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Abstract

In this paper, a different method for designingozet and compact microstrip-fed slot
antenna with band-notched characteristic for UWBRliaption is proposed. In the
proposed antenna, a pair of protruded T-shapegssiiside an extra rectangular slot in
the ground plane is used to create an additiorsdn@nce at higher frequencies. By
obtaining this resonance (10.7 GHz), the usableeupgmgquency of the antenna is
extended from 10 GHz to 13.2 GHz which providesidevusable fractional bandwidth
of more than 125%. Additionally, by using a squangr radiating stub with a protruded
H-shaped strip inside the ring, a desired frequelnapd-stop performance has been
obtained. Simulated and experimental results obthifor this antenna show that it
exhibits good radiation behavior within the UWBduency range. The proposed antenna
can operate from 2.95 to 13.2 GHz for VSWR with a rejection band around of 5.1-6
GHz to suppress any interference from wirelessllacea network (WLAN) systems.
Simulated and experimental results obtained fa #imtenna show that it exhibits good
radiation behavior within the UWB frequency range.

1. Introduction

After allocation of the frequency band from 3.11th6 GHz for the commercial use of
ultra-wideband (UWB) systems by the federal commatidn commission (FCC) [1],
ultra-wideband systems have received phenomenalvitgtian in wireless
communication. Designing an antenna to operatbentWB band is quite a challenge
because it has to satisfy the requirements suchraswide impedance bandwidth, omni-
directional radiation pattern, constant gain, higliation efficiency, constant group
delay, low profile, easy manufacturing, etc [2].UWB communication systems, one of
key issues is the design of a compact antenna whileiding wideband characteristic
over the whole operating band. Consequently, a eunald microstrip antennas with
different geometries have been experimentally attaraed [3-6].

In [3], a compact hexagonal structure is introdud¢edenhance the impedance
bandwidth. Based on defected ground structure (D&%®) electromagnetic coupling
theory (ECT), pairs of L-shaped slots conductorkedcplane structures are used to
excite more resonances in [4-5]. A novel CPW-feshaped slot antenna which provides
a wide usable fractional bandwidth of more than%l®as reported in [6]. Moreover,
other strategies to improve the impedance bandwidtlich do not involve a
modification of the geometry of the planar antehage been investigated [7-12].

There are many narrowband communication systemshaggverely interfere with the
UWB communication system, such as the wirelesd ke network (WLAN) for IEEE
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802.11a operating in 5.15-5.35 and 5.725-5.825 kats,

Table 1. Final parameter values of the antenna.

Therefore, UWB antennas with band-notched charatiter

to filter the potential interference are desirablewadays, to
mitigate this effect many UWB antennas with varidasd-
notched properties have developed [13-18].

A new design of micostrip-fed slot antenna with datop
function for ultra-wideband (UWB) applications iggigned
and manufactured. By using two rotated T-shapeipsstr
protruded inside the extra rectangular slot ingteind plane,
an additional resonance was excited and impedar
bandwidth of the antenna is extended. To generage
frequency band-stop function, an H-shaped stripused
inside the square-ring radiating stub. The desigamgnna
has a small size of 20x20x0.8 rhm

2. Antenna Design

The proposed antenna fed by a 50-ohm microstrip isn

Par ameter Waip Lan Lg
Value (mm) 20 20 6
Parameter Ly W, Ly
Value (mm) 4 6 25
Parameter Ls W, L
Value (mm) 1 6 4
Parameter Le Wy L7
Value (mm) 2 15 2.25
- Parameter W L W
Value (mm) 7 7 15
Parameter W, L, W3
Value (mm) 1 6 2
Parameter W5 Ls We
Value (mm) 4 5.5 0.5
Parameter Lg Ws Ls
Value (mm) 4.25 18 11

shown in Fig 1, which is printed on a FR4 substrate
thickness 0.8 mm, and permittivity 4.4. The width tbe
microstrip feed-line is fixed at 1.5 mm. The baaittenna
structure consists of square radiating stub, feesl-land
slotted ground plane. The proposed antenna is cteohéo a
5002 SMA connector for signal transmission. Final valaé
the presented antenna design parameters are spedifi
Table. 1.

