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Study on interference of near-infrared laser to charge-coupled device detector
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Abstract: In order to study the interference mechanism of near-infrared laser to image sensor, a monochromatic charge-
coupled device( CCD) detector was irradiated by continuous laser with a wavelength of 1064nm. The interference phenomenon of
laser to monochromatic camera was observed and the digital image collected by the experiment was processed. And the
interference degree curves of monochromatic camera under different laser powers were extracted. After analysis, the following
conclusions were obtained: CCD interference includes interference spot and crosstalk line. The higher the laser power is, the
larger the interference spot radius is, and the crosstalk line is slowly widened. The more number of saturated pixels in the
corresponding interference region, the more serious the interference degree. For the interference of 1064nm laser to
monochromatic camera, the number of saturated pixels is almost linearly proportional to the laser power. Analysis of the new
phenomena of regular dot-matrix and side-by-side crosstalk appearing in experimental phenomena is related to Fourier spectral
properties of optical lenses. The fitting curve of the general interference process is derived by using the relevant formula. Finally,
the interference process is simulated according to the characteristics of the CCD basic pixel structure capacitor potential trap and
the carrier overflow mode. The simulation results are basically consistent with the experimental data.
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Fig. 1 Basic structure of CCD unit MOS
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Fig.2 Changes of energy band structure at the surface of p-type semicon-
ductor
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Fig.3 Charge packet transfer process of three-phase CCD image sensor
a—CCD charge packet transfer potential waveform b—charge capacitance

diagram of charge packet transfer
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Fig.4 The schematic diagram of the experimental system
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Fig.5 Laser interference with CCD crosstalk
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Fig. 6 Curve of relationship between laser power and interference spot area
at 1064nm

£ B i, 1064nm S 2L AMBOG R IR CCD /1 5255
BRINT BOCH R I, T KO AL A
B, RS R B Lo D BT, 5 B g S A
XIFRIA , HAH BT 835 TR, 58 B R e B A L
H—EG B HOC IR, TH0OEHEA s R A
TR, R0 DX = 3 o, DG HEA 3 5 L ) EAR R B
JEAER, iR AR B B O R ) A [ —— B
EOR TR AR AR AL, R RO DR AR HBOR
i, A2/ N 5 X3

CCD Z5kgrh, et o =R IR A7 HE3 m I 5K, 1 B
7 i [ A 15T BELRA B , Del 5 U BBy, Bk A
TP B =) ota S='a)/ e L0 § AR 7 W SR R LR ) 7 A e
= O/ TS RS2SR i e o BT 1 A R SR & S S ]
R0 XA B0 710 90, R HDEREE AR R, i T
CCD S5 44 A BELAR 1 24, BG5S 7 1) 14 ¥t
JEE 38 /IN T3 L5 18] 14 7 RIOAL R, A E R B
Wt RO 50 BE A SN, D A R T AN 2, Ak Sy
AL, W A AR T JH B R B0 , il 2 (A5 50k T
PR GO 2, T K.

X 1064nm OGP G e BUABR o0
JEHESM R CBEBL G , RS A5 4 G B oA 114 S S0 4

SR B R R LR BT DL D8 R A B A R, S
M2 RGN T R, WOLHI R — P46, CCD 3
TH] AR ZE A8 53 A T AR AE 2 4E6t, R & A pL B
SLARRRAE CCD i MR BES 4549 |, i T CCD i
s — 2 W0E S, WoE GV E AR Y T RS, BRI H:
Ji 75 FE T T A A A i A3 S B Ok, R T T
B AEE ST, i AL T8 F | b A7t B E
1 JR B RS e L A | B — SR S B, OO
BEW A SR AT 1 b5 CCD SR i W5 1%
B A T A, WEOETE CCD ARG B E BE (8 5 4
T T b ) A R BE — R R AE SO TH 2 B2 CCD R
D28 1 BGAS SR S BT B, B A 38
BASSERER O OCBE— R, YR T BG4y
PURRE 7 2, DT 7 A R R

camera lens o |
I

::,.‘ (
* Spectral \/

image
surface &

plane 1

* | image
|*J plane 2

surface
structure
of CCD

Fig.7 Abbe-Porter imaging optical system
3 AESH

Xt CCD fRonlal v fap (9 B 7, IR BEH — A &
WHEAT B T O7 M MR AR A AR AR AR [, A1 S
FE AL /N R AN BT T T A U Y A L/
filio 57K ELAR R, SABErp BUER LAy, LA R A BB g
TE /T ARSI AT e S B T R AR, =
] SRATH B . CCD BEAARTTASH LA S AR T A

Fig. 8 Photon carrier diffusion model



422 e

e R

2020 47 A

T 77 AN 8 B o IRIEOLHE IEAE CCD i —
AHCETT bR TT RO B TR BT, B Uk
SE77 A R BOR T 0) k  AR T Y, D' A B0 - HEL
JAE G TT)E AR Y15 o0 S Ak 22 1n) J FEL% Tt H
BT, B A MBI T A NG TE, T
CCD JKF-J5 1) 1 BEL 45 ¥4 4 1 24, 800 112 /K F- 07 18] 1)
i 14 3 T /N T T )Y T HGH R B O R
RF)—E R e o I OB O i AR R
2

2GR R 4% 05, D' 1 R F R Ao B 0 2 B
L BRI, 7 AR FRL AT, FLAAT ] 7R O

Q = ngPSt'/(hy) (5)

o, q LR, PO ASEII A, o S B ]
“OKIE AR AR L, R LA R OE B ORI R,
BEE /M R K 1 FA BB Q,, /M e K
JE T R8T /IR Vil I, AR DA B T O A,
AR RIS TR 2 -

N—wi=1+i(4i) (6)

AH i ARG 1] SN H P KR, AR S 3 v CCD A
PLIAR R A, i 0 ~274 Z Al A 5K w0, Sy o BB 1Y)
B EREAGRITE. N AR TR S AT Q
N
Q = NQ, (7)
DU S 1B — 5 B[] T 28R CCD ARG T E ) 56
ESSR
N = ngSPt'/(hwQ,) + w, (8)
BT BRI IR A S AR, 5 R
5 AR N EGSE il MATLAB 81145 3 2 32/
T 5000 W ), A E 2 b A AR R R R
110pixel . MRAEER 1 PEOEARFI CCD PERESS S 74K
#i , FIF MATLAB 37 CCD S AR 830 19 /K " 4
BB, (7 T HOEHEW & 9 R,

Table 1 Parameters of CCD

parameter value
n 0.12
h 6.626 x10 73] + s
Qu 1.12x10°C
v 500Hz
q 1.6 x107¢C
¢ 300s

ARG 8 FoleE HOR 79 07 30, TR R 2
N B CBE AR B ) G AR R B DI, 2 T A A
[F) 2T BT DU A OT R 189 235 R HOL

194puW

Fig.9 Simulation of interference phenomena
194w W F1 334uW R FE K, ATLVEH, T
PIE DK o R BE ST AU [ | B o 4k 2 2 SR Bt o
i, RS H O SEBRE R TG A5 T I RN BE BTG, 1R RN e B 4
HESE I T OBBER) X, A6 CCD Z5 R RRE Fn T4k
HUHL, I HIEOEH B CCD F1E 300s B Fifg
TCELREEOE TR AL R 28, &l 10 FiR

-

S

(=]
o

simulation data _*
\t.',"’

(o))
S
(=]

500 curve fitting

400

the saturated pixel point/pixel

300 e
”~ experimental data
200
200 400 600 800
laser power/uW

Fig. 10  Comparison of the number of saturated pixels with laser power
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