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Abstract

This study investigates the electromagnetic interference effects of 532 nm wavelength laser on
area-array silicon-based Charge-Coupled Device (CCD). By constructing a multi-physics simulation
model for laser-irradiated CCD devices and developing an experimental validation platform, the
nonlinear response mechanism between the number of saturated pixels in CCD and the incident
laser power density was systematically revealed. Based on semiconductor device physics models,
the carrier distribution characteristics in the charge transfer layer under varying irradiation power
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levels were numerically simulated. The experimental system quantitatively acquired grayscale data
from CCD output images. Through comparative analysis of experimental data and simulation re-
sults, a high degree of consistency was observed in both the growth trend of saturated pixels and
the power threshold parameters, which validated the effectiveness of the proposed model in pre-
dicting laser-induced blinding effects. These findings provide a theoretical foundation for the laser
protection design of CCD devices in electro-optical countermeasure systems.
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Figure 1. Carrier spillover model

1 R Fimh R

DOI: 10.12677/app.2025.155053 472 N e


https://doi.org/10.12677/app.2025.155053
http://creativecommons.org/licenses/by/4.0/

SE-2/AS

ARSI M E SR BT IR 5 VCCD (B CCD)AE I —4E50E A . 2e b, yWiE MG 5
FLRIR T AR A AR T, (H R TR TR B 1O AR SR, R AT, RIS S e B
HEOEHE = 2E o BORIRINERAE G4, G5+ G6 = MMM g ot 2 &, F DABERLEOE 51 &k B e 81k

YR AT ) LA S5 R AN ELRORS R LR 2 AN 3, KN L, A N D, BN A
N Lg, MHEBCA Lo, BABAEIE 5 MBI, 3 NMERIH R — e BGo0, BAEmS53508, P
RSB IR MNRE RIS, BARIE Na, IR, TERERM P A®R N BB, RAES RS
T, RN d, BARIREN Ny, ERERT FE SRR do 0 Z840EE Si0,, Brémikst, HAR
HMARBIRASEIA T, R GEE Ve FUIRE Vi, PIa B ER Vo, ASTBOEDIZE A P, #ER
KA R RS HLE 1.

Ly [1.G, f1.Gy Jlo. Gulo.Gy J0.Gs oG Lo Gr fg.Ga o Go g Guon BgGu fo.Gn f0.Gun L0.Gu foGrs fo.Loo

BN

D P-Si

Figure 2. Simulation geometry structure
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Table 1. Model structural parameters
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ZH HUE (L) ZH HUE (L)
L 51.8 um Vg 2V
D 4.4 pym Vi -1V
Lg 3 um Vb 5V
Lo 0.05 um Na 3.5e15cm™
d 0.8 um Nq 2el6 cm™
do 0.075 um R 0.315

7 COMSOL Multiphysics #1, #J% 7 CCD V4B 48 JLAHERL, H S NS ERA R, wHFEALHE
TRE.
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Figure 4. Carrier concentration distribution at 50 pW
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Figure 5. Carrier concentration distribution at 60 pW
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Figure 6. Schematic of carrier diffusion
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Figure 7. (a) Laser interference simulation results, (b) Relationship between saturated pixel count and laser power
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Figure 8. Schematic diagram of the experimental system
El 8. IWARGFTREE

DOI: 10.12677/app.2025.155053 476 N A B


https://doi.org/10.12677/app.2025.155053

SE 2/ AS

ARSI A G B EEEIF RN, & PR G U RSER R et Seiafe AR#AT, Bt
K EA A ERE ROt E5PEBERAER, JRATCHE 7SO I a2,

3.2. BATFIMMRMER AT

SEIG OB I O R TR A, MBI OGN CCD 3t Eg, B Lot s Z 45
980 uW. 200 uW FI 1.2 mW [T EUZ LI 9.

200 uW 1.2 mW

Figure 9. Laser-induced interference on CCD image
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Figure 10. Relationship between saturated pixels and laser power
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Figure 11. Background eliminated image
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Figure 12. Interference fringe pattern
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