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Communication
Microstrip-Fed Surface-Wave Antenna for Endfire Radiation

Yuefeng Hou , Yue Li , Zhijun Zhang , and Magdy F. Iskander

Abstract— This communication presents a microstrip-fed surface-wave
antenna for endfire radiation. The antenna has the advantages of high
endfire gain, wide endfire gain bandwidth, and stable endfire radiation
pattern. It consists of a microstrip line with air media and a dielectric
cuboid. The half-mode dielectric waveguide, which is made up by the
dielectric cuboid and the air substrate introduced by the microstrip
line, is the radiating structure of the antenna. Fed by a microstrip
line, the half-mode dielectric waveguide couples the energy continuously
with a moderate phase constant, which is helpful for the antenna to
realize a high endfire gain and a stable endfire radiation pattern. With
a low dielectric constant, the half-mode dielectric waveguide has a
stable radiation performance within a wide bandwidth. With a length of
5.76 wavelength, the antenna achieves a maximum endfire gain of 13.3 dBi
at 4.75 GHz. The 1 and 3 dB gain bandwidths of the antenna is 18.1%
and 37.8%, respectively. Good matching is obtained from 3 to 6.5 GHz.

Index Terms— Endfire, high endfire gain, large conducting plane, stable
radiation pattern, surface-wave antenna, wide gain bandwidth.

I. INTRODUCTION

In recent years, more and more attentions have been paid to
the endfire antennas mounted on a large conducting plane due
to their applications on the unmanned aerial vehicle, missile [1],
and reconnaissance vehicle. Although multiple antennas with the
performance of low profile, wideband, high front-to-back ratio, and
high gain have been extensively investigated, the bandwidth of endfire
gain needs to be improved. Moreover, it is still a great challenge to
realize an endfire antenna mounted on a large conducting plane with
the advantages of high endfire gain, wide endfire gain bandwidth,
and stable endfire radiation pattern simultaneously.

Due to the problems of short radiating structure or nonuniform
energy distribution on the radiating aperture, many endfire antennas
mounted on a large conducting plane have a low endfire gain
and sloping-upward main-beam direction. For example, in the open
literature, Yagi array antennas [2]–[8] and horn antennas [9], [10]
have the radiating structure with the length less than 3.5 wavelength
at the center frequency. When the Yagi array antenna is designed
with a long radiating structure, the director element couples less
energy from the space when it is far away from the driven ele-
ment. Therefore, the increase of the director element number will
have weaker influence on the endfire gain, which leads to gain
reduction [11]. For the logperiodic arrays [12]–[14] and surface-
wave antennas [15]–[16], only part radiating aperture of the antennas
radiates energy at single-frequency point, which decreases the endfire
gain.

For the endfire antennas mounted on a large conducting plane
with a long radiating structure, they have the problems of unstable
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radiation pattern because of the unsuitable propagate mode or nar-
row gain bandwidth because of the resonant nature. For example,
the SIW leaky-wave antennas in [17] and [18] work on waveguide
modes, which lead to the beam direction changing drastically versus
frequency. Fed by microstrip line with air media, the leaky-wave
antennas [19], [20] have a moderate phase constant and could achieve
a stable endfire radiation pattern with high endfire gain. However,
due to the resonant feature of radiating structures, the endfire gain
bandwidths of the antennas are relatively narrow.

In this communication, a microstrip-fed surface-wave antenna is
presented. The proposed antenna consists of a microstrip line with
air media and a dielectric cuboid. The dielectric cuboid and the
air substrate introduced by the microstrip line make up a half-
mode dielectric waveguide. The half-mode dielectric waveguide is
the radiating structure of the proposed antenna, and it radiates the
energy by surface wave. Designed with a low dielectric constant and
fed by a microstrip line with air media, the proposed antenna achieves
a good radiation performance for the following reasons.

1) The radiation performance of the antenna is stable.
2) The radiating aperture distribution of the antenna is improved.
3) The antenna could be designed with a long structure readily.
4) The antenna has a moderate and stable phase constant.

