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Abstract—A simple geometrical Asian-hand model with human tissue
properties posed at two common talk-mode positions is proposed for
comparative study. The newly designed hand is formed by measuring
an adult female hand at open-hand position before being posed into
the presented styles. Four human hand tissues are included: skin,
bone, muscle, and tendon, and also three homogeneous sets of hands
using specific anthropomorphic mannequin (SAM) hand phantom
dielectric properties. A candy-bar type mobile phone with Planar
Inverted-F Antenna (PIFA) is used to radiate dual-band frequency of
GSM900/1800 in the vicinity of the SAM head phantom. The mobile
phone casing is made out of plastic, and only two components are
considered: the FR-4 ground plane and PIFA. The specific absorption
rate (SAR) averaged over a mass of 10 gram and 1gram is calculated
after obtaining the power loss density and electric field value from
simulation in CST Studio Suite 2011. The SAR and return loss results
of six hand structures, including the SAM hand phantom are compared.
The antenna performance with the inclusion of hand does not decrease
as much as 1800 MHz in 900 MHz range, but absorbs energy more in
the hands for 1800 MHz than 900 MHz SAR values.
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1. INTRODUCTION

Concern of possible health effects due to electromagnetic field
exposure [1-7] has come to public knowledge since mobile phones
became a necessity of life instead of just a desire to have one. More
and more people want to know whether any confirmed effects have been
stated yet [8] and how to overcome the matter without stopping the
usage [9-13], resulting in on-going research for decades to analyze the
rate of electromagnetic wave being absorbed into a specific averaged
mass of tissue of a human body [9,14-33] and even animals [34—
36]. The value is obtained by measuring the time rate of RF energy
absorption which is given in terms of specific absorption rate (SAR) at
various part of body, for example head and hand in the case of mobile
phone [20, 22,23, 25, 26,28-33]. SAR can be defined as:

E2
sar - 7IF|

(1)

where |E| is the rms value of the induced electric field (V/m), o the
electrical conductivity of the tissue (S/m), and p the density of the
tissue (kg/m3) [14,27,37].

Several studies have been done to investigate the maximum value
of SAR for various brand of mobile phone [19, 22,28, 30] to make sure
that manufacturers keep their design of mobile phone antenna within
safety limits, whether it is a candy-bar-typed phone, a clamshell-type,
a mobile phone with a Planar Inverted-F Antenna (PIFA), a dipole
antenna [7, 38| or a dipole antenna [19-22]. After the influence of hand
emerged in the performance of a mobile phone [12], many researchers
have included hand with skin, muscle and bone properties in their
simulations. Each hand studied — human’s or phantom’s — is different
in its orientation [25, 26, 38] and its size based on the age [39] and race
of the human being studied [6, 31].

In terms of hand grip, Al-Mously and Abousetta [29] investigated
the impact of hand-hold positions on both antenna performance and
the SAR induced in the user’s head. A mobile phone in a hand
model close to a Specific Anthropomorphic Mannequin (SAM) head
at both cheek- and tilt-positions, according to IEEE-1528 standard
(2003), is considered during the simulation. A semi-realistic hand
model consisting of three tissues, skin, muscle, and bone, is designed
with two different holding positions: grasping the lower part and the
upper part of mobile phone. The results show that in the case of the
mobile phone in hand close to head at different positions, the antenna’s
total efficiency reduces at both cheeks and in tilt position, whereas the
value of peak averaged SAR at 1g in head also reduces at both head
positions, depending on the hand-hold position. In addition, holding
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the mobile phone close to head (grasping upper part) decreases the
antenna efficiency dramatically.

In the present work, the maximum SAR values at different user
hand positions and properties, specifically on Asian-sized hand will be
investigated. It is hypothesized that with the inclusion of a smaller-
sized hand in vicinity to the mobile phone, the absorption of RF energy
into brain tissue might be increased since it has less absorption in the
hand.

