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Abstract Mobile phone handsets utilized by individuals of all ages been heavily grows popular as a wireless
communication device. Every mobile phone produces electromagnetic radiation at radio frequencies (RF). The specific
absorption rate is used to calculate how much of this energy is absorbed by the human skull. Standard guidelines state
that sold phones must fall below a specified SAR. This paper aims to evaluate the Specific Absorption Rate (SAR) and E-
field strength for mobile phone radiation exposure on a head model who is 40 years old and a 5-year-old child. The human
skull is represented in this model as a six-layered sphere made up of the brain, CSF, dura, bone, fat, and skin. Various
layers of the head's SAR distribution have been measured as an impact of radiation from mobile phones exposure using
the 1800 MHz frequency. Earlier research were used to consider the dielectric properties of tissue layers. The human head
and mobile phone antenna is modelled in this research using ANSYS HFSS. A hand-held mobile phone's dipole antenna
type is considered for RF exposure. It is seen how EM absorption in various tissue layers for both adults as well as child
head. SAR comparisons between the adult and child head reveal that the child head absorbs greater power due to the
distinctive layerwise head shape, conductivity, permittivity, and permeability of the two head models. Excess EM
absorption may have negative physiologic implications for human health specifically impact on child physical and mental
health.
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1. Introduction

Some studies have examined the negative biological impacts on human health as a result of the potential effects of
electromagnetic (EM) fields on human tissues and body parts. There are safety concerns regarding the effect of the mobile
antenna on the head when using mobile phones for wireless communication that function near the human head. The
features of an antenna, such as the radiation pattern, are influenced by the user's body, particularly the head. An internal EM
field is produced in a biological system when it is subjected to microwave radiation. More than half of the antenna's emitted
power is reportedly absorbed by the tissues of the cranium, according to experimental investigations (Sonawane and
Bormane 2020; Means and Chan 2001).

The rate at which RF energy is absorbed by the body when exposed to an electromagnetic field is measured as the
specific absorption rate. The rate of absorption and how it is distributed within an organism depends on a number of
variables, including the antenna's shape, distance from the source, geometry, and orientation, as well as the dielectric
composition of the irradiated tissue (i.e., its capacity to conduct electricity) (Arima and Uno 2012). For example, bone
absorbs less energy than muscle because it contains less water. Additionally, the age and amount of SAR produced in the
cranium are known to be related (Abdalla and Teoh 2005). Researchers are looking at the impacts of these tissues after
intense radiation from wireless devices, specifically mobile phones directed at the head, the most vulnerable part of the
human body. The electrical parameters of the model tissues at various frequencies were considered (Fernandez-Rodriguez et
al 2015).

There are numerous ways to evaluate SAR, including two well-known methods: either physical measurements or
simulation calculation measurements can be used to assess the electromagnetic interaction between a cell phone and a
human body.

In the aforementioned study, the High Frequency Structure Simulator software simulation, which uses the Finite
Difference Time Domain approach, produces an SAR for a spherical human head. A six-layered head model made up of the
brain, CSF, dura, bone, fat and skin is used to show how the head is affected by radiative functioning of the antenna. For the
5-year-old child head and the 40-year-old adult head, SAR was evaluated using an HFSS-based HW dipole antenna, and
human model head simulations were used to perform the analysis. A six-layer model of the human skull was created using
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HFSS software, and the HW dipole antennas were placed 5 mm apart. At 1800 MHz, two scenarios were simulated, one using
a six-layered child head with a dipole antenna and the other using a six-layered adult head with a dipole antenna. The
findings revealed that the head's average 10 g SAR values were higher than the ICNIRP safety requirements (ICNIRP 1998;
Means and Chan 2001). The standard SAR values taken in the extremities and other tissues, such as the brain, are shown in

Table 1.
Table 1 Standard SAR limits.

ICNIRP 1998 FCC OET B-65/2001 IEEE C95.1/2005
Extremities 4W/kgover10g 4W/kgover10g 4W/kgover10g
Other tissues 2 W/kgover10 g 1.6 W/kgoverlg 2 W/kgover10 g

The averaged SAR values for the adult and child heads reveal that SAR is higher in children because their heads are
smaller and have different electrical properties than adult heads. Figure 1 shows physical and simulation-based SAR
assessment methods.
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Figure 1 SAR assessment methods (A) Physical measurements, http://www.indexsar.com (B) Simulation measurements.

