ACES JOURNAL, Vol. 41, No. 01, January 2026

Absorbed Power in Human Head Skin Due to Near-Field
Exposure up to 100 GHz

Fatih Kaburcuk! and Atef Z. Elsherbeni?

'Department of Electrical and Electronic Engineering
Sivas University of Science and Technology, Sivas 58000, Turkey
fkaburcuk @sivas.edu.tr

*Department of Electrical Engineering
Colorado School of Mines, Golden 80401, USA
aelsherb@mines.edu

Abstract — To prevent excessive skin temperature rise
from overexposure due to near-field sources for frequen-
cies from 6 to 300 GHz, international safety guidelines
and standards for limiting exposure to electromagnetic
(EM) waves introduce an incident power density (IPD)
as an exposure reference limit and an absorbed power
density (APD) as a basic restriction. At frequencies
above 6 GHz, the penetration depth of EM waves in the
human body model is particularly less, since EM wave
penetration is more superficial in tissues. Therefore, the
thickness of outermost tissues such as skin, which has
different thicknesses in different realistic regions of a
three-dimensional (3D) realistic human body, is a critical
factor for the accuracy of EM dosimetry analysis. In this
paper, the effect of skin thickness in a 3D planar head
model on the spatially averaged APD over 1 cm? and
4 cm? areas due to near-field sources are investigated for
the frequency range from 10 to 100 GHz. These investi-
gations are performed using the finite-difference time-
domain (FDTD) method considering different separa-
tion distances from the near-field source to the model of
the skin surface. Numerical results show that skin thick-
ness is the primary parameter in evaluating EM field
exposure and the accuracy of EM dosimetry analysis.

Index Terms — Absorbed power density, electromag-
netic dosimetry analysis, FDTD method, incident power
density, millimeter wave exposure, planar head model.

I. INTRODUCTION

In electromagnetic (EM) dosimetry analysis, skin
thickness of a human body directly affects how much
EM power is absorbed by the tissues due to lower
penetration depth of EM fields in tissues at frequencies
above 6 GHz. Therefore, it is necessary to investigate
the relationship between skin thickness and absorbed
power by the skin tissue for the accuracy of the EM
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dosimetry analysis, especially for predicting potential
thermal effects and evaluating EM safety standards in
[1, 2]. These standards, called as IEEE International
Committee on Electromagnetic Safety (ICES) [1] and
the International Commission on Nonionizing Radiation
Protection (ICNIRP) [2], provide basic restrictions such
as specific absorption rate (SAR;g and SARjq,) aver-
aged over lg and 10g of tissues and absorbed power
density (APD) for assessing human safety from EM
radiation.

For frequencies below 6 GHz [3-10], EM waves
penetrate deep into tissues, therefore, SAR;; and
SAR ¢ have been used as basic restrictions to prevent
excessive temperature rise on the surface and internal
tissues due to different types of EM sources. However,
the penetration of the EM waves and resulting temper-
ature rise for frequencies above 6 GHz becomes more
significant in superficial tissues [1, 2], especially within
the skin tissue. Therefore, APD over 1 cm? and 4 cm?
averaging areas on the skin surface determined in [1, 2]
is a useful exposure metric to evaluate EM dosimetry
instead of SAR|; and SARo,. The APD limits recom-
mended in [1, 2] are 20 W/m? over a 4 cm? surface
area in the 6-300 GHz frequency range and 40 W/m?
over a 1 cm? surface area in the 30-300 GHz frequency
range. The spatially averaged incident power densities
(IPD) over 1 cm? and 4 cm? areas, calculated in the free
space without the presence of the human body model,
is defined as an exposure reference level (ERL) [1] or
reference level (RL) [2].

