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(a) low energy density (b) cross talk at energy density of 0.43 mJ/cm’ (c) laser bleach at energy density of 1.81 mJ/cm’
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(d) partially magnified image in Fig.2(c) (e) partially damaged CCD imaging (f) CCD imaging after closing the aperture

Fig.2 Resolution target plate imaging for CCD under irradiation of pulsed laser
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Fig. 3 Damaged element shape and output waveform of CCD in the first stage
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(a) imaging at energy density of 2.23 mJ/cm’ (b) reimaging after irradiation stopped for several minutes
Fig. 4 Damaged CCD imaging in the second stage
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Fig.5 Damaged element shape and output waveform of CCD in the second stage
5 5 2 BBt CCD #4514 T & K i th D %

BH . 4% BRA5 JAD %) H1F 90 T o G H B 23 501 R < Rvgives = 61, 60 kQ,s
Rusivir = 100. 24 kQ+ Rypver = 27. 37 kQ+ Rugsvp = 61. 49 kQ.
Rygsve = 35. 25 kQ» Rygover = 72. 63 kQ» Rypovp = 50. 79 kQ.,
Ruyssonn =12. 27 kQ s Ryss-oap = 50. 80 kQ s Rysroap = 23. 32 kQ, Ml
7o ARV i 4 ik v £ R B2 JHE X L H BHL Rivagn 112 = R -ono = Ringe-onn
=oo, 1T AR RELE 2R 2 B AFTE  TE TS 00T 3 26 v BELAE AR
JGg5 Ko D 45 R AT UL, CCD 7 53R O6 48 RS 7K - I ik o 46
RS2 B o 5 T K i A 2k 22 1) S0 I i i 2% b 1] ) H
REL 52 22 U /0N & 385 G I b 2 T Ko W) e £ 6 b 6] A% U PR 7 3% /G, 3F 5| Fig. 6 Damage shape of completely failed CCD elements
T A A 1 A e A £ AR AT 3 B o R L A 15 5 16 eI COD RO &
R Gk IR W e R . th T CCD B3R 3l ik i S i R h AR AR 1C $2 430 ffE AT 7 S 4 D & CCD /Y I b ik b 45 5 &
PR b ik (5 S AR R TS 9T e B Ak . S SE b, CCD i Sh 5 A AR X 72 Si b b, P2 & S e f i 2
[i] & 25 e 25 )2 H % P IR A CCD 58 ] H I (8] B 00 Z5AR /N o A5 5 i £l AT REAS 52 BEL A 3t 1l — A HRU A 76 7% 21 4R 48
FL R o SR 42 o) v A (7 B A A 79 R 408 L R 1) ) A A A A AR B T L AN BE 5 I T I H T A% 3K 3 1 45 5 H AT
MR A% 2%, By LA CCD 842 1 Fit A% 18] AH BEAR T 9 J2 A Al A P8 20 T & . R VOB B BT 53 b f i 45 44 A ] g
B L b A ) R 2 A L T s AR T A 4 )2 A A R A5 xR 408 B A £ ) B R e 2 XoF 1]
P, EL D/ L 2 e A R o B 0K 5l v L 68 P A DIG V5 A R A% i e 4 B CCD Bk IE L& .
2.4 HOLIEER CCD X {8045 T A0 3T L B B9 52 i

AR CCD Y Jik mh IO RE 1 %85 B AR 38 21k A MR 545 19 BE 285 B2 I, CCD g i B e i 1 &t TAE RS —
TEL RN — 5 BE RN LG BE T B> IS et TAR RS 74 Ak AR B 7 () s R O RE & %5 B2 B/, CCD IE R L
YRR T TG B 7 (o) 7R R OGRE R %5 0,95 m]/em® B, CCD Ab T4 AR T B A4 - 1 I R 6
o BE B R B AK . & 7 (o) B R WIS 1k B0 4 BRI CCD Jir A » 1 s T 45 0 B8 {0 AR 43 B B R B AIG . 1R 7
(D) fir s Ry i — B W 2 J5 CCD B A% /T LU 21 BT R SR AR B 18] 7 Ca) IR

l:III I 1=III I I=||| I
22 22 2---III
3=

l

=m

E=m

3=

=1 : =M III.‘ "I -3 i I"

5= . i b i

s wooCE me - :?5 wz [l =4 == =‘

=1 N D N =s
T =3 || BTE —||| E
[ i R [
(a) imaging at low energy density (b) saturated imaging at energy (c) imaging after laser disappear (d) imaging after CCD recovery

density of 0.95 mJ/ecm’

Fig. 7 Saturation and recovery of CCD
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Experimental study of 532 nm pulsed laser irradiating CCD

Shen Hongbin, Shen Xueju, Zhou Bing, Mao Shaojuan, Jiang Nan. Li Gang
(Department of Optics and Electronic Engineering » Ordnance Engineering College , Shijiazhuang 050003, China)

Abstract: The array CCD is irradiated by a 532 nm, 10 ns pulsed laser. According to the experiment phenomenon, hard
damage process of CCD can be divided into 3 stages. In the first stage, when the CCD is irradiated by the laser with a low energy
density, local white blind spots appears, which can not be recovered, while other parts of CCD can work normally. In the second
stage, vertical bright white lines appear in the clock line direction of the light spot after irradiation, which can not work normally
and can not be recovered by stopping irradiation. In the third stage, the CCD is damaged completely after being irradiated by the
laser with a high energy density, and can not be recovered. Damaging mechanism of each stage is analyzed. Finally, aiming at the
saturation and recovery stage of the CCD, the imaging of resolution target plate is processed with Matlab, and the influence on
saturated elements and contrast of laser irradiation is analyzed. The result shows that, when CCD is irradiated by the laser, the
number of saturated elements increases, and the contrast reduces to zero quickly. After the laser pulse disappears, the brightness
of the whole CCD imaging reduces, and the number of saturated elements reduces to zero immediately. A moment later, the CCD
returns to linear working region, and the higher the laser energy density is, the longer the recovery time is. It is found that when
the recovery time is longer than 0. 6 s, white stripes that can not be recovered appear, which influence imaging quality seriously.

Key words: laser irradiation; damaging mechanism; CCD detector; electro-optic warface against
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