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Abstract

In order to control band gap width and position in two-dimensional photonic crystal, to observe
the influence of medium column defect with photonic crystal band gap, this article studied
two-dimensional photonic crystal structure: dielectric cylinder arranged in a square construction,
cylindrical dielectric refractive index stepwise increase along the radius, setting medium columns
in this kind of photonic crystal as defect. The following structures are compared and studied: 1)
The radius r = 0.6 um, the lattice constant a = 1.8 pm, the refractive index increases by three layers
along the radius, and 1~3 air column defects are preset in the crystal; 2) The radius r = 0.8 pm, the
lattice constant a = 2.4 pm, the refractive index increases by four layers along the radius, and 1~2
air column defects are preset in the crystal; 3) The radius r = 0.8 um, the lattice constant a = 2.4
um, the refractive index increases by four layers along the radius, and 1~2 dielectric column de-
fects are preset in the crystal; 4) The radius r = 0.8 pm, the lattice constant a = 2.4 pm, the refrac-
tive index increases by four layers along the radius, 5 air column defects and medium column de-
fects are preset in the crystal, respectively. The band gaps of photonic crystals are obtained by us-
ing the finite difference time domain (FDTD) method to calculate the transmittance of plane light
waves passing through the above two dimensional photonic crystals. It is found that for the same
structure, the band gap of photonic crystals is mainly determined by the filling rate and structure,
and the defects of air column and medium column have little effect on the band gap of photonic
crystals.
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Figure 1. Photonic crystal structure of square lattice of cylindrical medium
with increasing refractive index step by step with radius
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Figure 2. Light wave transmission of photonic crystals with dielectric column radius r = 0.6
um, lattice constant a = 1.8 um and refractive index n = 1.5 and n = 2.5, n = 4.0 respectively
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Figure 3. Light wave transmission of photonic crystals with dielectric column radius r = 0.6 pum, lattice constant a = 1.8 um
and refractive index n = 1.0 and n = 2.5, n = 4.0 respectively, with an air column defect in the middle
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Figure 4. The structure of photonic crystals with two separated air defect columns with dielectric column radius r = 0.6 um,
lattice constant a = 1.8 um, refractive index n = 1.0, n = 2.5, and n = 4.0 along the dielectric column radius
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Figure 5. The dielectric column radius r = 0.6 pm, the lattice constant a = 1.8 um, the refractive index along the dielectric
column radius is n = 1.0, n = 2.5, n = 4.0, respectively. The photonic wave transmission pattern of two separated air defect
columns is set
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Figure 6. The structure diagram of the photonic crystals with dielectric column radius r = 0.6 pum, the lattice constant a = 1.8
um, the refractive index along the dielectric column radius n = 1.0, n = 2.5, n = 4.0, and three connected air defect columns
are set
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Figure 7. Transmission diagram of photonic crystals with three connected air defect columns with dielectric column radius r
= (.6 pm, lattice constant a = 1.8 um, refractive index n = 1.0, n=2.5, and n = 4.0, respectively
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Table 1. Comparison of photonic crystal structure and light transmittance with radius r = 0.60 pm and lattice constant a = 1.80 um
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Figure 8. Light wave transmission diagram of a photonic crystal with Radius of dielectric column r = 0.8 um, lattice con-
stant a = 2.4 um, refractive index along dielectric column radius isn = 1.0, n =2.0, n = 3.0, n = 4.0, respectively
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Figure 9. Photonic crystal structure with radius of dielectric column r = 0.8 pm, lattice constant a = 2.4 um, refractive index
along dielectric column radius n = 1.0, n = 2.0, n = 3.0, n = 4.0, respectively. an air defect column is set up
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Figure 10. The light transmission diagram of photonic crystal with an air defect column is set, and radius of dielectric col-
umn r = 0.8 pm, lattice constant a = 2.4 um, refractive index along dielectric column radius n=1.0,n=2.0,n=3.0,n =4.0,
respectively
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Figure 11. Photonic crystal structure of two air defect columns with dielectric column radius r = 0.8 um, lattice constant a =
2.4 pm, refractive index n=1.0, n =2.0, n = 3.0, n = 4.0, respectively
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Figure 12. Photonic crystal transmittance diagram of two air defect columns with dielectric column radius r = 0.8 pm, lattice
constant a = 2.4 um, refractive index n = 1.0, n = 2.0, n = 3.0, n = 4.0, respectively
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Figure 13. Photonic crystal structure diagram of dielectric column radius r = 0.8 pm, lattice constant a = 2.4 um, refractive
index along dielectric column radius n = 1.0, n = 2.0, n = 3.0, n = 4.0, setting 1 defect column n=4.0
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Figure 14. Light wave transmission diagram of photonic crystal with dielectric column radius r = 0.8 pum, lattice constant a =
2.4 pm, refractive index along dielectric column radius n=1.0,n = 2.0, n = 3.0, n = 4.0, set 1 defect column n=4.0

14. NEHFEREr=08 um, BIEEH a=24 um, FHFHFBENREEEZSHAN=1.0, n=2.0, n=3.0, n=4.0,
WE 1 n=4.0 BRIGHERSEFRIFHERIZESE

DOI: 10.12677/0e.2021.113014 119 HEHT


https://doi.org/10.12677/oe.2021.113014

W 2%

M 14 FTUAEH, HBRAIE N 1.34~1.50 pm, 1.70~1.72 pm, 2.0~2.2 pym.

