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ABSTRACT: The therapy of wounds, pain and edema in the human body can be shortened with pulsed radio 

frequency (PRFE) or pulsed electromagnetic field (PEMF). The Federal Communications Commission (FCC) has 

allocated 13.56 MHz, 27.12 MHz and 40.68 MHz frequencies as medical use bands for PRFE and PEMF applications. 

In this study, three different microstrip antenna operating at 13.56 MHz, 27.12 MHz and 40.68 MHz frequencies were 

designed using Computer Simulation Technology (CST) program. The dimensions of the designed antennas are as 

follows respectively; 600 mm x 400 mm, 340 mm x 130 mm and 300 mm x 150 mm. The antenna designed for 13.56 

MHz operating frequency has an S11 value of -13.6 dB. The other antennas designed for 27.12 MHz and 40.68 MHz 

frequencies, the S11 values are     -13.4 dB and -11.9 dB. The directivity values of the antennas are -30 dBi, -20.8 dBi 

and -18.9 dBi for 13.56 MHz, 27.12 MHz and 40.68 MHz frequencies respectively. The designed microstrip antennas 

generate 0.169 V/m, 0.517 V/m and 0.702 V/m electric field with 50 W input power. These microstrip antennas, which 

are designed by changing the input power values, can be easily used in PRFE and PEMF applications. 
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I.INTRODUCTION 

The International Telecommunication Union (ITU) has reserved a portion of the radio frequency spectrum globally for 

industrial, scientific, and medical (ISM) applications [1]. ISM bands can be used without requiring a license by 

complying with a certain output power limitation. Center frequencies of 13.56 MHz, 27.12 MHz, 40.68 MHz, 5.8 GHz, 

and 24.125 GHz within the ISM band are used globally. In 1947, the Federal Communications Commission (FCC) 

determined 13.56 MHz, 27.18 MHz, 40.68 MHz frequencies for medical uses [2]. Pulsed electromagnetic fields 

(PEMF) and pulsed radio frequency energy (PRFE) accelerate the wound healing process [3]. 27.12 MHz and 40.68 

MHz frequencies are widely used in PRFE and PEMF clinical applications [4]. Patents have been obtained for devices 

operating in these frequency bands for medical applications [5]. There are many studies in the literature on tissue 

damage treatment using these frequency bands. A study [6] showed that 27 MHz PRFE application shortened the 

healing processes of wounds on mouse skins. In the study conducted by [7] the reduction of the wound area and the 

reduction of pain intensity in diabetic foot and venous foot patients were examined with the application of 27 MHz 

PRFE. [8] investigated the effects of 27 MHz PRFE application on diabetic mice. [9] stated that it is possible to remove 

wrinkles on the skin tissue with radio frequency therapy. [10] stated that electromagnetic waves have a relaxing effect 

on low back pain. In addition, there are many studies in the literature on antenna designs operating at frequencies of 

13.56 MHz, 27.18 MHz, and 40.68 MHz. Some of them are as follows;in a study on mice, an amplifier was designed 

for 27 MHz electromagnetic field therapy [11]. Coil antenna design has been made for the effects of low energy 27 

MHz PEMF applications on wound healing [12]. A wearable antenna has been designed for PRFE applications [13]. 

Coil antenna designs were made at 13.56 MHz and 40.68 MHz frequencies and SAR on human tissue was examined 

[14]. By designing antenna circuits operating at 13.56 MHz and 40.68 MHz frequencies, wireless pacemakers were 

designed for heart rhythm disorder [15]. In the study conducted by [16], regulations and standards for radio frequency 

based wireless devices developed for medical applications are specified. 
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In this study, three different microstrip antenna designs operating in 13.56 MHz, 27.12 MHz, and 40.68 MHz 

frequency bands allocated by the FCC for medical applications were made. After this point, in the coming parts of the 

paper, the 13.56 MHz frequency microstrip antenna will be called Antenna-I, the 27.12 MHz antenna will be called 

Antenna-II, and the 40.68 MHz frequency antenna will be called Antenna-III. The dimensions of the antennas designed 

using the CST program, the radiation patterns, and the electric and magnetic field values due to the same input power 

were obtained and comparisons were made.  

II. SYSTEM MODEL AND ASSUMPTIONS 

First of all, to design a microstrip antenna, the antenna's resonance frequency (fr), coefficient of electrical conductivity 

(ɛr) and the height of the dielectric material (h) are determined. Then, the patch width (W) of the microstrip antenna is 

calculated as shown below. W = c2fr √ 2εr+1               (1) 

Here c is the speed of light. 

The effective value of the permeability coefficient (ɛeff) of the insulator and change in patch length (ΔL) is calculated as 
given in the equations below [17]. εeff = εr+12 + εr−12 [1 + 12 hW]−12     , W h⁄ > 1     (2) 

 ∆L = 0.412 h (εeff+0.3)(Wh +0.264)(εeff−0.258)(Wh +0.8)   (3) 

The dimensions of the patch can be given by the equation (4) [17].  

 Leff =  L +  2∆L         (4)    

 Leff = c2fr√εeff                                                                                     (5) 

The three-dimensional view of the rectangular microstrip antenna is given in Fig. 1.  

