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Wide-Band Modified Printed Bow-Tie Antenna With
Single and Dual Polarization for C– and X-Band

Applications
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Abstract—A modified printed bow-tie antenna is designed to si-
multaneously cover the operations in the C and X-bands from 5.5 to
12.5 GHz. The presented antenna has an end fire radiation pattern
that makes it suitable for integration in single and dual polarized
phased array systems. The antenna exhibits small size and wide
bandwidth of 91%. The radiation characteristics are presented for
a single element and a linear array of this antenna.

Index Terms—Bow-tie, dual polarization, phased arrays, radar,
wideband.

I. INTRODUCTION

PRINTED microstrip antennas are widely used in wireless
communication and phased array applications. They ex-

hibit a low profile, small size, light weight, low cost, high ef-
ficiency, and ease of fabrication and installation. Furthermore,
they are readily adaptable to hybrid and monolithic microwave
integrated circuits’ fabrication techniques at RF and microwave
frequencies [1].

Communication and phased array systems that operate in the
C and X-bands are normally designed using separate antennas
for each band. Since it is becoming more and more important
to use such systems in one setting, it is desirable to design a
single antenna that operates in both frequency bands. This, in
turn, requires a wideband antenna that covers the two bands.
In addition, many applications require end fire patterns, which
can be produced by different types of antenna elements. Among
the most widely used printed antennas in phased array systems
are the quasi-Yagi antenna [2]–[6], dipole antenna [7]–[11], and
printed bow-tie antenna [12]–[15]. The quasi-Yagi provides up
to 48% bandwidth [2]–[6]. The microstrip-fed dipole provides
2:1 VSWR of 19%, 50%, 56%, and 40% impedance bandwidth
in [7]–[9] and [10], respectively, and 1.5:1 VSWR of 30% in
[11]. The microstrip fed modified dipole (bow-tie) antennas pre-
sented in [12]–[14] provide up to 50% bandwidth. Recently, the
authors showed that replacing the dipole and the director of the
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quasi-Yagi antenna with a bow-tie for the X-band operations im-
proves the bandwidth (60%), size, and radiation characteristics
of the antenna [15]. Further research by the authors resulted in
a novel coplanar waveguide fed slot and microstrip fed printed
antennas, which are called slot and printed Lotus antennas [16].
The printed Lotus provides 57% bandwidth relative to ,
and 60% relative to . The presented antennas, however,
cannot simultaneously cover the C and X operating bands, which
is the objective of this paper.

This paper presents a modified printed bow-tie antenna that
exhibits a wide bandwidth (BW). The return loss, and far field
radiation characteristics of this antenna are presented. In addi-
tion, two array configurations are presented to improve the pat-
tern stability across the operating bandwidth. The simulation
and analysis for the presented antennas are performed using the
commercial computer software package, Ansoft HFSS, which
is based on the finite element method. Measurements of return
loss, and radiation patterns are also conducted for verification
of these new antenna designs.

II. SINGLE ELEMENT MODIFIED BOW-TIE

The proposed antenna is printed on a Rogers RT/Duroid
6010/6010 LM substrate of a dielectric constant of 10.2, a
conductor loss of 0.0023 and a thickness of 50 mil (1.27
mm). The geometry, parameters, and top and bottom views for
a prototype of the proposed antenna are shown in Fig. 1. The
antenna consists of two identical printed bows, one on the top
and one on the bottom of the substrate material. The top and
bottom bows are connected to the microstrip feedline and the
ground plane through a stub and mitered transition to match
the bow-tie with the 50 feedline, as illustrated in Fig. 1. The
antenna dimensional parameters, shown in Fig. 1, Wf, W1, W2,
W3, W4, W5, Lf, L1, L3, L3. L4, L5, L6, and L7 are 1.2, 1.52,
0.45, 0.62, 2, 2.49, 10, 5.34, 0.45, 0.68, 0.24, 2.61, 5.56, and
9.68 mm, respectively. The substrate size (width length) is
(30 29) .

