%51 5% 70 NGt TR 2022 % 7 A
Vol.51 No.7 Infrared and Laser Engineering Jul. 2022

B CMOS B &£ a5 L8 5%
AEA, A =, RIE, ER, B OE, Wk, BAK, E R
(BFEIRKP EMIEFR, #d XX 430075)

 OE: AR RABMEN AL X, A TR, W E T LML L ik 5 e 37
B, R IR T KK 1064 nm F= 532 nm, Bk 5E 10 ns 89 B0 B AL KB AR, ARk K
1064 nm, Bk 5E 0.4 ms F= 10 ns BRI WKL FAH AT CMOS B §AE B 35 a9 s s 200, 2R
R, Bk K B AHERT CMOS # 8™ & 3714 B 69 A0 38 2 2 4% 1064 nm g8 77.8%, & F 1%
532 nm R 89 62.5%; BRI AR B B, BRIE 0.4 ms Bk 89 AR B B TR A S kAR A B e
1.7%, BR 5% 10 ns B 69 582 5% B AR A 20 AE A BT 49 76.4%. X — KA SR XA SHHH Y
SERARAET H0 BIb Ao

XA bextdn; AAh; Mfhakak; T EE

FESES: TN248.1 MRAPRESAS: A DOI: 10.3788/IRLA20210537

Experimental study on a CMOS image sensor

damaged by a composite laser
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(Ordnance NCO Academy, Army Engineering University of PLA, Wuhan 430075, China)

Abstract: Lasers are an effective way to counter photoelectric reconnaissance. To improve the damage
efficiency, a new idea of a composite laser damage photodetector is explored. Damage efficiency experiments of
a 1064 nm and 532 nm laser with a 10 ns pulse widths and its dual wavelength composite laser, 1 064 nm laser
with 0.4 ms and 10 ns pulse width and its dual pulse width composite laser on a CMOS image sensor were carried
out respectively. The results show that when the dual-wavelength composite laser causes complete damage to the
CMOS, the fundamental frequency light energy is 77.8% of the 1064 nm laser alone and 62.5% of the 532 nm
laser alone; when the dual-pulse composite laser damages, the pulse width of the 0.4 ms laser is The energy
density is reduced to 1.7% of the single action, and the energy density of the 10 ns pulse width laser is reduced to
76.4% of the single action. This discovery provides a new idea and reference for high efficiency optoelectronic
countermeasures of multisystem composite lasers.
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Fig.2 Schematic diagram of double wavelength composite laser damage

experimental scheme
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Fig.3 Schematic diagram of double pulse width composite laser damage

experimental scheme
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Fig.4 Damage effect picture of the CMOS under increasing 10 ns laser energy. (a)-(c) Damage effect of 1064 nm laser on CMOS; (d)-(f) Damage effect

of 532 nm laser on CMOS
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Fig.5 Damage effect picture of the CMOS with lens under increasing 1 064 nm laser energy. (a) Damage effect of 0.4 ms laser on CMOS; (b)-(e) Dama-

ge effect of 10 ns laser on CMOS
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Tab.1 Damage threshold of CMOS with lens by

different pulse width laser
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0.4 ms 9.6x10° 3.84x10°
10 ns 4x10° 4

XF K 1064 nm, ik W8 10 ns 380 X5 2 BE
Skl 5 CMOS /Y B0 0 15 B8 1 % B2 B H 2 9k
380.2 ml/cm?® 1 4 ml/em?, 55 3k AU G241 55 B E
(14, Bk TE 0.4 ms¥OEXT 5% 3k 1) CMOS B ECE B fifig

B N 3.84x10° mI/em?, HE 15 Bk 5% 0.4 ms
WO AN B Sk 1) CMOS (9 EE 10 Bl %8 1% B (L
9 3.65%10° mJ/em?,
22 E&EAI CMOS 5
22.1 B 10ns. %K 1064 nm A= 532 nm SUE K £
AT CMOS 445

HE RV A S A WO i A 5, CMOS #RK 3 2R
SEOLBEA . S XA e, tnE 6(a)~
(c) Fi7R o RIS b H B4R 6 B (i sk, 6 b i
HAWOLRERE R 0.57 mJ, Hh 1064 nm #OGRE &>
0.43 mJ, 532 nmFOLHE R K 0.14 m), B A WHOLRE R
WK E 1 mI I, B sE R RS @B . e
R Z 1.19 mJ i 58 445405, Horp 1064 nm BOGRE &
k1 0.64 mJ, 532 nm HOGEE &R 0.55 mI, PLEEOL
3 A5 A0 A 22 T D et RE R 35 m

P K 1064 nm Al 532 nm (1) 10 ns #4% B AR
DA BB A2 A OV T CMOS 114 350 0 47 4k 4
N3 2 iR o 4 HeT A

(1) il KO 58 2 85 CMOSHY, 532 nm #0t:
AE B9 T B2 1064 nm OG0 42%, L5455 %% BE
B XD AN T 1064 nm BOE, 532 nm #OEHE K
B O FRERABR, HWWRBECR, WIOREE /I,
W75 5 1 i CMOS (451

(2) WK AWOCBECE #i CMOS 1Y Rk 3 % i
59 {2 B0 1064 nm OB 62.3%, /&5l 532 nm ¥
FER 148%, {H X HLAR G ORI 0T L& 3R, & A0k

202105374



i E ok A2

www.irla.cn % 51 %

Bl 6 WP GWOEXT CMOS IR . () SREIEBERB; (b) X Ebith; (o) 784t

Fig.6 Damage effect picture of double wavelength composite laser on CMOS. (a) Green spot damage; (b) Cross line damage; (c) Complete damage
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Tab.2 Comparison of damage threshold between double wavelength composite laser and single wavelength laser

Complete damage

Wavelength/nm Output laser energy/mlJ
Laser energy/mJ Laser pulse power density/W-cm? Laser pulse energy density/mJ-cm™
1064 45 1.91 3.8x107 380.2
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1064+532 35 1.19 2.4x107 236.9
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Fig.7 Damage effect picture of double pulse width composite laser on CMOS. (a) White spot damage; (b) Cross line damage; (¢c) Complete damage
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Tab.3 Comparison of damage threshold between double pulse width composite laser and single pulse width laser

Spot damage Complete damage
Pulse width
Laser energy/mJ Laser energy/mJ Laser pulse power density/W-cm™ Laser pulse energy density/mJ-cm™
10 ns 1.48 1.91 3.8x107 380.2
0.4 ms - - 9.1x10° 3.65%10°
7+ . 4 . .
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