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The shorter the wavelength, the greater the photon energy,

which is prone to damage

The damage threshold of rectangular beam is lower

than that of Gaussian beam (15%)

Laser waveform

The damage threshold of multimode laser is
lower than that of single mode laser

Laser pulse width

Narrow pulses are more likely to cause damage
than wide pulses with the same energy
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Multiple pulses have cumulative effects
and better damage effects

Number of pulses

B 1 BkOESEOR G2

Fig.1 Effect of pulsed laser parameters on damage
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Fig.6 Correlated double sampling working process of CMOS pixels
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{5 M kb, (Peak Signal to Noise Ratio, PSNR) 832w
DAAR A8 R 3 557 0 AN [8) 18 1 G 3 1Y) pR R, B2
2~ BREICK i B B — b ) ARG 22
4.2 #FAEI CMOS BB &R TN RIR

H I, CMOS MG & 1845 © 2 sl BHIF . A2 il
A Sl R R TR A, A R D B A A AU
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B, FE AT WL R RSO 1 Ak R LA 5 Ak
W, FERROGAR T 552 B4, 22 i CMOS Bl
A B 7 A R AR 405 LA SR 2K UG T B S AR X L
BEHRIAERY 19, RIS OB XE CMOS 1Y 1447 1R
HEEMLPRE X, EHNIMIETEEC LT R T 2R
HBOERT CMOS EUR AL B i) TP ot . #8453
AR TR ES T ER 1

TEASFHOGRE I % BERR S0 0 1y FE v, 1 el
DAMRS 31 R A2 R A A TR ARG i K, A 23 o't
AE, A7 — LSt rh AR B T R A S, BDGEE
O RURBEAETF IR N, E /N 2R, LR
BE R BOCR I, CMOS B L s D hg
SERWE AL Z BN W . 5 RE 5 4k SL 3G I iy o F2
o, LSt OS] T RIS, A Ry S g )
DAL ZE 20 B A BRtp A, T TR XoF D e 2L 780 e 3
S0 LR AT 40T o

TOFN . AR, BB BRI SE A T4,
FERREAE T A SEI6 AR W] LIS 3, L 2 A AN [F] 30t
XA )25 CMOS BAH B A SO XA R LS CMOS
B TP g i R 25 5 o Hod, R B T A
S i CMOS EIME AL IS 15 TAE X ], 40Tk
HB P R K 7 P A 81 38 R e K L 255 X
1L, AN DR 230 BUR B T i P ROR AR TR #E
AT A A 22 5, (0 R 20 R %, # ] LG
Ji CMOS PRHG AL BG5 ) fBOT AL

2014 4, F B Xk i Al g b4 TR, kB
IZ IG5 CMOS PG AL AR R IR AH SC BUR A i Hh
T3 20 O 2 R BRSO ) 232 85 32 38 0K T A 1 A
KB AH CBURFE P I AME , Vg 5 Vies #8
THHLN, TR O L A PP 25 (L 080N, DT 5 B
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Tab.1 Comparison of laser interference thresholds for CMOS image sensors

Laser source CMOS model Saturation Over saturation Crosstalk Full screen saturation
1.06 mm, 64 kHz, 10 ns SONY IMX035LQZ-C 35.8 W/em® 4.3x10° W/em®
1.06 mm, 10 Hz, 5 ns DH HV1300FM 7.70x107 J/em®
1.06 mm, 10 Hz, 5 ns (vacuum) DH HV1300FM 7.70x10°? J/em?
532 nm CW Micron MT9V022 4.32x10* W/em®  8.7x10° W/em®
1064 nm CW Micron MT9V022 5.87x107° W/em®  6.0x10*> W/em®  2.0x10° W/em” 2.0x10° W/em®
632 nm CW DHHV-U 1x107"' mW
632 nm CW Micron MT9V032 4.2x107° W/em? 4.1 W/em? 11.6-24.3 W/cm?
1031 nm, 226.5 ps, 9.6 MHz MicronMT9V034 2.3 mW 630 mW
1031 nm, 226.5 ps, 2.4 MHz MicronMTIV034 1.3 mW 28.5 mW
1064 nm, 5 Hz, 10 ns MicronMT9V032 0.76 mJ/cm