Finally, a prototype is designed and fabricated. The measured results
show that the proposed antenna has the advantages of high endfire
gain, wide endfire gain bandwidth, and stable endfire radiation
pattern.

II. ANTENNA DESIGN AND ANALYSIS

The proposed antenna is a multilayered structure which consists of
a microstrip line with air media and a dielectric cuboid. The copper
strip and the copper sheet make up the microstrip line with air media,
as presented in Fig. 1(b). To mitigate the effect of the discontinuities
between the microstrip line and the coaxial lines, tapered structures
are added between them.

The proposed antenna adopts a dielectric cuboid as the radiating
structure, which is different from the traditional dielectric waveguide
antennas with a tapered structure [21], [22]. The configuration of
the dielectric cuboid is shown in Fig. 1(a). The dielectric cuboid
and the air layer introduced by the microstrip line form a half-
mode dielectric waveguide which works on TM0 odd mode [23].
In [15], it is concluded that when the half-mode dielectric waveguide
is made up by a lower dielectric constant material, it has a more
stable performance. In [24], it is concluded that the dielectric ohmic
losses would reduce the radiation efficiency of the proposed antenna.
Therefore, the dielectric cuboid is made up by the Teflon, which is a
low dielectric constant and low dielectric loss material (permittivity
of 2.1 and loss tangent of 0.002), to realize a stable performance and
a good radiation efficiency.

The analysis in [15] presents that when the half-mode dielectric
waveguide has the height of λ/4

√
εr , it could radiate the energy

to free space effectively. εr is the dielectric constant of the half-
mode dielectric waveguide. The width of the half-mode dielectric
waveguide influences the beamwidth in the H-plane. Therefore,
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Fig. 1. Configuration of the proposed microstrip-fed surface-wave antenna.
(a) Dielectric cuboid. (b) Microstrip line with air media. (c) Entire antenna.

TABLE I

DETAILED DIMENSION OF THE PROPOSED ANTENNA

to realize a good radiation capacity and a suitable beamwidth,
the height and the width of the dielectric cuboid are optimized. The
detailed dimensions of the dielectric cuboid are given in Table I.

By clinging the dielectric cuboid to the top of the microstrip line,
the proposed antenna is achieved and the configuration is shown
in Fig. 1(c). Because the two structures exhibit similar modal field
configurations, the half-mode dielectric waveguide could couple the
energy from the microstrip line with only slightly influence on the
reflection coefficient of the microstrip line, as shown in Fig. 2(a).

To explain the relationship between the two field configurations
clearly, the vector electric field (E-field) distributions on the yoz
plane through the reference lines AA’ and BB’ at the center frequency
of 4.75 GHz are shown in Fig. 2(b) and (c), respectively. Reference
lines of AA’ and BB’ are plotted in Fig. 1(b) and (c), respectively.
As shown in Fig. 2(b), around the microstrip line with air media
working on the TEM mode, all of the vector E-fields are perpendicu-
lar to the ground plane. The energy of the E-field almost concentrates

Fig. 2. Influence of the dielectric cuboid on the microstrip line.
(a) S-parameters of the microstrip line with or without the dielectric cuboid.
(b) and (c) Vector E-field distributions on the yoz plane through the reference
lines AA’ and BB’ at the center frequency of 4.75 GHz, respectively.

in the microstrip line. Only a small part of energy exists above the
microstrip line. The vector E-field in the microstrip line and above the
microstrip line has the opposite direction. As shown in Fig. 2(c), part
of the vector E-field in the dielectric cuboid, which is defined as

−→
E1,

is parallel to the ground plane and points to the propagation direction.
The maximum energy of

−→
E1 is located on the upper surface of the

dielectric cuboid. The other part of the vector E-field in the dielectric
cuboid, which is defined as

−→
E2, is perpendicular to the ground plane.

The E-field
−→
E2 could stably exist close to the top of the microstrip

line due to the boundary conditions. Therefore, because the TM0
mode in the half-mode dielectric waveguide and the TEM mode in the
microstrip line have the similar modal field configurations, the half-
mode dielectric waveguide could gradually couple the energy in the
microstrip line without disturbing the performance of the microstrip
line seriously, which also indicates that the proposed antenna is
suitable to be designed with a long structure.