Fig. 1. Configuration of the proposed antenna (a) side view, (b) top layer,
and (c) bottom layer.

In this work, the antenna design is started by shmpthe
aperture lengths. There is a lot of flexibility in choosing this
parameter. The length of the aperture mostly affeabie
antenna bandwidth. Als,decreases, so does the antenna BW
and vice versa. In the next step, determinatioth@faperture
width W is required. The aperture width is approximately,
where is the slot wavelength that depends on a eurnb
parameters such as the slot width as well as tbhkrthss and
dielectric constant of the substrate on which thet &
fabricated. The last and final step in the desiioichoose
the length of the radiating patcW. This parameter is
approximately, where is the guided wavelength i th
microstrip line [3]. The last and final step in tdesign is
choosing the length of the resonator and the btomlfdter
elements. In this design, the optimized lengtfichanceiS Set
to resonate at 0.2Rsonance@nNd the optimized length,dnis
set to band-stop resonate ath\Q.5;,

f = —C (1)

resonance / filter 4L (Er n 1)/2

Where Liesonance Wet0.5(W4+Lg+)+0.2515 which
corresponds to extra resonance frequency (5.5 GAlgh
LnotemWat 0.5(Wo+Wst+L 1+L4) corresponds to band-notched
frequency (10.7 GHz).

In this study, to design a novel antenna, the pdstd T-
shaped and H-shaped strips are placed inside pdtarsiot
in the ground plane and square-ring stub, respegtiv
Regarding DGS theory, the creating slots in theigdoplane
provide additional current paths. Moreover, thesactures
change the inductance and capacitance of the input
impedance, which in turn leads to change the badfttivji-

8]. Therefore, by cutting an extra rectangular sligh a pair

of rotated T-shaped strips in the ground plane, hmuc
enhanced impedance bandwidth may be achieved ditiad

to create a desired band-stop characteristic, ahaped strip

is protruded inside the square-ring radiating stAb.the
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notched frequency, the current flows are more dantin
around the H-shaped strip, and they are oppositiegcted
between the parasitic element and the radiating. sks a
result, the desired high attenuation near the match
frequency can be produced [14-15].

3. Results and Discussions

In this section, the presented antenna with vargesgn
parameters was constructed. The numerical and iengetal
results of the input impedance and radiation charestics
are presented and discussed. The simulated reaudts
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obtained using the Ansoft simulation software high_Fig. 4. Smulated surface current distributions for the proposed antenna (a)

frequency structure simulator (HFSS) [19].

The configuration of the presented antenna was shaw
Fig .1. Geometry for the ordinary slot antenna (Ri@)), the
antenna with a pair of rotated T-shaped strips. (&f)), and
the proposed antenna (Fig. 2(c)) structures arepaced in
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Fig. 2. (a) Ordinary dot antenna, (b) antenna with a pair of rotated T-
shaped strips protruded inside the extra dot in the ground plane, and (c) the
proposed slot antenna.
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Fig. 3. Smulated VOSAR characteristics for the various antennas shown in
Fig. 2.

As shown in Fig.3, by using a pair of protrudedh&sed
strips inside the extra rectangular slot in theugbplane, a
new resonance at 10.7 GHz is generated and théeugaer
frequency of the antenna is extended from 10 GH13@
GHz. Also, the protruded H-shaped strip at the szwiag
radiating stub is used to obtain the WLAN frequebeyd-
stop performance [20].

in the ground plane at 10.7 GHz and (b) in the radiating stub at 5.5 GHz.

