L e i A X EH A5 SiEA
AR, CCD ARt HEE S, HFEER
Je T2 AR B A BRI T 51 S, B S 51K
S S EERFE ML AV B BRAR, ™ 5 5 28
I RAR R i, I H 23 sk DhE s

5 5 R RS 5 AUARS SRR, 55T
PR B RN AE M RN 2 7R A SE A R B LA, AR
Si-Si0g FHTH AL 7= A= FLIHI 25, 3 SR H RS 5 5 11
;4 B BT B0 BB 40475 22 75 CCD A4k Si Hp 7= AR fR il
B, IX LA B A I RE LR 28 7 1, i T B s
1 B BRIT B T IR ORI K, S 8UARE (S
K.

B (FLI R 1 7 T 8 8 Si AR 38
i, &= 5H AW S EFRAEMBAER, FES T
B TF H AR BT AE ) S A% L B, 77 AR A 18] BRI
Xof. X e A A R R T AT ER 4 A B TEA R
iR, BB SHMEEE. B E T R E T
W, wJaltita e FIsFags . K+ AP CCD Ja
76 N HEZE P AR BB A BB P-V RGO\ V-V
O V-O HD, P-V HDCANT HEZE N 45 24 R
TS B4 E 5 R TR B G, V-V R0
&SN ALAE B 456, V-0 F1.0 4 Si0»-Si 5t
TH] P R T 5 2B A S . 3R 2 An B SiAbkL
H R B BE SRR 3R i D7), Horp vy R 2
RSB RER. AT XA BER G R
ANFE R HREDIRAS, AEZN0.41 eV HI V-V i
BASULTT, BEZLN0.23 eV I V-V i B A
Uik

F2 n B S BRI B R IR

Table 2. Energy level and the capture cross-section of

defects in n-type silicon.

N st ReZk /eV AR 17 3)#H /cm?
V-0 0.17 —/0 1x 10~
V-V 0.23 =/- 4x 10716

0.41 —/0 2 x 10715
P-v 0.44 4x 10710
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Fig. 5. Generation and recombination of carriers

through trap levels: (a) electron capture; (b) electron

emission; (c) hole capture; (d) hole emission.
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Table 3. Bulk trapping levels observed in proton dam-
aged CCDs.

(Bc — Et)/eV on/cm? P2AZK /em™! Rea it B s

E; =0.11 1015 7

Ey =017 10714 84

E3=022 10715 8.7 R F A
TR R

E4=030 10715 28

Es—043  10-14 56 %i&ﬁbu%ﬁ%%

R FR AN e
FE¢ =055 10710 6.7 B ImRIE(E 5

Ra TR RN SR T AR SR R e 2 (D
Tk AR )
Table 4. Defects trapping levels observed in neutron

damaged junction field-effect transistors.

TN e (Ec — Et)/eV on/cm?
I 0.17 4.4 x 10714
11 0.23 4.8 x 1071°
111 0.42 7.9 x 10716
v 0.60 1.6 x 10713
Y 1.04 6.0 x 10710
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BOR M 5 MR ks, A4 iR
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PRGREE = A RIS 5 BEATE b AR iR ok
Ja BB A 5 5 A 0 20 b B A T A 51 S 10 % T
{5, BT LT IR K5 A5 5, #3505 7 4m
T8 CCD AR 5 5 o B {5 5 oK H ], CCD
B K AT (5 5 8328 mV /s, 1B K5 (S5 A
1832 mV /s, [l

PRI 5 |2 BT i el

_BKJEHEES 1832 mV/s

BKHTHEES 8328 mV/s

SCIR BRI, BRT4RE I CCD Fn BUR (5 5 1
K RIS 5 v Z Ry, REE1E 5 T & EL B

—22%. (7

ZHN22%. F5RNEARRFEET NTHENA
R4 77 & B0 Bk 25 R AR IR JGREE B 15
MBS T RREE 5 BT R AR &,
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1) L, 285 200 B - 0 T L2 IR R A A Ak
R, HFARIE CCD JE i K IS (S 5 3 B AR B fa
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Table 5. Variation of displacement damage dose in N+

buried channel with dark signal and bulk dark signal

in different proton fluence.

