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ABSTRACT 
 

Design for wearable micro strip antennas which operate at frequencies of 3.5 GHz 

and 28 GHz which falls under the sub-6 GHz spectrum and mm Wave spectrum of the 

5G frequency bands respectively, has been proposed in this article. The antennas are 

mounted on a polycarbonate substrate of dielectric constant 2.57, thickness 0.5 mm 

and dielectric loss tangent of 0.0069. Antenna 1 resonates at a frequency of 3.466 GHz 

and its operating bandwidth ranges from 3.445 to 3.487 GHz (1.2%) with a peak gain 

value of 8.018 dBi and Antenna 2 resonates at a frequency of 28.36 GHz with its 

operating bandwidth ranging from 27.604 to 29.094 GHz (5.2%) and attains a peak 

gain value of 8.886 dBi. Within the operating bandwidth ranges of both the antennas 

the gain is almost constant and hence the proposed design can be used in various 

sectors such as healthcare, sports military etc. 
 

Key words: Wearable antennas, Polycarbonate, Micro strip, Bandwidth, Resonant 
frequency, 5G frequency bands 

  
 

1. INTRODUCTION 
 
As time approaches the demand for higher speed, better reliability, large storage capacity and 

better connectivity for large data rates has also been increasing, which can be attained with the 

help of 5G technologies and can be incorporated using internet of things (IOT) [1-3]. The 5G 

technology can provide up to 10Gbps data rate which is approximately 10 times the data rate 

provided by the present 4G-LTE technologies [4]. To satisfy the demands of the growing wireless 

communication, the Federal Communication Commission has launched to include the high 

frequency bands (20 – 80 GHz) along with the sub-6 GHz frequency spectrum for the 5G 

communications [5]. The Body Area Network (BAN) would fall under this frequency spectrum, 

microelectronics has seen great advancements in this era which paves the way for BANs which 

can be widely used for various human requirements like precisely monitoring various human 

activities such as running, walking and climbing stairs, BANs are used to monitor the health care 

parameters such as heartbeat, temperature etc., [6-8]. There are various applications of wearable 

antennas which are already in use such as smart watches [9], button antennas [10], smart wrist 

bands [11] and spectacles [12]. There have also been instances where antennas are directly 

attached to the skin, for purposes like tracking location with the help of GPS etc., [13]. 
 

In this article the operating frequencies has been chosen very carefully, which are 28 GHz 

(there are proven results that rain and air attenuation is comparatively very less in the 

frequency range of 28 GHz to 38 GHz [14-15]), and 3.5 GHz (to show that the design is 

effective in the sub-6 GHz frequency spectrum as well), micro strip antenna type has been 

chosen in this design for its various advantages such as simplicity of its fabrication, low 

profile and physical size [14]. 
 

The proposed design of antenna can be reused, which means the mountable antenna can 
be removed from one individual and used by the other, or it can be used for various devices 

moving from one to another. The dimensions of the antenna and inset feed were calculated 
using transmission line model method. The antenna characteristics were studied using the 

software tool CST (Computer Simulation Technology) Studio Suite 2019. 
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2. DESIGN OF ANTENNAS 
 

Square patch (Antenna 1) and rectangular patch (Antenna 2) antennas have been proposed in 

this paper that operates at 3.5 GHz for sub-6GHz 5G applications and 28 GHz for 5G-

millimeter wave applications respectively. The substrate material chosen for both antennas 

was Polycarbonate keeping in mind the fact that it is well suited for wearable purposes, it has 

a relative permittivity of 2.57, 0.0069 loss tangent and a thickness of 0.5 mm. Based on the 

transmission line model, square patch (Figure 1.) and rectangular patch (Figure 2.) dimensions 

were calculated for 3.5 GHz (Table 1.) and 28 GHz (Table 2.).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 Geometry of Antenna 1 Figure 2 Geometry of Antenna 2 

 

3. PARAMETRIC ANALYSIS 
 

Parametric analysis was done using CST Studio Suite 2019 software tool in order to 
determine the optimum dimensions of the antenna and feed line for better antenna 
performance characteristics. 
 

The length of the inset feeds (Wi) and length (La) of both antennas were varied to obtain 

better results for return loss characteristics and resonant frequency respectively. As we can 

notice from below figures 3,4 that as length of the inset feed changes for Antenna 1 (Figure 

3.) and antenna 2 (Figure 4.) there is an impedance mismatching which results in variation in 

return loss characteristics and we have observed that return loss is minimum at 8.282 mm for 

Antenna 1 and 0.831 mm for antenna 2 from their respective edges.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Effect of inset feed length variation on return loss characteristics (Antenna 1) 
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Figure 4 Effect of inset feed length variation on return loss characteristics (Antenna 2) 
 

Similarly, the length of both the antennas was varied to return the most optimal resonant 

frequencies. As the length of the antennas is changed as seen for Antenna 1 in (Figure 5.) and 
Antenna 2 in (Figure 6.), the resonant frequency changes and we have observed that at values 

of 30.3 mm (Antenna 1) and 4.2 mm (Antenna 2) required resonant frequency is obtained.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Effect of antenna length on resonant frequency (Antenna 1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6 Effect of antenna length on resonant frequency (Antenna 2) 
 

Optimized dimensions of the antennas are given in Table 1 and Table 2. 
 

