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Abstract

The 5G mobile communication systems atre the “next generation” communication systems. They are
capable of providing numerous benefits to the mobile phone users. But whether they are safe to use is
still a topic of concern. This study investigates the thermal safety of 5G mobile phone frequency. A
three-dimensional multi-layered skin tissue is exposed to 60 GHz frequency from a mobile patch
antenna. The simulation software COMSOL Multiphysics is employed to map the electric field
distribution and the temperature distribution within the exposed domain. The peak temperature
(37.36°C) is estimated in the subcutaneous fat layer of the skin tissue. The temperature peak is very
short lived and the steady state temperature is same as the core body temperature. The results suggest
that the temperature tise caused by the 5G mobile phone radiation exposure is not capable of causing
the thermal burns in the exposed tissue. Therefore, the 5G mobile communication frequency of 60

GHz can be considered “thermally” safe.
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1 Introduction

The mobile communication system is all set for the advent of the 5G system. This “next generation”
system has the potential to address the increasing demand of seamless connectivity. As the sub 3GHz
frequency range is becoming over crowded, the millimeter wave (mmW) frequencies (30-300 GHz) are the
favorite candidate for 5G communication systems, since they may provide huge amount of raw bandwidth
and multigigabit-per-second (Gb/s) data rates [1]. Although 5G mobile system has numerous benefits, there
is a concern about their biological safety among the scientists as well as the public. Since the mmWs have
very small wavelength, their penetration inside the biological medium is shallow. Therefore, when these
radiation irradiate the human body, their penetration is limited to the skin layer of the exposed tissue. The
electromagnetic (EM) energy associated with the mmWs is absorbed by the exposed tissue, which causes the
ion acceleration and collisions among the molecules. As the result, the local temperature of exposed tissue
increases. The reports have shown that a minor temperature change of 1-5°C in the tissue may intetfere with
the functioning of the organs [2,3].

In the present study, we investigated the temperature variations within a three-dimensional (3D)
multilayered skin tissue exposed to 60 GHz mobile phone radiation. The study is done on the skin tissue
model because the mobile phone users keep their phones near to the skin surface, therefore, the thermal
variations are more likely to occur in the skin layer [4]. A 3D model of skin is used in the analysis since a
simulation which employs a 3D model, provides the results that approaches the reality more accurately|[5,0].
The 60 GHz frequency is the promising choice for the 5G mobile communications [7]. The 3D skin tissue

model is irradiated by the mmWs from a microstrip antenna of a mobile phone. The output power radiated
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by the half wave dipole microstrip antenna is in compliance with the ICNIRP’s power density limit of 10
W/m? [8]. The obtained tempetatute variations confirm the thermal safety of the 5G mobile phones.

2  Methods

A 3D skin model containing four different layers, viz. epidermis, dermis, subcutaneous fat, and inner
tissue (muscle) is exposed to 5G mobile communication frequency of 60 GHz (Fig.1). The mobile phone
patch antenna is placed at a distance of 2 cm from the exposed surface of the skin model. The EM energy is
emitted by the lumped port of the patch and this energy is absorbed by the skin tissue. Table I and Table 11
list the physical and dielectric properties of various skin layers, respectively.

Epidermis Microstrip antenna

e
Lumped port

Dermis

Subcutaneous fat Inner tissue

Figure 1. Schematic geometry of multilayered skin tissue model with microstrip patch antenna.

PHYSICAL AND THERMAL PROPERTIES OF SKIN LAYERS [9]

Tissue Specific Thermal Mass Perfusion Thickness, x
Heat, C, conductivity, K | density, o | rate, w (1/s) | (m)
(0/kg. K) | (W/mK) (kg/m?)
Epidermis 3600 0.235 1190 0 80*10E-6
Dermis 3300 0.445 1116 1.5 0.002
Subcutaneous Fat | 2700 0.185 971 1.5 0.01
Inner tissue 4000 0.5 1,000 1.5 0.03
(muscle)
TABLEIl.  DIELECTRIC PROPERTIES OF SKIN LAYERS AT 60 GHZ [10]
Tissue Permittivity e, Conductivity 6
(S/m)
Epidermis 3.32 1.78
Dermis 4.15 25.6
Subcutaneous fat 3.67 10.95
Inner tissue (muscle) 12.9 52.8

