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Thermal Damage Mechanism on CCD Detector Irradiated
by Pulsed Laser
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Abstract The morpha and spectral character of damaged CCD, which has been irradiated by picosecond pulsed
laser, are studied by using scanning electron microscope and micro-Raman spectrometer. Morphological damaged
images of different layers are observed on the surface of CCD. The damage sequence is decided by comparing
different layers’ conditions with a scale as small as a single pixel. The damage status of W-shield and poly-Si around
one pixel is observed. On the cross section, the red-shift of Raman spectrum of bulk silicon material is measured and
it means that bulk silicon melts, which brings a short-circuit between surface poly-Si electrode and substrate. The

short-circuit explains the thermal mechanism of complete failure.
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Fig. 1 Sketch map of Sony ICX405AL CCD. (a) Solid surface map by atomic force microscopy;

(b) cross-section image related to the dark line in figure (a)
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Fig. 2 Morphological images of damaged CCD by optical microscopy. (a) Original damaged area; (b) damaged area after

removing the micro-lens; (c¢) enlargement of edge area in figure (b); (d) enlargement of central area in figure (b)
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Fig. 3 Morphological images of damaged CCD without micro-lens by scanning electric microscope. (a) Panorama of

the damaged area; (b) area from edge to the centre; (c) central area; (d) a single damaged pixel
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Fig. 5 Raman spectra of cross-section silicon after abrading. (a) Image of cross-section in dark field, point 1 is fine,
point 2 is damaged, and point 3 is on the borderline; (b) Raman spectra of the three points in figure (a)

MR T BB BDNEATE Z Rty REBAJZ TR . U B 3R 1™ A 0w i il Al 3% i
Je B O A AR R R SR E 6 k. Bl 6(a) BRI BIA SR N AR . fEA RHE AL Z )5, B A%
IR 2 J5 A TR SR 1A . R AR N BB AU DL A A A 5 H P Gk I 2 T 22 i L AR
PEAERRL WOL S 00 KR R BE IS . 4005 X 38 L5 iR O L PR LI L Bl CCD S8 2R AL
11 G BE 24 0 288 s PN ) PR 290 77 o sl I i FRAERT LA CCD iy 2T 4 il A 5% AT EE b

&6 = T WA WA ORI B CCD MBIIIESRE . () FTBZJE
(b) M55 (o) B (b v gt 1 IR BRI AR 5 () B (b) i 3 X3k R B 40
Fig. 6 Morphological images of CCD’s cross-section by scanning electric microscope. (a) After abrading;

(b) after polishing; (¢) enlargement of 1 area in figure (b); (d) enlargement of 3 area in figure (b)
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