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ABSTRACT 

This paper presents a novel design of inverted L-notches corner truncated square microstrip 

antenna for multi band operation. The multi bands are achieved simply by incorporating inverted 

L-notches and truncating the corners of square patch. The multi band operation of this antenna 

can be converted to dual bands when inverted L-notches of the patch are also placed on the 

ground plane. The insertion of inverted L-notches on the ground plane does not affect much the 

resonant frequency of primary band and nature of broadside radiation characteristics, 

experimental return loss of the antenna is verified through simulation. The proposed antenna may 

find applications in the frequency ranges from (5 GHz to 25 GHz). Design concept of antennas is 

given and experimental results are discussed. 
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INTRODUCTION 

An antenna is one of the important components of microwave communication systems without 

which no communication over a distance is possible. Several innumerable types of antennas have 

been designed and flourished at microwave frequencies. Among the various types of microwave 

antennas, the microstrip antennas (MSAs) have found one of the significant classes with in the 

broad field of microwave antennas and has been intensively used due to its significant merits of 

small size, light weight, low profile etc. The MSAs are of various types such as triangular, 

rectangular, circular, elliptical etc. and are used successfully for different microwave 

communication applications. Among all, the square microstrip patch antenna configuration has 

uniform length and width, which makes more comfort for integrating in many moving and 

stationary systems. The main drawbacks of MSAs are narrow impedance bandwidth, low gain, 

poor isolation between the feed and the radiating elements etc [1-2]. These draw backs restricts 

the applications of MSAs to a greater extent. Further, antenna operating more than one band of 

frequencies is more useful because each band can be used independently for transmit/receive 
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applications. The dual and multi bands are realized by many methods such as slot loading, 

aperture or proximity coupling, use of additional resonator etc. But in this study a square patch is 

truncated equally at its four corners and L-notches are placed on the patch for multiband 

operation. This method reduces the conducting area of the patch to a greater extent. The effect of 

L-notches is studied by placing them on the ground plane for converting multi bands to dual 

bands. The proposed technique is found to be simple and easy to fabricate. 

 

DESIGNING GEOMETRIES  

The artwork of proposed antennas is sketched by using computer software AUTO-CAD to 

achieve better accuracy. The antennas are designed by using the equations available for the 

design of square microstrip antenna [3, 1]. The antennas are fabricated using low cost glass 

epoxy substrate material of thickness h = 3.2 mm and dielectric constant r = 4.2 though 

photolithography process.  

Figure 1 shows the geometry of multi band inverted L-notch corner truncated square 

microstrip antenna (MLCSMA). This antenna is constructed from conventional square microstrip 

antenna, which is designed for the resonant frequency of 9.4 GHz. The length and width of 

square patch is L = 7.63 mm. The corners of square patch is truncated by Ls= Ws= 2 mm which is 

equal to λo/15 corresponding to the design frequency of 9.4 GHz, where λo is the free space 

wavelength in cm. The inverted L-notches are placed along the length of MLCSMA. The vertical, 

horizontal length and width of inverted L-notches are VL, HL and W respectively. The antenna is 

fed by using microstripline feeding. This feed arrangement consist of quarter wave matching 

transformer of length Lt and width Wt which is connected between microstripline feed of length 

Lf  and width Wf. At the tip of microstripline feed a 50 co-axial SMA connector is used for 

feeding the microwave power. The ground plane of this antenna placed below the substrate 

which is tight copper shielding. 

   The dual band inverted L-notches corner truncated square microstrip antenna 

(DLCSMA) is constructed from Fig. 1 by placing the inverted L-notches used on the patch of 

DLCSMA to the ground plane. The ground plane geometry of DLCSMA is as shown in Fig. 2. 

The feed arrangement of this antenna remains same as that of Fig. 1. The design parameters of 

the proposed antennas are given in the Table 1. 

                                      

   Fig 1: Top view geometry of MLCSMA.           Fig 2: Ground plane geometry of 
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DLCMSA 

Table 1. Design Parameters of MLCSMA and DLCSMA 

 L   =  0.763 cm      

Lt     =  0.41 cm 

Lf     =  0.40 cm 

 Ws    =  0.20 cm 

 VL    =  0.25 cm 

 W   =  0.05 cm 

Wt   =  0.05 cm 

Wf    =  0.63 cm 

 LS    =  0.20 cm 

 HL    =  0.20 cm 

h   =  0.32 cm 

 

EXPERIMENTAL RESULTS 

The impedance bandwidth over return loss less than 10 dB for the proposed antennas is 

measured on Vector Network Analyzer (Rohde & Schwarz, Germany make ZVK model 

1127.8651). The variation of return loss versus frequency of MLCSMA is as shown in Fig. 3. 

