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A Study of the Hand-Hold Impact on the EM
Interaction of a Cellular Handset and a Human
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Abstract—This paper investigates the impact of the hand-hold
positions on both antenna performance and the specific absorption
rate (SAR) induced in the user’s head. A cellular handset with
external antenna operating at GSM-900 frequency is modeled and
simulated using a finite difference time-domain (FDTD)-based
platform SEMCAD-X. A specific anthropomorphic mannequin
(SAM) is adopted to simulate the user’s head, whereas a semi-
realistic CAD-model of three-tissues is designed to simulate the
user’s hand. The results show that in case of the handset in hand close
to head at different positions; the antenna total efficiency gets
reduced to (14.5% - 5.9%) at cheek-position and to (27.5% to 11.8%)
at tilt-position. The peak averaged SAR,, values in head close to
handset without hand, are 4.67 W/Kg and 2.66 W/Kg at cheek and
tilt-position, respectively. Due to the presence of hand, the SAR,, in
head gets reduced to (3.67-3.31 W/Kg) at cheek-position and to
(1.84-1.64 W/Kg) at tilt-position, depending on the hand-hold
position.

Keywords—FDTD, phantom, specific absorption rate (SAR),
cellular handset exposure.

1. INTRODUCTION

HE potential health hazard caused due to electromagnetic
(EM) radiation from cellular handset antennas, is a major
public concern. Besides, it is also the concern for the
manufacturing companies, in keeping their products working
within the safety standard guidelines. Measuring the induced
specific absorption rate (SAR) in a human head exposed to the
handset antenna radiation, most standards (IEEE-1528, EN
50360/1, TEC 62209, ARIB STD-T56, FCC, ACA) [1-7] are
not considering the use of hand model due to many possible
hand-hold positions and a worst case SAR value is obtained
without the use of a hand model. However, a hand-hold has a
considerable impact on the antenna performance which can be
altered according to both antenna and handset positions [8].
The impact of hand-hold positions on the EM interaction of
a handset and a human head in cellular communications has
had been investigated by many authors [9]-[11] where in only
the antenna performance was computed. In [9], a hand model,
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with a normal way of holding was simulated with only one
tissue approximating the average hand-tissues relative
permittivity. A homogeneous 3-D model was used in [10] to
simulate a user’s hand, whereas a realistic model with two
tissues (bone and muscle) was used in [11].

In this paper both antenna performance and the SAR with
the absorbed power in tissues are computed using a FDTD-
based platform SEMCAD-X [12]. A handset in hand close to
head at both cheek and tilt-position, according to IEEE-1528
[1], are considered during the simulation. A SAM-phantom is
used to simulate the user’s head whereas a semi-realistic
model of three-tissues is designed to simulate the user’s hand.

II. METHOD

The simulation is carried out in this paper using a FDTD-
base platform SEMCAD-X, due to its handling, functionality
and features for highly detailed CAD models as well as
efficient FDTD solver for simulating advanced applications.
SEMCAD-X is a 3-D full wave simulation environment based
on the FDTD method in which Maxwell’s curl equations are
discretized using a 2" order finite-difference approximation
both in space and in time in an equidistantly spaced mesh [12].

III. MODELING
A. Handset Model

A handset with most parts configuration is simulated using
SEMCAD-X platform. The maximum dimensions of the
proposed handset model are set to 43x16.5x104 mm. Fig. 1
shows the handset numerical components in different views.
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Fig. 1 Numerical components structure of the handset; (a) A 3-D
view, (b) A side-view, (c) A side-view without housing and covers
and (d) A 3-D view without housing and covers.
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The considered handset electromechanical parts are:

antenna, antenna cover and bushing, PCB, shields, LCD and

its holder, lenses and housing parts, keypad and buttons,
battery and battery contact and connectors. The dielectric
parameters of handset materials are listed in Table I.

TABLEI
MATERIAL PARAMETERS OF THE HANDSET MAIN PARTS
Part [ o [S/m]
Antenna cover and bushing 2.5 3e-3
PCB dielectric 4.5 Te-2
LCD glass 4.5 le-2
LCD dielectric 3.0 le-2
Housing and covers 3.5 2e-2
Keypad/buttons 3.5 2e-2
Battery case 3.5 2e-2

A short-whip antenna top loaded with a small cylinder [13]
is suggested as in Fig. 2. The antenna is tuned at 900 MHz and
is matched with a 15.25 nH lumped element. It is inclined
back (8°) to reduce the impact of the EM antenna radiation on
the user’s head.

900 MHz
L1=31 mm
L2=2 mm
D1=1mm
D2=6 mm

Fig. 2 The proposed loaded short-whip antenna attached to the PCB
with dimensions at 900 MHz.

B. Hand Model

A semi-realistic hand model consists of three tissues; skin,
muscle and bone, is designed with two usually different
holding positions that will be referred later as handl and
hand2. Hand1 grasping the lower part of the handset whereas
hand2 grasping the upper part of the handset. These proposed
hand-holds represent the two possible extreme hand-holdings.