Table 1 Dimensions of Antenna 1 (mm) 
(Wg - Width of the ground plane, Lg - Length of the ground plane, Wa - Width of the antenna, La - 

Length of the antenna, Wi - Length of the inset feed line, Li - Width of the inset feed line, Wf - Width of 
the transmission line, Lf - Length of the feed line, H - Height of the substrate) 
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 Wg  Lg   Wa  La  Wi  Li  Wf  Lf  H 

 80 80  26.55 30.3 8.282 0.5 1.144 35.007 0.5 

      Table 2 Dimensions of Antenna 2 (mm)     
                  

 Wg  Lg  Wa  La  Wi  Li  Wf  Lf  H 

 14.96  17.45  3.05  4.2  0.831  0.5  1.144  10  0.5 

 

4. RESULTS AND DISCUSSION  
4.1. Antenna 1 
 

Performance characteristics such as return loss, radiation and gain characteristics of the 
antenna were studied. Figure 7 depicts the return loss characteristics of square patch antenna 

that resonates at 3.46 GHz with return loss of -52.39 dB. The (-10 dB) impedance bandwidth 

of the antenna is 41.2 MHz ranging from 3.4458 to 3.487 GHz. Bandwidth can also be 
determined using VSWR characteristics (Figure 8). 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7 Return loss characteristics of Antenna 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8 VSWR characteristics of Antenna 1 
 

From Figure 9 we can notice that the radiation is in broadside direction with a gain of 

8.003 dBi and beamwidth of 71.3
o
. Front to back ratio of the antenna is high. The gain values 

obtained at different frequencies within the bandwidth range of 3.4458 to 3.487 GHz are 
consistent as shown in Figure 10. 
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Figure 9 Radiation pattern of Antenna 1 (a) 3D radiation pattern, (b) 2D radiation pattern 

 
Figure 10 Gain plot at different frequencies within the bandwidth range (Antenna 1) 

 

4.2. Antenna 2 
 

The advantage of high frequencies is that the bandwidth for communication is made broader 
and this means that more amount of data can be transferred at a point of time. 
 

Figure 11 depicts the return loss characteristics of rectangular patch antenna that resonates 
at 28.36 GHz with return loss of -65.76 dB. The (-10 dB) impedance bandwidth of the 

antenna is 1.4 GHz ranging from 27.604 to 29.094 GHz. Bandwidth can also be determined 
using VSWR characteristics (Figure 12).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 11 Return loss characteristics of Antenna 2  
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Figure 12 VSWR characteristics of Antenna 2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13 Radiation pattern of Antenna 2 (a) 3D radiation pattern, (b) 2D radiation pattern 

From figure 13 we can notice that the radiation is in broadside direction with a gain of 

8.886 dBi and beamwidth of 67.8
o
. Front to back ratio of the antenna is high. The gain 

values obtained at different frequencies within the bandwidth range of 27.604 to 29.094 
GHz are consistent as shown in Figure 14. 

  
Figure 14 Gain plot at different frequencies within the bandwidth range (Antenna 2) 

 

The proposed antenna performance was compared with other wearable antennas 
reported in literature (Table 3). The proposed antenna offers better gain when compared to 

the other ones at the 28GHz operating frequency. 
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Table 3 Comparison of wearable antennas at 28 GHz 
 

 Bandwidth Frequency   

Reference (GHz) (GHz) Gain (dB) Substrate 

[1] 2.87 28 7.5 ABS Fingernail 

[16] 1 28 7 PLA Medallion 

[17] 15 28 3.5 Jeans 

[18] 2.68 28 2.1 Rogers 5880 

Proposed Antenna 1.49 28.36 8.886 Polycarbonate 

 

5. CONCLUSION 
 

Sub-6GHz and millimeter wave wearable antennas have been designed and proposed for 5G 

applications. The antennas operate at 3.5 and 28 GHz with bandwidths of 41.2 MHz (3.4458 

to 3.487 GHz) and 1.49 GHz (27.604 to 29.094 GHz) respectively. Radiation pattern is uni-

directional for both antennas and gain is consistent within the operating bandwidth range. 

Front to back ratio of the antennas is high. Because of all these inherent characteristics, the 

proposed antennas are well suited for IoT based solutions in 5G technology. These antennas 

are low profile, low cost, and easy to install and use. 
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