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UWB Printed Antenna
Blocks Satellite and WLAN

Signals

This novel monopole UWB antenna provides two notched bands for rejecting
interference from 5-GHz WLAN signals and 8-GHz X-band satellite signals.

Itrawideband (UWB) communications systems

provide many times the bandwidth needed for

standard communications services, such as cel-

lular wireless communications or wireless local
area networks (WLANSs). One of the main benefits of an UWB
component like an antenna or amplifier is that a single com-
ponent can be used in a system that provides multiple com-
munications services.

As an example, a novel printed UWB monopole antenna
was developed with dual-notched frequency bands, for use
in both the 5.2-GHz WLAN band and the 8.0-GHz X-band
satellite-communications (satcom) band. The design couples
an E-shaped structure with microstrip feedline to achieve
UWRB performance with band-rejection capability. The UWB
antenna demonstrates omnidirectional radiation patterns
across its wide bandwidth.

UWRB radio technology has attracted a great deal of attention
ever since the U.S. Federal Communications Commission
(FCC) allocated 7.5 GHz of bandwidth (3.1 to 10.6 GHz) for
unlicensed radio applications. Many applications have been
developed based on UWB technology, such as short-range
broadband communications, radar sensing, and body-area
networks (BANs) for medical and health-care use.! In terms
of antennas for UWB systems, planar monopole antennas
present attractive features: simple structure, small size, low
cost, stable radiation patterns, and constant gain over wide
operating bands. Owing to these characteristics, research is
increasingly being focused on planar monopoles for UWB
use.>¢

Potential problems for UWB communications systems
stem from interference from existing systems within that wide
frequency range, such as 5.8-GHz signals from WLAN systems
and 8-GHz signals from X-band satellite communications
systems (XSCSs). As a result, a compact UWB monopole

antenna with multiple reject bands can provide a practical
solution to reject these unwanted interference signals.” '3

To achieve the desired band-notched performance,
different-shaped slots (such as U- or V-) are usually inserted
into the initial UWB monopole antenna structure. In refs.
8 and 9, however, only one notch band was created. In refs.
10 and 11, two notched bands can be achieved by means of a
defected ground structure (DGS) approach. However, all these
notched UWB antenna design strategies are based on the use
of multilayer circuit structures that would increase fabrication
costs and not be compatible with existing integrated-circuit
(IC) radio devices.
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1. These diagrams show the layout of the UWB antenna with two
notches: (a) the overall view of the antenna layout, (b) a front view of
the layout, and (c) a rear view of the layout.
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2. This layout and equivalent circuit represent the coupled E-shaped
resonator used in the UWB antenna.

To provide a practical solution for limiting the effects of
interference in UWB systems, a compact UWB monopole
antenna with two notch bands was developed. To start, the
resonant properties of an E-shaped resonator were explored.
Analysis of the resonator structure reveals that dual bandstop
performance was possible based on the dual-mode resonant
properties of the E-shaped resonator. By placing the E-shaped
resonator structure close to the feedline of the UWB antenna,
it should be possible to achieve the two notched bands within
the total UWB frequency range.

To validate the design concept, a novel planar UWB antenna
with two sharply rejected notch bands centered at 5.8 and 8.0
GHz, respectively, was designed and fabricated. Computer
simulations and prototype measurements show that the
antenna achieves an ultrawide bandwidth ranging from 2.0
to 11.0 GHz while avoiding interference from WLAN/XSCS
signals. The antenna offers an omnidirectional radiation
pattern in the H-plane across its full bandwidth.

Figure 1 presents the geometry of the proposed UWB
antenna with two sharp notch bands. The antenna consists
of a dual bandstop filter and a conventional planar circular
monopole antenna. It is fabricated on 0.508-mm-thick
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RO4350B circuit material from Rogers Corp. (www.
rogerscorp.com). The circuit material exhibits a dielectric
constant (relative permittivity) of 3.48 at 10 GHz in the z-axis
(thickness) of the substrate. The bandstop filter (i.e., the two
notch bands) is realized by coupling the E-shaped resonator to
50-Q microstrip feedlines for the antenna.

The proposed planar UWB antenna has a circular patch
with radius, R; , of 8.5 mm, which is fed by 50-Q microstrip
line of width wy = 3.5 mm. To improve impedance-matching
performance, a rectangular slit is embedded in the ground
plane, located under the microstrip feed line. The final
optimized parameters of the planar UWB antenna are as
follows: w;=20 mm, w,=8.05 mm, w3;=4.6 mm, w,=0.3 mm,
1,=35 mm, l,=16 mm, and [;=3.8 mm.

