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Dual-band Suspended-plate Wearable Textile 

Antenna 

Nurul Husna Mohd Rais, Ping Jack Soh, Student Member, IEEE, Mohd Fareq Abdul Malek, Member, 

IEEE, and Guy A. E. Vandenbosch, Fellow, IEEE 

 
Abstract— A novel, dual-band wearable textile antenna 

fabricated using conductive textiles for operation in both ISM 

and HiperLAN applications is presented. Its concept is based on 

the suspended plate antenna. It features a 60×45 mm2 

rectangular radiating element suspended over a 80×60 mm2 

ground plane using a 5 mm foam substrate. The proposed 

rectangular radiator is modified using slots, slits, and shorting 

posts to enable dual-band resonance and broad bandwidths in 

both frequency bands: 277 MHz (2.22 to 2.48 GHz) in the ISM 

and 850 MHz (4.95 to 5.80 GHz) in the HiperLAN band. The 

antenna radiates uni-directionally and the ground plane avoids 

coupling to the users' body. The SP-WTA shows a total efficiency 

between 67 % and 89 % and a peak gain of 8.33 dB. 

 
Index Terms— Conformal antennas, dual-band antennas, 

textile antennas, biological effects of electromagnetic radiation. 

 

I. INTRODUCTION 

ECENTLY, several investigations have reported on the 

suspended plate antenna concept [1-3], featuring 

broadband and ultra wideband (UWB) behaviors. Typically, a 

suspended-plate antenna (SPA) is a type of shaped microstrip 

antenna, consisting of a radiator suspended over a ground 

plane, sandwiched by either air or low permittivity materials 

with a thickness of  ca. 0.1 λ [3]. This low-profile is suitable 

for wearable applications, as typical textile materials, e.g. 

foams and fleece are low in permittivity, flexible, are readily 

available on emergency rescue clothing, and may thus serve as 

potential substrates. They enable the integration of flexible, 

robust conductive textiles to form the radiator and ground 

plane. Textile antennas already have been successfully 

implemented with satisfactory performance [4-14]. They 

feature either commercial conductive textiles [4-8], flexible 

metallic foils [9-10] or metal-coated fibers [12]. Efforts have 

also been channeled to introduce more attractive features for 

the wireless on-body communication domain, e.g. the 

multiple-input multiple-output (MIMO) capability [8] and 

direction of arrival (DoA) feature [11], besides reducing back 

radiation using flexible bandgap and waveguide structures 

[13-14]. Multi-layered or double-sided topologies add to 

design complexity and are mechanically-prone to degradation 

due to misalignment, wrinkling, etc.. This topology enables 

similar flexibility using a single substrate layer, with a much 

improved bandwidth in each band for on-body detuning 

mitigation, without the need to sacrifice antenna compactness. 

To our best knowledge, this is the first dual-band, suspended-

plate antenna implemented fully using textiles, including vias. 

Enhanced using a combination of slots, slits, and via 

structures, the measured bandwidth achieved in each band (i.e. 

12 % and 16 %, respectively) is significantly improved 

relative to conventional non-UWB suspended-plate antennas 

[2-3] and wearable dual-band antennas [9-10, 12,14]. 
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II. ANTENNA DESIGN 

The initial topology consists of a rectangular radiator, 

Lp×Wp, centered above a ground plane, Lg×Wg, as shown in 

Fig. 1. ShieldIt conductive textile, with 0.17 mm thickness is 

used as the conductive material. It features 0.03 Ω/sq average 

surface resistivity (Rs), which translates into a calculated 

surface conductivity σs, of 1.96 x 105 S/m. A polyurethane 

foam substrate (εr = 1.07) with thickness h of 5 mm is 

sandwiched between the radiator and ground plane. 

 

 

 

 

 

 

 
      (a)            (b) 

 

Fig. 1 (a) Fabricated prototype and locations of the U-slot, slits (SlitL, SlitW) 

and shorting posts (SP1 and SP2) on the radiator; (b) detailed radiator 

dimensions with Lp = 60 mm, Wp = 45 mm, Lg  = 100 mm and  Wg = 80 mm. 

