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Abstract: A new type of directional dual-band antenna is developed for 2.4/5 GHz wireless applications. The dual-band antenna
consists of a longer dipole for the lower band and a pair of shorter dipoles for the upper band. A simple coupling microstrip line is
employed to excite the dipoles. Both the dual-band antenna and the feeding microstrip line are printed on the same substrate,
leading to a fully planar structure. The dual-band planar antenna achieves a desirable directional radiation pattern with an
antenna gain of near 8 dBi for the lower band and 9-10 dBi for the upper band. A comprehensive analysis and design for the
development of the directional dual-band antenna is presented.

1 Introduction

Over the last 10 years, a lot of dual-band antennas have been
developed for wireless applications, particularly for 2.4/5
GHz  wireless local area  networks  (WLANS)
communications [1-14]. However, most of these dual-band
antennas have an omnidirectional radiation pattern, which
are most suitable for mobile terminals, such as cellular
phones or laptop computers. For indoor wireless access
points (APs) or point-to-point communications, it is
sometimes required that the radiation pattern is directional
to allow mounting the antenna against a wall or a ceiling
surface [15, 16]. It is desirable for the antennas mounted on
a wall/ceiling surface to have a low profile. A number of
directional dual-band antennas have been investigated in
recent years. Nevertheless, these directional dual-band
antenna structures either have a stacked configuration
[17-21] or a high profile [22].

In this paper, we propose a new planar directional
dual-band antenna with a low profile. The dual-band
antenna consists of a single dipole for the lower band and a
pair of dipoles for the upper band. All of these dipoles are
printed on the same substrate and excited by a simple
coupling microstrip line. The new dual-band antenna
achieves a desirable directional radiation pattern in both of
the lower band and the upper band with antenna gains of
—8 and 9-10 dBi, respectively. A comprehensive analysis
and design for the development of the directional dual-band
antennas is described.

2 Antenna configuration

The configuration of a directional dual-band antenna is
depicted in Fig. 1. The dual-band antenna consists of a
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longer dipole and a pair of shorter dipoles, which are
designed for operation at the 2.4 GHz ISM band (2.4-2.5
GHz) and the 5GHz UNII band (5.1-5.9 GHz),
respectively. The dipole for the lower band has a length
Li,=60mm (—Ap,/2, where A, 1is the free-space
wavelength at the centre frequency of the 2.4 GHz band)
whereas the pair of dipoles for the upper band has a length
Lyp,=30mm (—Ayp/2, where Ay, is the free-space
wavelength at the centre frequency of the 5 GHz band). The
two shorter dipoles are separated by a distance D =26 mm
and are connected by a coplanar stripline with a spacing
S'=1 mm. All dipoles are printed on the bottom side of a thin
RT/Duroid 5880 substrate with a dielectric constant £,,=2.2
and a thickness #=0.5 mm. The printed dipoles are placed
at a height (H) above a ground plane (100 mm x 60 mm)
and excited by a coupling microstrip line of length L, =
10.5 mm across the coplanar strip. The height A mainly
affects the bandwidth for the lower band (i.e. the 2.4-GHz
band). To cover the 2.4 GHz ISM band (2.4-2.5 GHz) and
keep a low profile, we choose H=12 mm (—0.1A;,). The
coupling microstrip line is printed on the top side of the
substrate and fed through a 0.084’ semi-rigid coaxial line at
the inner side of the coplanar strip. The linewidths of the
printed dipoles, the coplanar strip, and microstrip line are
Wio=5mm, Wy,=2mm, Wy=13 mm and W,,=1.5mm,
respectively.

3 Analysis and design

To demonstrate the operating principle of the dual-band
antenna, we decompose the antenna structure into a single
dipole for the 2.4 GHz band and a two-dipole array for
the 5 GHz band, as illustrated in Fig. 2. We assume that the
dual-band antenna is excited by a voltage source. The
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Fig. 1 Configuration of a directional dual-band antenna

voltage-source excited dual-band antenna was simulated
using ‘CST Microstripes 7.5°. The antenna can also be
simulated using other solvers. In fact, we simulated the
antenna using ‘HFSS’ and similar results were obtained.
The simulated return loss (RL) is plotted in Fig. 3. We can
see two resonances: one in the 2.4 GHz band and the other
in the 5 GHz band. To examine the operating modes at the
resonances, we insert the three-dimensional (3D) radiation
patterns for the 2.4 and 5 GHz bands in Fig. 3. It is seen
that both radiation patterns are directional and similar to
those radiated by a single dipole for the 2.4 GHz band and
by a two-dipole broadside array for the 5 GHz band,
respectively, backed by a metal reflector. This confirms that
the dual-band antenna can be considered as a combination
of a dipole for the 2.4 GHz band and a two-dipole array for
the 5 GHz band.