2. METHODOLOGY

The designs and simulations will be conducted in CST Studio Suite
2011 [48] which embeds CST Microwave Studio for fast and accurate
3D EM simulation of high frequency problems. Transient Solver is
used to solve electric field value, power loss density and S-parameters.
Using a T5500 Dell Workstation with Intel Xeon processor, a Fast
Perfect Boundary Approximation (FPBA) mesh technology is used to
define fine meshes at high dielectric properties area with reduced total
simulation time from subgridding scheme. SAR calculation will be
performed at 10g and 1 g averaging mass after transient solver stops.

2.1. Mobile Phone

A dual band PIFA with ground plane made of Flame Retardant 4
(FR-4) printed circuit board (PCB) is taken from a clam-shell mobile
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Figure 1. Dimension for candy- Figure 2. PIFA and ground
bar mobile phone case. plane in plastic casing.
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phone in CST Tutorial examples which is then converted into a candy-
bar mobile phone by designing a simple plastic box as in Figure 1.
Only two components are taken into consideration while others, such
as the Liquid Crystal Display (LCD) screen, keypad, circuitry board,
Subscriber ID Module (SIM) card and screws are neglected. The fully
designed candy-bar mobile phone ready to be used in all simulations
is shown in Figure 2.

The phone is first simulated to observe the antenna’s efficiency to
serve at both GSM frequencies before being simulated together with
the presence of head and hand. This is to check whether the casing
gives any effects on the reflection coefficient, S1; value of the antenna.
The phone is then simulated again with Standard Anthropomorphic
Model (SAM) head phantom to obtain Si; value so that when the
hand is included in the later design, any changes in the S-parameters
are fully considered by the inclusion. All results of Sy; for the mobile
phone will be shown in the Results and Discussion Section later.

2.2. Hand Model

The initial stage of the research focuses on designing a simple block of
hand model based on Malaysian-sized female adult. The quasi-block
model is built up using cylinders for the fingers and also bricks for the
palm and thumb structure in CST Studio Suite 2011 software. It is
also skinned to have cylinders and brick-shaped bones inside to mimic
real human hand. The dimension of the hand is shown in Table 1.
Previous research done consists of only solid hand holding a mobile
phone close to a human head filled with homogenous glycol-containing
tissue-stimulant liquid (TSL) for simulations. The defined liquid is
a frequency dependent material according to IEEE/CENELEC/IEC
standard which is called Standard Anthropomorphic Model (sometimes

Table 1. Dimension of quasi-block hand model [32].

Hand Dimension mm
Thumb 50

Index Finger 70
Middle Finger 80
Ring Finger 70
Pinky (Small) Finger 55
Palm 100

Approx. Hand Thickness | 20
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Table 2. Properties of quasi-block hand model [41-47].

. . . . Operating Frequencies
Material | Dielectric Properties 900 M, | 1800 Miiz
Skin Epsilon’ 41.405 38.785

E. Conductivity 0.86674 1.1847
Epsilon’ 12.454 11.781
Bone —
E. Conductivity 0.14331 0.27522
. Epsilon’ 43.4 37.6
1 *
Solid E. Conductivity 0.88 1.43

*Note: Reference in [40]

Table 3. SAM head TSL [33].

443

. Operating Frequencies
Properties =553, | 1800 MHz
Epsilon’ 41.5 40
Epsilon” 17.98 13.98
Density 1000 kg/m3

called Specific Anthropomorphic Mannequin) or SAM. Since the hand
is solid without thermal effect and the head filled with TSL, the
electromagnetic energy is absorbed only in the head region while the
hand is covering the radiating antenna without showing any absorption
of radiation. With that, the skin and bone properties for 900 and
1800 MHz are added to the newly designed quasi-block hand model.
Both homogenous (solid) and heterogeneous (skin and bone) hand are
then compared to see the changes in peak SAR values. The properties
are shown in Table 2.

To make good comparisons, both hands must have the same size at
an exact position. Although a standard CTIA hand model has already
been created with the size of an European hand, a new hand model is
used for this study. The solid hand model is made of the same quasi-
block hand model, with skin and bone properties merged into one solid
property according to the CTTA SAM hand standard. Both hands use
the same SAM head with the same TSL defined in Table 3 and also
with the same type of mobile phone antenna.

