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Application of Finite Impulse Response Theory

in the Design of Optical Interleaver
Yang Xiaowei Zhang Juan
School of Communication and Information Engineering,

Key Laboratory of Special Fiber Optics and Optical Access Network , Shanghai University . Shanghai 200072, China

Abstract Asymmetrical birefrigent crystal interleaver is designed by using digital signal processing theory. Based
on Jones-matrix theory, the expression of the system composed of several cascaded crystal wave plates located

between a polarizer and an analyzer is calculated. and it is simplified to make the output frequency response satisfy
the expression of FIR by using Z transform. Using FIR digital filter design technique, an asymmetrical interleaver is
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designed. The azimuth angles of crystal and analyzer are determined by using step-down iteration method based on

the expression of spectral transmittance. An asymmetrical 50 GHz interleaver is designed, the ratio of one output
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port (narrow bandwidth) to another output port (wide bandwidth) at 3 dB passband is 1:2. The design examples of
three crystals structure using Equiripple method are given. The bandwidth at 0.5 dB passband,channel isolation and

gradient in both wide port and narrow port are given. Three design results respectively got by three different FIR
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design methods in the same order are compared, and the advantages and drawbacks of different methods are analyzed.
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Fig. 1 Structure of birefringent interleaver
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Table 1 Each crystal’s azimuth angle and analyser’s azimuth angle

crystal 1 crystal 2 crystal 3 crystal 4 crystal 5 crystal 6 crystal 7 analyser
azimuth
angle/ (%) —63.4276 —61.6923 —134.7095 —134.4564 —134.2034 —207.2206 —205.4853 —180.8999
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Table 2 Azimuth angle and thickness of each 193'.10 193‘.15 196".2() 19:;.25 1%;.30

crystal after modification

crystal 1 crystal 2 crystal 3
azimuth
s —63.0998 —135.3269 —207.4795
angle/ (%)
crystal
2L 3L 2L
thickness
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Fig. 2 Output spectra before and after modification
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Fig. 3 Three output spectra in different orders obtained

by using Equiripple method
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Table 3 Three output spectral concrete
parameters in different orders
bandwidth at isolation gradient

0.5 dB/GHz /dB /(dB/GHz)

wide narrow wide narrow wide narrow

order

port port port port port port

7 54.2 19.8 36.0 32.2 1.41 1.49

11 56.2 21.2 37.5 39.6 1.63 1.70

15 58.0  23.2 44.3 45.1 1.93 1. 99
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Fig. 4 Three output spectral in the same order

are obtained by using different methods
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Table 4 Three output spectral concrete parameters
obtained by using three different methods

bandwidth at isolation gradient

FIR 0.5 dB/GHz /dB /(dB/GHz)

method wide narrow wide narrow wide narrow

port port port port port port

Equiripple 58.0 23.3 44.3 45.1 1.93 1.99

Hamming 57.1 23.4 35.0 49.2 1.99 1.84

Kaiser 56.5 22.4 22.6 54.4 1.86 1.68
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