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ABSTRACT  
 
          Design of antennas suitable for different microwave applications is fascinating and needs lots of 
challenges to be cared. This report deals with the design of novel microstrip fractal antennas. The size 
of the antenna is very small occupying a space of 35mm x 35mm including the substrate board. The 
antenna is designed using FR4 substrate of thickness 1.6mm with dielectric permittivity of 4.4.  The 
antenna material is copper of layer thickness 0.035mm. The coplanar waveguide feed system is used 
so that the metalized portion occupies one side of the substrate board. The simulated antennas 
resonate at multiple frequencies. The performance of the fabricated antennas in the experimental 
verification is also reported. All the designed fractal antennas find applications in wireless 
communication. The IE3D electromagnetic software is used for design and simulation. 
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INTRODUCTION 

Microstrip or patch antennas are extensively found as quite increasingly useful because of their ease 
of fabrication. They can be directly printed onto the substrate or circuit board. A widespread use is 
found with various handheld wireless devices because of their low profile, light weight, ease of 
fabrication and low cost. However these antennas suffer from narrow bandwidth, radiation from feed, 
poor gain and tolerance problems [1]. This is considered to be one of the major limitations.  
 
     On the other hand the fractal antennas have impressed researchers because of the various attractive 
features. The term fractal was first introduced by the French mathematician B.B.Mandelbrot in 1970. 
After him many fractal geometries have been investigated and reported by various researchers 
[2,3,5,7] for wireless applications. Fractal geometries exhibit two attractive properties such as space-
filling and self-similarity. In some fractal structures, the self-similarity results in multiband behaviour 
and space-filling property reduces the antenna size which increases the perimeter of the antenna 
within the given area, on the substrate. The proposed work utilizes these properties for designing 
multiple band resonant antennas. The fractal concept is much discussed in [1,2]. The idea of fractal is 
to make the antenna become electrically small so that even if the size is reduced it remains resonating 
in the desirable frequency ranges. However, with a view to reduce the printed metallic portion in the 
antenna structure, modifications to the radiating patch can be done by way of etching slots. This idea 
is proposed in this paper. Further this idea can be extended to configure RF MEMS based 
reconfigurable antenna, if any flexible organic substrate is employed with proper biasing methods 
[11].  
 
     The fractal geometry is applied on the edges of the square patch antenna. When fractal edges are 
introduced in a patch structure, then it is termed as microstrip fractal patch antenna. The 
miniaturization is normally realized by adding indentations along the resonant length of the patch. The 
indentations force the currents to meander along a long path length allowing the patch to be 
miniaturized for a given resonant frequency as found in [12]. Simple microstrip antenna may not 
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provide flexibility for realization of multiband operation. To achieve multiband characteristics, 
various shapes have been introduced by researchers as microstrip patch fractal geometries. Closed 
form design formula for fractal antenna does not exist as well. Hence, numerical techniques remain an 
alternative for analysis and synthesis of such an antenna [13].  
 
     The antenna can be coaxial probe fed normally when the there is a separate ground plane 
underneath the substrate. However, the ground part can be kept on the plane where the antenna is 
printed. This is possible with CPW structure. The CPW transmission lines have been widely used as 
feeding method for slot antennas. The CPW structures possess many useful properties such as low 
radiation leakage, less dispersion, little dependence of the characteristic on substrate height, uni-
planar structure [16]. It is interesting to note that Lotfi-Neyestanak [6] utilized the CPW feed method 
for the investigation of performance of slot antennas in the UWB (Ultra Wide Band) range. It can be 
seen from the literature that there have been several techniques existing in the fractal antenna design 
for improving the performance [8].  
    

ANTENNA STRUCTURE AND DESIGN  

Materials and Method  

The microstrip antenna can be thought of as a microstrip transmission line. The patch antenna, 
microstrip transmission line(feed line) and the ground plane are to be made from high conductivity 
materials, typically copper. The antenna  is of length L, width W and printed on the top of the 
substrate material. This substrate material  of thickness h and permittivity εr can be chosen according 
to the requirement or the availability. The thickness of the ground plane is not critically important. 
However, the substrate thickness h must be much smaller than the wavelength (not much smaller than 
0.05 of a wavelength.  
 
     Basically, antenna is designed based on the wavelength λ. In this paper, initially a square patch of 
Wmm x Lmm size is designed, where W is the width and L is the length. Then this structure is 
modified within the same given area. Further alteration in the shape is performed keeping the fractal 
concept in mind. As an innovative modification, a slot is introduced at the centre of the patch. Finally 
as an improvement, more slots are introduced on the same structure. This structure results in triple 
band operation. 
 
