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Abstract: In this paper comprehensive analysis and design of 

textile antenna is presented. Low dielectric constant of textile 

material makes them suitable to be used as substrate. The 

proposed antenna is fabricated on jeans substrate having 

dielectric constant of 1.6. The proposed textile antenna has 

hexagonal shape with microstrip line feed .U shape slot on the 

patch and defected ground structure is incorporated in the design 

to obtain desired passband and stopband. The dimension of 

proposed hexagonal patch is 6.44 mm and its area is 108mm2 

which is very  compact as compared to previous works .This 

antenna can be used in two frequency bands one is centered at 3.9 

GHz with bandwidth of 2.5 GHz and another is centered at 8.6 

GHz with bandwidth of 2.4GHz.Along with these passband there 

is one stop band in the frequency range 5.1GHz to 8.1 GHz. Due to 

wide bandwidth this antenna can also be called as an ultra 

wideband antenna with notch band to avoid electromagnetic 

interference with WLAN (5.1 -5.8 GHz) and satellite application. 

 

Index Terms—UWB, TEXTILE ANTENNA, MICROSTRIP 

FEED 

I. INTRODUCTION 

Antennas are very important part of any wireless 

communication system. As focus is on small size of wireless 

devices use of textile materials has been started. Textile not 

only provides the flexibility but also posses low dielectric 

constant due to less surface wave losses. [2]. Textile antenna 

posses less EM radiation deposition due to large planar 

structure [3]. Textile antenna is very useful for applications 

such as fire fighters, telemedicine, military people etc. 

Human body has different curves, fabric easily adapt the 

shape of body. This property is called draptability.  

Federal Communication Commission (FCC) in 2002 

approved frequency bands from 3.1 to 10.6GHz for 

commercial use of ultra wideband systems [4]. UWB uses 

very narrow or short duration pulses that result in very large 

or wideband transmission bandwidths. The UWB frequency 

spectrum starts from 3.1 to 10.6 GHz. UWB applications 

include wireless communications, medical imaging, radar, 

and indoor positioning [5] an antenna is said to UWB antenna 

if its bandwidth is at least 20% of the centre frequency. It 

means that if the centre frequency of antenna is 2 GHz then 

bandwidth must be at least 400 MHz   

1.1. Properties Of Textiles In The Design Of Wearable 

Antennas 

Textile has flat structure and their properties mainly 

depend on the fibers and the yarns used for weaving them. 

Textile has pores in between the fibers. In which general 

behavior such as permittivity and thermal properties is  

 
Revised Version Manuscript Received on August 19, 2019. 

Vikas Kumar, M.Tech. Scholar, Department of Electronics and 

Communication, MIET, Meerut, U.P. India. 

Pramod Singh, Associate Professor, Department of Electronics and 
Communication, MIET, Meerut, U.P. India. 

 

determined by knowing how dense is the fiber, what is the 

volume of air in between the fiber. Textile posses elasticity 

and flexibility whose density can change with pressure plus, 

the atoms of water are subsequently trying to change the 

fibers and this is the reason they are differ in properties. Such 

characteristic are very useful in improving further its 

radiation properties; That is why  it is crucial to know how 

they may alter the behavior of the antenna so to reduce 

undesirable effects. Apart from above, many properties of 

fabric change the antenna performance and efficiency and are 

discussed in this paper. 

1.1.1. Dielectric Properties Of The Fabric 

Dielectric properties of textiles have studied by some 

researchers. 

Dielectric property depend on  

 Frequency 

 Temperature 

 Roughness 

 Moisture absorption ability 

In general, textile posses a very low relative permittivity as 

they have air in between and due to presence of air relative 

permittivity approaches to 1. Relative permittivity of some 

commonly used textile materials are shown in Table1. 

Characteristics of a dielectric material can be measured by: 

 Cavity Pertubation Method 

 MOM Segment Method 

 Resonance Method 

 Transmission line  

 

Table 1: Relative permittivity of some fabric 

 

1.1.2. Thickness Of Dielectric Fabric 

A textile material generally has low dielectric constant and 

its thickness is major factor to determine bandwidth and input 

impedance of antenna. For a textile of given dielectric 

constant its thickness can be used to control the bandwidth. 

The relation between bandwidth and quality factor is given 

as:  
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As quality factor is inversely proportional to thickness of 

the substrate, from equation (1) it is clear that bandwidth is 

directly proportional to the thickness of the substrate. Thus 

by increasing substrate thickness bandwidth of a patch 

antenna can be increased but at the expense of increased size 

and more surface wave losses which  

1.1.3. Resistivity Of The Electro Textile 

For fabric antenna design, the conductivity is the important 

parameter .It is given by  

 
To get low electrical losses fabric having low surface 

resistance surface opposition should be selected. This 

increases efficiency of the textile. 

1.1.4. Moisture Inside The Fabrics 

Due to absorption of water textile swell in all direction, 

due to which they become tight. Due to tightness dimensions 

of fabric get smaller. The changes in size due to moisture 

absorption change antenna parameters and thus change the 

behavior. Moist fabric also has different dielectric as 

compared to dry fabric as water take place of air in between 

the fabric. [8] 

Therefore the textile which has less moisture absorption 

ability is better choice for the selection of textile substrate 

and same is applied to conductive part. 

1.1.5. MECHANICAL BENDING 

Due to flexibity and elasticity textile material easily take 

the shape of human body. But due to bending of textile 

according to human body changes their electromagnetic 

properties and result in antenna detuning 

Geometrically, the increase in length ∆ω as a result of 

bending of radius R is given according to (2)  

 
Fig 1:  elongation due to bending [6] 

 

1.2. Types  Of Textile Materials 

1.2.1. Electrically Conductive Fabric 

The designing of textile antenna started with selecting 

proper material for substrate and patch. Many conductive 

textiles are easily available and have been used by many 

researchers in designing the antenna. Due to the planar 

structure and light weight textile antenna gat easily integrated 

into clothing. For good result fabric need to meet the 

following requirement. 