The proposed E-shaped resonator is composed of a
stepped-impedance hairpin resonator with a centrally loaded
short-ended stub. Figure 2 shows the layout of the E-shaped
resonator coupled to a section of main transmission line and
its corresponding equivalent circuit. The properties of the
E-shaped resonator can be analyzed by the even-odd-mode
analysis method. Under mode excitation, the electrical field
distribution of the resonator exhibits either an even- or an
odd-mode distribution property. Thus, the even- and odd-
mode resonant frequencies (f,,., and f,4q, respectively) can be
deduced by means of Eqs. 1 and 2, respectively:
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where fis the center frequency of the E-shaped resonator; &4
denotes the effective dielectric constant of the substrate; and ¢
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3. These S-parameters were simulated for various dimensions of the coupled E-shaped resonator: (a) le2 and (b) le3.
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4. This is a photograph of the fabricated prototype of the UWB antenna 5. The measured and simulated VSWRs of the UWB antenna are plot-

with dual notches.

is the speed of light in free space.
The stepped-impedance (SIR)
can achieve dual-stopband (i.e., the two notch bands)

dual-mode resonator
performance when placed next to the microstrip feedline. It
can be functionally equivalent to two shunt-connected series
resonance circuits, as shown in Fig. 2(b). The section 1, I, of
the dual-mode SIR can be seen as the capacitance C while the
section [,; of the dual-mode SIR can be seen as inductance L.
The dimensions of the E-shaped resonator were selected as
follows: w,; = 0.2 mm, w,, = 0.2 mm, l,; = 3 mm, l,, = 4.6 mm,
l,3=0.8 mm, and r,= 0.2 mm.

Transfer characteristics of the coupled E-shaped resonator
with various dimensions were studied to validate its two-
mode resonant properties (Fig. 3). The frequencies of the two
notch bands move down simultaneously with increases in the
length [.,. This is because the electrical fields are distributed
on these two sections for both the even and odd modes.

When I is decreased, only the frequency of the first notch
band moves higher. This is because there are no electrical fields
distributed on the area of I.; for the odd mode. Therefore, by
appropriately adjusting the resonator dimensions, two notch
bands can be achieved at desired frequencies.

Based on the two bandstop filters previously described, a
novel planar UWB monopole antenna with two high-rejection
notch bands was designed as shown in Fig. 4. All simulations
were carried out using Version 11.0 of the commercial Ansoft
HESS finite-element EM simulation software from Ansys
(www.ansys.com).

Figure 5 compares the simulated and measured VSWR
for the UWB antenna. The antenna exhibits an impedance
bandwidth of 2.0 to 11.0 GHz for a VSWR of less than 2.0:1,
except for the notch bands of 5.5 to 6.5 GHz and 7.6 to 9.1
GHz. The center frequencies of these two notch bands are
about 5.8 and 8.0 GHz, respectively.

These notch bands are well suited for rejecting 5.8-GHz

ted here.

WLAN signals and 8.0-GHz satellite signals. The normalized
radiation patterns in the E- and H-planes were simulated at
2.5,5.0, 7.5, and 10.0 GHz (Fig. 6). As the patterns show, the
antenna achieves good omnidirectional radiation patterns
in the H-plane. Figure 7 plots the measured peak gain in the
E-plane. The radiation patterns in the E-plane are in symmetry.
Even with its dual notches, this antenna behaves very much
like a typical printed-circuit-board (PCB) monopole antenna.
By controlling the parameters of the E-shaped resonator,
the two notch bands can be easily tuned to the desirable
frequency locations. The antenna covers the frequency range
for UWB systems, between 2.0 and 11.0 GHz, with rejection
bands centered around WLAN/SCS services. With the benefit
of small size, outstanding performance can be realized for
broadband antennas—widely needed for UWB applications.
The measured results show good performance in terms of
reflection coefficient, antenna gain, and radiation patterns.
The antenna design represents a practical approach for
modern UWB wireless communication systems owing to its
simple topology, compact size, and excellent performance.

Editors Note: The authors’ design approach was also
demonstrated in the construction of an UWB bandpass filter,
using parallel U-shaped slots to achieve dual frequency notches
within the full FCC-approved UWB frequency range of 3.1 to
10.6 GHz. (See http://mwrf.com/passive-components/uwb-
bandpass-filter-features-dual-notches).
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7. The measured peak gain of the
UWB antenna is plotted as a function
of frequency for the UWB frequency
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6. The measured and simulated radiation patterns for the UWB antenna are shown for the following frequencies: (a) 2.5 GHz, (b) 5.0 GHz, (c) 7.5
GHz, and (d) 10.0 GHz.
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