2. Methodology
2.1. Specific Absorption Rate

Whenever there is an interaction between human tissue and electromagnetic waves, tissue absorbs EM waves. A
certain absorption rate can be used to characterize how electromagnetic fields interact with biological tissues called the
specific absorption rate (SAR). This acts as an index that gauges the intensity of the RF EM field in the brain that a mobile
phone emits under the worst circumstances when it is working at full power. Watts per kilogram (W/kg) is its unit. To prevent
health risks, governments have established limits for the highest SAR that should not be surpassed. In the US and European
countries, this limit is established at an average of 1.6 W/kg and 2 W/kg over 1 g and 10 g of tissue, respectively. The

following equation describes the SAR:
o|E|?
2p

SAR = (1)

where o in Siemens per meter indicates electrical conductivity and p in kilograms per cubic meter shows tissue
density. From the estimated local fields and tissue characteristics, SAR is determined as a function of location. The absorbed
power is calculated as the integral of the SAR across a tissue volume with a certain specific mass. For a particular tissue
density, this is commonly represented in terms of mW/g or mW/cm3 averaged over 1 g of tissue.

3. Models and Materials
3.1. Antenna Model

The following geometrical properties of an HW dipole radiator are exposed to the head model: the dipole length is
79.44 mm with a spacing of 0.3972 mm, while the radius is 0.167 mm. Models of the antenna's edges depicted them as ideal
electrical conductors. The antenna's operating frequency is 1800 MHz. The radiation boundary in our case was a cube. The
substance was designated as vacuum at the radiation boundary. Table 2 shows the antenna design parameters considered
for the HW dipole antenna. Table 2 shows a summary of the antenna parameters.

To enhance the results, simulation was utilized to examine performance factors such as gain, radiation pattern,
reflectance, and VSWR. The suggested HW dipole antenna has a bandwidth of 424.3 Megahertz, a return loss of -20.7710 dB,
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and a VSWR of 1.5901 dB. Figure 2 shows an 1800 MHz HW dipole antenna, and Figure 3 shows the antenna design flow
chart for the simulation. Figures 4, 5, and 6 show the bandwidth and return loss curve, VSWR plot and 3D gain radiation
pattern, respectively, for an HW dipole antenna.

Table 2 Antenna Parameters Summary.

Sr. no. Parameters Values
1 Frequency (fr) 1800 MHz
2 Radius (R) 0.167 mm
3 Wavelength (A) 167 mm
4 Dipole Arm (L/2) 39.72 mm
5 Length (L) 79.44 mm
6 Gap (g) 0.3972 mm
7 Matching Impedance (Z0) 50 mm

0 70 (mm)

Figure 2 An 1800 MHz HW dipole antenna.

-0

Figure 3 HW Dipole Antenna design Flow Chart for Simulation.

Using the flowchart in Figure 3, an HW dipole antenna simulation was performed.

https://www.malque.pub/ojs/index.php/msj
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Figure 4 Bandwidth and return loss curve for an HW dipole antenna.
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Figure 5 HW dipole antenna VSWR plot.
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Figure 6 HW dipole antenna 3D gain radiation pattern.
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As shown in Figure 4, the proposed HW dipole antenna has a return loss of -20.7710 dB and a bandwidth of 424.3
MHz. The 3D radiation pattern in Fig. 6 and the VSWR, which was 1.5901 dB, both point to a higher gain. In the proposed
research work, this HW antenna is utilized as a mobile device model RF radiator.

3.2. Human Head Model

This work has taken into consideration the spherical, multilevel human head model (Abdalla and Teoh 2005). A
generalized six-layer tissue model's overall stratified structure may be observed in Figure 7. The thicknesses of the skin, fat,
bone, dura, cerebral spinal fluid (CSF), and brain are given as 1.0 mm, 1.4 mm, 4.1 mm, 0.5 mm, 2.0 mm, and 81 mm,
respectively (Christ et al 2006). The thickness of the different layers of a head model typically changes with age, gender, and
person. The layered media is made up of these elements. The child head geometrical parameters considered 80% of the adult
head model (Hadjem et al 2010), as mentioned in Table 3.

