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Abstract— In this paper, the design of a new compacted triangular microstrip antenna by the use of fractal ground plane is 
presented. This antenna is suitable for WLAN applications at operating frequency of 2.4 GHz. At first, the design process 
begins by a triangular patch antenna fed by a microstrip line supported by an FR4 substrate with dielectric constant of 4.7 
and a thickness of 1.6 mm. The backward side of the substrate is covered by a total ground plane. The miniaturization 
strategy is performed by applying a third order of the Sierpinski carpet to the ground which leads to 27.2% of size reduction. 
The proposed antenna is simulated by CST Microwave Studio Software. Results are analyzed in terms of return loss, VSWR, 
bandwidth and radiation patterns. 
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I. INTRODUCTION 
 
Microstrip antennas are made of printed metallic 
patch handled by a grounded substrate. They offer 
attractive advantages like thin profile, light weight, 
low cost, easy manufacturing and conformability, 
which make them suitable for many applications. 
However, they are limited because of their small 
bandwidth, low gain, and low efficiency [1, 2]. 
Nowadays, communication devices are becoming 
small volume. Almost all antennas are today 
embedded in such devices. In order to meet the 
miniaturization requirements, designers pay much 
attention to compact antennas especially to compact 
microstrip antennas. It is known that in general, these 
antennas are half-wavelength structures operating at 
fundamental resonant mode TM10 or TM01. This 
specificity could be cumbersome, for this reason 
studies to achieve size reduction have greatly 
increased over the past several years and many 
techniques have emerged. Among these techniques, 
we can mention : using microwave substrate with 
larger permittivity εr [3], applying  shorting walls or 
pins at the edge of the patch [4], meandering the 
surface of the patch by inserting slits in the non 
radiating edges [4] or inserting suitable slots (such as 
cross, circular, square and triangular forms) in the 
radiating patch. Good performances are also obtained 
by the use of partial or modified ground plane [5-7]. 
During the last few years, fractal technique combined 
to electromagnetic theory have led to an innovative 
type of radiating elements named fractal antennas 
which are in general printed configurations. Various 
fractal microstrip antennas have been developed. The 
most popular fractal geometries are Koch fractal, 
Sierpinski gasket or carpet and Hilbert fractal [8-11]. 
The structure presented in this paper is a miniaturized 
triangular microstrip antenna using a fractal ground 
plane. It is an original approach   insuring a good size 
reduction. The description of all steps followed in 
antenna design will be presented in the next section. 

The third section will discuss the simulation results 
obtained by the commercial software CST 
Microwave Studio. 

 
II. ANTENNA DESIGN  
 
First of all, we start with an equilateral-triangular 
shape printed antenna fed by a microstrip line as 
shown in figure 1. It is handled by an FR-4 substrate 
with dielectric permittivity εr = 4.7, thickness h = 1.6 
mm and tan δ = 0.019. The resonant frequency 
corresponding to the various modes TMmn of this 
antenna can be evaluated by equation (1) [12]: 

 
Where c is the free space speed of light, m and n are 
number of modes, a is the side length of the patch. 
The above equation is valid when the triangular 
resonator is enclosed by a perfect magnetic wall. In 
the case it is not valid, it is suggested to replace the 
side length a by an effective length ae (which doesn’t 
vary much from a) [8]. An approximate expression 
for ae is given by        equation (2): 
 푎 = 푎[1 + 2.199 − 12.853

√
 … 

+16.436 + 6.182  … 

−9.802
√

]                     (2) 
 

Dimensions of the patch can be calculated to excite 
the first resonant frequency corresponding to the 
mode TM10 by using equation (3): 

 
For WLAN applications operating at 2.4 GHz, the 
estimated length of the triangular patch a has to be 
equal to 39.94 mm. It was adjusted when simulating 
the antenna on CST-MWS to 38.5 mm in order to 
maintain the resonant frequency at 2.4 GHz. 
The back side of the dielectric is entirely recovered 
by a square ground plane with side length    Wg = 57.7 
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mm. The thickness of the metallization is t = 
0.035mm. The width and length of the microstrip 
feed line are respectively wa = 0.5mm and la = 10mm. 
This configuration will be our reference antenna 
(antenna 1). 
 

