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Abstract

Based on a recent study of the ways a phone is held (a grip study), CAD models of the human hand have been
generated, and antenna proximity effects for both talk and data modes in mobile phones have been investigated using an
FDTD code. The simulation results showed that the hand, and especially the index finger, exhibited a major contribution in
determining the total loss when compared to the upper torso alone. The influence of the position of the fingers on the
handset was found to be more important when close to the antenna. The palm-handset gap and the index-finger location
were the main factors for both absorption and mismatch loss. Different data-mode hand phantoms and configurations
were investigated, showing that both “overlapped” and “interlaced” grip styles similarly influenced the antenna’s

communication performance.

Keywords: Antenna proximity factors; antenna measurements; body loss; efficiency; FDTD methods; hand phantom;
mobile antennas; land mobile radio cellular systems; land mobile radio equipment

1. Introduction

Recently, significant effort has been devoted to quantifying the
interaction between wireless terminals and biological tissues.
Beside possible health hazards, it is now apparent that the
antenna’s proximity to the human body has a detrimental effect on
the communication performance of the handset.

The proximity of the user’s body to the handset has several
consequences, such as radiation-pattern deterioration [1], input-
impedance variation, detuning of the resonance frequency, and
increase in absorption loss [2]. While the contribution of the head
is well understood, the impact of the hand is more complex to
identify and isolate [3]. In the past, the absence of the hand in stan-
dard measurement guidelines has been partly justified for SAR
(Specific Absorption Rate) investigations, considering that the
overestimation of its value in the head is a conservative view [4,
5]. In fact, the presence of the human hand has been found to
reduce the SAR value in the head, as part of the power is dissipated
in the hand [6, 7]. Historically, the user’s hand was at first repre-
sented by simple homogeneous block models [1]. Multilayered
brick models [2, 6], consisting of both muscle and bone tissues,
were then investigated. Simplified hand phantoms followed,
including the presence of the thumb [8] or the index finger [9, 10].
In [11], heterogeneous hand phantoms with several tissues were
obtained by magnetic-resonance (MR) scanning, while in [12] they
were compared with their homogenous counterparts. With the
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evolution of both CAD and computational electromagnetics soft-
ware, the generation of more-detailed hand phantoms [13, 14]
become easier and more intuitive, so that both the human hand’s
anatomy and its ergonomics started to be included in many
investigations [15].

The progressive literature migration from simplified to more-
realistic hand phantoms originated from the common understand-
ing that even small features of the hand could be significant when
calculating the impact of the hand on the antenna’s radiation
performance. In fact, when the index finger touches the antenna
region, both absorption loss and detuning dramatically increase
[12], especially when internal antennas are used [16, 17]. The
antenna’s performance depends especially on the palm-phone dis-
tance [14, 18] and on the position of the index finger [12, 14],
while wrist length, hand size, and tolerances in the material proper-
ties of hand phantoms have little impact [14]. Initial investigations
on the impact of the user’s hand on the performance of MIMO sys-
tems have shown that the position of the hand with respect to the
handset may affect capacity [19, 20] and cause gain imbalance
[21]. Surprisingly, nowadays, standards do not yet consider a spe-
cific “hand phantom,” mainly because of the large number of grip
positions and practical issues [22]. Although some standardization
bodies [23] are already in an advanced stage in choosing proper
hand phantoms, they are not based on grip studies [24].

A recent grip study [12] allowed investigating numerical
hand phantoms that were representative of average use. The objec-
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tive of this work was to investigate, trough FDTD (Finite-Differ-
ence Time-Domain) methods, the antenna-proximity effects for
talk and data modes in mobile phones. Four different antenna types
were compared, focusing on both absorption and mismatch loss.
The contribution of both the upper torso and the hand to the total
loss was isolated by integrating the dissipated power in different
tissue regions. Because an incorrect placement of a hand phantom
with respect to the handset may affect the reproducibility of the
measurements [3], the influence of the positioning of fingers on the
handset side was also investigated. The influence of the palm-
handset gap and the position of the index finger were studied.
Moreover, several grip styles and configurations were investigated
in data mode.