Skin

Fat

Bone

Dura

CSF

Brain

Figure 7 Generalized six-layered model of a human head.

The six-layer head model shown in Figure 8 for the adult head and Figure 9 for the child head model was simulated
using the recommended simulation software in accordance with the parameters listed in Table 3.

Table 3 Dielectric properties of adult and child human heads.

Tissue Permittivity Conductivity (S/m) Thickness (mm)
Adult Child Adult Child Adult Child
Skin 37.21 37.21 1.25 1.28 1.0 0.8
Fat 9.38 9.38 0.26 0.275 14 1.12
Bone 16.4 16.4 0.45 0.48 4.1 3.28
Dura 37.21 37.21 1.25 1.28 0.5 0.4
CSF 77.3 77.3 2.55 2.565 2.0 1.6
Brain 43.22 43.22 1.29 1.31 81 64.8

Source: Gabriel and Peyman (2006); Bao et al (1997).

k.,

Figure 8 Six-layered Adult Human Head model.

https://www.malque.pub/ojs/index.php/msj
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Figure 9 Six-layered Child Human Head model.

4. Simulation for e-field and SAR measurement
4.1. E-field measurement in Adult Head Model

The six-layer adult head model was placed with a powered HW dipole antenna at a 5 mm distance to observe the
layerwise e-field and SAR value using the proposed simulation software. Figures 10, 11, 12, 13, 14, and 15 depict the e-field
value and SAR value for the skin, fat, bone, dura, CSF, and bone, respectively, in an adult human head. Similarly, the six-layer
Child head model was placed with a powered HW dipole antenna at a 5 mm distance to observe the layerwise e-field and SAR
value using the proposed simulation software. Figures 16, 17, 18, 19, 20, and 21 depict the e-field value and SAR value for the
skin, fat, bone, dura, CSF, and bone, respectively, in a human child head.

SAR Field[W/kg) E field (V/m)
4. 859164000 7.7925¢-001
4. 555504000 7.4133¢-001
4. 2519¢+000 7.0341e-001
3.9482¢+000 6.5549¢-001
3. 6446¢+000 | 6.0757¢-001
3. 3410¢+000 5.5965¢-001
3.0373¢+000 5.1173e-001
2.7337¢+000 4.6381¢-001
2. 4300 +000 4.1589¢-001
2.1264¢+000 3.6798¢e-001
1.8228¢+000 3.2006e-001
1.5191¢+000 2.7214¢-001
1.2155¢+000 2.2422¢-001
9.1186¢-001 1.7630e-001
6.0822¢-001 1.2838¢-001
5. 0NE00-001. 8.0463¢-002
9. 473%e-00 3.2544¢-002 i

Figure 10 Measurement of the E-field in the adult head skin layer.

SAR Field[W/kg) E field (V/m)
9. 1400 -001 7.5242¢-001
8.5688¢-001 7.1629¢-001
7.9975e-001 6.8816¢-001
7.4263¢-001 6.4103¢-001
6. 8550¢-001 5.939¢-001
6.2838¢-001 5.4678¢-001
S.7125¢-091 4.9965¢-001
S.1413¢-001 4.5252¢-001
4. 5700e-001 4.0539¢-001
3.9988¢-001 3.5826¢-001
3. 4275¢-001 3.1114¢-001
2. 8563¢-001 2.6401¢-001
2.2850¢-001 2.1688+-001
1. 71905-081 1.6975 ¢~ 001
1.14250-001 1.2262¢-001
ol e 7.5495¢- 002 N
2.9252¢-006 Cade g

Figure 11 Measurement of the E-field in the fat layer of the adult head.

https://www.malque.pub/ojs/index.php/msj
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SAR Field[w/kg]l E field (V/m)
9.5416¢-001 7.282¢-001
8.9452¢-001 6.8223¢-001
8. 3489¢-001 6.5625¢~001
7.7525¢-001 6.1027¢-001
7.1562¢-001 5.6430¢-001
6.5598¢-001 5.1832¢-001
S.9635¢-001 4.7234¢-001
$.3671e-001 4.2637¢-001
4.7708¢-001 3.8039¢- 001
4. 1745e-001 3.3441 - 001
3.5781¢-001 2.8844 ¢~ 001
2.9818¢-001 2.4246¢- 001
2. 385h¢-001 1.9648¢-001
R SURRA . 1.5051 ¢- 001
1.1927¢-001 1.0453¢-001
S.9638¢-002
3. 3845¢-006 t:::g —

Figure 12 Measurement of the E-field in the bone layer of the adult head.