 The fabric should posses flexibility.  

 Fabric which can be stretched can easily withstand 

deformation.  

 The opposition should not change over the entire surface 

of the textile. 

Types Of Conductive Textiles 

Nickel-Plated Fabric 

This type of fabric is flexible due to which it can be easily 

used in clothing. Since knitted plated fabric get easily stretch 

antenna result get alter. 

According to simulation result for this type of fabric, there 

is a loss in conductive material efficiency. The fall in 

conductive material efficiency is about 99% for copper tape 

to 45% for knitted fabric. But comparison to copper tape 

fabric provide draptibility. 

 
Fig 2: Knitted Fabric [7] 

Woven Fabric 

In this type of textiles fabric weaving is done after plating 

the threads. The advantage of using woven fabric is that they 

are less stretchable but they lack flexibility. This type of 

fabric has low electrical resistance. 
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Fig. 3: Woven Fabric [7] 

TABLE2: Properties Of Conductive Knitted And 

Woven Fabric [12] 

 

1.2.2. Textile Substrate 

The antenna using textile as a dielectric material is 

fabricated by taking substrate in between the metallic radiator 

and the bottom plane. (see Fig. 4). 

 
Fig 4: Different component of antenna with feed line 

[6] 

Thickness of substrate should not change up to few 

millimeters and it should have low permittivity due to which 

antenna patch enlarges. It is very important to select a proper 

textile substrate for the fabric antenna. Properties to be taken 

into consideration when selecting dielectrics are  

 There should be homogeneity 

 Material should have large capacity to absorb moisture 

 Material should posses large adhesive properties  

In 2005 Salonen et al. [9] presented a GPS antenna which 

uses five types of different textile materials for substrate. In 

2010, S. Sankaralingam and B. Gupta [10] proposed fully 

fabric wibro antenna. In this work they used three different 

textiles as substrate 

 

 

TABLE 3: VARIOUS TEXTILE MATERIAL USED 

AS SUBSTRATE 

 

II. DESIGN OF UWB TEXTILE ANTENNA& 

RESULTS 

The proposed microstrip patch textile antenna operates in 

UWB range with two pass bands and one stop band. It is 

microstrip monopole antenna with regular hexagonal shaped 

patch and reduced ground plane with a notch.  The patch and 

ground plane are conducting in nature and use copper tape to 

make it conducting and flexible. In between patch and ground 

planes Jeans textile is used as substrate material. 

Characteristics features of substrate material are shown in 

Table 4.  

TABLE 4 

 

2.1. Uwb Antenna Design Considerations 

Front and back view of proposed UWB antenna is shown 

in fig.(5). It consists of regular hexagonal patch with 

symmetrical U slot and reduced ground plane with a narrow 

notch at the centre of the upper edge. Physical dimensions of 

the proposed structure is shown   
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Fig 5: Geometry of proposed antenna 

 

TABLE 5 DIMENSIONS OF PROPOSED UWB 

WEARABLE 

 

2.2 Results and Discussion 

The proposed hexagonal textile monopole antenna with U 

shaped slot on the patch and notched ground plane is 

simulated on HFSS software.  The major objective of this 

work is to design a flexible compact UWB antenna with 

minimum electromagnetic interference with existing 

narrowband applications.   

Figure (6) shows the return loss plot of the proposed 

antenna. The proposed antenna shows good impedance 

matching. The proposed antenna resonates at two frequencies 

hence serves as a dual band antenna. This structure has two 

pass bands one is centered at 3.9 GHz and another is centered 

at 8.6GHz. At 3.9 GHz, the return loss is -25 dB and at 8.5 

GHz, the return loss is -18.5 dB. 

At 3.9 GHz the minimum required bandwidth for an UWB 

antenna is 780MHz while the bandwidth of proposed model 

is 2500 MHz. For centre frequency of 8.6 GHz minimum 

required bandwidth is 1.72GHz while the bandwidth of the 

proposed model is 2.4GHz. There is a notch band between 

5.2 GHz to 8 GHz which avoid interference from WLAN and 

other military related applications. 

The frequency range of proposed antenna can also be 

verified from the plot of voltage standing wave ratio (VSWR) 

which is shown in fig (7). Figure 8(a) and (b) shows the 2D 

radiation patterns of the proposed structure at resonant 

frequencies 
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Fig. 6: Plot of Return Loss (S11) for Proposed Antenna 
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Fig. 7: Plot of VSWR for Proposed Antenna 
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Fig 8 (a): E-Plane and H- Plane Pattern at 3.9 GHz 
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Fig 8 (b): E Plane and H Plane Pattern at 8.7 GHz 

Comparison of Proposed Antenna with Several 

Existing Designs 

 
 

The results obtained from the proposed structure is 

compared with the previous similar works and from the 

above table it is clear that the proposed design uses least 

substrate area to be used as UWB antenna with notch band for 

WLAN. 

III. CONCLUSION 

A compact microstrip monopole textile UWB antenna is 

designed with two pass bands and one notch band. This 

structure uses regular hexagonal shaped patch antenna with 

partial ground plane. Due to insertion of U shaped slot on the 

patch and notch cut on the ground plane this structure is able 

to provide two wide pass bands centered at 3.9 and 8.7 GHz, 

while a notch band to avoid possibility of electromagnetic  

interference with WLAN (at 5 MHz) and other satellite 

applications. From the comparisons it is found that this 

design is using least substrate area. 
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