
Academia Journal of Scientific Research 4(11): 417-423, September 2016 
DOI: 10.15413/ajsr.2016.0299 
ISSN 2315-7712 
©2016 Academia Publishing 
 
 

 
 

Research Paper 
 
 

A Compact WLAN/WIMAX MIMO Antenna for Portable Applications 

 
 

Accepted 14th September, 2016 
 
ABSTRACT 
 
A novel compact multiple input multiple output (MIMO) antenna was proposed for 
wireless local area network (WLAN) and worldwide interoperability for 
microwave access (WIMAX) applications. The proposed antenna consists of two 
modified planar-monopole elements with microstrip-fed and a tree like stub 
loaded on the modified ground plane to enhance isolation and increase impedance 
bandwidth. The overall size of the antenna is 42 × 31.5 × 0.8 mm3. Simulation and 
measurement were used to study the antenna performance which includes 
reflection coefficients, coupling between the two input ports, radiation pattern, 
realized peak gain and envelope correlation coefficient. The measured impedance 
bandwidths are 490 MHz (2.32 to 2.81 GHz), 380 MHz (3.31 to 3.69 GHz) and 990 
MHz (5.13 to 6.12 GHz), which is suitable for WLAN/WIMAX applications. The low 
mutual coupling and low envelope correlation coefficient made it a good candidate 
for MIMO/diversity systems in the entire frequency band. In addition, good 
performance of radiation patterns and the antenna’s compact size validated the 
usefulness of this proposed MIMO antenna for portable devices.  
 
Key words: Multiple-input-multiple-output (MIMO) antenna, pattern diversity, 
wireless local area network (WLAN), world-wide interoperability microwave 
access (WiMAX). 

 
 
INTRODUCTION 
 
Due to the tremendous growth of wireless communication 
applications, there is an enormous demand for antenna 
with multiband operation. In particular, wireless local area 
networks (WLANs) and Worldwide Interoperability for 
Microwave Access (WIMAX) technology have been 
extensively used in commercial, industrial and medical 
applications. The allocated spectrum for these WLAN 
systems is 2.4 to 2.48, 5.15 to 5.35 and 5.72 to 5.85 GHz 
centered at 2.4, 5.2, and 5.8 GHz, respectively (IEEE, 2004) 
and the 2.5 to 2.69, 3.3 to 3.6 and 5.25 to 5.85 GHz centered 
at 2.5, 3.5 and 5.8 GHz bands are demanded in practical 
WIMAX applications respectively. It is well-known that 
multiple input multiple output (MIMO) technology can be 
used to provide multiplexing gain and diversity gain to 
improve the capacity and link quality of wireless systems 
(Jan et al.,  2009). Therefore, the combination of MIMO 
technology with WLAN/WIMAX can improve data 

transmission speed and communication quality of portable 
devices. However, installing multiple antenna elements on 
the small space available in portable devices will inevitably 
cause severe mutual coupling and significantly degrade the 
diversity performance. Thus, one of the main challenges to 
employ MIMO technology in portable devices is the design 
of the small MIMO antennas with low mutual coupling 
(Franco et al., 2008). 

To date, many MIMO antennas have been proposed for 
WLAN/WIMAX systems (Deepu et al., 2007; Basaran et al., 
2013; Nasser et al., 2012; Nasser and Mohammad, 2013; 
Nasser and Mohammad, 2013; Sajad and Ali, 2010; Shuai et 
al., 2009; Wong et al., 2003). 

In the study of Deepu et al. (2007) a compact asymmetric 
coplanar strip fed monopole antenna for multiband 
applications was presented. Another multiband monopole 
antenna was also proposed in the study of Basaran et al. 
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Figure 1: Photograph of the proposed triple-band MIMO system: (a) top view, (b) back view.  

 
 
(2013). 