N TR LCAEAR [F) (R e AR G5 A 26 1E R, SEAF A BT SRBART, DT SR BRI Ak, FRATS 13
(REE R FIA BT 2 A AR R RO TS 0 R, A2 AR Al 2 AN B T 9 %6 n = 4.0 B BLAE, T IAIBR /)it
FEERFG, Z5anisl 15, T 13, fERARRIRSFIEOGE, tHEMEHRIS 55 13 EamE, 5
FnE 16 HE S Lk

Figure 15. Photonic crystal structure of dielectric column radius r = 0.8 pm, lattice constant a = 2.4 um, refractive index
along the dielectric column radius n = 1.0, n = 2.0, n = 3.0, n = 4.0, and set two n = 4.0 interval defect columns
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Figure 16. Light wave transmission diagram of a photonic crystal of radius of dielectric column r = 0.8 pm, lattice constant a
= 2.4 um, refractive index along dielectric column radius n =1.0, n = 2.0, n = 3.0, n = 4.0, set 2 columns with n = 4.0 interval
defect

16. NEHFEEr=08 um, BIEEH a=24 um, FHFBENREEEZSHAN=1.0, n=2.0, n=3.0, n=4.0,
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Table 2. Comparison of photonic crystal structure and light transmittance with radius r = 0.80 um and lattice constant a =2.4 pym
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Figure 17. Photonic crystal structure of medium column radius r = 0.8 um, lattice constant a = 2.4 um, refractive index along
medium column radius n = 1.0, n =2.0, n = 3.0, n = 4.0, setting 5 air defect columns n = 1.0

17. AEAEFE r=08 um, RREH a=24um, FHFBNFAFFESHNAN=1.0, n=2.0, n=3.0, n=40,
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Figure 18. Light wave transmission diagram of photonic crystals with medium column radius r = 0.8 um, lattice constant a =
2.4 pum, refractive index n = 1.0, n = 2.0, n = 3.0, n = 4.0 along medium column radius respectively, and 5 air defect columns
withn=1.0

18. NEHEEr=08um, BIEEH a=24 um, FHFHFENREEEZSHAN=1.0, n=2.0, n=3.0, n=4.0,
®E 5 n= 1.0 EEREEEEFRERLRESTE

M8 R UE R, WY J7PBRALE N 1.35~1.50 pm, 2.0~2.2 pm, 2.38~2.48 pm.
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Figure 19. The structure diagram of photonic crystals with dielectric column radius r = 0.8 pum, the lattice constant a = 2.4
um, the refractive index along the dielectric column radius n = 1.0, n = 2.0, n = 3.0, n = 4.0, and setting five defect columns n
=4.0

E19. MEHEFEr=08um, BEEH a=24um, FHFENFEEFESHNAN=10, n=2.0, n=3.0, n=40,
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Figure 20. Light wave transmission of photonic crystals with medium column radius r = 0.8 um, lattice constant a = 2.4 um,
refractive index n = 1.0, n = 2.0, n = 3.0, n = 4.0 along medium column radius, respectively. Five defect columns with n =
4.0 are set
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Table 3. Comparison of photonic crystal structure and light transmittance with radius r = 0.80 um and lattice constant a =2.4
pum
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6. &5t

RSO HURIE T 1A DAL AT 3 AU A2 07 [ B R0 B — 4500 T R AR B, X LE T 5 BT A
BEEGRBEAE DL TR AR R L SRR Stk i, EE R SRR R GUE, SRR
RIFJRFE A BAEXDE T iR BB MR/, Oe @A BRI i et T H 5%,

SE

[1] Ablonovitch, E. (1987) Inhibited Spontaneous Emission in Solid-State Physics Electronics. Physical Review Letters, 58,
2059-2062. https://doi.org/10.1103/PhysRevLett.58.2059

DOI: 10.12677/0e.2021.113014 123 HEHT


https://doi.org/10.12677/oe.2021.113014
https://doi.org/10.1103/PhysRevLett.58.2059

W 2%

(2]

(3]

(9]
[10]

