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Abstract ─ In this paper, a novel WLAN frequency range 
monopole antenna is designed and manufactured for 
MIMO applications. The proposed antenna consists of 
two L-shaped slots in the S-shaped radiating patch. In 
this structure, the S-shaped monopole antenna can create 
dual resonances within the WLAN frequency range. The 
placement of two L-shaped slots within the S-shaped 
monopole antenna creates an extra resonance and the 
desired resonant frequencies are obtained by adjusting 
the dimension of the S-shaped monopole and the L-
shaped slots. The operating frequencies of the proposed 
antenna are 2.4/5.2/5.8 GHz, which covers WLAN 
systems. Also, the two elements array configuration of 
this S-shaped monopole antenna which can be used in 
MIMO with a very high isolation over three operational 
bands is studied. The prototypes of the proposed antenna 
have been constructed and studied experimentally. Good 
diversity performance, return loss and radiation pattern 
characteristics are obtained in the frequency band of 
interest. Simulated and measured results are presented to 
validate the usefulness of this small proposed antenna 
structure for MIMO applications. 
 
Index Terms ─ Diversity antenna, Multi-Output Multi-
Input (MIMO) applications, triple-band S-shaped 
monopole. 
 

I. INTRODUCTION 
In wireless systems, signals may combine 

destructively at a receiver, causing fading to occur. With 
the rapid growth of wireless communication, it is 
important to attain sufficient channel capacity and 
combat multi-path fading and co-channel interferences 
[1]. In order to improve the quality of wireless downlink 

signal, more than one antenna is necessary for the 
terminal side. In this kind of mobile terminal, two or 
more antenna elements are envisaged and the restricted 
space available for antenna is an open issue [2]-[3]. 
Antenna diversity is a well-known technique to enhance 
the performance of wireless communication systems by 
reducing the short term fading and co-channel 
interference effects of the channel [1]. The reliability of 
the system can be improved with the use of diversity 
technology, which is achieved by using the information 
from the different branches available to the receiver so 
as to increase the signal-to-noise ratio (SNR) at the 
decoding stage. 

In the last few years, there have been rapid 
developments in wireless local area networks (WLAN). 
The 2.4/5.2/5.8 GHz (2.4-2.84 GHz/5.15-5.35 GHz/ 
5.725-5.825 GHz) bands are demanded in practical 
WLAN applications. During the last years, there are 
various antenna designs, which enable antennas with 
low-profile, lightweight, flush mounted and WLAN 
devices. These antennas include the planar inverted-F 
antennas [4], and the slot antennas [5]. Planar monopoles 
are extremely attractive to be used in WLAN 
applications, and growing research activities are being 
focused on them in MIMO application systems, because 
of its advantages, such as simple structure, small size and 
low cost. Consequently, a number of planar monopoles 
with different geometries have been experimentally 
characterized [6]-[9]. 

In this paper, we propose a printed omni-directional 
antenna using S-shaped radiating patch. An S-shaped 
radiating patch with a pair of L-shaped slots which are 
printed on a dielectric substrate to generate triple-band 
operation at 2.4, 5.2, and 5.8 GHz is reported. This 
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structure is suitable particularly for WLAN applications. 
Two-element arrays of such antennas for MIMO 
applications are analyzed and the results of the pair that 
provides the lowest mutual coupling and better omni-
directional radiation pattern are given. The proposed 
structure is designed based on the antenna presented in 
[10], but with a lower mutual coupling and higher 
isolation. In this paper we present a structure for the 
MIMO antenna elements, in which the identical two 
antenna elements are orthogonally placed. Then the two 
antenna elements have orthogonal polarization which 
can reduce the mutual coupling between the two 
antennas. The proposed antenna shows advantages of 
small size, low cost and good omni-directional radiation 
characteristics. The presented monopole antenna has a 
small size of 12×18 mm2. 
 