     Microstrip antennas can be designed from copper or any other good conducting material. The 
substrate may be any dielectric material having relative permittivity value one or greater. Since the 
dielectric constant of the materials does not vary with frequency, it can be considered to be 
independent of frequency.  

Antenna Design  

The dimensions of the antenna were obtained by using some basic methods found in [9,10] which are 
also presented here. The antenna dimensions are wavelength dependent. This can be determined from 
Equations (1) and (2) as given below.  

                                                                                                                                           (1) 

                                                                                                                                        (2) 

 
where c is the velocity of light and f0 is the resonant frequency. The resonant frequency increases 
when the size of the antenna is reduced. However, the fractal antenna is designed to have smaller size 
at the same time it can operate at the same resonant frequency [8].  Square shaped patch antenna is 
normally designed at nearly half wave-length. The length and width of the square patch can be 
obtained using Equation (3). 
     

                                                                                                                                         (3) 
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or alternatively, the frequency of operation of the patch antenna can be determined from the length L 
of the patch as given in Equation (4).  

                                                                                                                                     (4)  

 
     Equation (3) means that the microstrip antenna should have a length equal to one half the 
wavelength within the dielectric medium. The width W controls the input impedance of the antenna. 
Larger widths can increase the bandwidths. For such antennas, when fed by a microstrip transmission 
line of 50 ohms, the input impedance will be of the order of 300ohms. By increasing the width, the 
impedance can be reduced.  However, to match with the 50 ohms, a very wide antenna is required. 
This will occupy much space. Also the antenna width controls the radiation pattern. In addition to 
conductor and dielectric losses, microstrip antenna has radiation loss which depends on substrate’s 
thickness and dielectric constant as well as its geometry. Hence, much care is required to be taken in 
choosing the materials. The effective dielectric permittivity can be determined from the following.  
 
If , then Equations (5) and (6) may be chosen  

                                                              (5)                  

                                                                                                    (6) 

 

If , then Equations (7) and (8) may be used  
 

                                                                                              (7) 

 

                                                                       (8) 

 
The effective length and length extension as given in Equations (9) to (11), play a role in deciding the 
actual length of the patch.  
 

                                                                                                                             (9) 

                                                 where                                                   (10) 

                                              and                                              (11) 

 

For the conventional ground plane, the length and width are determined as given in Equations (12) 

and (13).  

                                                                                                                                   (12)   

                                                                                                                                 (13)                                                                          

Antenna Dimensions 
Keeping miniaturization of antenna size in mind, the width(W) and length (L) of the antenna  are  kept 
equal  and a substrate board of size 36mm x 36mm is selected for practical convenience. Also instead 
of a separate ground plane at the bottom of the substrate, the CPW (Co-Planar Waveguide) system is 
used on the same plane where the antenna is printed. This avoids the need for double-side printed 
board. The patch is needed to be fed by a strip and hence the size of this is chosen to be λ/16. In this 
design, the resonant frequency is chosen as 2.45 GHz. In all the designs, a 36mm x 36mm FR4 
substrate of thickness 1.6 mm and dielectric permittivity of 4.4 and 0.035 mm thickness copper as 
antenna material are used throughout.  
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Designed Structures 
The general microstrip antenna structure with CPW feed system is shown in Fig.1. There is no ground 
plane at the bottom of the substrate and hence, the radiation in the backward direction is unavoidable. 
However, these antenna structures produce omnidirectional radiation patterns. The designed structures 
are shown in Fig.2 to Fig.7. The algorithm used to obtain the various structures is explained now. The 
design starts with a basic patch as depicted in Fig.1.(c) in the first stage. A square indentation is 
applied along the perimeter which results in a plus shaped structure as seen in Fig.3.(a). The patch is 
assumed to be divided into nine small squares and the squares in the four corners are removed to get 
the plus shape. Then this structure is repeated four times as shown in Fig.4.(a). The next iteration may 
be obtained in this fashion. However, the attention is focussed on the introduction of slots in the 
structure and investigation on the performance of the same. Hence, the next attempt is to introduce a 
square slot at the centre in the structure shown in Fig.4.(a). As a result, a new fractal shaped slot 
antenna appears as shown in Fig.5.(a). Followed by this step, small square shaped slots are created at 
the centre of each small square patch whose appearance is shown in Fig.6.(a). At last, the outer edge 
of the structure is only retained with strip width of 1 mm while retaining all other dimensions the 
same. Fig.7.(a) shows this structure. 

