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Abstract. Post wall waveguides consist of dielectric or metallic cylinders for microwave around 4GHz were experimentally
and numerically investigated. The structure attracts interests for application of transmission circuit for three-dimensionally
integrated planar circuit in millimeter wavelength. In straight waveguide with dielectric cylinders, confinement of microwave
is poor, when the post wall was composed of a pair of single row of cylinders. The confinement was improved as increase of
rows of post wall. In metallic cylinders, microwave was well confined even when a pair of single row of cylinders composed
the waveguide. After confirming confinement of the electromagnetic field, Y-shaped branches of post wall waveguide consisted
of dielectric cylinders for microwave were similarly investigated for dielectric rods. The confinement was also improved by
increase of post wall up to 3 layers. These results are applicable for fundamental design and fabrication of integrated circuit for
microwave and millimeter wave.
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1. Introduction

Post wall waveguides are attracting much attentions as transmission line for microwave and millime-
ter wave. The structure is quite simple such as periodic array of dielectric or metallic cylinders, but
shows good confinement of microwaves. As well-known similar periodic structure, photonic crystal
(PC) waveguide [1] has intensively studied as substance of conventional optical waveguides using total
internal reflection. The PC structure has photonic band gap (PBG) or electromagnetic band gap (EBG)
for limited range of frequency band and propagating direction. Authors’ group has been investigated
transmission characteristics of two dimensional photonic crystal waveguide by numerical method and
confirmed the results by scale model in microwave frequency. The experiment by scale model [2,3] is
easily transformed to post wall waveguide, because both structures consist of periodic array of dielectric
or metallic cylinders [4-7].

In this paper, basic transmission characteristics of straight waveguide and Y-shaped branch waveguide
consisted of post wall structure, are reported. For the waveguide with dielectric cylinders, experimental
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Fig. 1. Illustration of (a) unit cell of periodic triangular array and (b) polarization of electromagnetic field components.
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Fig. 2. Side view of a scale model of two dimensional photonic crystal structure. Through coaxial-to-waveguide adapter, mi-
crowave is excited and received.

results and numerical results corresponded with each other on the confinement. The basic design scheme
for post wall waveguide by numerical and experimental approaches were established throughout this
study. These results are applicable for design of microwave and optical integrated circuits as guiding
structure can be composed of simple arrays of dielectric cylinders.

This paper is composed as followings. In Section 2, straight post wall waveguide is analyzed by ex-
periment and numerical analysis. Setup of the experiment, measurements, and simulation results by the
constrained interpolation profile (CIP) method are explained in each subsection. An important result for
electromagnetic confinement in the waveguide was obtained. In Section 3, Y-shaped post array waveg-
uides are investigated experimentally and numerically. Related to Section 2, we could reach an important
fact on the confinement in branching waveguide. In Section 4, confinement of the electromagnetic wave
is summarized. For general periodic structures, it is also mentioned that our experimental approach pro-
posed here could be applicable.

2. Straight post wall waveguide

2.1. Experimental setup for microwave measurement

In Fig. 1(a), top view of unit triangular cell is illustrated, together with height of the cylinder. The co-
ordinate axis is also shown in the figure. The longitudinal axis of the cylinder corresponds with polariza-
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Fig. 3. Shallow periodic guide holes fabricated by numerically controlled milling machine.
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Fig. 4. Schematic of top view of post wall waveguides.
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Fig. 5. Photograph of post wall waveguide consisted of a pair of single row of cylinders with ceramic rods. The waveguide is
excited and received by coaxial-to-waveguide adapter.

Transmission |Szi1| [dB]

0.00E+00

-2.00E+00

-4.00E+00

-6.00E+00

-8.00E+00

-1.00E+01

-1.20E+01

-1.40E+01

-1.60E+01

-1.80E+01

-2.00E+01

3.60E+09 3.70E+09

Frequency [Hz]
3.80E+09 3.90E+09

4.00E+09 4.10E+09 4.20E+09

Vd Dielectric Cylinders

@ Pair of | Row @ Pair of 3 Rows e Pair of 5 Rows e Pair of 7 Rows

Fig. 6. Transmission Characteristics of post wall waveguide with ceramic cylinders. Measurement of single row is also plotted.

tion direction of electric field, as is shown in Fig. 1(b). Transverse electric (TE) mode with components
(Hy, Hy, E.) is excited in the input waveguide adapter.

To demonstrate two dimensional experiment, we put periodic ceramic rods between two aluminum
plates, as is depicted in Fig. 2. These aluminum plates were grounded to assume this structure is artifi-
cially two dimensional under ‘principle of mirror image’ in electromagnetic theory. Dielectric rods were
put periodically by using shallow guide holes, which were fabricated by mechanical mill machine with
precision order of 1 micrometer. Material of the dielectric rod is ceramic for dielectric post.

Measurements were done by using vector network analyzer Agilent Technologies E5071C. Coaxial-
to-waveguide adapters were used for input and output, while one of output ports of Y-shaped waveg-
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Fig. 7. Transmission Characteristics of post wall waveguide with aluminum cylinders.

uide which is not under measurement was terminated by anti-reflection adapter. Frequency range of the
measurement is from 3.6 GHz to 4.2 GHz, which corresponds to operation range of input and output
waveguide adapters.

2.2. Measurement of straight post wall waveguide

Schematic illustrations of straight post wall waveguides were shown in Fig. 4. In Fig. 4(a), waveguide
is consisted of a pair of single row of posts. In Figs 4(b) and (c), number of surrounding rows were
increased to 3 and 5 rows respectively.

