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This paper proposes a possible implementation of a compact printed monopole antenna, useful to operate in UMTS and WLAN
bands. In order to accomplish that, a miniaturization technique based on the application of chip inductors is used in conjunction
with frequency reconfiguration capability. The chip inductors change the impedance response of the monopole, allowing to reduce
the resonant frequency. In order to be able to operate the antenna in these two different frequencies, an antenna reconfiguration
technique based on PIN diodes is applied. This procedure allows the change of the active form of the antenna leading to a shift in
the resonant frequency. The prototype measurements show good agreement with the simulation results.

1. Introduction

Antenna miniaturization is the result of the continuous
search for smaller and compact electronic equipment that
can present the same or even better performance.

There are many examples of techniques used for antenna
miniaturization for different applications. For printed anten-
nas, an approach is presented in [1], where a metamaterial
is used between the radiating element and the ground plane
of a printed circular patch, in order to reduce its reson-
ant frequency. Another example is presented in [2], where
a Koch fractal printed monopole is used to resonate at
2.5 GHz, granting a 21% reduction in size. In [3, 4], chip
inductors are used in order to reduce the resonant fre-
quency of printed C-monopoles, without changing the size
and radiation characteristics and with minor losses to the
radiating efficiency and gain. This is an interesting approach,
since it is quite simple to fabricate, and it is not expensive.
However it leads to narrower bandwidths.

Due to the growth of the wireless technologies and the
appearance of new systems associated to communication
devices, the development of interoperable devices is of great
interest, and since the antennas are indispensable to wire-
less communication equipments, there is a great scientific

interest for antennas capable of working in different fre-
quency bands.

To achieve this goal, multiband and UWB antennas have
been proposed in literature [5]. Besides these types, another
possible class of radiant structures consists of the so-called
reconfigurable antennas.

Reconfigurable antennas have the ability to change one or
more of its radiation characteristics in real time, such as the
resonant frequency, the bandwidth, the radiation pattern, or
even the polarization [6]. There are different ways to achieve
these changes, and different techniques have been presented,
but all those techniques are based on suitable modifications
of the size or shape of the antenna in order to obtain specific
radiation performances.

Reference [7] shows a possibility of creating reconfig-
urability, using a set of printed antennas on a circular area,
which is changed using a motor and thus allows the change of
the resonant frequency of the structure. This solution is not
very feasible because it requires the design of several printed
antennas very close to each other that end up suffering from
coupling and subsequently distort the radiation pattern.
Besides requiring assembly and operation of an engine, this
makes the structure larger and heavier.
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Another solution, smaller and more adaptable, is pre-
sented in [8–10], where MEMS (Microelectromechanical
Switches), which can be activated or deactivated with a low
voltage source, are employed to connect and disconnect
specific elements of the antenna, so changing the overall
antenna size and shape resulting in an effective change in the
resonant frequency. This is a very attractive solution, given
the characteristics of the MEMS; however, these are hard to
fabricate and so this can be quite an expensive solution.

PIN diodes are usually inexpensive and exist in abun-
dance on the market in various packages and configurations,
which make them a versatile alternative for the implementa-
tion of reconfigurability in antennas. Nevertheless, there are
few applications of PIN diodes adopted to achieve frequency
reconfigurable printed antennas intended for mobile devices
[11–13].

An approach to printed antenna’s polarization reconfig-
urability is presented in [14]. Other example is presented in
[15], in which, an array of antennas for a MIMO system
achieve frequency reconfigurability by using PIN diodes,
allowing to change the operating frequency of the antenna.
Some examples on the use of PIN diodes for frequency
reconfigurability in WLAN applications are presented in
[16, 17].

The aim of this paper is to present a compact reconfig-
urable monopole antenna suitable to operate in the WLAN
(2.4 GHz) and UMTS (2.0 GHz) bands using chip inductors
and PIN diodes. A particular emphasis is given to the
miniaturization process whose details are reported in the
next section. So far, to the authors’ knowledge, there are no
examples published in the scientific literature adopting the
mentioned devices for the proposed wireless applications.

