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Abstract

Interline transfer charge-coupled devices (CCDs) are highly prone to dazzling and crosstalk phe-
nomena under intense laser irradiation, which severely restricts the imaging quality of photoelec-
tric detection systems. In this paper, systematic microscopic mechanism simulations and macro-
scopic experimental research were conducted on the interference effects of 1064 nm continuous-
wave lasers on silicon-based area-array CCDs. Firstly, based on semiconductor device physics the-
ory, a two-dimensional numerical model of the CCD photoelectric conversion region and vertical
transfer channel (VCCD) was constructed using COMSOL software, microscopically analyzing the
generation and accumulation of photogenerated carriers, as well as the physical process of multi-
stage overflow after reaching the full-well capacity. On this basis, a laser interference experimental
test platform was established, with a 1064 nm continuous-wave laser, a Thorlabs PM200 high-pre-
cision power meter (equipped with an S130VC probe), and an area-array CCD camera integrating a
SHARP RJ33]J3AA0DT sensor as the core components. Utilizing MATLAB software, precise grayscale
value extraction and spot distribution characteristic analysis were performed on the acquired se-
ries of interference images, quantitatively revealing the evolutionary progression of the CCD ad-
vancing from single-pixel saturation sequentially to Type I, Type II, and Type III crosstalk phenom-
ena with the increase of incident laser power. The research results indicate that the macroscopic
crosstalk image characteristics under different power densities are highly consistent with the mi-
croscopic mechanism of charge cascading overflow in the vertical and horizontal channels. By uni-
fying microscopic multi-physics simulations with macroscopic optical experiments, this study pro-
vides a solid theoretical basis and experimental data support for the evaluation of anti-laser inter-
ference efficacy and the design of photoelectric protection for area-array CCDs.
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Figure 1. Structure of interline transfer CCD
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Figure 2. Single pixel structure
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Figure 3. Schematic diagram of single pixel saturation
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Figure 4. Schematic diagram of three types of crosstalk mechanisms
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Table 1. Specific parameters of the photodiode region
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Figure 6. Electron concentration distribution of the photodiode region after initialization
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Figure 7. Electron concentration distribution after 3 ps integration
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Figure 17. Electron concentration distribution under different laser powers
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Figure 18. Experimental setup diagram
& 18. LI REE

NECR IR EFARIABDE T, sels T2t = A BT, #ifk CCD IR HOLIRRER . Bl AR5
FR R HE, RO BASS T CCD BOGI i R X35, MWL B TR0, ik CCD Wi K& 1
TGRS, LA B ANk mi o7 45 4 5 b R ) S0 7R 30847

4.2. NGHABESHHMESIE

HEF SR SHEOGTE CCD BT B RSF SR E A0, 250 CCD THNLE M AT#E. N T
K 2 NSO S EAR,  SERCR AT UG e B AT KRG TIN R, RO R R S A ]
RE HH LA SR AN S IR 2 O TR IR R, 4@ H T — Pk T 2K BEIIRUS O 5 R e 7 B 1 PG AL R

SEIR FHE S B MV-GED130M-T TAVABNLEAT CBEREE, BIuR~ N 3.75%3.75 pm » 7EMI & 1T
e, B ETEORTh A, IO KR AL T AL S e L X, PAORIESS B EE

JRIR KL 1, (x,p) Q&I TS S0 K IRt 75 o 1 S i B R S ARG IR X I S5 e e
FIMEN,, » FEX R T E SR REREESEER L, (x,0):

L. (xy)= max(O, 1. (x,y)- Nbg)

ISR 1, AT B &R B A, FERIE S IR T 5%, BRI o R K ) 3 e (X I
VERTNCIEIXIH R, - AT B A RS 15D S S 208 T4

FE R, DXIBPY RISt SEOE TR R LT Pl (x,, v, ) o T IEFI TR R KB BLAF AL,

DOI: 10.12677/app.2026.164021 223 I EEY/BEH


https://doi.org/10.12677/app.2026.164021

WEM, BE

A ROEIR T ICTE O AT S B 5 LSO 1), THER A S
X = Z(x,y)eRmamx ’ [net ('x7 J’) y = Z(X,,V)ER”,,“,,’V . Inet (x, y)
¢ Z(x,,\’)eR”mmI’“” (X7 y) ’ c Z(x,y)eRmamI"” (x, y)

