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Abstract. This paper presents triple band notched ultra
wide band (UWB) monopole antenna with overall size of
36 x 32 mm’ fed by microstrip transmission line. In order
to achieve a good impedance matching from 2.7 GHz to
13.4 GHz, a tapered transition between the rectangular
patch and the feeding line is utilized. The three notched
frequency bands are accomplished by a defected microstrip
structure (DMS) which is inserted in the microstrip feeding
line and by an open loop slot etched in the radiating patch.
The three band notches are 3.15—4 GHz, 5.7-6.3 GHz and
7.9-8.6 GHz. They prevent the receiving of the signals of
IEEE 802.16 WiMAX band, WLAN band, and ITU appli-
cations respectively. The UWB antenna was designed and
simulated, then fabricated and tested in order to investi-
gate its impedance and radiation characteristics. Good
agreement between the simulated and measured data is
achieved. The obtained results show that the proposed
antenna is convenient for UWB applications.
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1. Introduction

Recently, the rapid growth in the field of wireless
communications and electronics has been extended. Ultra
wide band (UWB) antennas play critical role in the UWB
communication systems. The UWB antennas are designed
to cover range 3.1-10.6 GHz assigned by FCC (Federal
Communication Commission) [1]. The UWB technology
has several advantages such as high data rate, low power
consumption, simple hardware configuration in practical
applications and good resistance for multipath [2], [3]. The
UWRB antenna is considered as one of the important com-
ponents to realize the UWB communication systems.
Therefore, UWB antenna has to achieve several require-
ments such as high and stable gain, omnidirectional
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radiation pattern, wide impedance matching through all
frequency bands, low cost and compact size [4], [5].

Presently, printed UWB monopole antennas are used
due to their merits such as small size, easy of fabrication,
low cost and their compatibility with RF components
[6-10]. However, there are many narrowband communica-
tion systems that interfere with the UWB systems such as
WiMAX (3.3-3.7 GHz), IEEE 802.11/b/g (5.15 GHz to
5.825 GHz) WLAN band and X-band operating at
7.725 GHz to 8.275 GHz for ITU applications. In order to
reduce the potential interferences from these undesired
narrowband signals, UWB antennas with filtering behavior
(notched characteristics) are designed. There is a number
of antennas of this type presented in literature working
with different elements assuring the notched characteristic
— stop-bands. Some of them are: Paper [11] presents the
antenna using the stepped impedance resonator and fork-
shaped stubs. The antenna presented in [12] applies an
annular strip etched above the radiating element and two
slots, one C-shaped and one arc-shaped embedded in the
radiating patch. Rather complex resonator enlarging the
area taken by the antenna is used in [13]. Microstrip two-
port filtering structure composed of a couple of modified
capacitance loaded loop resonators is used in [14]. Each
antenna designed in [15] comprises a half-circle shaped
patch with an open rectangular slot and a half-circle shaped
ground plane.

In this paper, a compact microstrip fed monopole
UWB antenna with three stop bands and overall size of
36 x 32 mm’ is presented. The notched frequency bands
are achieved by employing open loop resonator etched in
the patch and defected microstrip structure (DMS) stop-
band filter inserted in the feeding line. First of all, a refer-
ence antenna is designed, which exhibits radiating charac-
teristics in the frequency band 2.7—13.4 GHz. The first and
the third notches are achieved by using DMS at frequency
bands (3.15—4 GHz and 7.9-8.6 GHz). The second notch is
achieved by using open loop slot at frequency band
(5.7-6.3 GHz). The proposed antenna has been designed,
simulated, fabricated and measured. The designed antenna
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performance has been validated using the electromagnetic
full wave simulations. The commercial software HFSS was
employed in the full wave simulations.
2. Design Procedures
2.1 UWB Antenna Configuration

The UWB antenna design is comprised of the steps:
First of all, conventional patch antenna with partial ground
plane is designed (case I) to achieve UWB behavior from
3.1 GHz to 10.6 GHz as shown in Fig. 1(a). The VSWR of

(@ (b) (©

this antenna plotted in Fig. 2 shows that the antenna oper-
ates from 3.5 GHz to 6.5 GHz with VSWR lower than 2.
Matching of the UWB antenna can be improved by using
a tapered transition in the radiator (case II) as illustrated in
Fig. 1(b). The VSWR of the designed antenna illustrates 6

Fig. 1. UWB antenna layouts — top and bottom : (a) Case I,
(b) Case 11, (c) Case III.

that the antenna works from 3.1 GHz to 12 GHz (UWB Case| = — — —
applications). Finally to achieve good matching properties, Casell =+ = — r
simple rectangular slot is added in the ground plane 4 Case lll e ,,—---’

(case IIT) as shown in Fig. 1(c). The case III is therefore
used as our reference UWB antenna. The wide band oper-
ation of the UWB antenna has been achieved by optimizing
the dimensions of the radiating patch and the partial ground
plane. The UWB antenna is designed on RO4003 substrate
with relative permittivity & = 3.38, loss tangent equal to 0 73 5 5 o
0.0027 and thickness /4 =0.813 mm. The monopole Frequency [GHz]
antenna is fed by 50 Q microstrip line. Fig. 2. VSWR of the UWB antenna.