JEHE IR RS B A & . ST R B, Y
FH S HOG K bk oh o 48 B CMOS 4830 5 i mT LA
WSS ARG, TS P ik o I CMOS Hif B
WA B G, X 2 PO 78 CDS {5 5 RS
B, res 55 5 sig 5 5 B RE AR BT .
L 1080P. 30 Mt T-AEfts ik 151, A Wt Ay 4 4 ek 1) 24
M 33.3 ms, BEWIZE AT H1H 1080 51, 4 — 51 5 1 il it
(B 24°4 30.8 us, 1fi res {555 sig 15 5 R4 T [A] ] ff
WA T 3 AN IR, 295 20~30 pso 43OG K SN T
B RAEE R, HAEXS Hrh—AME 5 7 A,
HUIE V| Vg Vil FIRE AR AR 5 0 DR, 72 B2 A
AN PRI B O R B CMOS S2 U635 4 28 R
P MBS . WO T EAR TAER O, BEE =it
WAMBLER R T 5 Bk v A5G Ah, B 5 8 A %
Wang %5 A C ] 2.4 MHz B fZ #0248 B8 CMOS i W 4%
) 20 1 R B G AR AT A T B ik e B B I
res {55 5 sig {7 5 SRR I, (H l TROLA T & &
BT AERLCT , X5 5407 2R 5 e, PR o 22
I35 5 A BRI 5 i AR A NP 64 kHz BN ED
W' B CMOS U A I B i AL 42

R B JEL TR AR 5 CMOS RIS 4% T2 Y A
KBERHE (CDS) B TAE T A . CMOS EI5 1% &
RS F AR A B (55 A B R RO, O
HA DTIE AR SERG B H AR AR, (8 R Z 6] AH B4
%, B1E CMOS B A% A8 1 i Hh el i v ] — 3114
Zd Rl — RN L, T CDS RAERY Vo B AL TE AR
2k ALY, IEH BT — MR R SR8 52 s,
£ PPD BESY B B, 1245 38 v 08 45 3000 A DR 4 DG iR

Ao YEobmeRmEL RN, 2B BERTH
MOS & Tk 4 % S, A7 T L i Hh 2 Vi ARG )
2 I, FE R — 2 0 HAl R 2 R U, s R S A2
A NN TVRA R IR E 72/ S S WS i
AR IR CMOS FUS LIRS SL e i o2 b, SR
WA K A 2378 5 n] R S BT A B A 22 T
FRTESS % B 2 A i A 2 2 R, N4t T
HRPLLR I 52, (A (O ATF 9 7 42 BRI RS 4k 2248 o i
JGRE AR R T iR ER AR Rk, A HEALEE
TS B 25 3T, ORI CMOS [EHS L I i 2>
AR RIS, {F 21 Jok T 4 S B e LA ESR . CMOS
FUR AL A% BAR 2 R R A, (A5 CCD A Fb 3 e ik
), [, CMOS 1 H 3 FHT Sy 1] R TF, A 23 1 Al
ShEER . AT T K E N ) CMOS &4 4 &
I FEARMEIL B . SO TR RAERET TIEM
Jefg A 2, CMOS B2 5 B 28 1% 70 3UHE X
ST, JEVE RO TR BRI, TR BE R T R R B
ASFRE K 18, N L AE R 4 S8, 4B
{EH & 5 T3 E

it PG A gt 1 1 40 B8R mT A3t 1 R AR R
S5 e 0 WA S, (EAE R ) LR AT R Y, FE A
] 1 SCHE LA 4 BT, (A5 A6 S F X B B v )
VEFIA B, (H7E BOCRE A BRI A0 F o je—Fh i
ECH M TFEL

