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Abstract—This paper presents an ultracompact antenna de-
sign suited for digital video broadcasting-handheld (DVB-H)
reception devices. The DVB-H frequency band is ranging from
470 to 862 MHz and divided in 49 channels of 8 MHz. Designed
to be integrated in a tablet, it is not only heavily miniaturized
(Ao/49 X Ag/T1 X Ag/160 at 470 MHz), but also able to cover
each channel thanks to the use of a magneto-dielectric material.
The advantage of using such a material is studied and described
in this paper. Moreover, the operating frequency is continuously
tuned over the whole DVB-H band by the integration of a varactor
diode. This varactor diode has been characterized and modeled to
properly cosimulate its behavior within the antenna. Limitations
in terms of accepted power by the diode are emphasizing. Finally,
the antenna design, including both magneto-dielectric material
and varactor diode is integrated in the DVB-H receiver device.
Measurement performances are presented and discussed.

Index Terms— Digital video broadcasting—handheld (DVB-H),
frequency tunable antenna, magneto-dielectric material, minia-
ture antenna, pattern diversity, varactor diode.

I. INTRODUCTION

NTENNA size reduction is restricted by fundamental
physical limits [1]-[3], in terms of tradeoff between
radiation performances and input impedance bandwidth.
Miniaturization of devices leads to the reduction of antenna’s
dimensions, which becomes one of the most important chal-
lenges [4] for antenna designers. This aspect is even more
critical when the targeted application is a low frequency stan-
dard as the digital video broadcasting—handheld (DVB-H) for
which the operating frequency band is ranging from 470 to 862
MHz. Thus, two drawbacks are emerging:
— the antenna needs to cover a very wide input impedance
bandwidth of 59%;
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—the free space wavelength at 470 MHz is about 60 cm,
which is very large in comparison with a DVB-H receiver
device, e.g., a Smartphone or a tablet.

Many antennas dedicated to DVB-H reception have been
investigated in [5]-[10] and some are working on the whole
DVB-H band [5]-[7]. In 2012, Yonghun Cheon presented
a dual band planar inverted F antenna (PIFA), covering the
whole DVB-H band and having 70 mm x 30 mm for overall
dimensions, i.e., Ag/9 X Ag/21 at 470 MHz [6]. A total effi-
ciency of 33% is obtained in the worst case. Another article
[7] presents a DVB-H antenna with best performances (total
efficiency greater than 70%) which possesses dimensions of
Aa/T X Ag/13 X Ag/28 at 470 MHz. In spite of its electrical
small sizes, this antenna is too big to be integrated in a DVB-H
handheld receiver. Thus, in most cases, wireless device inte-
gration remains an important issue for whole-band covered
DVB-H antennas. To overcome the DVB-H ultra-wide input
impedance bandwidth, some antenna devices integrate active
components as presented by M. Berg in [8] or a matching
circuit [9]-[11] in order to cover, at least, one user channel of
8 MHz. These antennas present low instantaneous impedance
bandwidths, thus small sizes and also low total efficiency,
mainly induced by impedance matching circuit or active com-
ponent losses. However, DVB-H specifications require low
maximum realized gains, i.e., —10 dBi at 470 MHz to —5 dBi
at 862 MHz [12].

To cover a wide impedance bandwidth while maintaining
very small antennas size, the use of magneto-dielectric mate-
rials has been reported in many papers [13]-[19]. According
to [13]-[16], magneto-dielectric substrates can permit to over-
come the input impedance bandwidth limitation for small an-
tennas compared to dielectric ones. Hansen and Burke [16] have
expressed the zero-order impedance bandwidth of a patch an-
tenna printed on a t-thick magneto-dielectric material by the
following equation:

96 ﬁ~%
BW = — 20 . 1
V2 (4+17\/8'[L) b

Thus, compared to high dielectric permittivity, high perme-
ability materials allow to reduce the size of a patch antenna
without decreasing its relative impedance bandwidth. In [17],
Niamien et al. investigates magneto-dielectric materials losses
and provides expressions of antenna impedance bandwidth and
efficiency according to both dielectric and magnetic losses for
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a patch antenna. They showed that both the radiation efficiency
and the impedance bandwidth increase with the permeability.

