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We demonstrated a compact structure to implement the tunable Solc-type wavelength filter based on
periodically poled lithium niobate device. The theoretical analysis and experimental results show that
the wavelength filter exhibits polarization independent. By comparing the polarization-independent and
single-pass Solc-type filters, same wavelength spectrum response was observed, while the improvement
on the transmission power was obviously achieved and the polarization dependent loss was eliminated
efficiently using polarization diversity and multiplexing.
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1. Introduction

The Solc-type filters are well known as polarization interfer-
ence ones constructed by a stack of identical birefringent plates.
They have the folded azimuth angles between crossed polarizers
or the fanned azimuth angles between parallel polarizers [1].
Quasi-phase-matched (QPM) nonlinear crystal, such as periodi-
cally poled lithium niobate (PPLN), has been widely studied in the
field of nonlinear optical interactions because of its effective
frequency conversion. Solc-type filters based on bulk or wave-
guide-type PPLN are also investigated because the successive
reversal domains can work as the half-wave plates based on the
electric-optic effect [2-4]. By applying a uniformed electric field
along the transverse axis of PPLN, the optical axis of domains is
alternately rotated with + 0 [5]. Due to the misalignment of LN
wafer, there is always fabrication error in crystal orientation. The
narrowband ( <1 nm) Solc-type filters can be realized in QPM
crystals without applying external electrical field [6,7]. The
central wavelength of this kind of filters can be tuned using UV
exposure or changing crystal temperature. However, as a disad-
vantage of traditional Solc-type wavelength filter [3-7], polariza-
tion dependence is not favorable for practical applications. In order
to address polarization dependent loss (PDL), we demonstrated a
compact polarization-independent scheme using polarization diver-
sity and multiplexing. The counter-propagating beams with orthogo-
nal polarization state are passing through the same Solc-type filter. As
being insensitive to the input polarization state, this scheme can
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minimize polarization mode dispersion (PMD) and more robust to
environmental changes [7].

The scheme, as shown in Fig. 1, separates the polarization state
into the counter-propagating optical paths using a polarizing-beam
splitter (PBS). Two orthogonal polarization directions are parallel to
the front polarizer and the end polarizer, respectively. The decom-
posed lights with orthogonal linearly polarization propagate the
single-pass PPLN Solc filter and recover together with same optical
path in the PBS, where it acts as a beam combiner. The fibers used in
(counter-) clockwise (CW) optical path are polarization maintained.

We theoretically analyze the transmission characteristics of
polarization-independent filter described above using Jones Matrix
method [8]. The optical transmission along CW direction can be
described as
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where M, represent the coordinate Jones Matrix of PPLN [9],
which is
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where m is the total number of PPLN grating period, A is the
grating period, 0 =7n(n.—n,)A// is the detune parameter, n, and n,
are the indices of the ordinary and extraordinary waves, respec-
tively. Then we obtained the transmission in CCW (counter-CW)
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Fig. 1. Principle of polarization-independent PPLN based Solc filter.

End polarizer

4 Front polarizer PPLN

i\
LY

1/ |
Collimator, M“‘ ﬁ -
ASE »{ polarizer [1-- e‘:ﬁ‘i‘ﬁ‘-‘ﬁ‘-
PPLN Collimator
T Ceow ucw)

OSA

PBS:polarization beam splitter

Fig. 2. Experimental setup of polarization-independent Solc-type filter.

direction as
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We notice C.,=B. under the relation of 0.,= — 0., Where
Ocw (Ocew) is the azimuth angle 6 of optical axis of domains relative
to z-axis [2] under the CW and CCW path, respectively, as shown
in Fig. 2. Then the transmission intensity I, can be expressed as

2
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where q, b represent the input field amplitude components of the
orthogonal linearly polarization state. It shows that the output
intensity is a wavelength dependent function and is independent
of the input polarization state and intensity.