The hand is then imported into the candy-bar mobile phone design
to keep the settings of the PIFA from the tutorial example untouched.
The hand is moved towards the mobile phone until it is seen holding
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the phone on its palm as in Figure 3. With that, the talk-mode position
is set up as in Figure 4, and the simulation is run to monitor electric
field values and power loss density in order to calculate the maximum
rate of absorption for an averaged mass of 10 gram and 1 gram tissues
in cubic. The normalized antenna input power is set to 1 Watts for
both frequencies. The result will be discussed in the results section
later.

Figure 3. Quasi-block hand Figure 4. SAR simulation
model with candy-bar mobile phantom setup [32].
phone [32].

Figure 5. Oval hand phantom grabbing candy-bar mobile phone with
PIFA [33].
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The second stage is to redesign the quasi-block hand model into a
more realistic shape of an Asian-sized hand. The main focus here is to
suggest a substitution hand phantom for an Asian who has a smaller-
size hand than that of an European. The hand is redesigned to have
conical-cylindrical fingers and elliptical palm to resemble a human hand
in a normal talk position. The index finger is positioned at the back
of the phone where the antenna is radiating, while other fingers are
at the side of the phone as shown in Figure 5. The dimensions are
almost the same as the earlier version of the quasi-block hand, but
a few adjustments are made in order to bend the fingers into a more
sensible talk-mode position. The new dimensions are shown in Table 4.

Anatomically, Asians’ hands are slightly smaller than Europeans’
and might cause the head to absorb part of the energy radiated by the
antenna more than the hand does. In order to prove so, the standard
CTIA SAM hand is compared with the new oval hand phantom, both
solid and having the same dielectric properties, set up together with
the same candy-bar mobile phone and SAM head used previously. The
setup is shown in Figure 6.

To investigate further on human tissue absorption towards
electromagnetic radiation, the oval hand phantom is made in three
versions. The first version is the solid hand compared with SAM
hand phantom; the second version is similar to the earlier version of
brick hand that is skinned to have two dielectric properties of skin
and bone shown in Figure 7; the third version is again a bone hand
but with the fingers properties defined as tendon and the palm defined
as muscle. The properties of both muscle and tendon are referenced
in [41-47]. The results of these investigations will be discussed in the
result section.

Simulations are done in CST Microwave Studio using T5500

Table 4. Asian-sized hand phantom dimensions [33].

Hand Dimension mm
Thumb 50

Index Finger 70
Middle Finger 70
Ring Finger 60
Pinky (Small) Finger 50
Palm 100

Approx. Hand Thickness | 20
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Dell Workstation with Intel Xeon processor in Embedded Computing
Research Cluster, Seriab, Perlis, Malaysia. For discretization, 15 lines
per wavelength with subgridding are chosen in the mesh settings. The
mesh needs to be much finer in the head region due to the high
dielectric permittivity of the brain tissue (TSL). Using hexahedral
Fast Perfect Boundary Approximation (FPBA) mesh technology, the
transient solver solves electric field and Power Loss Density before
calculating for SAR values.
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Figure 6. Simulation setup for both hands [33].

Figure 7. Second version of oval hand phantom (skin and bone).
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3. RESULTS AND DISCUSSION

As mentioned previously in Methodology Section, the mobile phone has
gone through two simulations to validate the result gained later after

0
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@

Figure 8. Return loss for mobile phone between casing and head
phantom for (a) 900 MHz and (b) 1800 MHz.
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including the proposed hand. The first simulation is between the PIFA
and the plastic casing covering it. The return loss for 900 MHz shows a
minor shift to the right and drops around —9 dB, while the 1800 MHz
also shifts to the right but with less loss at —12dB (refer to phone
only curve). The second simulation (head_phone curve) includes SAM
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Figure 9. Return loss for all hand structure at (a) 900 MHz

(b) 1800 MHz.
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head phantom which shows tremendously good antenna efficiency. It
is perfectly tuned for 900 MHz and drops at —40dB while a shift
from 1800 MHz range drops at around —21dB. The graph for both
simulations is shown in Figure 8 for both GSM frequencies.

