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Abstract— This article describes the development works
carried out jointly to elaborate a Magnetodielectric Material
(MDM) with properties and form factors tailored to the
optimized miniaturization of an Inverted-F Antenna (IFA).
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I. INTRODUCTION

Antenna properties are highly dependent on the materials
from which they are constructed. The use of magnetic
properties of insulating materials for antenna miniaturization
has intensified in recent years, driven by the specific
development of natural or artificial materials with optimized
properties [1]. In their natural form, these materials generally
exhibit an electromagnetic (EM) response, leading to a
significant miniaturization factor. Consequently, they have
gained attention for miniaturized microstrip patch antennas
[2], dipole (monopole)-like antennas [3], [4], and loop
antennas [5]. Magnetodielectric loading generally presents
advantages over the well-known dielectric material-based
miniaturization method [2]. However, it is observed that the
impact of permeability is not similar across all antenna
structures. In this paper, we extend the study of exploiting the
magnetic properties of these MDMs to the miniaturization of
an Inverted-F Antenna (IFA) for wireless compact connected
object applications in the low UHF band (400 MHz).

Il. CONCEPT DEVELOPMENT

A. Magnetodielectric natural material design

Hard magnetic hexaferrite materials were specifically
developed to exhibit the highest permeability within the
frequency range of 300 MHz to 500 MHz. From the basic
composition of BaxCoyFe240a1, chosen for its relatively high
permeability, low magnetic loss tangent and great temperature
stability, various stoichiometric optimizations were tested and
fabricated by solid-state method. The ferrite pieces were
machined, metallized by screen-printing with silver paste and
assembled by bonding with an epoxy resin. The original
properties of the developed MDMs are shown in Figure 1.

B. Magnetodielectric material loadind strategy for IFA

The loading strategy was investigated to maximize the
interaction between the antenna's near field and the specific
electromagnetic properties of the fabricated MDMs. The
impact of the position and volume of the material on the

resonant strip, the short circuit, and the excitation probe was
studied with respect to the miniaturization factor, bandwidth,
and radiation efficiency [6]. Trade-offs between MDM
volume (weight), size reduction, and radiation efficiency
were identified, resulting in an original structure (Figure 1).

I1l. PROTOTYPING & EXPERIMENTAL TESTS

The antenna prototype, co-optimized with the
electromagnetic properties of the MDM, was manufactured,
and its radiofrequency performances were measured. These
measurements were compared with simulations and
positioned with respect to the state of the art in miniature
antennas. The designed antenna has a characteristic radius r
(sphere circumscribing the antenna structure) of A/15, a
SWR< 3 bandwidth of 20 MHz (5%), and an efficiency of
30%.
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Fig. 1: Fabricated IFA prototype (left), electric and magnetic properties of
fabricated MDM (right).
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