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Design of a Compact Triple-Band Monopole Planar Antenna for
WLAN/WiMAX Applications

Shan Shan Huang”, Jun Li, and Jian Zhong Zhao

Abstract—In this article, a novel miniaturized tri-band monopole antenna for WLAN/WiMAX
applications is presented and investigated. The proposed antenna consists of a horizontal H-shaped
patch, an L-shaped open end stub, and a deformed inverted T-shaped strip. The patch attached to
the 50-(2 feed-line through a matching line can increase the bandwidth of the proposed antenna. The
bandwidths under the condition of |S11| < —10dB of the proposed antenna are 340 MHz (2.4-2.74 GHz),
340 MHz (3.41-3.75 GHz), and 640 MHz (5.24-5.88 GHz), respectively, indicating this antenna is suitable
for WLAN (2.45-2.4835, 5.16-5.35, and 5.725-5.85 GHz) and WiMAX (2.5-2.69, 3.4-3.69, and 5.28-
5.85 GHz) applications. The antenna is successfully simulated and measured. Experimental results show
that the proposed antenna with compact size of 30 x 20 x 0.8 mm? has nearly omnidirectional radiation
characteristics and stable gains across all the operating bands with a simple structure.

1. INTRODUCTION

In recent years, the demands for using a single antenna covering several wireless communication systems
are increasing. In particular, wireless local area network (WLAN) and worldwide interoperability for
microwave access (WiMAX) have been developed rapidly. Simple structure, multiple bands, compact
size, and low-cost antennas attract worldwide attention. Thus, as one of the key components in wireless
communication systems, tri-band planar antenna has received much attention.

Various planar dual-band or tri-band or UWB antennas for WLAN and WiMAX applications
have been reported in [1-12]. The antennas proposed in [1-6] are designed for wireless communication
systems application and have simple structures. However, they operate at only two bands and cannot
cover all the WLAN/WiMAX bands, also, the return losses are too large. The UWB antenna [7-9] can
cover all the WLAN/WiMAX bands, but the frequency interference is difficult to avoid for them. In
addition, tri-band antennas have been introduced in [10-12]. The proposed antennas using crooked gap
and F-shaped [10], folded slot [11], and square-slot with Y-shaped and inverted L-shaped stubs [12] have
been investigated. However, these antennas in [10-12] can be used in WLAN/WiMAX systems, but
their circuit sizes are 42 x 40 x 1.6 mm? in [10], 28 x 30 x 1.6 mm? in [11], and 23 x 36.5 x 1.6 mm? in [12],
which are comparatively large and limit the integration with the wireless communication systems. Also,
the structure of the antenna in [11] is comparatively complex.

In this paper, a planar tri-band monopole antenna with simple structure for WLAN and WiMAX
applications using a simple horizontal H-shaped strip, an inverted L-shaped stub and a deformed inverted
T-shaped strip is introduced. By carefully adjusting the lengths of H-shaped, L-shaped and deformed
inverted T-shaped strips, the tri-band antenna centred at 2.5/3.5/5.5 GHz is obtained. The design
procedures are given in detail, and the design theory is analyzed and discussed. The proposed tri-
band antenna is simulated by a commercial full-wave electromagnetic (EM) simulator ANSYS HFSS
and fabricated on a FR-4 substrate. The measured —10dB bandwidths are 340 MHz (2.4-2.74 GHz),
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340 MHz (3.41-3.75 GHz), and 640 MHz (5.24-5.88 GHz), respectively. Moreover, the structure of this
antenna is much simple, and the overall circuit size occupies only 30 x 20 x 0.8 mm? which is very
compact. This antenna has nearly omnidirectional radiation characteristics and moderate gains in all
the operating bands. Measured results are in good agreement with EM simulation indicates that the
proposed antenna is a good candidate for WLAN/WiMAX applications.

2. DESIGN PROCEDURE

Figure 1(a) shows the specific schematic configuration of the proposed tri-band antenna for WLAN and
WiMAX applications, which is printed on a 30 x 20 x 0.8 mm? FR-4 substrate with a relative permittivity
gr of 4.4, a thickness of 0.8 mm and a loss tangent of 0.02. The antenna consists of a horizontal H-shaped
patch, an L-shaped open end stub, and a deformed inverted T-shaped strip. In order to reduce the
frequency interference between different bands and miniaturize the overall circuit size of the proposed
antenna, a matching line with a width of w; is connected to the 50-2 feed line.

