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Abstract—A novel high-gain, dual-band antenna covering IEEE
802.11a/b/g bands is presented in this letter for wireless local area
network (WLAN) applications. The antenna is composed of a forklike monopole, a rectangular ring, and a miniaturized rectangular
patch. The backside radiation of the antenna is effectively reflected
back by a rectangular metal, so maximum gain with the values of
6.2 and 10.4 dBi are achieved in the lower and higher frequency
band, respectively. The return loss, radiation pattern, and the critical design parameters are also investigated in detail. Simulated
and measured results verify that the presented antenna is a good
solution for dual-band WLAN long-distance communication applications.

Fig. 1. Configuration of the proposed antenna.

Index Terms—Antenna gain, antennas, multiple-band antenna,
wireless local area network (WLAN).

TABLE I
PARAMETERS OF THE PROPOSED ANTENNA (mm)

I. INTRODUCTION
HE wireless local area networks (WLANs) working
at 2.4- and/or 5.8-GHz bands have become almost
ubiquitous with ever-increasing market penetration [1]. The operating frequencies cover, in the lower band (IEEE 802.11b/g),
2.4–2.48 GHz with 11/54-Mbps data rates, while in the higher
frequency band (IEEE 802.11a), it is different from country
to country. In the United States, the frequency ranges from
5.15–5.35 GHz and from 5.725–5.825 GHz, while in Europe,
the frequency covers 5.15–5.35 GHz and 5.470–5.725 GHz,
respectively. Nowadays, dual-band WLAN systems combining
IEEE 802.11a/b/g standards are becoming more attractive
[1]. A dual-band/wideband antenna is a key component for
such communication systems [1]–[19], especially for “universal” applications, where it should be covering the whole
2.4-2.5-GHz and 5.15–5.85-GHz bands for dual-band WLAN.
Such dual-band antennas with single feed have been proposed
in various configurations [1], [5], [7], [8], [11], [13]. These
antennas either provide inadequate coverage at the 5-GHz
band [5], [7], [8], [11], or they cannot be easily integrated in

T

portable devices [1], [13]. Furthermore, the gains of previously
published single-fed dual-band antennas are lower than 6 dBi
[1]–[15], even for simple compact-element arrays [16]. The
gains of the antennas proposed in [17]–[19] are much higher,
but also less than 8 dBi. Those designed low-profile antennas
are suitable for portable devices, but in applications such as
long-range communications or point-to-point communications
devices running on battery, high gain of WLAN antenna is
necessary, and the antennas previously published have difficulty
meeting the requirement.
In this letter, a single-fed dual-band antenna covering IEEE
802.11a/b/g for WLAN applications is presented. The maximum gains of the two bands are 6.2 and 10.4 dBi, respectively,
making the proposed antenna appropriate for high-gain applications.
II. ANTENNA DESIGN

Manuscript received June 12, 2009. First published July 07, 2009; current
version published July 28, 2009. This work was supported in part by the National
Nature Science of China under Grant 60601024.
X. He is with Nanjing University of Aeronautics and Astronautics, Nanjing
210016, China (e-mail: eexxhe@nuaa.edu.cn).
S. Hong, H. Xiong, and Q. Zhang are with Beihang University, Beijing
100191, China (e-mail: Fengqiao1981@gmail.com; hgxiong@ee.buaa.edu.cn;
zhangqishan@263.net).
E. M. M. Tentzeris is with the School of Electrical and Computer Engineering,
Georgia Institute of Technology, Atlanta, GA 30332 USA (e-mail: etentze@ece.
gatech.edu).
Color versions of one or more of the figures in this letter are available online
at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/LAWP.2009.2026495

The proposed antenna is shown in Fig. 1, and the detailed
parameters are listed in Table I. Without loss of generality, the
modeled antenna was fed with a 50- coaxial and SMA connector and was printed on the FR4 substrate (with the dimenmm
mm
mm and the relative
sion of
permittivity
). The radiator is composed of three parts:
the fork-like monopole, the rectangular ring, and the rectangular
patch. A metal reflector with the same dimensions as the substrate is used behind the designed antenna, so the directivity/
gain of the presented antenna is enhanced for both bands by suppressing the backside radiation. However, the overall volume of
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Fig. 2. The simulated and measured return loss.