2. Grip Study Description

For the first time, a recent contribution [12] reported a grip
study for both talk and data modes in mobile phones where a rigor-
ous investigation methodology was used over a sample population
of 100 subjects. Thanks to a proper investigation protocol and to an
unobtrusive data-acquisition system, most of the experimental
biases were minimized, allowing the collection of stable and
comprehensive statistics. Concerning the choice of the form factor
for the phones, it was decided to select the bar and shell form fac-
tors, as they are very popular, and they are different, radiation-
wise. In the next section, some of the main results found in the
aforementioned paper [12] are summarized.

2.1 Talk-Mode Results

The grip style was found to depend more on the phone’s size
rather than on its form factor, while the index finger was located in
the back region of the handset in most cases. Two main ways of
holding mobiles while talking were identified: these were named
the “firm” and “soft” grip styles, respectively [12]. In the “firm”
grip style, the fingers were placed around the handset (Figure 1),
so that while the intermediate phalanges touched its side, the distal
phalanges reached its front region, with a palm-handset gap that
did not exceed the length of the longest proximal phalanx [12]. In
the “soft” grip style, the hand held the handset only with the distal
phalanges (Figure 2), creating an air gap between the palm and the
handset that did not exceed the length of the thumb [12].

2.2 Data-Mode Results

It has been reported that most people use both hands while
browsing or sending SMS (short message service), with the
possibility of the hands being overlapped or interlaced [12]. While
the right and left index fingers were used as anchors to grip the
handset, the position of the other fingers was registered to be more
unpredictable, as the other fingers tended to move while browsing
[12].

3. CAD Numerical Models
of the Phantom Hands

As a natural continuation of the grip study [12], all the most-
significant grip positions were converted to CAD models, to be
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utilized in FDTD simulations. The hand-grip positions were mod-
eled using the three-dimensional modeling tool POSER®, and were
then exported as .wrl files, to be further processed with
MATLAB®. Given a standard hand model, it was possible to repro-
duce the grip position of interest through the rotation of all needed
joints. At the end of this process, the hand models were input into
our in-house FDTD code for the actual electromagnetic simulation.
The hand models were properly scaled according to a hand-
anthropometric study [25], while their dielectric composition was
adjusted to comply with the homogeneous material properties
described in [26].

4. FDTD Simulations:
Parameters and Geometries

In order to obtain more-general tendencies, several antennas
with different features were used (Figure 5, Table 1). All antennas
used were dual-band antennas, operating over the GSM frequency
ranges of 880-960 MHz and 1710-1880 MHz. The handset’s
metallic ground plane was modeled as a PEC (perfect electric
conductor) box of dimensions 8 x 40 x 100 mm. A cell size of
1 mm was chosen for the FDTD simulations.

5. Talk-Mode Simulations

Several configurations were investigated, to find tendencies
concerning the effects of the user’s hand proximity for talk mode
on the communication performance of a bar-type mobile phone.
The main focus was on the efficiency variations of several dual-
band antennas, looking at both mismatch and absorption loss at
900 and 1800 MHz. In order to be consistent with antenna designs
of current bar-type mobile phones, in some cases, the antenna’s
location was moved from the handset’s back-top region to its back-
bottom region.

For our investigations, the SAM (Specific Anthropomorphic
Mannequin) upper-torso phantom [27] was used, as this is com-
monly used for performance testing of handheld devices. The
handset’s placement with respect to the SAM phantom was
selected according to the standard right tilt position (Figure 6) [27].
In order to better isolate the influence of the user’s hand, the SAM
phantom was not included in some investigations. The following
issues were investigated:

1. The contribution of the SAM phantom and the hand to
the total loss.

2. The absorbed power distribution in different tissue
regions.

3.  The influence of the positioning of the fingers on the
handset’s side region.

4.  Theinfluence of the variation in the palm-handset gap.

Table 1. Descriptions of the antennas.

Antenna Type

1 PIFA (Planar Inverted-F Antenna)
2 FICA (Folded Inverted Conformal Antenna)
3 PIFA with substrate &, =3
4

ILA (Inverted-L Antenna)
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Figure 1. An example of the “firm” grip Hand 1 plus
Antenna 3.

Figure 3. An example of the “firm” grip Hand 3 plus
Antenna 2.

