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ABSTRACT 
 

This paper presents the design and performance characterization of dual-band (2.41-2.57 GHz) and (3.90-4.11 GHz) fractal 

microstrip antenna. Fractal antenna geometry is designed using different sizes of the ‘X’ slots. This antenna is designed and 

fabricated on 1.6 mm thick FR4 glass epoxy substrate with dielectric constant εr = 4.4. The radiating patch of antenna is about 

35.4 mm × 27.82 mm with feed width, length is about 16.4 mm and 2.6 mm respectively. Results of the antenna are validated 

using Ansoft HFSS (High-Frequency Structured Simulator) software as return loss, radiation patterns and gain of the antenna. 
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1.  INTRODUCTION 
 

  In wireless communication microstrip fractal antenna 

[1] development increases rapidly because it allows dual 

frequency band operation with small size antennas. IEEE S-

band [2] covers the radio wave frequencies of 2 to 4 GHz and 

IEEE 802.11 WLAN (Wireless Local Area Network) works 

on 2.4 GHz (2.4 –2.484 GHz) ISM frequency band. A dual 

frequency antenna is required for simultaneous transmission 

and receiving of the signal at two different frequency bands. 

This paper presents the design of ‘X’ shape slotted dual-band 

fractal antenna which works at resonant frequency of 2.49 and 

3.98 GHz. The performance parameters of antenna are 

compared with different dual-band WLAN antennas.  

  This paper is organized in 8 sections, section 2 

highlights the previous work done in the field of WLAN 

antennas. Section 3 depicts the design of antenna. Section 4 

presents the simulated results of antenna. Section 5 and 6 

presents the fabrication of antenna and its measured results 

respectively. Section 7 shows performance comparison with 

other antennas and section 8 concludes the paper.     

 

2.  RELATED WORK 
 

  A number of antenna designs are developed for the 

operation of WLAN. In 2011, Agarwal et al. [3] presents 

stack notched rectangular patch antenna, Yeh et al. [4] 

presents F-shaped monopole antenna designed using 

horizontal and vertical metal lines for 2.4 and 5.2 GHz 

frequency bands, Hilbert curves based antenna for 2.45/5.35 

GHz band [5], In 2015 Clarissa et al. [6] characterize UWB 

elliptical monopole antenna, ᴦ-shaped wideband antenna [7], 

L-shaped narrow slotted antenna with reduced size [8], Hong 

et al. [9] designed a fork monopole and rectangular ring based 

rectangular patch fractal antenna, Gas coupling based square 

fractal antenna for bandwidth enhancement [10], Kailas et al. 

[11] designed a CPW (co-planar waveguide) fed configured 

fractal antenna for ultra-wideband from 3.1 to 10.6 GHz, In 

2012, Ambresh et al. [12] designed a dual-band slot etched 

antenna which achieves 28% compactness [12], G-shaped 

monopole dual-band printed antenna [14]. 

 

3. DESIGN OF ‘X’ SHAPE SLOTTED 

FRACTAL ANTENNA 
 

The ‘X’ shape slotted fractal antenna [15] is 

designed using 1.6 mm thick FR4 glass epoxy substrate with 

dielectric constant εr = 4.4. The radiating patch size of 

antenna is about 35.4 mm × 27.82 mm. Line feed is used at 

the input port of antenna with length and width of 16.4 mm, 

2.6 mm respectively.  
 

The dimensions of antenna are presented in figure 1 

are optimised as follows: L = 40 mm, W = 40 mm, L1 = 35.4 

mm, W1 = 27.82 mm, L2 = 16.4 mm, W2 = 5mm, W3 = 2.6 

mm. 

 

  

Figure 1: Antenna dimensions 

 

4. SIMULATION RESULTS 

 

This section presents the simulation results of the 

antenna parameters. Ansoft HFSS simulator is used to analyze 

and present the simulated results of ‘X’ shape slotted antenna. 
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A. Radiation Pattern 

  

  In far field reports, radiation patterns of antenna 

plotted on X-Y plane at resonant frequency of 2.49 and 3.98 

GHz. 

 

  Figure 2(a) and 2(b) plots the radiation pattern of 

2.49 GHz band with (� = all degrees, � = 0) and (� = all 

degrees, � = 90) degrees. 

