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A hybrid integrated ultra-wideband/
dual-band antenna with high isolation
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In this paper, we propose a novel integrated ultra-wideband (UWB) monopole antenna with dual-band antenna. The
antenna consists of planar rectangular with semi-elliptical base and a rectangular dielectric resonator antenna (DRA)
with dual-band operation. Both of them are excited via coplanar waveguide (CPW) lines. The experimental measurements
show that the planar monopole provides an impedance bandwidth between 2.44 and 11.9 GHz which largely covers the entire
UWB spectrum, and the rectangular DRA operates at two bands; 5.3–6.2 and 8.5–9.4 GHz. Additionally, the proposed struc-
ture ensures low mutual coupling between the two ports (with S21 less than 220 dB in the whole operating frequency band).
The measured and numerical results show a good agreement.
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I . I N T R O D U C T I O N

The necessity of high data-rate in the modern wireless com-
munication devices has motivated the Federal Commission
of Communication (FCC) to authorize the use of the 3.1–
10.6 GHz spectrum band for the ultra-wideband (UWB)
applications [1]. This event has been followed by many aca-
demic and industrial investigations realized in order to
enhance the impedance bandwidth of small antennas, to be
suitable for this new kind of applications. In the literature,
there are mainly three categories of the UWB antennas.
First, the vertical monopole antennas have been proposed
with various shapes, such as square, circle, triangular, and
trapezoid plates [2]. Second, printed monopole antennas
have been designed with different excitation mechanisms
such as microstrip [3] and coplanar waveguide (CPW) [4].
Third, the dielectric resonator antennas (DRAs) have been
reported with various configurations [5–9], such as a half
cylindrical DRA, an A-shaped resonator, an inserted DRA
excited by CPW, a conical-shape dielectric resonator (DR)
with monopole antenna, and a stacked rectangular DRA.

In printed antennas, the CPW-fed antenna has many
attractive features, such as low radiation loss, easy integration
with RF Monolithic Microwave Integrated Circuits (MMIC)
and etching on only one side of the substrate providing a sim-
plified configuration [10], comparing with microstrip-fed
antennas.

Nowadays, some research groups have been focused their
work in the incorporation of both UWB and narrow band

antennas into a limited space. In this design, more challenge
has been focused on a key issue related to efficient integration
for ensuring good isolation between the two antenna ports
[11–15]. According to the FCC, the omni-directional UWB
antenna is used for dynamic spectrum sensing while the dir-
ectional narrow-band element is used for transmission. This
kind of structure was mainly reported for radar, medical
imaging, cognitive radio (CR) applications, and weapon detec-
tion systems.

In this letter, we propose a new CPW-fed antenna structure
containing two ports: Port1 excites the UWB patch antenna
which will be used for sensing the spectrum, and Port2
excites the rectangular DR that will be used for communica-
tion. Comparing with existing designs, the proposed
hybrid structure (patch/DRA) exhibits low mutual coupling,
S12 , 220 dB, between the two antenna ports. Moreover,
the use of the CPW line to excite the DRA provides two oper-
ational bands, an improved gain, high radiation efficiency and
broadside radiation patterns for the narrow band antenna. In
the following sections, the antenna design and results are
presented.

I I . A N T E N N A C O N F I G U R A T I O N

Figure 1 shows the geometry of the antenna structure under
consideration. The proposed concept comprised of two
parts: an UWB antenna integrated with a narrow-band
antenna. The wideband antenna composed of CPW-fed rect-
angular monopole, with semi-elliptical base, printed on one
side of 42 × 40 mm2 Rogers TMM6 substrate with a relative
permittivity 1rs ¼ 6, loss tangent of 0.0023, and thickness
h ¼ 0.762.

On the front of the substrate, a narrow band antenna (NB)
is integrated to satisfy the requirement for combined
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wideband/narrow-band antennas. The NB antenna consists of
13 × 12.5 × 6.35 mm3 rectangular DR, with a relative permit-
tivity 1rd ¼ 9.8 (TMM10i), mounted on the patch antenna
and excited from Port2 via a short section of CPW transmis-
sion line, as illustrated in Fig. 1. Table 1 summarizes the
optimal parameters of the structure described in Fig. 1.

In order to study the principle of the isolation and the elec-
tromagnetic radiation, the surface current distribution ana-
lysis is used. In Figs 2(a), 2(b), and 2(c), the simulated
magnitude surface current on the UWB antenna, without
integrating the DR, is plotted at 3.5, 6, and 10 GHz, respective-
ly. Form this figure, it can be seen that the tapered surface
regions on the two sides of the antenna contain high current
excitations, which explains their contribution to the radiation.
In the other hand, the surface current density on the other
extremity of the patch antenna is very low. This area can be
exploited to integrate a DRA.

In addition, this analysis technique is used, after the inte-
gration of the dual-band antenna, to evaluate the mutual
coupling between the two ports. Figure 3 shows the plots of
the current density on the integrated antenna excited separ-
ately from the port P1 and port P2, at two frequencies 5.8
and 9.1 GHz. As illustrated in Fig. 3, the surface current
density on both the UWB antenna and the integrated DR
antenna, when port P1 is excited and port P2 is terminated
with 50 V and vice versa, is very low, which allows an efficient
integration with good isolation.

I I I . S I M U L A T E D A N D M E A S U R E D
R E S U L T S

To examine the performance of the proposed antenna, numer-
ical simulations were carried out with two software tools: CST
Microwave Studio and Ansoft HFSS. Then, the proposed
design has been optimized. Furthermore, for experimental
validation, a prototype of the proposed antenna was fabricated.
Figure 4 shows a photograph of the fabricated antenna.
Then, the measurements were carried out using Agilent
8722ES network analyzer and an anechoic chamber for
S-parameter and radiation pattern measurements, respectively.

