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Abstract. A compact fractal ultra-wide band (UWB) sierpinski fractal array for WLAN application is presented here in this 
paper. The overall area of the antenna is 115x37mm2. The antenna has a defected ground structure with a cross shaped slot. 
Three slots are added to the slots to get the desired UWB operation from the antenna. The designed antenna array covers a 
bandwidth of 1.006GHz (5.4859GHz-6.4902GHz) with both the antennas. The antenna array has very low ECC 
(ECC<0.002), high diversity gain (DG>9.99dB) and low mutual coupling (S21<20dB) between two antennas of the array. 
This research paper presents the design & analysis of the individual antenna performances in terms of simulated impedance 
bandwidth, broadband gain, radiation pattern. The performance of the antenna as an array is also discussed in terms of 
diversity gain and correlation coefficient. 
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I. INTRODUCTION 
 
Wireless communication is a preferred mode of 
communication these days. Antennas play a very 
major role in wireless technology as these are the 
medium by which data is transferred and received 
to/from air. Antennas are of many sizes and shapes 
like parabolic, spiral, dish, patch etc. [1]. Patch 
antennas are the ones which are used where the size 
of the antenna matters. They also come in different 
types like coaxial feed, aperture coupled feed, 
proximity feed and microstrip feed. Since aperture 
coupled feed is a technique in which microstip line is 
isolated from patch i.e. it’s not directly connected to 
the patch as in coaxial feed and microstrip line feeds. 
It has many advantages as compared to the other 
feeding techniques like it reduces mutual coupling 
between the antenna elements and the feeding 
network, array can be implemented easily and it 
covers wider bandwidth in contrast with other 
techniques[1]. Therefore aperture coupled feeding is 
the method that is preferred for the current research. 
As the number of users are increasing and their 
requirements are increasing we need antennas which 
can provide less percentage of error and can handle 
large numbers of users efficiently so multi input multi 
output(MIMO) technology comes into play which is 
used to counter multipath fading problems and to 
increase the transmission quality of the signals. A 
MIMO array consists of at least two radiating 
elements which are placed at a distance of (n*λ/2) 
from each other so that mutual coupling between 
them can be reduced. There are other methods also to 
decrease mutual coupling by introducing stubs in the 
ground plane or introducing decoupling structures in 
the antenna [2]. 

In this research paper 2x2 sierpinski gasket antenna 
array for MIMO WLAN operation is presented. 
These antennas offer an UWB of operation & thus 
can suit high data rate applications. The designed 2x2 
array shows a high simulated diversity gain & a low 
ECC which suits the proposed wireless application. 
 
II. ANTENNA GEOMETRY 

 
Fig. 1. Front view of antenna 

 
Fig. 2. Top view of the antenna 

 
Fig. 3. Top view of the antenna ground 

 
The geometry of the antenna is shown in the Fig. 1, 
2&3 respectively. The antenna is designed on the 
commercially available FR4 substrate having 
dielectric constant of  =4.4 and a height of 
h=1.57mm. There are two radiating sierpinski fractal 
patches with 2nd degree of iteration above the 
substrate 2 which are kept at a distance of (3*λ/2) so 
that there radiation does not cancel each other's gain 
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[3]. The dimensions of the parameters used in the 
antenna are given below in the table. 
Table 1. Dimensions of optimized parameters of the 

proposed antenna 

 
The sierpinski fractal antenna is constructed by 
creating an equilateral triangle and then subdividing 
algorithmically into smaller equilateral triangle. [4] 
The equations used for the designed sierpinski fractal 
antenna are given below. 

    (1) 

      (2) 

(3) 
 
Where, 
'a' is the length of the equilateral triangular patch, 
h=thickness of the substrate, = relative dielectric 
constant, c= velocity of light and is the 
resonant fundamental mode where m=0, n=1. 
Defected ground structure Fig. 3 are used here to 
excite more frequency bands [5], [6]. Each of the 
antenna is fed with 50ohm micro-strip feed line to get 
an ideal impedance matching. The antenna has the 
provided diversity gain and good correlation 
coefficient which are important parameters while 
considering MIMO antennas. 
 