The return loss is computed using Ansoft HFSS and measured
using a 8510 vector network analyzer and is shown in Fig. 2. The
small discrepancies between the computed and measured results
may occur because of the effect of the SMA connector and fab-
rication imperfections. Both the simulation and measurements
show that the antenna operates over a wide range that extends
from 5.3 GHz to more than 14.2 GHz, with an impedance band-
width of approximately 91%.
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Fig. 1. Antenna geometry, parameters, and prototype.

Fig. 2. Measured and computed return loss for the modified bow-tie antenna.

Compared to the conventional bow-tie antenna, this antenna
has a much wider bandwidth, which may result from two prop-
erties of this new design. First, it has a wide rectangular part that
decreases the reflections from the sudden truncation of the tri-
angular bow-tie shape. Second, it has a well-designed matching
circuit that matches the bow-tie with the microstrip feed line.

The measured and computed radiation patterns at the oper-
ating band center frequency, 9 GHz, are shown in Fig. 3. A good
agreement is noticed, which further verifies the simulation re-
sults using Ansoft HFSS. The radiation patterns are then com-
puted at selective frequencies that cover almost the entire oper-
ating band, and shown in Fig. 4 at 6, 8, 10, and 12 GHz. The
properties of these patterns are summarized in Table I. Good ra-
diation characteristics are obtained up to 10 GHz. The radiation
pattern starts to deteriorate at 12 GHz. For the frequencies less
than 12 GHz, the antenna has wide beamwidth that ranges from
95 to 150 in the E-plane and from 115 to 180 in the H-plane.
It has a maximum cross polarization level of and
in the E and H planes, respectively, and a minimum front to back
ratio (F-to-B) of 12 dB. The antenna gain has an average value
of 6 dB. According to these results, the operating bandwidth

Fig. 3. Comparison between the measured and computed radiation patterns in
the (a) E-plane and (b) H-plane, for the modified bow-tie antenna at 9 GHz.

of the antenna, as a single element, is between 5.3 and 10 GHz,
which is around 61.4%. However, unconventional configuration
of this antenna can further improve the radiation characteristics
at higher frequencies in array environments.

III. TWO-ELEMENT ARRAYS

The coupling between array elements is an important param-
eter in phased array performance, because high coupling re-
sults in scan blindness and anomalies within the desired band-
width and scan volume. Therefore, a two-element array is de-
signed to examine the coupling between elements. In addition,
another configuration of two-element array is designed to im-
prove the pattern stability above 10 GHz. The two configura-
tions are shown in Fig. 5. Array 1 consists of two identical el-
ements, while the second element in Array 2 is mirrored along
the y-axis, and consequently a 180 phase shift is introduced
at port 2 in order to force the surface currents in the two ele-
ments to be in the same direction. This modification in Array
2 provides balanced patterns at high frequencies, where the ef-
fect of the substrate height is significant. In order to reduce the
grating lobes at high frequencies, the distance between elements
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Fig. 4. Computed radiation patterns at 6, 8, 10, and 12 GHz.

TABLE I
FAR FIELD RADIATION PROPERTIES

Fig. 5. Two-element array configurations. (a) Array 1. (b) Array 2.

is chosen to be 14 mm, which is around at the upper fre-
quency of the X-band.

Array 1 is fabricated, and its measured and computed S21 are
shown in Fig. 6. The average coupling is around in the
entire operating band. A comparison between the two arrays is
performed in terms of S-parameters as shown Fig. 7, and radia-
tion patterns at 6, 8, 10, 12, and 14 GHz as shown in Fig. 8. S11
and S22 of Array 2 are identical because of the array symmetry.
While no significant difference is noticed in the return losses
and coupling, notable improvement in the radiation patterns is
obtained by using Array 2. These improvements include much

Fig. 6. Array 1. (a) Prototype. (b) Measured and computed S21.

Fig. 7. Computed (a) return loss. (b) Coupling, for Array 1 and Array 2.

lower cross polarization levels, wider beamwidth, symmetrical
patterns around the y-axis, and wider usable bandwidth that in-
cludes 14 GHz. Hence, Array 2 is expected to perform better as
an element in a large phased array system.