Figure 2. An example of the “soft” grip Hand 2 plus
Antenna 2.
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Table 2. Descriptions of the phantom hands.

Hand | Grip style | Index Finger’s Location
1 “Firm” handset’s side region
2 “Soft” handset’s side region
3 “Firm” handset’s back region
4 “Soft” handset’s back region
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Figure 7. The absorption and mismatch losses for different
antennas and configurations.

5. The influence of the index finger’s location on the
handset’s back-top region.

5.1 Contribution of the SAM Phantom and
the Hand to the Total Loss

In this section, several configurations were investigated,
using hand models 1 and 2 (Figures 1 and 2), representing the
“firm” and “soft” grip styles described in Table 2:

1. The handset in free space.

2. The handset with the SAM.

3. The handset with Hands 1 and 2.

4.  The handset with Hands 1, 2, and the SAM.

As can be seen from Figure 7, the “firm” grip hand contrib-
uted the most in determining the total loss. When only the SAM
phantom was present, the antennas placed on the handset’s back-
top region experienced higher losses with respect to those placed at
the bottom. This may be explained by the fact that the right tilt
position 1mplles a larger SAM-handset gap in the handset’s back-
bottom region. All of the antennas showed similar tendencies, and
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the SAM phantom alone was responsible for an absorption loss at
900 MHz up to 4 dB. When the hand was included, the “firm” grip
configuration experienced higher losses than the “soft” grip
configuration, caused by the smaller palm-handset gap. By looking
at the final configuration in which both SAM and hand models
were included, a similar behavior was found, while the total
absorption loss seemed very similar to the sum of the single
contributions from the hand and the SAM.

In order to better comprehend the loss phenomenon, in the
next section is a description of how the distribution of the absorbed
power among different tissue regions was investigated.

5.2 Absorbed Power Distribution in
Different Tissue Regions

In this section, a description is given of how the distribution
of the absorbed power, P, , in different tissue regions was

investigated. Because of absorption loss, not all of the antenna’s
input power, Py, , is radiated, so that

Py = Praa + Pps - Q)]

In order to isolate the contribution of a single tissue region,
p, with respect to the P, , the individual contributions of each

FDTD cell, P§, (i,j,k) , have to be integrated over the

corresponding volume, ¥, in the following way:

Phe= 2 Ph(i k). )

(i, j, k)er?

The individual absorbed-power contributions of the following tis-
sue regions were investigated: the SAM, the hand, the palm, the
pinky finger, the ring finger, the middle finger, the index finger,
and the thumb. Four different antennas were used, changing their
locations on the handset’s back region, and calculating the P,

distribution at 900 MHz.

The following phantom hands (Figures 1-4, Table2) and
configurations were investigated:

1.  Handset with Hands 1-4.
2. Handset with Hands 1-4 and the SAM.

Looking at Table3, it can be seen that although the
PIFA/FICA (planar inverted-F antenna/folded inverted conformal
antenna) types of antennas follow a similar trend, the ILA
(inverted-L antenna) exhibited a larger deviation. This may be
explained by the fact that it had a significantly different near-field
distribution relative to the other antennas. The middle finger and
the index finger are the fingers that absorbed most of the power.
When the SAM was included, the absorbed power distribution
depended on the hand model. In fact, when Hand 1 was used,
because of a shorter palm-handset gap, more power was dissipated
in the hand.

In Table 4, it can be seen that when the antenna’s location
was at the handset’s bottom, more power was absorbed that time
by the ring and middle fingers, as they are the fingers closest to the
antenna. Moreover, the power absorbed in the palm of the hand
was also larger than before, since this was the tissue region closest
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Table 3. The absorbed power distributions at 900 MHz for Hands 1 and 2, for the “top” antenna location.