This paper will focus on the miniaturization of a 3-D-shaped
full band DVB-H antenna with a high level of integration, for
diversity operations. This goal will be achieved through the use
of both magneto-dielectric materials and active components. In
Section II, the interest of using magneto-dielectric materials on
the proposed antenna will be presented through an extensive in-
vestigation. Within the framework of these studies, a first pro-
totype measurement will prove the advantage of using such a
material for antenna designer’s point of view.

Even if the use of magneto-dielectric materials offers great
advantages in terms of miniaturization and input impedance
bandwidth enhancement, the full DVB-H bandwidth cannot be
entirely covered by such a technique. For these reasons, the inte-
gration of a varactor diode to tune the operating frequency of the
proposed antenna will be investigated in Section III. Firstly, both
its position and its characteristics (capacitance value, quality
factor, etc.) will be studied in order to tune the antenna all over
the DVB-H frequency band. This work will complete the lack of
information related to most of varactor diode datasheets. Indeed,
they only provide characteristics at low frequencies and do not
give enough parameters for antenna application point of view,
such as capacitance values, serial resistance and accepted power
at RF frequencies. The chosen varactor has been characterized
according to antenna designer criteria and its electromagnetic
model has been deduced. This study will also exhibit power
handling capability of the varactor diode.

Finally, Section IV will present the final antenna design using
both magneto-dielectric material and the characterized varactor
diode. The manufactured prototype is integrated in a DVB-H
tablet and measured in an anechoic chamber. The small antenna
size allows integrating two antennas in the device and therefore
applying space diversity. In this framework, diversity perfor-
mances are evaluated in a reverberation chamber.

II. MAGNETO-DIELECTRIC MATERIALS FOR ANTENNA
APPLICATIONS

The currently commercialized magneto-dielectric materials,
based on fully sintered ferrite ceramics, show low ferromag-
netic resonance (FMR), and high magnetic losses (tand,)
which limit their use below 350-400 MHz. To overcome limits
of fully sintered ferrite, porous ceramic have been studied for
antenna systems [20].

As mentioned in Section I, the most common antenna using
magneto-dielectric materials are patch antennas. The purpose
of this part is to prove that in the case of a 3-D inverted F an-
tenna (IFA), using such kind of materials has same benefits than
the ones presented by the literature [13]-[19]. This study is pre-
sented in three points:

— an attractive design of a 3D IFA has been firstly investi-

gated,;

— three antenna designs: the same antenna design has been
studied without material, with a dielectric material and
with a magneto-dielectric material, which has the same re-
fractive index;

— a prototype has been manufactured and measured to cor-
roborate the simulations.
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Coplanar waveguide feeding
(a) (b)

Fig. 1. 3-D Inverted F Antenna design (a). Antenna top view (b).

A. 3-D Inverted F Antenna Design

To be integrated in a mobile handheld device, the antenna allo-
cated volume has to be very compact. A good tradeoff between
small sizes and the impedance bandwidth is to choose a struc-
ture based on the IFA design. Indeed, the radiating monopole of
this kind of structure can be folded to become more compact. In
this step of the study, the aimed frequency band is the up of the
DVB-H band going till 862 MHz. The antenna design, presented
in the Fig. 1, is a folded metallic ribbon. The ribbon length, and
also the gap distances illustrated on Fig. 1 (i.e., z, y and d) are
optimised to match the antenna around 862 MHz.

The antenna design is ruled according to the following steps:

— the first horizontal section of the ribbon involves a capac-
itive effect, which can be compensated by a shorting line;

— the shorting line involves a parallel resonance allowing to
set the input impedance without the need of a matching
circuit;

— z and y lengths adjust the parallel resonance: the best way
is to have the zero of the input impedance imaginary part
corresponding to the 50 €2 of the real one;

— the d length between the metallic ribbon and the ground
plane also involves a capacitive effect allowing decreasing
the resonant frequency.

