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Abstract. A planar inverted F-implantable antenna is designed using the medical implant 

communications service (MICS) band (402–405MHz).The proposed antenna is designed using 

microstrip lines and short-circuited pin connecting between the ground plane and the patch. 

The total size of the proposed antenna is (24×32×2 mm
3
). The patch dimensions are (16×24 

mm
2
).  The calculated bandwidth at a return loss of -10 dB is 1MHz. The S-parameters, the 

near and far-fields, and the specific absorption rate (SAR) of the antenna is simulated and 

characterized. The design is carried out using CST Studio. 

1.  Introduction 

Implantable antennas become essential in many medical applications such as: sugar level check, 

continuous real-time pressure measurements, endoscopy, insulin push out, and blood pressure 

measurements. Several frequency bands are being used for biomedical applications: The Medical 

Implant Communications Services (MICS) (402-405 MHz), the Industrial, Scientific, and Medical 

(ISM) bands, and the Wireless Medical Telemetry Service (WMTS) with the following frequency 

bands, [433.1-434.8 MHz], [608-614 MHz], [868-868.6 MHz], [902.8-928 MHz], [1395-1400 MHz], 

[1427-1432 MHz] and [2.4 -2.5 GHz]. The MICS allows ten channels with a bandwidth of 300KHz 

for each to support the operation of multiple implantable medical devices simultaneously, and 

minimizing interference with other services. The MICS band is more desired because it is available 

with a low power circuits, supports high data rate transmission, the used spectrum has a relatively low 

noise power, and it propagates well through human tissue [1]. The implantable antennas in the human 

body face many challenges as human body safety, miniaturization, efficiency, and bandwidth 

limitation. Due to size limitations in the human body, miniaturization becomes a significant key in the 

design of an implantable antenna. In [2-5], compact implantable antennas were proposed using 

different miniaturization techniques as meandered and spiral structures, cutting slots in the ground 

plane or in the patch to increase the current path and then size reduction will be obtained. In [6], a size 

reduction was obtained by choosing a high dielectric constant substrate. Bandwidth limitations in the 

design of implantable antennas were solved in [7,8],using different techniques as; monopole, dipole, 

and slot antennas. In [7],a combination of a monopole antenna and a C-shaped antenna was used to get 

a dual-band antenna, while in [8], a dipole antenna and a strip were combined for a dual resonance 

structure. Planar Inverted F antenna (PIFA) has been proposed by many groups [9-11] as implantable 
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antennas due to their advantages such as smaller size and omnidirectional far-field patterns. The PIFA 

antennas are recommended as implantable antennas because they are quarter-wavelength antennas, 

which make them good candidates for the small size applications.  In [9], a compact broadband PIFA 

on Rogers 6010 substrate with a 10.2 dielectric constant was proposed. The antenna size is about 479 

mm
3
, and the frequency bandwidth is 52 MHz. In [12], a size reduction was obtained by loading 

capacitive/inductive stubs. In addition, capacitive and inductive loads improve the matching at the 

desired frequency. In [13], a compact circularly polarized patch antenna working at 915MHz was 

proposed. The circularly polarized antenna is printed on Rogers 3010 with a dielectric constant of 10.2 

and a loss tangent of 0.0035. Compact size was obtained by using loading stubs and meandering slots. 

In [14], a triple-band inserted miniaturized-slot PIFA was proposed. The suggested antenna has a 

volume of fewer than 1 cm
3
. The size reduction was achieved by optimizing the corresponding 

positions of the feed point and the use of short-circuited pins. While in [15], a PIFA omnidirectional 

antenna was suggested and focusing on the bandwidth enhancement by inserting several slits in the 

ground plane. An electrically small implantable antenna was proposed in [16] using MEMS 

technology. In [17], MEMS switches were used to design a reconfigurable antenna with differential 

feeding technique. A spiral implantable antenna shape in addition to the insertion of shorting pin were 

used in [18] to downsize the proposed antenna. The antenna was printed on Rogers 6010 substrate 

with a relative permittivity of 10.2. In addition, the ground plane was slotted for matching purposes. 

2.  The Design of the Implantable Antenna  

The proposed antenna is a planar inverted F antenna designed on Rogers-RO3010 substrate of 

thickness 2mm and dielectric constant of 10.2; the ground plane dimensions are 24mm×32mm.While 

the patch dimensions are 24mm×16 mm. The whole structure is shown in Figure 1.The antenna feed is 

made up of copper and extends between the ground plane and the patch. The short-circuited pin is 

connected between the patch and the ground plane and used for size reduction purposes. The simulated 

scattering parameter S11 is shown in Figure 2. A return loss of – 22.018dB is obtained at 474.5 MHz 

and a frequency band of 1.47MHz at -10dB.The patch length in Figure 1 is 56 mm (calculated as the 

average between the inner and outer dimensions). The PIFA antenna is a quarter-wavelength antenna 

(λ=            ). Then the resonant frequency can be calculated as follows:  

 

  
  

 
                                                                          (1) 

 

 

 
Figure 1.The structure of the proposed implantable PIFA. (a) Top view, and (b) side view.(one layer 

structure). 
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Figure 2.The simulated scattering parameter S11 of the implantable antenna before being implanted in 

the human skin. 