 

 

 
(a) 

 

 
(b) 

Figure 2: Radiation pattern at 2.49 GHz resonant frequency (a) 

� = 0 degree (b) � = 90 degree 

 

 

Figure 3(a) and 3(b) observes radiation pattern of 

3.98 GHz frequency with (� = all degrees, � = 0) and (� = all 

degrees, � = 90) degrees. 

 

 
 (a) 

 

 

 

 
  (b) 

Figure 3: Radiation pattern at 3.98 GHz resonant frequency (a) 

� = 0 degree (b) � = 90 degree 

 

 
(a) 

 

 
(b) 

Figure 4: Peak antenna gain at resonant frequencies (a) 2.49 

GHz (b) 3.98 GHz 
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B. Antenna Gain 

 

  The simulated peak antenna gain is presented in 

figure 4(a) and 4(b). Antenna achieves gain of 3.29 dB and 

1.88 dB at 2.49 GHz and 3.98 GHz resonant frequencies 

respectively. 

 

4.   FABRICATION OF ANTENNA 
 

Fabricated antenna is designed with different size of 

the ‘X’ shape slots [15]. The sizes of slots are 0.707 mm, 

3.476 mm and 0.353 mm, 1.006 mm width and length 

respectively. 

 

 
(a) 

  
(b) 

Figure 5: (a) Fabricated antenna (b) Antenna testing setup 

 

 

 

Figure 5 shows the fabricated ‘X’ shape slotted 

antenna with connector and experimental setup for testing of 

antenna using VNA (Vector Network Analyzer). 

 

5.  MEASURED RESULTS 

  
  VNA (Vector Network Analyzer) is used to measure 

the return loss (S11) results of the fabricated antenna. 

 

A. Return Loss (S11) 

 

‘X’ shape slotted antenna resonates at two frequency 

bands (2.41 - 2.57 GHz) and (3.90 - 4.11 GHz). Measured and 

simulated analysis of return loss (S11) parameter of dual-band 

antenna is presented in figure 6. For practical application, the 

value of return loss should of -10 dB for operation of an 

antenna. Measured and simulated return loss results of antenna 

are plotted as -29 dB, -20 dB and -26 dB, -18 dB for 2.46 

GHz, 3.96 GHz and 2.49 GHz, 3.98 GHz resonant frequencies 

respectively. 

 

Return loss result confirms the acceptability of the 

antenna. 

  

 
Figure 6: Simulated and measured return loss (S11) results 

 

Table 1: Performance Comparison of WLAN Antennas 

 

 

Antenna Type 
Frequency Band 

(GHz) 

Return Loss (dB) Simulated 

Gain (dB) Simulated Measured Simulated Measured 

L-shaped 2.3 - 2.69 4.8 -5.4 - 23 - 23 - 39 - 31 1.8 2.5 

G-shaped 2.25 - 2.62 4.09 - 6.0 - 35 - 21 - 30 - 20 2.39 3.43 

Hilbert Curve antenna 2.42 - 2.51 5.2 – 5.5 - 27 - 19 - 36 - 26 3.24 1.12 

F-shaped 2.18 - 2.75 5.1 – 5.3 - 18 - 13 - 27 - 23 2.0 2.7 

‘X’ shape Slotted 2.41 - 2.57 3.9 – 4.11 - 29 - 26 - 20 - 18 3.29 1.88 
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6.  PERFORMANCE CHARACTERIZATION 
  

  For characterization of antenna performance, the 

results of ‘X’ shape slotted fractal antenna are compared with 

L-shaped [8], G-shaped [14], Hilbert Curve antenna [5] and F-

shaped [4] dual-band WLAN antennas are presented in table 

1.  

  Table 1 shows that the antenna results are better as 

compared to other WLAN fractal antennas which validate the 

usefulness and operation of the antenna for WLAN 
frequencies. 

  

7.  CONCLUSIONS 
 

This paper presented the performance analysis of ‘X’ 

shape slotted dual-band microstrip fractal antenna. The 

antenna operates on (2.41-2.57 GHz) and (3.90-4.11 GHz) as 

lower and higher frequency bands respectively. Simulated and 

measured return loss results of the antenna are noted as -29 

dB, -26 dB and -20 dB, -18 dB at 2.49 GHz and 3.98 GHz 

resonant frequencies respectively. This antenna achieves 

simulated peak gain of 3.29 dB and 1.88 dB. The performance 

comparison of ‘X’ shape slotted antenna with other dual-band 

WLAN antennas presented in table 1 confirms its suitability 

for WLAN applications. 
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