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Abstract 
A planner inverted-F antenna with stacked radiating structure is presented in this paper for body implantable 

biotelemetry application. The proposed antenna achieved wide bandwidth less than -10dB reflection coefficient at 

1.82-2.68 GHz. The antenna dimension is 10×10×1.53mm3 and the structure provides good radiation efficiency up 

to 58%. Realized gain of the proposed antenna is found to be 2dBi with omnidirectional radiation pattern. The 

double layered PIFA antenna has the potential to be used in body implanted biotelemetry. The whole designing and 

simulation process is performed in commercially available CST Microwave Studio software.   
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1. Introduction 

Biomedical telemetry using implantable medical devices is one of the newest advancements in 

biomedical engineering, which allows wireless transmission of physiological signals for monitoring 

purposes [1]. These days, patch antennas are in the prime choices of the researcher because of their design 

flexibility. Implantable medical devices support the enormous number of people every day. Blood-glucose 

sensors [2] ,  pacemakers and cardioverter defibrillators [3], retinal [4] implants are some of the devices 

that are helping people in daily life with the evolution of science and technology.  

A multilayered patch antenna has been presented in [5] for implantable medical devices. The study 

analysed three models of the human body with the antenna. In [6] a study has been revealed to increase the 

gain of a  implantable patch antenna operating at 2.45 GHz. The paper reported the proposed antenna’s gain 

can be increased up to 8.5dBi by using parasitic element and a glass lens. Another patch antenna has been 

reported that proposed a slotted antenna for implantable devices using the band 402-405MHz [7]. That 

antenna proposed methods for size reduction and flexible selection of resonant frequency. Another slotted 

semi circular antenna for medical implant communication services band has been reported in [8] that 

reported   an additional study on Specific Absorption Rate of the proposed antenna. In [9] an implantable 

patch antenna for biomedical applications is revealed. The antenna design used capacitively loaded 

radiating element that covers 2.4-2.48 GHz. In [10] a very small antenna is reported for the application of  

wireless biotelemetry that operates on dual band.  

2. Antenna Design 

The proposed printed double layered PIFA antenna structure is illustrated in Fig. 1.  The first layer of the 

antenna is Rogers 3010, dielectric constant of 10.2, transient loss of 0.0022, Rho 10Kgm-3, thermal 

conductivity of 0.66 W/K/m, heat capacity of 10 KJ/K/Kg and thickness of 0.75 mm. The second layer of 
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the antenna is also Rogers 3010. The overall size of the proposed antenna is 20× 20×1.53 mm3. The 

antenna is implanted in 80×80×90 mm3 human skin-tissue simulating tissue. The human tissue properties 

are: dielectric constant of 46.7, electric conductivity of 1.43 S/m, Rho 1040 Kg/m3, heat capacity of 3.6 

KJ/K/Kg, blood flow of 2700 W/K/m3, Metab rate 480 W/m3. The dimensions of the antenna were first 

studied by simulation with the aid of the CST electromagnetic software.  

 

          
(a) Perspective view                                       (b)  Side view 

 

 
(c) Ground layer                                                                           (d) Patch layer 

Fig.1 Schematic diagram of the proposed antenna  
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(a) Human skin-tissue (b) Antenna implanted inside the tissue 

 
Fig. 2 Human muscle tissue for antenna performance analysis 

3. Antenna Performance and Specific Absorption Analysis  

The reflection coefficient of the proposed antenna has been analysed. The antenna achieves the bandwidth 

of 1.82 GHz to 2.68 GHz, which cover ISM bands, shown in Figure 3. Moreover, the antenna shows good 

monopole like farfield radiaton pattern at 2.4 GHz, shown in Fig. 4. The radiation efficiency with human 

skin tissue is about 58%. The efficiency is quite appreatiable for 20mm×20mm size antenna. .  

 

 

 
Fig. 3 Reflection coefficient of the proposed antenna 
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Fig. 4 Antenna radiation pattern at 2.4 GHz 

 

  

The specific absorption rate of the proposed antenna has been investigated using a human skin tissue. The 

simulation has been performed using a CST microwave studio. The input power used in the simulation is 

1W. The 1g SAR value at 2.4 GHz is achieved 251W/Kg. if the power level is decreased to 4.76 mW, the 

SAR value will be reduced and will meet the SAR limitation guided by IEEE and ICNRP. The 1g SAR 

values at 2.4 GHz is demonstrated in Figure 5. Three cutting planes: x, y and z are also shown in Figure 5. 

Moreover, 10g normalized SAR value at 2.4 is also investigated, shown in Figure 6.   

 

 
(a) 1g SAR value of the x-cutting plane                  (b) 1g SAR value of the y-cutting plane 
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(c) 1g SAR value of the z - cutting plane 

Fig. 5 1g SAR analysis of the antenna with human body tissue 

 

  
(a) 10g SAR value of the x-cutting plane            (b) 10g SAR value of the y-cutting plane 

 
(c) 10g SAR value of the z - cutting plane 

Fig.6 10g SAR analysis of the antenna with human body tissue 

 

 

4. Conclusions 

 
This paper presents a compact and double layered  implantable PIFA antenna for ISM band telemetry 

application. The antenna proposed antenna shows good reflection coefficient with satisfied antenna 

performances at 2.4 GHz. The antenna might be a suitable one for implantable medical devices.  
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