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Abstract—The paper proposes to use meandered grounded stubs
to design single or dual band-notched planar-monopole antennas
for ultrawide band (UWB) applications. The center-notch
frequencies and notch bandwidths of the UWB antennas can be
adjusted by using the dimensions of the meandered grounded
stubs. Two prototype antennas are designed, fabricated and
studied. One has a single band notch in the wireless area network
(WLAN) band from 5.15 GHz to 5.825 GHz and the other one
has two sets of dual-band notches at the lower WLAN band
(5.15-5.35 GHz) and higher WLAN band (5.725-5.825 GHz). The
band-notched characteristics, radiation patterns and peak gains
of the antennas are studied using computer simulation and
measurements.

Keywords - monopole antenna, ultrawideband (UWB) antenna,
band notched, meandered ground stub.

L INTRODUCTION

Since the US-FCC allocated the frequency band of 3.1-10.6
GHz for Ultra-wideband (UWB) communication systems in
2002 [1], studies on UWB technologies have been widely
conducted in both the commercial and academic domains. In
most UWB applications such as PCs, high-definition TVs and
digital cameras etc., compact and low cost UWB antennas
with non-dispersive, omnidirectional radiation pattern with
relatively uniform gain are desirable. Planar antennas with the
advantages of low-profile, ease fabrication on printed circuits
board, and ease integration with other RF components, are
more favorable to the traditional 3-D antennas for compact
UWB applications.

In the design of antennas for UWB applications, there are
important challenges. For example, in the allocated frequency
band for UWB applications, there are already several other
existing communication systems such as the IEEE 802.11a
WLAN which has the lower frequency band of 5.15-5.35 GHz
and higher frequency band of 5.725-5.825 GHz in the US [2].

These systems may potentially interfere with the UWB systems.

Band-stop filters can be used to suppress the interference
problems, but this will increase the cost and system complexity
and require more space when integrated with other microwave
circuits. One possible solution for this problem is to design the
UWB antennas with band-notched characteristics. Different
design methods have been proposed to implement the band-
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notched characteristic for UWB planar monopole antennas [3-
12], e.g. using parasitic elements [4], folded strips [5], split-
ring resonator (SRR) [6], quarter wavelength tuning stub [7],
resonated cell in microstrip line or coplanar waveguide (CPW)
[8] and fractal structure [9]. The most popular method is to etch
different kinds of half or quarter wavelength slots or stubs, i.e.
U-shaped [10-11], V-shaped [12], and hat-shaped slot [13] etc.
on the antennas. Since the current of a planar-monopole
antenna mainly distributes on the edges of the radiators and
ground, it is more effective to place the slots or stubs along
these edges. However, for the half or quarter wavelength
resonators, it is difficult to place them on the compact UWB
antenna to achieve dual or multiple band-notched function.

In this paper, we propose to use meandered ground stubs to
realize the band-notched characteristic in the compact UWB
monopole antenna. Two UWB antennas with single or dual
band-notched characteristics are studied using the computer
simulation tool CST MWS 2009 [14] and the Satimo Starlab
measurement system [15]. For the UWB antenna with single
band-notched characteristic at 5.5 GHz, a pair of meandered
ground stubs, each having a size of 0.0715\ x 0.042A, is used
to achieve a Voltage-Standing-Wave Ratio (VSWR) <2 for
the operating frequency range from 2.52 GHz to over 12 GHz.
For the UWB antenna with dual band-notched characteristic,
two pairs of meandered ground stubs with different sizes,
0.057A x 0.051A for 5.25 GHz and 0.057A x 0.045A for 5.775
GHz, are employed to filter the higher and lower frequency
bands in the WLAN band. The simulated and measured results
show that the antenna has an operating frequency range from
2.57 GHz to over 11.05 GHz with VSWR <2 which fully
satisfies the requirement for UWB applications.

II.
Structure of the single band-notched UWB antenna

ANTENNA DESIGN

In our UWB antenna design, we propose to use the planar-
monopole technology to achieve a compact size for
applications in wireless devices. The single band-notch UWB
antenna consists of an elliptical radiator fed by a 50-Q
microstrip line and a rectangular ground below the substrate
with two symmetric meandered open-circuit ground stubs
etched at the upper edge of the ground plane. Figure 1 shows
the layout of our design which is fabricated on a Rogers PCB,
RO4350B, with a transverse dimension of 30 mm x 39.3 mm, a
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relative dielectric constant £ = 3.48, a thickness 0.762 mm

and a loss tangent 0.0037 for the substrate. The width of the
microstrip line changes gradually from w; = 1.73 mm to w, =
0.6 mm to achieve good impedance matching. The distance
between the elliptical radiator and the upper edge of ground,
gap, is also critical for impedance matching and so has been
optimized to be 0.3 mm. Detailed dimensions of the single
band-notched antenna are listed in Table 1.