SAR Field[W/kg] Efield (V/m)
1.1237¢+000 6.3315¢-001 e — "o
1.0534¢+000 6.0437¢-001 . ™
9.8320¢-001 5.6559¢-001
9.1297¢-001 5.2682¢-001 ‘\\
8.4274e-001 4.8804e-001 / \
7.7251e-001 44926e-001 / \
7.0228¢-001 41048¢-001 | \
6.3206¢-001 3717e-001 } \
5.6183¢-001 3.3292¢-001 | !
V. $100¢-001 29415¢-001 | |
4.2137¢-001 25537¢-001 | !
3.5114%¢-001 21659e-001 \ {_/
SNt 1.7781¢-001 /
2.1069¢-001 13903 ¢- 001
1.4046e-001 10025001 /
7.0231¢-002 g o e, /
2.5625¢-006 22696¢—002 L SS—

Figure 13 Measurement of the E-field in the dural layer of the adult head.

SAR Field[W/kg) Efield (V/m)
3.8706¢+000 6.1004¢-001
3.6287¢+000 5.7225¢-001
3.3868¢+000 5.4445e-001
3. 1449¢+000 5.0665¢-001
2.9030¢+000 4.6886e-001
2.6611¢+000 4.3106e-001
2.4193¢+000 3.9327¢-001
2.177%¢+000 3.5547¢-001
1.9355¢+000 3.1768¢e-001
1.6936¢+000 2.7988¢-001
1.4517¢+000 2.4209e-001
1.2098¢+000 2.0429¢-001
9.6797¢-001 1.665¢-001
7.2608e-001 1.287¢-001
4. 8420¢-001 9.0907¢-002
2.4232¢-001 5.3112¢-002
4.3368¢-004 1.5317¢-002 e —

Figure 14 Measurement of the E-field in the CSF layer of the adult head.

=
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SAR Field[W/kg) el (V)

3. 8892¢+000 ALSw=0M
3. 6462¢+000 47999¢-001
4 S biciia 4.5847¢- 001
3. 16014000 4.2695¢-001
2.9171€+000 3.9542¢-001
2. 6740¢+000 3.639¢-001
2.4310¢+000 3.3238¢- 001
2.1879¢+000 3.0086e-001
1.9449¢+000 2.6934¢- 001
1.7019¢+000 2.3782¢-001
1.4588¢+000 2.063e-001
1.2158¢+000 1.7478¢- 001
9.7274¢-001 1.4326¢- 001
7.2970¢-001 1.1174¢-001
4. 8666¢-001 80214¢-002
2.4362¢-001 4.8693 ¢~ 002
5. 8176¢-004 1.7172¢-002 —

Figure 15 Measurement of the E-field in the brain layer of the adult head.

4.2. E-field measurement in Child Head Model

SAR Field[W/kg) Efield (V/m)
6. 1103 +000 1.8019e+002
5. 7285¢+000 1.6896¢+002
S. 3467e+000 1.5774e+002
Y. 9648e+000 1.4651e+002
4. 5830¢+000 1.3529e+002
4. 2012¢+000 1.2407e+002
3. 8193¢+000 1.1284¢+002
3.4375¢+000 1.0162e+002
3.0557¢+000 9.0396+001
2.6739¢+000 7.9172¢+001
2.2920¢+000 6.7948¢+001
1.9102¢+000 5.6724e+001
1.5284%¢+000 4.55e+001
1.1466¢+000 3.4276e+001 /
7.6473e-001 2.3052e+001 . P
3.8290e-001 1.1828¢+001 e -~
1.0761¢-003 6.0453¢—001 g
I ]
~—

Figure 16 Measurement of the E-field in the child’s head skin layer.