From this figure it is seen that, the antenna resonates for multi bands of frequencies for BW1, 

BW2, BW3 and BW4. The magnitude of each operating impedance bandwidth is found to be 

4.79%, 16.62%, 25.88% and 4.58% respectively which is determined by using the equation, 

                  Impedance bandwidth 2 1

c
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 = ×100 %

f f
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                  (1) 

where, f1 and f2 are the lower and upper cut-off frequencies of the band respectively when its 

return loss becomes 10 dB and fc is the center frequency between f1 and f2.  The multi bands in 

Fig. 3 is due to the fundamental resonance of the patch and combined effect of inverted 

L-notches and corner truncation as they resonates near to the patch resonance [4]. Further from 

Fig. 3 it is seen that, the fundamental resonant mode fc is shifting from the designed frequency of 

9.4 GHz towards the lower frequency side to 7.12 GHz, it means that, the virtual size reduction 

of the antenna is 24.25%, which is determined by the equation,  

                      Virtual size reduction   con aut
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 where, fcon is the frequency of the conventional antenna and faut is the frequency obtained for 

the antenna under test. The variation of return loss versus frequency of DLCSMA is as shown in 

Fig. 4. From this figure it is clear that when inverted L-notches are placed on the ground plane 

the BW2, BW3 and BW4 shown in Fig. 3 merges together and gives BW6 as shown in Fig. 4. The 

magnitude BW5 and BW6 is found to be 12.59% and 66.66% respectively. It is clear again from 

Fig. 4 that, the conversion of multi bands to dual bands does not affect much the resonant 

frequency mode fc of primary band BW5 when compared to fc of Fig. 3 but the magnitude of 

BW5 enhances to 12.59% when compared to the magnitude of BW1 i.e. 4.79%. 
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      Fig 3: Variation of return loss versus        Fig 4: Variation of return loss versus  

           frequency of MLCSMA                   frequency of DLCSMA. 

 

The gain of the proposed antennas is measured by absolute gain method. The power transmitted 

‘Pt’ by pyramidal horn antenna and power received ‘Pr’ by antenna under test (AUT) are 

measured independently. With the help of these experimental data, the gain (G) dB of AUT is 

calculated by using the equation, 

                0( ) 1 0  l o g -  ( )  -  2 0 l o g
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                    (3) 

where, Gt is the gain of the pyramidal horn antenna and R is the distance between the 

transmitting antenna and the AUT. Using equation (3), the maximum gain of the proposed 

antennas measured in their primary bands i.e. BW1 and BW5 are found to be 7.15 dB and 7.79 dB 

respectively. 

 For the measurement of radiation pattern, the antenna under test (AUT) i.e. the proposed 

antenna and the standard pyramidal horn antenna is kept in far field region. The AUT, which is 

the receiving antenna, is kept in phase with respect to transmitting pyramidal horn antenna. The 

power received by AUT is measured from -90
0
 to +90

0
 with the steps of 10

0
. 

Figure 5-6 shows the typical co-polar and cross-polar radiation pattern of MLCSMA and 

DLCSMA respectively measured in their operating bands at 7.15 GHz 7.79 GHz.. From these 

figures it is clear that, the patterns are broadsided and linearly polarized. Hence it is seen that, the 

DLCSMA show the nature of radiation pattern same as that of MLCSMA in spite of converting 

multi bands to dual bands. 

 . 
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Fig 5: Radiation pattern of MLCSMA measured   Fig 6: Radiation pattern of DLCSMA 

measured  at 7.15 GHz                                        at 7.79 GHz 

   

CONCLUSION 

From the detail experimental study it is concluded that, by truncating the corners of square patch 

and by placing pair of inverted L-notches i.e. (MLCSMA) the antenna is quite capable in 

producing multi band operation and gives virtual size reduction of 24.25%. Further these multi 

bands can be converted to dual bands by placing the same inverted L-notches on the ground 

plane i.e. (DLCSMA). This technique does not affect much the resonant frequency of primary 

band and nature of broadside radiation characteristics. The proposed antennas are simple in their 

design and fabrication and they use low cost substrate material. These antennas may find 

applications in the frequency ranges from (5 GHz to 25 GHz).  
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