 

To cover Band 1 (B1), i.e. the ISM (Industrial, Science and 

Medical) band, the radiator was initially designed to resonate 

at 2.45 GHz. Aiming at broader bandwidths (BW) its h was 

first estimated using the technique of [16], yielding 5.8 mm. 
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Fig. 2. Simulated and measured reflection coefficients (S11). 
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Fig. 3.  Simulated and measured radiation patterns for (a) φ=90o cut at 2.45 

GHz, (b) φ=0o cut at 2.45 GHz, (c) φ=90o cut at 5.35 GHz, (d) φ=0o cut at 5.35 

GHz. Legend: (black-solid) = simulated Eφ; (red-dashed) = simulated Eθ; 

(blue-short-dash) = measured Eφ; (green-dash-dot) = measured Eθ. 

 

In a second step, several modifications are applied to the 

initial topology. A U-shaped slot is introduced around the feed 

point to facilitate BW broadening [17], and to allow 

cancellation of probe inductance. I- and L-shaped slits (SlitW 

and SlitL) are integrated into the patch to alter the current 

paths along its width. Finally, two shorting posts are utilized 

to generate Band 2 (B2), i.e. 5.15-5.75 GHz HiperLAN (High-

Performance Radio LAN). The full topology optimized using 

CST Microwave Studio is depicted in Fig. 1, with an 

optimized h of 5 mm. The radiator is fabricated using manual 

cutting tools, while a conductive epoxy enabled fabric-to-

SMA connection. ShieldIt is secured onto the substrate by its 

adhesive reverse side, while shorting posts SP1 and SP2 are 

constructed using conductive threads. 

III. RESULTS AND DISCUSSION 

As can be seen in Fig. 2, simulated and measured reflection 

coefficients (S11) agree satisfactorily. The B1 BW is 167 MHz 

(from 2.33 to 2.50 GHz) while B2 features a 700 MHz BW 

(from 5.05 to 5.75 GHz). Measurements indicate that B1 and 

B2 span a range from 2.22 to 2.48 GHz, and 4.95 to 5.80 

GHz, respectively. A BW increase is observed w.r.t. 

simulations: 110 MHz and 150 MHz in B1 and B2. The larger 

B2 BW is also caused by slight fabrication inaccuracies, 

which affect high frequency performance more severely [5-6].  

Radiation patterns are evaluated at the centers of B1 and 

B2, i.e. at fcB1 = 2.45 GHz and fcB2 = 5.35 GHz using an 

anechoic chamber. Calculations agree well with 

measurements, with its main radiation away from the body, 

see Fig. 3. This antenna property is expected to avoid high 

levels of body coupling and absorption. This guarantees a low 

Specific Absorption Rate (SAR), besides immunity against 

detuning, as will be presented in the next section. Simulations 

indicate antenna free space gains of 5.31 dB and 9.34 dB, 

while measured gains are 3.38 dB and 8.33 dB at 2.45 GHz 

and 5.35 GHz, respectively. The total efficiency is simulated 

as 70 % and 92 % while measurements produced decreased 

efficiencies of 67% and 89 %.  

IV. BENDING AND ON-BODY EVALUATIONS 

To validate the on-body performance, simulations with the 

antennas placed on the chest and back of a Hugo voxel model 

were performed. The antennas are spaced 4 mm from the 

truncated body model to reduce computational resources. A 

similar setup was utilized during measurement on a male 

human volunteer (1.78 m, 88 kg). Both antenna mounting 

locations are shown in Fig. 4, while their simulated and 

measured S11 are illustrated in Fig. 5. Simulations show a 

constant BW of ca. 180 MHz and 700 MHz in B1 and B2, 

respectively. Measurements validate this finding, indicating a 

satisfactory on-body performance. S11 variations are due to 

scattering and absorption by the lossy body area where the 

antenna is mounted, thus altering impedance matching and 

detuning the resonance band. However, more severe 

degradation is avoided due to the presence of the ground 

plane. SAR simulations on this model further validate this 

fact. A SAR of 0.14 W/kg is seen on the chest, and 0.24 W/kg 

on the back, averaged over 10g of tissue, which is well below 

the ETSI limit of 2 W/kg [15]. 