2. Simulation Models

The antenna proposed in this paper is designed with two
lumped components inserted in a printed monopole, in
order to make it small and to allow the change in resonant
frequency. To miniaturize the antenna structure, a chip
inductor from Coilcraft was used. According to [3, 18], this
element can be modeled with a series equivalent circuit
composed of a series resistance R and an inductor L, whose
values depend on the frequency (see Figure 1).

Based on the expressions that describe the previous plot
presented in [3] and the values presented in the inductor
datasheet [18], the equivalent impedance and inductance can
be calculated for the lower frequency which is where the
inductor has more influence. At 2.0 GHz, this chip inductor
can be modeled by an equivalent resistance (R) of 1.7Ω and
inductance (L) of 8.2 nH.

The PIN diode used to switch the elements of the
antenna is a commercial device from Avago Technologies
[19]. According to [20], in forward bias the PIN diode has
an equivalent circuit corresponding to an inductor in series
with a resistor, while in reverse bias it results equivalent to an
inductor in series with a parallel resistor and a capacitor.

The equivalent resistance of the diode decreases as the
bias current increases. According to [21], the resistance has a
minimum value of about 3Ω for bias currents above 10 mA,
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Figure 1: Chip inductor’s equivalent circuit elements versus fre-
quency.

Table 1: Proposed antenna dimensions.

Parameter Dimension (mm)

L1, L2, L3, L4 24, 3.35, 6.0, 4.0

L5, L6, LI , Lgnd, Lsub 13.6, 5.0, 1.0, 21, 28.5

W0, W1, W2 3.3, 1.5, 1.5

Wsub, gapI , gapD 20, 0.5, 2.0

and it exceeds 1 kΩ for bias currents near zero (0.01 mA). The
capacitance depends upon the reverse voltage and frequency;
however, its value shows small variations from 0.2 pF, for
frequencies above 1 GHz. These are the values considered in
the numerical simulation.

3. Antenna Design

The antenna proposed in this paper is a C-monopole
antenna, printed upon an Arlon CuClad 217 substrate, with
a relative permittivity (εr) of 2.17, a loss tangent (tan δ) of
0.0009 and 0.787 mm height. The antenna geometry is pre-
sented in Figure 2, while the corresponding dimensions are
presented in Table 1.

The monopole and a feeding microstrip line, which also
matches the input impedance of the antenna to 50Ω, are
printed in the top face of the substrate and the ground plane
is at the bottom face. The inductor is placed in the central
arm of the monopole, while the diode is placed in the top
arm as shown in Figure 2.

The area of the antenna is 20 × 7.5 mm2, and the total
area of the antenna plus the feeding line is 20 × 28.5 mm2.
The total length of the monopole, considering the diode in
forward bias, is 20.95 mm, which would correspond to a
resonant frequency of 3.596 GHz, while the total length con-
sidering the diode in reverse bias is of 9.85 mm, which would
correspond to a resonant frequency of about 7.61 GHz.
However, due to the introduction of the chip inductor and
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Figure 2: Proposed antenna geometry.

Figure 3: Prototype of the proposed antenna.

the PIN diode, the resonant frequency in both antenna
configurations turns to be smaller, resulting in a reduced
volume occupation.

The prototyped antenna is slightly wider than the simu-
lated model due to the introduction of the diode polarization
circuit, as can be seen in Figure 3.

The polarization circuit of the PIN diode is a simple SPST
(Single Pole Single Throw) switch configuration, as shown in
Figure 4. The RF choke inductors are used to isolate the DC
voltage source from the RF signal.

4. Simulation Results

For simulation purposes CST Microwave Studio 2011 [21]
was used.
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Figure 4: SPST circuit using a PIN diode.
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Figure 5: Simulated (black) and measured (blue) return loss for the
PIN diode in “ON” (solid) and “OFF” (dashed) state.

4.1. Return Loss. Figure 5 shows the simulated and measured
return loss (S11) for the proposed monopole antenna,
considering the diode in both states of conduction.

The impedance matching is done with a λ/4 microstrip
line, which is designed for the highest frequency of operation,
resulting in a higher return loss for the lowest operation
band. This line was adjusted based on the numerical simu-
lation so that both frequencies could present satisfactory
result.