8w
(a)

Fig. 1 (a) Layout and (b) side view of the single band-notched UWB antenna.

(b)

TABLE L. SINGLE BAND-NOTCHED ANTENNA DIMENSIONS
Parameter Value(mm) Parameter Value(mm)
gl 15 wy 1.73
aw 30 w> 0.6
1 39.3 d; 0.3
ry 12 d> 0.3
r 9 d; 23
t 0.035 ¢ 0.3
H 0.762 &) 5
gap 0.3

Parametric study of single band-notched UWB antenna

To better understand how the dimensions of the meandered
ground stubs affect the center frequency and bandwidth of the
notched band, a parametric study of the single band-notched
UWRB antenna has been conducted using computer simulation.
Results have shown that the proposed band-notch structure
using the meandered stubs acts like a resonator. At resonance,
it prevents signal from passing through it. The width d; and
length d; of the stubs in Fig. 1(a) determine the inductance of
the resonator. The distances, d, and c;, between the stub and
ground and between the meandered stubs, respectively,
determine the capacitance of the resonator.

Simulation results on the VSWR with different values of d;
and ¢, using CST MWS 2009 are shown in Figs. 2 and 3,
respectively. It can be seen that the resonant frequency can be
adjusted using d;, yet the VSWR values in the rest of the UWB
band remain about the same. This property provides the
designers with a great freedom to select the notched-band
frequency for the antennas.

Figure 3 shows that the bandwidth of the notched band can
be adjusted easily by varing ¢, with other parameters remaining
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constant, yet the center frequency of the notch band is almost
unchanged.
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Fig. 2 VSWR for different values of d;, with d;=d>=c3=0.3 mm and ¢,=5 mm.
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Fig. 3 VSWR for different values of ¢,, with d;=d>=c3=0.3 mm and d;=2.3 mm.
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Fig. 4 Surface current distribution of single band-notched antenna at (a) 3.5
GHz and (b) 5.5 GHz.

Figures 4(a) and 4(b) show the surface current distribution
of the single band-notched antenna at 3.5 GHz and 5.5 GHz,
respectively. At 3.5 GHz, Fig. 4(a) shows that majority of the
current flows from the microstrip line to the radiator and will
finally radiate to the free space. However, at 5.5 GHz, the
energy is confined in the meandered ground stubs and much
more than those in the main radiator of the antenna, so it does
not get radiated.

Dual band-notched UWB antenna

The main challenge in the dual band-notched design is the
narrow bandwidths (100 MHz in the higher WLAN band and
200 MHz in the lower WLAN band) of the notched bands
which have a relatively small gap of 375 MHz in between. Our
proposed dual band-notched UWB antenna makes use of the
results obtained in our design for the single band-notched
UWB antenna explained previously, i.e. the center frequency
and bandwidth of the notch can be adjusted by using d, and
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¢, . In this design, two different sizes of meandered ground

stubs are put in serious along the upper edge of the ground
plane, as shown in Fig. 4. The detailed dimensions of the two
stubs are listed in Table 2.

TABLE IL SINGLE BAND-NOTCHED ANTENNA DIMENSIONS
Parameter (upper Parameter (lower
WLAN Band) Value(mm) WLAN Band) Value(mm)
d; 0.25 d; 0.25
d> 0.25 d> 0.25
ds 2.6 ds 2.9
¢ 0.25 ¢y 0.25
&) 8.5 &) 5
III.  RESULTS AND DISCUSSIONS

The two antenna prototypes, with both single and dual
band-notched characteristics, have been fabricated using
Rogers PCBs, RO4305B, as shown in Fig. 5. The VSWR and
peak gain across the UWB band, and the radiation patterns at
3.5 GHz, 7 GHz and 9 GHz have been simulated using CST
MWS 2009 and measured by using the Satimo Starlab
measurement system.

The simulated and measured VSWRs of the single and dual
band-notched antennas are shown in Fig. 6. For clarity, the
VSWR of the antennas from 4.5 to 6.5 GHz are enlarged and
shown separately in the same figure. It can be seen that the
VSWR is substantially higher in the desired WLAN bands. The
detailed parameters of the band notches are listed in Table 3.
These results show that the two antennas can operate from 2.52
GHz to over 12 GHz and from 2.57 GHz to 11.05 GHz with

VSWR <2 which fully satisfies the UWB requirement.

