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Investigation of SAR inside Different
Enclosures and Reduction Techniques
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Abstract- Electromagnetic interface with a human
head exposed to internal antenna is calculated. A
human head phantom with dielectric properties
inside an enclosure is designed. The radiation pattern
of Planar Inverted F Antenna [PIFA] exposed to
human head is analysed inside different shapes of
enclosure namely cubical and cylindrical. The
metallic enclosures have high values of SAR than the
free space. It is found that the absorption rate is high
for both the enclosures but cylindrical enclosure
exhibit higher SAR values than cubical. Thus the high
absorption rate in the metallic enclosure is reduced
by using dielectric materials like ferrite and glass as
an absorbing layer.
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I INTRODUCTION
Mobile phone having Planar Inverted F Antenna
exposed to a human head inside an enclosure is
presented in this paper. Different shapes of the
enclosure namely rectangular and cylindrical are
considered. Human tissue that has high
conductivity absorbs the radiation coming from the
antenna. The absorption rate is extremely high
when the human head phantom is place inside the
enclosure. The electromagnetic absorption in the
human tissue is calculated by a parameter called
Specific Absorption Rate (SAR). SAR depends on
the environment and it is less in free space and
extremely high in enclosures made of metal. The
enclosures made of metal without high dielectric
loading like elevators hugely favours the increase
of SAR [1, 2]. The structure of the enclosures also
plays a role in the distribution of Electromagnetic
Radiation. It is found that enclosures walls with
curved geometry reflect the electromagnetic
radiation more. In this paper it is observed that the
curved cylindrical enclosures increase the
absorption on human head than the cubical
enclosure. If the absorption of Electromagnetic
radiation is high on human head it leads to various
health hazards. Therefore it has been aimed to
reduce this high radiation in the enclosures by
using microwave absorbing materials like ferrite
and glass as a layer over the walls of metallic
enclosures [3].
II SAR
The SAR (W/kg) at any point in the model can be
determined from the calculated electric field E
(V/m) and it is given by the following equation

SAR=

𝜎 𝐸2
𝜌

W/Kg

(1)

Where E is the internal electric field (V/m), SAR is
the Specific Absorption Rate (W/kg), σ is the
conductivity (S/m) of the tissue and ρ is the mass
density (kg/m3).SAR values can be expressed over
1g or 10g mass and it is called as 1 g or 10 g spatial
average SAR. The SAR limit specified in IEEE C
95.1: 1999 is 1.6W/Kg in a SAR1g averaging mass
while that specified in IEEE C95.1: 2005 has been
updated to 2W/Kg in a 10 g averaging mass[4,5].
III DESIGN METHODOLOGY
A. Human Head Exposure to Antenna
The human head simulated with tissue equivalent
material is exposed to the antenna and it is shown
in figure 1. For simulation of the electromagnetic
fields in the human body the appropriate
parameters such as relative permittivity 45.8,
conductivity 0.77 and mass density 1030 at 900
MHz are used for the calculation [6].

.
Fig1. Human head exposure to antenna

B. Enclosure Dimensions
The metallic enclosure is considered to be made of
iron. Two different geometry of elevator namely
cylindrical and rectangular are analysed. A mobile
phone with Planar Inverted F Antenna [PIFA]
exposed to human head is placed inside the
enclosure as shown in figure 2. The results are
studied at 900MHz. Due to the complexity in the
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design, the dimensions of the enclosure is scaled
down by the factor of 1/4. The design values are
shown in table 1.

Radiation pattern shows how the antenna radiates,
the direction of radiation and its size. From the
above radiation pattern in figure 3 it is observed
that the radiation is more inside the cylindrical
enclosures than the cubical one.
B.SAR COMPARISON
The SAR values are increased many times inside
the metallic enclosure due to the resonance effects.
1g SAR at 900MHz is calculated in this paper. The
results have shown that the SAR is exceeded inside
the cylindrical elevator than the cubical. The
simulated values in FEKO are shown in table 2.
Table 2 comparison of SAR at 900 MHZ

Fig 2.a) cubical 2.b) cylindrical Metal enclosures
Table1 Design parameters of enclosure
Metallic enclosure
For 900 MHz and
1800 MHz in meters
Length
0.4
Width
0.3
Radius
0.3
Height
0.4
1e7
Iron (σ)
IV SIMULATION RESULTS AND
DISCUSSIONS
A . RADIATION PATTERN COMPARISON
The enclosure made of metal is made of millions of
moving parts such as atoms, which has millions of
resonance frequencies. Metallic structures are
subjected to resonance. Here, the metallic enclosure
acts as the resonators [7, 8]. It is found that the
Planar Inverted–F-Antenna inside the rectangular
geometry of enclosure has less backward radiation
and low SAR values at 900MHz than the
cylindrical enclosures [9, 10]. The Far-field
radiation pattern of two enclosures is shown in
figure 3.

