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Finite element simulation of damage chaia<teristics of CCD
detectors under single-laser-pu): = irradiation
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Abstract: In order to explore the damage mecharisr o ch. rge-coupled device ( CCD) detectors under laser irradiation,
CCD detectors irradiated by pulsed laser were analyzei thecretically and verified experimentally based on the finite element
method. Damage mechanism of CCD detectors irradiated by laser was described and simulation model of thermal effect of CCD
detectors irradiated by laser was designed. Sinulction calculation was carried out for thermal effect of silicon CCD detectors
irradiated by high power laser at wavelength of 53Z:im by using finite element method. Temperature curve of silicon electrodes and
time threshold of silicon electrode der.aze were obtained. After calculation, the corresponding laser damage threshold for CCD
detector was about 220mJ/cm”. Simu cusn .esult shows that damage threshold decreases with the increase of laser power density
and but it changes slightly. “Vhe 1 »ulti-millisecond pulse laser irradiates CCD detectors, detector temperature returns to the
ambient temperature befor: ‘he “exi pulse and after the former pulse. The model can accurately simulate the thermal damage
effect of CCD detectors nac. zl.gle laser pulse irradiation.
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Fig.2 Simulation model and mesh subdivision

a—model b—network
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Table 1  Thermodynamic parameters of Si and SiO,

silicon silicon Si0,
('solid) (liquid) ('solid)
density/ ) 2330 -2.19 x
9. - 2500
(kg-m-3)  2330=219x107°T 0y o1 k10272
thermal

22.23 +422.52 %
onductivity/ .
(Wcon u_c]tlvltlz_l) exp( = T/255.45) 62 1.19
em-! .

specific heat 352.43 +1.78T -

capacity/ 2.21 x1077? +1.3 x 1021. 84 841
(J-kg™' - K™ )10°°7° -2.83 x10°1°1*
latent heat/
1805 — —
(kJ - kg™")
melting
point/K 1687 1923
dielectric . 2 2
(4.14 xix0.045) — 1.46

constant
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Fig.3 Temperature distributions ( pulse wid*1 .s ‘Ons, / = 100mJ/cm?,

time is 10ns)
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Fig.4 Temperature change of Si electrode
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Fig.5 Temperature change of Si electrode with different power density
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Table 2 Time threshold and energy threshold of melting Si electrode with

different power density

energy density/

power density/ (W + em™?) time threshold/ns

(J-em™?)
8 x 10° 89.3 0.893
107 46.5 0.465
3 x10’ 9.2 0.276
5 x107 5.1 0.251
8 x 107 3.1 0.241
108 2.42 0.242
10° 0.22 0.220
100 0.022 0.220
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Fig. 6 Time threshold of CCD detector irradiated b/ 532n11 laser
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