Figure 9 shows that only the orientation of the oval hand (skinbone
and musctend) provides good results for 900 MHz. All the other
hands including the solid SAM hand have high return loss and could
contribute to low quality calls caused by the high absorption. However,
for 1800 MHz, all hand structures cause detuning and some high return
loss too.

In terms of SAR results for SAM head phantom in the vicinity
of mobile phone and without hand inclusion, both 10 grams and 1
gram averaged mass of head tissue are calculated for both frequencies.
Table 5 shows the results of maximum SAR value in XY-plane (ear
view) and cutplane-view of X Z-plane to evaluate at both axes the
absorption direction into the head. These results also act as a control
setup to ensure that any increment or decrement of SAR from the next
head-hand setup comes from the inclusion of hand, and with further
investigation of the hand positions and tissues involved.

3.1. First Stage

For the first stage simulation involving the quasi-block hand model,
two comparisons are made, which are between homogeneous and
heterogeneous hands, and between with and without skin hand. Both
comparisons take only peak SAR into consideration, whether the peak
is in the hand region or in the head region. The purpose at first is to
observe how high the SAR could be for that setup.

Comparison of homogeneous and
Wikg heterogeneous brick hands

25

20 ¥

15 = homogeneous
10 u heterogeneous

® no hand
5

0
0.9GHz 1.8GHz | 0.9 GHz 1.8 GHz  frequency

SAR 10 g SAR 1g

Figure 10. Comparing SAR differences between two types of hands.
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3.1.1. Homogenous and Heterogeneous Hand

The electromagnetic field emitted by the candy-bar mobile phone
antenna is simulated at two GSM frequencies to see the 3-dimension
effect of SAR penetrating the head phantom averaged over a mass of
10 gram and 1gram cubic. The setup that uses solid hand properties
shows that only the head region is absorbing the energy, while the hand

Table 5. Intial SAR values for setup without hands at two axes.

Operating Frequency: 900 MHz : 1800 MHz
ear view o I
SAR10g == i
cutplane view '” I
Max SAR : — é.O3W/kg _-' — 548 W/kg
ear view o :I
SAR1g — - _‘_
cutplane view 'ﬂ I EU I
Max SAR : 2 3.1 Wikg e “10Wikg
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is just there as if not absorbing anything. However, when the hand
is defined as absorbing tissues like skin and bone where parameters
such as density, heat capacity and thermal conductivity are taken into
consideration, there is absorption towards both hand and head region,
with the hand absorbing more than the head. The presence of hand
as an anatomical material has actually reduced the radiation absorbed
by the head.

Results of peak SAR are presented in Figure 10 to make
comparisons, and the values are tabulated in Table 6. From the bar
chart, it can be seen that the SAR in heterogeneous hand with skin
and bone properties is higher than the SAR in solid homogenous hand
or without hand. Table 7 shows the location of which part absorbs
more energy. Although it shows that the hand absorbed more than
the head, the SAR value actually increased compared with that of the
homogenous hand. In a way, this is good since the peak SAR value
does not come from the head, but still the value in hand region is
higher and needs further investigation.

3.1.2. With and without Skin Hand

To determine which tissue absorbes more energy than the other, a
simulation on hand with skin (heterogeneous) and hand without skin

Table 6. Maximum SAR values obtained from homogeneous and
heterogeneous hands.

Homogeneous Heterogeneous
No Hand
Mass Hand Hand
900 MHz | 1800 MHz | 900 MHz | 1800 MHz | 900 MHz | 1800 MHz
10g 3.81 3.46 10.5 8.52 8.03 5.48
lg 6.05 6.92 22.3 15.6 13.1 10

With and without skin SAR
W/kg
25

20

15

10 uheterogeneous
5 ubone only
0

0.9 GHz IBGHZOQGHZ 1.8 GHz

frequency
SAR10g SAR 1g

Figure 11. Bar chart for result in Table 4.3.
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Table 7. Energy absorbed by head at different hand properties.