[11]
[12]

[13]
[14]

[15]

John, S. (1987) Strong Localization of Photons in Certain Disordered Dielectric Superlattices. Physical Review Letters,
58, 2486-2489. https://doi.org/10.1103/PhysRevLett.58.2486

Butt, M.A., Khonina, S.N. and Kazanskiy, N.L. (2021) Recent Advances in Photonic Crystal Optical Devices: A Re-
view. Optics & Laser Technology, 142, Article No. 107265. https://doi.org/10.1016/j.optlastec.2021.107265

Gomez-Urrea, H.A., Ospina-Medina, M.C., ef al. (2020) Tunable Band Structure in 2D Bravais-Moiré Photonic Crys-
tal Lattices. Optics Communications, 459, Article No. 125081. https://doi.org/10.1016/j.0ptcom.2019.125081

Liu, X.-J., Lu, J.-B., et al. (2017) Adjustable Band Gaps Structures and Semi-Dirac Points in Two-Dimensional Linear
Function Photonic Crystals. Optik, 149, 252-260. https://doi.org/10.1016/j.ijle0.2017.08.058

Yin, X.-G., Li, D.-C., Tang, S.-R. and Wu. H.-X. (2018) Study on Band Gaps Structure and Eigenfifield Distribution of
Two-Dimensional Function Photonic Crystals with Point Defect. Optik, 172, 662-667.
https://doi.org/10.1016/.ijle0.2018.06.059

Hassanzadeh, M., Sovizi, M. and Mohsseni, M. (2013) Position Calculation of the Frequency Band Gap in the Fifinite
Photonic Crystal with Multiple Alternations Using Boundary Element Method. Optik, 124, 6869-6873.
https://doi.org/10.1016/j.ijle0.2013.05.153

Anghel, 1. (2019) Numerical Investigation of Photonic Crystals Structure on Zinc Oxide Fifilm. Optik, 185, 282-286.
https://doi.org/10.1016/j.ijle0.2019.03.127

REZRT5, XSMIR, XBRENG. VAR T 3 30} 1E 5% 8 pR B0 T Ay BRI [J]. WOt 54041, 2014, 44(8): 913-916.

Wun, X.-Y., Zhang, B.-J., Liu, X.-J., et al. (2012) Light Fifield Distribution of General Function Photonic Crystals.
Physica E: Low-Dimensional Systems and Nanostructures, 46, 133-138. https://doi.org/10.1016/j.physe.2012.09.009

XWew, FEE, X46F, & B 4 BOG T SARMIESRAE]. SRR E MBI EEIR), 2017, 55(4): 985-989.
BRICA, FtLIEE, PRIES, XEl. 46T iR 5 8 m o /1. WHER (A ARFER), 2016, 33(3):
220-223.

B, AR, AR BR 2 TJTECE 3 ) (M. THZ: 75 L TR R AL, 2011,

BRI, FREEE, BRIEZR. —FERE e T SR 2 A 50 BRIE A ]. DG, 2018, 8(3): 113-122.
https://doi.org/10.12677/0E.2018.83016

WRCOH, FHiges, BRABEE, JREEZE. IS SR80 0 i 4k 157 S % 0t 7 A AR AS SE T R ). LT, 2020,
10(3): 53-59. hitps://doi.org/10.12677/0E.2020.103007

DOI: 10.12677/0e.2021.113014 124 HEHT


https://doi.org/10.12677/oe.2021.113014
https://doi.org/10.1103/PhysRevLett.58.2486
https://doi.org/10.1016/j.optlastec.2021.107265
https://doi.org/10.1016/j.optcom.2019.125081
https://doi.org/10.1016/j.ijleo.2017.08.058
https://doi.org/10.1016/j.ijleo.2018.06.059
https://doi.org/10.1016/j.ijleo.2013.05.153
https://doi.org/10.1016/j.ijleo.2019.03.127
https://doi.org/10.1016/j.physe.2012.09.009
https://doi.org/10.12677/OE.2018.83016
https://doi.org/10.12677/OE.2020.103007

	具有介质柱缺陷的二维正方晶格光子晶体的带隙
	摘  要
	关键词
	The Band Gaps of Two-Dimensional Tetragonal Lattice Photonic Crystals with Dielectric Column Defects 
	Abstract
	Keywords
	1. 引言
	2. 折射率沿介质柱半径方向阶梯增加的二维光子晶体结构
	3. 折射率沿介质柱半径分3层增加的光子晶体设置的光子晶体的带隙
	4. 折射率沿介质柱半径分4层阶梯增加的光子晶体的带隙
	5. 折射率沿介质柱半径分4层阶梯增加的光子晶体和设置缺陷柱的光子晶体的带隙
	6. 结论
	参考文献