Assessment of EM dosimetry analysis due to
antenna sources above 6 GHz has been extensively stud-
ied in [11-25]. However, the relationship between the
spatially averaged IPD/APD and resulting temperature
rise due to different exposure types has been studied
by only a few research groups in [14, 15] and [22].
The correlation between the spatially averaged IPD and
resulting temperature rise in a homogeneous planar skin
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model [11-19] due to EM exposure from the antennas.
Furthermore, the APD, which correlates well with the
superficial temperature rise in the tissues compared to
IPD, due to different antenna types has been calcu-
lated in [18-25] for the frequencies above 6 GHz. An
intercomparison study reported in [14] investigated the
effect of the incident angle on the IPD and resulting
temperature rise due to different types of array anten-
nas with different body separation distances. In [15],
another intercomparison study has been performed by
six different research groups using the finite-difference
time-domain (FDTD) method, Galerkin-Bubnov indi-
rect boundary element method (GB-IBEM), and finite
integration technique (FIT) to calculate the IPD and
resulting temperature rise in a human body model due
to different antenna sources operating at the frequencies
from 10 to 90 GHz. Furthermore, the spatially averaged
APD in planar human body models with a single skin
tissue and three different tissues (skin, fat, and muscle)
has been calculated due to a single dipole and array
dipole antennas operating at frequencies from 10 to
90 GHz in [22]. The intercomparison study in [22] has
been performed by 11 different research groups using
the different numerical methods (i.e. FDTD method,
finite element method (FEM), FIT, transmission line
method (TLM), and GB-IBEM).

EM dosimetry evaluation of a three-dimensional
(3D) realistic human body model at frequencies above
6 GHz requires huge computational time and large
computer resources due to cell size restriction in FDTD
method. Therefore, a 3D multi-layered planar human
model, instead of the 3D realistic human model, has
been analyzed [11-25] above 6 GHz. In most studies,
the human body model was considered to have a skin
tissue of 1.5 or 2 mm thick. However, thickness of skin
tissue in different regions of a realistic human body is
not the same [25-29] and is known to vary between
roughly 0.5 mm and 2 mm, especially on different
regions of the human head as seen in Table 1. The
realistic skin thickness values [28, 29] on the different
anatomical regions (forehead, eyelid, cheek, chin, neck)
of the realistic human head are tabulated for male and
female in Table 1. They can also vary significantly across
age groups, races, and genders. Since, it is a well-known
fact that most of the EM fields emitted by far-field and
near-field sources are absorbed by the outer tissues in
the human body, especially by skin tissue. Therefore,
some studies in [25-27] showed that accuracy of EM
dosimetry at frequencies up to 100 GHz has been sig-
nificantly affected by the skin thickness in the human
body model. In [25], the effect of the skin thickness of
a head model on APD above 6 GHz was investigated
when the dipole antenna was placed at 15- and 45-mm
distance from the model. In [26, 27], EM dosimetry
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Table 1: Skin thickness in different regions of the realis-
tic human head [28, 29]

Regions Male (mm) | Female (mm)
Forehead 0.900 0.835
Eyelid 0.569 0.473
Cheek 1.237 1.044
Chin 0.891 0.746
Neck 1.561 1.255
Postauricular 0.766 0.657
Temple 1.795 —
Nasal Dorsum 2.016 —
Malar 1.086 —
Scalp 1.383 —
Vertex 0.957 —

analysis of one-dimensional human body models with
different skin thicknesses have been investigated up to
100 GHz. However, the effect of skin thickness of the
3D human body model on EM dosimetry analysis has
not been investigated sufficiently up to 100 GHz when
the antenna is placed very close to the head model.

In this paper, the effect of skin thickness in a 3D
planar head model on the spatially averaged APD and
IPD have been analyzed using a dispersive formulation
of the FDTD method for the frequency range from 10
to 100 GHz. The electrical parameters of each tissue
are accurately represented by a three-term Debye model
to accurately access the tissues dispersiveness proper-
ties on the numerically obtained results. To verify the
accuracy of our FDTD codes [30] for EM dosimetry
analysis, the spatially averaged IPD and APD values
obtained in this study are compared to the mean values
of them obtained by different research groups using dif-
ferent numerical methods in the intercomparison stud-
ies [15, 22]. Finally, the effects of separation distances
between the antenna and the planar head model on the
spatially averaged APD over the skin surface of the
model are investigated for each frequency of interest.