Figure 5 shows the measured and simulated return loss
(S11) of the proposed structure excited through Port1. From
the measured results, it can be seen that the patch antenna
offers 2:1 VSWR band from 2.44 to 11.9 GHz, which largely
covers the UWB spectrum band (3.1–10.6 GHz). The CST
and HFSS simulated results show that the monopole
antenna provides an impedance bandwidth of 2.4–12 GHz
and 2.05–12 GHz, respectively.

Both simulated and measured return losses (S22) of the
rectangular DRA are plotted together in Fig. 6. It is clear
from the measurements that the use of CPW transmission
line for the DRA mechanism excitation achieved two different
operational bands: 5.3–6.2 GHz (for wireless local area
network communications; High Performance Local Area
Network HIPERLAN/2 and IEEE 802.11a applications) and
8.5–9.4 GHz (suitable for military applications). In addition,
the dual-band antenna provides two bandwidths of 500 MHz
(5.7–6.2 GHz) and 900 MHz (8.7–9.6 GHz) for CST, when
the HFSS simulation gives 501 MHz (5.69–6.2 GHz) and
1.5 GHz (8.7–9.6 GHz). Furthermore, the DRA can be tuned
using an external matching circuit like in the reference [16],
to be suitable for CR applications. The proposed dual-band
antenna can be scanned the whole UWB spectrum by tuning
the half spectrum band.

Figure 7 shows the mutual coupling between the two
antenna ports. It is presented in terms of transmission coeffi-
cient (S12/21). From this figure, it can be observed that the pro-
posed concept ensures good isolation between the UWB and
DR antennas (with S12/21 less than 220 dB in the whole oper-
ating frequency band), which guarantees an efficient integra-
tion. There is a reasonable agreement between the simulated
and measured S-parameters. However, the small discrepancy
is mainly caused by the fabrication error and the RF cable
of the network analyzer, which slightly affects the measure-
ments of small antennas.

To study the radiation characteristics of the proposed
antenna, the radiation patterns were measured inside an
anechoic chamber. Then, the measured and computed far

Table 1. Optimal dimensions of the proposed design.

Parameter L W A B C Lp1 Lp2

Value (mm) 42 40 13 12.5 6.35 15 14.5
Parameter g Lg1 Lg2 h ws S1
Value (mm) 0.2 9 4 0.762 3 0.3
Parameter wa La S2 S3 Le Ld
Value (mm) 11 5 0.8 2 7.75 4

Fig. 1. Geometry of the proposed structure; (a) top view and (b) side view.
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field radiation patterns of the proposed design, in the two
main planes (E-plane and H-plane), are plotted and compared
in Figs 8 and 9.

Figure 8 presents the radiation pattern of the UWB
antenna at three sampled frequencies (3.5, 6.5, and 10 GHz).
It can be seen that the wide-band antenna exhibits stable
radiation patterns in the full operational band, with a nearly
omni-directional radiation characteristic in the H-plane and

bi-directional in the E-plane, suitable for UWB radiation
pattern requirements. Furthermore, the measured radiation
characteristics of the rectangular DRA, at its two resonant fre-
quencies (5.8 and 9.1 GHz), are compared with those of simu-
lation in Fig. 9. It is noted that the dual-band antenna provides
a broadside radiation patterns in the two planes. A good
agreement have is achieved between the simulated and mea-
sured radiation patterns.

Fig. 2. Surface current distributions on the UWBA without integrating DRA at (a) 3.5 GHz, (b) 6 GHz, and (c) 10 GHz.

Fig. 3. Surface current distributions on the integrated UWB/DR antenna at (a) 5.8 GHz and (b) 9.1 GHz.
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The calculated and measured realized gains of the wide-
band and dual-band antennas are presented in Fig. 10. It is
found that the UWB antenna gain ranges between 2 and
4.4 dB, and the DRA provides 6.6 and 5.2 dB of gain around
its resonant frequencies.

Table 2 reports the radiation efficiency of both ultra-wide
band and dual-band antenna at five selected frequencies. It
can be seen that the patch antenna achieves an average

Fig. 4. Photograph of fabricated prototype antenna.

Fig. 5. Reflection coefficient of the UWB antenna S11 (excited from Port1).

Fig. 6. Reflection coefficient of the DR antenna S22 (excited from Port2).

Fig. 7. Transmission coefficient of the proposed structure (S12/21).

Fig. 8. Measured and simulated radiation patterns of the wideband antenna at;
(a) 3.5 GHz, (b) 6.5 GHz, and (c) 10 GHz; dark solid lines for measurement
and light dashed lines for computation.
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efficiency of 75.1%, and the DR antenna provides between
95.4 and 97.9% radiation efficiency at its two operated
frequencies.

I V . C O N C L U S I O N

A new UWB antenna integrated with dual-band DRA has
been designed and fabricated. The patch monopole antenna

provides an impedance bandwidth from 2.44 to 11.9 GHz,
and covering the whole UWB spectrum band, and the
CPW-fed rectangular DRA operates around two different fre-
quency bands at 5.8 and 9.1 GHz, which can be used for com-
munication. In addition, the proposed hybrid design exhibits
low mutual coupling between the two antenna ports in the full
operational band (with transmission coefficient less than
220 dB), which permits an efficient integration. The simu-
lated and measured results have shown a good agreement.
With these characteristics, the proposed concept can be a suit-
able candidate for radar, medical imaging, cognitive-radio,
and weapon systems.
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