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Experimental study on single event effects for CMOS APS with heavy ions
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Abstract  [Background] Complementary Metal Oxide Semiconductor Active Pixel Sensor (CMOS APS)
photoelectric device is widely used in satelite applications with radiation exposure. [Purpose] This study aims at the
radiation effects of heavy ions on CMOS APS photoelectric devices and the sensitivity of single event effects.
[Methods] The internal structure characteristics and radiation effect of CMOS APS were analyzed, and a test method
based on the combination of monitoring data logic state and image “white point” was formed. Then, a single event
effects simulation experiment was carried out using heavy ion accelerator. [Results & Conclusion] The results show
that the pixel array is not disturbed when linear energy transition (LET) of heavy ion is below 9.01 MeV-cm*mg™',
only the charge is accumulated in the pixel array. Heavy ion LET corresponding to single event upset (SEU)
saturation cross section is 42.0 MeV-cm*mg .
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Fig.2 Timing sequence diagram of CMOS APS pixel
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Table 1 Heavy ions used in the test

K7 LET AR Si H R
Particle /MeV-em*mg ' Maximum flux Penetration
type /prem? depth in Si
/ um
108" 3.05 1.0x10’ 99.0
Agjl2 9.01 1.0x10’ 54.5
e 12.9 1.0x10’ 47.4
a8ytst 21.8 1.0x107 34.7
PBAT 420 1.0x107 30.2
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Fig.8 Three-dimensional image output during Si ion irradiation
(a) Irradiation for 10 min, (b) Irradiation for 15 min
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Table 2 Pixel array logic value change data

LET BREBRESEN HSBRMAE

/MeV-em®*mg ™' M Number of pixel Total number of
logic state changes pixels ratio

3.05 0 0

9.01 0 0

12.9 335 1.06x107

21.8 4856 1.5x1073

42.0 52736 1.7x1072
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