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Damage Proceeding and Effects of Damage on Imaging Capability of Charge
Coupled Device by 1.06 pm Continuous Laser
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Abstract The damage proceeding of charge coupled device(CCD)detector irradiated by 1.06 pm continuous laser
and the weakening of the imaging capability at different damage stages are studied. Combined with damage
mechanism analyzed by scanning electron microscopy (SEM) and the CCD output images at the damage stages, the
reasons of the imaging quality change at different damage stages are explained. Results show that during the point
damage, the microlens melts, vaporizes and loses the ability of focusing beam, which cause the incoming laser to
reduce and the image gray to decrease. Besides, the vaporized microlens is adhered to the surface of encapsulated
glass after cooling. These are the main reasons for the image quality reduction. During the linear damage, the
deeper damage of multilayer structure by laser causes part of pixels to lose imaging capability, while the
encapsulation glass is damaged due to the irradiation. So the CCD imaging ability becomes weak gradually.
Combining the image clarity with morphologic detection, we built the damage assessment model to evaluate the CCD
imaging capability and imaging quality at different damage stages based on existing evaluation method. By this way,
the corresponding relations between damage time, damage morphology, the damage stages and the CCD imaging
capability are obtained.
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Fig. 3 Output images of CCD detector at different irradiation time. (a) 1.0 s; (b) 2.0 s; (c¢) 3.0 s; (d) 4.0 s
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Fig. 4 Surface damage morphology of CCD detector at different irradiation time. (a) 1.0 s; (b) 2.0 s; (¢) 3.0 s; (d) 4.0 s
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Fig. 5 Imaging of detection target by CCD after irradiation different time.
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Fig. 6 Optical micrographs of encapsulated glass when the damage time is from 1.0 s to 4.0 s.
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R B ) 7 A 403 5 B g 40 T R TS
SEAEFHEFEI R 6.8 s B, ot Ak 118 7 5 T AR 40 9%
AR I B G " W A T G AR
(DR AFT S )2 JEAS 43 37 1 22 i e Pl A R O
HECTIT Jo Lt 1% o 6 S ) 190 3R 3l el R 7= A H Al i) 17
T FL 9 » Rt ) U L O L R A P 7 A S 1 3 L DA
fifi 2 5% 2 B A, 7E CCD i i RS B 6 1
MR AR, s, BB Y 3K Bl L R Y R
LI . CCD R ZRAT5 R RE 1E 5 T AE .

B2 7 I HLA R T AR 28 1 R R Dy
1100~ 1200 °C, fof i 55 WMk 9 16 45 F 2 3 55 XF
1,06 pern 30 1A IR ASC 384 5, 44 i FIEL R [ 5 4 sf, b o

BOR BT — R AR AR D WU T A9 8 4
TEHANTE 8 iR, Bl 8(a) ~ (o) M2 i Ui R A%
Bl 25 4% B 8(D M BUR AT B 10 7. 23 B S
Tty H BURE S o B 152403 1) i Je) e 1R D3 € o
TR 30 % XIS RS (017 5 25 40 BRI [R) 0 6.8 s I L 4
b DX LR G B 5. CCD #5630 &7 2 )= 45
AT FRY 71 A58 407 M 2 T ) 0, R AR AR Y
BRI 9 Frs. xR B A XY 4545 42 A
B, H AR U A3 AR, B 0 R R R H A
TS I S R AL A L X R v T G K i AR
Fill s 0 22 GG AR T AL L B IR EOL R B R B A
BRI N SR EBAR.

P8 IR A3 I ] R R B RS R B TE ARl . (@) 5.5 s5(b) 6.0 s3(c) 6.4 s;(d) 6.8 s
Fig. 8 Damage morphology of encapsulated glass at different damage time. (a) 5.5 s; (b) 6.0 s; (¢) 6.4 s; (d) 6.8 s
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Fig. 9 Imaging of detection target by CCD at different irradiation time. (a) 5.5 s; (b) 6.0 s; (c) 6.4 s; (d) 6.8 s
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Fig. 10 (a) Output image of CCD; (b) SEM morphology of CCD multilayer structure; (c¢) damaged encapsulates glass;

(d) detection target iamge when damage time is 7.0 s
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Table 1 Calculation results of image scale at different damage time
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