However, it should be noted that the resonance frequency is
paramount governed by the ribbon global length, which could
be compared to a quarter wavelength monopole.

This structure presents quietly small dimensions and its shape
is interesting with the aim of miniaturizing by loading it with
different kinds of materials.

As far as it will be integrated in a tablet, the antenna is studied
on a 230 mm X 130 mm ground plane and incorporated in its
corner. The radiating element is fed by a 50 {2 coplanar wave-
guide printed on a FR4 substrate (s, = 4.9).

B. Three Antenna Designs

In this subsection, the previous folded monopole is loaded by
two materials: a high permittivity material (/;;_....;c = 17) and
a magneto-dielectric material (¢}, 4nct0 = 3-55 Pmagnero = 9-5)
as depicted on Fig. 2.

The dielectric permittivity &;; j..(,5. is selected in order to
ensure a similar miniaturization factor as €}, .ncto» Fmagnetos
corresponding to a same refractive index. Thus, except for the
volume, which is reduced by a ratio of 1.5, the antenna de-

sign is the same as the reference one (without substrate). The
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Magneto-dielectric material

Fig. 2. 3-D Inverted F Antenna loaded by a magneto-dielectric material.
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Fig. 3. Magneto-dielectric measured characteristics.
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neto-dielectric material: a Ni-Zn ferrite ceramic with nanosized
grains composed by Nig 5Zng 3Cop 2Fep Q4. Ferrite nanoparti-
cles were prepared by a coprecipitation method, and then sub-
mitted to appropriate thermal treatments and shaping by uni-
axial pressing. More detailed on the material elaboration are
available in [20]. The sample parameters £ (complex permit-
tivity £’-je”") and 1 (complex permeability p/-ju") were mea-
sured using the transmission/reflection method based on the al-
gorithms of Nicolson, Ross, and Weir [21]. The method is based
on the measurements of the scattering parameters of a toroidal
sample placed into a coaxial line. Error analysis indicated uncer-
tainties less than 5% for the data. A Hewlett Packard HP 8753ES
network analyzer setup was used to conduct the measurements
over the frequency range going from 100 MHz up to 6 GHz.
The typical dimensions of the toroid are those of APC7 stan-
dard (inner diameter = 3.04 mm, outer diameter = 7 mm,
length = 2 — 4 mm). All samples were machined in order to
avoid the presence of air gaps between the sample and the line
walls. The relevant feature for the antenna design is the mate-
rial electromagnetic characteristics (complex permittivity and
complex permeability) presented Fig. 3. As the DVB-H band is
aimed in this paper, the area of interest is presented Fig. 3(b).
Unusually for magneto-dielectric materials, these features
show that this material can be used up to 1 GHz. As defined in
[17], both magneto-dielectric and dielectric losses increase the
impedance bandwidth. Thus, to carefully compare and provide
relevant results relating to the use of a magneto-dielectric
material rather than a dielectric one, materials are in a first time
considered without any loss. Therefore, antennas reflection
coefficient results presented Fig. 4 are for lossless materials.
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Fig. 4. Reflection coefficients for the three cases.
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Fig.5. Losses effect on the impedance bandwidth (a) and comparison of reflec-
tion coefficients for lossless and manufactured magneto-dielectric materials (b).

|S11] parameters exhibit 4.2%, 3.5%, and 2.29% impedance
bandwidths respectively without any material, for magneto-di-
electric and dielectric materials. It should be noted that the de-
sign without material presents a larger impedance bandwidth
than the two others. However, its volume is far bigger since its
dimensions equal Aq/17 x X\g/38 X Aq/89 at 825 MHz when
they equal Ag/25 X A\g/38 x Ag/94 at 825 MHz for both other
cases. The comparison between the dielectric and magneto-di-
electric materials shows that using the latter in our antenna de-
sign allows increasing its impedance bandwidth.

