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Abstract—For the application in wavelength division
multiplexing (WDM) system, propagation and filtering
characteristics of X-shaped photonic crystal waveguide composed
of metallic pillars in two-dimensional triangular lattice were
studied in this paper. First, symmetrical X-shaped waveguide
and two types of asymmetric X-shaped waveguides were
measured to compare their transmission characteristics. Next,
three sets of dielectric pillars with different lengths were situated
in each output waveguide as cavities. Filtering characteristics
were compared to select the most applicable structure as a basic
filter component in WDM system.
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I.  INTRODUCTION

Photonic crystal (PC) or electromagnetic band gap
structure[1]-[4] plays an important role not only in microwave
communication but also in optical signal processing as it has
unique and sensitive characteristics for wavelength based on
photonic band gap theory. High density multiplexing can be
expected in these systems due to its sensitiveness to optical
wavelength. Especially in WDM system, the structure of cavity
is an important component as a filtering device. There are also
other applications of PC structures such as improvement of
coherency in laser, compact optical circuits for signal
processing and monolithic integration. Optical circuit using
photonic crystal has the advantage of highly integration that
various components like oscillator, transmission circuit and
signal processing circuit can be integrated on one substrate
shaped monolithic. Our research indicated that frequency
separation function can be realized by simple resonator
structure formed by placing a pair of pillars having any
distance in two-dimensional photonic crystal waveguide with
triangular lattice. Moreover, even without using large scale of
arrayed waveguide grating (AWG) and in asymmetrical
structure, the filtering function can be easily achieved in the
desired part of optical circuit. Although AWG is an effective
method for the wavelength division multiplexing in large scale
(from hundreds to thousands of channels), element with the
size that is several hundreds of wavelengths is required. For the
separation of several kinds (4~8) of frequencies in the photonic
crystal waveguide, the simple structure in small size of several
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wavelengths with sufficient separation capability is more
expected. The structure proposed in this paper is available for
this purpose.

In this paper, the characteristics of X-shaped photonic
crystal waveguide [5], with one input port and three output
ports were analyzed through the measurement results. And the
paper is divided into the following sections. In Section II, the
experimental set up for scale model in microwave frequency
was introduced. In Section III, the transmission and reflection
characteristics of three types of X-shaped waveguides were
measured to confirm which type has the best symmetrical
dividing characteristics among three output ports. In Section IV,
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Fig. 2. Top view of two dimensional photonic crystal waveguide with
symmetrical X-shaped branch, which is called Type-1.
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the cavities were formed in the waveguide by putting three
pairs of dielectric pillars in each branch. The filtering
characteristics and extinction ratios at each output port of
different types were compared. In Section V, the results of X-
shaped photonic crystal waveguide composed of metallic
pillars in this paper were compared with the waveguide
composed of dielectric pillars in the same shape.

II. EXPERIMENTAL SETUP OF SCALE MODEL

This research shows that in the asymmetrical X-shaped
waveguide, signals of different frequencies in microwave
domain can be separated. Generally, the same result can be
obtained even when the period of lattice, the size of the
waveguide, the material and the frequency change. This is
because that the experiment is based on the confinement of
electromagnetic wave according to photonic band gap theory
and the resonator with the size which is similar to the
wavelength of standing wave of the signal being transmitted.
Especially in the optical signal processing based on photonic
crystal waveguide of nano structure using semiconductor
materials, this conclusion is also applicable.

Fundamental lattice and the structure of symmetrical X-
shaped photonic crystal waveguide are illustrated in Fig. 1
and Fig. 2, respectively. The measurements were done by
referring to [6]-[8]. The rods with diameter @ of 7.5mm and
height h of 29.5mm were situated as regular triangular lattice
with period P of 26.5mm. Period P was determined by finite
difference time domain (FDTD) method [9] for that under the
restriction of material parameter and mechanical fabrication,
the line defect in this structure is able to operate as a
waveguide. Periodic array of rods were sandwiched between
two aluminum plates and surrounded by aluminum walls to
realize two dimensional structure based on principal of mirror
image in electromagnetic theory. In this structure, the
electromagnetic polarization is transverse electric (TE) mode,
which the unique electric field is polarized parallel to axis of
rods.

Measurements of S-parameters Si; and S>; were done by
vector network analyzer Agilent E5071C. Waveguide to
coaxial adapter were attached to input and output ports while
the other two output ports which are not under measurement
were terminated by anti-reflection adapters. As frequency
range of input and output adapters is from 3.6GHz to 4.2GHz,
all the measurements were done during this frequency band.