SRR MNBHGRE ARES AREES
/(10 p/em?)  /(10° MeV/g) ~ /(mV/s)  /(mV/s)
2 1.58 3867 851
5 3.94 5945 1307
7 5.52 7443 1637
10 7.89 8328 1832

#6 AFPFEET, Nt HEMBHAGRE S EEE
EZALEIESA

Table 6. Variation of displacement damage dose in
N+ buried channel with bulk dark signal in different

neutron fluence.

R IR ZinLhpilh:s RIE(E 5
/(1010 njem?) /(107 MeV/g)  /(mV/s)
1 2.23 135.51
2 4.45 175.67
5 11.10 513.91
10 22.30 974
15 33.40 1162.8

Bl 6 95 1A AR RS R AR (E 5 5 Nt
HZAL MR RN KR, B, BT A
B A AR R L R A R B, 51 R AR 1S 5
FEAHAIA]. 2 5 FISE 6 AT A1, HhUEEN 10 x 1010
n/cm? £/ 15 x 100 n/ecm? I, 75 N 34 2 ] =4
(AL R 5403 70 AR A T 5T T AE 2 % 1019 n/em?
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Fig. 6. Variation of displacement damage dose in Nt

buried channel with bulk dark signal in proton and

neutron irradiated CCD.
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Table 7. Dark signal of neutron and proton irradiated CCD while the displacement damage dose in

N7 buried channel is same.

RERE AT R RIS iR KRS

/(10° MeV /g) /(10 n/cm?) /(mV/s) /(10'° p/em?) /(mV/s)
2.23 10 2.82 976
3.34 15 4.23 1191
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of charge-coupled device*

Zeng Jun-ZheY? Li Yu-Dong? Wen LinY" He Cheng-Fa'  Guo Qi Wang BoY?
Maria?  Wei Yin? Wang Hai-JiaoV? Wu Da-YouY? Wang FanY? Zhou Hang"?

1) (Key Laboratory of Functional Materials and Devices for Special Environments of CAS; Xinjiang Key Laboratory of Electronic
Information Materials and Devices; Xinjiang Technical Institute of Physics & Chemistry of CAS, Urumgqi 830011, China)
2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 24 March 2015; revised manuscript received 15 May 2015 )

Abstract

The proton and neutron irradiation and annealing experiments are carried out on a domestic buried channel charge-
coupled device (CCD), Monte Carlo method being applied to calculate the energy deposition of scientific CCD irradiated
by proton and neutron, and the radiation damage mechanism of the device is analyzed. The displacement damage dose
in N buried channel is simulated. During irradiation and annealing experiments, the main parameter (dark signal) is
investigated. Results show that the dark signal of the buried channel CCD irradiated by 10 MeV proton and 1 MeV
neutron rises obviously. With the same fluence, the increase of dark signal and the displacement damage dose in NT
buried channel caused by 10 MeV proton is larger than that by 1 MeV neutron. Dark signal caused by proton irradiation
is divided into surface dark signal and bulk dark signal. Oxide-trapped-charges and interface states may be caused
by ionization-generated surface dark signal, and the bulk defects may be caused by displacement-generated bulk dark
signal. Neutron irradiation only affects the bulk dark signal. Defects and their annealing temperature are studied. The
dark signal of CCD irradiated by proton is greatly reduced after annealing, this phenomenon means that the dark signal
is mainly affected by ionization. The proportion of bulk dark signals in total dark signals can be calculated by the
remainder of dark signal after annealing, and it is at most about 20% or less. From the formula, the position of energy
level of bulk defects has an obvious influence on the bulk dark signal. The energy level in the middle of the forbidden
band can provide effective hot carriers. Combining the results of experiment and simulation, when the displacement
damage doses in N1 buried channel are the same, the bulk dark signal produced by proton is nearly the same as that
produced by neutron. This phenomenon means that the defect levels in the forbidden band gap caused by proton and
neutron irradiation have the same contributions to dark signal generation. Effect of proton and neutron irradiation on
the bulk dark signal is homogeneous. The displacement damage dose can be used to characterize the degradation degree

of the bulk dark signal in CCD after irradiation.

Keywords: charge coupled devices, proton irradiation, neutron irradiation, transport simulation
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