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Abstract ─ In this paper, a new design of cell phone body 
is presented to reduce the specific absorption rate (SAR) 
in the human head. The SAR in the human head and total
absorbed power by the cell phone user are calculated 
along with antenna performances in terms of radiation 
efficiency and directivity to validate the effects of cell 
phone body. It is found that the SAR in the head is 
reduced significantly for both the lower and upper global 
systems for mobile (GSM) frequency band. The new 
mobile body provides 63.8% reduction in the SAR 
at 900 MHz and 69.2% reduction at 1800 MHz in 
comparison of without mobile cover configuration. 
Moreover, the mobile casing improves the radiation 
efficiency 6% and 7% in the lower and the upper GSM 
frequency band respectively. 

Index Terms ─ Antenna, FDTD method, human hand 
model, human head model, mobile body, SAR. 

I. INTRODUCTION 
The health hazard of emitted electromagnetic (EM) 

radiation from the cellular phone has become a point of 
open deliberation as the use of mobile handset is 
increasing exponentially. For the protection of the 
human body from EM exposure, international 
authoritative bodies have defined exposure guidelines  
[1, 2]. The EM energy absorbed by human body tissues 
can be evaluated by the specific absorption rate (SAR) 
[3]. The safety limit of SAR averaging 1 g of tissues 
(SAR1g) is set to 1.6 W/Kg by Federal Communication 
Commission (FCC) [4] and 2 W/Kg for 10 g of tissues 
by IEEE [5]. Therefore, the reduction of the SAR is an 
essential issue for the cell phones and many researchers 
are working on this aspect. The simplest and easiest 
method for SAR reduction is to increase the spacing 
between human head and cell phone antenna because the 
SAR values are inversely proportional to this distance 
[6]. In addition, conducting material closed to the human 
body processes significant effects on the SAR values, 
which highly depends on the position and size of 
conducting material [7,8]. In [9], a conducting material 
was used as a protection attachment between the handset 

antenna and the human head. Moreover, radio frequency 
(RF) shielding using ferrite sheet has proved to be an 
attractive way of reducing the SAR in the human head 
[10]. In [11], a ferrite loaded short mono-pole antenna 
was proposed to reduce the SAR. Numerical results 
showed that the proposed arrangement can enhance 
antenna performance and reduce the SAR in the head for 
the frequency 1800 MHz and higher. On the other hand, 
a ferrite sheet with PIFA antenna was investigated in 
[12]. The considerable amount of SAR reduction was 
observed at 900 MHz. 

The SAR values can also be reduced by using 
artificial magnetic conductor (AMC), electromagnetic 
band gap (EBG) and photonic band gap (PBG) surfaces. 
In [13], two patch EBG structure was used in the ground 
plane of the antenna. The results revealed the reduction 
in total dispersed power and SAR toward the head. In 
[14], a study on the effects of EBG structure on the SAR 
and the radiation characteristics of dipole antenna has 
been presented. The outcomes indicated that EBG 
structure can improve the radiation efficiency and reduce 
the SAR at 3.5 GHz. Recently, metamaterials have been 
proposed for the SAR reduction of cell phone as they 
process extraordinary physical properties. The 
metamaterials are artificially constructed structure 
having negative permittivity, negative permeability or 
both simultaneously [15]. In [16], the designed square 
split ring resonator (SSRR) using metamaterial was used 
to degrade the SAR values. This investigation has 
achieved the SAR reduction at 900 MHz. In [17], the 
proposed metamaterial provided the moderate amount of 
reduction in SAR values for dual GSM frequency bands. 

However, the cell phone casing processes 
significant effects on the SAR values. In [8], a study of 
materials to reduce the SAR values has been presented. 
The numerical results showed that the cell phone case 
box made of materials with higher conductivity produces 
higher pick SAR in the human head. In this paper, a new 
design of mobile casing for PIFA antenna is used for the 
reduction of EM absorption for both GSM lower and 
upper frequency bands at 900 MHz and at 1800 MHz 
respectively. The antenna performances are also 
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evaluated to clarify the effectiveness of the new cell 
phone body. 

