
III. CONCLUSIONS

In conclusion, we have proposed the remarkably simple scheme for
the attosecond pulse generation using the multistage nonlinear mi-
croring devices. We found that the generation of the ultrashort pulse
in the range of 50 attosecond and beyond is plausible. However, in
practice, the detection device of such a narrow pulse (i.e., short
response time) is the problem in the realistic application due to the
optical material bandwidth limitation, therefore, the detection tech-
nique is become the subject of investigation rather than the device
material.
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ABSTRACT: The improved band-notch capability of an ultra-wideband
antenna in coplanar technology is demonstrated. The printed-circuit
element includes not only a slot to attenuate narrowband services but
also a coplanar-waveguide filter in the feeding line to aid attenuation
level and bandwidth in the same frequency range. The input match of
the antenna increases from around 10 dB (VSWR � 2) in the UWB
range to �1.29 dB (VSWR � 13.5) in the suppression band. The radia-
tion patterns of the antenna remain largely uninfluenced by the bandstop
measures added to the antenna. The performance is validated by com-
parison with different commercial full-wave field solvers. © 2008 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 50: 3111–3114, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23881
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1. INTRODUCTION

Ever since the 3.1–10.6 GHz frequency range was assigned for
ultra-wideband (UWB) applications, a large variety of printed-
circuit antenna concepts both in microstrip, e.g [1– 8], and
coplanar technology, e.g [9 –16] have been proposed. However,
any UWB application has to coexist with current (narrowband)
services in the same frequency range. Therefore, several at-
tempts have been made to design printed-circuit UWB anten-
nas, which are capable of attenuating one of such narrow
frequency bands, e.g [17–22]. It is obvious from these investi-
gations, though, that a single band-notch element within the
antenna topology serves only to attenuate an extremely narrow-
band application in the UWB range. Wider suppression band-
widths with reasonable attenuation require a combination of
bandstop elements within the antenna topology.

Therefore, this article aims at increasing both the slopes and
attenuation bandwidth of UWB antennas with band-rejection ca-
pabilities. Following the basic concept of [22], we are inserting a
bandstop filter into the feed line and maintain the use of a slot in
the radiating element of the antenna. As an application example for
the 3.1–10.6 GHz UWB range, the design focuses on suppressing
the 5.15–5.825 GHz frequency range used by IEEE 802.11a for
wireless local area networks (WLANs).

2. DESIGN

Figure 1 shows the proposed UWB antenna with increased sup-
pression capability. It uses FR4 substrate with 1.575-mm thickness

Figure 5 Shows the pulse width expansion of the output pulse in Figure
4(c) with the fraction of time of 10�3 of the input power. [Color figure can
be viewed in the online issue, which is available at www.interscience.
wiley.com]
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and a substrate area of 30 mm � 40 mm. The basic design of a
similar UWB antenna in coplanar technology has been described
in [16] and will not be repeated here. Note that a coaxial-to-
coplanar-waveguide transition is included in all simulations to first
include the actual coaxial feed and, secondly, provide a connection
between the two ground planes.

To attenuate the chosen frequency band of 5.15–5.825 GHz, a
bandstop filter is placed in the feed line first (lower inset of Fig. 1).
The filter is a modified version of the one presented in [23], and the
guidelines in [23] are followed to design the stopband character-
istics. Secondly, a straight slot is inserted into the center radiator
(upper inset of Fig. 1) similar to an approach proposed in [19]. The
length of the slot is designed such that it is approximately half a
guided wavelength at midband frequency. The exact location of
this slot affects the input match return loss of the antenna and,
therefore, this parameter is fine optimized within the final arrange-
ment shown in Figure 1.

To verify the responses obtained with different full-wave
field simulators, the input VSWR of a UWB antenna without
bandstop elements was simulated by CST Microwave Studio®,
Ansoft HFSS®, and MEFiSTo-3D®. The responses are shown
in Figure 2 and demonstrate very good agreement over the
entire frequency range of 2–11 GHz.

3. RESULTS

Figure 3 shows the input VSWR of the coplanar antenna depicted
in Figure 1. Good agreement is obtained between CST and HFSS,
thus verifying the design procedure. The VSWR is close to 2 from
2.8 to 4.8 GHz and from 6.2 to almost 10 GHz. The stopband is
approximately from 5.1 to 6 GHz where the VSWR is significantly
higher than 2. The maximum VSWR is 13.5, corresponding to a
reflection coefficient of �1.29 dB. Although this value is slightly
below that reported in [19], the bandwidth achieved with our
design is much larger than that of [19].

Example radiation patterns for vertical polarization are dis-
played in Figure 4. In the H-plane (xy plane in Fig. 1), the
pattern is almost omnidirectional [Fig. 4(a)] as expected for this
type of antenna. E-plane patterns in the yz [Fig. 4(b)] and xz
[Fig. 4(c)] planes resemble, to a certain degree, those of a
vertical dipole. In comparison with patterns presented in [16]
for a similar antenna without slot or filter, it is seen that the
patterns maintain their general characteristics over the entire
frequency range and, therefore, neither the slot nor the filter

have a serious impact on the wideband radiation patterns out-
side the stopband frequency range.

