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Near field Exposure Assessment of Complex Anatomical Structures in 5G Bands
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Abstract

With the proliferation of 5G wireless networks, the pop-
ulation is increasingly exposed to frequencies approach-
ing the millimeter-wave (mmW) range. Human ears are
among the most exposed body parts. This paper proposes
an analysis of the ear exposure in the near field using an
anatomical model in presence of different electromagnetic
(EM) sources (vertical dipole, horizontal dipole, 4×4 array
of vertical dipoles, and 4× 4 array of horizontal dipoles).
This study demonstrates that, for a given input power and
antenna-ear distance, the absorbed power density (Sab) in-
duced by a dipole antenna array is up to 3.9 times higher
than the one produced by a single dipole. Sab is only slightly
sensitive to the dipole orientation (vertical or horizontal) re-
sulting in relatively weak variations (up to 7%).

1 Introduction

With the proliferation of 5G wireless networks, new fre-
quency bands (including 24–28 GHz range) have been pro-
posed to enable reduced latency and higher data rates. This
will introduce to the environmental electromagnetic (EM)
spectrum frequencies to which population has never been
exposed so far.

For exposure assessment at millimeter-wave (mmW), due
to a high computational cost and the shallow penetration
depth (e.g., roughly 0.85 mm at 30 GHz), mainly mono-
or multi-layer planar tissue models have been used [1, 2].
However, some of the most exposed body parts cannot be
accurately modelled as planar [3]. In [4], the authors com-
pared the exposure of anatomical models of abdomen and
wrist at 24 GHz with multi-layer tissue models. The find-
ings demonstrated that the electric field distribution could
not be accurately reproduced by a planar model. In [5],
the exposure of forearm was investigated in the 6–60 GHz
range. The EM energy absorption in the head and hand at
60 GHz was discussed in [6]. The exposure of body parts
with smaller curvature radii, comparable to the wavelength
in the mmW range, was performed in [3] with simplified
cylindrical based models and in [7] for an anatomical ear
model, considering a plane wave as source.

This paper aims at quantifying the power absorption in the
human ear in the near field for different realistic antenna
sources.

2 Materials and Methods

2.1 EM Model and Scenario

We considered a homogenous anatomical model of the
adult ear with the typical dimensions and the complex per-
mittivity of dry skin at 26 GHz (17.71− j16.87) [8].

To evaluate the EM power deposition, we used 4 radiating
sources: vertical dipole, horizontal dipole, 4× 4 array of
vertical dipoles, and 4×4 array of horizontal dipoles (Fig-
ure 1).

The input power was set to 10 mW. The antenna sources
are centred with respect to the ear model in the yz plane
and the distance from the model surface (x direction) was
varied from 5 mm to 15 mm with a 5 mm step. The model
was simulated using COMSOL Multiphysics with the fi-
nite element method (FEM) technique. It was discretized
with a tetrahedral mesh with a maximum cell size of λ/8.
Perfectly matched layer (PML) was used as boundary con-
dition.

2.2 Averaged Absorbed Power

Above 6 GHz, according to the international guidelines of
International Commission on Non-ionizing Radiation Pro-
tection (ICNIRP) and International Electrical and Electron-
ics Engineers (IEEE), the main dosimetric quantity is the
absorbed power density [9, 10]

Sab =
1

2A

∫∫
A

ℜ
[
E(y,z)×H∗(y,z)

]
n̂ dA , (1)

where E and H are the peak values of the electric and mag-
netic fields on the model surface, respectively, ℜ is the real
part operator, ∗ is the complex conjugate operator, A is the
averaging area, and n̂ dA is the integral variable vector, n̂
being the unit vector field normal to the surface.

Sab was evaluated over the entire ear surface to find the co-
ordinates of the most exposed area (worst-case scenario).
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Figure 1. Exposure scenarii: (a) vertical dipole, (b) horizontal dipole, (c) 4×4 array of vertical dipoles, and (d) 4×4 array of
horizontal dipoles.
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Figure 2. Sab distribution on the ear surface in presence of a vertical dipole placed at (a) 5 mm, (b) 10 mm, and (c) 15 mm from
the model surface and of a 4×4 array of vertical dipoles placed at (d) 5 mm, (e) 10 mm, and (f) 15 mm from the model surface.
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Figure 3. Sab as a function of the distance.

The averaging area used to compute Sab is the area confor-
mal to the ear surface and limited by a 2×2cm square, that
is typically larger than 4 cm2 due to the non planarity of the
model [7].

3 Results

The Sab distribution over the ear surface for a vertical dipole
and a 4×4 array of vertical dipoles placed at 5 mm, 10 mm,
and 15 mm from the model surface is reported in Figure 2.
Similar distributions were obtained also for a horizontal
dipole and dipole array (not shown in Figure 2). The white
squares highlight the considered averaging area, which cor-
responds to the highest Sab (worst-case). As it is possible
to notice, the dipole array produces stronger Sab values and
the most exposed area is concentrated in a few millimetres
region.

The results of Sab averaged on the white squares as a func-
tion of the distance is shown in Figure 3. For a sin-
gle dipole, Sab decreases monotonically with the distance.
However, when considering a 4×4 array, regardless of the
dipoles’ orientation, Sab is greater at the separation distance
of 10 mm comparing to 5 mm. This may be explained by
the different antenna-ear interactions occurring in the near
field [11]. For a given distance, the difference in exposure
between the two antenna orientations is limited to 4.7% and
7% for the single dipole and dipole array, respectively. For
the same input power, Sab is up to 3.9 times higher for the
array than for the single dipole for vertical orientation and
3.8 times for horizontal orientation.

4 Conclusion

This paper evaluates the near field exposure of the ear
anatomical model at 26 GHz. A dipole and a 4×4 array of
dipoles with vertical and horizontal orientations were con-
sidered as EM sources.

For the same input power (10 mW) and distance, the array
was responsible for higher values of Sab (up to 4.4 W/m2)
than the single dipole (up to 2.1 W/m2), while the differ-
ence in terms of antenna orientation (vertical or horizontal)
had almost no impact on Sab (up to 7% difference). The
quantification of the resulting temperature rise is out of the
scope of this paper, but constitutes one of its perspectives.
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