TABLE 1

Power-Handling Capacity of Phase Shifter

Frequency (GHz)
Peak Power (dBm)

9
50.6

9.5
50.5

10
50.7

was taken as the power-handling capacity of the phase shifter,
and the results are shown in Table 1. As the PIN diodes used in
our design had an instantaneous power-handling capacity of 34
dBm, the expected power-handling capacity of the phase shifter
was 50.41 dBm. Table 1 shows that the peak powers of the
phase shifter at 9, 9.5, and 10 GHz are all over 50.5 dBm,
which is about 45 times of the power-handling capacity of the
PIN diodes.

resonances. The prototype of the small spiral antenna in the vicinity
(k /18) of the AMC screen has been manufactured and tested.
0
Measurements conﬁrmed a remarkable improvement in spiral cross
polarization discrimination (XPD) in correspondence of the two AMC
resonances. The dual-band behavior of the AMC could be exploited in
applications where multifrequency operation is required. The low proﬁle
structure is characterized by an overall thickness of 1.1 cm, which
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5. CONCLUSIONS

1. INTRODUCTION

The design of a 3-bit phase shifter with small size and high
power-handling capacity based on using a single CRLH-TL unit
cell has been presented. The phase shifter has a compact size
and can provide a phase-shift range from 0 to 157.5 at a step
22.5 and operate in the frequency band from 9 to 10 GHz. Simulation and measurement results have shown that the phase
shifter has low insertion losses of less than 1.3 dB and a low
return loss of less than 15 dB across the operating frequency
band. The maximum phase shift error is only þ4.5 . It can handle the power 45 times higher than that handled by the PIN
diodes used as switches in our design.

Many communication systems uses circularly polarized (CP)
radiated signals because they provide several advantages as the
possibility to easily establish a link budget avoiding the alignment of transmitting and receiving antennas and the non vulnerability to the Faraday rotation effect [1]. However, designing a
CP antenna is a demanding task with respect to the linear-polarized (LP) counterpart especially if the radiating element operates
in proximity of the ground plane; indeed, the presence of the
electric conductor acting as ground plane results in a cumbersome structure not suitable for low-proﬁle applications.
Research is in progress to face this issue by using high impedance surfaces (HISs), and mainly two kinds of approach are
explored. Some authors used HIS as a ground plane for a CP
antenna to reduce the back radiation and improve its axial ratio
(AR) [2]. Others used HIS as ground plane to transform the linear polarization (LP) of the radiator into a CP one [3–6]. In the
former case, however, the CP is provided by a post numerical
recombination of the two linearly polarized antenna channels
tested separately. In this case, a single port has been used to
feed and measure the antenna polarization performance. In [3–
6], the shape of the periodic element is rectangular. This characteristic, in fact, allows for a LP ! CP transformation as the
physical response to TE and TM mode is intrinsically different.
Thus, opportunely designing the surface, a right-handed CP
(RHCP) and/or a left-handed CP (LHCP) electromagnetic wave
is obtained.
In this work, we present a novel approach to the same issue,
by using a squared shape FSS. In this case, the AMC does not
act as a polarizer, as the response to TE and TM mode is the
same. Conversely, the improvement in AR is achieved by suitably exciting the AMC surface, i.e., by applying a properly
matched polarized ﬁeld obtained by exciting, as a source, an
elliptically polarized Archimedean spiral antenna. This concept
is demonstrated by comparing the XPD of two orthogonal
dipoles and the XPD of the aforementioned spiral antenna, both
acting at the same distance from the AMC screen. Measurements performed on the spiral breadboard have shown a 20 dB
increase in the cross polarization discrimination (XPD) with
respect to the antenna radiating in free space.
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ABSTRACT: A novel approach to improve the circular polarization
properties of a small elliptically polarized (EP) radiating element is
presented. The enhancement in circular polarization is obtained by
mounting the radiating element close to an artiﬁcial magnetic conductor
(AMC). To explain the antenna operating principle, two different
typologies of radiating element have been initially considered, i.e., a
small spiral antenna and a dipole. Both antennas are EP, but the
excited current distribution on the AMC screen are circular and linear,
respectively. We inferred that only a circular current distribution
determines the XPD improvement in correspondence of the AMC
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2. AMC SCREEN CONFIGURATION