In Fig. 5, photograph of post wall waveguide with a pair of single row of cylinders is shown. An
covering plate over the waveguide is removed for taking a photograph. Material of the posts is ceramic,
which was made of Kyocera Co. ltd, Japan with relative dielectric constant €, = 36.0 at 4 GHz. This
waveguide is excited and received by coaxial-to-waveguide adapters. Material of the metallic box is
aluminum. When measurement was done, aluminum plate covers entire box to achieve the structure as
two dimensional supposing ‘principle of mirror image’.

In Figs 6 and 7, measured transmission characteristics of post wall waveguide are shown for dielectric
post and metallic post, respectively. In Fig. 6, amount of transmission is small only when the waveg-
uide is conposed of a pair of single row cylinders, as is depicted in Fig. 4(a). By increasing rows of
surrounding posts, the transmissions are improved.

On the other hand, as shown in Fig. 7, metalic post wall waveguide confines microwave very well,
even when a pair of single row of cylinders consists of waveguide. The confinement of 1, 3, 5, and 7
rows of cylinders made no difference.

2.3. Numerical analysis of straight post wall waveguide

To confirm experimental results in previous section, we demonstrate numerical analysis by constrained
interpolated profile (CIP) method. The CIP method was proposed by Yabe [8] and applied for electro-
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Fig. 8. Electric field profile in post wall waveguide for f = 4.0 GHz with a pair of single row of cylinders by CIP method at
typical time steps.

magnetic wave analysis by Okubo [9]. Advantage of CIP method compared with conventional finite-
difference time-domain (FDTD) method [10] is superiority of accuracy of scattered wave by target with
relatively high material constant from the background medium [11,12]. The superiority of accuracy of
CIP method was confirmed for scattering problem of single dielectric cylinder, by comparing with ana-
Iytical method based on Hertz potential [13,14].

In the following examples of two-dimensional analysis, space grid size Az = Ay = 0.5 mm and time
step At = 1.7 x 10713 sec were used.

In Fig. 8, time evolution of electric field profile of TE mode in post wall waveguide with a pair of
single row dielectric cylinders is shown for typical three time steps. As seen in Figs 8(b) and (c), the
waveguide is leaky and radiated wave is observed.

To compare the confinement with different number of rows, electric field profile in waveguide with
a pair of 3 rows and that with 5 rows are shown in Figs 9 and 10, respectively. It is shown that the
confinement is very well even for a pair of 3 rods. These results agree with mesurement in Fig. 6 very
well.
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Fig. 9. Electric field profile in post wall waveguide for f = 4.0 GHz with a pair of 3 rows of cylinders by CIP method.
3. Measurement and simulation of post wall Y-shaped waveguide

In Fig. 11(a), top view of post wall Y-shaped waveguide composed of a pair of periodic dielectric
array with single layer is shown. The structure was fabricated by making use of the PC structure shown
in Fig. 12(a) by removing unnecessary dielectric rods. In microwave measurement, radiated wave from
post wall waveguide is expected. The radiation must be removed to observe isolated guided wave at
output port. Therefore, electromagnetic wave absorber was put along with surrounding aluminum wall to
eliminate reflected wave. Measurement results of the structure are shown in Fig. 11(b). The transmissions
521 and S31 by measurement are smaller than that of Fig. 12(b). Also, the reflections S11 — 2 and
S11 — 3 are almost in the same magnitude with Fig. 12(b)

For implementation of this phenomena, numerical analysis by the CIP method were demonstrated.
The parameters are same with previous section. Reflection from end of the calculated area is negligibly
small in the CIP analysis [8]. Electric field profile of £, by numerical analysis is shown in Fig. 11(c)
as a typical case after steady state at 20, 000A¢ for input frequency f = 4.0 GHz. As is shown in the
figure, radiated wave is obviously exists around branching point and along with waveguides after the
branch. This means that post wall Y-shaped branch consisted of a pair of 1 layer periodic array has poor
confinement characteristics.
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Fig. 10. Electric field profile in post wall waveguide for f = 4.0 GHz with a pair of 5 rows of cylinders by CIP method.

In Fig. 13(a), top view of post wall waveguide composed by a pair of periodic dielectric array with
3 layers is shown. The structure was fabricated also by making use of the PC structure. Measurement
results of the structure are shown in Fig. 13(b). The transmissions and reflections are designated in
the same manner as Fig. 11. Simulation result by CIP method was also demonstrated for comparison.
Electric field profile of E, is shown in Fig. 13(c) at the same time step as Fig. 11(c) for input frequency
f = 4.0 GHz. From those figures, it was found that electric field profile is well confined and propagated
all through the waveguides. For confinement and propagation of electromagnetic field in post wall Y-
shaped branch waveguide, a pair of periodic array with 3 layers are necessary.

4. Conclusions

In this paper, experimental and numerical results of post wall waveguide were shown. It was found
that a pair of periodic walls with 3 layers are needed for confinement and propagation of electromagnetic
field in dielectric posts. For metallic posts, even a pair of single layers of periodic array could confine
the field.

This result is applicable for integrated microwave and millimeter wave circuit. By applying scaling
rule, this circuit operates for optical frequency range. These results are applicable for PBG structure with
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Fig. 12. Photonic crystal(PC) Y-shaped waveguide as reference. (a) Top view of two dimensional PC waveguide, (b) Measured
transmission (S21 and S31) and reflection (S11-2 and S11-3) characteristics.
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Fig. 13. Post wall waveguide with 3 layers of periodic array.

integrated transmission lines. Also, this investigation gives an approach for general design of microwave
and optical integrated circuits, as those guiding structure can be composed of simple arrays of cylinders

in which we analyzed in this work.
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