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Abstract

This work presents the optimisation of PIFA (Planar
Inverted-F Antenna) antennas in order to achieve a large
bandwidth in the 2 GHz band, using an optimisation
technique based on genetic algorithms. During the o
optimisation process, the different antenna models have beel % 2,0 4
evaluated using the finite-difference time domain (FDTD) =
method. As a result of this optimisation, a simple PIFA 1,5 4
antenna was obtained with a bandwidth of 460MHz and an
even greater bandwidth of 570MHz was achieved with a
double PIFA antenna with the same overall dimensions.
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The increase in the capacity and quality of the new services  Fig. 2 Influence of the feed position in the input impedance
provided by mobile communications requires the
development of new antennas with wider bandwidths. At the In order to achieve Optima| performance from these
same time, due to the miniaturisation of the transceivers, thgntennas for a particu|ar app”cation, the geometry of the
antennas should have small dimensions, low profile and th@ntenna must be optimised. The search for the best geometry
possibility to be embedded in the terminals. In this contextrequires an optimisation tool, and one promising tool for this
PIFA antennas are able to respond to such demands [1]. Iurpose is based upon genetic algorithms. These algorithms
conventional geometry, i.e., the simple PIFA is shown ingre global numerical-optimisation methods, patterned after
Figure 1a and an alternative geometry, the double PIFA, ishe natural process of genetic recombination and evolution,
shown in Figure 1b. [4].
s 1 = z This work follows a sequence of previous work done by the
\lﬂ yq‘_,x @'\ . authors and it describes the optimisation of two PIFA
antennas to achieve the largest bandwidth in the 2 GHz band,
using an optimisation technique based on genetic algorithms.
-- During the optimisation process, the different antenna models

Wire 1h wire | Ihl were evaluated to determine their performance. The finite-
Ground Plane round Flane difference time domain (FDTD) method was used to carry
(a) (b) out this evaluation [5], [6].
|
fy IILMETHOD OF ANALYSIS AND EVALUATION
. Tfy w The authors have already used the FDTD method for the
Sy simulation of PIFA antennas in previous works [2], [3]. The

derivation, as well as the practical implementation of this
algorithm, are well covered in literatug], [6] and therefore
will not be covered in this paper.

The general features of the present algorithm are as

As seen in Figurel, PIFA antennas have several paramete@lows; the spatial region where the fields are computed was
such as the heightsandh, of the radiating plates, the feed divided by a three dimensional rectangular grid with cell size
1 ]

positionf, andf , the radius rof the feeding wire, the widtk , Ay, Az in the X, y, and z directions, respectively. For the
sults that follows, cell sizes wefsx=Ay=Az=2mm, with

of the short circuit plate, etc.. All these parameters play a ke : | i )
role in the performance of the antennas, as has been sho time increment at the Courant limit. The outer boundaries
by the authors in previous works [2], [3], and as it shown, for®f the FDTD computational space were terminated by
a particular case, in Figure 2. second-order Mur numerical absorbing boundaries to reduce
' the reflection of scattered fields. The absorbing boundaries
were at 20 cells away from the antenna in all directions. The
structure modelled for this work consists of rectangular

(©)
Fig. 1 Geometry of the PIFA antennas
(a) Simple PIFA (b) Double PIFA (c) Top view



