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Abstract: This paper deals with a circularly polarized rectangular ring-slot antenna with chamfered 

corners designed for 5.8 GHz ISM frequency band for off-body communications. The antenna, 

originally designed for conventional microwave substrate, has been redesigned for a soft-shell tex-

tile material to create its wearable version. For its manufacturing, the screen printing technology 

has been exploited. Experimental results prove that the wearable version of the antenna located on 

a muscle equivalent phantom achieves the impedance bandwidth more than 6.3 % for the reflection 

coefficient less than -10 dB, the axial ratio (AR) bandwidth 1.7 % for the AR less than 3 dB  

and the RHCP gain more than 6.0 dBi. 
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1. INTRODUCITION 

The electronic devices miniaturization tends to develop wearable equipment. Thanks to mentioned 

facts trends, the body-centric communication (BCC) system has been investigated. The general re-

quirements for such antennas should be low sensitive on surrounding environment, wearable, etc. 

The circular polarization solves problems of polarization interference and mismatch from the sur-

rounding environment. The possible candidates for wearable antennas are presented in [1-6]. Alt-

hough lots of wearable antenna concepts were introduced on conventional dielectric substrate, e.g. 

[1]-[3], and increasingly concepts were presented on a textile substrate [4]-[6].  

In this contribution, a wearable version of the SIW circular polarized rectangular ring-slot antenna 

with chamber corners is presented [7].  

2. ANTENNA CONFIGURATION 

The structure of the antennas is depicted in Fig. 1. The antenna consists of one layer SIW working 

in the fundamental mode TE10 whose one end is shorted. The rectangular ring-slot with chamfered 

corners is located in the top electrically conductive sheet. Thanks to chamfered corners, two nearby 

modes are excited and the antenna radiates right handed circularly polarized (RHCP) wave. More 

information about the antenna concept can be found in [7]. 

The original version of the antenna was designed on the dielectric conventional microwave sub-

strate CuClad 217and it was equipped by a CPWG to SIW transition (Fig. 1(a). (b)) [7]. The wear-

able textile antenna is designed on the soft-shell is equipped by a microstrip line to SIW transition. 

The reason why we changed the transition for the wearable version consists in the fact that the mi-

crostrip line to SIW transition is less sensitive to manufacturing tolerances than the CPWG to SIW 

transition. 
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Figure 1: Geometrical configuration of rectangular ring-slot antennas: (a) top view on the an-

tenna on conventional microwave substrate, (b) side view on the antenna on conventional micro-

wave substrate, (c) top view the antenna on the textile substrate, (b) side view on the antenna  

on the textile substrate. 

Table I: Parameters of both antennas (Fig. 1). 

Antenna  on conventional microwave sub-

strate 
Antenna  on textile substrate 

Parameters 
Dimensions 

[mm] 
Parameters 

Dimensions 

[mm] 
Parameters 

Dimensions 

[mm] 
Parameters 

Dimensions 

[mm] 

ch1 2.23 sy 2.66 ch1 1.83 sx 1.39 

ch2 2.89 w 31.0 ch2 4.23 sy 1.38 

d 1.40 wc1 7.94 d 0.80 w 37.6 

h 0.78 wc2 12.1 h 1.1-1.3 sh 1.50 

Ls1 17.1 wsiw 25.8 Ls1 19.9 wsiw 31.8 

Ls2 18.1 wsl 2.40 Ls2 22.8 wsl 2.32 

Lsiw 49.2 ys 2.52 Lsiw 49.2 wst 4.90 

sh 0.27 wcp 0.37 lst 5.00 wtr 8.16 

sx 2.58 w1 1.64 ltr 10.0 ys 3.32 

 

The textile antenna was designed for the ISM frequency band 5.8 GHz with help of CST Micro-

wave studio on the soft-shell material with the relative permittivity εr = 1.3, the thickness  

h = 1.1 – 1.3 mm (according to material toughness), respectively. The resultant dimensions of  

the original and textile antenna are summarized in Table I.  
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3. SIMULATED AND EXPERIMENTAL RESULT 

The fabricated samples of the antennas are depicted in Fig. 2. They were measured in free space 

and a muscle-equivalent phantom whose shape was a right square prism of overall dimensions 200 

mm x 200 mm x 20 mm. The distance between the antenna and the phantom was 4 mm. 

The antenna on conventional microwave substrate was fabricated by a low-cost etching PCB pro-

cess. The antenna on the textile substrate was fabricated using Aurel C880 semiautomatic screen 

printer. The ESL 1901-S polymer silver conductor paste with good electrical conductivity was used 

and the motive of the antennas was screen-printed over the Digiflex-Master foil. The foil was pre-

viously ironed on the soft-shell fabric. The walls of the SIW were created by hand from the con-

ductive thread.  

 

Figure 2: Fabricated samples of antennas.  

  

Figure 3: Reflection coefficient of antennas on conventional microwave substrate (left) and on 

the textile substrate (right). 

The simulated reflection coefficient of the antennas (for placed in free space and on the phantom)  

are compared with fabricated antennas in Fig. 3. The slight difference between simulated and meas-

ured results is caused due to fabricated tolerance. Despite slightly detuning the antennas covered  

the entire ISM frequency band 5.8 GHz (5.725–5.875 GHz) for the reflection coefficient less than  

-10 dB. The axial ratio bandwidth (Fig. 4) for the AR less than 3 dB is more than 0.9 % for both con-

figurations. The minimum axial ratio is shifted due to the phantom to lower frequencies as for the sim-

ulated data. 
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The radiation pattern (Figs. 5, 6) was measured in an anechoic chamber for the angle  from -90° to 

90°. The antennas have broadside radiation pattern. In both principal planes we can see good agree-

ment between measured and simulated data.  

Figure 4: Axial ratio of antennas on conventional microwave substrate (left) and on the textile 

substrate (right). 

 

Figure 5: Measured normalized radiation pattern of antenna on conventional substrate at 5.8 

GHz: xz-plane (left), yz-plane (right). 

 

Figure 6: Measured normalized radiation pattern of antenna on textile substrate at 5.8 GHz: xz-

plane (left), yz-plane (right). 

The measured gain of the antenna on a conventional microwave substrate at the frequency of 5.8 GHz 

is more than 5.5 dBi (in free space) and more than 6.0 dBi (on the phantom). Measured gain of  
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the antenna on textile substrate is about 1 dB lower due to a little bit higher dielectric losses of  

the soft-shell material.  

CONCLUSION 

A textile circularly polarized rectangular ring-slot antenna with chamfered corners operate in 5.8 GHz 

ISM band have been presented and compared with the same antenna concept designed on microwave 

substrate. The textile antenna was designed on a soft-shell material where conductive layers were fab-

ricated by screen-printing using the ESL 1901-S polymer silver conductor paste. The measured results 

showed that the textile antenna achieved the impedance bandwidth of 6.3 % for the reflection coeffi-

cient less than -10 dB (the antenna on the conventional substrate had the impedance bandwidth  

of 2.41 %) for both configurations of placement. The axial ratio results showed better frequency 

matching for the antenna on the conventional microwave substrate. The textile antenna located in free 

space achieves the measured RHCP gain of 5.5 dBi and 6.0 dBi for its location on the phantom.  

The antenna on the conventional substrate achieved about 1 dB higher RHCP gain for both configura-

tions due to a lower dielectric losses of the substrate and slightly higher conductivity of metallized 

surface. 
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