5 X CMOS Bl =R mi5ln

TESRHOLHR IR T, CMOS B AZ AR OO BE
AR TR, S R R AR, LA
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77 A e Ul e P 5 B AR, ARE RN 2 AL B B IR, i
AL AR L3R o G T I T BE IR F AL, X
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A A B L 1 (0 0 A B A 0 SR v R
TF 5T 3 45 5 ' FL AL SR 14 R P T X 4 7 SR ik i
117 AL TN, 1775 BE 5 56 A 27 3k S R R ik
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5.1 WMGEERNEXNE

E 2011 45 J A7 08 [l BRgos 4 45 1 (8 U A 4 SC
4 1SO-21254-159 rfr L5 - SR A 100 % B3 150 4% Y
Nomarski AH 8 2 S 5% r S22 21 1 b 0% 5 806 R &
AT ARCA BITE SR AL, o SRS 405 1
OG5 S 475 B {H (Laser Induced Damage Threshold,
LIDT) 2 SR <2 A 4 A 2% o 28 1) e v O
M, FRETE 2017 45 & A0 T AL A7 b b o S
GB 16601. 1" Fryfy H 13k — 5 Lo XA 7 X
(R A0 40 180 2 i #2812 SME R A 4 40 2 A T B 6%
HREZ W RO RE 5 B (WK oG A%, 8 L Jem?
N A ) B R OG T A R GRS IR0 A, 18
PL Wiem® Hfn) . BOGH s BA 48T, LIDT
N BERA A AR T2 (1 0] 4 %f R 25 o A 40005 1) i 1 %
JE, TR A T 32 08 D458 473 488 23 /N T 11 S XU 7K - ) g
WL FE 1S0-21254-3 iR 45 10 T Ok AE TR R
W (RE %) K2 BE 1 EAR KO MR 56 A5
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A 1] 2 (B R 1 L A B i (RCR AR A 1B
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R, BRI

1 By S5 5 TR O 5 A b ) 463 40 P o A
N OGRS TS0 B AR AL BT A — 2 58, AR 5286 A
DUPRVERS AT REAETE DR 22 . [RGB A B B 28 iR
Thae, A7 it 0 A AT DO £ B B RBR , M
St [ B D Re AR TR, i R AT Y
403 ) 7 A 0K, A B i A A U, AR
G A% TS A A3 47 80 (i D00 i A e, 3 e BRI B A
FOFEE X 23 B 405 26 78, CMOS PRG54 8 s 1) 5 DL 354
SRR ISR INIC S £ L /INE - & il ]

DA 58 42 R U A 2, P R el B A 47 25 R
AE 5k R 19 e v O B R ok i M TR A
Wi A ARG SR TS TR A A E ik, n
Francis Theberge % 7 7¢ Jlll i # {5 CCD 1 CMOS
P53 BB 2 B, A5 IRt 1 i 32 393495 ) 38 2
T PR FE IR A, TFE HE O R 32 0y fig
35 M0 EIGAL IR X B8 (9 i 7, R R % IR BB T
M) A5 70N, LA 2 F A R 45 5 AR ) AN T 6 1Y) T e AR
b, FFAB R E Lo Bk, TR AR R a5
B TE (21 SRE0E) e W K APEAR AL 50%(IE 5
) 5 N —H . T AFERIEIE AR, B0
WFoE & R T R e O, K 5HED L
CMOS i 40i i 4Bt 2/3 LA b ARk S0 461005 3 25
Wibm v, ok 1 6T HEAS ] i OGO BCR 1 H .
1M Bastian Schwarz 25 ™ WU J2 44 451 £ T80 AR A 5 g
PR AR, T HAS [F] B AL IR 1 B 6 40 B
Fo ZE LR, TEAF A B br o 00 22 A AT 4R T
23 T IR S0 £ | FERE RN SCBG H AR I 25 5
B AT B E E OB