Fig 3 a) cubical 3b) cylindrical enclosures radiation
pattern

FREQUENCY
(MHz)
700

SAR(W/Kg)
in
RECTANGULAR
LIFT
18.26

SAR(W/Kg) in
CYLINDRICAL
LIFT
14.85

825

14.42

17.12

950

12.18

18.57

1075

12.95

13.14

1200

12.73

17.5

The simulated graph showing the comparison
between two enclosures is given in figure 4. It is
observed that the corners in the rectangular
enclosures play a role in expanding the geometry
thereby spreading the radiation. This result in less
somewhat reduced absorption towards the
passenger’s head. Whereas the cylindrical
enclosure increases the SAR towards the passenger
because of its curved surface. The graphs showing
the comparison between two enclosures are given
below.

Fig 4 SAR comparison of two enclosures at 900
MHz
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V MEDICAL IMPLICATIONS
Exposure to electromagnetic fields (EMF) leads to
a variety of adverse health effects such as
childhood leukaemia, brain tumours, childhood
brain tumors,genotoxic effects (DNA damage and
micronucleation),
neurological
effects
and
neurodegenerative disease, immune system
disregulation, allergic and inflammatory responses,
breast cancer in men and women, miscarriage and
some cardiovascular effects[11-17].

The comparison drawn between metallic enclosure
made of iron and the enclosure with glass layer is
shown in figure 6.

VI SAR REDUCTION
From the above obtained results it is found that
cubical enclosures decreases SAR to some extent
than the cylindrical ones.Therefore the cubical
enclosure is considered for further study.
A.USING GLASS
Glass is used as a layer in the metallic enclosure.
Glass that has poor conductivity absorbs the
microwave radiation coming from Planar Inverted
F Antenna. The results in table 3 shows the value
of SAR obtained after using glass.Before using
glass layer average SAR obtained at 900 MHz is
14.108W/Kg. After using glass the average SAR
obtained at 900MHz is 1.196. Reduction of about
11 times is achieved using glass

Fig 6 SAR comparison of metallic iron and glass.
B.USING FERRITE
Ferrite is commonly used for SAR reduction in
antennas [18,19]. But in this paper ferrite is used as
a shielding layer in the enclosure so that it benefits
everyone in the enclosure.12 times reduction of
SAR is obtained after using ferrite as a absorbing
layer in the enclosure. The simulated values of
SAR are shown in table 4.
Table 4 Reduced SAR at 900 MHZ using glass
Frequency (MHz)

SAR (w/kg)

700
825
950
1075
1200

1.064
1.267
1.302
1.294
0.8647

Table 3 Reduced SAR at 900 MHZ using glass
Frequency (MHz)

SAR (w/kg)

700
825
950
1075
1200

0.3924
1.368
1.524
1.172
1.527

The radiation from the internal PIFA Antenna
exposed to human head inside the enclosure after
using ferrite layer is shown in figure 7.

Comparing Figure 3.a with figure 5 it could be
concluded that radiation is reduced after using
glass.

Fig 5 Radiation reduction using glass

Fig 7 Radiation reduction using ferrite
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The comparison drawn between metallic enclosure
made of iron and the enclosure with ferrite layer is
shown in figure 8.
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Fig 8 SAR comparison of metallic iron and ferrite
VII CONCLUSION
[16]

SAR induced in human head under different
surroundings is evaluated using Method of
Moments. It is found that SAR exceeds multiple
folds inside the enclosure due to the resonance
effects. In this work, it is observed that the
structure of the enclosure plays a role in
determining SAR. Among the two structures
[cylindrical and cubical], it is found that the
cylindrical enclosure has increased SAR values.
The increased values of SAR are reduced 11 times
by using glass and 12 times by using ferrite.
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