III. MEASUREMENT OF X-SHAPED WAVEGUIDE

The symmetrical X-shaped waveguide which is defined as
Type-1 was depicted by red lines in Fig. 2. The structure is
composed of 11 vertical and 18 horizontal rows of metallic
rods with length Lo of 485.5mm and width Wy of 477.0mm.
The reflection and transmission characteristics from port 1 to
port 2, port 3 and port 4 described by dashed line, dash-dotted
line, and solid line were shown in Fig. 3 and Fig. 4,
respectively. According to the figures, three reflection curves
almost coincide with each other. However, the transmission for
port 3 and port 4 were lower than that for port 2 in an average
value of 5dB, approximately. This means that although the
structure was symmetrically fabricated, the input power was
not divided into each output port equally.
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In Fig. 5 and Fig. 6, the asymmetrical X-shaped waveguide
called Type-II and Type-III were illustrated, respectively. The
difference between these two types is the set in branch from
port 2 to port 4, meanwhile, the set of branch from port 1 to
port 3 is the same as in symmetrical waveguide. From the
results of symmetrical X-shaped waveguide Type-I, it can be
seen that the symmetrical dividing characteristic is confirmed
by transmission characteristics for each port. Therefore, only
the transmission results of these two types of asymmetrical X-
shaped waveguides were given in the following as illustrated in
Fig. 7 and Fig. 8. For the waveguide Type-II, the power
transmitted into port 2 became closer to the power of port 3 and
port 4 during the frequency range from 3.8GHz to 4.2GHz. For
Type-III, the magnitude of transmission for port 3 was higher
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Fig. 3. Measured reflection of symmetrical X-shaped waveguide Type-1.
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Fig. 4. Measured transmission of symmetrical X-shaped waveguide Type-1.
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Fig. 5. Top view of two dimensional photonic crystal waveguide with
asymmetrical X-shaped branch, which is called Type-II.
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Fig. 6. Top view of two dimensional photonic crystal waveguide with
asymmetrical X-shaped branch, which is called Type-IIL.
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g. 7. Measured transmission of asymmetrical X-shaped waveguide Type-II.
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Fig. 8. Measured transmission of asymmetrical X-shaped waveguide Type-III.

than that of port 2 and port 4. To figure out which type of these
three kinds of X-shaped waveguide has the best symmetrical
dividing characteristic numerically, variance between the
transmissions of each port for three types were calculated. The
result was illustrated in Fig. 9. According to the figure,
variance of Type-II was relatively the smallest and most stable
during the frequency range from 3.8GHz to 4.2GHz. It also
means that the power in asymmetrical X-shaped waveguide
Type-II were divided more equally into three output ports than
in other two types of waveguides.

IV. MEASUREMENT OF X-SHAPED WAVEGUIDE WITH CAVITIES

As in the symmetrical X-shaped waveguide shown in Fig.2,
when we see from Port 1, before the branch point to Port 2, the
periodicity of the structure has disappeared. It means that
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Fig. 9. Variance between the transmissions of three output ports for three types
of X-shaped waveguides.
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Fig. 10. Top view of asymmetrical X-shaped waveguide Type-II. with cavities
of lengths 2.5P, 2.75P and 3P.
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Fig. 11. Measured transmission of asymmetrical X-shaped waveguide Type-II
with cavities.

before the power arrives at the branch, more than half of it
leaks to Port 2 and the left power is almost equally divided to
port 3 and port 4. As shown in Fig.4, the power to port 2
accounts for most of all which causes unequal division.
Therefore the asymmetrical structure is considered as the equal
filtering power can’t be obtained from each port when we place
the resonators in this symmetrical structure. According to the
measurement results above, asymmetrical X-shaped waveguide



Type-II shows the best symmetrical dividing characteristic.
Therefore, in this section, the filtering characteristics of this
type of waveguide will be studied on by situating three sets of
ceramic pillars in the waveguide. As shown in Fig. 10,
cavities with lengths of 2.5P, 2.75P and 3P marked by red lines
were situated in each output branch indicated by blue lines,
where P is the lattice period. The transmissions of three output
ports were shown in Fig. 11. It can be seen that by placing the
resonator at the branch to port 2, the inflow of too much power
to port 2 has been avoided. Then the branch to port 3 and port 4
are placed and the power to these two ports are equally divided.
Finally the power is divided into three parts equally. In Fig. 11,
three resonant peaks can be observed obviously and the decibel
value at the center frequency of three peaks were almost the
same. To study the filtering characteristic of this type of
waveguide with cavities, Q factor and extinction ratio are
introduced. Q factor is defined as in

O = fres/ faan, M

where, fres is center frequency of resonance and f3gg is the 3dB
full band width, respectively. Extinction ratio indicates the
goodness of separation for desired frequency component at

TABLE L SUMMARY OF PARAMETERS OF THREE PORTS IN WAVEGUIDE
TYPE-IT WITH CAVITIES.
Cavity Peak .
Port No. Length Freq. Q factor Ext. Ratio
Port 2 2.50P 4.083GHz 445.0 21.6dB
Port 3 2.75P 3.957GHz 377.6 25.8dB
Portd 3.00P 3.888GHz 598.8 24.1dB

each output port. The evaluated results of these two parameters
were shown in Table I. As shown in Table I, quite sharp
resonant peaks were obtained in this type of asymmetrical X-
shaped waveguide with the separation over 100MHz.
Meanwhile, the extinction ratios of all three peaks were over
22dB.

V. CONCLUSION

In this paper, transmission and reflection characteristics of
three types of X-shaped photonic crystal waveguides were
measured around 4GHz in scale model. According to the
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comparision of the results, the asymmetrical X-shaped
waveguide Type-II showed the best symmetrical dividing
characteristic. In the following paper, the cavities with
different lengths were set in this kind of waveguide to study its
filtering characteristic. Through the analysis for two
parameters of Q factor and extinction ratio, the qualities of
three resonant peaks are quite good.

In our previous work [5], we proposed several types of X-
shaped photonic crystal waveguide composed of ceramic
pillars. The measurement result of the waveguide with the best
symmetrical dividing characteristic shows higher Q factors.
For the application of WDM system, our future work is to
improve the Q-factor and extinction ratio of the structure
proposed in this paper.
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