It is observed that the impedance matching is not good for
the dual-band antenna which is directly excited by a voltage
source (RL<5dB for the 2.4 GHz band and RL <10 dB
for the 5 GHz band). Therefore we introduce a coupling
feed which is simply a piece of opened microstrip line.
Fig. 4 demonstrates the effectiveness of the coupling feed:
good impedance matching is achieved in the 2.4 GHz band
(RL>10dB from 2.38 to 2.52 GHz) and in the 5 GHz
band (RL>10dB from 5.06 to 6.0 GHz) whereas the
radiation patterns still remain directional.

To understand the impedance matching for the coupling
feed, an equivalent circuit model is presented in Fig. 5. The
input impedance of the dual-band antenna as excited by a
voltage source (the coupling microstrip line has not been
introduced yet) is denoted by Z, (also see Fig. 2). The
capacitive coupling between the coplanar stripline and the
microstrip line can be represented as an ideal transformer
that has a turn ratio of n. Following the transformer, the
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impedance Z, is transformed into Z,.

Z =n’Z

c a (1)
where n? is called the impedance transformer coefficient. The
input impedance (Z;,) looking into the microstrip line at the
feed point is obtained by taking into account the opened
microstrip line, which gives

Zin = Zc - jZO cot BOIO (2)
where Zy, By and [, are the characteristic impedance, phase
constant and the length of the opened microstrip line,
respectively.

Since it is difficult to calculate the impedance transformer
coefficient n?, we obtain Z. by exciting the dual-band
antenna with a two-port microstrip line across the coplanar
stripline. Then Z. is determined from the S-parameters of
the two-port network enclosed in Fig. 5, which can be
expressed as [23]

(1481) (1 + Sp) — 125,

Z =7
0 28,,

c

)

The results for Z, and Z. are given in a Smith chart as shown
in Fig. 6. We can see that Z,, is far away from the centre of the
Smith chart for the lower band and close to the standing wave
ratio (SWR)=2:1 circle for the upper band, which means a
bad impedance matching for the lower band and a slightly
better impedance matching for the upper band. Following
the transformer, the impedance Z, is transformed into Z..
For the lower band, Z, is still outside the SWR =2:1 circle.
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Fig. 2 Directional dual-band antenna for 2.4/5-GHz bands
decomposed into a dipole for the 2.4 GHz band and a two-dipole
array for the 5 GHz band

However, for the upper band, Z. has moved to the inside of
the SWR =2:1 circle. After the introduction of the coupling
microstrip line, we obtain the input impedance Z;, from (2).
From Fig. 6, we can see that Z;, for the lower band has got
to the inside of the SWR =2:1 circle; thus good impedance
matching is achieved. For the upper band, Z;, still remains
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Fig. 3 RL of the directional dual-band antenna with an excitation
of voltage source (insets are the 3D radiation patterns at
resonances)
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Fig. 4 RL for the directional dual-band antenna with coupling
feed (insets are the 3D radiation patterns at resonances)

inside the SWR=2:1 circle. From the above analysis, we
have the following conclusions:

1. The impedance matching for the lower band is dominated
by the impedance Z, and the length of the microstrip line. The
coplanar stripline is less important.

2. The impedance matching for the upper band is determined
by the impedance Z, and the coplanar stripline. The length of
the microstrip line is less important.

The input impedance Z;, calculated using (2) is compared
with simulation results in Fig. 6. It can be seen that the
calculated and simulated results are in good agreement, thus
validating the equivalent circuit analysis.

The operating frequencies for the dual-band antenna can be
adjusted by changing the lengths of the dipoles. Fig. 7 shows
the variation of RL as the length of the shorter dipoles for the
upper band. It is seen that the impedance matching for the
lower band is not affected. As expected, the resonant
frequency for the upper band increases as the length (Lyp)
of the dipoles decreases. It is also observed that the
impedance matching becomes worse because of the change
of the impedance Z, for the upper band. The impedance Z,
is sensitive to the electrical length of the height ('), which
is usually required to remain as low as possible for a
low-profile configuration. A better impedance matching
may be achieved by adjusting the coplanar stripline.