GG R BE 25 T LA 4.1 95 Bk iy vkt
RN N s 5 ) - LB 2 i S s
4 0 1 A 00 A o SCAF 1SO-21254-21 rh fi v 1
Fift LIDT {430 & 75 2 1-on-1 B S-on-1 35, Horp -
on-1 1248 it AR [ ) 380 ik o i o 6 R 2 A4S AN [
AR, I R R (RO B % R A B0 LR,
SRJG FERI T BG4 5 0~100% (i di LR, SR il
P ME . BT 1-on-1 AR ] —A> s AT 2 K
R, R4 7 A BB 5% i 5 45 B 4L, AT LAAS 3 b
B 40 R MR, = R R R DI T B, RS
FH 5k v ) S 300 5, 1 ik oS 500 T RO
A g% 5 2209, S-on-1 138 1] T4 16 5 68 B 25 )i
14 22 Jik i, J2d8 FH S AN AH W] bk v HECPE oA 19 3
H, R A BRI A UL T 4, e |
A543 1) J5e /N R B8, IR B3 R4 05 T LR 2 AN
[F) ok S0 453 3 7 e % R AR AL B RRAE R P it £, DA
P VR 45405 X 3 AN AR 451455 IX e, S-on-1 5k H A K 1Y)
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52 #A3t CMOS Bl & B 25 45 B i 5T TR

H1 T CMOS EIE A% B as 75 i i+ JLAR 2 28 U
CCD, A 37 b 3 3 0 G AL 1344 A X CMOS
WO TR BRSSO R I IR R R 32 B OQE . & 2 gt
T AR 4 CMOS #6545 B i I = 25 S . 2011
4, Hiroshi FHEIK D) Z i) F4¢ 20 Se ot 5 I CMOS
HL LS B T {5 5 1) B R B B T 2013 4,
PPN FEAT T OEXT CMOS Il CCD #1825 7 %
RATIEAS as sV =3 -8 QUIELY T3 & A N 1 5=
CMOS Fll CCD By A AI 3 53 473 4B 7] 43 R = A B Be, 4
Bl 8 fi7s . it CMOS AUk H B s 41405 . i1 R 2k
P45 A 28 AR AT = A B B AR A B4 s CCD K
DB S A5005 . 1 ABA0 An 5E 4 2 8 = A B BRI A0
M4, TR CMOS 5 CCD 78 A [ [y Be i 4
GBI EER ik, JEARLL F IRl —Ht . IR
ki B CMOS RIS BN BRG0Pk ik

Fb = Rl OGB4 05 BB & B, KRS BOL LGN RD AN B
WO By i L 07, Bt BU(E /N T — B 4.
Ry R X — R4, 49 A R X s B A A (i
&9 Bt BEAT WSS L, 2 B a5 4549 Bt 453 473 X 38 PN
Jri iR B BUBE Ik, AR T ANED . R RDE TR B
SIE A, “CFP Bk oh 45145 015 ) BUbe ik bb ™ H A IR
B, W45 DX 00 2 R T W, 31X S i T A bk
GRD . K FPHOCIIPE TR, SO0 X8 1 B 5 40 5
R, e CAPBOE A ME T, FA0 5 B0 [R5
P 52 M /N, ARG RN 51 9 RE O R
2, B AR LIS LA T IO B ) AR TR A
e, AL EEMER A B Ot . 2014 4F, £ &M XA
[ #1455 CMOS #E47 T 2 Ik vp 4 B WF 5T, SE 50 & 2R
32 ns JE 38 2 XG4 RS ik bl 5 ik w45 45 (R4
10 Hz B4 R0 A% bk i L 1 Hz B0 808 547, R A
RAZ A R T AR K i AN Y R R A T A