900 MHz 1800 MHz
SAR
10g
SAM
Hand
SAR
1g
SAR
109
Quasi-
block
Hand -1 - |
SAR l
1g

(bone only) is done. Result from the previous heterogeneous hand
is compiled together with the new bone-only hand and tabulated in
Table 8. A better comparison is seen in Figure 11.
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Table 8. Maximum SAR values obtained from both hands.

Mass Heterogeneous Bone only
900 MHz | 1800 MHz | 900 MHz | 1800 MHz
10g 10.5 8.52 12.1 5.84
1g 22.3 15.6 19.8 13.0

SAR 10 g for quasi-block hand
14 25

SAR 1g for quasi-block hand

20

whomogeneous
uheterogeneous
ubone only

8 whomogeneous 15
6 uheterogeneous |,
4 E i ubone only
2
0

(4]

o

1.8 GHz 0.9 GHz 1.8 GHz

@ (b)

0.9 GHz

Figure 12. Comparing (a) SAR and (b) from different structure of
hand phantom.

The result obtained from simulated bone-only hand shows that
the skin absorbed a small amount of energy, leading the bone part as
the major absorber. The bone-only SAR values at an average mass
of 1gram decreases only a bit which might be caused by the actual
thickness of skin from the previous hand that is merged all together to
be a bone-only hand. The skin thickness is only £3% larger than the
bone and without any air gap in between.

Meanwhile, SARjp, calculation gave uneven results when at
900 MHz, bone-only hand shows increment of absorption, while at
1800 MHz shows otherwise. This phenomena need to be investigated
further since the simulation did have some stability issues and
reduction of time factor.

In Figure 12, all types of quasi-block hands are then analyzed
together in a bar chart to determine which properties absorbs more
radiation and contribute to the increment of SAR. Two results are
taken from this investigation which is the maximum SAR value at
where it peaked, and the maximum SAR value in the head region only.
At both frequencies, the structure of skin and bone increases SAR,
followed by bone tissue, and this happens at either 10 gram averaging
mass or 1gram. The values are also far from the solid hand that is
not filled with any frequency-dependent simulating liquid and that the
energy is absorbed fully by the head tissue. Since the important part
of human body is the brain, or head tissue, the absorption rate at both
10 gram and 1 gram averaging mass are compared at only 1800 MHz in
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Table 9. SAR specifically in head region at 1800 MHz.
1800
MHz 109 g
B | S |
Solid
Max SAR =6.92
1 B
Skin +
Bone
- Max SAR = 6.16
=1 1
Bone
only
Max SAR =3.25 Max SAR = 5.58

Table 9. At this frequency, the wavelength is shorter and the radiation
attenuates less deep in human tissues and more at the skin surface.
In terms of averaged mass of tissue, the calculation of SAR for
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Comparison of SAM and oval hand

14
12
10
8
6 u SAM
4l u oval
o L & no hand
0
09GHz 18GHz | 0.9GHz 1.8GHz
SAR 10 g SAR 1g

Figure 13. Comparing SAR difference between two types of hand.

10 gram is lower than that of the 1 gram tissue most of the time. The
American standardized to use 1 gram of cubic-sized tissue to determine
the highest value of SAR, and the results should be more precise than
a 10gram tissue SAR which is averaging at a larger size of cube.
However, ICNIRP has set the international guidelines and standards
for the limit of SAR averaged over a mass of 10 gram.

3.2. Second Stage

In the second stage, a more realistic hand is designed, including new
tissues such as muscle and tendon in the simulation. For the new oval
hand, three sets of hand are designed: a solid hand, skin bone hand,
and muscle tendon hand. The muscle tendon hand also includes bone
structure inside, but not with the skin on the outside. Instead, the
fingers are defined as tendon, and the palm is defined as muscle based
on real human hand anatomy.

