
Accepted Manuscript

Photonic crystal filter based on defect mode and waveguide mode
symmetry matching

Tong Zhang, Jing Sun, Yunxing Yang, Zhixin Li

PII: S0030-4018(18)30631-X
DOI: https://doi.org/10.1016/j.optcom.2018.07.039
Reference: OPTICS 23312

To appear in: Optics Communications

Received date : 5 April 2018
Revised date : 6 June 2018
Accepted date : 12 July 2018

Please cite this article as: T. Zhang, J. Sun, Y. Yang, Z. Li, Photonic crystal filter based on defect
mode and waveguide mode symmetry matching, Optics Communications (2018),
https://doi.org/10.1016/j.optcom.2018.07.039

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.optcom.2018.07.039


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Photonic Crystal Filter Based on Defect Mode and Waveguide Mode 

Symmetry Matching 

Tong Zhang, Jing Sun*, Yunxing Yang, Zhixin Li 

College of Physics and Mechanical Engineering, Jishou University, Jishou 416000, Hunan, China 

*Corresponding author. 

E-mail address: sunjingsd@aliyun.com (J. Sun). 

ABSTRACT 

In this paper, a new type of filter based on symmetry matching between the defect and waveguide 

modes in a square lattice photonic crystal for 1.31-μm wavelength is designed and evaluated. The 

filter consists of one elliptical defect and three wire defect waveguides with two single-mode 

waveguides and one dual-mode waveguide. Because the point defect state has four different 

resonant frequencies and four corresponding types of mode field symmetries, the proposed filter 

uses the match or mismatch between the defect and waveguide modes to realize two resonant 

frequency filtering outputs through a dual channel. To evaluate the device, the transmission 

characteristics of the electromagnetic waves in the device are simulated using the finite element 

method. The quality factor and transmission coefficient of the filter is 2,017 and 0.84 at the 

frequency of 0.4034 c/ɑ (corresponding to 1.31-μm wavelength). This device can be applied to 

wave division multiplexing, filtering, and has the potential for applications in optical integrated 

chip and optical communications. 
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1.Introduction 

Photonic crystals have attracted much attention [1,2] since they were first proposed by 

Yablonovitch [3] and John [4] in 1987 owing to their ability to control the flow of photons in 

optical fibers [5], resonators [6–9], waveguides [1,6,10], optical switches [11], filters [8,9,12–14], 

sensors [15], wavelength division multiplexers [16,17], and other devices. The combination of a 

waveguide and micro-cavity in a photonic crystal is mainly used to realize a filtering function. 

Two-dimensional (2D) photonic crystals play an important role in highly integrated, efficient, and 

stable wide-bandwidth optical communication systems because they have a flexible design, simple 

structure, and strong light transmission control. Multichannel photonic crystal filters at micron 

scale have good application potential and are receiving wide attention at present. For example, 

Noda et al. [18] used a combination of a waveguide and micro-cavity to implement an 

upload/download filter. Qiu [19] produced a filter composed of two waveguides and a dual-mode 

micro-cavity based on the triangular lattice photonic crystal. Takano et al. [20] designed an 

efficient multichannel filter based on multiple simple heterostructure filters. Feng et al. [14] 
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