 
Fig.1. Geometry of the triangular reference antenna 
 

Recently, some researchers have used fractal ground 
plane to insure ultra wideband (UWB) requirements 
[13]. Using this approach as a miniaturization 
technique could be interesting, but still need to be 
demonstrated.  A focused analysis related to this new 
approach is performed. For this purpose, a carpet 
Sierpinski type is applied to the ground plane of the 
initial structure. Several attempts, using different 
dimensions of the patch and modified ground plane 
were performed. This analysis allowed us to reach the 
same operating frequency with reduced size (antenna 
2) as shown in figure 2. 
 

 
Fig.2. Small triangular antenna with fractal ground  

(a) Front view     (b) Back view 
  
Adjusted dimensions of the antenna and the ground to 
keep the resonance at 2.4 GHz at this point of the 
design are: Wg = 40 mm, la = 10mm, wa = 1.5mm and 
a = 28mm corresponding to 27.2% of size reduction. 

 
III. RESULTS AND DISCUSSION 

 
This section is devoted to the results analysis. The 
simulations were performed using CST Microwave 
Studio software. 
The return loss for the reference antenna, denoted as 
case (i) in figure 4, displays resonant frequency at 
2.41GHz with S11 of -15.4 dB. We can note a poor 
bandwidth of 38 MHz (1.57%). 

A Sierpinski ground plane at first iteration was 
applied to this configuration (antenna 1). The 
frequency response of the return loss is represented 
by case (ii) in figure 4. A frequency shift of the first 
resonant mode appears clearly, from 2.4 GHz to 
1.785 GHz with a return loss S11 of -5 dB. This result 
allows us to reduce the antenna’s size. 

 

 
Fig.3. Simulated return loss S11 for (i) antenna 1, (ii) antenna 1 

with first order Sierpinski ground 
 

As a consequence, a new reduced length of the 
antenna a= 28 mm is reached. The ground and the 
substrate have also been reduced to (40*40mm2). 
Sierpinski carpet fractal grounds for the first three 
orders are applied successively to this configuration 
(figure5.a). The simulation results are illustrated by 
figure 5.b. 
 

 
(a) 

 
(b) 

Fig.4. (a) The first three orders of the Sierpinski carpet 
(b) Influence of the iteration order of the fractal ground on 

antenna’s return loss 
 

Table 1 shows results of the three iterations. We can 
note that the miniaturization target of the patch is 
reached in the first iteration. No shifting to lower 
frequencies with the second and the third iteration 
order can be obtained. However, an improved 
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bandwidth and a better impedance matching level are 
noticed. 

 
Table1: Simulation results for antenna 2 with 

the three orders fractal ground 

 
 
The VSWR parameter is illustrated by figure 5.  

 

 
Fig.5. The VSWR parameter of the compact antenna 

 
The far field radiation patterns of the final structure in 
the E-plane (φ = 90°) and the H-plane      (φ = 0°) for 
the resonant frequencies 2.4 GHz are represented in 
figure 6. 

 

 
Fig.6. Simulated radiation pattern of the miniaturized antenna 

in (a) E-plane and (b) H-plane 

It can be noticed that the radiation in the E plane is 
symmetric and bidirectional. The main lobes are 
directed around 0° and 180° with main lobe 
magnitude of 4.01dBi. A half power beam width 
HPBW of 85.9° is observed. 
In the H plane, the radiation pattern is omni-
directional with magnitude of 3.99dBi. 
A three dimensional view of the radiation patterns for 
the compact triangular patch with fractal ground at 
2.4 GHz is represented in figure 7. 

 

 
Fig.7. 3D radiation pattern for the compact antenna at 2.4 GHz 
 
CONCLUSIONS 
 
In this paper, a compact triangular microstrip antenna 
is presented and studied. It has been established that 
the contribution of a Sierpinski fractal ground plane 
achieves a good size reduction of the antenna of more 
than 27%. The proposed antenna ensures good 
characteristics in terms of compactness, impedance 
matching and gain; it can be used for WLAN 
applications. 
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