From Fig. 2(b) and (c), the proposed antenna has two paths to
propagate the energy, which is similar to the antenna in [20]. One
of the paths is in the microstrip line, and the other path is in the
half-mode dielectric waveguide. As shown in Fig. 3(a), because
the whole half-node dielectric waveguide could couple the energy
from the microstrip line, the E-field magnitude distribution in the
microstrip line gradually decreases. However, the energy distribution
in the dielectric cuboid is almost uniform. Therefore, comparing with
the half-mode dielectric waveguide antennas in [15] and [16] which
have only one propagation path, the proposed antenna could radiate
the energy by the whole radiating aperture. Moreover, comparing with
the theoretical model in [25] and [26] whose radiating aperture has
exponentially decaying distribution, the proposed antenna has a
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Fig. 3. Performance of the proposed antenna. (a) E-field magnitude
distribution on the yoz plane through the reference line BB’. (b) Normalized
leakage constant and normalized phase constant of the proposed antenna
versus frequency. (c) and (d) Simulated radiation patterns of the proposed
antenna at different frequencies in the E-plane (yoz plane) and the H-plane
(xoz plane), respectively.

more uniform radiating aperture distribution, which improves the
endfire gain.

Because the microstrip line of the proposed antenna has an air
substrate and all of the microstrip lines are designed by copper,
the ohmic loss introduced by the microstrip line is small. Therefore,
the leakage constant extracted from the simulated model [27] is
mainly determined by the coupling ability of the half-mode dielectric
waveguide. Part of the energy in the half-mode dielectric waveguide
is lost due to the dielectric loss, and the other is radiated to free space.
As shown in Fig. 3(b), when the half-mode dielectric waveguide
couples more energy from the microstrip line, a higher leakage
constants is achieved.

The half-mode dielectric waveguide obtains a moderate and sta-
ble phase constant when it is fed by the microstrip line with air
media. The normalized phase constant versus the frequency is shown
in Fig. 3(b). On the middle of the dielectric cuboid, the phase constant
along the propagation direction is the phase constant of the proposed
antenna [28]. As a comparison, the phase constant in free space
and theoretical value calculated based on Hansen–Woodyard (H–W)
condition [29] is presented in Fig. 3(b). It is found that the phase
constant in the dielectric cuboid is close to the phase constant of
H–W condition, which indicates that the proposed antenna has a good
and stable endfire radiation pattern over a wide frequency band.

Fig. 4. Simulated radiation patterns at the center frequency of 4.75 GHz in
the E-plane (yoz plane) with different G D .

Fig. 5. Fabricated prototype of the proposed antenna.

The radiation patterns of the E-plane and the H-plane at dif-
ferent frequencies are presented in Fig. 3(c) and (d), respectively.
Due to the influence of the finite ground, the beam directions are
upward in the E-plane, as shown in Fig. 3(c). With the increasing
of the frequency, the beam directions are closer to the endfire
due to the increasing of the phase constant. The beam direc-
tions at 4, 4.75, and 5.5 GHz are 11°, 9°, and 3°, respectively.
Meanwhile, with the increasing of the frequency, the beamwidth
becomes narrower because the relative length of the radiating aperture
increases, as shown in Fig. 3(d). Moreover, because the phase
constant of the antenna increases, the normalized beamwidth and
sidelobe level increase simultaneously, which satisfies the theoretical
analysis about the beamwidth properties in [26]. The half-power
beam width (HPBW) at 4, 4.75 and 5.5 GHz are 27°, 21°, and 17°,
respectively. It is found that all of the front-to-back radios at the
three frequency points are higher than 15 dB. From Fig. 3(c) and (d),
a good and stable endfire radiation pattern is achieved by the proposed
antenna over a wide bandwidth.