RIS B0 (x,, v, ) KPR RR AT 2R 58 SOGTE EAR D A6 N R R IE(H 1/ e A
B o R R SRS B AR I R 5 1/ & BB AR R A s A
FEBEM L5 R a1 19 Fion. @i, SR NITHOGTE 1/ & frdE R0 REE N 424.18 pm , il

N Do ZIMEAENJEEIT R ORI SRR AL 1 HER I 22U

FRIEFE BRI (D = 424.18 um)
160 : : :

SR
- - - et [
o wEXZA

0 | | | | | | | | g | l A
-500 -400 -300 -200 -100 0 100 200 300 400 50C
HIX T ORIBLE (um)

Figure 19. Spot measurement results
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Figure 20. Saturated spot analysis diagram
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Figure 21. Image analysis of the first type of crosstalk
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Figure 22. Analysis of the second type of crosstalk
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Figure 23. Analysis of the third type of crosstalk
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Figure 24. Saturated pixel ratio vs. power curve

24. 1EFK R BI-Th R

5. &t

AIEEE WO I 5 E NSRRI, REHHR T 1064 nm ELL OGN A7 [R]85 B ik ki
Fe CCD M) 2 Ze i PLis A i 5 i = Vs LB . 0 9008 ) Ol L 46 X % i B A5 VA 3B (VCCD) I — 4
AR CEER R, ZhaS EIL T APHHEE GBI TR H IR, IR BY MR A B e R A Sk
I HCE AT S AR, W T A NSO TR AT, RN B BRI ARR IR A B — 2R (A )
BRI EHEE) 28 KRR FMIAMN R ) 2 WA EE 5 =R AR v e dt o, i
SEI T A UG AR AE 5 AROUE P 308 P AT A i D AL IR FE e —, Rl LRI R e I HO G T3 3R
VAL SR B R A T IR S S

SE 3k

[1] K= " W% CCD RYBOCEIZ I R SHLEMT FL[D]: [ 22 A 50]. Kb HPTRFEEHR R, 2010.

[2] FEHE. Bt CCD T HH5 1 7 BT AR [D]: (LS008 0], K RERER A4 R KR
2R B H LS YRR 5T HT), 2002.

[3] F&=E. BotiEEw IOLHEFE Si-CCD FRIN#S SLIHF A [D]: (L 2= 600 3C]. Kb ERiRERE AR K2, 2003.

[4] KR, k&, HE, . 17HFEET CCD Bt T IR REAL L[], a4k, 2015, 35(3): 186-192.

[5] X4, Zhis, Zh, 5. 1064 nm = BESHOEXT AT LG CCD MR TSR], 445806 TFE, 2013,
42(S2): 387-390.

(6] THEVE, WH4RTK, WV, & EEHEORE BT CCD BRI 4R ET]. BOBALE, 2023, 45(6): 39-43.
[7] &F°F. CCD Bl 1 RER G e @M 5 05 B [D]: [A-E2A008 3], BB HL 7R K 2%, 2009.

DOI: 10.12677/app.2026.164021 227 I EEY/BEH


https://doi.org/10.12677/app.2026.164021

	基于像元微观仿真的面阵CCD激光饱和与串扰机制研究
	摘  要
	关键词
	Research on Laser Saturation and Crosstalk Mechanisms of Area Array CCD Based on Pixel-Level Micro-Simulation
	Abstract
	Keywords
	1. 引言
	2. 行间转移型CCD的理论基础及干扰机理
	2.1. 行间转移型CCD理论基础
	2.2. 行间转移型CCD干扰机理

	3. 仿真过程研究
	3.1. 光电转换区仿真研究
	3.1.1. 光电转换区模型初始化
	3.1.2. 光电转换区仿真结果

	3.2. VCCD仿真研究
	3.2.1. 仿真模型初始化设置
	3.2.2. 仿真模型仿真结果


	4. 实验研究
	4.1. 实验装置
	4.2. 入射光斑参数的测量与标定
	4.3. 1064 nm连续激光辐照下光斑饱和现象研究
	4.3.1. 单像素饱和研究
	4.3.2. 第一类串扰现象研究
	4.3.3. 第二类串扰现象研究
	4.3.4. 第三类串扰现象研究


	5. 结论
	参考文献

