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Abstract: A suspended plate antenna (rectangular microstrip patch with air substrate) on simple dielectric strips at its radiating
edges is theoretically investigated. Considerably high gain compared to conventional patch antenna along with symmetrical
3D beam width is demonstrated. The reason for such improved radiation performance is theoretically explained.
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1. INTRODUCTION

Microstrip patch of rectangular or circular geometry etched
on a grounded substrate is a well known genre of printed
antenna. These patches radiate along the broadside direction
with a non-uniform 3-D radiation where the E-plane pattern
is wider than that in H-plane [1]. Now if the dielectric substrate
is simply replaced by dielectric strips at its radiating edges,
that is, if the patch is at rest on dielectric strips as shown in
Fig. 1, maintaining a finite spacing above the ground plane,
the gain of the patch improves by 2-3 dB along with symmetrical
3D beam width.

In this work, we have examined a rectangular patch on
one type of composite dielectric substrate, which shows an
interesting property of symmetrical beam radiation pattern
with considerably high gain. Although air becomes a part of
the composite dielectric, shown in Fig. 1, it is still compatible
with integrated circuits and at the same time enjoys the gain
enhancing feature as is done using simple air substrate below
a patch. Some investigations using full air substrate for
different patch and ground plane geometries have been
reported in [2]-[6]. Rectangular microstrip normally radiates
linearly polarized wave with about 6-7 dBi gain. Larger gain
is always a positive requirement and that using an air
substrate has been achieved earlier, e.g. in [2]. Improved gain
along with symmetrical 3-D beam width is always preferred
for using it as an efficient feed for a parabolic reflector or to
cover a wide area, particularly for wireless communications.

Keeping this in view, we have executed comparative
investigations theoretically and experimentally using both
PTFE substrates and composite substrate (Fig. 1) for two
identical rectangular patches. The fact of increase in gain
along with symmetrical beam width in both E and H planes,
replacing PTFE by composite substrate (i.e., PTFE strips at
its radiating edges), is easy to observe either doing
experiments or from simulated results.

(a) (b)

Fig. 1:  Schematic Diagram of a Rectangular Microstrip Patch
Withdielectric Strips. (a) Top View, (b) Side View

But in here, we have tried to theoretically explain the
reason of similar beam width in both the planes resulting
such symmetrical 3D beam.

2. ANTENNA GEOMETRY

A conventional microstrip patch is generally etched on an
isotropic PTFE substrate. For using air as the dielectric, the
patch is fabricated from a thin rigid metallic strip. For the
present design, we have conceived a mixed substrate
configuration where a part of the dielectric will be PTFE and
the rest is simply air as shown in Fig. 1. This is intuitively
conceived with a view to realizing a current distribution on
the patch, which would provide a new feature in the gain as
well as symmetrical beam radiation patterns. A prototype
etched on dielectric (εr = 2.33) strips at its radiating edges is
designed with the patch having a commonly used aspect
ratio W/L ≈ 1.5 (L = 6 mm and W = 9 mm) using the recent
formulations in [8] to operate around X-band. The strips are
1.5 mm width and its electrical width is λ/10.

 A ground plane measuring 50 mm × 50 mm has been
used for the simulation. The feed location ρ has been
optimized based on good matching for either combination of
the substrate. All the practical values are provided in
respective figure caption.
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3. RESULTSAND DISCUSSIONS

A set of prototypes using Taconic’s PTFE substrates
(εr = 2.33) and composite substrate (εr = 1.0 and 2.33),
respectively have been studied through simulation. The
dimensions of theprototype are: L =6mm,W=9mm,h=1.6 mm.
The feed point  was 1 mm away from the centre of the patch
in either configuration, and the measured resonances were
obtained at 12.5 GHz and 16.8 GHz, respectively.

Figure 2 shows the simulated radiation characteristics
near the centre of respective impedance bandwidth. Simulated
curves obtained using [6] have been included for
conventional patch with uniform PTFE substrate for
comparison. Considerable increment in co-polarized gain is
evident, although the cross-polarized levels appear to be
comparable in either case.

Fig. 2: (a) E-plane, Gain of a Rectangular Microstrip Patch
Using Uniform PTFE Substrate (at f = 12.5 GHz) Compared

with that Using Patch  with 0.1λ Dielectric Strips at the
Radiating Edges (at f = 16.8 GHz). Parameters:  L = 6 mm,

W = 9 mm, h = 1.6 mm , εr = 2.33, ρ = 1 mm, Ground
Plane Size: 50 mm × 50 mm. (a) E-plane,

Fig. 2: (b) H-plane, Gain of a Rectangular Microstrip Patch
Using Uniform PTFE Substrate

It is also clear from Fig. 2 that the beam width for
conventional patch with uniform PTFE substrate is not
uniform i.e., its E plane beam width is broader than H plane
beam width. But for the patch with dielectric strips shows
nearly same beam width in both the planes. E plane beam
width is more in almost all cases but it is interesting to note that,
unlike the conventional patch, the radiation characteristics
of this proposed antenna shows broader beam in its H plane.
Table 1 shows the gain and beam width of two prototypes
and it is observed that microstrip patch with dielectric strips
produce uniform beam width in both the planes.

The physical insight in to obtaining high gain as well as
symmetrical-beam performance of the proposed antenna has
been explored using simulated electric fields distributed over
the substrate. Those are shown in Fig.3. A comparative
observation between Figs. 3 (a) and 3 (b) indicates that the
electric field in the substrate distributed over wider area as
soon as the structure changes from conventional to the new
structure. This may be attributed for high gain values for the
proposed antenna. Now, we may concentrate on the change
in beam width value specially in H-plane. The electric field in

(a) (b)

Fig. 3: Electric Field Distributed in the Substrate (a) For Proposed Antenna (b) For Conventional
Patch with Uniform PTFE Substrate. Parameters as in Fig. 2
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Table 1
Simulated Radiation Characteristics of A Rectangular

Patch Using Ptfe And Composite Substrate

Substrate Gain (dBi) Beam

configuration Width(degree)

E Plane H Plane

Patch with 6.2 80 40

uniform PTFE

Patch with 0.1λ 8.5 60 60

uniform PTFE

the substrate takes a highly asymmetric nature,
predominantly in the H-plane in case of proposed antenna
than conventional one, as indicated in Fig. 3(b). Only the
asymmetrical nature of the field distributions in Fig. 3(b)
compared to those in Figs. 3(a) can be attributed to increased
beam width, significantly in its H-plane.

4. CONCLUSIONS

A simple structure of patch antenna with dielectric strips at
its radiating edges is proposed to provide high gain along
with symmetrical beam radiation pattern. This technique discussed
here maybe extended to other geometries like circular, triangular
or square patches and may find potential applications.
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