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Abstract:
A new photonic bandgap (PBG) cover for a patch antenna with a photonic bandgap substrate is introduced.
The plane wave expansion method and the FDTD method were used to calculate such an antenna system. Numerical results for the input return loss, radiation pattern, surface wave, and the directivity of the antennas are presented. A comparison between the conventional patch antenna and the new PBG antenna is given. It is shown that the new PBG cover is
very efficient for improving the radiation directivity. The physical reasons for the improvement are also given.
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INTRODUCTION
Investigation of photonic bandgap (PBG)
materials is currently one of the most active frontiers in engineering and physics. PBG materials
have recently emerged as a new multidisciplinary
field of study (Kesler et al., 1996; Yablonovitch,
1994; Simovski and He, 2001). A PBG structure
can have a bandgap within which electromagnetic
(EM) wave propagation is prevented in all directions (Joannopoulos et al., 1997; Ozbay et al.,
1994). For a two-dimensional PBG material, the
propagation of an EM wave within its bandgap is
prevented in all directions within the X-Y plane
(Fig.1).
PBG materials had been used to improve the
performance of various antennas, such as patch an*
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tennas (Gonzalo et al., 1999) and resonant antennas (Lin et al., 2002). In such applications, PBGs
were used to replace the usual dielectric or metallic materials in order to improve the performance
of the antennas. Patch antennas are very useful in
many applications, such as satellites, aircrafts,
spacecrafts, missiles, and mobile radios, due to
their advantages such as low profile, conformity to
planar and nonplanar surfaces, simplicity, inexpensive manufacture, and mechanically robustness
(Balanis, 1997; Ying and Kidal, 1996).
In this paper, we introduce a new cover (acting as a lens or passive array) of a two-dimensional PBG structure, to improve the directivity of
patch antennas (Thèvenot et al., 1999). A PBG
substrate is used in our patch antenna to improve
its directivity further by suppressing the surface
wave (Brown et al., 1993). The plane wave expansion method (Plihal et al., 1991; Qiu and He, 2000)
was used to calculate the photonic band structure
of the PBG structure. The input return loss, radia-
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input return loss, radiation pattern, surface wave,
and the directivity of such a patch antenna were
computed by the finite-difference time-domain
method (Taflove, 1995), in combination with boundary treatment of the perfectly matched layer
(PML) (Berenger, 1994).
In our FDTD computations, the antenna was
excited with a Gaussian sinusoidal voltage source.
Computations were run for enough steps to ensure
that a steady state (all the fields in our computation domain were nearly zero) was achieved. Yee
cell sizes of 0.006λ−0.009λ (λ is the working
wavelength) were used in the computations. The
Fourier transform method was used in the calculations of the radiation patterns.

In the present paper, all the PBG structures
were formed with a square lattice of air holes in a
dielectric host medium (as shown in Fig.1). We
chose R / a = 0.4 and εr=12. The TM mode band
structure of this infinite two-dimensional PBG
structure was computed with the plane wave expansion method and the result is shown in Fig.2,
showing that the TM mode has a bandgap between
0.214 and 0.250 (the normalized working frequency ω a /2πc0. We chose the lattice period a
=29 mm. Thus, the PBG structure had a TM mode
bandgap between 2.21 and 2.58 GHz.
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The schematic diagram of our PBG patch antenna is shown in Fig.1. The dielectric constants
for the substrate and the cover was εr=12. The
rectangular patch antenna was 27.8 mm wide and
17.8 mm long, and had a 4 mm ( hsubstrate ) thick
substrate. The central working frequency for such
a conventional patch antenna (without any PBG
structure) is 2.303 GHz. The TM0 mode has no
cutoff frequency in such a substrate. The cutoff
frequency for the first TE1 mode is fc = c0/(4 hsubstrate

ε r − 1 ) = 5.65 GHz, which is safely away from
the working frequency.
Thus, one only needs to eliminate the TM0
mode. So we only have to consider the TM mode
band structure.
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Schematic diagram of the PBG patch antenna
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Fig.2 TM mode band structure of the PBG structure
with a square array of air columns in a dielectric (εr=12)
host medium

The substrate was 145 mm×145 mm (Lx×Ly),
and consisted of 5×5 unit cells, with the middle air
hole unpunched to support the patch antenna. The
PBG cover had the same geometrical structure
(except for thickness) as the PBG substrate (this
can make the fabrication of the whole antenna
system easier and cheaper). The PBG cover had a
thickness of 30 mm. The distance between the substrate and the cover was chosen to be d = 30 mm.
The input return loss (S11) for the PBG patch
antennas and the conventional patch antennas are
shown in Fig.3, indicating that the working frequency of the patch antenna shifts slightly in the
presence of the PBG substrate and the PBG cover,
and that S11 has a roughly similar value for all of
the configurations at a frequency of f0 =2.317 GHz,
so the radiation patterns, surface waves and the
directivities were compared at this frequency.
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Fig.3 Input return loss (S11) for the conventional patch
antenna and PBG patch antennas
PBG substrate and PBG cover;
PBG cover;
PBG substrate;
Conventional

Fig.4 is a surface plot of the electric field on
the surface of the substrate for the cases of (a) the
conventional patch antenna and (b) the PBG substrate patch antenna. The figure clearly shows the
surface wave suppressed considerably by the PBG
substrate.
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Fig.5 Distribution of the electric field on the upper surface of the cover

the field distribution on the cover surface is quite
uniform. So the PBG cover is excited to act as an
aperture antenna.
The improvement of the directivity is shown
in Fig.6. The directivity of the conventional patch
antenna is 4.3 dB, which the PBG substrate can
increase to 5.0 dB. The PBG cover can increase
the directivity significantly to 10.4 dB. When both
the PBG substrate and the PBG cover are used, the
directivity of the patch antenna can be increased to
11.2 dB. Theoretically, the maximum directivity of
an aperture antenna is Dmax=4πA/λ2. Since the area
of the aperture is A=145 mm×145 mm, and
λ=c0/f0=129.5 mm, one has Dmax=12.0 dB. The
directivity of the designed patch antenna with both
the PBG substrate and the PBG cover is very close
to the maximum directivity (12.0 dB) physically
possible for this size and type of antenna.

minimum

Fig.4 Distribution of the electric field on the surface of
the substrate (a) without PBG substrate; (b) with PBG
substrate

CONCLUSION

The PBG cover is illuminated by the EM
fields radiated from the patch antenna, which can
suppress the propagation of EM wave parallel to
the upper surface of the cover. The role of the
PBG cover is to control the distribution of the EM
fields. No wave can propagate in the cover. Fig.5
on the distribution of the electric field on the upper
surface of the cover shows that almost all of the
dielectric elements of the cover are excited. Thus,

In conclusion, we have introduced a new PBG
cover for a patch antenna with a PBG substrate.
The PBG cover has the same geometrical structure
(except for thickness) as that of the PBG substrate.
This can make the fabrication of the whole antenna system easier and cheaper. The PBG structure was analyzed with the plane wave expansion
method. The FDTD method was used to calculate
such an antenna system. The input return loss, rad-
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Fig.6 Radiation patterns at a frequency of 2.317 GHz for the conventional patch antennas and PBG
patch antennas. (a) the E-plane cut; (b) the 45˚ plane cut; (c) the H-plane cut; (d) the 135˚ plane cut
PBG substrate and PBG cover;
PBG cover;
PBG substrate;
Conventional

iation pattern, surface wave, and the directivity of
the antennas were calculated. The numerical results showed that the radiation directivity of the
designed PBG patch antenna was improved significantly.
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