III. RESULT AND DISCUSSION 
 
The proposed antenna was simulated using 
CSTMWS 2016 software. The designed antenna 
array was simulated with open boundary conditions 
to observe its performance. The simulated results in 
terms of impedance bandwidth, broadband gain, 
radiation pattern, diversity gain & ECC are presented 
in this section. 
 
IV. IMPEDANCE BANDWIDTH 

 
Fig. 4. Simulated value of S-parameter, to demonstrate the 

change in ground structure 

Fig. 4 shows the simulated result of the S-parameter 
for the designed MIMO antenna. The antenna covers 
a bandwidth of 1.006Ghz from (5.4832-6.4892) Ghz 
with S11/S22< 10dB and S12/S21<20dB. The main 
resonance is due to the crossed shaped slot in the 
ground and others rectangular slots are to make the 
bandwidth wider and to increase the return loss. 
 
V. CURRENT DISTRIBUTION 
 

 
Fig. 5. Current distribution at 6GHz 

 
The Fig. 5 shows the distribution of energy in the 
antenna at 6GHz when the antenna is excited in the 
TE10 mode.For coupling to be the maximum slots are 
cut in the ground which create multiple current loops 
and thus result in UWB of 1.006 Ghz bandwidth 
from 5.4832Ghz to 6.4892Ghz. 
 
VI. RADIATION PATERN AND GAIN 
 
Fig. 6. Depicts the broadband gain of the proposed 
antenna array. The simulated array shows average 
gain of 4.9dB (approx.) for the entire band and has a 
peak gain of 5.21dB.  Fig. 7. Shows the radiation 
pattern of the proposed antenna at 5.7GHz. 

 
Fig. 6.Broadband gain of the antenna. 

 
Fig. 7. Antenna radiation pattern at 5.7GHz 
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1. ECC 
When we consider MIMO antennas envelope 
correlation coefficient (ECC) plays a major role as it 
indicates how correlated the antenna are, i.e. how 
much interference the antenna are providing to each 
other while radiation. For a satisfactory performance 
low envelope correlation coefficient (ECC) is 
required. [7] The ECC can be calculated by using S-
parameters by the following equation for a 2x2 
antenna. 
 

 (4) 

 
The ideal value of the ECC is zero but practically 
value of the uncorrelated MIMO antenna is ECC<0.5. 
The value of the ECC for our antenna is ECC<0.002 
given in Fig. 7 for the entire UWB which is very 
good as it close to zero. 

 
Fig. 8. EEC of the proposed antenna 

 
2. DIVERSITY GAIN 
Diversity gain (DG) is another parameter which we 
look into when we consider MIMO antenna 
performance analysis and it is given by the equation 
given below: 

(5)

 
Fig. 9. Diversity gain of the antenna 

 
The ideal value of the diversity gain is 10 when the 
value of ECC is considered to be zero. In the present 

article the value of the ECC <0.002 so the value of 
DG>0.99 for the entire band. 
 
CONCLUSION 
 
A compact sierpinski gasket microstip antenna array 
is presented in this paper for IEEE 802.11, C-band 
and for STM band applications. The proposed 
antenna shows an ultrawide band performance of 
1.006GHz from 5.4832GHz to 6.4892GHz, as a 
result making it suitable for WLAN band from 5.75-
5.856GHz, STM band from 6-6.17GHz and C-band 
from 5.850-6.425GHz. Antenna shows an average 
gain of 4.14dB over entire band of operation that 
suits short range applications. A low correlation 
coefficient of ECC<0.002 allows the he two antennas 
to be uncoupled when used for WLAN MIMO 
applications, thereby not providing interference to 
each other.The antenna has a high diversity gain of 
9.99dB which allows the antennas to give good 
output when used in a 2 X 2 configuration at even 
low power. 
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