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Total ionizing dose radiation effects in 4T-CMOS image sensors

at different biased conditions
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Abstract: To study the effect of total dose effect and biasing effect on image sensor performance,
Cobalt—60 gamma ray irradiation and annealing experiments were carried out on 0.18 pm process buried
4T — CMOS active pixel image sensor under different bias conditions. Emphasis was placed on the
variation of parameters such as dark current and full well capacity with cumulative dose. The
experimental results show that with the accumulation of total dose of irradiation, the dark current
increases slowly in the early stage, and then the degradation is obviously aggravated. The main source of
dark current in 4T —CMOS image sensor currents from STI interface and depletion width increase

touching to STI, which aggravates degradation of dark current. Full well capacities have a drop after
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irradiation, which was due to the the photodiode capacitance decreases when the depletion width increases

induced by radiation. And there is no remarkable biasing effect at 4T—-CMOS image sensor. degradation

of dark current.

Key words: CMOS active pixel sensor;
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Tab.1 Different irradiation conditions

Devices Source Biased Dose/ TID/
condition  rad(Si)-s™ krad(Si)
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3# Y TX=1.8V 50 350

4# v TX=0V 50 350

S# Y GND 50 350

o R S0 A T L R A B T 8 LA R RS
60Co—y it & 4 BRI L AT 0,y e PP RE &S
1.25 MeV , S 28 U8 A A1 IR 25 ¥4 | 38 5o 5 50 1R 2 1)
AN TR A I 15 4 BRI  3R BRI A5 00 28 T T4
REVR BRI . A T 9K S 5 F IS 37 4 R BR BT Y
M), T 2SR FHB A %ok Fi S AR IR A7 B i . S 560 v o R
42k 50 rad(Si)/s ., M AL EEE 10,30 .50 ,100
150,200 , 350 krad(Si) . A7 T {8 4K 2y ff & oL i AS 52 5
HESZ ), LU HEAT T Bk, A CMOS EIHR A& Jk
PRI A2 AR IR A R SR R A B A R B
DEAVERS ik, LA B 7 = (23 O) F kAT,

2 RBWERSHT

BRGBEERN R iR 75, A2
JEAFS , 23t AT G4 25 OR AR (PG AV IZ HL A7 5 i
K, I R 2 BRI AL 2% (ADC) 7 8 US55 DN i
i BB A R 350 krad (ST, A ARLER A Th fiE
R B TRIE 018 um 1.2, MOS 457 A H A
Y A R AR L B A AR ] IR
A, X FL fip—F R A it AN 2 7 A B I A s i)
I TSGR L SO XS R BT I
2.1 EEER

I HL 2 CMOS EIMGAR AR R AR R 32O R

FAFTAAAE T RO AR G AR P YA IR LR
FEF IR th SRR AS B ) B A R 1 A I R
PIFEAERT CIS HYTH Z2 R P8 bn A AR B ),
Hh g R A 2 B A Y L £ MR D ] A R
P AL 2 7% Sy I R O Bt 2R B R M IR IR
S TR A A £k B Sl DL Y e e R AR R
W5 P O it L 0 ) g SRBRUITT 228 9 1 DT P ]

PIE A [RV5E RS T 5 (5 5 B AL IF R R 80 4%
KES MBSOV T S EER LR s/,
7507 - 750, — TX=0
p :?i:(l) g . — TX=1.8
4 e 2 — TX=3.3
2 600F — TX=3.3 | X 600 _
_9' - Dynamic —F‘ - Dynamic
o = GND " — GND
. 450} Z 450f
a a
2 g
g 300 2 300
5 5
¥ 150 - E 150
: @) R )
0 070 20 30 40 50 60

50 150 250 350

TID/krad Room temperature annealing/day

Pl 2 Ik r U B 2R B e A =R iR e (] 2B £k
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Fig.3 Dark current generation mechanism before irradiation
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