II. ANTENNA DESIGN 
The presented small monopole antenna fed by a 

microstrip line is shown in Fig. 1, which is printed on an 
FR4 substrate of thickness 0.8 mm, permittivity 4.4, and 
loss tangent 0.018. The basic monopole antenna 
structure consists of a square patch, a feed line, and a 
ground plane. The square patch has a width of W. The 
patch is connected to a feed line with the width of Wf  and 
the length of Lf +Lgnd. On the other side of the substrate, 
a conducting ground plane is placed. The proposed 
antenna is connected to a 50-Ω SMA connector for 

signal transmission. 
In this study, two L-shaped slots in the S-shaped 

radiating patch is used to perturb an additional resonance 
at higher frequencies of WLAN frequency range. In 
other words, in this structure two L-shaped slots are 
playing an important role in the triple-band 
characteristics of this antenna. The final dimensions of 
the designed antenna are specified in Table 1. 
 

 

 
 
Fig. 1. Geometry of the proposed S-shaped monopole 
antenna with a pair of L-shaped slots on the radiating 
patch: (a) top view, (b) side view, and (c) geometry of 
the proposed diversity antenna. 
 
Table 1: The final dimensions of the designed antenna 
Param. mm Param. mm Param. mm 
WSub 12 LSub 18 Wf 1.5 
Lf 3 W 10 Lgnd 4 
WS 9.25 LS 3.5 WS1 0.25 
LS1 1 WL 9.5 LL 4.75 
WL1 0.25 LL1 0.25 LX 15 
WX 30 Lg 25 Wd 8 
Ld 2 Wd1 7 LP 11 
WP 1 WP1 4 LP1 9 
WP2 4.5 Wf1 7 Wf2 5 
 

III. RESULTS AND DISCUSSIONS 
A. Monopole antenna for WLAN applications 

The proposed microstrip monopole antenna with 
various design parameters as constructed, and the 
numerical and experimental results of the input 
impedance and radiation characteristics are presented 
and discussed. The parameters of this proposed antenna 
are studied by changing one parameter at a time and 
fixing the others. Ansoft HFSS simulations are used to 
optimize the design and agreement between the 
simulation and measurement is obtained [11]. 

Return loss characteristics for ordinary square patch 
antenna with a rectangular slit (Fig. 2 (a)), S-shaped 
monopole antenna (Fig. 2 (b)), and the proposed antenna 
(Fig. 2 (c)) are compared in Fig. 3. As shown in Fig. 3, 
in order to generate dual-band characteristics (2.4/5.2 
GHz), we use S-shaped radiating patch. By adding two  
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L-shaped slots in the S-shaped radiating patch, a triple-
band is achieved that covers all the 2.4/5.2/5.8 GHz 
WLAN. 

In order to understand the phenomenon behind this 
additional resonance performance, the simulated current 
distributions on the radiating patch for the ordinary 
square antenna with a rectangular slit and the S-shaped 
radiating patch at 2.4 GHz and 5.2 GHz are presented in 
Figs. 4 (a) and (b), respectively. It is found that by using 
this S-shaped radiating patch, the second resonance at 
5.2 GHz can be achieved. Other important design 
parameters of this structure are L-shaped slots on the S-
shaped radiating patch. Figures 5 (a) and (b) present the 
simulated current distributions on the radiating patch of 
the proposed antenna at the second resonance (5.2 GHz), 
and the third resonance (5.8 GHz), respectively. As 
shown in Figs. 5 (a) and (b), at the second and third 
resonances, the current flows are more dominant around 
of the L-shaped slots [12]. 
 

 
 
Fig. 2. (a) Ordinary square monopole antenna with a 
rectangular slit, (b) ordinary S-shaped monopole 
antenna, and (c) the proposed antenna. 
 

 
 
Fig. 3. Simulated return loss characteristics for the 
various square monopole antenna structures shown in 
Fig. 2. 
 

 
 
Fig. 4. Simulated surface current distributions on 
radiating patch for the proposed antenna without L-
shaped slots: (a) at the first resonance frequency (2.4 
GHz), (b) at the second resonance (5.2 GHz). 
 

 
 
Fig. 5. Simulated surface current distributions on 
radiating patch for the proposed antenna: (a) at second 
resonance frequency (5.2 GHz), (b) at third resonance 
frequency (5.8 GHz). 
 
B. Monopole antenna array structures for MIMO 
applications 

This antenna element can be arrayed for MIMO 
applications. The performance of an antenna array 
suitable for MIMO applications is based on various 
parameters such as mutual coupling, and radiation 
pattern. As shown in Fig. 1 (c), two such monopole 
antennas can be arranged back to back with symmetric 
configuration and is printed on a printed circuit board 
(PCB). As shown in Fig. 1 (c), in order to increase the 
isolation and reduce the mutual coupling between the 
two monopoles, the L-shaped sleeves are introduced in 
the ground plane of this design. These sleeves on ground 
plane act as parasitic elements which help to adjust the 
resonant frequency and improve bandwidth [4]. Each 
antenna is directly fed by a 50 Ω microstrip line with  
1.5 mm in width. 

