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Abstract

Recently, the high gain compact antenna for the wireless broad-band communication at
millimeter-wave frequency is strongly required. It is believed the Fat Dielectric Loaded Waveg-
uide Antenna (FDL-WGA) is one of the most promising candidate of the millimater-wave antenna
for the broad-band communication. T. Tsugawa[1] reported that FDL-WGA with the cylinder di-
electric diameter of 1.5λ0 and the cylinder dielectric length of 1.7λ0 has the gain of 16.66dBi.
This paper describes the simulation results of the FDL-WGA using FDTD method. From the
consideration of the numerical results, the FDL-WGA operates like an 2x2 array antenna with the
source at the dielectric edge.

1 Introduction

Recently, the demand of the wireless bloadband
communication at millimeter-wave frequency
increases with activity of digital multimedia-
contents circulation. One of the problem of
the millimeter-wave communication is the large
transmission loss in free space. For instance,
transmission loss of the 5m distance between
the transmitter and the reciever is about 82dB
at 60GHz. Therefore, the high gain antenna is
required to compensate the large transmission
loss.

The dielectric loaded planar antennas have the

high gain with simple structure. The typical
structure is that the dielectric is in front of the
radiator. The dielectric works like a lens and
increase the antenna gain. The Fat Dielectric
Loaded Wavegude Antenna is the highest gain
with the compact structer most also in various
dielectric loaded antennas.

2 FDL-WGA

The Fat Dielectric Loaded Waveguide Antenna
(FDL-WGA) is rectangle waveguide aperture
mounted in large ground plane, loaded with the
cylindrical dielectric as shown in Fig. 1. The



cylindrical diameter d and length l are about sev-
eral wavelength. The feature of the FDL-WGA
is that it is compact and has high isotropic gain.
For instance, in FDL-WGA which loaded the di-
electric with the diameter of 1.5λ0 and the length
of 1.7λ0 shows the gain of 16.6dBi. A dielectric
rod with the diameter of 0.5λ0 and the length
of 6-7λ0 is used in a rod antenna with the al-
most same gain. Furthermore, the high gain pla-
nar antenna constituted by the 64 elements FDL-
WGA array was also reported[1]. This antenna
with the aperture size of 288mm has the gain of
a maximum of 31.9dBi at 11.85GHz.
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Figure 1: Fat Dielectric Loaded Waveguide An-
tenna

3 Simulation

In order to investigate behavior of the electro-
magnetic fields at the dielectric part of the FDL-
WGA, the electromagnetic fields around an an-
tenna was calculated using the FDTD method.
The computer program of the fields computa-
tion has PML subroutine for free space bound-
ary. The lattice scheme is the uniform orthog-

onal lattice. In this case, the shape of a dielec-
tric was used as the rectangular parallelepiped
for simplification of a simulation. A simula-
tion model of the FDL-WGA is shown in Fig.
2. The rectangular parallelepiped dielectric was
loaded on the rectangle aperture mounted in in-
finite ground plane. The feeding waveguide is
mounted on the rectangle aperture in the oppo-
site side of a dielectric. The z component of the
electric field on the edge of the feeding waveg-
uide was excited directly according to following:

E
z
(y, t) = E0(t) sin

πy

a

E0(t) = sin ωt sin
ωt

N

The frequency domain fields at 59.498GHz was
calculated by having carried out discrete Fourier
transform of the obtained time domain fields.
The detailed simulation parameter was shown in
Table 1.

The magnitude of z component of the electric
field without dielectric is shown in Fig. 3. In
this figure, the shade of a pixel shows the ampli-
tude value. The cut plane aa′a′′a′′′, bb′b′′b′′′ and
cc′c′′c′′′ are indicated in Fig. 2. Similarly, the
magnitude of z component of the electric field
around the FDL-WGA with the dielectric size
of 10.8 x 8.4 x 8.4 [mm] is shown in Fig. 4.

4 Consideration

From the obserbation of Fig. 4, the electromag-
netic wave shows a complicated amplitude dis-
tribution due to the reflection in the border of
a dielectric and air. It seems that the radiation
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Figure 2: Simulation Model

wave is collected in the direction of the antenna
front when a dielectric is loaded. The magnitude
of the electric field on four corner of a dielectric
is relatively large on bb′b′′b′′′ plane. The phase
distribution on bb′b′′b′′′ plane is shown in Fig.
4. In this figure, the shade of the pixel shows

Simulation Parameters

time step [ps] 61.6
iteration [step] 1200
cell size [mm] dx = 0.4

dy = 0.4
dz = 0.4

RDFT

frequency [GHz] 59.498

PML

layer [cells] 16
m 4
R 1e-16

Table 1: Detailed Simulation Parameters

the angle. The phase of the electric fields at
the four corner are excited by the same phase.
From these resultsis, it seems that the FDL-
WGA operates like an array antenna with four
point source at the dielectric corner.
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5 Conclusion

The simulation of the FDL-WGA was carried
out. The magnitude and phase distribution of
the electromagnetic fields around the antenna is
shown. From the computation results, the FDL-
WGA operates like an array antenna.
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