12 14

2.2 DMS Band-Stop Filter Design

DMS plays an important role in designing filters due
to several advantages such as size and complexity reduc-
tion. It also reduces the radiation loss which enhances the
stop band attenuation. The 2-D layout of the DMS filter is
shown in Fig. 3. It is considered as a simple slot inserted in
the microstrip line. This slot changes the effective capaci-
tance and inductance of the microstrip line which leads to
band stop behavior. The dimensions of the DMS filter were
optimized to achieve the desired resonant frequency. The
simulated S-parameters (return loss and insertion loss) of

the DMS filter are plotted in Fig. 4. It is clear that the filter Fig. 3. The layout of DMS band stop filter.

has two rejected frequency bands. The first band is 3.15 to

4 GHz and the second band is 7.9-8.6 GHz. 0 Y - e
¥

2.3 Open Loop Resonant Slot

The simulated current distribution of the reference
antenna at 6 GHz is plotted in Fig. 5 (a). It can be noticed
that the surface current is concentrated near the input of the
patch and decreases away from the center of the patch.
Therefore, by inserting a slot half of wavelength in length
at the place where there is the maximum of surface current, 2 4
band notch features can be accomplished. The open loop
resonant slot position and dimensions were selected and Fig. 4. S-parameters magnitude of the DMS filter.
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Fig. 5. Simulated surface current distributions of antenna at
6 GHz: (a) without a slot, (b) with the slot.

optimized to achieve the band notched characteristics. The
simulated current distribution at 6 GHz for monopole
antenna with the loop resonator is shown in Fig. 5(b) and it
is obvious that the surface current is concentrated around
the slot, which means that the antenna does not radiate at
this frequency band.

3. Proposed UWB Antenna Design

The 2-D layout of the proposed UWB monopole
antenna is illustrated in Fig. 6. The detailed dimensions are
stated in Tab. 1. The antenna consists of the previously
investigated UWB monopole antenna with the open loop
resonant slot etched in the patch and the DMS filter
inserted in the microstrip line. The simulated VSWR of the

Parameter L L, Ls Ly Ls Lg L,

Value (mm) 5.6 5.2 14 20 4.8 5.6 6

parameter Lg Ly W W, 78 |/ Ws

Value (mm) 2 19 16 6 5 3.5 1.6
parameter W w; Wy w L d
Value (mm) 1.2 2 2 32 36 0.2

Tab. 1. Dimensions of the proposed antenna structure.

(@) (b)

Fig. 6. The geometry of the proposed UWB antenna:
(a) Front view, (b) back view.
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Fig. 7. The VSWR of the proposed antenna for three different
cases, see the text.
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Fig. 8. Simulated surface current distributions of the antenna
with the DMS filter: (a) at 3.4 GHz, (b) at 8.4 GHz.

particular UWB antenna versions is shown in Fig. 7. Case I
corresponds to the response of the reference antenna.
Case II represents the antenna with the open loop resonator
only. It is clear that the VSWR is lower than 2 except the
notched frequency band 5.7-6.3 GHz. Case III represents
the antenna with the DMS filter which is embedded in the
feeding line only. It can be noticed from the plot that the
VSWR is lower than 2 except the two notched frequency
bands 3.15—4 GHz and 7.9-8.6 GHz.

The simulated current distributions of the UWB mon-
opole antenna with DMS filter at 3.4 GHz and 8.4 GHz are
demonstrated in Fig. 8. It is obvious from Fig. 8 that the
current is concentrated around the DMS filter and practi-
cally no current passes through the patch. This confirms
the fact that the DMS acts as dual band-stop filter and the
antenna does not radiate at these two frequency bands.
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4. Experimental Results

The proposed UWB antenna has been simulated, fab-
ricated and then tested using Agilent N9918A vector net-
work analyzer (VNA). The antenna was fabricated on
RO4003 substrate with relative dielectric constant of 3.38,
thickness of 0.813 mm and dielectric loss tangent equal to
0.0027. The photographs of the fabricated antenna are
shown in Fig. 9. The VSWR of the antenna was measured
and compared with the simulated one as demonstrated in
Fig. 10. As seen from the plot, there is a good agreement )
between basic shapes of simulated and measured VSWR.