3.2.1. Solid SAM and Solid Oval

Figure 13 shows the comparison between SAM hand model and oval
hand model. The bar chart shows that only 5%-25% difference is
obtained compared with both hands. This might be due to the
smaller size of Malaysian hand, causing the head to absorb more
electromagnetic field than using the SAM hand. There is a decrease of
SAR in 1 gram averaged mass of tissue at 1800 MHz from using the oval
hand. However, the SAR did increase at 900 MHz for both tissue mass
averages. The percentage of SAR between both hands at 900 MHz
and 1800 MHz shows a pattern of higher difference at higher frequency
but small changes at lower frequency. This is also the same for the
no hand result where at lower frequency, the SAR without hand is so
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Table 10. Observing the spreading of EM wave into head at 900 MHz.

900 MHz SAM Hand Oval Hand

10g

1g

I'i

Max SAR =6.87 Max SAR = 7.43

much higher than any of the hand models, but became almost similar
with SAM hand and slightly higher than the oval hand when it reaches
higher frequency.

Another observation is made to see the spreading of the energy
absorbed in the head, shown in Table 10 for lower frequency part,
900 MHz where the absorption is wider in the ear and cheek section
for 10 gram SAR calculation, while for 1 gram SAR the energy absorbs
less in the lower ear section and attenuates faster. With the inclusion
of the suggested oval hand in low frequency, the SAR increases but the
penetration is similar.

In Table 11 for 1800 MHz, only the oval hand at 10gram SAR
spreads wider in the ear and cheek section, and the others concentrate
more in the ear part and die down quickly. This time, the SAR reduces
but spreads more in the surface for high frequency with the inclusion
of the suggested hand model.
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Table 11. Observing the spreading of EM wave into head at
1800 MHz.

1800

MHz SAM Hand Oval Hand

10 —
5t
0 e
0.9 GHz 1.8GHz
SAR 10g

SAR 1g

0.9GHz 1.8GHz|

109
.:_ 1
l g -y
Max SAR =10.3 Max SAR =7.06
Comparison of Oval hand with
different properties
35
30
25
ig usolid
wu skin+bone

umuscle+tendon

Figure 14. Adding tissue properties to the suggested oval hand model.

3.2.2. Skin Bone Hand and Muscle Tendon Hand

Three hands are compared to analyze which tissue absorbs more
radiation than the others, just like the earlier version of quasi-block
hand. As seen in Figure 14, the solid hand with no tissue properties
has very low SAR at both frequencies compared to the ones structured
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“(b) Max SAR =25

“(6) Max SAR=7.72

0

Max SAR = 1.03

|

o |
ax SAR = 0.523

Figure 15. Sliced SAR value from hand
averaged mass of 10 gram.

() Max SAR = 0.338

to head at 900 MHz for

with hand tissues. As for the hands with tissues properties added, the
skin and bone contribute more in the absorption of 900 MHz radiation,
but less when the frequency is higher. This phenomenon is vice versa
for the muscle and tendon structure which has a higher SAR value at
high frequency and then the SAR value decreases compared with the
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skin and bone structure SAR value at lower frequency. It can be said
that at low frequency, the skin is a major absorber while at a higher
frequency, the muscle and tendon are the major absorber. The values
are so high that observation of SAR in head region at this particular

orientation is also done.

|

~(c) Max SAR = 8.73

B
() Max SAR=2.16

= A
(k) Max SAR = 1.41

= () Max SAR = 0.915

Figure 16. Sliced surface view at 1800 MHz for averaged mass

10 gram.

of
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Sliced view of each layer penetration in an averaged mass of 10g
is shown in Figure 15 for 900 MHz and Figure 16 for 1800 MHz. By
slicing the head phantom, how deep the radiation penetrates can be
observed including what is the maximum SAR at each slice. The first
figure shows the peak SAR which occurs in the hand region and getting
reduced as it goes deeper in head. The maximum SAR in head region
is shown on the third figure which is the first open slice of the head.
The red position covers the entire ear and heading towards thalamus
if a real brain structure is used. As the SAR reduced, it gave no effect
towards the tissue and did not heat up any tissue that is marked red.

