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Abstract; In order to explore characteristics of CCD detector, according to the structural character-
istics of CCD detectors, we developed a six-layer-structure, thermal-coupling, mathematical physi-
cal 3D model of a CCD detector that was irradiated by a 1. 06 pwm continuous laser. By changing the
way of laser irradiating the CCD at different damage stages, the multi-layer damage mechanism of
CCD detector was analyzed numerically and the time threshold was obtained. By comparison, the re-
sults demonstrated that due to melting the damage started from the microlens layer when the micro-
lens focusing laser to photosensitive layer, causing the point damage of CCD. Then the aluminum
film was fused and peeled by heat and stress after the microlens lost the ability to focus the beam,
causing the vertical bright linear damage. With the molten Al film peeling off, the silicon electrode
was irradiated directly and its surface was molted. Then the damaged wiring circuit made charges
untransferable, causing the horizontal dark linear damage. Subsequently, the SiO, insulating layer
was torn up by shear stress, which made the molten silicon electrode in the upper and the silicon
substrate in the lower conduct together, causing the complete damage of CCD. Additionally, the ex-

perimental and simulation results show the same trend with small error and verify each other.

WFS B HA: 2018-07-09; EITHHA: 2018-10-17
EEWE - Bkob D RBOCHOR E ZH 540 % 4 (201511003 ) BB H
Supported by Foundation of State Key Laboratory of Pulsed Power Laser Technology (2015J1003)



5 6 1]

w8, S BETEOUARMETT T COD 5 e i [ 38 A R 789

Key words: continuous laser; charge-coupled device; damage mechanism; damage time

1 3l

HL ] #7514 ( Charge-coupled device, ]
CCD) & —Ffp IR BG4, B Iz i o2
BB RGERIRM ARG T, BOCR T PRI S fift
EARBIER TAE, L, JF R EOEXT ceD #R %%
TP S AR AL 58 BT oy R X,

WFFE M, IRBOEXT CCD B4 3 BB
R G s e gy, X TSR IR R4 A
PUEIE 2 T RERAFIE " 2011 4R BRifdar
T 1.06 wm FkiEoE4sE OGER T YA PRI,
Rt TOCHUZ BRI HLEE ' ;2013 45, EANFAF
FHABRITEXT 1,06 wm WWOLHRIR CCD H800 25 A i
FEGRN S50 T T BUERA i — 2 iR T CCD
AORGHL B! 2015 4F Lt i i = 407 =5
2% Nd: YAG HOGHR IR CCD K 28 2 )2 458, K
CCD F5 47 7y = 72 Jist R 2 A0 0 RN B8O 7 468403 ,
L J2 R 7 A e LR, PR P BB P A T (i
TRAAEHE AN, CCD T REME 31475 2 i T 4755 A0 2
FIREL S Z MWL, 2016 4F, Lit SEBOHTSE T fikoh
WO CCD BRI R LI, 25 SR 2 I, 45 il
PG EAATT , T S S A A AR PR DN 28 1 30 2
AEREES k2 140 40 38 L CCD #8215 1) e it
&, 2017 4, Chen fFFE T K Jk np SO G HE A AL AR
30 3 X R B AN, T o A SR, A5 AR R
FEEAA AR 1T P L B R e 1 ) 2 e v 114, B TR B 1)
BN, #REAT R

SR AR 7R 2 LR SO X ek 25 A i 351405
T 22006 T (802 58 380t L AR B 1 38 X 483 5
FEIRZNA DA A IO BLEAE T 4 8 3 6 2 AT
FFABHEBOELZE " EBA 4 CCD £ 2454
M2 Z PR, AR ORGSR AL IR, 454 Uk
(12 ]S i 2510 ARG CCD Y SEBRgs A0 T
YRR, 23625 18 T ROBH I R E BRI
F128 AL BT 8 E R T 23 R b ) A AR A5 R 3R
XPFOEHRIR CCD HEMZS B2, 385347 T CCD
ZIZEEMBZZ LR, JH5 3] T )2 2 Bt
B B{EL, 5 L5 S B0 AH B EDIE , HAR2EHN,

2 AR
B CCD B 28 1 — 2 51 451 235 (1) MOS

e

SEMI L ZS RS2, HE MOS Z5H I RS v 2 A7 v |
B — 2RI R ot 3k i — A A B
BERES, anE 1 (a) R, SGZ S — M F SR TR %
(PL) il i, X 1. 06 pm 35 i LT ik 3]
100% , MFOEIEST CCD Rt , 0B 5 51K G
LR - (N0 = 1 S Y N 1
L, HTF Sio, 42 2R, HX 1,06 pm 06
R, T RE LR X 1,06 wm 4 30O R R
67% ) I, AT AUIA A SO B 4R R ) Si LR
I, R R AR, SR CCD 44800 #5724
SJ SONY—ICX405AL (X 14k 6 mm, 25! 1/
3) i AP E A, # B [ BT 43 5
J BB RS E 3 pm AR 1 pm | Si0,
J20.5 um FEEPZE 0.5 wm Si0, 4542 0.2
pwm FEFLJEZ 150 wm, G0E 1(b) Urx, BOA ST
F| CCD RMM MO REE N 1=5x10" W -
cm 2 ,Aﬁi{ﬁﬁlﬁﬁ‘ﬁﬁfﬂﬁﬁé w, =100 wm,