Aslossless materials donotrepresent the reality, losses are now
investigating. In this purpose, losses are injected in the simulation
andthe Fig. 5 provides the impedance bandwidth according to the
material losses. As expected, the impedance bandwidth increases
according to both magnetic and dielectric losses. This figure also



HUITEMA et al.: FREQUENCY TUNABLE ANTENNA USING A MAGNETO-DIELECTRIC MATERIAL FOR DVB-H APPLICATION

TABLE I
ANTENNA PERFORMANCES FOR FOUR RELEVANT CASES

Without any]| TLossless Lossless || Considered
. . . magneto- magneto-
material dielectric . X . .
dielectric dielectric
Matching | o> i, || 827 Mz || 827 Muz || 827 M2
frequency |
Input
impedance o o o o
bandwidi 10% 4.12% 5.93% 7.14%
(S11<-10dB)
Total 98% 98% 98% 76%
efficiency
Mapdimutt | 5oy 3.2dB 32dB 23 dB
realized gain

o
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N
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Fig. 7. Measured (dashed lines) and simulated (solid lines) S parameters.

plots the |S11 | parameter for material properties presented Fig. 3.
The comparison with the lossless case confirms the usefulness
of the previous study without any loss.

Thus, the higher the losses are, the larger the input impedance
bandwidth is. That involves a decreasing of the total efficiency
of the antenna as well. Table I sums up all relevant results for
our compact antenna application.

C. Manufactured Prototype

In the framework of this study, a first antenna prototype has
been manufactured to corroborate simulated performances. It
has been presented in [22], [23] and exhibits two radiating el-
ements in the aim of having a reconfigurable radiation pattern
(see Fig. 6).

Fig. 7 illustrates the comparison between measured and sim-
ulated |S11| and |S22| parameters. It plots the comparison be-
tween simulations and measurement for both [S11| and |Sas|
parameters.

Simulated performances are in good agreement with the mea-
sured ones. Antenna design and prototype corroborate previous
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simulations and thus validate that using a magneto-dielectric
material allows enhancing the input impedance bandwidth.

Now, basing on the same antenna design, the idea is to inte-
grate a varactor diode to tune the impedance matching all over
the DVB-H band.

III. INTEGRATION OF A VARACTOR DIODE

The first subsection will investigate the place where the var-
actor can be integrated. Following the presentation of the var-
actor diode manufacturer’s datasheet, a complete characteriza-
tion meeting antenna designer’s criteria will be explained. That
will lead to the determination of the varactor diode S parame-
ters. With the knowledge of the latter, two methods will be ex-
plained and described to reach an accurate antenna simulation
and realization:

— the electromagnetic equivalent circuit of the varactor diode
can be deduced from the S parameters thanks to Agilent
ADS;

— the S parameters of the varactor diode can be directly in-
jected in the electromagnetic simulator CST Microwave
Studio and the antenna performances deduced thanks to a
cosimulation.

This subsection will also investigate the power handling ca-
pability of the varactor diode. The last subsection will treat an
example to compare the two methods investigated with the man-
ufacturer’s datasheet and also the power issue.

A. The Varactor Diode Placement

The varactor diode is a tunable capacitor which loads the an-
tenna in order to artificially increase its electrical length. To be
the most efficient, it must be placed where the electrical field is
maximum. For Inverted F Antennas and thus for the design con-
sidered in this paper, the maximum is at the end of the radiating
element (see Fig. 8).

To be integrated at this place and joined the ground plane
at the same time, the varactor diode can be put under the FR4
substrate as shown Fig. 9.

Another point concerns the capacitance value. It impacts
on both the electrical length of the radiating element and the
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DC block capacitor
C=100 pF

Varactor diode
0.2pF<C< 2pF

Coplanar waveguide feeding

Varactor diode

Fig. 9. Design integrating both magneto-dielectric material and a varactor
diode.
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DC bias voltage (V)

Fig. 10. Manufacturer’s capacitance value (extracted at | MHz) versus the DC
bias voltage.