II. MODEL, METHOD, AND EXPOSURE
METRICS

A. Multilayered planar head model

A 3D planar multi-layered head model shown in
Fig. 1 is used for the EM dosimetry analysis in this
study. This model contains nine different head tissues
(skin, fat, muscle, bone cortical, bone marrow, dura,
CSF, gray and white matter). The arrangement of these
tissues in the planar head model is shown in Fig. 1, and
their corresponding thickness values (Th) are provided
in Table 2. The side length (L) and thickness (7) of the
multi-layered planar head model are provided in Table 3
for each frequency of interest from 10 to 100 GHz.
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Fig. 1. (a) a 3D planar head model and (b) a 3D realistic
head model with a half-wave dipole antenna at the
separation distance of d.

Table 2: Thickness (7h) and three-term Debye coeffi-
cients of head tissues

Th

Tissues | (mm) | €00 | €51 | €s2 | €53 | T1 (PS) | T2 (ps) | 75 (ps)
Skin 1.5 |4.03(0.12 | 32.41 | 22.83 1.44 7.23 160.7
Fat 1.5 |256 (033 1.18 | 1.42 1.32 4.98 16.94
Muscle 25 | 448 (3.79 |29.74 | 19.35 1.60 5.79 17.36
Bone 1.5 | 264|069 | 2.68 | 6.16 1.35 5.56 19.22
Cortical

Bone 1.5 |256 (033 1.15 | 1.40 1.30 491 16.16
Marrow

Dura 1 4.60 | 3.75 | 19.03 | 19.51 1.47 5.55 18.60
CSF 1 4.61 | 471 | 39.89 | 31.69 1.71 6.386 24.34
Gray 3 442|312 2.58 | 2.03 1.62 6.12 18.66
Matter

White 10 431|221 | 18.09 | 14.50 1.59 6.05 17.76
Matter

Table 3: Size and resolution of the planar head model
and length of antennas operated between 10 and
100 GHz

Frequency | Resolution T L Antenna
(GHz) (mm) (mm) | (mm) | Length
(mm)

10 25 100 13
20 0.25 25 100 9
30 25 100 6
40 25 50 4
50 25 50 3
60 0125 25 50 23
70 25 50 15
80 25 25 1.2
90 0.0625 25 25 1
100 25 25 0.8
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The 3D planar multilayer head model in Fig. 1 (a)
provides ease of computation and enables efficient EM
dosimetry analysis. Furthermore, this planar model was
chosen to ensure its applicability in FDTD analyses
up to 100 GHz, where the required spatial cell size
(<0.1 mm) and time step constraints exist. The planar
model can accurately represent EM field distributions
and exposures across layered tissues; however, it can-
not represent the detailed curvature and heterogeneous
structure of a 3D realistic head model in Fig. 1 (b),
which requires a very large computational domain and a
very long computational time for EM dosimetry analysis
at frequencies up to 100 GHz. Therefore, although the
planar model is suitable for preliminary or comparative
evaluations as in [15] and [22], anatomically detailed
and realistic 3D head models could be used in future
studies to provide higher spatial accuracy and better
representation of realistic conditions.

B. Electrical properties of tissues

The electrical parameters (relative permittivity-g,
and conductivity-o) of the head tissues in Fig. 1 are
frequency dependent. They can be obtained in (1) by
using the three-term Debye coefficients of these tissues
(&~ relative permittivity at infinite frequency, &g static
relative permittivity, T, relaxation time at kth term).
These three-term Debye coefficients, which are available
for the frequency range between 20 and 100 GHz, are
provided in [31] and given in Table 2.