C. Head Model

The user’s head is simulated using a homogeneous SAM
phantom available with SEMCAD-X and consists of two
dielectric materials, shell and liquid. The SAM was developed
by the IEEE Standards Coordinating Committee 34,
Subcommittee 2, Working Group 1 (SCC34/SC2/WG1) as a
lossless plastic shell, filled with a homogeneous liquid, and a
thin lossless ear spacer, whereas (SCC34/SC2/WG2)
suggested the same SAM but with different plastic shell
parameters [14]. Fig. 3 shows the handset in hand proximity to
SAM at cheek position for different hand-hold positions,
where the hand-bones grasping the handset are also shown.

Fig. 3 Different CAD representations of the handset in hand close to
head at check-position; (a) Handl-bones holding the handset, (b)
Hand2-bones holding the handset, (d) Handl-tissues holding the
handset and (d) Hand2-tissues holding the handset.

IV. GRID GENERATION

To align the simulated handset components to the FDTD
grid accurately (in free space) a minimum spatial resolution
of 0.5x0.5x0.5 mm® and maximum spatial resolution of 5X5x5
mm?® in the x, y, and z directions are chosen with grading ratio
of 1.2. This FDTD-grid setting is also applied in cases of the
handset held in free space and the handset held proximity to
head at both cheek and tilt-positions. During the simulation
processes, the absorbing boundary conditions (ABC) are set as
a Perfectly Matched Layer (PML) mode with a very high
strength thickness [12]. Table II lists the generated grid
properties of the handset in all conditions.

TABLEII
THE GENERATED GRID PROPERTIES OF THE HANDSET IN ALL CONDITIONS
Mesh cells amount (Mcells)
Handset in free-space 103*81%179 = 1.49340
£ E Handset in hand1 only 209%149%254 = 7.90981
Handset in hand2 only 212%145%227 = 6.97798
" No hand 191%134%263 = 6.73122
é In hand1 273%296*315 = 16.8550
= © In hand2 277*195*307 = 16.5826
& No hand 192¥134%265 = 6.81792
= In hand1 275%197%318 = 17.2277
In hand2 277*%195%304 = 16.4206
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V. SIMULATION RESULTS

A. Antenna Performance

Referred to the IEEE-standard C95.1b-2004 [15] (for low
power devices, uncontrolled environment), the antenna input
power is set to 0.6 W at 900 MHz.

Fig. 4 illustrates the value of ISl in (dB) versus frequency
for the handset in free-space and in both handl and hand2
close to head at cheek-position, whereas Fig. 5 illustrates the
value of ISyl in (dB) versus frequency for the handset in free-
space and the handset in both hand1 and hand2 close to head
at tilt-position.

Table III demonstrates the antenna parameters including;
input impedance, S;; in (dB), radiation efficiency and total
efficiency of the handset antenna in different conditions.

m Antenna 511(1); Handset in free-space
= Antenna S11(7); Handset in hand1 close to head (SAM)
s Antenna $11(1); Handselin hand2 close lo head (SAM)
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Fig. 4 ISyl in (dB) versus frequency of the antenna on top of the
handset at cheek-position and different conditions.

mm Antenna S11(f), Handset in free-space
w Antenna S11(f), Handset in hand1 close to head (SAM)
= Antenna S11(f); Handset in hand2 close to head (SAM)

TABLEIII
HANDSET ANTENNA PARAMETERS IN DIFFERENT CONDITIONS

Frequency 900 MHz

Parameter Zi IS1,1 (dB) MNrad TNtotal
- Nohand | 44.5+j0.86 -24.4 77.8% | 77.6%
% In handl | 49.2-j8.17 -21.6 89.8% | 87.2%
“ Inhand2 | 78.5+j37.4 -9.08 30.7% | 26.9%
§ No hand 39+j11.5 -15.02 151% | 14.6%
g In handl | 46.6 +j7.07 -21.9 14.6% | 14.5%
§> Inhand2 | 59.3 +j52.1 -7.19 7.3% 5.9%
« | Nohand | 453 +j15.2 -15.65 32.5% | 31.8%
% In handl | 50.6 +j2.68 -31.24 27.5% | 27.5%
“ | Inhand2 | 69.7 +j53.6 -7.22 14.6% | 11.8%

B. SAR and Power Loss Computation

The SAR is defined as the amount of EM energy absorption
in the unit mass as follow [16]:

SAR = ZE |g|? M
p

where o (S/m) is the electric conductivity, E (V/m) is the
induced electric field vector, and p(kg/m3) is the mass

density of the tissue.

Using SEMCAD-X platform, an algorithm based on
SCC34/SC2/WG2 computational dosimetry, IEEE-1529 [17],
the spatial peak SAR(x, y, z, f,) can be computed over any
required mass.

The computed peaks SAR averaged over 1g &10g with the
absorbed power in both head and hand are listed in Table IV
and Table V for the handset at cheek and tilt-positions,
respectively.