Configuration Hand Hand + Sam
{Hand i ; 2 po— - -
HAntenna 1 2 - 1 2 3 4 1"t 1 2 3 4 1 2 3 4
SAM - - - — - - - - 43.0 | 425 | 463 | 43.7 | 73.2 | 71.3 | 753 | 829
Hand 100.0}100.0| 100.0 { 100.0 { 100.0 ] 100.0 { 100.0 [ 100.0| 57.0 | 57.5 | 53.7 | 56.3 | 26.8 | 28.7 | 24.7 | 17.1
Palm 60.4 | 59.4 |1 60.7 | 81.2 | 54.8 | 75.8 | 752 | 80.5 | 35.7 | 34.6 | 34.7 | 43.1 | 145 | 154 | 13.2 | 11.7
bes Pinky 40 | 4.2 4.0 1.2 7.0 3.7 4.1 5.0 1.9 2.1 1.7 0.3 2.0 2.0 1.9 1.6
(%) Ring 4.7 4.5 4.8 3.5 6.9 3.4 | 43 2.7 2.7 2.7 26 | 2.8 1.7 1.6 1.7 0.7
Middle | 18.0 | 199 | 172 | 55 | 16.1 | 11.7 | 114 | 8.2 7.9 9.7 6.6 5.2 5.1 5.8 4.6 2.2
Index 1101107 | 104 | 40 | 145 | 5.2 4.8 3.1 7.6 7.6 6.5 3.6 3.4 3.8 3.2 0.6
Thumb 1.9 1.3 2.9 4.6 0.7 0.2 0.2 0.5 1.2 0.8 1.6 1.3 0.1 0.1 0.1 0.3
Absorp. Loss [dB] | 6.0 6.2 5.5 4.1 3.4 3.6 3.0 2.1 {11.1 | 11.3 | 10.8 | 10.8 | 8.0 8.9 7.7 7.5
Table 4. The absorbed power distribution at 900 MHz for Hands 1 and 2, “bottom” antenna location.
Configuration Hand Hand + SAM
Hand 1 2
Antenna 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
SAM — - - - - — — — 342 | 347 [ 349 {269 | 735 | 72.0 | 744 | 76.0
Hand | 100.0{100.0{100.0{100.0{100.0 | 100.0{100.0{100.0| 65.8 | 65.3 | 65.1 | 73.1 | 26.5 | 28.0 | 25.6 | 24.0
Palm | 68.5 | 67.1 | 69.8 | 87.3 [ 79.0 | 77.8 | 79.3 | 819 | 464 | 449 | 469 | 66.4 | 16.5 | 16.6 | 16.5 | 16.2
PZ,S Pinky | 4.5 4.7 4.1 0.6 4.7 6.7 3.9 3.3 3.3 3.5 3.1 0.5 2.4 3.5 2.0 1.5
(%) Ring | 7.5 7.5 7.2 2.0 2.8 3.5 2.5 1.2 54 5.6 5.0 1.4 2.3 2.7 2.0 0.6
Middle| 10.6 | 10.8 | 103 | 44 | 10.1 | 89 [ 10.7 | 8.9 5.4 5.6 5.0 1.5 3.7 3.7 3.6 3.8
Index | 46 | 4.9 4.3 1.4 2.4 2.4 2.4 2.8 1.8 2.0 1.6 1.0 0.9 1.0 0.8 1.0
Thumb | 4.3 50 | 43 4.3 1.0 0.7 1.2 1.9 3.5 3.7 3.5 2.3 0.7 0.5 0.7 0.9
Absorp. Loss [dB] | 7.1 7.5 6.9 4.0 2.9 3.3 34 20 | 116 | 119 | 11.5 | 9.0 7.1 7.5 7.6 6.5
Table S. The absorbed power distribution at 900 MHz for Hands 3 and 4, “top” antenna location.
Configuration Hand Hand + SAM
Hand 3 4 4
Antenna 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
SAM — — - — — — — — 25,6 | 259 | 30.2 | 28.2 | 354 | 37.3 | 35.0 | 46.7
Hand {100.0|100.0100.0]100.0]100.0|100.0]100.0|100.0| 744 | 74.1 | 69.8 | 71.8 | 64.6 | 62.7 | 65.0 | 53.3
Palm | 350 | 36.9 | 36.0 | 749 | 47.4 | 494 | 46.1 | 46.1 | 21.5 | 23.0 | 20.2 | 56.3 | 26.4 | 27.0 | 254 | 22.3
bes Pinky 0.2 0.2 0.1 0.2 4.3 4.5 4.2 3.9 0.1 0.1 0.1 0.1 2.2 2.3 2.1 1.6
(%) Ring 3.0 3.0 3.1 0.3 5.4 5.2 5.6 4.5 1.9 2.0 1.8 0.2 3.0 2.9 3.0 2.4
Middle | 1.2 1.2 1.3 1.1 6.2 6.0 6.3 3.3 0.7 0.8 0.7 1.1 2.9 2.9 2.8 0.9
Index | 58.0 | 56.0 | 56.8 | 17.2 | 35.6 | 33.7 | 36.7 | 41.2 | 48.7 | 46.7 | 45.6 | 9.1 | 29.6 | 27.0 | 31.2 | 25.3
Thumb | 2.6 2.7 2.7 6.3 1.1 1.2 1.1 1.0 1.5 1.5 1.4 5.0 0.5 0.6 0.5 0.8
Absorp. Loss [dB] 5.1 4.7 4.5 2.5 3.6 3.7 34 2.3 8.5 8.3 8.1 7.3 7.2 7.1 7.4 7.3
Table 6. The absorbed power distribution at 900 MHz for Hands 3 and 4, “bottom” antenna location.
Configuration Hand Hand + SAM
Hand 3 4
Antenna 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
SAM — - - — — - — - 212 1 21.7 1 219 | 202 | 253 | 25.5 | 242 | 19.7
Hand {100.0{100.0]100.0]100.0|100.0|100.0|100.0{100.0| 78.8 | 78.3 | 78.1 | 79.8 | 74.7 | 74.5 | 75.8 | 80.3
Palm | 38.1 [ 37.5 {38.6 177216301629 | 6341 67.1 353 |334|3581|643 | 485 | 472|489 | 58.7
me Pinky 3.2 3.5 29 | 09 33 4.1 3.1 2.8 1.1 1.2 0.9 0.4 1.0 1.2 0.9 0.6
(%) Ring 4.2 4.5 4.1 30 | 4.0 | 4.5 3.7 2.9 3.5 3.6 3.1 2.2 2.9 3.2 2.7 1.5
Middle | 5.3 5.5 5.0 3.1 5.1 4.8 5.2 4.7 4.7 4.8 4.3 1.7 3.1 2.8 3.3 2.3
Index | 45.1 | 44.7 | 450 | 13.8 | 23.4 |1 227 | 233 | 19.8 | 31.1 | 31.7 | 319 | 9.7 | 189 | 19.3 | 19.6 | 16.0
Thumb | 4.1 4.3 4.4 2.0 1.2 1.0 1.3 2.7 3.1 3.6 2.1 1.5 0.3 0.8 0.4 1.2
Absorp. Loss [dB] | 6.4 6.1 6.3 4.1 2.9 3.4 3.3 2.1 9.2 9.0 8.8 7.3 6.1 6.4 6.2 5.0
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to the antenna. Considering the configuration where only Hands 3
and 4 were present (Tables 5 and 6), more than 50% and 30% of
the power, respectively, was absorbed in the index finger, alone.
When the SAM was added, the index finger’s impact was still very
significant, so that more than 70% of the power was absorbed in
the hand, alone.

