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Fig. 1. (a) Pixel unit plan view; (b) pixel unit cross

section diagram.
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Fig. 2. Physical map of test system.
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Fig. 3. Variation of dark signal with proton fluence.
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Fig. 4. Schematic diagram of defects after proton radiation device.
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Fig. 5. Simple model of each layer of CMOS APS pixel unit.

F1 BRETTEZHIMRAE
Table 1. Material and thickness of each layer of pixel unit.

JEH ok SRR E /nm
i JERERR VY 21 1000
BE SiO2 12.5
H=2 JRIEERR DY LB 1000
eI N A%k 2700
FBHE P 85k 5000

F BB KR TR B B R A =
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TAE 28 A U2 OB ) FR B 48349 7 R R A B 45403
7 (S RN ) U EAE AL R, AL 25N B
OZEAREEF), 25513k 2 gl

22 AT SRR R YU I B A A
i
Table 2. Ionization damage dose and displacement

damage dose in sensitive layer after different proton

fluence deposition.

Ei/pem™2  BEHGE/rad BB/ MeV g1

2 x 1010 1.11 x 10% 1.58 x 108
5 x 1010 2.78 x 10* 3.95 x 108
7 x 1010 3.9 x 10* 5.53 x 108
10 x 1010 5.569 x 10% 7.895 x 108

R IR R WY 5 Ay 1S Y R 2 AT
SRR, PR DU y A S SRS R SO S
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Fig. 6. Variation of dark signal of CMOS APS with

proton and y irradiation.
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Fig. 7. Variation of dark signal of CMOS APS with different annealing time at room temperature and 150 °C.
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Abstract

In this paper, we discuss the dark signal increase in complementary metal oxide semiconductor (CMOS) active pixel
sensor due to proton-induced damage, and present the basic mechanism that may cause failure. When the fluence of
protons reaches a predetermined point, the change of dark signal of the device is measured offline. The experimental
result shows that as the fluence of protons increases, mean dark signal increases rapidly. The main reason for dark signal
degradation is: 1) the ionizing damage causes a build-up of oxide trapped charge and interface state at the Si-SiO2
interface. The creation of the interface traps (with energy levels within the silicon bandgap), which can communicate
with carriers in the silicon, gives rise to the thermal generation of the electron-hole pairs and, hence increasing the dark
signals; 2) when protons pass through the sensor, there is a possibility of collisions with silicon lattice atoms in the bulk
silicon. In these collisions, atoms can be displaced from their lattice sites and defects are formed. These resulting defects
can give rise to states with energy levels within the forbidden bandgap. The increasing of dark signal is therefore one of
the prominent consequences of bulk displacement. We use multi-layered shielding simulation software to calculate the
ionization damage dose and displacement damage dose. Based on the comparison of the test data of gamma radiation,
combined with the device structure and process parameters, a theoretical model for separation proton-induced ionization
and displacement damage effects on CMOS active pixel is constructed, and the degradation mechanism of the mean dark
signal is investigated. The result shows that the contribution of ionization effect induced surface dark signal and the
contribution of displacement damage induced bulk dark signal to dark signal degradation of the whole device are roughly

equal in this domestic CMOS active pixel.

Keywords: complementary metal oxide semiconductor active pixel sensor, dark signal, proton radiation,

displacement effect
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