We have employed COMSOL Multiphysics® software to numerically analyze the electric field and
temperature variations within the exposed tissue. The investigation is executed in two steps: (a)
electromagnetic analysis and (b) bioheat analysis. In the electromagnetic analysis, the electric field is

determined, and the thermal changes are evaluated in the bioheat analysis.
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2.1 Electromagnetic Analysis

The propagation of electromagnetic waves inside a biological medium is governed by the Maxwell’s

equations. The electric field (E) generated inside the tissue can be determined using the equation [11]:
1 jo
VXH—T(VXE)—kS(er—w—EO)E:O 1)

where W, is the relative magnetic permeability, &, is relative permittivity, £y = 8.8542X10712F/m, ky is

the free space wave number, o is conductivity of tissue and w is angular frequency.
2.2 Bioheat Analysis

We have employed the Penne’s bioheat transfer model to predict the temperature changes within the
skin tissue exposed to the 5G mobile phone radiation. The mathematical equation for Penne’s bioheat model
is [12]:

ar
pCpo; = V.(KVT) + ppCppwp(Tp = T) + Qm + Qext @)

where p, €, and K are the density, specific heat at constant pressure, and the thermal conductivity of
tissue, respectively. p, and Cp ) are the density and specific heat (at constant pressure) of the blood,
respectively. wy, is the blood perfusion rate; T and T} are the tissue and blood temperatures, respectively.
Qm, is metabolic heat generation in the tissue, since we aim to estimate the temperature changes caused by

the mobile phone radiation, therefore, we have ignored the metabolic heat generation. Qg is the resistive

heat generated by the exposure to the electromagnetic source and is expressed as [11,13]:

1
Qext = Eo'lElZ €)
The Initial temperature of the skin tissue is 34°C and the blood temperature is same as the core body

temperature i.e. 37°C.
3 Results
3.1 Electric Field Distribution

Fig. 2 shows the steady state electric field distribution in the skin tissue exposed to the radiation emitted
by the 5G mobile phone antenna. The maximum value of the electric field, V(max) is 550.70 V/m. It is
observed that the highest value of the electric field is estimated just in the vicinity of the lumped port. The
electric field pattern is not scatterd, but the hotspots are created. This conveys that the electromagnetic

energy distribution is confined only to a narrow region.

3.2 Temperature Distribution

Fig. 3 demonstrates the temperature distribution within the exposed skin tissue model at varioius instances
of the mmW exposure. The initial temperature of the skin tissue is 34°C, and core body temperature is 37°C.
The tissue responds immediately to the mmW exposure and the temperature rises quickly. The peak
temperature is observed at 2s of exposure. The highest temperature estimated is 37.36°C in the subcutaneous
fat layer of the exposed tissue. The reason for the occurance of peak temperature in fat layer may be the low
thermal conductivity of this layer (Table I ). The temperature peak is very short lived and the temperature

falls quickly, at 10 s of exposure, the temperature approaches the core body temperature i.e. 37°C.
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Fig 2. Steady state electric field distribution in skin tissue at 60 GHz.
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Fig. 3. Temperature distribution within the exposed skin tissue at various instances of
exposure (a) 2s (b) 10 s (c) 30 s (d) 60 s (e) 300 s (f) 600 s

The onset of blood perfusion can be held responsible for this sharp decrease in the temperature. The flow
of the blood sweeps the heat energy accumulated in the tissue away from the exposed region and temperature
of the exposed tissue decreases. After this stage, only trivial changes in the temperature occur and the
temperature is maintained around the core body temperature. The highest steady state temperature is

37.006°C which is not higher enough to cause any thermal injury to the exposed tissue.
4  Conclusions

This study investigates the thermal variations in a three dimensional multi-layered skin tissue that has
been exposed the mmWs from a 5G mobile phone patch antenna. The study shows that the highest
temperature (37.36°C) is estimated in the fat layer of the skin tissue, and the temperature peak is short lived.
The steady state temperature is almost same as the core body temperature. It can be cocluded from the

analysis that temperature rise caused by the mmW exposute is not capable of causing the thermal burns in
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the exposed tissue. Therefore, the 5G mobile communication frequency of 60 GHz can be considered

“thermally” safe. However, more studies are needed to confirm the biological safety of these radiation
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