II. MODELS AND METHODS 
In this investigation, the study of SAR reduction 

using cell phone body was conducted by the finite-
difference time-domain (FDTD) method to lossy Drude 
model [18-19]. The major simulation tool used in this 
study, was Computer Simulation Technology 
Microwave Studio (CST MWS) based on the FDTD 
method [20]. A dual band PIFA was used in 
experimental set-up. The antenna elements were made of 
PEC comprising patches, ground plane, feed, and 
shorting wall. Additionally, FR-4 circuit board and 
electrical circuits were used along with antenna to take 
effect on the real cell phone. The dimensions of the 
circuit board are 80 mm × 40 mm × 1.6 mm. Figure 1 and 
2 shows the return loss characteristics and the geometry 
of the antenna with circuit board respectively. A body of the 
mobile phone was modeled using two different materials. 
The body of the mobile phone was modeled using plastic 
with dimensions 82 mm × 42 mm × 10 mm. The thickness 
of plastic sheet is 0.5 mm with 2.9 relative permittivity. 
The LCD, dimensions 60 mm × 38 mm × 2.2 mm, of the 
cell phone was considered as a part of handset body. An 
additional double-layer sheet of thickness 2 mm was 
placed below the LCD monitor which contributed to 
reduce the SAR values considerably. The additional 
sheet consists of silicon (1 mm) and PEC (1 mm). The 
permittivity and tangent loss of silicon sheet are 11.9 and 
0.00025 respectively. Figure 3 (a) indicates the cell 
phone model with proposed body structure. The 
dimensions and properties of handset components were 
set to comply with industry standard. The specific 
anthropomorphic mannequin (SAM) phantom was used 
as a head model which consists of SAM shell and SAM 
liquid. A hand model was also utilized in this study. The 
dielectric properties of head and hand model have been 
listed in Table 1. Figure 3 (b) represents the simulation 
setup of handset model with head and hand phantom. In 
this lossy-Drude simulation model, domain was  
128 × 128 × 128 cells with cell sizes dx = dy = dx = 3 mm. 
The evaluation of SAR is defined as SAR = σE2/2ρ,
where σ, ρ and E represent the conductivity of the tissue, 
the density of the tissue and induced electric field 
strength in the human head respectively. The peak SAR 
values were averaged over 1 g of tissue. 

Table 1: Properties of head and hand models 
Materials Relative 

Permittivity, �r

Conductivity, 3
(S/m)

900 MHz 1800 MHz 900 MHz 1800 MHz
SAM shell 3.7 3.5 0.0016 0.0016
SAM liquid 40.5 40 0.97 1.42

Hand 36.2 32.6 0.79 1.26

Fig. 1. Return loss characteristics of the PIFA. 

(a) (b)

Fig. 2. PIFA with circuit board: (a) front view, and (b) 
side view. 

(a) (b)

Fig. 3. (a) Handset model, and (b) head and hand model 
in talk position. 

III. RESULTS AND DISCUSSIONS 
In this paper, a mobile body with an additional sheet 

has been proposed to reduce the peak SAR in the human 
head. The additional sheet was double layer. 
Additionally, single layer sheets of aluminum, silicon 
and PEC with mobile casing was also investigated. The 
investigation results may be classified into three broad 
categories: 

A. Without additional sheet configurations; 
B. Single-layer additional sheet configurations; 
C. Double-layer additional sheet configuration. 
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A. Without additional sheet configurations 
In this section, plastic mobile casing without 

additional sheet is used. Figure 4 represents the values of 
SAR and total absorbed power off with and without cell 
phone body configurations. The body is made of plastic 
materials with 1 mm thickness. The plastic cell phone 
body leads to reduce the SAR 57.9% at the lower 
frequency band and increase the SAR 3.6% at the upper 
frequency band as compared to without casing 
configuration. Moreover, the total absorbed power is 
reduced 53.7% at 900 MHz and increased 4.6% at  
1800 MHz due to the plastic body. It is clear from the 
obtained results that the plastic body affects the EM 
absorption greatly at the lower frequency band and 
slightly at the upper frequency band. 

However, this plastic body can reduce the SAR at 
the lower frequency band considerably, but increases the 
SAR at the upper frequency band. Moreover, the plastic 
cell phone body increases radiation efficiency 12% at 
900 MHz and decreases 1% at 1800 MHz as indicated in 
Fig. 5. The directivity of antenna is not affected greatly 
due to the plastic body for both frequency bands. 
 

 
 
Fig. 4. SAR values and absorbed powers considering 
with and without phone body. 
 

 
 
Fig. 5. Radiation efficiency and directivity considering 
with and without phone body. 
 
B. Single-layer additional sheet configurations 

A single layer of silicon sheet was used as an 
additional sheet with plastic mobile body. The SAR 
values and absorbed power are plotted in Fig. 6. The 
results indicate that the mobile body with 1 mm 

additional silicon sheet provides 68.4% SAR reduction 
at 900 MHz and 2.4% SAR at 1800 MHz as compared to 
without casing configuration. Sequentially, 1 mm 
additional aluminum sheet lead to 68.3% SAR reduction 
at the lower frequency band and 4.22% increment at the 
upper frequency band as shown in Fig. 7. The PEC sheet 
of 1 mm reduces the SAR 59.2% at 900 MHz and 66.1% 
at 1800 MHz (as indicated in Fig. 8). The reduction in total 
absorbed power is 68.3%, 67.96% and 58.9% for 1 mm 
silicon, aluminum and PEC additional sheet respectively 
in the lower frequency band. At the upper frequency 
band, 3.85%, 3.85% and 14.4% increment in total power 
absorption are observed after using additional silicon, 
aluminum and PEC sheet respectively. The additional 
sheet (silicon, aluminum and PEC) thickness of 2 mm 
provides a further little bit lower the SAR values and 
total adsorbed powers. The PEC sheet can reduce the 
peak SAR sufficiently rather than total absorbed power. 