 

where,   is the phase velocity (     √  ⁄ ). Rogers-RO3010 substrate with         is used, then 

the calculated resonant frequency is 399.79MHz compared to 474.5MHz as the simulated results 

show. This difference between the calculated and simulated values of the resonant frequency is 

referred to as the short-circuited pin position with respect to the feed pin position. The resonant 

frequency increases as the short-circuited moves away from the feed pin. The proposed antenna 

resonant frequency lies outside the desired frequency band. The proposed antenna is then implanted in 

human skin with dimensions (36mm×28mm), and then the position of the short-circuited pin is 

optimized to be matched at 403MHz.Tissue electric properties in Table 1 are used to model the human 

skin. The antenna structure after being implanted in the human skin is shown in Figure 3. The 

corresponding simulated scattering parameter S11 is shown in Figure 4. Now after the PIFA is being 

implanted in the human skin, it resonates at 403MHz with a return loss of -21.77 dB and over a 

frequency band of 1MHz at -10dB. Also, the far-fields of the proposed antenna are simulated at 

403MHz and presented in Figure 5 as a function of theta at constant phi of zero degrees (the elevation 

pattern) and as a function of phi at constant theta of 90 degrees (azimuth pattern). The antenna pattern 

is maximum directed away from the body . The antenna patterns in the azimuth plane (θ = 90) are 

almost omnidirectional at 403 MHz. In contrast, in the elevation plane (φ = 0), the antenna radiates 

approximately as a “figure of eight” at the desired frequency. The structure achieves a gain value of 

−18 dBi at 403 MHz.  The near field (electric and magnetic) of the proposed antenna are shown in 

Figure 6.  

 

 

Table 1. Electrical properties (permittivity,   , conductivity, σ, loss tangent) of skin, muscle, and fat 

[18].  

 
 

Biological MICS band           ISM band 

tissues 

 δ  σ(S/m)    r tan                           δ  σ(S/m)    r tan          

  

Skin   46.7 0.69 0.79 38.1 2.27 0.33 

Muscle 57.1 0.79 0.62 52.7 1.73 0.24 

Fat   5.58 0.04 0.32   5.28 0.10 0.14  
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Figure 3.(a) Top view, and (b) side view of the implantable antenna after being implanted in the 

human skin (two layers of structure). 

 

 
Figure 4.The simulated scattering parameter S11 of the implantable antenna after being implanted in 

the human skin. 

 

 
 

Figure 5. The radiation patterns of the proposed antenna after being implanted in the human skin at: 

(a) phi =   , and (b) theta =    . 
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Figure 6.The near fields of the proposed antenna.(a) The electric field, and (b) the magnetic field. 

 

3.  Biocompatibility Considerations  

In implantable antenna design, the biocompatibility issues have to be considered. Accordingly, there 

are two ways to ensure biocompatibility: the first one is to choose biocompatible materials such as 

Teflon, Macor, and Ceramic Alumina in the construction of the implantable antenna [19]. The second 

way is to cover the antenna with a thinlayer of  biocompatible material [20]. In this case, the thickness 

of the biocompatible material could affect the antenna characteristics. To prevent the direct contact of 

radiating patch with the human tissue, a Silicon superstrate with ( r = 3.1, tanδ = 0.0025, and thickness 

0.1mm) is used , which is a commonly used biocompatible material with low electrical loss. The 

simulated scattering parameter S11 of the structure, including the superstrate, is given in Figure 7. The 

resonant frequency of the implantable antenna after a Silicon superstrate is used becomes at 

413.8MHz instead of 403MHz. To compensate for the frequency shift, the Silicon superstrate is 

replaced by an Alumina superstrate with ( r = 9.4, tanδ = 0.006, and thickness 1mm). The resonant 

frequency after the Alumina superstrate is used becomes at 409.3MHz with a return loss of -27.62 dB. 

To adjust the resonant  frequency to be at 403 MHz, the skin thickness is increased to be 6mm. The 

structure of the proposed implantable antenna after the Alumina superstrate is used shown in Figure 8. 

A return loss of -20.88 dB at 403MHz is obtained as Figure 9 shows. At an input power of 1 W, the 

SAR value at 403MHz is148.39 W/kg for 1-g standard compared to the SAR value of 169.89 W/kg for 

the structure without a superstrate. To satisfy the safety restrictions, the maximum accepted input 

power should not be exceeded 10.78mW (1 g).   

 

 
Figure 7. The simulated scattering parameter S11 of the implantable antenna after being implanted in 

the human skin and a Silicon superstrate is used. 
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Figure 8. (a) Top view, and (b) side view of the implantable antenna after being implanted in the 

human skin and an Alumina superstrate is used.(three layers of structure). 

 
Figure 9. The simulated scattering parameter S11 of the implantable antenna after being implanted in 

the human skin and an Alumina superstrate is used. 

4.  Conclusion  

In this work, a planar inverted-F implantable antenna is designed for the MICS band. The proposed 

antenna is resonating at 403MHz and covers a frequency band of 1MHz at -10dB. The structure is 

designed and simulated using CST studio. The SAR is evaluated at 403MHz  for 1g standard, and the 

input power should be reduced to 10.78mW mW to satisfy the safety restrictions at the desired 

frequency. For the proposed antenna, a return loss of -21.77 dB is obtained at 403 MHz. In addition, 

an omniradiation pattern in the azimuth plane and a figure of eight pattern in the elevation plane is 

obtained. 
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