2. Experiment

The experimental schematic of polarization-independent
Solc-type filter is shown in Fig. 2. The Z-cut PPLN crystal is
fabricated using the electric-poling technique at room tempera-
ture. The PPLN dimensions are 50 mm (length), 3 mm (width) and
1 mm (thickness), and the grating period is 20.4 pm. We use the
YOKOGAWA optical test kit in our experiment, which includes a
C+L broadband ASE source with an output wavelength range from
approximately 1520 nm to 1610 nm and an optical spectrum
analyzer (OSA) to detect the output light. Crystal temperature is
precisely adjusted by a temperature control oven. The PBS sepa-
rates the input ASE light with orthogonal polarization states in the
polarization-maintaining fibers. The output lights from two arms
are collimated using two collimators with 100-mm working
distance. The planes of polarization state are polarized with the
front and the end polarizer, respectively. Thus two orthogonal
polarized lights can travel through the polarizers and PPLN crystal
in the counter-propagating directions. The polarization-state out-
puts from Solc-type filtering based on PPLN crystal have the same
optical path and the same transmission spectrum. Therefore the
polarization-independent Solc-type wavelength filter is con-
structed, while the typical Solc-type filter based on PPLN crystal
is considered to be single-pass, as one of the optical path in the
ring structure. The polarization direction of the front polarizer is
along the Y-axis, and that of the end polarizer is vertical to the
front one. In order to minimize the coupling loss between the

polarizers and the end collimators, we insert an optical power
meter between the polarizers and PPLN crystal, and then rotate
the collimators until the received optical power reaches the
maximum, which means that the polarization direction of the
output light had already been parallel to the front or end polarizer.

3. Results and discussion

As shown in Fig. 3 the central wavelength of the measured
normalized transmission was 1586.4 nm when the crystal tem-
perature is 40.2 °C, which is in fair agreement with the theoretical
results both in the central wavelength and the full width at half
maximum (FWHM), 0.55 nm. By increasing the temperature of
PPLN crystal, the central wavelength was shifted towards the
shorter wavelength and the transmission spectrum showed a good
stabilization. We also observed that the relationship between the
central wavelength and the temperature was almost linear,
approximately —0.665 nm/°C, which is equal to the theory result
obtained from Sellmeier equation [10].

We compared the transmission spectrum of the polarization-
independent Solc-type filter to the traditional single-pass one as
shown in Fig. 4(a) when the temperature is 40.2 °C and 45 °C,
respectively. They had similar wavelength spectrum response
while the improvement on the transmission power was obviously
achieved in the polarization-independent Solc-type wavelength
filter. The amount of transmission power increment was about
34% under the same input light power. Fig. 4(b) showed the
improved tendency under the other temperatures.

Considering the PDL is at least 3 dB in the single-pass Solc-type
filter, in theory, the transmission power will be increased at most
50% because the lights of both polarization states are fully utilized
in the compact structure proposed here. But the experimental
results were not as high as our prediction due to the optical losses
of the additional components. After the same counter-propagating
distance, the output lights at the identical selected wavelength
in two different polarization states are circulated clockwise (or
counter-clockwise) and combined in the PBS. The PBS and circu-
lator which are inserted in the ring structure have caused addi-
tional optical loss than that of single-pass Solc-type filter. The
insert loss of PBS and circulator are 0.35 dB and 0.55 dB, respec-
tively. Considering the light travel through these components
twice, the total additional optical loss is estimated about 1.8 dB.
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Fig. 3. Transmission spectrum of polarization-independent filter when the tem-
perature is 40.2 °C.
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Fig. 4. (a) Transmission spectrum and (b) peak power between the polarization-
independent and single-pass structures.

4. Conclusion

We have demonstrated a tunable polarization-independent
Solc-type filter based on PPLN crystal using a compact ring

structure. The spectrum transmission is nearly improved 34% and
the PDL is eliminated effectively. The polarization-independent
configuration can be easily implemented in waveguide-type PPLN
filter or used in the integration of wavelength converter based on
PPLN waveguide [11]. The proposed scheme shows a promising
application in the all-optical information process system.
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