Port 1
50Q

Port2

Lp c Rs 500

Fig. 11. Varactor diode model.

radiated Q-factor. Indeed, the lower its value is, the upper the
Q-factor is. Thus, for high capacitance values, the radiated
Q-factor becomes too low and it becomes difficult to match
the antenna. Moreover, the capacitance increases the elec-
trical length and therefore also the global size of the antenna.
Finally, with a 0.2 pF — 2 pF capacitance values range, the
final design depicted Fig. 9, can be tuned all over the DVB-H
band. Material dimensions are 11 mm x 7 mm X 3.5 mm, i.e.,
A0/49 x Ag/91 x Ag/160 at 470 MHz and the dedicated area
for the antenna structure is about 13.5 mm x 12 mm x 4.3 mm,
i.e., /\0/47 X )\0/53 X )\0/148 at 470 MHz.

B. Varactor Diode Datasheet

The chosen GaAs hyperabrupt varactor diode MGV125-22
(Aeroflex Metelics) [24] has a capacity range between 0.2 pF
and 2 pF for 0 to 22 Volts tuning voltage as shown Fig. 10.

However, these values are given as a rough line and the
datasheet does not give enough parameters for high frequencies
antenna application’s point of view. Indeed, the values for
junction capacitance C; (Figs. 10 and 11) and the quality factor
(2 are supplied by the manufacturer and are almost always
specified at a low frequency. The Fig. 11 shows the widely used
varactor diode model with /., and C), the values of the package
inductance and capacitance.
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Fig. 12. Characterization of the varactor diode.
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& ; “ Cj=0.37 pF‘;;

08 1 14

Fig. 13. Comparison between the electromagnetic model and the measurement
on Sy parameter on the [400 MHz — 1 GHz] frequency band.

In the MGV125-22 case, junction capacitance values are
specified at 1 MHz and the (7 factor equals 3000 at 50 MHz for
a DC bias voltage of —4 Volts. @ is defined by @ = 1/wCj Rs.
This formula can be used to calculate the series resistance I?s
of the varactor model at the measured frequency, its value is
assumed to be constant with reverse voltage. Thus, at 50 MHz
RRs = 1.06 Q. It is important to note that /2s impacts directly
the antenna total efficiency. A too high value (from 3 ) is
basically penalizing for antenna performances. This enhances
the need to assess its value at microwave frequencies. For this
purpose, the hyperabrupt varactor diode is characterized close
to operating conditions.

C. Varactor Diode Characterization

1) Ist Method: Electromagnetic Model: The varactor diode
is soldered on a 50 €2 impedance microstrip line as shown
Fig. 12. A dedicated TRL (Through-Reflect-Line) calibration
kit is manufactured (see Fig. 12) in order to de-embed both
connectors and lines. Thus S parameters of the single varactor
diode can be deduced.

Considering the varactor diode model previously presented
in Fig. 11, C}, L,, C,, and R, values can be deduced for
each voltage and for a constant injected power of —10 dBm.
Therefore, model component values are adjusted (see Fig. 13)
in order their S parameters to correspond with the measured
ones. The Fig. 13 shows the comparison between S parameters
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Fig. 14. Electromagnetic model.
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R |
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/| Antenna

Fig. 16. Co-simulation of the antenna including measured S parameters of the
diode.

of the determined electromagnetic model (Agilent ADS) and
the measured ones (see Fig. 12) for 2 Volts and 10 Volts DC
bias voltages.

These results are given as an example and the same work
has been done for varactor reverse bias voltages varying from
2 Vto 22 V with a 2 V step. As expected, the corresponding
electromagnetic model presents constant values according to the
DC bias voltage (Fig. 14): L, = 3.821 nH, C,, = 0.08 pF, and
Rs =180,

The C; value presented in Fig. 15 decreases as a function of
DC bias voltage value.

2) 2nd Method: CoSimulation: Another way is to directly
insert the S parameters touchstone file of the varactor diode in
the antenna electromagnetic simulation as illustrated in Fig. 16.

Thanks to the previous TRL calibration, only the varactor
diode S parameters are inserted in the simulator. By this way,
both antenna and varactor diode are combined and the S param-
eters of the global device can be directly simulated. An example
(presented paragraph Section III-D) will confirm that the two
previous methods exhibit similar antenna performances.