& (0) = g(0) +jg (0) = &

3

Esk — €
+ ) (1a)

k; 1+ jot
o(w)=—¢/(0)*w*¢,. (1b)

C. Electromagnetic dosimetry analysis

EM dosimetry analysis of the human model exposed
to a near-field source was performed using the dispersive
formulation of the FDTD method in [9, 10] which is
suitable for the EM analysis of inhomogeneous and
complex structures such as the human body models.
The FDTD problem domain, which includes the 3D
planar head model, a near-field source, and 15-cell air
layer, is truncated by a 10-cell convolution perfectly
matched layer (CPML) [32]. The spatial resolution of
the FDTD problem domain with the head model must be
at least one-tenth of the minimum wavelength (Ap,) in
the tissues to satisfy the Courant-Friedrichs-Lewy (CFL)
stability condition [30]. Therefore, the spatial resolu-
tions different for all frequencies of interest between 10
and 100 GHz are given in Table 3.
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D. Near field exposure

A single half-wave dipole used as a near-field
source in the EM dosimetry analysis was designed at all
frequencies of interest from 10 to 100 GHz. The lengths
of the dipole antennas, which are half of the free-space
wavelength (A,) at the desired frequencies, were given in
Table 3 and adjusted to have maximum radiation power
emitted from the dipole antenna. The half-wave dipole
antenna was placed at a separation distance of d from
the skin surface of the head model as shown in Fig. 1.
It would have been optimal to use a source antenna
that covers the entire frequency band from 10 GHz
to 100 GHz, then the FDTD simulation would have
run only once. However, the design of such antenna is
outside the scope of this paper. The use of the dispersive
type FDTD formulation [9, 10] yields more accurate
results even if one uses different dipole antenna centered
at a specific frequency as the dipole antenna radiates at
other frequencies but without the same strength, thus a
dispersive type of analysis is warranted.

The total input power radiated by a single half-
wave dipole antenna is set to 10 mW, which represents
the typical input power of antennas used in common
wireless consumer devices [33]. For example, smart-
phones and wearable electronic devices typically radiate
between 5 and 20 mW during active transmission (Wi-
Fi or Bluetooth modes). Therefore, the modeled level
of 10 mW approximates an average realistic usage
scenario, consistent with previous studies [15, 22, 34].

E. Exposure metrics for evaluation

The spatially averaged normal IPD (IPDj,) and total
IPD (IPDy) of the time-averaged power density on the
evaluation plane at various distances from the antennas
has been calculated in the absence of the head model
using the complex electric (E) and magnetic (H) fields
in equation (2).

1
IPD, = — // Real{E x H"} - fidA, (2a)
2A JJa

1
IPD, = — / / Real{E x H*}Y|dA,  (2b)
2A JJa

where * shows the complex conjugate, A refers to the
averaging areas over 1 cm? and 4 cm?, /i shows the unit
vector normal to the evaluation plane, || - || denotes the
norm symbol, and dA is the variable of integration. The
spatially averaged APD on the skin surface of the head
model placed at different separation distance of d from
the antenna has been calculated in equation (3) which is
recommended by ICNIRP guidelines [1] and written in
the following form:

1
APD = —// Real{E x H*} - AidA, 3)
2A JJa
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where 7dA shows the unit vector normal to the integral
area of A on the skin surface of the planar head model.

III. NUMERICAL EVALUATION

In this study, assuming that the skin thickness in
different regions of the head model given in Table 1
varies between 0.5 mm and 1.5 mm, peak spatially
averaged APD values were calculated depending on the
skin thickness of 0.5, 1, and 1.5 mm, the frequency of
10-100 GHz and the separation distance of 2.5-15 mm.
Additionally, the peak spatially averaged IPD,, and IPD;
over averaged areas of 1 cm? and 4 cm? due to a half-
wave dipole antenna are calculated as a function of
frequency up to 100 GHz and separation distance, and
compared with the results in [22].