SAR Field[w/kg) Efield (V/m)
3. 8684¢+000 1.7717e+002
3.6267¢+000 1.6612e+002
3. 3850¢+000 1.5507e+002
3. 1432¢+000 1.4401e+002
2.9915¢+000 1.3296e+002
2.6597¢+000 1.2191e+002
2.4180¢+000 1.1086e+002
2.1763¢+200 9.9804¢+001
1.9345¢+000 8.8752e+001
1.6928¢+000 7.77e+001
1.4510¢+000 6.6647e+001
1.2093¢+000 5.5595e+001
9. 6756¢-001 4.4542¢+001
7.2582¢-001 3.349¢+001
2.2438¢+001
4. 8408e-001 ¢
2.423%e-001 1.1385e+001 \
6.0344¢-00Y 3.3291e-001 .

Figure 17 Measurement of the E-field in the fat layer of the child’s head.
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Figure 18 Measurement of the E-field in the bone layer of the child’s head.

SAR Field[W/kg]
9094 +000
. 6651e+000
. 4208e+000
. 1765¢+000
. 9322¢+000
6879¢+000
. 4436e+000
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4664e+000
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6008e -004

N E NNV N VD O
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Figure 19 Measurement of the E-field in the dural layer of the child’s head.

SAR Field[W/kg)
4. 8690 +000
.5648¢+000
2605¢+000
. 9563000
6520e 4000
3478e+000
O435¢+000
7393¢+000
4350¢ +000
1308¢+000
8265e+000
5223¢+000
2181e+000
1381¢-001
6.0957¢-001
3.0532¢-001
1.0796¢-003

BPEENNDNNOOOOO S

%

E field (V/m)
1.3783e+002
1.2922¢+002
1.2062e+002
1.1201e+002
1.0341e+002
9.4802e+001
8.6196e+001
7.759¢+001
6.8984¢+001
6.0379e+001
5.1773e+001
4.3167e+001
3.4561e+001
2.5956e+001
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1.3818¢e-001

L

Figure 20 Measurement of the E-field in the CSF layer of the child head.
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SAR Field[W/kg) Efield (V/m)
4. 8245¢ +000 1.2126e+002
Y. 5230¢ +000 1.1368e+002
4. 2216¢+000 1.0611e+002
3. 9201 ¢+000 9.8528e+001
3.6186e+000 9.095¢+001
3, 3172¢+000 8.3372e+001
3.0157¢+000 7.5795e+001
2.7142¢+000 6.8217¢+001

l 2.4128¢+000 6.0639¢+001
2.1113¢+000 5.3062e+001
1. 8098¢ +000 4.5484¢+001
1.5084¢+000 4 3.7906e+001
1.2069¢+000 3.0329¢+001
9.0545¢-001 2.2751e+001
6.0399¢-001 1.5173e+001
3.0252¢-001 7.5958e+000
1.0574¢-003 1.8184¢-002

Figure 21 Measurement of the E-field in the brain layer of the child’s head.
5. Results and Discussion

Biological tissue displays a dispersive propensity and absorbs power when exposed to electromagnetic radiation.
Furthermore, power levels often have a tendency to worsen tissue injury (Davison and Zamah 2009; Bormane et al 2022).
Due to the high tissue permittivity, the EM wave absorbs more energy as it reaches the tissue layer at higher frequencies,
which causes the tissue to warm up (Wongkasem 2021). In reality, various biological tissues behave like lossy dielectric
materials and have a frequency-dependent dielectric constant (Rashed et al 2020). Under adiabatic conditions, tissue heating
close to the skin's surface can be significant, whereas the temperature rise in internal body tissues is less noticeable (Christ et
al 2006; Sonawane and Bormane 2022). Tables 4 and 5 display the E-field strength and SAR values of the six-layer adult and
child human heads.

Table 4 E-field strength of six-layer adult and child human heads.

Sr. Tissue E-field E-field strength (V/m) in
No. Strength (V/m) in ADULT Head CHILD Head

1 Skin 0.77925 180

2 Fat 0.75242 177

3 Bone 0.72820 167

4 Dura 0.63315 140

5 CSF 0.61004 137

6 Brain 0.51151 121

Table 5 SAR values of six layers of adult and child human heads.