3) Power Characterization: Fig. 17 provides some informa-
tion regarding the accepted power by the varactor diode: high
injected power involves some varactor diode distortions.

This figure presents S parameters of the diode for only three
values of injected power: —10 dBm, 0 dBm and 10 dBm. The
nonlinear distortion of the diode has been studied. It reveals
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— Injected power = -10 dBm
— Injected power =0 dBm
—Injected power = 10 dBm

08 1

06—

0.4

-0.2

Fig. 17. Measured S parameters according to the injected power.

DC block\capacitor

Fig. 18. Basic IFA prototype [25].

that the varactor diode model well fits measurements for an
injected RF power lower than —5 dDBm. Beyond this injected
power (see for 0 dBm), no varactor model can fit the measure-
ment. Regarding antenna’s parameters, the following example
will show that a large RF power (upper than —5 dBin) involves
a mismatched antenna. As far as the DVB-H application, the
system is only working in receiving mode, the diode distortion
will never appear and the linear electromagnetic model can be
used and integrated in the electromagnetic simulator. Indeed, for
receiver devices, the antenna accepted power is far lower than
—5 dBm.

D. Example of a Basic Antenna

This subsection investigates an example to show the interest
of the previous varactor diode characterization. This was briefly
presented in [25], it is completed here by adding the first method
(electromagnetic model) and the power characterization. A
basic IFA prototype loaded by the same varactor diode (see
Fig. 18) has been manufactured.

It has been measured for a —10 dBm RF power and its
performances compared with three simulations: with both
presented methods and with the varactor diode’s datasheet
(Fig. 19). |S11| parameters show that both investigated methods
and measurement present a good agreement. Moreover, they are
different from |S11| parameters determined with the varactor
diode datasheet. That underlines the relevance of the varactor
diode characterization. Regarding the antenna total efficiency,
it equals 50% in the real case whereas it reaches 60% when the
varactor datasheet is used in electromagnetic simulations.

Power characterization is illustrated on Fig. 20. This figure
reminds the measured |S11 | parameter for a power of —10 dBm.
For a 10 dBm injected power, the measured |S11| parameter is
compared with the simulated one with the second method.
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Port 3 (DC)

Port 1 (RF)

Fig. 21. DC bias Tee with SMD components and its integration upstream from
the antenna.

There is a good agreement between the measurement and the
simulation. This figure shows that the nonlinearity of the var-
actor diode disturbs the |S11| parameter of the antenna. Thus,

this kind of varactor diode has to be used only for reception
devices.

Therefore, this section has presented how to integrate and
characterize a varactor diode. It reveals the importance of the

diode characterization in a design flow dedicated to antenna
structure.

Antenna 2

=

Antenna 1
PROTO MECA 2 Mg

e

Fig. 22.
ception.

Integration of two antennas in the tablet dedicated to the DVB-H re-
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Fig. 23. Measured input impedances versus frequency for several DC bias volt-

ages.
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Fig. 24. Measured reflection coefficients for several DC bias voltages.

IV. ANTENNA PERFORMANCES

A. Measured and Simulated Performances of the Antenna

A prototype of the tunable antenna has been realized (see
Fig. 21) and measured. For the diode polarization, a DC bias
Tee is optimized with SMD components and measured on the
DVB-H band (see Fig. 21). After being validated, it is integrated
upstream from the antenna structure as shown Fig. 21.

In order to improve the quality and the reliability of wireless
links, the final mobile device is integrating two antennas (see
Fig. 22) for diversity operations.

Figs. 23 and 24 present, respectively, the variation of the
input impedances and |S11| parameters of the antenna versus

frequency for different values of the varactor diode bias volt-
ages.

There is a good agreement between simulation and measure-

ment. Indeed, the antenna working band is continuously tuned
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TABLE III
E.,Es AND E, 1. FOR TWO PLANES AND TWO DC BIAS VOLTAGES
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Fig. 25. Measured maximum realized gain and directivity according to the DC
bias voltage.

