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Abstract— This study proposed an enhanced two-port dual-

band textile Multiple-Input Multiple-Output (MIMO) antenna 

integrated with a metamaterial unit cell of symmetric decagonal 

C-shaped Complementary Split-Ring Resonator (CSRR) 

structure in terms of gain. The proposed MIMO antenna 

achieves an impedance bandwidth of 6.3% and a maximum up 

to 18.2% for lower and upper bands, respectively, at port 1. 

Mutual Coupling (MC) of less than -20 dB for both ports is 

obtained. The proposed antenna offers high realized gain of 5.6 

dBi and 8 dBi at 2.45 GHz and 3.5 GHz, respectively, compared 

to existing dual-band MIMO textile antenna. Good diversity 

characteristics in respect of Envelope Correlation Coefficient 

(ECC) less than 0.001, and Diversity Gain (DG) of about 10 dB 

are achieved.  

Keywords—5G, antennas, bioelectromagnetics, MIMO 

antenna, textile antenna, wearable antenna, wearable, 

metamaterials 

I. INTRODUCTION  

Metamaterial (MTM) is recently been integrated to the 
antenna structure in order to enhance the radiation pattern, 
bandwidth, gain, isolation and Mutual Coupling (MC) [1]. 
The rotation and line patch were incorporated into the recent 
proposed dual-band two-port MIMO textile antenna to reduce 
the MC of MIMO configuration [2]. However, the designed 
antenna has lower gain especially at lower frequency. Thus, 
this research proposes a dual-band MIMO MTM textile 
antenna to improve gain of the two MIMO components.  

II. METHODOLOGY  AND RESULTS 

The initial proposed antenna is based on [2], operating in 
dual-band mode, centred at 2.45 for the Wireless Local Area 
Network (WLAN) lower band, and at 3.5 GHz for Fifth 
Generation (5G) as the upper band, as shown in Figure 1. Felt 
textile is used as the substrate and is sandwiched between top 
radiator and a full ground plane. It has a relative permittivity 
(εr) of 1.44, a loss tangent (tanδ) of 0.044, and a thickness (H) 
of 3 mm. The conductive elements are formed using ShieldIt 
Super electro-textile from LessEMF Inc., which is 0.17 mm 

thick and features an estimated conductivity (σ) of 1.18×105 
Sm-1.The dual-operating frequency based on SR bar slotted 
structure is described in detailed as in [2]. Then a MTM unit 
cell with symmetric decagonal CSRR structure is modelled 
based on [3] to demonstrate Single Negative (SNG) 
permittivity property in enhancing gain, as shown in Figure 2. 
The structure is placed between two waveguide ports on the 
positive and negative z-axis in order to determine the effective 
parameters of the CSRR. The decagonal C-shaped CSRR 
MTM unit cell is incorporated into the two-port dual-band 
MIMO textile antenna, as shown in Figure 1.  

A. Metamaterial Unit Cell Analysis and S-Parameter 

Analysis of MIMO Configuration  

Figure 3 shows the simulated result of S11 of the proposed 
MIMO decagonal C-shaped CSRR MTM antenna. The results 
show that the bandwidth is 6.3% and a maximum up to 18.2% 
for lower and upper bands, respectively, at port 1. Figure 3 
also show that the MC is achieved less than -20 dB in both 
bands. Meanwhile, for the upper band, lower MC is obtained 
with MC<-30 dB for all ports of MIMO configurations.  
 

 
 

Figure 1. Proposed MIMO MTM textile antenna. 
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Figure 2. Decagonal C-shaped CSRR MTM unit cell. 

 

 
Figure 3. Simulated results for gap of 0.1λguided S11, S22, S21 and S12. 

 

B. Realized Gain and Radiation Pattern 

Figure 4 shows the comparison of the proposed MIMO 
antenna with and without MTM unit cell in terms of realized 
gain. The realized gain is enhanced by two times for lower 
band and 37.9% for upper band compared to the MIMO 
antenna without MTM [2], as shown in Figure 4. Figure 5 
shows the antenna radiation pattern at both operating 
frequencies. The results show directive radiation of all 
elements at Port 1 and Port 2 with small back lobes.  

C. MIMO Diversity Characterization 

The MIMO antenna is further assessed by measuring the 
ECC (ρe) and DG in order to examine the correlation between 
antenna elements [2]. It can be observed that the ECCs are 
well below 0.001, satisfying the minimum value of ECC<0.5, 
as shown in Figure 6. DG is 10 dB for both bands. 

CONCLUSION 

This study introduces a dual-band textile antenna with 
MTM for MIMO applications, aiming to enhance gain with 
MC<-20 dB. Subsequent assessments of the proposed antenna 
by considering MIMO diversity analysis such as ECC, and 
DG, confirm its potential to be integrated to WLAN/ Wireless 
Body Area Network (WBAN) and the next generation of 5G 
wearable devices. 
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Figure 4. Realized gain of the proposed antenna and two-port MIMO 
antenna without MTM. 

 

  
(a) Frequency= 2.45 GHz, E-Plane 

(port 1, φ =0°) 
(b) Frequency= 2.45 GHz, E-

Plane (port 1, φ =90°) 
 

 

 

 
(c) Frequency= 3.5 GHz, E-Plane 

(port 1, φ =0°) 

 

(d) Frequency= 3.5 GHz, E-

Plane (port 1, φ =90°) 

Figure 5. Radiation pattern of the proposed MIMO antenna. 
 

 
(a) 

Figure 6. MIMO diversity characterization on ECC.  
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