TABLE III. BAND-NOTCHES WHEN VSWRS ARE 2 AND 2.5
Notched Band VSWR =2 VSWR =2.5
Simulated, whole WLAN band 5.08-5.89 GHz  5.23-5.77 GHz
Measured, whole WLAN band 5.06-591 GHz  5.19-5.82 GHz
Simulated, upper WLAN band 5.66-5.90 GHz  5.71-5.86 GHz
Measured, upper WLAN band 5.62-593 GHz  5.70-5.87 GHz
Simulated, lower WLAN band 4.98-5.41 GHz  5.11-5.38 GHz
Measured, lower WLAN band 5.01-5.41 GHz ~ 5.12-5.34 GHz

Fig. 5 Photograph of proposed single and dual band-notched antennas.

The simulated and measured radiation patterns of the
antennas at 3.5 GHz and 9 GHz in two principle planes, x-z
and x-y planes, are shown in Fig. 7. It can be seen that the
antennas have approximately omnidirectional radiation patterns
in x-y plane. The x-z plane patterns show two nulls at z
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direction,
antennas.

which are similar to that of typical monopole

— — Simulated. Single Band Notch
+ Meased, Single Band Notch
-Simulated, Dual Band Notch
Measured, Dual Band Notch

6 7 8
Frequency (GHz)

band-notched
band-notched

Fig. 6 Simulated and measured VSWR of single and dual
antennas. VSWR of (a) single band-notched and (b) dual
antennas from 4.5 to 6.5 GHz.
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Fig. 7 Simulated and Measured radiation patterns. (a) 3.5 GHz in x-y plane for
single band-notched antenna; (b) 3.5 GHz in x-z plane for single band-notched
antenna; (c) 9 GHz in x-y plane for single band-notched antenna; and (d) 9
GHz in x-z plane for single band-notched antenna; (e) 3.5 GHz in x-y plane for
dual band-notched antenna; (f) 3.5 GHz in x-z plane for dual band-notched

antenna; (g) 9 GHz in x-y plane for dual band-notched antenna; and (h) 9 GHz
in x-z plane for dual band-notched antenna.

The measured peak gains of the antenna with single and
dual band notches are shown in Fig. 8. It is observed that the
average antenna gain is about 3 dBi over most of the operating
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frequency range. While at the notched band, a significant gain
and radiation efficiency reduction can be seen. For the single
band-notched case, the antenna gain is reduced to about -7 dBi
and the radiation efficiency is lower than 20%. For the dual
band-notched case, the antenna gain is reduced to -6 dBi and -2
dBi and the radiation efficiency is reduced to below 20% and
below 45%, respectively. These phenomena indicate that by
introducing one or more pairs of meandered ground stubs, a
single or dual band-notched characteristic can be achieved.

o Peak Gain
—— Efficiency ]

Peak Gain (dB)
Efficiency (100%)

100

80
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<--- Peak Gain
—=— Efficiency

Peak Gain (dB)
Efficiency (%)

< 40

Frequency (GHz) (b)
Fig. 8 Simulated and measured peak gain and efficiency a)
notch and b) dual band notches

with single band

—— Face to Face

Face to Face

0

Group Delay (ns)

35cm

Frequency (GHz)
Fig.9 Measured group delays between pair of dual band-notched antennas

Finally, the group delay characteristics between a pair of
dual band-notched antennas have also been measured. In the
experiment, the distance between the two antennas was 35 cm.
Without loss of generality, two special cases, i.e., with the
antennas placed face-to-face and side-by-side at different
azimuth angle on the x-y plane. The results are showed in Fig.
9, indicating that, in both cases, the group delay is about 1.5 ns
across the frequency band except in the notched bands. Due to
the narrow band resonator, the group delays at the notched
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lower and higher WLAN bands vary drastically to -2.5 ns and -
0.25 ns, respectively. For the rest of the frequency band, the
group delay characteristics is relatively flat, indicating that that
the antennas have good linear transmission performances and
so could be useful for multi-band UWB or impulse UWB
radios applications.

IV. CONCLUSIONS

In this paper, meandered ground stubs have been proposed
to implement the band-notched characteristics of planar-
monopole antennas for UWB applications. Two novel band-
notched monopole-antennas using meandered ground stubs to
realize the single and dual band-notched characteristics have
been designed and studied using computer simulation and
measurement. Results have shown that these antennas have
approximately omnidirectional radiation patterns with good
band notched performances. The measured group delay
characteristics of the dual band antenna are relatively flat,
implying that the antenna is good for multi-band UWB or
impulse UWB radios applications.
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