TABLE II
MEASURED TOTAL EFFICIENCIES ACCORDING TO THE DC BIAS VOLTAGES

V=18V
10%

V=3V
14%

V=4V
17%

V=6V
20%

DC bias voltage
Measured total
efficiencies

V=10V
27%

V=20V
32%

all over the whole DVB-H band. In the worst case, i.e., for a 2
V DC bias voltage, the antenna is matched with [S11| < —6 dB
in a bandwidth which is covering more than one channel of the
DVB-H band at —6 dB.

Radiated performances of the final device (with the screen,
the battery, the transceiver, etc.) are evaluated in an anechoic
chamber. Maximum directivities, maximum realized gains and
total efficiencies have been measured for six varactor diode DC
polarizations and for the two antennas. Because of the struc-
ture symmetry, only antenna 1 performances are plotted (per-
formances are quite similar for both antennas). Results are de-
picted in Fig. 25. It summarizes the measured maximum real-
ized gains and plots their trend curve over the DVB-H band (red
curve). This latter is finally compared with the one defined by
the DVB-H application specifications (green curve). The max-
imum realized gain remains higher than the one required by the
DVB-H specifications. The measured total efficiencies corre-
sponding to the six values of the DC bias voltage are summa-
rized in the Table II.

Table III exhibits both E,, and Ey in the ¢ = 0° (xOx) and
@ = 90° (yOz) planes for two DC bias voltages of the varactor
diode and for the antenna 1

Both polarizations are high and equal in given directions.
Thanks to this polarization diversity, antennas are able to receive
all polarizations, which is a definite advantage considering the
multipath of received signals.

However, the DVB-H specifications depend on the total ra-
diated field E,1,s = 4 /Eg + Efg, it is representing in Table IV
for the antenna 1 in the xOz, yO» and xOy planes. It should be
noted that during the radiation pattern measurement for the first
input, the second one was fitted with a 50 2 load and vice versa.

xOz
¢=0°

yOz
0=90°

Measurement and simulation are in good agreement. Re-
garding now diversity operations, the simulated 3-D radiation
patterns have been plotted on Fig. 26 for each antenna. The
results clearly show that this device offers the possibility to
perform both space and pattern diversity.

B. Diversity Performances Measurement

The performances of wireless communication systems can
be greatly improved using antenna diversity techniques. The
parameters usually presented to evaluate the diversity perfor-
mances are the correlation coefficient [26], [27] and the effec-
tive diversity gain (EDG) [28]. The definition of the diversity
gain and the measurement method in a mode-stirred reverbera-
tion chamber are presented in [29].

1) Envelope Correlation Coefficient: The correlation
between the signals received by the two antennas can be eval-
uated through the envelope correlation coefficient. The latter
can therefore be used to check whether the radiation pattern is
actually reconfigured. In an anisotropic channel, the envelope
correlation coefficient can be determined using the farfields
[see (2)] or the S parameters [see (3)]. Its value varies between
0 and 1, with a higher value corresponding to more similar
signals. The necessary condition for diversity is an envelope
correlation coefficient lower than 0.5 [28]

3 [ (BorEgy + By E25)d0)|”
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TABLE IV
MEASURED (BLUE LINE) AND SIMULATED (RED LINE) RADIATION PATTERNS
FOR TwO DC BIAS VOLTAGES

V=20V

x0z
¢=0°]

yOz
$=90°|

xOy || |
6=90°| |

Antenna 1

(@ (b)

Fig. 26. Directivity patterns when the antenna 2 (a) or the antenna 1 (b) is
excited.

51‘16’12 + 351322|2
(1= (|Su1]” + 1821 *))(1 = (|S22]* + |S12[*))

Fig. 27 shows the envelope correlation coefficient calculated
with the (3) for a 10 V polarization of the varactor diode. It re-
mains lower than 0.5 (equals to 6-10~2), that allows to conclude
that the radiation patterns is reconfigured on the working band
at 10 V. The same phenomenon can be observed for other values
of DC bias voltage.