Complementary split-ring resonators were used to 
reduce the size of the antenna. In the study of Nasser et al. 
(2012), a folded L-shaped strips monopole antenna for 
MIMO applications was designed and manufactured. The 
operating frequencies of the proposed antenna are 
2.4/5.2/5.8 GHz, respectively which covers WLAN 
frequency range only. In the study of Nasser and 
Mohammad (2013), a multiband S-shaped monopole 
antenna for MIMO applications was proposed. By means of 
orthogonal structures, polarization diversity can be utilized 
to improve the isolation. In the study of Sajad and Ali 
(2010), a multiband E-shaped printed monopole antenna 
for MIMO system was presented. It covers 2.4, 5.4, and 5.8 
GHz rspectively. Two slots were introduced to create two 
extra resonances whose center frequencies can be adjusted 
by the E-shaped monopole and the slots parameters. 
However, the antenna in the study of Nasser et al. (2012); 
Nasser and Mohammad (2013) and Sajad and Ali (2010) 
have good radiation characteristics but isolation between 
the two input ports has the possibility to improve.  

In this article, a novel compact MIMO antenna which 
provides omnidirectional pattern in all three bands was 
proposed. Figure 1 shows this antenna has a compact size 
of 42 × 31.5 × 0.8 mm3. A tree like stub was loaded on the 
modified ground plane to enhance isolation and increase 
impedance bandwidth. The simulated and measured 
performances showed that the MIMO antenna is a good 
candidate for portable applications. 
 
 
ANTENNA DESIGN 
 
Antenna element   
 
The prototype of the proposed MIMO antenna was 
fabricated on the low cost FR4 substrate. Figure 2 shows 
the evolution of the triple-band monopole antenna design. 

The antenna consists of three main structures, namely, a 
trapezoidal monopole radiating element, a microstrip 
transmission feed line and a partial ground plane. Initially, 
the trapezoidal monopole was designed as Figure 2a. 
Subsequently, a rectangular slot was introduced in the 
radiating element to produce additional resonance. As 
shown in Figure 2b, the radiating element was changed to a 
band-notched printed monopole antenna. Figure 2c shows 
two L-shaped strips structures were etched on the 
radiation patch.  

This adds another 3.50 GHz frequency band to the 
existing dual band antenna system. Figure 3 shows the 
geometry and the dimensions of the proposed antenna. The 
antenna was designed based on FR4 substrate with 
dielectric constant 4.4 and thickness 0.8 mm. 

Simulations were carried out using the finite element 
method (FEM) based on EM simulator and Ansoft’s high 
frequency structural simulator (HFSS) V.14.0. To 
understand the behavior of the antenna’s resonant modes, 
the simulated current distributions on the radiating patch 
for the antenna is shown in Figure 6. For 2.4 GHz frequency 
band, current distributions were mainly observed in the 
feed line, the periphery of the trapezoid and in the outer L-
shaped stub. For the 3.50 GHz WIMAX frequency band, 
current was mostly concentrated in the inner L-shaped 
stub. The physical parameters (length, width) of the stubs 
were optimized to obtain appropriate frequency band. 
Length of inner L-shaped stub (L1) is 9 mm and length of 
outer L-shaped stub (L2) is 11 mm. 

Figure 4 shows simulated return loss of antenna for 
various length of the inner L-shaped stub (L1). As L1 
decreases, the 3.5 GHz resonance increases. This design is 
very flexible. If other frequency band is demanded, it can 
easily obtain corresponding resonance by adjusting the 
length of L1. 

Figure 5 shows the simulated return loss of antenna for 
various length of the outer L-shaped stub (L2). As L2 
decreases, the 2.4 GHz resonance also increases. 
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Figure 2: Evolution of the proposed triple-band monopole antenna, (a) a trapezoidal monopole radiating 
element, (b) a rectangular slot is introduced and (c) two L-shaped strips structures are etched on the radiation 
patch. 
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Figure 3: Geometry of the proposed triple-band monopole antenna:(a) top view, (b) back view. 

 
 

 
 

Figure 4: Simulated return loss for various length of  inner L-shaped stub 
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Figure 5: Simulated return loss for various length of  outer L-shaped stub.  
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Figure 6: Prototype of the proposed MIMO system: (a) top view, (b) back view.  