A. Performance of the antenna with and without a
planar head model

The input reflection coefficients (S;;) of the half-
wave dipole antennas operated at 20 and 60 GHz fre-
quencies with and without a 3D planar head model are
shown in Fig. 2. In the simulation with the planar head
model, the separation distance of d between the antenna
and the skin surface was assumed to be 5 mm, and
the skin thickness (tgi,) was assumed to be 0.5, 1, and
1.5 mm. As can be seen from Fig. 2, the S;; values are
really affected by the presence of the planar head model
and the change in its skin thickness, especially at the
frequency of 20 GHz.

B. Comparison of the results obtained with existing
studies

In order to satisfy the accuracy of our FDTD code,
the values of peak spatially averaged IPD,, IPD;, and
APD over 1 cm? and 4 cm? areas obtained in the
intercomparison study [22] due to a half-wave dipole
antenna are compared to the results obtained in this
study. In [22], the mean values of peak spatial averaged
IPD,, IPD,, and APD over areas of 1 cm? and 4 cm?
obtained by 11 different research groups have been cal-
culated for the frequencies of 10, 30, and 90 GHz. These
research groups used different numerical methods for
the EM dosimetry analysis of the planar single and three-
layered models. In Table 4, the mean values of peak
spatial averaged IPD,, IPD;, and APD calculated in [22]
for the three-layered model with the skin thickness of
1.5 mm are compared to the results obtained in this
study. The results in Table 4 show good agreement.

C. IPD as a function of frequency

The peak values of spatially averaged IPD (IPD,
and IPD,) over 1 cm? and 4 cm? areas due to a half-wave
dipole antenna are calculated on an evaluation plane and



they are shown in Fig. 3 as a function of frequencies
from 10 to 100 GHz when the separation distance of d is
2,5, and 10 mm. As can be seen from Fig. 3, IPD,, and
IPD; over 1 cm? and 4 cm? areas gradually increase up
to 30 GHz, then their increase slows down and reaches
steady-state values. As expected, the peak values of IPD;
are higher than those of IPD,, for both each frequency of
interest and each separation distance, and these values
also decrease as the separation distance of d increases.

D. IPD as a function of separation distance

The peak values of spatially averaged IPD, and
IPD, over areas of 1 cm? and 4 cm? shown in Fig. 4 are
calculated as a function of separation distance from 1 to
20 mm for the frequencies of 10, 30, 60, and 100 GHz.
As seen in Fig. 4, since EM radiation decreases with dis-
tance from the source, the IPD,, and IPD; values decrease
exponentially as the separation distance increases.

E. APD as a function of frequency and skin thickness

To show the effect of skin thickness on the spatially
averaged APD values over 1 cm? and 4 cm? areas, the
planar head model with the adjacent half-wave dipole
antenna operated at frequencies from 10 to 100 GHz is
analyzed using the FDTD method. Figure 5 shows the
APD values as a function of frequency from 10 GHz
to 100 GHz when the skin thickness is 1.5, 1, and
0.5 mm and the separation distance is 5 and 10 mm. The
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Fig. 2. Sy; of the antenna operated at (a) 20 and

(b) 60 GHz with and without the 3D planar head model.

compared results show that APD values are affected by
the changes in skin thickness of the human head, operat-
ing frequency of the antenna, and the separation distance
between the human body and antenna. As expected,
APD values decrease as the separation distance from the
antenna increases. There is a relationship between APD
values and operating frequency, but it would be difficult

Table 4: Comparison of peak spatially averaged IPD,,, IPD,, and APD over 1 cm? and 4 cm? areas with separation
distances of 2, 5, 10, and 15 mm at frequency of 10, 30, and 90 GHz

Dist. | Freq. Ref. IPD, (W/m?) | IPD; (W/m?) | APD (W/m?)
(mm) | (GHz) lem? [4em? [ 1em? [ 4em? | Tem? | 4cm?
5 90 [22] 36.99 | 10.83 | 56.53 | 20.38 | 24.76 | 6.71
This Work | 36.86 | 10.82 | 56.48 | 20.42 | 24.96 | 6.68

