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现代应用光学  

基于自准直效应的硅基光子晶体1×4光复用器

陈胜钰1, 庄冬霞2, 强则煊2, 陈曦曜1,2

1. 闽江学院 物理学与电子信息工程系,福建 福州 350108; 
2. 福建师范大学 光电与信息工程学院,福建 福州350007

摘要： 利用光子晶体的自准直效应进行光束的控制,实现了基于自准直效应的二维光子晶体1×4光复用器(OMUX)。在结构中放置两个腔长不

同的马赫-曾德干涉仪,利用光束干涉原理推导出光复用器各个出口的透射谱理论公式,然后利用时域有限差分软件对其进行数值模拟。结果显示:
模拟结果与理论分析一致,实现了1×4光复用器的功能。当工作波长为1 550 nm时,OMUX的自由光谱区为34.1 nm,覆盖了整个光通信C波

段。由于结构大小只有40～35 μm,并且有较高的输出功率,该光复用器在光集成电路中有潜在的应用价值。
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1×4 optical multiplexer based on self-collimation effect in silicon photonic crystals
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Abstract: An 1×4 Optical Multiplexer (OMUX) based on the self-collimation effect of a two-dimensional photonic crystal 
was proposed and its performance was numerically demonstrated. Two Mach-Zehnder Interferometers(MZIs) with 
different cavity lengths were placed in the structure. Firstly, the theoretical transmission spectra at different output 
ports of the cascaded MZI were analyzed with the theory of light interference, then they were investigated with the 
Finite-difference Time-domain (FDTD) simulation technique. The simulation results agree well with the theoretical 
prediction, so the cascaded Mach-Zehnder interferometer can work as a 1×4 optical multiplexer. When the wavelength 
is 1 550 nm, the free spectral range of the OMUX is about 34.1 nm, which almost covers the whole optical 
communication C-band window. The presented device shows a compact size within 40-35 μm and a high output 
efficiency, and has potential application values to photonic integrated circuits.

Keywords: photonic crystal   self-collimation   Mach-Zehnder interferometer   optical multiplexer   

收稿日期 2012-10-19 修回日期 2012-11-02 网络版发布日期  

基金项目: 

福建省自然科学基金资助项目(No.2011J01017) 

通讯作者: 陈胜钰

作者简介: 陈胜钰 (1973-),女,福建福州人,讲师,1996年、2005年于福建师范大学分别获得学士、硕士学位,主要从事信息光学的研究。E-
mail:chensy73@163.com 
作者Email: chensy73@163.com 

参考文献：

[1] KOSAKA H. Self-collimating phenomena in photonic crystals [J]. Appl. Phys. Lett.,1999, 74(9):1212. [2] PRATHER D W, 
SHI S, MURAKOWSKI J, et al.. Self-collimation in photonic crystal structures: a new paradigm for applications and device 
development [J]. Journal of Physics D: Applied Physics, 2007, 40(9):2635-2651. [3] YU X. Bends and splitters for self-
collimated beams in photonic crystals [J]. Appl. Phys. Lett., 2003, 83(16):3251. [4] ZHAO D Y. Photonic crystal Mach-
Zehnder interferometer based on self-collimation [J]. Appl. Phys. Lett., 2007, 90(23):231114. [5] ZABELIN V, DUNBAR L, 
LE T N, et al.. Self-collimating photonic crystal polarization beam splitter [J]. Opt. Lett., 2007, 32(5):530-532. [6] CHEN X 
Y, QIANG Z X, ZHAO D Y, et al.. Polarization-independent drop filters based on photonic crystal self-collimation ring 
resonators [J]. Opt. Express, 2009, 17(22):19808-19813. [7] KIM S H, KIM T T, OH S, et al.. Experimental demonstration 
of self-collimation of spoof surface plasmons [J]. Physical Review B, 2011, 83(16):165109. [8] PAKICH P T, DAHLEM M S, 
TANDON S, et al.. Achieving centimetre-scale supercollimation in a large-area two-dimensional photonic crystal [J]. 
Nature Materials, 2006, 5(2):93-6. [9] LU Z, SHI S, MURAKOWSKI J A, et al.. Experimental demonstration of self-
collimation inside a three-dimensional photonic crystal [J]. Physical Review Letters, 2006, 96(17):173902. [10] CHIGRIN 
D, ENOCH S, SOTOMAYOR T C, et al.. Self-guiding in two-dimensional photonic crystals [J]. Opt. Express, 2003, 11
(10):1203-1211. [11] LI Z, CHEN H, SONG Z, et al.. Finite-width waveguide and waveguide intersections for self-
collimated beams in photonic crystals [J]. Applied Physics Letters, 2004, 85(21):4834-4836. [12] CHEN X Y, ZHAO D Y, 
QIANG Z X, et al.. Polarization-independent Fabry-Perot interferometer in a hole-type silicon photonic crystal [J]. Appl. 
Opt., 2010, 49(30):5878-5881. [13] KIM T T, LEE S G, KIM S H, et al.. Ring-type Fabry-Pérot filter based on the self-
collimation effect in a 2D photonic crystal [J]. Opt. Express, 2010, 18(16):17106-17113. [14] WANG Y F. Transmission 
spectrum of Fabry-Perot interferometer based on photonic crystal [J]. SPIE, 2007, 6838(1):683804. [15] CHEN X Y, 
QIANG Z X, ZHAO D Y, et al.. Polarization beam splitter based on photonic crystal self-collimation Mach-Zehnder 
interferometer [J]. Optics Communications, 2011, 284(1):490-493. [16] CHEN X Y, LI H, QIU Y S, et al..Tunable photonic 
crystal Mach-Zehnder interferometer based on self-collimation [J]. Chinese Physics Letters, 2008, 25(12):4307-4310. 
[17] KIM T T, LEE S G, PARK HY, et al.. Asymmetric Mach-Zehnder filter based on self-collimation phenomenon in two-



