N

N

User Exposure in mmW Bands: Impact of Age, Textile
and Body Curvature

Giulia Sacco, Maxim Zhadobov

» To cite this version:

Giulia Sacco, Maxim Zhadobov. User Exposure in mmW Bands: Impact of Age, Textile and Body
Curvature. 17th European Conference on Antennas and Propagation (EuCAP), Mar 2023, Florence,
Italy. 10.23919/EuCAP57121.2023.10133160 . hal-04222985

HAL Id: hal-04222985
https://hal.science/hal-04222985
Submitted on 18 Oct 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04222985
https://hal.archives-ouvertes.fr

User Exposure in mmW Bands: Impact of Age,
Textile and Body Curvature

Giulia Sacco*, Maxim Zhadobov*
*Univ Rennes, CNRS, IETR (Institut d’Electronique et des Technologies du numéRique), UMR 6164, F-35000, Rennes, France
giulia.sacco@univ-rennes1.fr, maxim.zhadobov.univ-rennes1.fr

Abstract—With the upcoming deployment of 5G and BSG,
new frequencies, absent from the natural electromagnetic (EM)
spectrum, have been proposed for wireless communications. In
this study, we investigate the variations of the human body
exposure in real conditions at 26 GHz and 60 GHz as a function
of age, textile presence, and local body curvature radius. The
analysis revealed that aging induces variations of the averaged
absorbed power density within 10%. At 26 GHz, the variations
reach 41.5% in presence of a textile for the averaged absorbed
power density and 72.3% for the peak absorbed power density
when the curvature radius is of 1 mm.

Index Terms—5G, absorbed power density (S.b), age, clothing,
curvature radius.

I. INTRODUCTION

Following the increasing demand for high data rate com-
munications, millimeter-wave (mmW) frequencies are increas-
ingly used for 5G, internet of things (IoT), augmented real-
ity, etc. [1], [2]. As a consequence, in the near future, the
population will be exposed to mmW frequencies currently
absent from the natural electromagnetic (EM) background.
Given the shallow penetration depth of mmW, whole-body
models, used at lower frequencies, cannot be directly used at
mmW [3], [4]. As an alternative, in the past few years, many
research groups proposed to use planar mono- or multi-layer
models that locally approximate the body surface [5]-[10].
These generic models are designed to analyze local exposure,
without dealing with the complexity of realistic exposure use
cases. The aim of this paper is to investigate how the EM
exposure varies at 26 GHz and 60 GHz when accounting for
the variability of the biological tissue properties with age,
presence of a textile, and body curvature.

II. MATERIALS AND METHODS

Three different models have been considered. The distribu-
tion of the EM field was computed analytically, and validated
numerically using COMSOL Multiphysics.

A. Age

To account for age variations, a four layer tissue model
composed of stratum corneum (SC), ED (viable epidermis
and dermis), fat and muscle was considered (Figure la). A
normally impinging plane wave was used as EM source.
The skin thickness was modified according to the measured
values available in literature [11], [12]. The permittivity as a

function of age was computed according to the Lichteneckers
exponential law [13].

B. Textile

To evaluate the exposure in presence of a textile interposed
between the EM source and skin a 4—layer tissue model,
similar to the one proposed for the effect of age analysis, was
used. A textile layer was added, in direct contact with skin or
separated by an air gap (Figure 1b). The skin thickness and tis-
sues’ permittivity were set to the typical values [9], [14], [15].
Two representative textile materials were considered (cotton
and wool), and their permittivity and typical thicknesses were
measured [15].

C. Curvature Radius

If the ratio between the penetration depth and body curva-
ture radius exceeds 5, a planar approximation of the model is
no longer valid [16]. To evaluate the exposure in these specific
conditions, we used a homogeneous cylinder to locally model
the body surface (Figure 1c). The cylinder radius was varied
in the range 1-10 mm to represent the fingers and the external
portion of the ear, the most exposed parts of our body in the
phone call scenario. The model was illuminated by transvers
electric (TE) and transvers magnetic (TM) plane waves.

