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1

Table 1 Summary of laser-induced saturated thresholds or damage thresholds

to the var iousCCD devices or the fam iliar mater ials structure

deviesor wave working pulse aw value of
materials length methods length irradiated define of thresholds thresholds  ref.
structures /mm /ns time/s
632 8 aw - - all elenents irradited and saturated 6% 10" 5 1
Toshiba 1064 aw - - all elenents irradiated and saturated 5x 10" 4 1
TCD102C-1 632 8 aw - - afev of elenents irradiated, all saturated 15x 10" 3 1
model, 1048 1064 ow - - afev of elenents irradiated, all saturated 100x 10 3 1
elements, 1064 pulse 9 - local damage, device is invalid 9 0x 10 ? 1
visible 1315 aw - 11 local damage, device is invalid 1488 4227 9
1064 pulse 60000 - afev of elenents irradiated, 80% saturated Q 938nJ”" 2
PIH-3070L 20 - a fev of elecents irradiated, 15% saturated Q 0174mJ” 2
532 pulse 20 - afev of elenents irradiated, 60% saturated Q 174mJ° 2
TP-505D model, pulse 2000 - <12 7
512x 492 1064 ow - 7 point danage, device is invalid > 6325 10
elanents
10000 melting 27 8
532 pulse 15 - optical breakdow n 11 2 8
MOS stucture 15 - direct damnage, device is invalid 18 3 8
CCD 10000 melting 51 8
1064 pulse 15 - optical breakdow n 322 8
15 - direct damage, device is invalid 48 9 8
EG&G M odel ploysiloon 2 show s edge erosin;
RA 20483, 2048 1064 pulse 10 - top oxidemay be broken >15
X 64 elanents
Itek M odel 1064 pulse 10 - 1 shot on 1 point test A | clock line on >11 4
VLA S77E5D the active area breaking
2048% 96 1064 pulse 10 - 10 shots son 1 point test A | clock line on >0Q8 4
elements the active area breaking
U init W /an?(continuousw ave laser); J/an?(pulsewave laser). But the valuesmarked * "were provided
only with laser energy not laser fluence in Ref. 2
111 [3.4]
p-n , , PV
ts] Nd: YAG ( 1064nm )
EG&GM odel RA 2048)  CCD =, Y 1
(3] Q 743/an’?, v, :
1uA ) '
Itek Optical Systen sM odel VLA 577E5D, TD| CCD e
Q 2J/am’
112 el
X Rad
Quqa _ 1- xA (1)
Qundan 0 5+ Rd/(Rp1+ RpZ)
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Q dan , Q undam [ \Q‘E/
,L  CcCD : AL I
3 S
Rp1, Rp2 1 2 , Ra =
- 2L 2
RY s 1831
12 [ 3l 2 % >
1 2 1 “ »[1,2] g‘) /
E2F
CCD '
_4 I
CCD y | 1 { | | | | 1
—12 -6 0 6 12
CCD ! voltage V/V
“ ” [1] ( “ i [2])
CCD , Fig 1 1V cures taken betw een adjacent clock lines for
CCD arrays irradiated at the indicated fluences
1 CCD v
) CCD
(  Ip9 (
) 17
, CCD ) ,
122 (PSF) ™M TF) (31
CCD , ) )
(PSF), M TF)
PSF, MTF
Q Nd YAG ( 1064nm) EG&G M odel RA 2048)
CCD, Q 743/am® ( ),
Section 8, Section 6 PSF MTF
, , PSF ;
. (D
13 [3,4,6]
, ; CCD
2 4,
2 (Poly-Si/Si02/Si Si02/Si) e
131
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1064nm
laser
, 10ns
, , Q 5um ( CCD Polysilicon
) ) Silicon oxide
, Si Substrate
(sev) , Fig 2 Si-BasedM ultilayer structures
(Tem) : 2
Si ) CCD
2 Nd:YAG ( 10n9) EG&GM odel RA2048] CCD S
Table 2 Summary of 10nspulsed Nd: YAG laser induced damage
to EG&GM odel RA2048] CCD arrays®
fluence/J*an” ? functional and morphological changes
<054 no changesobserved
Q 55 increase in dark video signal
Q 74 degradation in PSF andM TF (charge snearing)
134 danage pitson polysilicon 1
>15 polysilicon 2 show s edge erosion;
top oxidemay be broken
3 Nd:YAG Itek M odel VL AS77E5™D CCD
(1 10ns 1 10 )4
Table 3 1 shot on 1 point or 10 shotson 1 point test to Itek M odel VL A577E57D CCD
chipsby 10ns pulsed Nd: YAG laser 4!
materials fluence/J* an” 2 damage behavier & comments
1l-on-1 10-n-1
<Q6 <Q4 no surface change
CCD active area Q7 08 Q04 Q6 change in color, maybe
change in surface height
(Si02-Poly Si-Gate oxide) 10 11 06 Q7 damage pits cap SiO2 broken
11 12 a8 Q9 poly-Simelted
>13 >10 poly-Simelted. bending
<Q8 <Q4 no surface change
A | clock line Q9 10 a6 Q7 surface roughening
(on the active area) 10 11 Q07 Q8 melting or shrinkage
>11 >11 breaking
132
TEM , ( )
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( )

4 Nd:YAG ( 10n9 (3/an?) 8
Table 4 All Exper mental DamageOnsetsfor Si-BasedM ultilayer structures
irradiated by 10ns pulsed Nd: YAG laser'®

200nm Si02/Si 300mm poly-Si/ 300mm poly-Si/ 300nm poly-Si/ 300mm poly-Si/
11nm gate oxide/Si 100nm gate oxide/Si  420nm field oxide/Si  600nm field oxide/Si
3 14 Q 43(wlor change) 2 33 1 57 0 81
133 p-n
MOSFET", p-n ,
p-n ©op-n ,
| ds | aub CCD , p-n
il SI H
134
( 2) ,
S ) :TEM
,  HF
CCD
21 MOS CCD (el
YA G ( 1064nm) ( 532nm) MOS CCD (
1000mim, SiO: 150m€m, p  Si ), )
M -Z : CcCcD 10N /m? , cCch Al
S0: (10N /m?) : , CCD
Al
) MOS CCD Al ,
1 [8]
22 CCD el
, CCD ,
CCD ,
: ( ) 1
3
(1) PV  InSb HgCdTe PC  HgCdTe™! , Si
CCD ol
InSb , CCD ( Si, S02,Al, (
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(3)" " ( ) CCD (
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REVIEW ON THE LASER-INDUCED DAM AGEM ECHAN ISV
OF CCD DETECTOR

Zhong Hairong, L uQisheng, W en Tiefeng, L iu Zejing, Xu Xiaojun
L ibrary of N ational U niversity o D & ense T echnology, Changsha, China 410073

ABSTRACT Thispaper review s that the various reported laser-induced effects, egpecially the ft-dam-
age or hard-danage ones, of the CCD detectorsor the faniliar materials structures, collects variouskindsof
laser-induced dam age thresholds, and gives those expermentalmethods By comparing each other, the laser-
induced damage mechanisn s and theoretical models have been analyzed

KEY WORDS detector, laser irradiate, danagemechanisn, CCD mage senrs
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