 

(a)                                             (b)                                             (c) 
Fig.1. CPW and Antenna structure (a).Front View (b).Top view (c). Square patch dimensions 

 

                                                    
    (a)                                                 (b)                                             (c) 

Fig.2. Square patch antenna performance (a).Return loss (b).Efficiency (c).Radiation Pattern  

 

  
                    (a)                                 (b)                                (c)                              (d)   

Fig.3. Plus Shaped Antenna (a). Structure (b). Return loss(c). Efficiency (d) Radiation Pattern 
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                  (a)                                     (b)                                  (c)                              (d) 

Fig.4. Patch Fractal Antenna (a).Structure (b).Return loss (c). Efficiency (d) Radiation Pattern 

                                           

 
                   (a)                                 (b)                                  (c)                              (d) 

Fig.5. Single Slot Fractal Antenna (a).Structure(b).Return loss  
(c).Efficiency (d).Radiation Pattern  

 

  
                  (a)                                  (b)                                (c)                                 (d) 

Fig.6. Multiple Slot Fractal Antenna (a). Structure (b).Return loss  
(c).Efficiency (d).Radiation Pattern  

 

 
 

 
                (a)                                  (b)                                 (c)                                  (d) 

Fig.7.Microstrip Fractal Antenna (a).Structure(b).Return loss  
(c).Efficiency (d).Radiation Pattern  
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                  (a)                                    (b)                                   (c)                               (d) 

 

 
 

(e)                              (f)                                (g) 
Fig.8.Current distribution of all the structures at one sample resonance frequency (a).Current 

distribution level scale (b).at 2.52GHz (c).at 2.52 GHz (d).at 2.52GHz (e).at 1.85GHz (f).at 1.85GHz  
 

SIMULATION 
The simulations of all these antennas were performed using IE3D EM simulation tool which is based 
on MoM computational method. All these antennas are placed on the same type of FR4 substrate with 
same dimensions and properties and then the simulations were carried out. The simulation results of 
all the antennas are shown in Fig.2 to 8. 

 
EXPERIMENTAL VERIFICATION 
The experimental verifications of the resonant frequencies and VSWR values of the numerically 
simulated antennas have been performed. The fabricated view of two of the above antennas, the 
experimental set up and the results are presented in Fig.9.  The fabricated antennas were tested using a 
Network cum Spectrum Analyzer Model N1996A - a product from Agilent Technologies. 

RESULTS AND DISCUSSIONS 

Simulation Results 

In Fig.2 the basic patch antenna is shown with the simulation results. This antenna resonates at triple 
frequencies. However, both the antenna as well as radiation the efficiencies remain to be good 
between 90% and 100%. The modified plus shaped antenna appears in Fig.3. In this type the patch 
radiates at single frequency of 3.627GHz and with a shift. The return loss at 1.8GHz and 5.5GHz is 
not satisfactory. The Fig.4 shows the simulated results of a patch fractal antenna. It resonates at three 
frequencies with sufficient current distribution on the antenna.  The Fig.5 shows the single slot fractal 
antenna which resonates in  triple frequency bands while Fig.6 represents the simulated results of 
multiple slot fractal antenna. The current distribution is really good in this antenna when compared to 
others. Both the radiation and antenna efficiencies of this antenna are really appreciable except for the 
second resonance.  
     The current distributions in all the antennas atleast at one resonant frequency as a sample is shown 
in Fig.8. For the patch antenna the current distribution is not appreciable near the centre region of the 
patch. Improvement is noticed when the modifications are progressing. On the thin fractal antenna the 
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current distribution is very interesting and satisfactory when compared to all other structures. The 
metalized area in the thin fractal antenna is considerably reduced when compared other structures as 
well. It can be noticed that there is down shift in resonant frequencies for multiple slot as well as thin 
microstrip fractal structures. This is because of the fractal nature. The radiation patterns in all the 
antennas are uniform except for the third resonant frequency. The Table 1 provides the complete 
characteristics of all the designed antennas. The observed gain, directivity and VSWR values are also 
listed out. However, the graphs of such antennas are not shown in this report. It is seen that the 
VSWR ranges between 1.4 and 1.8 for all the antennas which is good sign of matching with 
appreciable low return loss values.  
 