D. Exposure Metric

Above 6GHz, due to the shallow penetration depth
(0.85mm at 30 GHz), the specific absorption rate (SAR) is
no more considered as an appropriate metric to evaluate the
exposure. The new metric recently proposed by International
Commission on Non-ionizing Radiation Protection (ICNIRP)
and International Electrical and Electronics Engineers (IEEE)
to estimate the exposure is the absorbed power density [17],
(18]

1
Sab:—/ExH*-ds, (1)
A Ja

where E and H are the electric and magnetic fields, ds is
the infinitesimal normal vector, and A is the averaging area.
For general public, this value should not exceed 20 W/m? for
A = 4cm?. As an additional constraint, to account for narrow
beams, at frequencies above 30 GHz Sy, should remain below
40 W/m? for A = 1cm?.
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Figure 1: Tissue models used to investigate EM power absorption:

(c) for curved structures.
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Figure 2: Variations of the S,, with respect to the case of a planar homogeneous skin model (a) as a function of age, (b) textile
thickness, (c) air gap thickness in presence of a textile, and (d) body curvature radius.

III. RESULTS
A. Age

The effect of tissue permittivity and skin thickness variation
with age on the averaged absorbed power density (S%) is
shown in Figure 2a. While the skin thickness has almost no
impact [13], the combination of the two parameters results
in an increase with age, due to the reduction of the water
content and consequently of the contrast between skin and air.
The variations are within 6.9% compared to a 35 years old
adult, considered as reference.

B. Clothing

A textile layer in contact with skin, depending on its
thickness and permittivity, can modify the matching between
skin and air, leading to a potential increase in the power
absorption. S is maximized for a textile thickness close to
(2n + 1)A/4, n being an integer and X the wavelength inside
the textile material (Figure 2b). The absorption is increased
up to 41.5% at 26 GHz (for a cotton 1.84 mm thick layer) and
34.4% at 60 GHz (for a cotton 0.74 mm thick layer). When
considering an air gap between the textile (2 mm for wool and
0.2mm for cotton) and skin, the S% reaches 8.6% at 26 GHz
for a wool 0.1 mm thick layer and 13.9% at 60 GHz for a
cotton 2.84 mm thick layer.

C. Curvature radius

For the evaluation of the exposure in curved body parts,
since for almost the whole considered range of a the circum-
ference was shorter than 2 cm, averaging over a 2 X 2cm? or
even 1 x 1 cm? surface was not possible for all the considered
model dimensions. To this end, we preferred to consider
punctual values instead of averaged ones. As a approaches

10mm, S3** tends to that for the planar interface. The highest
differences are observed for a = 1mm and correspond to
—38.2% for TE and 72.3% for TM polarization at 26 GHz,
while they reach —18.7% (TE polarization) and 15% (TM
polarization) at 60 GHz.

IV. CONCLUSION

In this study, we investigated the effect of ageing, textile,
and body curvature radius on the absorbed power density. To
evaluate the exposure, in the first case a 4-layer tissue model,
accounting for the skin thickness and tissues’ permittivity
variations as a function of age, was used. To consider the
impact of textile, an additional layer with the properties of
wool or cotton was added on the top of the multi-layer tissue
model in contact with it or separated by an air gap. The effect
of curvature radius in the 1-10 mm range is analyzed using a
cylindrical homogeneous skin model.

Variations of the cutaneous skin thickness with age has
almost no impact on S&. However, variations of the tissue
permittivity with age may result in a S enhancement up
to 6.9%. A textile or a curvature radius (comparable with
the wavelength) can lead to a more pronounced increase. For
example, for a textile in contact with skin S3 can be up to
41.5% higher than for nude skin at 26 GHz, while can
reach 72.3% at 26 GHz for ¢ = 1 mm.

max
ab

ACKNOWLEDGMENT

This project was supported by the European Unions Hori-
zon 2020 research and innovation program under the Marie
Sktodowska-Curie N°899546 grant through the REACH-IT
project, by the European Unions Horizon Europe research
and innovation program through the Marie Sktodowska-Curie



IN-SIGHT project N°101063966, and by the French National
Research Program for Environmental and Occupational Health
of ANSES (2018/2 RF/07) through NEAR 5G project.

(1]
(2]

(3]

[4]

(5]

(6]

(71

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

REFERENCES

Federal Communications Commission (FCC), “Auction 101: Spectrum
frontiers — 28 GHz,” https://www.fcc.gov/auction/101/factsheet.
European Commission, “Shaping europe’s digital future,” https://digital-
strategy.ec.europa.eu/en/news/european-commission-harmonise-last-
pioneer-frequency-band-needed-5g-deployment.