A photo of the used AMC screen is given in Figure 1. The unit
cell has a periodicity equal to 2.7 cm. The dielectric substrate
has been chosen from Taconic datasheet; it has a permittivity
equal to 10 and a losses factor (tan d) of 0.0035. The thickness
is 3.18 mm. The unit cell is radially symmetric and, as stated
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its radiation performance maintains the same characteristics on a
wide angular range.
3. ARCHIMEDEAN SPIRAL ANTENNA DESIGN AND TESTING

Figure 1 Photograph of the realized AMC screen and antenna prototype. [Color ﬁgure can be viewed in the online issue, which is available
at www.interscience.wiley.com]

above, this characteristic improves the antenna CP properties
under suitable conditions.
In Figure 2, phase reﬂection coefﬁcient vs. frequency of the
proposed screen is reported. Computations have been carried out
by using both our periodic Method of Moments code and Ansoft
HFSS v.10. Frequency behavior for normal incidence is showed
for both TE and TM polarizations. A good angular stability,
both in azimuth (u) and in elevation (h), is provided by the
magnetic surface. Thus, using it as ground plane for an antenna,

Figure 2 Reﬂection coefﬁcient phase of the AMC screen (MoM code
results vs. HFSS results). [Color ﬁgure can be viewed in the online
issue, which is available at www.interscience.wiley.com]
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A small spiral antenna has been designed to radiate an elliptical
polarization with total length L equal to 12.68 cm corresponding
to 0.91 k0 at the lowest resonant band (2.16 GHz) and about
1.107 k0 at the highest resonant band (2.62 GHz). The ﬁnal conﬁguration (spiral radiating element and HIS screen) guarantees a
Co-pol to X-pol ratio at least of 10 dB at the two operating
bands. It is important to note that similar performance might be
reached by using a freestanding spiral with larger dimensions (at
least L ¼ 1.3 k0).
We remark that dimensions larger than the aforementioned
ones result in a bulky structure characterized by the same properties. If the total length of the spiral is lower than the proposed
one, the radiating element would radiate a linear polarized ﬁeld
with poor XPD factor.
The realized spiral, shown in Figure 1, is printed on a thin
(0.127 mm) Taconic substrate (TLY5). The overall dimensions
of the prototype are 1.35 k0  1.35 k0, with k0 computed at the
central frequency band (2.39 GHz). In Figure 3, the cross polarization discrimination (XPD) of the prototype is shown. We can
notice the remarkable increasing in XPD within these two frequency bands. The antenna, in fact, is able to efﬁciently radiate
a CP ﬁeld only in correspondence of the two AMC resonances;
outside these bands, the spiral maintains its elliptic polarization.
The moderate shift in frequency with respect to the expected
AMC resonances is not surprising; it is due to the ﬁnite size of
the screen and to the modiﬁcations of the near-ﬁeld of the
antenna introduced by the presence of the screen. Computations
and measurements are in a good agreement. The overall thickness of the structure, equal to k0/12 at the central frequency
band, guarantees a low-proﬁle conﬁguration.
The polarization purity of a CP antenna can be described
both by its AR and by its Cross Polarization Discrimination

Figure 3 Comparison between the cross polarization discrimination
(measured and computed) of the AMC backed spiral and the freestanding spiral, in the boresight direction. [Color ﬁgure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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mal incidence and a wider angular stability. Direct consequence
of this feature is a low level of the X-polar component for a
quite wide angular range, as shown in Figures 6 and 7, respectively. Moreover, the AR stability versus azimuth angle u (see
Fig. 5) provides for a good symmetry of the radiation patterns,
being these latter almost the same at each u cut.
In Figures 6 and 7, an example of the normalized radiation
patterns for the two bands in the E plane is given.
Finally, the antenna return loss is shown in Figure 8.
Antenna matching is reached in the two working bands by