Fig. 8 reveals the variation of the operating frequency for
the lower band. It is seen that the resonant frequency changes
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Fig. 5 Equivalent circuit for the coupling feed (I, = L,,—S)
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Fig. 6 Impedance matching of the directional dual-band antenna

a 2.4 GHz band
b 5 GHz band

with the length of the longer dipole and the impedance
matching remains acceptable. There is no effect on the
upper band. Therefore the operating frequency for the lower
band can be adjusted freely by changing the length Ly, of
the longer dipole. It is seen that the adjustable frequency
range can be as low as 1.5 GHz and as high as 4 GHz,
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Fig. 7 Variation of RL of the directional dual-band antenna with
the length of the shorter dipoles for the upper band
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Fig. 8 Variation of RL of the directional dual-band antenna with
the length of the longer dipole for the lower band
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Fig.9 Situation where the third-order mode from the dipole for the
lower band contaminates the radiation pattern for the 5 GHz band

which may cover the 3.5GHz band WiMax/WLAN
applications. It should be noted that as the length L;,
increases to Ly, =100 mm, the third-order mode will appear
above 4 GHz, which leads to a multi-directional radiation
pattern as seen in the inset of Fig. 8. It is also observed that
as Ly, =80 mm, the third-order mode will overlap with the
5 GHz band, which will contaminate the radiation pattern
for the 5 GHz band, as demonstrated in Fig. 9. This
situation should be prevented for a directional dual-band
antenna.
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Fig. 10 Measured RL for the directional dual-band antenna
compared with simulated result (insets are the 3D radiation
patterns at resonances)
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Fig. 12 Gains of the directional dual-band antenna (inset is the
antenna prototype)

4 Experimental results
Measured input impedance is compared with theoretical

results in Fig. 6. Agreement is observed. Slight difference is
due to the effect of the feeding coaxial line which causes
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some calibration error. The RL measured for the directional
dual-band antenna is compared with the simulation result
in Fig. 10. The measured bandwidths for 10 dB RL are
2.39-2.52 GHz for the 2.4 GHz band and 4.93-6.13 GHz
for the 5 GHz band, which cover the 2.4-GHz ISM band
and the 5 GHz UNII band. Note that there is a spurious
resonance around 1.4 GHz. This resonance is due to the
outer conductor of the feeding coaxial line which forms a
top-loaded vertical monopole with the dual-band antenna.
The omnidirectional radiation pattern at 1.4 GHz (see the
inset of Fig. 10) is due to the currents on the outside of the
coaxial line, confirming the vertical monopole mode. Note
that the coaxial line has little effect on the radiation patterns
for the 2.4 and 5 GHz bands.

Radiation patterns measured and simulated at 2.45 and 5.5
GHz are plotted in Fig. 11. Good directional radiation patterns
are observed for both frequencies. Cross-polarisation level
is more than 20 dB lower than the copolarisation. The
half-power beamwidths (HPBWs) in the FE-plane are
approximately 60° for both the 2.4 and 5 GHz bands. But
the HPBWs in the H-plane are approximately 100° and 60°,
respectively, for the 2.4 and 5 GHz bands. The narrower
beamwidth for the 5-GHz band is due to the configuration
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of two-dipole broadside array. The antenna gains for the
directional dual-band antenna are, respectively, about 8 dBi
for the 2.4-GHz band and 9-10 dBi for the 5 GHz band as
shown in Fig. 12, which are adequate for applications in
wireless APs. The beamwidths in the E-plane and H-plane
and maximum gains approximately satisfy the empirical
relations given in [24].The higher gain in the upper band is
due to the narrower beamwidth in the H-plane. The
higher-gain characteristic in the upper band is desirable for
wireless applications because radio signals experiences a
higher path loss at a higher frequency.

5 Conclusion

A new type of directional dual-band antenna has been
proposed and analysed. The dual-band antenna consists of a
single dipole for the lower band and a two-dipole array for
the upper band. All dipoles are printed on the same thin
substrate. The printed dipole antenna is excited by a simple
coupling microstrip line. The operating frequencies for the
directional dual-band antenna can be easily adjusted for
different wireless applications. The directional dual-band
planar antenna achieves a desirable directional radiation
pattern with a gain of — 8 dBi for the 2.4 GHz band and
9-10 dBi for the 5 GHz band, thus may find applications in
wireless APs for high-speed WLANS.
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