T. Nagaoka, S. Watanabe, K. Sakurai, E. Kunieda, S. Watanabe, M. Taki,
and Y. Yamanaka, “Development of realistic high-resolution whole-body
voxel models of Japanese adult males and females of average height and
weight, and application of models to radio-frequency electromagnetic-
field dosimetry,” Physics in Medicine and Biology, vol. 49, no. 1, pp.
1-15, Jan. 2004.

E. Conil, A. Hadjem, F. Lacroux, M. F. Wong, and J. Wiart, ‘“Variability
analysis of SAR from 20 MHz to 2.4 GHz for different adult and child
models,” Physics in Medicine and Biology, vol. 53, no. 6, pp. 1511-1525,
Mar. 2008.

A. Kanezaki, S. Watanabe, A. Hirata, and H. Shirai, “Theoretical
Analysis for Temperature Elevation of Human Body Due to Millimeter
Wave Exposure,” in 2008 Cairo International Biomedical Engineering
Conference. Cairo, Egypt: IEEE, Dec. 2008, pp. 1-4.

A. Kanezaki, A. Hirata, S. Watanabe, and H. Shirai, “Effects of dielec-
tric permittivities on skin heating due to millimeter wave exposure,”
BioMedical Engineering OnLine, vol. 8, no. 1, p. 20, 2009.

——, “Parameter variation effects on temperature elevation in a steady-
state, one-dimensional thermal model for millimeter wave exposure of
one- and three-layer human tissue,” Physics in Medicine and Biology,
vol. 55, no. 16, pp. 4647-4659, Aug. 2010.

K. Sasaki, M. Mizuno, K. Wake, and S. Watanabe, “Monte Carlo
Simulations of Skin Exposure to Electromagnetic Field from 10 GHz to
1 THz,” Physics in Medicine & Biology, vol. 62, no. 17, pp. 6993-7010,
Aug. 2017.

M. C. Ziskin, S. I. Alekseev, K. R. Foster, and Q. Balzano, “Tissue
models for RF exposure evaluation at frequencies above 6 GHz,)”
Bioelectromagnetics, vol. 39, no. 3, pp. 173-189, Apr. 2018.

A. Christ, T. Samaras, E. Neufeld, and N. Kuster, “RF-induced temper-
ature increase in a stratified model of the skin for plane-wave exposure
at 6-100 GHz,” Radiation Protection Dosimetry, vol. 188, no. 3, pp.
350-360, Jun. 2020.

C. Lasagni and S. Seidenari, “Echographic assessment of age-dependent
variations of skin thickness.: A study on 162 subjects,” Skin Research
and Technology, vol. 1, no. 2, pp. 81-85, May 1995.

S. Seidenari, G. Giusti, L. Bertoni, C. Magnoni, and G. Pellacani,
“Thickness and echogenicity of the skin in children as assessed by 20-
MHz ultrasound,” Dermatology, vol. 201, no. 3, pp. 218-222, 2000.
G. Sacco, S. Pisa, and M. Zhadobov, “Age-dependence of electromag-
netic power and heat deposition in near-surface tissues in emerging 5G
bands,” Scientific Reports, vol. 11, no. 1, p. 3983, Feb. 2021.

C. Gabriel, “Compilation of the dielectric properties of body tissues at
RF and microwave frequencies.” Defense Technical Information Center,
Fort Belvoir, VA, Tech. Rep., Jan. 1996.

G. Sacco, S. Pisa, and M. Zhadobov, “Impact of textile on electromag-
netic power and heating in near-surface tissues at 26 GHz and 60 GHz,”
IEEE Journal of Electromagnetics, RF and Microwaves in Medicine and
Biology, vol. 5, no. 3, pp. 262-268, Dec. 2020.

F. S. Barnes and B. Greenebaum, “Handbook of biological effects of
electromagnetic fields,” Choice Reviews Online, vol. 33, no. 11, pp.
33-6361, Jul. 1996.

International Commission on Non-Ionizing Radiation Protection (IC-
NIRP), “Guidelines for limiting exposure to electromagnetic fields (100
kHz to 300 GHz),” Health Physics, vol. 118, no. 5, pp. 483-524, May
2020.

International Electrical and Electronics Engineers (IEEE), “IEEE stan-
dard for safety levels with respect to human exposure to electric,
magnetic, and electromagnetic fields, 0 Hz to 300 GHz,” 2019.



	Introduction
	Materials and Methods
	Age
	Textile
	Curvature Radius
	Exposure Metric

	Results
	Age
	Clothing
	Curvature radius

	Conclusion
	References