To understand the phenomenon behind the bandwidth
enhancement and band-notched performances, simulate
current distributions for the proposed slot antemmahe
ground plane at 10.7 GHz (new resonance frequesnogy)in
the radiating stub at 5.5 GHz (notched frequencyd a
presented in Fig. 4. It can be observed in Figa} &t 10.7
GHz, the current concentrated on the edges of ntexior
and exterior of the protruded T-shaped strips. &loee, the
antenna impedance changes at this frequency dutheto
resonant properties of the embedded structurdseimitound
plane. As illustrated in Fig. 4 (b), at the notcHeshjuency
the current flows are more dominant around of thehdped
strip inside the square-ring radiating stub. Aseautft, the
desired high attenuation near the notched frequeacybe
produced [21-22].

Fig. 5 illustrates the measured and simulated VSWR
characteristics for the proposed. The fabricategrara has
the frequency band of 2.92 to over 13.2 GHz witkjaction
band around of 5-6 GHz.

=+= Measured
= Simulated

8
Freq [GHz]

Fig. 5. Measured and simulated VSWR characteristics for the proposed
antenna.

However, as shown in Fig. 5, there exists a disurep
between measured data and the simulated results. Th
discrepancy is mostly due to a number of parametgrh as
the fabricated antenna dimensions as well as tioknibss
and dielectric constant of the substrate on whiehantenna
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is fabricated, the wide range of simulation frecuies. In a
physical network analyzer measurement, the
mechanism of the proposed antenna is composedSdiAa
connector and a microstrip line (the microstripdidiee is
excited by a SMA connector) whereas the simulatsilts
are obtained using the Ansoft simulation softwaf3S),
that in HFSS by default, the antenna is excitedabyave
port that it is renormalized to a 50-Ohm full poripedance
at all frequencies. In order to confirm the accair&turn loss
characteristics for the designed antenna, it ismeuended
that the manufacturing and measurement processss toe
be performed carefully. Moreover, SMA soldering wecy
and FR4 substrate quality need to be taken intsideration.

270
=== Cross-Pol

=== Co0-Pol

Fig. 6. Measured radiation patterns of the antenna (a) 4 GHz, (b) 8 GHzand
(b) 12 GHz.

Fig. 6 depicts the measured radiation patterns hef t
including co-polarization and <sros

proposed antenna
polarization in the H-plane (x-z plane) and E-plafyez
plane). It can be seen that quasi-omnidirectioaiation
pattern can be observed on x-z plane over the wHgWB
frequency range, especially at the higher frequencirhe
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radiation patterns on the y-z plane display a @fdiigure-of-

feedingight, similar to that of a conventional dipole emma. It

should be noticed that the radiation patterns ipldbe
become imbalanced as frequency increases becausde of
increasing effects of the cross polarization. Thetgns
indicate at higher frequencies, more ripples camtmerved

in both E- and H-planes owing to the generatiomigher-
order modes. The cross-polarization component also
increases at higher frequencies due to the inadease
horizontal surface currents [23-25].
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Fig. 7. Measured maximum gain of the proposed antenna.

Measured maximum gain of the proposed antenna was
shown in Fig. 7. As illustrated, a sharp decredsaaximum
gain in the notched frequency band at 5.5 GHz @awshin
Fig. 7. For other frequencies outside the notchieduency
band, the antenna gain with the filter is simikathis without
it. As seen, the proposed antenna has sufficierd an
acceptable gain levels in the operation bands [96-3

4. Conclusion

A novel small microstrip slot antenna with a baiaps
property for UWB applications has been proposedthia
design, the proposed antenna bandwidth is from® 13.2
GHz with a rejection band around 5.1 to 6 GHz. ah&enna
structure consists of a square-ring radiating suith w
protruded H-shaped strip inside the ring, a fead-land a
slotted ground plane with a pair of protruded Tpsthstrips
inside the extra rectangular slot. The proposederanat
displays a good omni-directional radiation pattewen at
higher frequencies. The designed antenna has d sinel
Simulated and measured results are presented itateathe
usefulness of the proposed antenna structure forBUW
applications. The designed antenna has a compaet ofi
20x20 .
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