The measured rejection level in the three notched band is Fig. 9. Photographs of the fabricated UWB antenna:
not as good as predicted by simulations. This is with the () Front view, (b) back view.

highest probability caused by fabrication tolerances and by 10
the used SMA connector. The results show that the
proposed antenna is working as UWB antenna from 8 o . .
2.7 GHz to 13.45 GHz. However, there are three notches at " i Simulation  -—--—-
3.15-4 GHz, 5.7-6.3 GHz and 7.9-8.6 GHz with VSWR
which is higher than 2.

Measurement

= e
AU p——r—

A comparison between simulated and measured real-

ized gain of the proposed triple band notched UWB mono- 2+
pole antenna is illustrated in Fig. 11(a). The average meas-
ured realized gain of the UWB antenna is nearly constant 0 2 3 4 5 2 13 14

7 8 § 10
Frequency [GHz]
Fig. 10. The simulated and measured VSWR of the optimized

structure against frequency.

around 3 dBi, except the three notched frequency bands
with values equal -2 dBi, —1.5 dBi and —1.1 dBi respec-
tively. The radiation efficiency of UWB antenna is illus-
trated in Fig. 11(b). It is seen from Fig. 11(b) that the aver- 6
age efficiency of the UWB antenna equals around 85 %.
However the efficiency of UWB antenna is reduced to
30 %, 20% and 30 % at the three notched frequency
bands.

The radiation patterns of the proposed antenna in the
x-z plane, y-z plane and x-y plane (see the coordinate sys-
tem in Fig. 6(a)) were measured inside anechoic chamber
at 3.1 GHz, 5.3 GHz, and 9.1 GHz. The normalized simu- === Simulation
lated and measured radiation patterns in Xz, Y-z and x-y 2628 3 35 4 45 5556 65 7 7.5 8 85 9 9.5 10
planes of the proposed antenna are shown in Fig. 12 and Frequency [GHz]
Fig. 13, respectively. Position angle #=0 in Figs. 12 and (a)
13 is directed in the positive direction of x-axis in (a),
z-axis in (b), and x-axis in (c). It follows from Fig. 12 that
the UWB monopole antenna has nearly omnidirectional
patterns in y-z plane and almost bi-directional patterns in
x-z and x-y planes at the three different frequencies, which
implies that the proposed antenna has a large and uniform
coverage confirming the fact that the proposed antenna is
convenient for UWB application.

— Measurement

Realized Gain [dBi]

=
o
o

40

——Measurement

N
o

Radiation Efficiency [%]

Comparison between our proposed antenna and other
in literature presented designs in terms of measured values 0 T
is illustrated in Tab. 2. Table 2 presents notch frequencies, 2628 3354455556657 758 859 9510
realized gain at these notches. It can be concluded from Frequency [GHz]
this comparison that the proposed antenna has compact size ®)
and higher bandwidth. The gain at centers of notched band Fig. 11. The simulated and measured results of the optimized
is comparable, or somewhat higher. structure against frequency: (a) gain, (b) efficiency.

=== Simulation
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Fig. 12. The simulated normalized radiation patterns at
f=3.1GHz, 53 GHz and 9.1 GHz: (a) x-z plane,
(b) y-z plane, (c) x-y plane.
Notch
Size Frﬁgﬁ;gcy . oren Realized
2 requencies . .
[mm-] [GHz] (GHz] gain [dBi]
3.54 -5.6
[16] 35 %35 2.2-12.8 5.73 -0.9
8.56 -3
2.4 -0.5
[17] 44 %12 2.2-11.3 3.8 -1.6
5.5 -0.3
345 =55
[18] 50 x 42 2-11 5.55 -5
7.4 4.3
4.1 -3.8
[19] 45 x 40 3-11
53 -3.4
33 -2
This 36x32 | 27134 6 15
work
8.4 -1.1

Tab. 2. Comparison between different UWB

notched antenna designs.

triple-band

t=53 GHz=— —

t=3.1 GHz f=9.1 GHz = » =

Fig. 13. The measured normalized radiation patterns at
f = 3.1GHz, 53GHz and 9.1 GHz: (a) x-z plane,
(b) y-z plane, (c) x-y plane.

5. Conclusion

The design of the compact size monopole UWB an-
tenna with triple band notches has been presented. A ta-
pered transition between the rectangular patch and the
feeding line has been used to achieve good impedance
matching from 2.7 GHz to 13.4 GHz. The defected mi-
crostrip structure and the open loop slot etched in the radi-
ation patch have been used to produce triple band notches.
The three band notches are 3.15-4 GHz, 5.7-6.3 GHz and
7.9-8.6 GHz for IEEE 502.16 WiMAX band, WLAN
band, and ITU respectively. Moreover, good agreement has
been achieved between the simulated and measured results.
This confirms that the proposed antenna is suitable for
UWRB applications.
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