At 900 MHz, mobile cover with silicon and 
aluminum additional sheet of thickness 1 mm improve 
the radiation efficiency 11% (as shown in Figs. 9 and 10) 
and PEC leads to increase 6.5% (as indicated in Fig. 11) 
compared to without casing configuration. On the other 
hand, 1 mm silicon and aluminum sheet provide 1% 
degradation of radiation efficiency and 1 mm PEC leads 
to degrade 3% at the upper frequency band. The results 
of antenna directivity do not change considerably after 
using a mobile body with additional sheet. 
 

 
 
Fig. 6. SAR value and absorbed power for plastic mobile 
body with additional silicon sheet. 
 

 
 
Fig. 7. SAR values and absorbed powers for plastic 
phone body with additional aluminum sheet. 
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Fig. 8. SAR values and absorbed powers plastic phone 
body with additional PEC sheet. 

Fig. 9. Radiation efficiency and directivity of plastic cell 
phone body with additional silicon sheet. 

Fig. 10. Radiation efficiency and directivity considering 
plastic body with additional aluminum sheet. 

Fig. 11. Radiation efficiency and directivity for plastic 
phone body with additional PEC sheet. 

C. Double-layer additional sheet configuration 
From the results of single layer additional sheet, it is 

clear that the cell phone body with silicon and aluminum 
additional sheet decreases the SAR at the lower 
frequency band significantly and PEC sheet degrades the 
SAR highly at the upper frequency band. The body with 
silicon-PEC double-layer additional sheet can affect 
both frequency bands. Figure 12 shows the SAR values 
and absorbed powers in case of mobile body with 
double-layer and without casing configuration. 

The 3D distribution of the SAR values is shown in 
Table 2. Comprising with without body configuration, 
the proposed cell phone casing with double-layer sheet 
can reduce the SAR 63.8% and 69.2% at 900 MHz and 
1800 MHz respectively. Similarly, 45% and 14% 
reduction in total absorbed power can be achieved at the 
lower and upper frequency band respectively, due to the 
cell phone casing with double-layer additional sheet. 
Moreover, the proposed cell phone body leads to 
improve radiation efficiency 6% at 900 MHz and 7% at 
1800 MHz (as shown in Fig. 13). Figure 14 represents 
the curves theta versus directivity with constant phi 
(φ=90). The antenna directivity is not affected 
significantly for both frequency bands. 

Fig. 12. SAR values and absorbed powers in case of 
plastic mobile body with additional silicon-PEC double-
layer sheet. 

Fig. 13. Radiation efficiency and directivity for plastic 
phone body with additional silicon-PEC double-layer 
sheet. 
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(a) 

 

 
(b) 

 
Fig. 14. Theta (degree) vs. directivity (dBi) curves xz-plane 
for: (a) without casing, and (b) new body configurations. 
 

Table 2: 3D distribution of SAR values of without body 
and body with silicon-PEC double-layer sheet 

 At 900 MHz Scale At 1800 MHz 

Without 
casing 

 
0.76 W/Kg  

 
0.461 W/Kg 

Casing with 
silicon-PEC 

sheet 

 
0.275 W/Kg  

 
0.22 W/Kg 

 
IV. CONCLUSION 

In this paper, a new design of cell phone body has 
been proposed for the reduction of EM absorption in the 
human head. The mobile body consists of plastic and a 
double-layer silicon-PEC additional sheet. The 
numerical results show that the proposed casing provides 
significant reduction of EM absorption towards the 
human head as well as improve radiation efficiency for 
both lower and upper GSM frequency bands. The silicon 
layer of additional sheet provides SAR reduction, 
particularly for the lower frequency band and PEC layer 
for the upper frequency band. Although the proposed 
design increases the cell phone thickness about 10%, it 
reduces the SAR 63.8% and 69.2% for the lower and 
upper frequency band of PIFA respectively. In case of 
total absorbed power by the user, 45% and 14% 
reduction are achieved. Moreover, the presented cell 
phone body improves the radiation efficiency 6% and 
7% at 900 MHz and 1800 MHz respectively. It can be 
concluded that the proposed cell phone casing may 
process significant role to protect cell phone user from 
health risk of EM radiation. 
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