SAR reduction in human tissues using SRRs
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Abstract

In this paper, we are presenting a framework for investigation on mobile phone and human head interaction. As we all know that some of the radio waves emitted by a mobile phone handset are absorbed by the human head. The rate at which radiation is absorbed by the human body is measured by the Specific Absorption Rate (SAR). The SAR is calculated by using Finite Difference Time Domain (FDTD) Method. The results of the calculated peak or average SAR are correlated with the distance between the antenna and phantom and with the standing wave ratio at the antenna feed point. The results show that the energy absorbed by the biological tissue primarily depends on the operational parameters of the handset's antenna. To reduce the SAR, we use metamaterials to reduce the electromagnetic interaction between the mobile phone antenna and human head. It is found that the SAR in the head can be reduced by placing the metamaterials between the antenna and the head. By arranging split ring resonators (SRRs) periodically we get an electromagnetic shield. By properly designing structural parameters of SRRs, the effective permeability of the medium can be made negative around 900 and 1800 MHz GSM frequency bands. The design procedure will be described. Numerical results of the SAR values in a muscle cube and brain with the presence of SRR's exhibit significant SAR reduction. These results can provide helpful information in designing the mobile communication equipments for safety compliance.  
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1. INTRODUCTION

n essence, your cell phone is a radio wave transmitter/receiver. When you talk on your cell phone, your voice is transmitted from the antenna of the cell phone as radio frequency radiation (RFR) between 800 MHz and 1,990 MHz this frequency falls in the range of microwave radiation and you are exposed to it. Cell phones are designed to transmit radio waves in all directions because base stations can be located in any direction with respect to phone users. This means that portions of the radio waves they produce are directed towards your body. The diagram of the person and the radio tower illustrates how this can occur. The rate at which radiation is absorbed by the human body is measured by the Specific Absorption Rate (SAR).
Specific Absorption Rate is a measure of the maximum rate at which radio frequency (RF) energy is absorbed by the body when exposed to radio-frequency electromagnetic field. As per the international safety guidelines [1, 2] the peak SAR must be below the limits of 1.6W/Kg for all available mobile phones. Some results have implied that the peak 1 g averaged SAR value may exceed the safety limits when a mobile telephone is placed extremely closed to the head. Therefore, many researchers are working on reducing the SAR distribution in human head. The SAR value will depend heavily on the geometry of the part of the body that is exposed to the RF energy and on the exact location of the source of the RF energy. In biological applications, the quantity of interest is the specific absorption rate which is given by
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To determine this, we need the magnitude of the E field when the FDTD simulation has reached steady state. In all the simulation works mentioned below, we have CST Microwave Studio 2006B. Once the magnitude of at a certain E field is obtained, the corresponding SAR can be calculated. The SAR is calculated at different frequencies.
2. DESIGN AND SIMULATION
In this model design, a dipole antenna and human head are designed by choosing the proper dimensions. The antenna was arranged parallel to the head axis. The antenna was operating at 900MHz and the corresponding return loss curve is shown in Fig. 5. The distance between the antenna and head surface was 25.0mm. The SAR value was calculated for an antenna output power equal to 600 mW. The parts in the human head are skin, fat, muscle, bone, brain, etc. We have calculated SAR for muscle cube and brain at 900 MHz. The electrical properties of different tissues are shown in Table 1. No distinction was made between white and grey brain tissues, even though they have different dielectric properties. It should be noted that the averaged values between white and grey brain tissues were used as the electrical properties of brain [3]. In fact, mobile phone and human head interaction has been an area of active research in the past decade [4-9]. Our intention is this paper to report a method of reduction of SAR from mobile phones for safety compliant devices. The calculated peak SAR is 8.0741 W/kg for muscle cube and 8.7906 W/kg for brain. The plots of SAR versus normalized distance for muscle cube and brain are as shown in Fig. 5 and Fig. 6 respectively.
The SAR in the head can be reduced by placing the metamaterial components between the antenna and the head. The dipole antenna and human head are designed by choosing the proper dimensions and the SRRs are placed between antenna and head. The equivalent diagram is shown in Fig. 2. By arranging split ring resonators (SRRs) periodically, we get the single negative metamaterials. Metamaterials have great unique physical properties and novel applications [10]-[11]. Metamaterials are artificially constructed materials having electromagnetic properties not generally found in nature. Two important parameters, electric permittivity and magnetic permeability determine the response of the materials to the electromagnetic propagation. A negative permittivity can be obtained by arranging an array of split ring resonators (SRRs). When one of the effective medium parameters is negative and the other is positive, the medium will display a stop band.

