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Abstract— A machine learning approach to design with
magneto dielectric nano-composite (MDNC) substrate for
planar inverted-F antenna (PIFA) is presented. A new
mixing rule model has been developed. A database of
material properties has been created using several particle
radius and volume fraction. A second database built with
antenna simulations has been developed to complete the
machine learning dataset. It is shown that, starting from
particle radius and volume fraction of the nano-magnetic
material, it is possible to calculate the antenna parameters
like gain, bandwidth, radiation efficiency, resonant
frequency, and viceversa with good precision by using
machine learning techniques.

Index Terms/Keywords — Antenna, machine learning,
magneto-dielectric nanomaterial.

I. INTRODUCTION

An important field of research that is related to antenna design
is the use of advanced materials which help to reduce antenna
size and maximize antenna performance. These materials often
have to be synthesized from first principles. An example of
such materials are ferromagnetic nanostructures (nanoparticles,
nanowires, nanoflakes...) that are included in dielectric layers
to increase the permeability and permittivity values. Rather
than using ad-hoc methodologies to synthesize such materials,
mathematical models that are able to capture the behavior of
these mixed materials are preferred. These mathematical
models capture the underlying physics and provide a mapping
from the particle and mixing details to the electrical properties
of materials. These properties can then be used to design
antennas. Even if the electrical properties are known, the
process of designing the antenna is a laborious process since
electromagnetic simulators need to be used which can be very
time consuming.

Il. PROBLEM DEFINITION

This paper starts examining the behavior of the magnetic
material through experimental data and theoretical results
coming from the Landau-Lifshitz-Gilbert (LLG) equation, both
proposed in several papers, then evaluating eddy currents,
ferro-magnetic resonance, magnetization saturation etc by
taking into account the shape, size and characteristics of the
material used. Then we analyze the behavior of the composite
structure using mixing rule based models such as effective
medium theory proposed by Bruggerman [1]. Here, we propose
some new models that can be used. Since composite materials
have within them small unevenly grouped elements, we
consider a parallelepiped layer of dielectric material with
inclusion of nanospheres of ferromagnetic material. This
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combination of materials allows, in certain limits due to the
percolation threshold [1], the layers to maintain the property of
insulation and at the same time to increase its permeability and
permittivity values. We will not make direct reference to
problems related to the percolation threshold in this articles.
We will use a large volume fraction range to test the model.
The properties of the material that are required for antenna
design are its permittivity, permeability and all associated
dielectric and magnetic losses. Permittivity and permeability
are dependent on many parameters. First of all, we must
consider that the magnetic material and the dielectric one have
different resonance frequencies. The magnetic material
resonance frequency is closely related to the geometry of the
particles embedded in the layer [2]. Other parameters to take
into account are those intrinsic to the magnetic material such as
gyromagnetic ratio, magnetization saturation, crystalline
particles orientation, volume fraction, electric polarizability,
temperature and frequency [2],[3],[4].

Understanding how to modify one or more of the parameters
mentioned before, within certain limits, allows us to control
values of permeability and permittivity. This can lead to
significant advantages at the design phase for electronic
structures. In this paper, a model has been developed where the
input variables include the radius of the nanoparticles and their
volume fraction in the dielectric, with other parameters held
constant. These two parameters represent the controllable
parameters during material synthesis.

Through simulations, a database was created, where the output
are the electrical properties of the material such as
permeability, permittivity, electric and magnetic loss tangent.
Since, the antenna needs to be designed around 1 GHz, the
electrical properties of the material needs to be stable at this
frequency along with low dielectric and magnetic losses.
Hence, the constant parameters were suitably controlled to
ensure that the output electrical parameters had the desired
properties for antenna design. For a set of nanoparticle
dimensions and volume fraction, the models were validated
using measurements [5] where Cobalt nanoparticles were
mixed in a fluoropolymer dielectric.

In this paper we use the synthesized material to design a PIFA
antenna around 1 GHz that is used in mobile applications. This
requires extensive electromagnetic simulations. With the data
obtained from the simulations of the antenna a second database
was created. The two databases (one mapping the particle
size/volume fraction to electrical property and the second
mapping electrical property to antenna performances) were
used as input and output for training a machine learning
algorithm to create a mapping between the properties of the
material used as the substrate and the antenna's performance.






A second database called Database B has been created using
CST [7] an antenna design software.

It contains the antenna parameters like gain, bandwidth,
radiation efficiency and resonant frequency. The calculation
required more than 15 minutes for each simulation using a
workstation with double processor and 48 GB of RAM. For the
neural network learning process, the Bayesian Regularization
algorithm was used with ten hidden layers, with the number of
hidden neurons arbitrarily chosen by the algorithm. Bayesian
Regularization algorithm was chosen because it showed the
best performance for our dataset between several other learning
algorithms.

Fig. 5. Network Structure
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Fig. 6. Epochs cardinality for the squared error curve

Epochs (repetitions) means the number of iterations made by
the Learning Algorithm to reach convergence (Fig. 6).

After the learning process, the neural network has been used to
make an oversampling on the Database B, bringing the samples
from 42 to 322 in a few seconds.

B ADS data
#* Machine Leaming data

01

Vol.uno Fraction

Fig. 7. Red squares represent data regarding antenna’s gain from CST,
blue stars represent data from machine learning. Radius size is
expressed in nanometers.
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Fig. 8. Red squares represent data regarding antenna’s radiation
efficiency obtained from CST, blue stars represent data from machine
learning. Radius size is expressed in nanometers.
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Fig. 9. Red squares represent data regarding antenna’s bandwidth
obtained from CST, blue stars represent data from machine learning.
Radius size is expressed in nanometers.

Fig. 10. Red squares represent data regarding antenna’s resonant
frequency obtained from CST, blue stars represent data from machine
learning. Radius size is expressed in nanometers.

Fig. 7 to 10 show that the data from Machine Learning follow
the trend of the antenna design software data.
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