Two four-element arrays of the modified bow-tie antenna are
fabricated (based on Array 2 configuration shown in Fig. 5),
with feeding networks for 0 and 10 steering angles. The
measurement of the radiation pattern from these two array
configurations are presented in the Fig. 9 along with the HFSS
simulation results at 9 GHz. A 180 phase shift is introduced
by increasing the length of the feedlines of the second and
fourth elements by , where . In order to
steer the main beam from 90 to 80 , progressive phase shift,

, is added by increasing the feed length by 0,
0.8, 1.6, and 2.4 mm for the elements counted from left to
right 1, 2, 3, and 4, respectively. Good agreement is obtained
between simulation and measurement results for the designed
scanning feature.

IV. DUAL–POLARIZED ARRAYS

Dual-polarized arrays are important for many communication
systems, especially in wireless remote sensing and mine detec-
tion applications. They have the advantage of polarization diver-
sity, which allows the system to transmit and receive multiple
and/or arbitrary polarizations. Therefore, dual-polarized arrays
of the modified printed bow-tie antenna are designed and their
results are presented in this section.
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Fig. 8. Comparison between the computed radiation patterns for Array 1 and
Array 2 at (a) 6. (b) 8. (c) 10. (d) 12. (e) 14 GHz.

Two geometries for dual polarization based on Array 1 and
Array 2, described as configuration 1 and configuration 2,

Fig. 9. Prototypes and results of four-element arrays based on Array 2
configuration. (a) Top view for the array of � = 90 . (b) Top view for
the array of � = 80 . (c) Back view for the two arrays. (d) Measured
and computed radiation patterns for the � = 90 array. (e) Measured and
computed radiation patterns for the � = 80 array.

Fig. 10. Configurations for dual polarization antennas. (a) Configuration 1. (b)
Configuration 2.

Fig. 11. Computed return losses and couplings for configuration 1 and
configuration 2 of dual polarized array geometries. (a) Return losses. (b) S21.
(c) S31. (d) S41.
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Fig. 12. Comparison between the computed radiation patterns for
configuration 1 and configuration 2 dual polarized arrays with horizontal
ports excited at (a) 6 GHz. (b) 8 GHz. (c) 10 GHz. (d) 12 GHz.

arenumbered 1 and 2, while the vertical ports are numbered
3 and 4. shown in Fig. 10, with a 14-mm separation distance
between elements. Each configuration consists of four printed
modified bow-tie antennas. The horizontal ports are Fig. 11
shows a comparison between the return losses and couplings for
configuration 1 and configuration 2. No significant difference is
noticed in the return losses and couplings. Both configurations
of these antennas operate between 5.5 and 13.5 GHz, and the
highest average coupling is around . The radiation
patterns when ports 1 and 2 (horizontal ports) are excited are

presented in Fig. 12, at 6, 8, 10, and 12 GHz. As shown in
Fig. 12, the radiation patterns of configuration 1 deteriorate at
10 and 12 GHz, while configuration 2 has lower cross polar-
ization levels, wider beamwidth, symmetrical patterns around
the y-axis, and wider usable bandwidth that includes 12 GHz.
Therefore, configuration 2 is a better candidate for wideband
dual polarized phased array systems.

V. CONCLUSION

A wideband modified printed bow-tie antenna is designed for
C and X-band operations. The modified bow-tie antenna provides
91% impedance bandwidth that covers the entire C and X bands
andpartof theKuband.Thesingleelementantennaprovideswide
beamwidth(morethan95 ), lowcrosspolarizationlevel(lessthan

), and relatively high gain in the frequency range between
5.3and10GHz.Furthermore, itproducesanendfire radiationpat-
terns with a good front-to-back ratio that exceeds 12 dB. A stable
radiation pattern and wide usable bandwidth are obtained using
two-elementarraysbyrotatingthesecondelementby180 andin-
troducing 180 phase shift in its excitation. The antenna is a good
candidate for wideband phased array systems with single linear,
dual linear or circular polarization.
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