Wo

(a)

Figure 1. (a) Configuration of the proposed antenna. (b) Top view of the prototype antenna.
(c) Bottom view of the prototype antenna.

The three bands of the antenna can be seen as the modification of the single- and dual-band antennas
illustrated in the inset of Figure 2. Firstly, the single-band antenna (Antenna 1) is constructed by a
horizontal H-shaped patch which is modified from a patch antenna as shown in the inset of Figure 3(a).
Secondly, by adding an inverted L-shaped stub to the horizontal H-shaped patch, the dual-band antenna
(Antenna 2) is obtained. At last, the tri-band antenna (Antenna 3) is achieved by adding a Z-shaped
slot to the L- and H-shaped patch as depicted in Figure 2. Thus, the tri-band antenna centred at
about 2.5/3.5/5.5 GHz is obtained. The simulation is performed by the full-wave EM simulator ANSYS
HFSS, and the simulated frequency responses are shown in Figure 2. From Figure 2, it is clear that
the bandwidths of the proposed tri-band antenna are 2.4-2.7 GHz, 3.4-3.72 GHz, and 5.06-5.85 GHz,
whereas the three bands are created by inverted L-shaped stub, inverted T-shaped strip, and H-shaped
patch, respectively. It can be observed that, the third resonant frequency increases slightly (from
5.4 GHz to 5.6 GHz), which is possibly due to the coupling inside the inverted L-shaped stub caused by
the subtracted Z-shaped slot.

The resonant frequencies of the antenna are determined by the lengths of different resonant sections.
The first resonant frequency (centre frequency of the first band fi) is determined by the resonant section
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Figure 2. Simulated frequency responses of single-/dual-/tri-band antennas.

with length of [,,; = Il + 7 = 18.2mm, the second resonant frequency (centre frequency of the second
band f3) is determined by the resonant section with length of {2 = I3 4+ {4 = 15.9mm, and the highest
frequency (centre frequency of the third band f3) is determined by the resonant section with length of
lpg =11 + 1o = 8.55mm. The lengths l,; (i =1, 2, 3) are obtained as

A
i = 2 1
P 4 ( )
A
Ng = — (2)
v Eeff
er+1

where [,; is the lengths of resonant sections, A\, the guided wavelength, Ao the wavelength in free space,
and e.g the effective dielectric constant.

In designing the proposed tri-band antenna, the geometry parameters of Antenna 1 in Figure 2
should be determined first. Antenna 1 is mainly constructed by a H-shaped patch which is obtained by
subtracting two slots in the fundamental rectangular patch antenna as shown in the inset of Figure 3(a),
and its resonant frequency f3 is determined by the length l,3. The return loss is increased with the help
of these two slots, and the configuration and simulated return loss of the patch antenna are depicted in
Figure 3(a). Figures 3(b) and (c) illustrate the centre frequencies and bandwidths of Antenna 1 under
different go and gs. From these two plots, one can observe that the centre frequency decreases with the
increase of g2, and increases with the increase of g3. Once I3, g2 and g3 are fixed, Antenna 1 is designed.
After Antenna 1 is obtained, Antenna 2 can be designed by adding an inverted L-shaped stub to the H-
shaped patch. This inverted L-shaped stub provides another resonant frequency f; which is determined
by the length [, without affecting f3. The design of the triple-band antenna is based on the above-
mentioned sing- and dual-band antenna. By adding a Z-shaped slot to the inverted L-shaped section,
the tri-band antenna is obtained. In order to reduce the frequency interferences between different bands,
the width of the Z-shaped slot is widened. In comparison with the L-shaped slot, Z-shaped slot can not
only reduce the circuit size, but also match the impedance.

Figures 4(a), (b), and (c) plot the simulated return losses with varied lg, l4, and 3, respectively.
As can be seen from Figure 4, these three parameters are key parameters determining the resonant
frequencies. One can clearly observe that, f; decreases as lg increases whereas fo and f3 almost
unchanged; fo decreases when [s increases without affecting fi; and f3; and f3 decreases with the
increase of lo whereas f1 and fy are kept unchanged.