 
 
Antenna array structures for MMO 
 
Figure 6 shows the prototype and geometry of the 
proposed MIMO antenna system. The two radiator 
elements are mounted at the top side of the FR4 substrate. 
Each radiator is fed by a 50-Ω microstrip line. On the other 
side of the substrate is a modified ground plane with a tree-
like structure. The isolation can be efficiently enhanced by 
the tree-like structure (Shuai et al., 2009). Ansoft's high 
frequency structure simulator (HFSS) was used to study the 
effectiveness of the tree-like coupling element. Figure 7 
shows that without the coupling element, peak isolation is 
around -8 dB at resonance and with the proposed coupling 
element, a peak isolation of around -22 dB is achieved. The 
enhancement in isolation are 17 dB at 2.45 GHz band, 10 dB 
at 3.4 GHz band and 21 dB at 5.5 GHz band. However, when 
tree-like structure was used, two resonances were 
generated at about 5 and 2.3 GHz respectively. The 

resonance at 5 GHz increased the impedance bandwidth 
and the isolation of high frequency. The resonance at 2.3 
GHz increased the impedance bandwidth and the isolation 
of low frequency. 

Figure 8 shows further investigation of the effect of the 
tree-like structure on the surface current distributions at 
2.5, 3.5 and 5.2 GHz. When Port 1 was excited, the coupling 
current of Port 2 was blocked by the tree-like structure and 
was unable to flow to the other radiator through the 
common ground plane at all these frequencies. The effect is 
the same when Port 2 was excited. It is shown that the 
proposed tree-like structure can efficiently enhance the 
isolation between the radiators. 

For 2.4 GHz, current distributions were mainly observed 
in the feed line, the periphery of the trapezoid and in the 
outter L-shaped stub. For the 3.5 GHz WiMAX frequency 
band, current was mostly concentrated in the inner L-
shaped stub. 
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Figure 8: Surface current distributions with Port 1 excitation: (A) 2.5, (B) 3.5 and (C) 5.4 GHz. 

 
 
 
RESULTS AND DISCUSSION 
 
Impedance performance 
 
Computer simulation and measurement were used to study 
the performance of the proposed MIMO antenna. Figure 9 
shows the simulated and measured S-Parameters of the 
final design; there exists a discrepancy between the 
measured data and the simulated results and this could be 
due to the effect of the SMA port and also the accuracy of 
the simulation due to the wide range of simulation 
frequencies. The measured impedance bandwidths of the 
proposed MIMO antenna are 490 MHz (2.32 to 2.81 GHz), 
380 MHz (3.31 to 3.69 GHz) and 1090 MHz (5.03 to 6.12 
GHz), respectively. Three bandwidths meet the WLAN and 

WIMAX requirements and the isolation characteristics are 
more than -20 dB covering the overall bandwidth.  

In summary, Simulated and experimental results showed 
that the proposed antenna could be a good candidate for 
MIMO applications. 
 
 
Radiation performance 
 
Figure 10 plots the measured radiation patterns for the 
proposed antenna system at 2.5, 3.5 and 5.2 GHz 
respectively. During the measurements, only Port 1 was 
excited, while Port 2 was terminated with a 50-Ω load. It is 
evident that the measured radiation patterns exhibited a 
quasi-omnidirectional radiation pattern and relatively
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Figure 9: Measured and simulated S-parameters of the proposed MIMO system . 

 
 
 

 
 

Figure 10: Measured radiation patterns: (a) x-z plane, (b) y-z plane, (c) x-y plane.  
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Figure 11: Measured gain of the proposed MIMO system. 

 
 
 stable covering the operating bandwidth. 
 
 
Gain of the system 
 
The antenna gain was also measured and plotted in Figure 
11. Due to the symmetry of the structure, the gains of the 
two radiators are almost the same. During the 
measurements, only Port 1 was excited, while Port 2 was 
terminated with a 50-Ω load. The peak gained at 2.4, 3.5 
and 5 GHz are 3.2, 3.9 and 5.1 dBi, respectively. 
 
 
CONCLUSION 
 
A novel compact MIMO antenna was proposed for WLAN 
and WIMAX applications. By adding stubs on the ground 
plane, the high-isolation characteristic between the two 
radiating elements was obtained. The measured 10-dB 
impedance bandwidths of the proposed MIMO antenna are 
490 MHz (2.32 to 2.81 GHz), 380 MHz (3.31 to 3.69 GHz) 
and 990 MHz (5.13 to 6.12 GHz). The isolation 
characteristics are more than -20 dB covering the overall 
bandwidth. The radiation patterns, gain and envelope 
correlation were also measured and were found to be very 
suitable for WLAN/WiMAX applications. 
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