A7 B9S2 56 vh T ROL AR RE R BRI O B AT o S

& 2 CMOS BBt BEX L

Tab.2 Comparison of laser damage thresholds for CMOS image sensors

Laser source CMOS model ~ Test method  Point damage  Black line damage Cross damage
1064 nm, 10 Hz, 5 ns DH HV1300FM 1-on-1 0.5 J/em® 626 J/cm®
1064 nm, 10 Hz, 5 ns (vacuum) DH HV1300FM 1-on-1 0.5 J/em® 273 J/em®
1064 nm, 60 ns Micron MT9V022 l-on-1 0.38 J/em? 0.64 J/cm? 1.0 J/em?
1064 nm, 25 ps Micron MT9V022 l-on-1 19.1 mJ/cm? 67.8 mJ/cm* 130.1 mJ/cm?
800 nm, 100 fs Micron MT9V022 l-on-1 4.1 mJ/em?
l-on-1  0.29 J/em*(double)
1.06 mm, 10 nsdouble-pulses, interval 80 ns Micron MT9V022
l-on-1  0.67 J/em? (single)
1031 nm, 226.5 ps, 9.6 MHz Micron MT9 V034 S-on-1 1.06 W 25W
1031 nm, 226.5 ps, 2.4 MHz Micron MT9V034 S-on-1 720 mW 800 mW
532 nm, CW DCC1645C S-on-1 150 kW/cm® 1400 kW/ecm®  >4000 kW/cm’ (destroyed)
532 nm, CW DCC1545M S-on-1 800 kW/cm? 1100 kW/em?  >4000 kW/cm? (destroyed)
532 nm, 10 ns MTIV024 l-on-1 0.035 J/em® 38.6 J/em®
526.5 nm, 8.2 ps MTIV024 l-on-1 0.01 J/em® 18 J/em?

2019 4, Bastian Schwarz 21 ¥ CMOS F1 CCD.
B iU a1 (DMD) 19 B2 B0 R AN 55 458 0 19
17T X A 5T, A5 CMOS B 38O 4 A 46 4 04 7E
CCD FI DMD Z [l 2021 4, Al fi 11 I 2 bk ohifiot
HEAT T [FVRE AT L SE 5, 45 81 1T AR 25 R0 (15
SR 2, I A A 450 0 14, A [ Jok v g 453 47 1)
(B 22 AR K, W 2 RO ik o BR G ) CMOS AHAIL Y

193 180 {7 L 299 R0 ' Ik e g 458 40 10 A — A~ Bl 40
PEFIC S T — B, EI AR MBI 25 A4

2022 4, Christopher Westgate!'"! 45 [X 3 fij IR 20 5
I3 CMOS, M T 95% HEAR N 0 A1, IF 5
CCD #47 T Xt Eb. AP 10 fioR, SE86 015 = Fhas i
14 A5 BB, {135 B CMOS 58 240 S 461 15
9 {1 22 HE i I X CMOS Il CCD 2 2 AN B 2%
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Fig.8 Comparison of irreversible damage to CMOS and CCD by 10's J-cm™ “, »a
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Fig.9 Comparison of morphology of CMOS surface damage induced by

different lasers®. (a) Morphology of picosecond laser damage;

(b) Morphology of femtosecond laser damage

VEZ N A i 75 20 CMOS (15 R 25 s i
AL TR R T O, 2 30 T —E R AR .
F£ CMOS EI4 15 &5 15 3 1 BV WF 5% J5 1, i
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Fig.10 Comparison of damage to CCD, FSI-CMOS and BSI-CMOS!""!

PEFRIE, % J& CCD MIFESI S5 H FI 2 2454, B T 2
ROt 4R IR CCD 1) = 4B AR, JF it AR B T
CCD B AR B M 185, 2019 4F, hf 0 LI#A
& T 7 BRI ) 2% 5 BN SERE, #5277 1.06 pm
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WF5T, P ILAR 28 58 308 CMOS 1 #OL 8 i 45 5
CCD #EATXF b WF5E . M LR WF 58 T LA i, CMOS
B CCD A B AFdiiitine 1, Jo 2 = CMOS,
AR M SR AR 7. 302 BT 2 CMOS ryH
FEEALE R, B —RRE MR, BT
—E WA R )E o BB IR RN o A 2 A5 S A
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Abstract:

Significance

Complementary Metal Oxide Semiconductor (CMOS) image sensors are currently the most

mainstream solid-state image sensors. They have the characteristics of low power consumption, high integration,

and fast imaging. In the past decade, breakthroughs have been continuously made in their performance, surpassing

Charge Coupled Device (CCD) image sensors in market share and product iteration speed. It is widely used in the

fields such as digital cameras, security monitoring equipment, mobile phones, drones, medical detection, and
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autonomous driving. As the core component of an optoelectronic imaging system, image sensors strongly absorb
laser energy within their working wavelength, making them more susceptible to laser damage compared to other
components of the optoelectronic system. However, the new back side illumination CMOS and stacked CMOS
have significant structural differences from traditional front side illumination CMOS image sensors, and their
ability to resist laser interference and damage has been greatly improved. Therefore, the laser interference effect
and damage mechanism of CMOS image detectors have received widespread attention from scholars at home and
abroad.

Progress Firstly, the structure and working principle of CMOS image sensor according to its development
history are introduced. The pixel structure of CMOS has evolved from passive pixels to active pixels, where each
pixel can independently collect, amplify, and output signals. SiO, deep trench isolation (DTI) structure

(Fig.3(d)) is used between pixels for crosstalk suppression. The chip structure of CMOS has evolved from front
illuminated to back illuminated and stacked, and the position of the metal wiring layer has buried deeper, making
it more difficult to cause destructive damage. On this basis, the weaknesses of CMOS image sensor in the process
of laser irradiation are briefly analyzed. CMOS uses a correlated double sampling (CDS) circuit to output signals,
which uses the difference between two signals to output, and interfering with both signals causes pixel
oversaturation; The use of the same column line to transmit the reference signal of a column of pixels provides the
possibility of large-scale crosstalk. The damage at different stages is related to the depth of laser action. It can be
concluded that the key to causing large-scale damage to CMOS image sensors is the severe damage to the internal
circuit layer.

CMOS image sensor is used more and more widely. More attention has been paid to the experimental study
of laser-induced dazzle and damage of CMOS. The evaluation methods of interference and the main measurement
methods of damage threshold are summarized. The representative measurement results of interference and
damage threshold are summarized (Tab.1-2). By comparing the results of interference, the conditions of
oversaturation and crosstalk are summarized, and the conclusion is verified that the above-mentioned CDS circuit
is susceptible to interference. Compared with CCD, CMOS has better anti-damage ability, especially the back-
illuminated CMOS, which is difficult to cause large area damage. This is because the back-lit CMOS circuit layer
is deeper, above a thicker layer of silicon-based material, forming a certain inherent protective layer. With the
wide application of backlit and stack CMOS chips, how to improve the damage efficiency of laser-illuminated
CMOS chips is an urgent problem to be solved in the next research.

Finally, the development status and prospects of using new laser systems to improve the damage ability of
CMOS image sensors are discussed. The composite laser can be made up of two pulses with different parameters.
The ablation and damage of the composite laser on the single material target has been well studied. If the laser
parameters are matched properly, the absorption rate of laser energy can be improved effectively. It has been
proved that the composite laser can improve the efficiency of damaged CMOS to some extent, but the effect is
limited. To further improve the laser damage efficiency, we can consider to further increase the adjustable
parameters of the laser, the combination of three or more pulses into the pulse string form.

Conclusions and Prospects CMOS image sensors are booming, which have become the most mainstream
image sensors. As an important countermeasure, the research of laser jamming and damage CMOS image sensor
needs to be further explored. The purpose of this paper is to provide some references for the future research of
laser jamming and damage CMOS, and the idea of using the new laser system to improve the damage efficiency is
proposed.

Key words: CMOS image sensor;  laser irradiation;  dazzle;  damage
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