The highest SAR in the slice view is again in the hand region
especially along the index finger close to the PIFA antenna. As
the head is sliced, maximum SAR occurs in the cheek part, heading
towards the centre of the head as it attenuates further inside. However,
the red spots indicating the maximum SAR in deeper slices are more
specific with smaller diameters than the ones seen in 900 MHz. The
penetration does not die down as quickly as the lower frequency but the

Table 12. Peak SAR of 1 gram averaging for both frequencies.

900 MHz 1800 MHz

-

-

i

Max SAR inhand = 17.9 Max SAR in hand = 28
Max SAR in head = 8.68 Max SAR inhead = 18.1

Table 13. Maximum SAR values for muscle tendon hand setup.

Muscle + Tendon + Bone Hand | 10g | 1g
head 5.31 | 6.47
900 MHz hand 841 12.9
head 17 | 7.25
1800 MHz hand 19.1| 33
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Table 14. Peak SAR for head and hand from muscle tendon hand
setup.

10g lg
i |
h ead - l
900 = B
MHz
hand
head
1800 B - - =
MHz
hand
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spreading is more focused and longer, which is shown in the fourth and
fifth figure where the maximum SAR gives the same value although it
has been sliced twice.

As for the 1 gram averaged mass of tissue, both frequencies show
the peak SAR in the index finger, but the absorption surface is wider
and also lower in the low frequency radiation. The peak SAR obtained
in the hands is almost doubled compared with the value in the head,
especially the ear part. It can be seen that when frequency is higher, in
this case, at 1800 MHz, the maximum SAR is more focused on one small
spot rather spreading widely as in 900 MHz. Most of the simulation
done from previous work has also shown as stated. Table 12 shows
what has been explained.

Table 13 gathers reading from both frequencies and averaging
mass and also shows the difference between the peak SARs in head and
hand regions. Meanwhile, Table 14 shows the absorption pattern in
both regions to observe the spreading. In the muscle tendon hand, the
readings are much lower than those in the skin bone hand, which might
be caused by the density of the tissues set initially before running the
simulation. As the tissues get denser, the radiation becomes harder to
penetrate, and this could explain the reason for the much smaller value
in the SAR. Although the values look safe, the maximum SAR in head
and hand does not change much in the averaging mass of 10 gram. At
900 MHz, the absorption spreads very wide from the upper ear down
to the jaw line. The absorption in hand also involves the whole index
finger and the upper thumb, both made of tendon tissues surrounding
distalis bone. However, in 1 gram averaging mass, the maximum SAR
value in hand is twice of that in head and spreads less on the ear and
knuckle surface.

The same phenomenon happens for 1800 MHz at 10gram
averaging mass where the value does not change that much in head
and hand SARs. The absorption in head region accumulates more in
the upper part of ear aligned with the eyes and the whole index finger.
The absorption changes to ear and cheek bone parts in the 1gram
averaging mass and also very low compared to the value absorbed by
the inner of the index finger which is extremely high, almost five times
higher than that of the head maximum value.

4. CONCLUSION

Based on the results and findings from the simulations performed, the
main objective of this research has been met which is to investigate
various hand positions when holding a mobile phone during talk mode.
The results have shown a remarkable assumption that a smaller hand
does have significant effect on the rate of energy absorption in head
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region compared to the standard hand which is slightly larger than
that of the designed hand. It is also obvious that hand inclusion is very
important for such an investigation based on the comparison made in
this work and must not be left out as in previous work done by others.
In fact, various tissues with their own densities have also contributed
to a new finding that each tissue has its own absorption capacity and
must be included in performing such an investigation to replicate real
life conditions. The hand grip also plays a major role in determining
the rate of energy absorbed by the head and also the performance of the
antenna itself. Although the research focuses on the hand region where
the energy absorbed in the hand tissues is always higher throughout the
investigation (also seen in [29]). The head region is the most important
part that users would not want any unseen energy absorbed. Until now,
the effects of SAR are still inconclusive.
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