0 [22] 18.04 | 823 | 2062 | 11.28 | 9.62 | 3.85

This Work | 18.01 | 823 | 20.61 | 11.29 | 10.02 | 3.98

s 30 [22] 2131 | 846 | 2534 | 12.09 | 11.93 | 4.38
This Work | 21.05 | 8.42 | 25.02 | 12.04 | 11.46 | 4.23

% [22] 21.92 | 855 | 2630 | 12.31 | 1429 | 5.24

This Work | 21.83 | 851 | 2622 | 12.27 | 13.96 | 5.08

10 [22] 826 | 519 | 872 | 6.09 | 234 | 1.40

This Work | 827 | 519 | 873 | 6.10 | 238 | 1.36

0 30 [22] 936 | 543 | 999 | 651 | 491 | 279
This Work | 923 | 539 | 985 | 6.46 | 478 | 2.68

90 [22] 955 | 549 | 1023 | 6.62 | 625 | 3.54

This Work | 949 | 5.46 | 10.14 | 656 | 6.28 | 3.49

10 [22] 453 | 337 | 466 | 370 | 157 | 1.16

s This Work | 4.52 | 336 | 465 | 370 | 1.65 | 1.18
30 [22] 491 | 352 | 508 | 391 | 253 | 1.81

This Work | 4.84 | 349 | 500 | 3.87 | 238 | 1.72
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(b) 4 cm? averaged areas as a function of frequency with

the separation distance of 2, 5, and 10 mm.

to make an inference between the operating frequency
of the antenna in the 20-100 GHz range and the APD
values. However, it can be observed that APD tends to
increase as frequency increases, especially from 20 GHz
to 90 GHz. This is expected because the energy of the
EM wave increases with frequency. The APD values
over 1 cm? averaging area generally shows higher than
those over 4 cm? averaging area, especially at higher
frequencies, because smaller averaging areas lead to
local hotspots or more localized absorption.

As can be seen from Fig. 5, thinner skin leads to
higher APD values, especially at 10 GHz, because it
allows more EM waves to penetrate deeper tissues and
causes higher energy absorption in superficial tissues.
However, thicker skin resulting in lower APD allows EM
waves to penetrate less deeply into tissues because the
energy is attenuated more when reaching deeper tissues.
Furthermore, the penetration depth at frequencies of
30 and 60 GHz is less than 1 mm and 0.5 mm [1],
respectively. Therefore, APD values are more affected
by skin thickness changes from 1.5 mm to 1 mm at
30 GHz and from 1.5 mm to 0.5 mm at 60 GHz. As
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the separation distance between the antenna and the
skin surface increases from 5 mm to 10 mm, the APD
values decrease because the power density of the antenna
decreases as the separation distance increases due to the
inverse square law of EM radiation.

Figure 6 shows the relative percentage change rate
(RPCR) in APD values as a function of frequency for
skin thickness of 1.5 mm and 0.5 mm at the separation
distance of 5 mm. In RPCR calculation, the APD values
of 1.5 mm and 0.5 mm skin thickness are compared with
the APD values of 1 mm skin thickness when d is 5 mm.
As seen in Fig. 5, changes in skin thickness can cause
significant changes in APD values in the frequency
range of 10-100 GHz, especially at frequencies up to
30 GHz for 1.5 mm skin thickness and up to 60 GHz for
0.5 mm skin thickness. Furthermore, it can be realized
that APD is more sensitive to frequency changes for
1.5 mm skin thickness at frequency below 30 GHz and
for 0.5 mm skin thickness at frequency below 60 GHz.

APDlmm *APDO.S or 1.5 mm

RPCR =
APDiym

x 100%. (4)



F. APD as a function of separation distance and skin
thickness

In Fig. 7, the peak spatially averaged APD values
at 20 and 60 GHz are shown as a function of the
separation distance from 2.5 mm to 20 mm. The APD
values decrease as the separation distance increases from
2.5 mm to 20 mm. This follows the inverse square
law of EM radiation. As seen in Fig. 7, APD values
decrease sharply, especially at short distances between
2.5-5 mm, and gradually decrease at long distances
between 1020 mm. As expected, the APD averaged
over 1 cm? is significantly higher than that averaged
over 4 cm? at short separation distances. Moreover, as
the separation distance increases, the influence of skin
thickness on the APD values becomes negligible.