Sr. Tissue SAR Value SAR Value (W/kg) in
No. (W/kg) in ADULT Head CHILD Head

1 Skin 4.85 6.11

2 Fat 0.914 3.86

3 Bone 0.954 3.07

4 Dura 1.12 3.90

5 CSF 3.87 4.86

6 Brain 3.88 4.82

This section analyses the findings of E-field measurements in Table 3 and SAR measurements in Table 4 taken with a
dipole using an adult and kid head model for six layers. The geometrical specifications and material dielectric properties for
an adult head are different from those for a child's head. A human skull was exposed to the EM produced by a mobile phone
(dipole antenna) with a 5 mm distance between it and the electromagnetic source. The frequency band of 1800 MHz was
stated in the antenna model design. After examination, an adult head model's maximum E-field and SAR values are 7.7925 x
107! volts per metre and 4.85 x 10° watts per kilogram, respectively. In contrast, the maximum E-field and SAR values for a
child head model are 1.80 x 10*? volts per metre and 6.11 x 10° watts per kilogram, as depicted in Table 3 and Table 4. Figure
22 shows the E-field variance in tissues, and Figure 23 compares the SAR values in human adult and child heads.
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Figure 23 SAR value comparison in human adult and child heads.

The skin layer, which is closest to the EM radiation source, has the highest e-field and SAR value. In both the adult and
kid head models, Figure 22 depicts that EM absorption steadily decreases as the distance between the EM source and tissue
layer rises, from the skin layer to the brain layer. On comparison, the child head model has a greater SAR than the adult head
model, as depicted in Figure 23. Additionally, the bone layer has significantly less water content than other layers, and we
found the lowest SAR there. The brain layer, which is the deepest layer, appears to have the second-highest SAR value. SAR
changes in six layers of both child and adult heads as a result of layer-by-layer variations in conductivity, permeability,
permittivity, and e-field strength.

6. Conclusions

In six-layer (brain, CSF, dura, bone, fat and skin) age-dependent adult and child head models, EM field devices,
particularly mobile cell antennae and head contact, have been explored. However, this work places greater attention on the
FDTD method age-dependent SAR value measurement approach in 40-year-old adult and 5-year-old child heads. There have
been a number of earlier investigations that could have found anatomical differences between adults and children. The
scaling of adult head models will always result in certain anatomical variances and sensitivity to EM absorption due to
changes in anatomy and tissue proportions.

Due to variations in the pinna's thickness and the cranial bone's thickness, head geometry, conductivity, permittivity
and permeability layerwise, the local SAR has been estimated in both scenarios and indicates higher SAR in a child's head
than an adult's head. Depending on whether the thickness of the cranium and surrounding tissues genuinely changes with
age, a higher SAR in the brains of children can be anticipated. Additionally, the SAR value measured for both adult and child
heads surpasses the normal SAR maximum value set by organizations such as IEEE, ICNIRP, and FCC (Means and Chan 2001;
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Sonawane and Bormane 2022). According to previous research, using a cellular phone increases the chance of developing
brain cancer. That is an ongoing issue. The incidence of glioblastoma, the worst form of brain cancer, has risen in various
countries, such as the United States and Denmark (Gabriel and Peyman 2018). In Australia, the frequency of brain cancer has
risen recently. These findings are based on data from each nation's cancer registries about brain cancer incidence.

In this study, the strength of e-field absorption in the human head decreases with an increase in the gap between the
EM radiator and the head. Therefore, keeping a safe distance from a mobile device could reduce the risk of an unwell effect
on the human body/head. If the highest SAR is at or below the 1.6 W/kg exposure level in the United States, the phone is
approved for sale without consideration of the SAM certification process's 30% tolerance. However, our research found a
larger value than the stipulated limit. Therefore, the safety limitations on SAR for RF exposure must be carefully evaluated for
compliance with any wireless devices that may be worn on the body or carried in the hand. The appropriate standards must
be changed to account for the effects of electromagnetic field coupling with layered brain tissue. The SAR evaluation results
for the two head models may suggest that further standard SAR values should be sought.

7. Future Scope

Due to finding a higher value of SAR in the head of a child, there is a need for a safe solution for the effective design
and assessment of EM shields for mobile phones. In the proposed study, the analysis of head SAR has been reported, but
body SAR needs to be investigated to determine the severity of the mobile phone effect on the human body.
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