Figure 4 (a) Axial ratio of the spiral closed to the AMC screen vs.
elevation angle in the E plane (u ¼ 0 ) inside the ﬁrst AMC band, (b)
Axial ratio of the spiral closed to the AMC screen vs. elevation angle in
the E plane (u ¼ 0 ) inside the second AMC band. [Color ﬁgure can be
viewed in the online issue, which is available at www.interscience.
wiley.com]

(XPD). Analyzing the AR versus the elevation angle (h) for an
angular range equal to the half-power beamwidth of the spiral,
in the two resonant bands (see Fig. 4), it can be deduced that
the good angular stability of the artiﬁcial magnetic screen results
in a good angular stability of the antenna polarization properties.
If we compare the obtained results with the ones attainable by
using rectangular cells, e.g. [6], we can notice that the herein
proposed technique allows obtaining both a better AR for nor-
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Figure 5 (a) Axial ratio of the spiral closed to the AMC screen vs.
azimuth angle for h ¼ 0 , in the ﬁrst AMC band. (b) Axial ratio of the
spiral closed to the AMC screen vs. azimuth angle for h ¼ 0 , in the
second AMC band. [Color ﬁgure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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Figure 6 Measured and computed radiation pattern (a) at 2.16 GHz in
E plane (u ¼ 0 ). [Color ﬁgure can be viewed in the online issue, which
is available at www.interscience.wiley.com]

Figure 8 Measured return loss of the spiral backed by the AMC. The
antenna has been matched by using an ad hoc matching network. [Color
ﬁgure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

exploiting a matching network similar to the one presented in
[2].

can be considered acceptable even by using the small sized
screen.

4. FURTHER MINIATURIZATION OF THE STRUCTURE

In this paragraph, we show the performance of the antenna characterized by a small number of unit cells in the AMC screen. It
has been assessed that minimum dimension of the AMC screen
that guarantees appropriate performance is 1.16 k0  1.16 k0. In
Figure 9, a comparison between the XPD obtained for the two
different sized conﬁgurations is given. The enhancement in XPD

Figure 7 Measured and computed radiation pattern (a) at 2.62 GHz in
E plane (u ¼ 0 ). [Color ﬁgure can be viewed in the online issue, which
is available at www.interscience.wiley.com]
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5. DISCUSSION OF RESULTS AND ALTERNATIVE
CONFIGURATION OF THE RADIATING ELEMENT

As outlined before, the proposed artiﬁcial magnetic surface is
able to efﬁciently convert an elliptic polarization into a circular
one if conveniently excited. To show that the spiral represents
an optimal source, we have also analyzed the behavior of two

Figure 9 Comparison between the XPD of the antenna backed by the
6  6 sized screen (straight line) and the 4  4 sized screen (dashed
line). [Color ﬁgure can be viewed in the online issue, which is available
at www.interscience.wiley.com]
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7. CONCLUSIONS

An artiﬁcial magnetic conductor has been proposed that is able
to efﬁciently convert an elliptic polarization into a circular one
if conveniently excited. Indeed, an increase of XPD can be
clearly observed at the AMC resonances (see Fig. 3). Moreover,
a slight decrease of the XPD is apparent in the frequency
regions far from the AMC resonance, owing to the PEC behavior of the surface, further proving that the circular polarization
is given exclusively by the presence of the AMC screen.
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Figure 10 Comparison between the XPD of the dipoles, fed with a
þ90 phase displacement (perfect CP) and with a þ142 phase displacement (EP), in freestanding conﬁguration and in presence of the AMC
screen. [Color ﬁgure can be viewed in the online issue, which is available at www.interscience.wiley.com]