The final design parameters of the proposed tri-band antenna are optimized and tabulated in
Table 1.
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Figure 3. (a) Simulated |S11| of patch antenna.
(c) Simulated |S11| of antenna 3 with varied gs.

Table 1. Parameters of the proposed antenna.

Parameters | [4 lo | I3 Iy l5 lg l7 lg | wy | we
Values (mm) | 1.5 | 71| 4 [11.9] 10 | 8 | 10.2 | 45| 1.9 | 2.8
Parameter wy | wy | ws | wg | wy | wg | W L | wy | wo
Values (mm) | 3.5 |28 | 2 | 14 | 15|15] 20 [ 30| 7 |15
Parameters | g1 | 92 | 93
Values (mm) | 1.5 | 0.5 | 1.7

3. RESULTS AND DISCUSSION

The schematic and photograph of proposed tri-band antenna are shown in Figures 1(a), (b) and (c), and
the values of design parameters are tabulated in Table 1. The simulated return loss |S1;| of the single-
/dual-/tri-band antennas are exhibited in Figure 2, and their configurations are illustrated in the inset
of Figure 2. From Figure 2, we can clearly see that the proposed antenna is designed through three steps
which have been explained in detail in Section 2. Figure 5 shows the measured and simulated results of
the proposed tri-band antenna, and the photograph of the fabricated antenna is in the inset of Figure 5.
It was measured by Agilent N5244A vector network analyzer (VNA). From Figure 5, one can clearly
observe that the simulated and measured results are in good agreement. The fractional bandwidths
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Figure 4. Simulated |S;1| of the proposed antenna with varied (a) lg, (b) l4, and (c) lo.
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Figure 5. Measured and simulated results of the Figure 6. Simulated surface current distri-
proposed antenna. bution of the tri-band antenna at (a) 2.5 GHz,
(b) 3.5 GHz, and (c) 5.5 GHz.

(FBWs) of the proposed tri-band antenna are 13.23% (2.4-2.74 GHz), 9.5% (3.41-3.75 GHz) and 11.51%
(5.24-5.88 GHz), respectively, indicating that this tri-band antenna is totally capable for WLAN and
WiMAX applications. Figure 6 exhibits the simulated surface current distribution of the antenna. The
maximum current density occurs mainly along the straight line of inverted T-shaped stub at the first
resonance (2.5GHz), as shown in Figure 6(a). The maximum surface current distributes along the
inverted L-shaped stub at the second resonance (3.5 GHz), as shown in Figure 6(b). Figure 6(c) reveals
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Figure 7. Measured and simulated radiation patterns of the proposed antenna at (a) 2.5 GHz,
(b) 3.5 GHz, and (c) 5.5 GHz.
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Figure 8. Peak gain of the proposed antenna.

the maximum surface current at 5.5 GHz mostly centralizes at the H-shaped patch. From Figure 6,
we can conclude that the first band is determined by the inverted T-shaped, the inverted L-shaped
stub influences the second band, and the third band is affected by the H-shaped patch. The measured
and simulated far-filed radiation patterns of the tri-band antenna at 2.5/5.5/5.8 GHz are illustrated
in Figure 7. Conclusion can be drawn that the far-filed radiation patterns of the proposed antenna
are nearly omnidirectional from Figure 7. Figure 8 gives the peak gain of the monopole antenna. The
average peak gains for the proposed antenna at three bands are about 2.08/1.93/2.48 dBi, which indicate
that the tri-band antenna has stable gains in all the operating bands.
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4. CONCLUSION

In this paper, a compact planar tri-band monopole antenna for WLAN/WiMAX applications is
presented. The centre frequencies of the proposed antenna is 2.5/3.5/5.5GHz with FBWs of
13.23/9.5/11.51%. By using a horizontal H-shaped patch, an inverted L-shaped stub, and a deformed
inverted T-shaped strip, the tri-band antenna is obtained. The overall circuit size occupies only
30 x 20 x 0.8mm? which is very compact. Furthermore, the structure of the proposed antenna is
comparatively simple with nearly omnidirectional far-filed radiation patterns and moderate gains. The
proposed antenna is very suitable for WLAN/WiMAX wireless communication systems.
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