 

 

Fig. 1 Three-dimensional view of microstrip antenna 

http://www.ijareeie.com/


International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE) 

     | e-ISSN: 2278 – 8875, p-ISSN: 2320 – 3765| www.ijareeie.com | Impact Factor: 7.282| 
 

|| Volume 10, Issue 12, December 2021 || 

DOI:10.15662/IJAREEIE.2021.1012001 

IJAREEIE © 2021                                                    |    An ISO 9001:2008 Certified Journal |                                                     7495 

 

 

The relationship between the thickness of the dielectric layer and the wavelength in free space (λ0) is given by the 

equation (6) [17]. 0.003λ0 ≤ h ≤ 0.05λ0                                                                          (6) 

 

The relationships between the width and length of the dielectric layer and the width and length of the patch are as given 

by the equations (7) and (8) [17]. Ws = W + 6h                                                                                    (7) 

 Ls = L + 6h    (8)  

 

Structures of three different microstrip antennas (Antenna-I, Antenna-II and Antenna-III) operating in 13.56 MHz, 

27.12 MHz and 40.68 MHz frequency bands by using CST program are shown in Fig. 2. Antenna dimensions have 

been reduced by arranging patch, ground and dielectric (substrate) geometries with the formulas used to determine 

microstrip antenna dimensions. The ground layers of the designed microstrip antennas are 1 mm thickness copper 

material, the dielectric layers are 1 mm thickness FR-4 material and the patch is 1 mm thickness copper material 

 

 

Fig. 2 Front and back views of the designed microstrip antenna for a) Antenna-I, b) Antenna-II, c) Antenna-III 

 

The dimensions of the designed antennas Antenna-I, Antenna-II and Antenna-III are given in Fig. 3. Dimensions of 

Antenna-I are 600 mm x 400 mm, Antenna-II and Antenna-III, dimensions are 340 mm x 130 mm and 300 mm x 150 

mm respectively. 
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Fig. 3 Dimension of designed antenna for a) Antenna-I, b) Antenna-II, c) Antenna-III 

 

III.RESULT AND DISCUSSION 

The reflection coefficients (S11) of the microstrip antennas designed via CST program are given in Fig. 4. The S11 value 

of the Antenna-I is -13.4 dB at this frequency. It is -13.4 dB for Antenna-II and -11.9 dB for Antenna-III. The S11 value 

at the operating frequency is below -10 dB for each designed antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Fig. 4 The S11 value of designed antenna for a) Antenna-I, b) Antenna-II, c) Antenna-III 
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The directivity value of the designed antennas is given in Fig. 5. The highest directivity value of Antenna-I is -30 dBi, 

and Antenna-II and Antenna-III have -20.8 dBi and -18.9 dBi value respectively. 

 

Fig. 5 Directivity value of the designed microstrip antenna for a) Antenna-I, b) Antenna-II, c) Antenna-III 

 

When microstrip antennas supplied 50 W input power, the electric field (E) and magnetic field (H) changes that occur 

around them are given in Fig. 6 and Fig. 7. When the antenna-I was supplied with 50 W input power, the highest 0.169 

V/m electric field and 0.000448 A/m magnetic field value were measured around the antenna. These values are 0.517 

V/m and 0.00137 A/m for Antenna-II and 0.702 V/m and 0.00186 A/m for Antenna-III. In low-frequency microstrip 

antenna applications, antenna efficiency and antenna gain decrease along with the smaller antenna sizes.In this case, the 

antenna radiation is also low. This is basically the reason why low value electric and magnetic fields are formed around 

the antennas when they are fed with a constant 50 W. 

 

 

 

Fig. 6 Three-dimensional electric field radiation simulation result of the designed microstrip antenna for a) Antenna-I, 

b) Antenna-II, c) Antenna-III 

 

 

 
Fig. 7 Three-dimensional magnetic field radiation simulation result of the designed microstrip antenna for a) Antenna-I, 

b) Antenna-II, c) Antenna-III 
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One-dimensional electric field radiation simulation results of the designed microstrip antennas are given in Fig. 8 and 

magnetic field radiation simulation results are given in Fig. 9. Electric and magnetic field radiation direction is 90 

degrees for Antenna-I, electric and magnetic field radiation direction is 91 degrees for Antenna-II, and electric and 

magnetic field radiation direction is 89 degrees for Antenna-III. 

 

Fig. 8 One-dimensional electric field radiation simulation result of the designed microstrip antenna for a) Antenna-I, b) 

Antenna-II, c) Antenna-III 

 

 

Fig. 9 One-dimensional magnetic field radiation simulation result of the designed microstrip antenna for a) Antenna-I, 

b) Antenna-II, c) Antenna-III 
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IV. CONCLUSION 

In this study, three different microstrip antenna designs were made operating in the 13.56 MHz (Antenna-I), 27.12 

MHz (Antenna-II), and 40.68 MHz (Antenna-III) frequency bands which allocated by the FCC for medical 

applications. The S11 value at the operating frequency for all three designed antennas is below -10 dB. The dimensions 

of Antenna-I, Antenna-II and Antenna-III are 600 mm x 600 mm, 340 mm x 130 mm and 300 mm x 150 mm. The 

directivity values of the designed antennas are -30 dBi, -20.8 dBi and -18.9 dBi respectively. When the antennas are 

supplied with 50W input power, 0.169 V/m electric field and 0.000448 A/m magnetic field value are obtained around 

Antenna-I. For Antenna-II and Antenna-III, these values are 0.517 V/m, 0.00137 A/m and 0.702 V/m, 0.00186 A/m 

respectively. 
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