Available online at www.sciencedirect.com

SOIENCE@DIRECT' Optlcal Flber
Technology

Optical Fiber Technology 12 (2006) 1-9 —_
www.elsevier.com/locate/yofte

Polarization-independent all-fiber flat-top comb filter

Xiurong Ma®®*, Zhifang W#, Guiyun Kai?, Yange Lil#,
Lihui Liu 8, Hao Zhang, Shuzhong Yuaf Xiaoyi Dong®

@ |nstitute of Modern Optics, Nankai University, Tianjin 300071, People’s Republic of China
b Tianjin University of Technology, Tianjin 300191, People’s Republic of China

Received 30 August 2004; revised 31 March 2005
Available online 11 July 2005

Abstract

A novel polarization-independent all-fiber flat-top comb filter based on high birefringent (Hi—Bi)
fiber Sagnac interferometer is proposed for the first time to our knowledge. The numerical simulation
results show that the proposed device exhibits flat-top and the extinction ratio reads about 30 dB.
A good agreement between the numerical simulations and the experimental results is achieved.
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1. Introduction

Wavelength-division-multiplexing (WDM) is an attractive fiber-optical communication
technique. Optical comb filters are the key components to control light signals for such
technigues. In WDM networks, every nod needs to drop required signals, add new signals
and pass the others to the next node. Optical comb filters can be used for signals dropping
or adding in the optical networks. Among the parameters of the filters, a high extinction
ratio is the key factor to reduction adjacent channel crosstalk [1]. The flat-top is an es-
sential feature for high-speed optical communication systems. Therefore, it is important to
improve the extinction ratio and achieve flat-top performance for comb filters. In the mean-
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time, as we all know, we also have to consider the polarization state of ordinary fibers. As
a results the polarization-independent filter is necessary.

Several optical comb filters have been proposed such as Mach—Zehnder interferometer
filters [2], arrayed waveguide gratings (AWG) [3], and Hi-Bi fiber Sagnac interferometer
[4-7]. Among these filters, the Hi—Bi fiber Sagnac interferometer (or loop) is a potential
candidate for its low loss, good tunability, and spectral polarization independence [4].

In paper [5], a flat-top comb filter is obtained by a six-order Solc—Sagnac filter which
includes five HB fibers in a Sagnac loop. However, the framework is difficult to construct.

In this letter, we propose a novel comb filter based on Sagnac interferometer (or loop)
with flat-top transmission spectrum, higher extinction, and its output light intensity is in-
sensitive to the polarization state of input light.

2. Principle
2.1. Hi-Bifiber loop

A standard Hi—Bi Sagnac loop, as shown in Fig. 1, consists of a 3 dB directional coupler,
a section of HB fiber denoted by the thick line inside the loop, two polarization controllers,
and two sections of conventional single mode fiber used to connect the HB fiber and the
coupler.

The 3 dB coupler in Fig. 1 has a four-port structure as shown in Fig. 2, and its Jones
matrix can be represented as
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whereE,, E», E3, and E4 are electric-field vectors at the four ports, respectivelig the
coupling ratio of the fiber coupler, which equal&1 (The same applies to the input lights
form ports 3 and 4.)

The polarization controllers, PC1 and PC2, are set to produce polarization rotations of
6 in relation to the fast axes of the Hi—Bi fiber for beams coming from both directions, and
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