Table 1 Performance comparison of simulation results of antennas 

 

Experimental results 
     The Fig.9.(a) and (b) represent the fabricated patch fractal antenna and thin microstrip fractal 
antenna. In Fig.9.(c) and 9.(d) the experimental set up for measuring the return loss is also shown. The 
screen shots of measured resonant frequencies, return loss and VSWR values of both the antennas are 
shown in Fig.10. The fabricated patch antenna resonates at 1.75GHz, 2.23GHz, 2.65GHz, 3.5GHz, 
4GHzand 4.24GHz with return loss of -14.8dB, -28.1dB (and VSWR of 1.08), -16dB, -15dB, -13.5dB 
and -15dB respectively. A good agreement is noticed with very low return loss and VSWR value, at 
nearly 2.23GHz and 4GHz with the simulation results.  
 

   
                     (a)                                      (b)                                   (c)                                 (d) 

 
    Fig.9. Fabricated antennas and experimental set up with Network Analyzer 

(a) Patch fractal antenna (b) Thin microstrip fractal antenna  
 

Antenna f0  
(GHz)  

RL  
(dB)  

fu  
(GHz)  

fl  
(GHz)  

BW  
(GHz)  

D  
(dBi)  

G  
(dBi)  

η (%)  VSW
R  A  R  

Basic 
square 
patch  

2.53 -15 2.6 2.4 0.2 3.7 3 92 90 1.5 
4.56     -26 4.7 4.4 0.3 6.3 6.2 100 100 1.6 

5.66 -15.5 5.15 5.6 0.15 4.9 4.5 87 85 1.8 

Plus 
shaped 

2.5 -17.8 2.7 2.4 0.3 3.65 3 92 91 1.4 

Patch 
Fractal  

2.53 -14 2.7 2.4 0.3 3.7 3 92 88 1.6 

4.14 -11.8 4.25 4.1 0.15 4.4 3.5 82 75 1.8 
5.66 -12 5.7 5.6 0.1 5 4 100 63 1.7 

Single 
slot 

Fractal 

2.53 -14 2.7 2.4 0.3 2.75 -2.6 100 10 1.6 

4.14 -11.8 4.25 4.1 0.15 4 -6 45 10 1.8 

5.66 -12 5.7 5.6 0.1 4.35 -6 60 12 1.7 
Multiple 

slots 
Fractal 

1.85 -11 1.82 1.8 0.02 3.5 3 98 90 1.8 

3.29 -13 3.35 3.3 0.05 3.5 -1 70 43 1.6 
5.32 -22 5.45 5.15 0.3 5.35 5 100 100 1.5 

Thin 
Micro 
Strip 

Fractal 

1.85 -13 1.8 1.85 0.05 3.75 3.5 95 100 1.5 
2.35 -17.2 2.25 2.5 0.25 3.65 3.5 93 95 1.3 

4.55 -10 - - - 5.5 1.5 78 88 1.9 
5.85 -15 5.8 5.6 0.2 5.2 5 98 100 1.4 
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     For the thin microstrip fractal antenna, the resonances occur at 2.33GHz, 2.7GHz, 3.2GHz, 
3.6GHz, 4.4GHz and 4.8GHz with return loss of -22.6dB (and VSWR of 1.16), -10.5dB, -11dB, -
18dB, -16dB and -17dB respectively. The measured return loss and VSWR values are in good 
agreement with the simulation at nearly 2.33GHz. Some of the above resonant points become 
negligible in view of narrow bandwidth and high return loss. The measured return loss values are seen 
to be much less than the simulated values providing good matching.  The discrepancies in the resonant 
values are due to the type of SMA connector used.  

 

      
(a)                                                                                   (b) 

Fig.10.Experimental results-return loss and VSWR from network analyzer  
(a).Screen shot of patch for antenna (b).Screen shot for thin microstrip antenna  

 

CONCLUSION 
An attempt to design and simulation of various low profile antennas starting from square patch to thin 
microstrip fractal antenna was successfully carried out and the performance comparison was 
performed with experimental results for two fabricated antennas. Though all the antennas are 
functioning well in multiple frequencies except the plus shaped one, the metallic printed portion 
occupied by the thin microstrip fractal antenna is much reduced when compared to all the other 
antennas while still retaining the multiple band operation in the lower frequency region. The 
possibility of reducing the antenna printed portion and multiband operation using fractal concept is 
well demonstrated in this report. All the antennas find applications in GSM, ISM, GPS, RF ID, LAN, 
PAN, WiFi, WiMax communications. The future scope of the work is to test some of the selected 
antennas in the lossy environment for implantable medical devices applications. 
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