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Design of polarization-independent electro-optic
multi-wavelength filter

Liu Qun
(Department of Fundamental Courses, Institute of Disaster Prevention, Sanhe 065201, China)

Abstract: In order to increase the flexibility of optical signal demultiplex, a polarization -independent
two -port multi -wavelength tunable filter was designed based on the electro -optic effect of birefringent
lithium niobate (LiNbOs) crystal. On each arm of an asymmetric interferometer, mode -coupled electrode
and phase -shifted electrode periodically alternated cascaded were set to realize mode conversion. Z -
transform was utilized in analysis of Jones matrix to get the values of needed driving voltages to select
wavelengths simultaneously. Narrow -band multi -wavelength with arbitrary distribution was simulated
successfully in free spectrum range (FSR). 100% transmittance was obtained at each wavelength. The
number of wavlengths had an influence on sidelobe of each wavelength. And sidelobe of 12 dB could be
realized when three wavelengths were selected. Interleaver could also be obtained using this method,
which had a flat passband and sidelobe of more than 20 dB.
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0 Introduction

Application of multi -wavelength filter in

system (WDM)
improves the utilization rate of bandwidth and reduces

wavelength division multiplexing
the insertion loss in optical net nodes, so that WDM
signal can be selected more flexibly. Many kinds of
multi -wavelength filter have been reported, which are
designed based on photonic crystals ™, aperiodically
poled lithium niobate (APLN)®, Febry-Perot cabity (F-
P)E- Mach-Zehnder interferometer (MZI)F! and fiber
grating® etc. And most of them are interleaver. Fourier
transform used in electric signal processing becomes a
new method in analysis of optical device "%, In this
paper,
niobate in Z -domain was designed. Using descrete

a polarization converter based on lithium
Fourier transform (DFT), it was probably to get a
multi -wavelength filter with arbitrary distribution.
Also, an asymmetric interferometer was adopted to

ensure polarization independence of the filter.

1 Principle and analysis

A schematic diagram of the filter on X -cut, VY -
propogation lithium niobate (LiNbOs) is illustrated in
Fig.1. The Y -branches are symmetric 3 dB power
splitters. And there is a half -wavelength diffence in
the optical path between the upper and lower arms.
(PCU) is
composed of cascade of mode -coupled electrode

On each arm, polarzation converter unit

alternated with phase -shifted electrode. The basic
period of interdigitated electrodes is A, with interval
length L between every two coupled -mode electrodes.
G is the gap between the phase -shifted electrode pair.
Also, there is a relative spatial displacement of PCU
in arms by A/2.

Fig.1 Schematic illustration of multi-wavelength filter

When an incident wavelength -multiplexed optical
signal enters the input port 1, the intensity of guided
light splits into two equal parts at the first Y -branch
and is directed to the upper and lower PCU. If
wavelength A in the incident light satisfies the phase -
match condition, polarization conversion occurs in
each arm. Because of the half -wavelength difference
path between

lightwaves enter the second Y -branch with = phase

in the optical the arms, the two
difference. But at wavelength A, an additional m phase
difference is acquired through the relative displacement
of A/2 the upper and lower PCU. As a result,
wavelength A appears in phase and combines to
emerge from the output port 2, while all other
wavlengths radiate into the substrate.

PCU is the core of multi-wavelength filter, which
determines the filter characteristics and is controlled
by the driving voltages. Utilizing Z -transform to solve
the Jones matrix, we can get the needed voltage
distribution. N cascaded PCU consists of N mode -
coupled electrodes alternated with N phase -shifted
electrodes. The Jones matrix of each mode -coupled

section C; and phase -shifted section P;:

(1)

r cos(k, 1) —jsin(k; 1)
(—jsin(kil) cos(kil))
b= ( z7V%exp(-jA@/2) 0 )
' 0 2¥%exp(jA¢/2)
where k; is the coup ling coefficient per unit length

(2)

controlled by Vic; Ag; is the phase shift value controlled

by Vip in the i-th network; I is the length of mode -
coupled electrode. The voltages can be deduced ©:

Vi koA (AT gy Ve %)
i=1,2,---N (3)

Vi :A‘Pi)\oG/ L ve Vs Mg = T Vs o)
where A, is the center wavelength of free spectrum
range (FSR); I ¢, I, and I -, are overlap factors of
the applied electrical field with the waveguide optical

field; v, ,7v, and vy, are electro-optic coefficients.

So, after setting the desired filter transfer function
H(z), we can use method of undetermined coefficients
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to solve the values of ki and Ag, so as to get the
voltages.

k; :arctan(mgi]/n?])ll

(4)

[i1,2

m)i((m’’)y +n))]
where m [T and n 1 are the expansion coefficients of
transfer functions H(z)!! and F(z)™ of i cascade PCU

respectively; also H(z) and F(z)!! are reciprocal.

[, [
Ag=-arg[(m, /n; -m,

2 Simulation and discussion

In this paper, we get an interleaver and also a
multi -wavelength filter which wavelengths can be
combined with no rules through programming and
simulation.

If we set the voltages driving phase -shifted
electrodes zero, filtering output of interleaver can be
obtained using the method above to get the values of

voltages ViC
window function which determines the

. Each passband can be expressed by
roll -off

characteristic and sidelobe of passhand. Figure 2
shows an interleaver centered at 1 550 nm when N=
33. Blackman window function is used to indicate the
passband.
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Fig.2 Output of interleaver

It can be seen that the output spectrum is
symmetric centered of 1550 nm. Each passhand is flat,
with bandwidth of 7 nm and sidelobe of more than
20 dB. Because there is a phase mismatch at the
wavelengths away from 1550 nm, sidelobe of passband
there is a little higher. As a result, this method is
suitable for small FSR. Also, transfer funcion H (z)
satisfies a linear -phase condition in the filter. So the

group dispersion associated to interleaver is very small
and can be negligible.

If we set the voltages driving phase -shifted
electrodes nonzero, phase shift can be controlled along
with the polarization conversion. So arbitrary multi
wavelengths can be selected, with discrete Fourier
transform  (DFT) representing the desired filtering
function.

Figure 3(a) shows the output of two wavelengths
filter when N =19.

centered of 1550 nm, wavlengths A; and Ag are selected

In the range of about 8 nm

simultaneously. Each wavelength can realized 100%
transmittance, with 3 dB bandwidth of about 0.4 nm
and sidelobe of more than 12 dB. Figure 3(b) shows
the output of four wavelengths filter when N =19.
Wavlengths A, A, A; and A, are filtered at the same
time with sidelobe about 10 dB. So it can be deduced
that number of wavlengths has an influence on
sidelobe of each wavelength. And the 3 dB bandwidth

is determined by the cascade stage N.

Light intensity transmittonce/dB
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Fig.3 Ouput of two wavelengths filtering and ouput of four

wavelengths filtering

3 Conclusion

A wave -guided electro -optic multi -wavelength
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