The radiation patterns of the proposed antenna with different sizes
of the ground plane at the center frequency are shown in Fig. 4.
With the dimension of the ground plane increasing, the value of
the endfire gain and the front-to-back radio improves. The G� is
the distance between the edge of ground plane and the edge of the
dielectric cuboid, as shown in Fig. 1(c). When the G� changes from
0.25λ0 to 1λ0, the endfire gain increases from 12.91 to 13.56 dBi and
the front-to-back radio increases from 15.2 to 26.6 dB. If the proposed
antenna is designed with the infinite ground plane, the beam direction
is endfire, as shown in Fig. 4. The endfire gain of the antenna with
infinite ground plane is about 6 dB higher than the antenna with finite
ground plane.

III. EXPERIMENTAL RESULTS

A prototype is fabricated and measured to provide a verification of
the new design method. Geometry of the corresponding microstrip-
fed half-mode dielectric waveguide antenna is shown in Fig. 5.
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Fig. 6. Simulated and measured S-parameters of the proposed antenna.

Fig. 7. Simulated and measured normalized radiation patterns of the proposed
antenna at the center frequency of 4.75 GHz in (a) E-plane (yoz plane) and
(b) H-plane (xoz plane).

The antenna is excited at the port 1. The port 2 is terminated with
a match load. Four nylon columns are under the edges of dielectric
cuboid to support the proposed antenna. S-parameters were measured
using a N5071B vector network analyzer (300 kHz–9 GHz); the gains
and radiation patterns were measured in a far-field anechoic chamber.

The simulated and measured S-parameters of the proposed antenna
are shown in Fig. 6, verifying that good matching is achieved over the
operating band from 3 to 6.5 GHz. The low level of the transmission
coefficient indicates that high radiation efficiency of the antenna. The
transmission magnitude is lower than −15 dB at the center frequency
of 4.75 GHz. The simulated and measured normalized radiation
patterns of the E-plane and the H-plane at the center frequency are
shown in Fig. 7. Due to the existence of the finite ground plane,
the radiation beam angle in the E-plane is about 9° away from the
endfire direction as shown in Fig. 7(a). In the H-plane, the HPBW of
the radiation pattern is nearly 23° as shown in Fig. 7(b). The proposed
antenna has a high level of front-to-back radio and a low level
of crosspolarization. The front-to-back radio is 18.6 dB, and the
crosspolarization is about 28 dB lower than copolarization at the
center frequency. Fig. 8 shows the simulated and measured endfire
gains of the antenna. The measured endfire gain of the proposed
antenna is better than 10 dBi from 3.75 to 5.65 GHz with a maximum
value of 13.3 dBi at the center frequency of 4.75 GHz. The measured
1 and 3 dB gain bandwidths can reach 18.1% and 37.8%, respectively.
Good agreement between the measurement and the simulation has
been obtained.

Table II shows a comparison between existing designs in the litera-
ture and the proposed antenna. The performances of the antennas are
presented at the frequency when the antennas achieve the maximum
endfire gain. λ0 is the wavelength in free space at the frequency
when the antennas achieve the maximum endfire gain. εr is the

Fig. 8. Simulated and measured endfire gains of the proposed antenna.

TABLE II

COMPARISON OF DIMENSIONS AND ENDFIRE GAIN AMONG ANTENNAS

WITH ENDFIRE RADIATION

dielectric constant of the material filling the antenna. Comparing
with the endfire antennas mounted on a large conducting plane which
explicitly presents the endfire gain versus the frequency, it is found
that the proposed antenna provides a relatively higher endfire gain
and a wider gain bandwidth.

IV. CONCLUSION

This communication proposes a microstrip-fed surface-wave
antenna for endfire radiation. The proposed antenna has two paths to
propagate the energy. Therefore, the half-mode dielectric waveguide,
which is the radiating structure of the antenna, obtains a relative
uniform aperture distribution. Fed by the microstrip line with air
media, the half-mode dielectric waveguide achieves a moderate and
stable phase constant. By adopting a low dielectric constant, the half-
mode dielectric waveguide has a stable radiation performance over a
wide frequency band. Therefore, the antenna has a good performance
in endfire gain, endfire gain bandwidth, and endfire radiation pattern.
The proposed antenna is suitable for the wideband long-distance
communication. It also has a potential in conformal and platform-
embedded applications.
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