the antenna
mm
mm
mm is a bit
larger than the antennas reported [1], [5], [7], [8], [11], [13]. The
ring, together with the feed line, acts as a wideband impedance
matching. The fork-like monopole resonates at two frequency
that can be approximated as folpoints, with values
lowing [15]:
(1)
(2)
where
(3)
(4)
and
stand for the length of current trace operating at
two frequency points along outside
and inside
of the
monopole. is the free-space velocity of light. Substituting the
parameters in Table I to the formulations of (1) and (2), the
oscillating frequency points of fork-like radiator are approximately equal to 3.045 and 6.39 GHz. The contribution of the
miniaturized rectangular patch is to expand the high-frequency
bandwidth of IEEE 802.11a with higher mode. All the parameters of the proposed antenna are optimized with Ansoft HFSS
to fine-tune the theoretical values calculated above.
III. EXPERIMENTAL RESULTS
To verify the high performance of the proposed antenna,
return loss was simulated with Ansoft HFSS and measured
with a vector network analyzer. As shown in Fig. 2, the
measured and simulated results are in good agreement. The
below 10-dB bandsimulated and the experimental
widths range from 2.4–2.52 GHz/2.35–2.45 GHZ and from
5.1–5.85 GHz/4.94–5.79 GHz with the relative bandwidth
4.88%/4.2% and 13.7%/15.8%, respectively, which shows a
minor frequency shift owing to fabrication variations and the
loss of FR4 substrate. The IEEE 802.11b/g band is realized
by the first resonant frequency of the fork-like monopole by
formulation (1), and the IEEE802.11a band radiation field is
contributed by the second frequency band of the monopole
of
by formulation (2) together with the higher mode

Fig. 3. Measured gain in the two operating bands. (a) Measured gain in the
lower frequency band; (b) measured gain of higher frequency band.

the rectangular patch. Between the two bands, there is another
operating band from 3.04–3.42 GHz, which is formed by
mode of the rectangular patch and is not taken into consideration in this letter, although it could be easily fine-tuned for
WiMax applications.
The gain values of the antenna in the two bands were also
measured, as shown in Fig. 3. In the higher frequency band,
the copolarized maximum gain plotted in Fig. 3(a) is as large
as 10.4 dBi, which is much higher than the gains of previously
reported antennas. Because of the affect of higher mode of rectangular patch, the gain drops down between 5.4 and 5.8 GHz.
The cross polarization in this band is below 10 dBi, so the
cross-polarization suppression is more than 20 dBi and is suitable for wireless applications. For the narrow lower band, the
figure of gain versus frequency is also presented in Fig. 3(b),
and the maximum gain of copolarization was measured to be
6.2 dBi with the cross polarization of 14.8 dBi in this band; thus,
the cross-polarization suppression in this band is also more than
20 dBi. The higher gain in the higher frequency band can compensate for the higher propagation loss so that the two bands can
cover almost the same communication area.
Curves in Figs. 4 and 5 show the experimental results of normalized radiation pattern in X-Z plane and Y-Z plane in the two
in X-Z
bands. The maximum gain is not obtained at
plane at 2.4 GHz due to the unsymmetrical structure in this
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Fig. 4. Radiation patterns at 2.4 GHz.

Fig. 7. The return loss of various height of the monopole.

Fig. 5. Radiation patterns at 5.35 GHz.

Fig. 8. Effect of horizontal gap g on return loss.

Fig. 6. The effect of the reflector.

plane, while the symmetry of the pattern in this plane is improved at 5.35 GHz through the additional contribution of the
higher mode radiated by the rectangular patch. The patterns in
Y-Z plane are approximately symmetric, which are suitable for

wireless communications. The cross polarizations in the two
planes and the two frequency bands are very small according
to the results plotted in Fig. 3, and they are not presented here.
A metal reflector was used in the designed antenna as described, so the directivity and the maximum gain values are enhanced in both bands. As is shown in Fig. 6(a), the simulated
copolarized gain is increased about an average value of 4 dBi
when the reflector was added, while the electrical performance
is much less sensitive to fabrication variations. The return loss
that is associated with impedance matching is also significantly
improved in the two bands through the presence of the reflector,
as depicted in Fig. 6(b).
It has to be noted that the presented antenna is sensitive to
the geometrical parameters due to the miniaturized ground size.
The dominant design parameters are parametrically investigated
in Figs. 7–9.
As mentioned above, the fork-like monopole operates at two
frequency bands; as a result, when the height of the monopole
is changed, the operating frequency of the two bands will also
change. As shown in Fig. 7, when varies from 16 to 21.84 mm
with the other parameters unchanged, the simulated resonant
frequency of the lower band decreases from 2.55 to 2.3 GHz
almost monotonously, which also can be explained with formulation (1). However, in the higher frequency band, the resonant
frequency is decided by the combination of the second resonant
higher mode
frequency of the fork-like monopole and the
of the rectangular patch, and the frequency shift does not operate
so monotonically any more.
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