The definition of a small antenna is presented in [22],
according to which, an antenna is considered small if ka <
0.5, where k is the free-space wavenumber and a is the radius
of the smallest sphere which encloses the antenna. The ka
factor for the proposed antenna is 0.49 at the lowest working
frequency, which means that this is a small antenna; in that
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Figure 6: Measured radiation pattern at 2.2 GHz on XZ plane
(blue) and YZ plane (black).

sense, the bandwidth of the antenna was considered for
S11 < −5 dB.

The diode is controlled with a voltage source; the “OFF”
state is the default with no power source, while the “ON”
state is obtained with 3 V and 35 mA.

The simulated results present a bandwidth from 1.93 to
2.17 GHz when the diode is “ON”, and from 2.4 to 2.6 GHz
when the diode is “OFF”. This means that it can nearly
support UMTS bands, since these are located between 1.92
to 2.17 GHz. In addition, it can support WLAN service since
this band is defined between 2.4 to 2.5 GHz. The measured
results present a difference to the simulated numerical
results. In particular, the “OFF” band is fairly good, from 2.39
to 2.55 GHz, while the “ON” band is shifted, falling above the
UMTS band.

4.2. Radiation Pattern. The measured radiation pattern for
the realized prototype is presented in Figures 6 and 7, for
the XZ and YZ planes (see Figure 2). The connections to
the polarization circuit were present inside the anechoic
chamber during the measurements, which is one source of
the large number of lobes in the obtained pattern.

The gain is rather small, presenting values around
0.65 dB at 2.4 GHz, and 0.05 dB for the lower frequency.
These values are slightly lower when compared to a normal
printed monopole; however they do not represent such
a great loss. The radiation efficiency is around 77.5% at
2.0 GHz, and 80.3% at 2.4 GHz. These are fairly good values,
taken into consideration the small dimensions of the antenna
and the presence of the PIN diode and chip inductor.

The measured polarization was linear for the highest
frequency, and elliptical for the lowest frequency.

4.3. Lumped Element Effects. The measurements performed
on the realized antenna prototype shows some deviations
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Figure 7: Measured radiation pattern at 2.4 GHz on XZ plane
(blue) and YZ plane (black).
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Figure 8: Frequency behavior of the real (solid lines) and imaginary
(dashed lines) part of the antenna input impedance versus the
inductance values of the chip inductor.

with respect to the performances predicted by the numerical
simulation. However, this phenomenon is expected given the
variations that can occur in the antenna behavior due to the
PIN diode parasitic elements and to the dispersion of the
inductor parameters.

Figure 8 shows the real and imaginary part of the
antenna input impedance with respect to the chip inductor
characteristics.

It is clear that for higher inductance values, the resonant
frequency of the antenna is lower. Moreover, the bandwidth
is also narrower.
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Figure 9: Frequency behavior of the real (solid lines) and imaginary
(dashed lines) part of the antenna input impedance versus the PIN
diode capacitance values.

Besides the inductor value, the diode capacitance also
shows a large influence over the resonant frequency and
bandwidth. Figure 9 shows the real and imaginary part of the
antenna input impedance response as the capacitance value
of the PIN diode increases.

The increased capacitance leads to a resonant frequency
reduction and narrower bandwidth. Moreover, the effect of
the capacitance on the impedance may lead to considerable
mismatches, due to the increased value observed.

Besides the variations presented so far, the fact that the
components are soldered to the radiating element of the
antenna and also the diode polarization circuit, which may
not present a perfect DC and RF signal isolation, might be
possible causes for the antenna detuning.

5. Conclusion

In this paper a very small printed monopole antenna with
frequency reconfiguration capability was presented, which
uses PIN diodes as a key design strategy. It was shown that it
is possible to use PIN diodes in conjunction with chip induc-
tors, in order to obtain a very small antenna that can work
in two different frequency bands. However, this results in a
reduction of the gain and of the bandwidth of the considered
antenna.

The design and sizing of this type of antenna are rather
complex and all the parasitic characteristics of the different
components must be known and taken into account, to
make the best possible modeling of it. However this is not
always possible. Little variations in the diode capacitance
and inductance can change both of the resonant frequencies.
Nevertheless, good agreements between the simulated and
measured results were obtained, with a seemingly omnidi-
rectional radiation pattern.
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