conducting plates and a feed pin. The feed pin was modelleand also based in their own experience obtained in previous
by forcing E to zero on a single line, and the feed point is aworks [3].
one cell wide gap, located between the ground plane and thEhe basic structure identified for the 2GHz band has the
feed pin. The plates were modelled by setting the tangentidbllowing elements: A ground plane with a length of 50mm
electric fields to zero, including the electric fields at theand a width of 26mm. Radiating plates with a length of
edges. 22mm and a width of 14 mm., and a short circuit plate with a
Using FDTD, it is possible to obtain the input impedance inwidth equal to the width of one cell, i. e., 2mm. The
the frequency domain and consequently thg@&ameter. To  dimensions of these elements are fixed in all models. Since
do this, both the source voltage and the input current arthe objective is the optimisation of the heigfitsindh,, and
sampled in the time domain. The source voltage is knowrthe feed positionf, andf, the values of these parameters
because it is the voltage used to excite the problem. The inpdepend on the generated chromosome.
current can be computed by the approach developed by In order to avoid a long search, we decided to stop the
solving Ampere’s law on a contour placed around the feedingrogram if the number of analysed chromosomes exceeded
point. The next step is to Fourier transform both signals, tdalf of all the possible combinations.
obtain the voltage and the current in the frequency domain. The flowchart of the optimisation algorithm is shown in the
Then, dividing both responses the input impedance ig-igure 3.

obtained.
Create population

Il THE OPTIMISATION PROCESS (n chromosomes)
The optimisation technique that has been used is based on
genetic algorithms. In this method, a key point is to define a
cost function to translate the desired performance
requirements. A cost function will be evaluated for each FDTD andysis of
antenna model to determine a quality factor for that model. the structure given
The basic block of the genetic algorithm is the chromosome. by the chromosome |
Each chromosome is composed of genes described as a
binary sequence of zeros and ones. Each gene is associated
with a parameter to be optimised. For the simple PIFA, we BW
used three parameters: the coordinates of the feedingfwire, S Yes Finich
andf and the heighh of the radiating plate (see figure 1). BW,,
For the double PIFA, we used four parameters: the co-
ordinates of the feeding wirg,andf and the heights andh,
of the radiating plates (see Fig. 2). We also assigned for the No
parametersf, fy and h fou_r_d|screte pos§|ble values, and Evaluation of
therefore 2 bits are sufficient to quantify them. For the cost function

parameterh, we assigned two discrete possible values and
therefore 1 bit is enough to quantify it. Hence, 6 bits
represent each chromosome associated with a simple PIFA,
and 7 bits represent each chromosome associated with a
double PIFA. In any case, each chromosome describes a
particular geometry.

The aim of this work is to design PIFA antennas with the
largest bandwidth in the 2 GHz band. The bandwidth is
defined by the range of frequencies where the VSWR is less
than 2. For each geometry (i.e., for each chromosome) the
bandwidth is computed and a cost function assigned. The No
cost function is given by the absolute value of the bandwidth.
The minimum requirement is to achieve a bandwidth equal or
greater than a given value. If, during the optimisation

No

VoV

process, a model is found which satisfies this requirement, Yes
then the process terminates, and the corresponding model is Sort
chosen. . . . Reproduce
The process starts with the computation of a first model to be Mutate

used as a starting approximation. This model is determined
by formulas given in [1] and already used by the authors [2],

Fig. 3 Flowchart of the optimisation algorithm



IV APPLICATIONS EXAMPLES V. CONCLUSIONS

The optimisation algorithm has been used in two In this work we have used an optimisation technique, based
application examples. The first example to be considered waspon genetic algorithms, to design two wideband PIFA
the optimisation of a simple PIFA in order to achieve aantennas in the 2 GHz band. During the optimisation process,
bandwidth equal or greater than 450MHz. Applying thethe different antenna models were evaluated to determine
optimisation algorithm it was possible to find a model with their performance, using an engine developed by the authors,
bandwidth of 460MHz with a minimum VSWR equal to 1,02 based upon the finite-difference time domain (FDTD)
at 2.28 GHz, as it shows in Figure 4. For this molag 8 method.
mm, f, is 6mm and, is 6mm and the feed wire radius is equal As a result of this optimisation, a simple PIFA antenna was
to 0,45mm. obtained with a bandwidth of 460MHz and a VSWR equal

1,02 at 2.28 GHz. An even greater bandwidth was achieved

4,0 with a double PIFA antenna with the same overall
35 - dimensions. The obtained was 570MHz with a VSWR equal
1,09 at 2.36 GHz.
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Fig 5 Simulated results of the optimised double PIFA



