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ABSTRACT

This paper proposes a low SAR (Specific Absorption Rate) method for PIFA antenna with metal Frame, which 
includes the following steps: 

1. Simulated construction of PIFA antenna. 

2. Display frame modifications, the metal frame of display has big influence for SAR.

3. Choose some length of the display. 

4. Choose some length of the ground pin. 

5. Make simulation to check the simulation list and find out the display frame is 34mm which has the lowest 
SAR. The length of the display and position and length of the ground pins is critical and sensitive value. 
The size corresponding to the smaller SAR value is found through parameter scanning. The simulation 
result shows the redistribution of current leads to the redistribution of the near-field, making the near-
field amplitude behind the antenna smaller, thus reducing SAR.
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Introduction
The description of SAR, the radiation problem of mobile phone 

has attracted more and more attention. In order to analyze the influ-
ence of electromagnetic radiation on human body more effectively, 
people put forward the concept of specific absorption rate (SAR) to 
measure the radiation intensity of electromagnetic wave [1], which is 
defined as the electromagnetic power absorbed or consumed per unit 
mass of organism, in W/kg: 

 / ( / ) / ( / )SAR d dt dW dm d dt dW dvρ= = ……(1)

We normally use the SAR simulation Software, Microwave studio 
CST as following Figure 1. About the SAR reduction methods of mo-
bile antenna, there is many studies in recent decays, such as in 2003, 

Minseok lung, Bomson Lee mentioned use EM absorption material to 
reduce SAR [2,3]. In 2012, Sungtek Kahng; Kyungseok Kahng present-
ed a metamaterial-inspired handset antenna with the SAR reduction 
[4]. In 2016, M. Haridim presented to Use of Rod Reflflectors to reduce 
the SAR [5]. In 2021 , Vidya R. Keshwani mentioned textile wearable 
antenna used in various applications need novel designs to achieve 
objectives of compact antenna with lowest possible Specific Absorp-
tion Rate (SAR).One method used to reduce SAR using EBG structure 
are briefly described. ISM 5.8 GHz band antenna is designed and 
modeled in Ansys High Frequency Structure Simulator (HFSS). SAR 
values with this antenna are computed in human body model. The ef-
fectiveness of EBG array structure to reduce SAR to acceptable values 
is demonstrated by simulations [6,7]. In 2022, Harri Varheenmaa;Pasi 
Ylä-Oijala presented SAR Reduction with Antenna Cluster Technique 
[8].
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Figure 1: SAR simulation Software, Microwave studio CST.

In this work, A new mobile antenna SAR reduction method men-
tioned in this paper by Ground metal frame resonator. In theory the 
display frame decreases SAR values when it is grounded, due to the 
opposite current phases in PWB and in the display frame. To achieve 
this, the length and the height of display to proportion to length of 
the PWB and the wavelength are the critical variables. In this case 
the purpose was to decrease the SAR values of the lower band. Vari-
ables and the characteristics were naturally chosen for lower band. 
The used head model was simplified to ball, due to the decrease in 
the simulation time. The diameter of the phantom head was 18cm, 
including skull with thickness 6mm and inside of skull the “head part”. 

Conductivity, permittivity and values were same than defined on the 
standard, density value was found from IEEE article.
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Simulation Section
Simulated Construction

The structure is simplified version of the real model. If the struc-
ture is complicated it can cause problems in the simulation and in-
crease the simulation time. So we use the simulated Structure as Fig-
ure 2. The metal parts were modeled as a 0.15mm thick copper. The 
pins of the antenna are made from the same metal part as the radiator. 
The frame and chassis has modeled as low loss plastic with a permit-
tivity of 2.5 and loss tangent 0.005. The antenna radiator pattern is 
close to the pattern. The size of the ground plane is 40mm x 99mmx-
0.85mm. The size of the antenna was approximately 36mm x 16mm. 
Simulated phone structure is Figure 3.

Figure 2: Simulated Structure. Distance between phone and head is 2mm.
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Figure 3: Simulated phone structure.