Bl1 (a)CCD EEAZHREZERE; (b) CCD i HAL KRR
HE,
Fig.1 (a) Structure of typical CCD. (b) Model of CCD

detector irradiated by laser.
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Tab.1 Performance parameters of the material

- HRE/ R/ WA/ 0 Y VA 713N 5 v —_—" i g1k
(kg-m™) (W-m™'-K") (J-kg'-K™") K™ (N-m™)
Pl 1530 0.12 1 090 2.0x107° 4x10° 0.3
Al 2 700 238 1 050 2.29 x10°° 6.8 x10" 0.3 932
Si0, 2 640 1.3 787 5.0x1077 7.78 x10™° 0.17 1 880
Si 2520 27 1 009 21073 1.07 x 10" 0.2 1 685
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Fig.2 Thermal distribution along the model axis(z=0.40 s)
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Fig.3  Temperature distribution on the surface of the micro-

lens when the irradiation time is 0.45 s
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Fig.4 (a) Surface compressive stress distribution on the alu-
minum film. (b) Stress distribution along the interface
between the shading aluminum film and SiO, layer (¢ =

4.50 s).

H & 4 w1 OB RS Si0, 2338 A 2
Ab BB B AR F1 35 F] 400 MPa, B2 425 AL-SiO,
JZ RN Ty AR A 2S5 R AR D AR
N2 I BEARL A TR B LI A 932 K (HIL G AR Y45
JEAE N 3 B R R 3G BB Sio, JE 54 2,
TEFOERR X ( -0. 1 mm <y <0.1 mm) , fiiff
N IFGRETE 50 MPa 2247, 7R3 O HE IR X ki
A I R ARG O, AL-SiO, 2 fih i A i
Yy A AU 2 v W0 | 6B D6 40 S 0 v X 3R
JEE(E R o L A, SRS s il %) 658 R o Aol 7 g )
VEFITR RIS , % J ol 1) R RS 2 0 OV LR
PO, A5 SN B al A L R VE R 48
L2 T K T R i 9, 1 B 2 K i 8L
A, FRRE AL g, 5 Sio, 4 B, WOk iE i AR
Fih 2 S A ittt AT BRSO T AT, 1 OO
PG FEANTE R Bl H R, 7 A E A (] Y T H
PR ) vk 1 S = R e S R T ) | B
CCD HS B 7 2Rtk 0k 52 56 v U 2 51
N 22k R AT LISACA 4,50 s J& CCD &
Az G\ 1) S S AR A5 1 B ] [
3.3 EXEEERFITE MR

B 5 P AN T s fie R 9, M 904 R 4. 65 s



792 K St

i, AR AR IR B T 100 m, HEE R U, 56
XN O 2 e B, e, kLT
BRI LR 4 R 280 0 OC R B 4 4w IR e ik
e bR, REAPEIN 1,06 wm OGR4
AF I P Fef F A b T I R 2R T, BT 5 A RE
FEL R 3 T s Ak R B S 1] A AR A, AR b
WEEI N 3 A B OB B R B B OB B
Tl BRI A AR5 B B, OB BRI AR LR
Jehe s, HAR RO & R, (145 CCD i Tt %
FRAR, MR A RV e T R i e, &
5 OGCER IR R A 5. 88 s I FERLE [ R0
AR IR B RE O 1 685 Ko ML, PN R A 43
ST 22 A FEL A PRI B G B RTT A7 l i BAT 4k rR
B , A LR, S BCE S T R Y e T
PERS  DOMTTE BB ) E 2R R mT LA A i
JeHRIE 5. 88 s i CCD & ARk I mE 2R i 473

1800
1600
1400
1200
1000

T/K

800
600

400
200
0

1 2 3 4 5 6
tls

PU5 il b b i o Ak a3 A1 BT 1) A 228 465G &
Fig.5 Temperature distribution on the surface center of the

silicon electrode with time
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Fig.6 (a) Shear stress distribution on the surface of SiO,.

(b) Shearing force distribution on upper surface and

lower surface of SiO, when time is 6.02 s.
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Tab.2  Time threshold of CCD detector irradiated by 1.06 pm

continuous laser
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