All of the previous results showed that in some cases, the
index finger was the main tissue responsible for absorption loss,
while the impact of the overall hand was more important than that
of the upper torso. In order to better identify the influence of the
hand, in the following sections, the SAM phantom was not present,
as the previous findings showed that it would only result in an
additive loss.

5.3 Influence of Positioning of Fingers on
the Handset’s Side Region

In this section, the influence of the position of the fingers
with respect to the handset’s side was investigated. While varying
the fingers’ positions, the palm-handset gap was kept fixed,
considering both the soft and firm grip styles (Hands 1 and 2). Sev-
eral configurations were simulated where the position of the fin-
gers was permuted along the handset’s side in 15 different loca-
tions. The antenna’s location was also changed from the back-top
to the back-bottom region of the handset. Tables 7 and 8 show
statistics concerning the simulation results, displaying both the

mean and range values of absorption and mismatch loss at 900 and
1800 MHz. The highest losses were found in the “firm”-grip-style
case. The maximum loss was reached when the antennas were at
the bottom, where the palm-handset gap showed its strongest influ-
ence. In the “soft” grip style, the antennas placed on the top “saw”
a more minor gap than did the “bottom” antennas, so that — surpris-
ingly — this time, the latter experienced less losses. It should be
noted that in most cases the absorption and mismatch loss range
was less than 1.0 dB and 0.5 dB, respectively. The higher range in
the “firm”-grip-style case was due to those configurations where
the index finger was in the handset’s side-top region, as this
contributed to a further increase in the effect of the palm-handset
gap. This means that the position of the fingers was less important
if the index finger was not in the handset’s side-top region, imply-

“ing that the main issues were the palm-handset gap and the index
finger’s location.

