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Planar Monopole Antenna With Attached Sleeves
V. Zachou, C. G. Christodoulou, M. T. Chryssomallis, D. Anagnostou, and S. Barbin

Abstract—The analysis of a new printed antenna is presented
and discussed. This antenna consists of a printed monopole, with
one or two sleeves on each side, fed by a coplanar waveguide (CPW)
line. Switches are used to control the length of the monopole and
the sleeves and to tune the resonant frequencies of the antenna. In
the case of the double-sleeved antenna, the switch is used to connect
or disconnect a second sleeve in the cactus antenna. Measurement
results show that the cactus antenna maintains the dipole-like ra-
diation patterns for all the different resonant frequencies.

Index Terms—Coplanar waveguide (CPW), monopole antenna,
reconfigurability, sleeves.

I. INTRODUCTION

MONOPOLE antennas have found widespread appli-
cations, especially in wireless communications. The

increasing use of mobile communication systems has stimulated
the interest in the dual-frequency designs [1]�[3]. A planar
monopole has been considered as an attractive printed antenna
for wireless communications, because of its simple structure
and omnidirectional radiation pattern. The coplanar waveguide
approach is proposed as a feeding transmission line medium for
these antennas. It is well known that coplanar waveguide (CPW)
feed lines are uniplanar structures, which are compatible with
monolithic microwave integrated circuits (MMICs), have less
radiation losses and less dispersion than the microstrip line and
can be easily integrated with shunt and series lumped passive el-
ements without any need of via holes as in microstrip technology
circuits. Many investigators have studied extensively different
kinds of CPW-fed printed antennas [4]�[7].

Recon�gurability in an antenna system is a desired charac-
teristic that has been the focus of several research groups in
recent years. In this work a modi�ed monopole with added
sleeves to obtain more versatility and frequency range is pre-
sented. To achieve this goal, switches are introduced in order
to control both, the length of the monopole and of the sleeves.
In the double-sleeved antenna (two sleeves on each side of the
monopole) the switches are being used in order to keep the
second sleeve connected or disconnected to the monopole.

II. ANTENNA DESIGN

A. One Sleeve on Each Side of the Monopole
Fig. 1 depicts the proposed layout of the antenna with one

sleeve on each side of the monopole. The antenna is printed
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Fig. 1. Single-sleeved antenna con�guration (all dimensions in mm).

on a Rogers RO 3203 substrate with a thickness of 1.524 mm
and relative permittivity . It is fed by a 50- CPW
transmission line. A 12-mm-long sleeve is attached to each side
of the monopole. Switches are used to connect two additional
patches of area 1 mm 1 mm to each sleeve. An extra patch of
length 12 mm is also connected to the monopole via a switch.
In this way, frequency agility is added to the antenna, since the
obtained resonant frequencies will vary depending on the states
of the monopole and the sleeve switches. The switches are mod-
eled by tiny copper strips of area mm , so for the
OFF switch state, we simply remove the copper strip leaving a
gap of the same area . These copper strips can
be replaced by radio frequency microelectromechanical systems
(RF MEMS) or p�i�n diodes switches. The analysis is carried
out using the method of moment simulator IE3D 9.0.

Figs. 2 and 3 give the simulation result of the return loss (
in dB) versus the frequency (GHz) for the different sleeve switch
states when the monopole switch is ON and OFF, respectively.
When the monopole switch is ON the �rst resonant frequency
occurs at 1.85 GHz, whereas when it is OFF, the resonance oc-
curs at 2.4 GHz. These frequencies are chosen due to the wide
range of applications in wireless communications and Wireless
Local Area Networks. By changing the state of the two sleeve
switches we can now change the second resonant frequency,
which is equal to GHz when both switches are ON,

GHz when only one switch is ON, and GHz
when none of the switches are activated (Figs. 1 and 2).

In this design, the �rst resonant frequency is controlled by
the length of the monopole, while the second one is determined
by the length of the sleeves and their order of activation. This
is validated by the amplitude of the surface currents. Fig. 4 de-
picts a closer look on the surface currents around the area of
the monopole and the sleeve switches in the �rst two resonant
frequencies. We have taken as an example the case where only
one of the sleeve switches is ON. As we can see, around the area
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Fig. 2. Simulated results of S versus frequency for different sleeve switch
states when monopole switch ON.

Fig. 3. Simulated results of S versus frequency for different sleeve switch
states when monopole switch OFF.

Fig. 4. a) Surface currents at f = 1:85 GHz and b) surface currents at f =

3:2 GHz when the monopole switch is ON and one sleeve switch is ON.

of the monopole switch, the current has greater amplitude in
the �rst frequency, GHz [see Fig. 4(a)], than in the
second frequency, GHz [see Fig. 4(b)]. The opposite
occurs in the area around the sleeve switches. It can also be seen
that in both cases there is no current passing in the upper most
patch of the sleeves, since the switch is OFF, whereas in the lower
patch the current passes as shown in Fig. 4.

B. Double-Sleeved Antenna
In this section, we propose a monopole antenna with two

sleeves on each side. Fig. 5 shows the con�guration of the pro-
posed double-sleeved antenna. The length of the monopole is
kept equal to 37 mm and two sleeves of equal lengths of 12 mm
are added to each side. The same CPW line feeds the antenna.
A switch is added to control the activation of the second (upper)
sleeve.

The simulation results of the return loss versus the fre-
quency for the double-sleeved cactus antenna are presented in
Fig. 6. From this �gure we can see that depending on the state of

Fig. 5. Double-sleeved antenna con�guration with the switch in the ON state.

Fig. 6. Simulated results of S versus frequency for the two states of the
switch for the double-sleeved antenna.

Fig. 7. Fabricated double-sleeved antenna with the switch OFF.

the switches we can have different resonant frequencies. When
the switch is in the ON state (the second sleeve is also connected
to the monopole) we have three resonant frequencies, one at
2.4 GHz, a second one at 2.92 GHz and a third one at 3.35 GHz.
When the second sleeve is not connected to the monopole (the
switch is in the OFF state), then we have two resonant frequen-
cies, one at 2.65 GHz and one at 3.17 GHz. From these obser-
vations we can see that the existence of a second sleeve does
not only add a third resonant frequency, but also shifts the other
two resonant frequencies that exist when the second sleeve is
not connected to the monopole (switch state OFF).

III. MEASUREMENT RESULTS

The antennas shown in Figs. 1 and 5 were fabricated and
measured. Fig. 7 depicts the fabricated double-sleeved antenna
printed on RO 3203 1/2 oz. copper laminate with 1.524 mm
(0.060 ) thickness dielectric substrate with relative permittivity
3.02. Figs. 8 and 9 show the measured return loss versus the
frequency when the monopole switch is ON and OFF and for the
three different states of the sleeve switches for the single-sleeved
antenna. The measured and the simulated results are shown in
Tables I and II.
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