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Abstract 

 The design of microstrip patch antenna with a dimension of 27.1 mm  37.9 mm with single slots for miniaturization 

is presented. The antenna is designed on a FR4 dielectric substrate for 2.4 GHz. The antenna inserted with slot is designed 

to analyze the effect of surface current distribution and frequency miniaturization. The antenna with slots with variable 

length and width helps to achieve a frequency miniaturization of 30.41 % with reduced operating frequency of 1.67 GHz. 

The antenna has multiband operation covering major wireless bands with a maximum impedance bandwidth. The antenna 

exhibits good radiation characteristics gain. The antenna operates in the bands of WLAN, Bluetooth, GSM, ISM and GPS 

bands. 
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Introduction 

The concept of reducing the size of the 

consumer electronics has increased the demand on 

communication modules considerably reducing the 

antenna dimensions. To reduce the size of the antenna at 

the required application band the electrical length of the 

antenna need to be increased. To decrease the size of the 

antenna, the concept of miniaturization been introduced 

using various techniques like using high dielectric 

substrate, folding of the patch, use of shorting post, using 

EBG, PBG materials, slots, slits and meta-materials [1-

6]. The concept of miniaturization helps to increase the 

electrical length on the radiating antenna structure 

enabling the antenna to operate at lower frequency from 

its designed operating frequency. The simplest approach 

broadly used in miniaturization is using slots and slits on 

the radiating patch. A good frequency tuning 

characteristics can be achieved using suitable shape of 

slots in a specific position on the radiating element. The 

various types of slots like E, U, V, H-Shaped antennas 

are widely used in the literature [7-9]. Another method of 

reducing the size of the antenna for miniaturization is 

using meandering. It is achieved by inserting narrow slits 

in the non radiating edges of the patch. It helps to 

achieve miniaturization in a particular operating 

frequency [10, 11]. The effect of L shaped slots and 

strips on the radiating patch in various shapes and 

structures are given by researchers [12-14]. The effect of 

slot loaded antennas for dual and multiband applications  
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has good attraction in various wireless applications [15-

19]. This work is intended to broadly show the effects of 

slots on radiating patch with variable length and width. 

Also the design work focuses in the effect of increasing 

the number of slots and slits on the radiating patch 

towards achieving miniaturization. 

 

Antenna Design 

 The antenna basic design formulae for a 

rectangular microstrip antenna are used to calculate the 

dimensions and feed position of the antenna for a fixed 

operating frequency of 2.4 GHz using FR4 substrate with 

a height of 2.4 mm [20]. The basic structure of the 

antenna is given in the Figure 1 and the dimensions of 

the antenna are given in Table 1.  

 

 
 

Figure 1. Basic Rectangular Microstrip Patch Antenna 
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Table 1: Dimension of Basic Patch 

 

Sl.No Parameter Dimension (mm) 

1 W 37.9 

2 L 27.1 

3 H 2.4 

4 Ɛr 4.4 

5 Lg 44.1 

6 Wg 54.9 

 

The basic structure is designed using ANSOFT HFSS. 

The basic structure resonates with a frequency of 2.4 

GHz having S11 of -25.17 dB achieving an impedance 

bandwidth of 12% as given in Figure 2. 

 

 
Figure 2: S11 vs Frequency of Basic RMSA 

 

Single Slot Microstrip Antenna 
To achieve miniaturization on the basic design 

slots is introduced on the radiating patch. The effect of 

the slot on the radiating patch is observed by introducing 

a single slot along the length of the radiating patch. The 

dimension of the slot is so chosen that it matches with 

the electrical length λ/4 of the patch antenna that helps to 

create inductive effect in the equivalent circuit of the 

patch antenna creating an influence on the resonant 

frequency of the antenna. The dimension of the slot is 

designed with a length of SL1 = 10mm and width SW1 = 

0.5mm parallel to the radiating edge of the patch antenna 

as shown in the Figure 3.  

 

 
Figure 3. Radiating patch with single slot 

 The slot has an intense effect based on the 

length and width of the slot. The slot creates variation in 

the fundamental resonant frequency of the basic antenna. 

The S11 against frequency characteristics for various slot 

lengths SL1 = 5mm, 10mm, 15mm, 20mm   and width 

SW1 = 0.5mm, 1mm, 1.5mm and 2mm for the single slot 

is analyzed. The antenna with a slot width SW1 = 2.5 mm 

and SL1 = 15 mm is given in the Figure 4. The change in 

resonant frequency for the variations created on the 

radiating patch is given in the Table 2. 

 

 
 

Figure 4. Radiating patch with single wide slot 

 

Table 2. Variation in Slot Length and Width on Resonant 

Frequency 

       

Sl.No Slot Length 

 (SL in mm) 

Slot Width 

 (SW in 

mm) 

Lower 

Resonant 

Frequency 

(GHz) 

1 4 0.5 2.4 

2 8 0.5 2.35 

3 8 1.0 2.38 

4 8 1.5 2.24 

5 8 2.0 2.2 

6 15 0.5 2.1 

7 15 1.0 1.9 

8 15 1.5 1.82 

9 15 2.0 1.75 

10 15 2.5 1.67 

 

 The microstrip antenna is designed with the 

specified length and width to observe the change in 

resonant frequencies. The antenna is fed in the edge of 

the patch to counteract the impedance mismatch 

generated due to the insertion of the slots. The slot inside 

the antenna alters the surface current flow. The change in 

surface current path increases the electrical length of the 

antenna. The fundamental design frequency of the 

antenna starts shifting from 2.4 GHz to lower frequency 

while increasing the slot length. The slot length is varied 

from SL 4 mm to 8 mm where the frequency shifted 

down to 2.2 GHz. This helps to achieve a frequency 

miniaturization of 8.33%.  
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To further increase the frequency 

miniaturization the antenna slot length is increased to 15 

mm. This with variable slot width is used to analyze the 

change in resonant frequency. The different frequencies 

achieved at 15mm with a maximum slot width of 2.5 mm 

helps to increase the electrical path and reducing the 

operating frequency to 1.67 GHz. This has achieved a 

frequency miniaturization of 30.41%.  

  

           

 
(a)                             

         (b) 

 

Figure 5: Simulated a). E-Field Radiation Pattern b). H-

Field Radiation Pattern  

 

The E-plane and H-plane radiation pattern is 

shown in the figure 5 (a) and Figure 5 (b).  The 

frequency miniaturization of the antenna is achieved 

whereas the antenna is not able to achieve the best 

radiation characteristics. The radiation pattern has 

achieved good gain in the operating frequency of 

interest.  

 

Conclusion 

The work analysis performed on the effect of 

slot length and width is completed with a edge fed 

microstrip antenna. The effect of slot on the surface 

current distribution and reducing the operating frequency 

is observed for the slot length and width. An optimum 

slot width and length is achieved with good gain for SL 

15mm and SW 2.5mm with a lower operating frequency 

of 1.67 GHz. This makes the antenna to achieve a 

frequency miniaturization of 30.41%.  
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