dimensional photonic crystals [J]. Opt. Express, 2010, 18(6):5384-5389. [18] E CENTENO BG,FELBACQ D. Multiplexing 
and demultiplexing with photonic crystals [J]. Journal of Optics A: Pure and Applied Optics,1999, 1(5):L10-L13. [19] KIM S, 
PARK I, LIM H, et al.. Highly efficient photonic crystal-based multichannel drop filters of three-port system with reflection 
feedback [J]. Opt. Express, 2004, 12(22):5518-5525. [20] KOSHIBA M. Wavelength division multiplexing and 
demultiplexing with photonic crystal waveguide couplers [J]. J. Lightwave Technol., 2001, 19(12):1970. [21] FAN S H, 
ZHANG D Z. Reflectionless multichannel wavelength demultiplexer in a transmission resonator configuration [J]. IEEE 
Journal of Quantum Electronics, 2003, 39(1):160-165. [22] SHARKAWY A, SHI S, PRATHER DW. Multichannel wavelength 
division multiplexing with photonic crystals [J]. Appl. Opt., 2001, 40(14):2247-2252.
本刊中的类似文章

1．乔培玉, 何昕, 魏仲慧.加权整体最小二乘法在光学自准直法测量挠曲角中的应用[J]. 光学精密工程, 2012,20(9): 1953-1959

2．乔 健, 高云国, 韩光宇, 赵 天.水平式两轴转台中库德光路的快速装调[J]. 光学精密工程, 2010,18(8): 1760-1765

3．崔乃迪, 梁静秋, 梁中翥, 周建伟, 宁永强, 王维彪.二维硅薄膜光子晶体波导的设计及制作[J]. 光学精密工程, 2010,18(12): 2549-2556

4．赵勇，赵华玮，张馨元，原博，张硕.慢光产生的新机理及其应用[J]. 光学精密工程, 2009,17(2): 237-245

5．史亚莉.提高CCD激光自准直测角精度的硬件方法[J]. 光学精密工程, 2008,16(4): 726-733

6．史磊,金光,田海英.一种航空相机自准直自动检焦方法研究[J]. 光学精密工程, 2008,16(12): 2460-2464

7．吴 斌;王庆康.带反射回馈的高效光子晶体多路滤波器件[J]. 光学精密工程, 2007,15(8): 1208-1214

8．刘炳国;宫 娜;刘国栋;庄志涛;浦昭邦.ICF靶场坐标系的建立及其监测方法[J]. 光学精密工程, 2007,15(7): 1070-1076

9．刘成有;宁丹;王瑞庭;倪政国.Ta2O5/SiO2三维光子晶体的制作及光学性能[J]. 光学精密工程, 2007,15(10): 1478-1482

10．敖 磊;谭久彬;崔继文;康文静.激光CCD二维自准直仪中圆目标中心精确定位算法[J]. 光学精密工程, 2005,13(6): 668-673

11．桑新柱1,2;余重秀1;王葵如1;M.K. Islam2;吕乃光3.高非线性光子晶体光纤中布拉格光栅的制作[J]. 光学精密工程, 2005,13(6): 633-
636

12．魏仲慧.数字光电自准直仪的研究与设计[J]. 光学精密工程, 1996,4(3): 116-120

13．壮舒, 郝志航.面阵CCD在二维直读式数字自准直仪中的应用研究[J]. 光学精密工程, 1995,3(4): 42-46

Copyright by 光学精密工程


