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Experiment of 170 ps laser pulse irradiation
effect on visible plane array Si-CCD
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(State Key Laboratory of Laser Interaction with Matter ,
Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract: A measurement system was established to study the laser pulse irradiation effects on a plane
array Si-CCD at the wavelength of 532 nm and the pulse duration of 170 ps. Experiments on Si-CCD
under picosecond laser irradiation were carried out, the typical experiment phenomena were observed
and the corresponding energy density thresholds were measured. Furthermore, the microstructure of
damaged CCD was observed,and the damage mechanism was analyzed. It was demonstrated that the
most severe failures could result from the malfunction of CCD circuits. Experiments on a Si-CCD by
laser pulses at the wavelength of 532 nm,800 nm and the pulse duration in 10 ns, 150 fs were carried
out, respectively, then the thresholds with different pulse durations were measured and compared. Ex-
perimental results indicate that the Si-CCD is disturbed when the laser energy density is between 10 ¢
—107* J/cm?,and the permanent damage of Si-CCD is observed when laser energy density is larger
than 107" J/cm?.
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Fig. 2 Experimental setup for picosecond laser irra-

diation on plane array Si-CCD
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Fig. 4  Typical imaging and signal waveforms for

CCD under interference of 170 ps laser pulse
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Typical imaging and microtopography for

CCD under damage of 170 ps laser pulse
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Tab.1 Uncertainty of thresholds measurement for

170 ps laser irradiation interaction with CCD

Variation Uncertainty
Overall energy measurement 1.4%
Light splitting ratio measurement 9.2%
Effective area measurement 11.3%
Effect discrimination 3.7%
Thresholds 15.1%
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Tab. 2 Measured thresholds during laser irradiation interaction with CCD
. Threshold/(J * em™)
Typical effect
170 ps,532 nm 10 ns.532 nm 150 {5,800 nm

Pixel saturation 9.43X107° 5.92X10°8 1.61Xx10°*
Cross-talk 2.16X10°°¢ 5.59X107°° 2.75X107°°¢
Full screen saturation 2.03X10°° < (1415 1%) 2.90X10°° % (1420.5%) 9.68Xx10° X (1416.9%)
Slight damage 3.09X107! 4.91Xx107!
Moderate damag 8.42x10! 6.00X10"! —
Severe damage 2.02 9.00x107! —
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