Display Frame Modifications

In simulation the effect length of the display frame to SAR val-
ue was first investigated. Second the position and the length of the 
ground pins. Third the best results of these two simulations were sim-
ulated together. Because of the tight schedule it was impossible to do 
all the simulation f.e for length of display with 0.5 steps. Simulation 
was tried to do also by respecting the mechanical issues. The Results, 
which were found to decrease SAR value remarkably, are also includ-
ed for additional information. In the initial case the dimensions of the 
display were the same as presented in Figure 4.

Figure 4: Dimension of the display frame in initial case.

Length of the Display

The length of the display frame was decreased and increased first 
with 0.5 steps, then with 1mm steps as Figure 5.

Figure 5: The low corner of the display frame was decreased and 
increased first with 0.5mm steps then with 1mm.

Length of the Ground Pin

In the second case, as presented in Figures 6-8, only the length of 
the ground pins was changed. The height of the pin and also height 
of the display frame was constant. Also, the length of the display was 
constant, 30.5mm. Length 4.5mm for ground pin was chosen concern-
ing mechanical issues.
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Figure 6: Length of the ground pin 3mm.

Figure 7: Length of the ground pin4.5mm.

Figure 8: Length of the ground pin 10mmand it is located in the 
top corner.

Position of the Ground Pin

In the third case, as presented in Figures 9-14, only position of the 
ground pins was changed. The length of the ground pin was 10mm 

and length of the display frame 30.5mm. The height of the pin and 
also height of the display frame was constant.

Figure 9: Ground pin moved 2mm.

Figure 10: Ground pin moved 3.5mm.

Figure 11: Ground pin moved 5mm. 
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Figure 12. The ground pin moved 7.5mm.

Figure 13: Ground pin moved 13.5mm. 

Figure 14: Ground pin moved 18mm.

Simulation Results
Results for the Simulations of Length of the Display Frame 
in Figures 15-17 [9-11]

Results for the Simulations of Length of the Ground Pin in 
Figures 18-19

Results for the Simulations of Position of the Ground Pin 
in Figures 20-21

Simulation Results of the Best Possible Combination in 
Figures 22-23 [12-14]

In the end, the best possible cases were combined. The simulation 
was Done by placing 4.5mm long ground pin on the top corner of the 
34mm long Display frame. The result was good only 1.96W/Kg, which 
1W/kg less than in the beginning.

Figure 15: SAR distribution when length of the display frame 31mm. On the left-hand side distribution for the skull on the right hand side for the 
head [9-11].
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Figure 16: Table for the SAR values versus length of the display frame.

Figure 17: SAR distribution when length of the display frame is 34mm. On the left-hand side distribution for the skull on the right hand side for 
the head.

Figure 18: SAR distribution when length of the ground pin was 4. 5mm. On the left hand side distribution for the skull on the right hand side for 
the head.
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Figure 19: Table for the SAR values versus length of the ground pin. Length of the display frame 30.5mm.

Figure 20: SAR distribution when grounded 12.5 from display frame corner. On the left-hand side distribution for the skull on the right-hand side 
for the head.

Figure 21: Table for the SAR values versus position of the ground pin.
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Figure 22: SAR distribution when the length of the display frame was 34mm and ground pins. Pins were placed on the corner. On the left-hand 
side distribution for the skull on the right-hand side for the head [12-14].

Figure 23: Shows the current flow in the ground plane and in the display frame.

Conclusion
The simulation results show that the length of the display and 

position and length of the ground pins is critical and sensitive val-
ue. Those should be chosen carefully considering the dimensions of 
the PWB. Lowest SAR value was achieved when length of the display 
frame was 34mm adding the height of the frame, the total length is 
37.85 which is really close to /8 wavelength of the GSM. When com-

bining the two best results pins with 4.5 mm length and display frame 
with 34mm length even lower SAR value was achieved. Correlation 
between measured and simulated results is expected to be good. In 
engineering, the size corresponding to the smaller SAR value is found 
through parameter scanning. It needs to be explained from the phys-
ical principle that the redistribution of current leads to the redistri-
bution of the near-field, making the near-field amplitude behind the 
antenna smaller, thus reducing SAR.
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