TABLEIV
PEAK SAR, POWER ABSORPTION IN TISSUES, AND THE COMPUTATION ERROR
FOR THE HANDSET AT CHEEK-POSITION AND DIFFERENT CONDITIONS

07

F——

— —
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[S11]in dB

06 10 14 12 13 14
Frequency GHz

Fig. 5 ISyl in (dB) versus frequency of the antenna on top of the
handset at tilt-position and different conditions.

Frequency 900 MHz

Head phantom type SAM

Hand position No Hand | Handl | Hand2
Input power (mW) 600 600 600
SAR|, in head (W/Kg) 4.67 3.67 3.31
SAR |, in head (W/Kg) 3.13 2.51 2.20
SAR |, in hand (W/Kg) - 1.60 5.31
SAR |, in hand (W/Kg) - 0.83 1.84
Absorbed power in head (mW) 362.00 288.60 | 237.60
Absorbed power in hand (mW) - 93.20 | 201.70
Absorption rate in head (%) 60.33 48.10 39.60
Radiated power (mW) 87.57 87.25 35.42
Dielectric loss (mW) 143.05 125.80 | 113.90
Computation error (%) 1.23 0.86 1.90
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TABLE V
PEAK SAR, POWER ABSORPTION IN TISSUES, AND THE COMPUTATION ERROR
FOR THE HANDSET AT TILT-POSITION AND DIFFERENT CONDITIONS

Frequency 900 MHz

Head phantom type SAM

Hand position No Hand | Handl | Hand2
Input power (mW) 600 600 600
SAR|, in head (W/Kg) 2.66 1.84 1.64
SAR |, in head (W/Kg) 1.81 1.26 1.07
SAR|, in hand (W/Kg) - 1.98 5.40
SAR, in hand (W/Kg) - 1.03 2.18

Absorbed power in head (mW) 191.1 1649 | 70.92
Absorbed power in hand (mW) 277.6 194.6 165.0

Absorption rate in head (%) 46.27 32.43 27.50
Radiated power (mW) - 121.6 246.8
Dielectric loss (mW) 123.70 116.0 103.7
Computation error (%) 1.27 0.48 2.26

Fig. 6 shows the far-field 3-D radiation pattern of the
handset in hand1 and hand2 close to SAM at cheek-position,
whereas Fig. 7 shows the radiation pattern of the handset in
hand1 and hand?2 close to SAM at tilt-position.

Fig. 8 and Fig. 9 show the sliced-distribution of the
averaged peak SAR,, in the SAM phantom exposed to EM
radiation of handset antenna at cheek and tilt-positions,
respectively.

C. Computation Error

The computation error is defined as [18]:

Comp. error = [Py, — (Prag + Paps + Pros)l / Pin  (2)
PLoss= Pd+Pc (3)

Where P;, is the input power, P4 is the radiation power, P, is
the absorbed power in hand and head and Py, is the total
power loss. P, includes the dielectric-loss (Py) and the
metallic ohmic-loss (P.). Table IV and Table V are both list
the computation error for the handset simulation in all
conditions.

Fig. 6 The 3-D far-field radiation pattern; (a) handset in handl close
to SAM at cheek-position and (b) handset in hand2 close to SAM at
cheek-position..

Fig. 7 The 3-D far-field radiation pattern; (a) handset in handl close
to SAM at tilt-position and (b) handset in hand2 close to SAM at tilt-

position.
O :
. \

900 MHz, hand2, cheek

900 MHz, handl, cheek
0dB =367 WHKg 0dB =331WKg

=30 -24 -18 =12 -6 0dB

Fig. 8 The peak SAR|, sliced-distribution (yz- plane) in SAM due to
the EM radiation of the handset antenna at cheek-position.

900 MHz. hand2, tilt
0dB=164WKg

3

900 MHz, handl, til
0dB =184 WHKg

-30 -24 -18 -12 -6 0dB

L

Fig. 9 The peak SAR|; sliced-distribution (yz- plane) in SAM due to
the EM radiation of the handset antenna at tilt-position.
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VI. DISCUSSION

. Fig. 4 and Fig. 5 has shown that holding the handset with

either hand1 or hand2 decreases both the tuning frequency
and the input reflection coefficient, except in case of
handset in hand1 at tilt-position, where the input reflection
coefficient gets increased.

According to the simulation results shown in Table III, the
antenna total efficiency gets increased when holding the
handset with hand1 in free-space, whereas it gets decreased
when holding the handset with hand2 in free-space.
Holding the handset close to head decreases the antenna
total efficiency dramatically, whereas the worst is the case
with the hand2-hold at cheek-position.

The computed SAR and the absorbed power in both head
and hand, listed in Table IV and Table V, has shown that
the head close to handset in hand2 gets less induced SAR
and less absorbed power, as compared with the head close
to handset in handl. In contrast, more SAR and absorbed
power in hand have been induced in case of the handset in
hand?2 close to head.

As shown in Table IV and Table V, the simulation
computation errors are less than 2% in all simulation cases,
except in case of the handset in hand2 close to head at tilt-
position, where it is equal to 2.26%.
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