G. APD normalized by skin thickness

APD values normalized to skin thickness in equa-
tion (5) allow comparison of how absorbed power scales
per unit skin thickness. This is useful for comparing
absorption behavior over 1 cm? and 4 cm? areas with
different skin thicknesses. Figure 8 shows the absorbed
power density (NAPD) normalized to skin thickness
(0.5 mm, 1 mm, and 1.5 mm) over 1 cm? and 4 cm?
averaged areas at four operating frequencies (10, 30,
60, and 90 GHz). At both averaging areas, the NAPD
decreases with increasing skin thickness and frequency,
indicating stronger EM wave attenuation and reduced
penetration depth at higher frequencies.

APD (W /m?)

NAPD =
Lskin (mm)

®)

Although this study focuses on EM analysis of the
planar head model due to the dipole antenna to show the
effect of skin thickness on APD values, it is crucial to
recognize its potential biological implications such as
local tissue heating and thermal effect on tissues not
investigated in this work. It is well known from [1, 2]
that APD values correlate well with surface temperature
rise and are an indicator of maximum skin temperature
rise at frequencies above 10 GHz. Therefore, it can be
concluded that skin thickness has a significant impact
on APD values and may also have an impact on the
temperature increase resulting from APD values.

The results obtained from this study can help under-
stand the effect of skin thickness on APD levels due
to wearable devices such as smartwatches, headsets,
or smart glasses. For wearable devices, understanding
the skin thickness effect on APD distributions helps
assess the thermal safety of the device, ensuring that
users are not exposed to harmful levels of EM radia-
tion. Various factors such as bone structure, vascularity,
hair and ambient temperature can change the electrical
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parameters of tissues and these changes can affect the
EM dosimetry analysis of the human body, however the
effect of these factors was not considered in this study. It
can be realized from the numerical results that the APD
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values over 1 cm? and 4 cm” averaged areas for skin
thickness between 0.5 mm and 1.5 mm obtained from
this study are lower than the safety limits recommended
by [1, 2] for assessing the significance for public health
and regulatory compliance.
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IV. CONCLUSION

In this paper, the effects of skin thickness in the
planar head model on the spatially averaged APD values
over 1 cm? and 4 cm? areas have been investigated using
the FDTD method due to a half-wave dipole antenna
at operating frequencies from 10 to 100 GHz. It has
been realized from the numerical results in this study
that the APD values over areas of 1 cm? and 4 cm? are
not only affected by the changes in skin thickness on
the 3D human head, but also by changing the operation
frequency of the antennas and the separation distance
between the antenna and the human body model. As skin
thickness decreases from 1.5 to 0.5 mm in the human
head, APD values increase significantly at 10 GHz and
then decrease at frequencies above 10 GHz. Conse-
quently, since the skin is the most exposed organ to
EM waves, skin thickness becomes the primary param-
eter affecting EM power absorption. Therefore, accurate
skin thickness modeling is crucial for EM dosimetry
evaluation. In addition, spatially averaged IPD values
calculated on the evaluation plane placed at a certain
distance from the antenna have been investigated at all
frequencies of interest. This work clarifies EM safety
limitation assessments by presenting a comprehensive
parametric study investigating the dependence of APD
values on skin thickness, frequency up to 100 GHz, and
distance from the antenna to the skin surface. Future
studies could investigate EM dosimetry analysis of a
realistic 3D head model, rather than a 3D planar head
model, to better model anatomical complexity and vali-
date results. Additionally, the effects of skin thickness on
APD, resulting temperature increase, and other exposure
metrics due to different EM exposure scenarios from
5G/6G technologies up to 100 GHz can be investigated.
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