2) Effective Diversity Gain: The effective diversity gain
is evaluated in a mode-stirred reverberation chamber. The
schematic of the measurement process is shown in Fig. 28.
A reverberation chamber is a metallic cavity which supports
a large number of resonant cavity modes. The statistically

pe= )
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Fig. 27. Envelope correlation coefficient for a 10 V-DC bias voltage.
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Fig. 29. Effective diversity gain for a 10 V-DC bias voltage.

uniform field distribution can be obtained by mechanically
steering these modes inside the chamber [30]-[32].

As shown in Fig. 28, a fixed horn antenna excites the chamber
where the antenna under test is positioned on a rotating arm. To
obtain a statistically uniform channel, the stirrer and the antenna
under test are rotated around the z axis.

The cumulative probability density (CDF) is calculated from
the signal-to-noise ratio (SNR) measurements. An example of
the CDF curve computed at 780 MHz is plotted in Fig. 29. In ab-
scissa, the threshold SNR is normalized by the SNR of the refer-
ence antenna. A half-wavelength dipole antenna, also measured
in the reverberation chamber, has been used to provide this ref-
erence. This one has been used in order to evaluate the effective
diversity gain. It was matched at the measured frequency where
it presented a total efficiency near 100%.
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It is obvious that the diversity techniques enhance the recep-
tion quality, while the effective diversity gain at a 1% prob-
ability is higher than 0 dB. At 780 MHz, i.e., for a varactor
diode polarization equals to 10 V, it is equal to 5 dB for Max-
imum Ratio Combining (MRC). Because antennas efficiencies
are lower at the beginning of the DVB-H band, the effective di-
versity gain at a 1% is lower and equals 3.5 dB at 470 MHz.

V. CONCLUSION

The paper started by underlining the interest of using a mag-
neto-dielectric material in the case of a 3D Inverted F Antenna
application. To ensure the relevance and usefulness of this in-
vestigation, the use of such a material has been compared with
the equivalent dielectric case for lossless materials. Indeed,
losses enhance the input impedance bandwidth and to carefully
compare and show the relevance of using a magneto-dielectric
material rather than a dielectric one, the best way is to consider
lossless materials. Thus, while disregarding losses, results ex-
hibit that using a magneto-dielectric material allows enhancing
the impedance bandwidth. Of course, considering the real case,
i.e., manufactured magneto-dielectric material with losses,
the impedance bandwidth is all the more enhanced. To finish
about the magneto-dielectric material study, simulations in an
antenna application have been corroborated by the realization
and the measurement of a prototype.

To cover the ultra-wide DVB-H band, the second axe of the
paper proposed the integration of a varactor diode. Integrate
such an active component for antenna application requires some
attention. First of all, its position and the capacitance range have
been determined to continuously cover the DVB-H band. A var-
actor diode corresponding to the requirements has been found
but its characteristics (given by its datasheet) were not accurate
enough for RF frequency bands and do not give enough infor-
mation for antenna application point of view. The novelty in
this paper is the characterization of the varactor diode. Its elec-
tromagnetic model has been determined and integrated in the
simulator. This characterization has highlighted that this linear
model is only available for low injected powers, till —5 dBm.
In our case, i.e., for reception devices, the injected power to the
diode is far lower than —5 dBm. It is thus important to notice
that the proposed antenna design is not available for devices
working in transmission.

Finally, the final design, which takes into account both the
magneto-dielectric material and the characterized varactor
diode, has been integrated in the tablet dedicated to the DVB-H
reception. Material dimensions are 11 mm X 7 mm X 3.5 mm,
i.e., Ag/49 X Ag/91 x Ag/160 at 470 MHz and the dedicated
area for the antenna structure is about 13.5 mm X 12 mm x 4.3
mm, i.e., Ag/47 X Ag/53 X Ag/148 at 470 MHz.

The device was measured both in anechoic and reverbera-
tion chambers. The anechoic chamber measurements show good
performances. The realized gain remains higher than the one re-
quired by the DVB-H application and the total efficiency higher
than 10%, 32% is obtained for the highest DVB-H frequency
band. The reverberation measurement shows a 5 dB effective di-
versity gain at 780 MHz for maximum ratio combining (MRC).
The space diversity has allowed enhancing the quality and reli-
ability of the wireless link.
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