The antenna configuration with detailed dimensions 
and the effects of some important parameters of the  
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proposed antenna have been fabricated as shown in Fig. 
6, and discussed to show how this diversity antenna 
works. The measured and simulated return loss and 
mutual coupling characteristic of the proposed antenna 
were shown in Figs. 7 and 8, respectively. The operating 
frequencies of the proposed antenna are 2.4/5.2/5.8 GHz, 
which covers WLAN system. Figure 8, in which the 
antenna elements are orthogonal, show lower mutual 
coupling than those structures in which the elements are 
parallel. For such orthogonal elements, the pattern of 
each element lies on a plane. As shown in Figs. 7 and 8, 
there exists a discrepancy between measured data and the 
simulated results. This discrepancy is mostly due to a 
number of parameters such as the fabricated antenna 
dimensions as well as the thickness and dielectric 
constant of the substrate on which the antenna is 
fabricated, the wide range of simulation frequencies and 
also the effect of SMA. In order to confirm the accurate 
return loss characteristics for the designed antenna, it is 
recommended that the manufacturing and measurement 
process need to be performed carefully, besides, SMA 
soldering accuracy and FR4 substrate quality needs to be 
taken into consideration [13]. 
 

 
 
Fig. 6. Photograph of the realized diversity antenna. 
 

 
 
Fig. 7. Measured and simulated return loss of the MIMO 
configured proposed antenna for arrangement of two 
elements beside. 

 
 
Fig. 8. Measured and simulated insertion loss (mutual 
coupling) of the MIMO configured proposed antenna for 
arrangement of two elements beside. 
 

Figures 9, 10 and 11 illustrate the measured radiation 
patterns at resonance frequencies, including the co-
polarization and cross-polarization, in the H-plane (x-z 
plane) and E-plane (y-z plane) of the two antenna 
elements. It can be seen that the two antenna elements 
have orthogonal polarizations, and also the radiation 
patterns in x-z plane are nearly omni-directional for the 
three frequencies. 
 

 
 
Fig. 9. Measured radiation patterns for monopole 1 (left) 
and monopole 2 (right) excitations at 2.4 GHz (first 
resonance frequency). 
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Fig. 10. Measured radiation patterns for monopole 1 
(left) and monopole 2 (right) excitations at 5.2 GHz 
(second resonance frequency). 
 

 
 
Fig. 11. Measured radiation patterns for monopole 1 
(left) and monopole 2 (right) excitations at 5.8 GHz 
(third resonance frequency). 
 

The envelope correlation can be computed from the 
S-parameters using the following formula [14]: 

 . 

Figure 12 shows the simulated envelope correlation 
of the array structure of Fig. 1 (c). For the antenna 
diversity, the practically acceptable envelope correlation 
is less than 0.5. The calculated envelope correlation of 
the proposed antenna array structure of Fig. 1 (c) can be 
shown to be less than 0.002. The evaluation of results 
shows that the antenna is a good candidate for diversity 
system for MIMO application. 
 

 
 
Fig. 12. Simulated envelope correlation coefficient 
against frequency using HFSS. 
 

IV. CONCLUSION 
A new triple-band diversity small printed monopole 

antenna (PMA) with triple-band performance for WLAN 
applications, presented in this paper. The operating 
frequencies of the proposed antenna are 2.4/5.2/5.8 GHz 
which covers WLAN system. In order to generate a 
triple-band performance, we insert two L-shaped slots in 
the S-shaped radiating patch. Also two-element arrays of 
such antennas in MIMO applications are analyzed. To 
evaluate the diversity performance, the envelope 
correlation coefficient of the antenna elements from 
measured results is calculated. It is proved that the 
proposed antenna can provide pattern diversity to 
mitigate multi-path fading problem for WLAN 
operations. The designed antenna has a small size of 
12×18 mm2. Simulated and experimental results show 
that the proposed antenna could be a good candidate for 
MIMO applications. 
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