Generally mobile phones are operated at 900 MHz and 1800 MHz bands. We design the SRRs operating at 900 MHz bands. The SRRs contain two square rings, each with gaps appearing on the opposite sides [11]. As shown in Fig. 3, the structure of a single SRR is designed by the following structure parameters: the square ring size l, the ring thickness c, the ring gap c, and the split gap g. The resonant frequency ω is very sensitive to small changes in the structure dimensions of SRR. The frequency response can be scaled to higher or lower frequency by properly choosing these geometry parameters.
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To construct the SRRs for SAR reduction, the SRRs lying in the xy plane are considered. The EM wave propagates along the z direction. The electric field polarization is kept along the y axis, and magnetic field polarization is kept along x axis. Periodic boundary conditions are used to reduce the computational domain and Absorbing Boundary Condition (ABC) is used at the propagation regions. The stop bands of SRRs are designed to be 900MHz. To obtain a stop band at 900MHz, the parameters of SRRs are chosen as c=1.8mm, d=0.6mm, g=0.6mm, and r=17.7mm. The periodicity along x-, y- and z-axis are Lx=63mm, Ly=1.5mm, and Lz=63mm, respectively. After properly choosing geometry parameters, the SRRs medium can display a stop band around 900MHz.
The designed SRRs were used to reduce the SAR value. Fig. 4 shows the head model used in SAR simulation. The distance between the antenna and the head is 25.0 mm. The designed SRRs were placed between the antenna and the head. The radiated power from the antenna was assumed to be 600 mW at 900 MHz. The size of the head was chosen equal to the length of the dipole antenna.
The SAR value and antenna performance with metamaterials were analyzed. To evaluate the power radiated from the antenna, the source impedance was assumed equal to the complex conjugate of the free space radiation impedance. The source voltage was chosen to obtain a radiated power in free space equal to 600 mW. The power radiated from the antenna was evaluated by using following equation.
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The total power absorbed in the head was calculated by using the following equation.
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For muscle cube at 900MHz, with no SRRs, the SAR is 8.0741 W/kg and with SRRs the SAR is 5.2058 W/kg. The reduction is 35.52 (%). For brain at 900MHz, with no SRRs the SAR is 8.7906 W/kg and with SRRs the SAR is 5.4031 W/kg. The reduction is 38.53 (%). The plots of SAR versus normalized distance for muscle cube and brain are as shown in Fig. 9 and Fig. 10 respectively. The SAR and antenna performance with SRRs were studied and the results are given in Table 2.
3. CONCLUSION
We constructed single negative metamaterials from periodical arrangement of split ring resonators (SRRs) between mobile phone antenna and human head. By properly choosing geometrical parameters of SRRs, the stop band can be shifted around GSM 900MHz of the cellular phone radiation. The SAR distribution in a simplified muscle tissue with the presence of SRRs is studied and a significant reduction can be obtained. Numerical results can provide useful information in designing communication equipments for safety compliance.
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Table 1. Electrical properties of different tissues at 900MHz
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Table 2. SAR reduction for 900 MHz
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Fig. 1. Mobile phone signal and human head interaction
Fig. 2. The antenna and human head model for SAR calculation
Fig. 3. The Split Ring Resonator
Fig. 4. : Structure used in SAR calculation
Fig. 5. Antenna operating at 900MHz
Fig. 6.  SAR vs normalized distance at 0.9GHz for muscle cube
Fig. 7. SAR vs normalized distance at 0.9GHz for brain
Fig. 8. SAR vs normalized distance at 0.9GHz for muscle cube
Fig. 9. SAR vs normalized distance at 0.9GHz for brain
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Fig. 6 {R. S. Kshetrimayum and m. b. mANAPATI }
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