5.4 Influence of the
Palm-Handset Gap Variation

The antenna’s communication performance has been previ-
ously found to be strongly influenced by the air gap that separates
the antenna from the palm of the hand.

This is even more evident when the antenna was located in
the back-bottom region of the handset. As stated in the grip study
[5], most of the users hold bar-type phones with a firm grip that

Table 7. The statistics on the positioning of the fingers. Both the mean and range values of the absorption
loss were calculated over 15 permutations of the positions of the fingers on the handset’s side.

Antenna
1 2 3 4
Loss Absorption | Absorption | Absorption | Absorption
Hand | Antenna f |Mean|Range| Mean |Range|Mean | Range | Mean | Range
Type | Location | [MHz]| [dB] | [dB] | [dB] | [dB] | [dB] | [dB] | [dB] | [dB]
1 Top 900 | 5.5 0.7 5.8 0.7 | 4.0 1.0 5.0 0.8
1 Top 1800 | 4.5 0.5 4.4 1.7 3.8 0.6 43 0.6
1 Bottom | 900 | 7.0 2.6 7.3 0.5 6.3 1.1 7.1 0.4
1 Bottom | 1800 | 5.0 2.7 5.0 0.7 6.4 1.3 5.2 1.5
2 Top 900 | 3.3 1.3 3.8 2.5 1.9 0.5 2.8 1.7
2 Top 1800 | 1.9 1.0 | 24 1.8 1.5 0.5 1.8 1.4
2 Bottom | 900 | 2.9 0.8 3.1 0.8 3.1 14 27 0.8
2 Bottom | 1800 | 1.7 0.2 2.2 0.9 1.6 0.4 1.7 0.2

Table 8. The statistics on the positioning of the fingers. Both the mean and range values of the mismatch
loss were calculated over 15 permutations of the positions of the fingers on the handset’s side.

Antenna
1 2 3 4

Loss Mismatch Mismatch Mismatch Mismatch
Hand | Antenna f |Mean|Range | Mean | Range | Mean | Range | Mean | Range
Type | Location | [MHz] | [dB] | [dB] | [dB] | [dB] | [dB] [ [dB] | [dB] | [dB]
1 Top 900 0.3 0.4 24 1.2 0.5 0.2 1.5 0.8

1 Top 1800 { 0.5 0.3 0.2 0.2 0.3 0.3 0.2 0.2

1 Bottom | 900 | 4.3 1.8 5.7 1.5 1.5 1.0 6.0 2.0

1 Bottom | 1800 | 1.6 0.6 1.6 1.8 0.3 0.2 1.2 1.0

2 Top 900 0.4 0.4 2.2 3.2 0.3 0.4 0.6 0.6
2 Top 1800 | 0.2 0.2 0.5 0.9 0.5 0.2 0.1 0.4

2 Bottom | 900 | 0.5 0.5 1.2 0.9 0.1 0.2 0.3 0.3
2 Bottom | 1800 | 0.1 0.1 0.4 0.4 0.5 0.3 0.1 0.1
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Figure 4. An example of the “soft” grip Hand 4 + Antenna 2.
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Figure S. The profiles of the antennas.
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Figure 6. An example of the hand phantom next to the SAM
upper-torso phantom.
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implies a palm-handset gap not larger than the longest proximal
phalanx. This gap increased when the fingers started to contact the
handset mostly in its side region, becoming progressively a soft-
grip style. For all these reasons, several palm-handset gaps were
investigated, ranging from 1 mm (almost no gap) to 52 mm (aver-
age thumb length). Figures 8-11 show the simulation results
obtained for different antennas: all losses decreased as the palm-
handset gap increased, as expected. Looking at absorption loss at
900 MHz in Figure 8, it can be seen that when the palm-handset
gap was equal to 19 mm, the curves representing the “top” and
“bottom” PIFA locations crossed. This may be explained by the
fact that at this point, both antennas “saw” an equivalent palm-
handset gap. The mismatch loss was higher when the PIFA loca-
tion was the “bottom” location, and it decreased below 1 dB when
the palm-handset gap was larger than 16 mm. Both absorption and
mismatch loss were lower at 1800 MHz, where the loss and detun-
ing were less influenced by the hand. Absorption loss was always
higher than mismatch loss, which did not exceed 1 dB in most
cases. As can be seen in Figures 8-10, a similar trend was also
observed for the PIFA/FICA types of antennas, while the ILA type