Figure 5 shows the maximum gain with and without stopband
elements. The effects of the slot and filter are obvious, and the gain
drops from 5 dBi to far below 0 dBi in the stopband region. In the
remaining parts of the UWB range, the gain is not significantly
altered by the slot or filter.

4. CONCLUSIONS

A slot and a filter in the antenna improve the notch attenuation and
bandwith of UWB antennas in coplanar technology. The obtained
VSWR values in the notched band are reasonable, and the band-
width is wider that those reported at a comparable VSWR level.
The radiation capability in the rest of the UWB range is main-
tained. These findings are supported by the maximum gain behav-
ior over the UWB frequency range.

Figure 1 Principle layout and coordinate system of the coplanar UWB
antenna with slot and filter

Figure 2 Comparison of VSWR results obtained from CST Microwave
Studio, Ansoft HFSS, and MEFiSTo-3D at the example of a UWB antenna
without slot or filter. 279 � 215 mm2 (200 � 200 DPI)

Figure 3 Comparison of VSWR results computed with CST Microwave
Studio and Ansoft HFSS for the UWB antenna shown in Fig. 1. 233 � 175
mm2 (96 � 96 DPI)
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ABSTRACT: A novel technique for gain enhancement of cavity-backed
slot antenna is developed and discussed. The high gain radiation of the
proposed antenna is achieved by a windowed metallic superstrate above
the slot. The parametric studies of the proposed structure are provided,
the radiation mechanism of the proposed antenna is investigated, and
then the design guidelines for this type of radiators are described. The
prototype is fabricated and found to have an impedance bandwidth of
12% and a gain of 12.3 dBi at the center frequency of 2.4 GHz. The
characteristics of the proposed antenna have been validated by CST
simulation software and experiments. © 2008 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 50: 3114–3118, 2008; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
23880
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1. INTRODUCTION

Cavity-backed Microstrip-fed slot (CBS) antennas have been ex-
tensively studied in the past few decades because of their attractive
features such as unidirectional radiation, conformability to planar
or nonplanar surfaces, and more importantly, compared to micro-
strip patch antennas, they have the advantages of wider bandwidth,
less interaction via surface waves, and less mutual coupling effect,
which makes them promising candidates used in phased arrays,
spacecraft, and wireless communication systems [1–4]. Recently,
a microstrip slot antenna with a super-low cavity was proposed to
reduce the height of the cavity greatly [5]. But the gain of the
antenna may be not high enough for some applications; thus in [6],

a dielectric superstrate was placed above the CBS and a gain up to
7.0 dB at the frequency 5.75 GHz has been achieved.

In this article, a novel technique for gain enhancement of CBS
antenna is developed and discussed. The key component that
enhances the radiation gain of the antenna is a windowed metallic
superstrate above the slot. With the help of simulation software
CST, the radiation mechanism of the proposed antenna is investi-
gated and parametric studies of the proposed structure are done for
better understanding to the antenna, and then, the design guidelines
for this type of antennas are given. With those guidelines, a real
antenna working at the center frequency of 2.4 GHz is built and
measured. The simulated and measured results show that the center
frequency gain of the proposed antenna achieved is 12.3 dBi,
which is about 4 dB higher than that of traditional CBS without
such a superstrate. As the antenna has a low profile and a high
gain, it would be attractive for 2.4 GHz WLAN or other ISM
applications.

2. ANTENNA GEOMETRY

A photograph of the proposed antenna is shown in Figure 1 and its
configuration is illustrated in Figure 2. The antenna is built on a
substrate with relative permittivity of �r � 2.55 and thickness of
0.8 mm and size of 150 mm � 170 mm. As shown in Figure 2,
from the bottom to top, the components of this antenna are as
follows: a rectangular metallic cavity, a slot etched on the bottom
side of the substrate, a feeding line on the top side of the substrate
connected to the feeding probe of a 50 � SMA launcher, and a
metallic superstrate with a rectangular window. Except the feed
line, all the structures are symmetric with respect to the slot. In this
design, the rectangular cavity has a length of Ca � 130 mm, a
width of Cb � 84 mm, and depth of H1 � 2 mm, respectively. The
width and length of the slot are W � 2 mm and L � 118 mm,
respectively. A 50-� microstrip feed line with a width of 2.2 mm
locates across the center of the slot, and its end to the slot is �g/4,
where �g is the guided wavelength at the center frequency, thus the
slot can be seen as short fed. The distance from the windowed
copper cover to the top side of the substrate is H2 � 4.6 mm. The
width of the superstrate is a � 150 mm, which is the same as the
width of the substrate, the length is b � 146 mm, and thickness is

Figure 1 Top view photograph of the proposed antenna. [Color figure
can be viewed in the online issue, which is available at www.interscience.
wiley.com]
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