The peformance under bent conditions was also 

investigated. CST MWS was used to simulate SP-WTAs 

wrapped onto cylinders with radii r of 40, 50, 60, and 70 mm. 

This radius variation produces different antenna curvatures. 

They are chosen according to typical human arm sizes. 

Meanwhile, polystyrene cylinders of corresponding radii were 

utilized for measurements. The antenna is studied for two 

bending directions: E- and H-plane, illustrated in Fig. 6(a) and 

(b), respectively. 

 Fig. 7(a) presents the simulated S11 for different bending 

radii along the E-plane. No significant changes for B1 are 

observed: bandwidths are maintained at ca. 190 MHz. For B2, 

a slight upwards shift is observed as the r is decreased. 
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However, all changes are insiginificant, except for r = 40 mm 

when the extreme bending starts to affect the current 

distribution, and thus, the resonant length.  

 These main trends are also observed in the measurements 

shown in Fig. 7(b). Since the B2 resonance generation is 

dependent on the current length around the U-slot, changes to 

S11 during E-plane bending is unavoidable. Measurements 

indicate a small downwards resonance shift for B1 when r is 

decreased.  

  

(a) 
 

(b) 
Fig. 4. On-body antenna mounting locations: (a) chest and (b) back. 

 

 
Fig. 5. Simulated and  measured S11 for different body mounting locations. 

 

 
(a) 

 
(b) 

Fig. 6.  Antennas bent around cylinders for different directions: (a) E-plane 

direction and (b) H-plane direction. 

 

Despite best efforts, discrepancies between simulations and 

measurements still exist. This is caused by the antenna 

misalignments and different topology in practice, which is 

unavoidable, since it is impossible to reach a specific bending 

in the measurements as accurately as in the simulations. 

Moreover, the foam's εr characterized at B1 resulted in a larger 

simulation-measurement difference at B2 during bending, as 

was also seen in free space evaluations. 

 Simulated and measured S11 for bending in the H-plane 

direction for different r are illustrated in Fig. 8. Simulated 

results in both B1 and B2 with a varying r depicted in Fig. 

8(a) show consistency, with minimal bandwidth changes. Fig. 

8(b) shows the measured S11 for different r in the H-plane 

direction. Bending the antenna using r = 40, 50, and 60 mm 

produces a similar fcB1 at 2.55 GHz. In contrast, bending using 

r = 70 mm results in a downward fcB1 shift to 2.36 GHz. All 

measurements in B2 successfully yield a wide impedance 

bandwidth for all r.  

 

 
(a) 

 
(b) 

Fig. 7. S11 for different bending radius at the E-plane direction; (a) 

simulations, and (b) measurements. 

 

 
(a) 

 
(b) 

Fig. 8. S11 for different bending radius at the H-plane direction; (a) 

simulations, and (b) measurements.  
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 Table 1 summarizes the resonant frequencies and 

bandwidths for bending in E- and H-plane directions. It is 

shown that bending in the H-plane direction, which is also 

along the antenna's width and non-radiating edge, is less 

effective in changing its reflection performance compared to 

bending in the E-plane, i.e. along the antenna length. 

 

 

V. CONCLUSION 

A novel, dual-band wearable textile antenna based on the 

suspended plate concept is proposed and discussed. 

Systematic patch modification using slots, slits and shorting 

posts resulted in a dual-band characteristic with satisfactory 

measured bandwidths of 280 MHz and 850 MHz for ISM and 

HiperLAN, respectively. The SP-WTA properties - maximum 

radiation in a direction normal to the radiator with reasonable 

gains at both frequencies, plus a large ground plane to 

minimize electromagnetic coupling to the body - are 

extremely attractive features for wearable applications.  
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