8 —T T —TTr —
7.5 " loss Absorption | Mismatch
7t ‘\ PITA~Erequency | 900 | 1800 | 900 | 1800
6.5+ . Location MHz Milz Miiz | Milz
T sla . lop o|l0|a]|A
‘& 55} SN . Bottom [N RV
8 S0 2
5 @ R SN
w 451 S
§ 4 D NG
£ > \e:s(‘\ . ] .\‘(}vl}»&,g
2 20\ ‘ig S 0 ¢ 0 0O
I\ ¢ g
§ast \0”-333@38 o ]
[=% \ ~ - - -
g 2 A4\ :G —O-C
215 A. A ﬁ%‘
A A A
", \
ICE S e 4a
O e -

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52
Palm-handset gap [mm])

Figure 8. The absorption and mismatch losses at 900 and
1800 MHz for two antenna locations as a function the palm-
handset gap, for Antenna 1 (PIFA).
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Figure 11. The absorption and mismatch loss at 900 and 1800
MHz for two antenna locations as a function of the palm-hand-
set gap, for Antenna 4 (ILA).

experienced lower losses (Figure 11). This may be explained by
the fact that this type of antenna had a larger amount of “open
space” available.

5.5 Influence of the
Index Finger’s Location on the
Handset’s Back-Top Region

As stated before, the location of the index finger was very
important when it got close to the region of the antenna, as it
strongly affected the antenna’s communication performance. The
influence of the index-finger’s location on the back-top region of
the handset was investigated for both “firm” and “soft” grip styles.
The position was varied in the region of the antenna in 50 different
locations, sampling the area every 4 mm (Figure 12), always keep-
ing a constant 1| mm gap between the tip of the index finger and the
handset’s back. By looking at Figure 12, it can be seen how small
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Figure 12a. The absorption and mismatch losses at 900 MHz as
a function of the index finger’s location on the handset’s back-
top region for the “firm” grip style, Antenna 1 (PIFA).
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Figure 12b. The absorption and mismatch losses at 1800 MHz
as a function of the index finger’s location on the handset’s
back-top region for the “firm” grip style, Antenna 1 (PIFA).
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Figure 13. An example of the “overlapped” and “interlaced”
grip styles for data-mode hand phantoms.
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changes in the index finger’s location can affect both absorption
and mismatch loss for the “firm”-grip-style case. The behavior of
the loss curves was influenced by the proximity of the index finger
to the slots of the PIFA. In fact, both absorption and mismatch loss
at 1800 MHz decreased as the index fingers moved right, as a
result of a larger distance from the vertical PIFA slot.

An opposite tendency was found at 900 MHz, where the hori-
zontal PIFA slot now played a role in the loss value. As the index
location moved down, lower losses were found, and this may be
explained because of a larger distance between the index finger
and the short/source region, and by the current distribution.

Concerning absorption loss, there was up to a 2.7 dB range of
variation between the different locations of the index finger, while
mismatch loss exhibited minor dynamics. Similar results were
found for the “soft”-grip style, where a variation in loss range of
up to 1.8 dB was found. Concerning the other antenna types, they
were affected in nearly the same way as the changes in index-fin-
ger location. All the previous results implied that although a firm
grip style may produce the upper bound in variation of both
absorption and mismatch loss, the influence of the index finger’s
location is more difficult to predict.