orthogonal dipoles fed with an opportune phase displacement,
placed close to the surface.
Our intention is showing that the considered AMC does not
enhance the CP properties of a radiating element different from
the spiral due to the particular properties of the radiated ﬁeld. In
the ﬁrst conﬁguration, the dipoles are fed with a þ142 degrees
phase displacement. The chosen value is equal to the phase displacement between the h and / electric ﬁeld components of the
freestanding spiral. In this case, an elliptic polarization is radiated by the dipoles. The intention is to underline that again no
improvement to the XPD is provided by the AMC. The case of
þ90 degrees phase displacement has been analyzed as well.

6. DIPOLES DESIGN

As the dipole is not a broadband antenna, we have designed it
to resonate in the ﬁrst AMC band, i.e., around 2.2 GHz.
To make a comparison with the spiral, dipoles have been
placed at the same distance (k0/18) from the screen. Computations have been performed by using HFSS v.10.
In Figure 10, a plot of the XPD for the two analyzed conﬁgurations is given. In particular, we have compared the trend of
the XPD in freestanding case with the one in presence of the
AMC surface.
We can remark that the AMC does not provide any improvement for the CP properties of the dipoles. In fact, in both cases
(þ90 and þ142 phase displacement), the XPD curve obtained
in presence of the artiﬁcial magnetic surface oscillates around
the maximum value reached in the freestanding conﬁguration.
By using the spiral, on the contrary, two noticeable spikes of
XPD are visible at the AMC resonances in Figure 3. Moreover,
in the same ﬁgure, a slight decrease of the XPD is apparent
within the frequency regions far from the AMC resonances,
owing to the perfect electric conductor (PEC) behavior of the
screen, further proving that the circular polarization is given
exclusively by the presence of the AMC screen.

1786

1. R.C. Johnson and H. Jasik, Antenna engineering handbook,
McGraw-Hill, New York, 1984.
2. J.M. Baracco, L.S. Drioli, and P.D. Maagt, AMC low proﬁle wideband reference antenna for GPS and GALILEO systems, IEEE
Trans Antennas Propag 56 (2008), 2540–2547.
3. V.F. Fusco and S.W. Simms, Reﬂected circular polarization conservation using textured surface, IEEE Electron Lett 43 (2007),
962–963.
4. D. Yan, C. Wang, C. Zhu, and N. Yuan, A novel polarization convert surface based on artiﬁcial magnetic conductor, IEEE APM
Proceedings, 2005.
5. M. Diblanc et alter, Circularly polarized metallic EBG antennas,
IEEE MWCL 15 (2005), 638–640.
6. F. Yang and Y. Rahmat-Samii, A low proﬁle single dipole antenna
radiating circular polarized waves, IEEE Trans Antennas Propag
53 (2005), 3083–3086.
C 2010 Wiley Periodicals, Inc.
V

A COMPACT DVB-H ANTENNA
WITH VARACTOR-TUNED
MATCHING CIRCUIT
Yue Li,1 Zhijun Zhang,1 Wenhua Chen,1 Zhenghe Feng,1
and Magdy F. Iskander2
1
State Key Laboratory of Microwave and Communications,
Department of Electronic Engineering, Tsinghua University, Beijing,
100084, China; Corresponding author: hardy_723@163.com
2
HCAC, University of Hawaii at Manoa, Honolulu, HI 96822
Received 19 October 2009
ABSTRACT: A reconﬁgurable varactor-based matching circuit is
proposed in this article. The introduction of an extra series inductor into
the matching circuit reduces the required capacitance ratio of the
varactor from 27.9 to 8.2. A meander line DVB-H antenna is designed
and fabricated to verify the concept. The dimensions of the prototype
antenna are 80  10  10 mm3, and it can provide better than 10 dB
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1. INTRODUCTION

Digital Video Broadcasting-Handheld (DVB-H) service can
deliver television programs or other multimedia content directly
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