6. Data-Mode Simulations

In this section investigations of the effects of the presence of
the hands while using the mobile phone in data mode are reported.
The phantom-hand models were generated following the guide-
lines of the aforementioned grip study [5], focusing on the “both
hands” grip style. Several configurations were investigated, includ-
ing both “overlapped” and “interlaced” grip styles (Figure 13). It
studied the effect of the individual contributions of the right and
the left hands to the total absorption loss were also studied,
comparing different antennas and configurations.

6.1 Contribution of the Right and Left
Hands to the Total Absorption Loss

As displayed in Figure 14, all the antennas showed nearly
similar tendencies. It can be seen that the right hand gave the major
contribution in determining the total absorption loss. This behavior
may be explained by the fact that the left-hand location with
respect to the handset exhibited a larger distance from the antenna,
thus reducing its impact on the absorption loss. Moreover, the
configurations including both hands exhibited an absorption loss
very correlated to the sum of the single right- and left-hand
contributions. The “overlapped” and “interlaced” grip styles
showed a similar impact concerning absorption loss. This sug-
gested that the impact of the total mass of the hands is more impor-
tant than the exact location of the fingers, as long as they are not in
close proximity to the antenna.

When the antennas were placed at the bottom of the handset,
they experienced a larger amount of absorption loss. This may be
explained by a smaller palm-handset gap, thus resulting in prox-
imity to a larger tissue region. All the previous results suggested
that when considering the data mode, only the fingers in close
proximity to the antenna and the surrounding total amount of lossy
tissue give a significant contribution. This means that it is possible
to relax some design constraints. The configuration of a proper
hand phantom may be equivalent to a plethora of grip styles that —
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Figure 14. The absorption loss for different antennas and
configurations in the data mode.

7 despite being topologically different — influence the handset’s

communication performance in a very similar way.

7. Conclusions

In this paper, several CAD models of phantom hands were
generated according to a recent grip study, focusing on antenna-
proximity effects for talk and data modes in mobile phones. Four
different dual-band antennas were investigated, looking at both
absorption and mismatch loss. The contributions of the SAM (Spe-
cific Anthropomorphic Mannequin)phantom and the hand to the
total loss were studied. This showed that when the “firm” grip
model was used, the hand alone accounted for most of losses,

‘while the SAM alone was responsible for an absorption loss up to

4 dB at 900 MHz. The individual absorbed-power contributions of
several tissue regions were investigated, including the SAM, hand,
palm, and fingers. Considering the configuration representing a
firm grip style, when the index finger was located in the handset’s
back-top region, it was responsible for more than 50% of the
absorbed power. The middle and the index fingers were the fingers
that absorbed most of the power. When the SAM was added, the
index finger’s impact was still very significant, so that more than
70% of the power was absorbed in the hand alone.

The influence of the positioning of the fingers with respect to
the handset’s sides was also investigated. Several configurations
were simulated, permuting the position of the finger along the
handset’s side in 15 different locations. This showed that in most
cases, the absorption and mismatch loss range was less than 1.0 dB
and 0.5 dB, respectively. The higher range in the “firm” grip style
case was due to those configurations where the index finger was in
the handset’s side-top region. The position of the index finger was
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less important if it was not in the side-top region of the handset,
suggesting that the main issues are the palm-handset gap and the
index finger’s location. Several palm-handset gaps were investi-
gated, ranging from 1 mm (almost no gap) to 52 mm (thumb
length). Absorption loss was always higher than mismatch loss,
which did not exceed 1 dB in most cases.

The influence of the index finger’s location on the back-top
region of the handset was investigated for both “firm” and “soft”
grip styles in 50 different locations. The loss behavior was influ-
enced by the proximity of the index finger to the slots of the
PIFAs/FICAs (planar inverted-F antennas/folded inverted confor-
mal antennas), affecting the ILA’s (inverted-L antenna’s) arms, as
well. Concerning absorption loss, there was up to a 3 dB range of
variation among different locations of the index finger on the hand-
set’s back-top region, while mismatch loss exhibited minor dynam-
ics. All the previous results implied that although a firm grip style
may be the upper bound for both absorption and mismatch loss
variation, the influence of the index finger’s location is more diffi-
cult to predict. Concerning the data mode, it has been shown that
only the fingers in close proximity to the antenna and the surround-
ing total amount of lossy tissue give a significant contribution to
determining the total amount of absorption loss.
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