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ABSTRACT 
The broadband microstrip antenna is realized by cutting a slot at 

an appropriate position inside the slot. The slot introduces a 

mode near the fundamental resonance frequency of the patch 

and realizes broadband response. The broadband patch antenna 

is also realized by using the proximity feeding technique. Using 

substrate of thickness greater than 0.080, the bandwidth of slot 

cut patch antennas is increased by using proximity feeding 

technique. In this paper, a proximity fed broadband rectangular 

microstrip antenna is discussed. Further the proximity fed 

broadband two pairs of rectangular slot cut rectangular 

microstrip antenna is proposed. The pair of vertical and 

horizontal slots were cut inside and on the non-radiating edges 

of the patch. These slots modify the higher order TM02 and 

TM12 mode resonance frequencies of the patch and realize 

broadband response. A bandwidth of more than 430 MHz with 

broadside radiation pattern over the operating bandwidth with a 

gain of 8 dBi is obtained. The design is proposed in 900 MHz 

frequency band and due to the above antenna characteristics this 

antenna finds an application in mobile communication 

environments.  
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1.   INTRODUCTION 
The broadband microstrip antenna (MSA) is realized by 

fabricating the patch on thicker substrate having lower dielectric 

constant [1 – 3]. This substrate reduces the quality factor of the 

cavity below the patch and thereby yields larger bandwidth 

(BW). For the substrates having thickness greater than 0.040, 

the probe length increase which increases the probe inductance 

and it limits the antenna BW. A simpler feeding technique like 

proximity feeding is used for substrate thickness greater than 

0.060 [4]. In the proximity feeding method, the coupling strip is 

either kept below the patch or it is placed inside the slot which is 

cut in the patch or it is placed in the same plane of the patch and 

very closer to its edge and due to the electromagnetic coupling 

between the patch mode and the strip, a BW is increased [5]. 

These slots introduce a mode near the fundamental mode of the 

patch (i.e. TM10 in rectangular MSA, TM11 in circular MSA, and 

TM10 in equilateral triangular MSA) and realize broadband 

response. These broadband slot cut MSAs are optimized for 

substrate thickness of 0.060 to 0.080. For substrate thickness 

greater than 0.080, the BW is limited by the probe inductance. 

The BW for substrate thickness greater than 0.080 is increased 

by using the proximity feeding technique [9]. The radiation 

pattern in rectangular MSA (RMSA) at its fundamental TM10 

mode is in the broadside direction whereas the pattern at higher 

order modes like TM20 and TM02 is in the conical directions. 

These slot cut probe fed or proximity fed broadband antennas 

realized by coupling between the fundamental patch mode and 

the mode introduced by the slots have broadside radiation 

pattern over the operating BW.     

 

In this paper, a broadband proximity fed rectangular MSA 

(RMSA) is discussed. The coupling strip is kept in the same 

plane of the patch and close to the patch radiating edge. This 

proximity fed configuration gives a simulated BW of nearly 190 

MHz (20%) whereas the measured BW is 195 MHz (20.6%). 

Further a broadband pair of rectangular slots cut proximity fed 

RMSA is proposed. The pair of rectangular slots is cut along the 

patch length as well as on both the non-radiating edges of the 

RMSA. The analysis for this slot cut RMSA was carried out 

over a wide frequency range. The position of these slots were 

decided such that they modifies the higher order orthogonal 

TM02 and TM12 modes resonance frequency of the patch and 

yields a broadband response. The BW of more than 430 MHz at 

center frequency of around 1100 MHz is realized. The slots 

modify the directions of surface currents on the patch at TM02 

and TM12 modes and the currents are aligned along the patch 

length. Therefore the proposed antenna gives broadside 

radiation pattern over the operating BW. To realize higher gain, 

the antenna is optimized on air substrate. The proximity fed 

antennas were first analyzed and optimized using the IE3D 

software wherein the infinite ground plane is used [10]. Further 

the measurements were carried out. In the measurements, to 

simulate the infinite ground plane effect a ground plane size of 

more than six times the substrate thickness in all the directions 

with respect to the patch dimension was taken [1]. The antenna 

is fabricated using the copper plate and it was supported in air 

using the foam spacer support which was placed towards the 

antenna corners. The N-type connector of inner wire diameter 

0.32 cm is used to feed the antenna. The measurement was 

carried out using HP vector network analyzer. The radiation 

pattern was measured in the minimum reflection surroundings 

with required minimum far field distance between the reference 

antenna and the antenna under test [11]. The antenna gain is 

measured using three antenna method.        

2. PROXIMITY FED RMSA 
The broadband proximity feed RMSA is shown in Figure 1(a, 

b). The patch and the coupling strip are kept in the same plane 

and to realize larger gain and BW, air substrate of thickness 3.0 

cm (0.090) is used. To optimize the configuration, a parametric 

study by varying strip dimensions (l, w), spacing between the 

patch and strip (s), and the substrate thickness (h) is carried out 

and the input impedance loci for them are shown in Figure 2(a, 

b). The impedance locus is capacitive for smaller ‘h’ as shown 

in Figure 2(a) and hence in those cases a broader BW cannot be 

realized. With an increase in strip length (l) (which increases the 

strip area) the loop size increases which increases the BW, as 

shown in Figure 2(b).  
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Fig 1: (a) Top and (b) side views of proximity fed RMSA 

 

 
 

Fig 2: (a, b) Input impedance locus for variation in different 

parameters for proximity fed RMSA 
However for larger l, the loop does not lie completely inside 

the VSWR = 2 circle, which decreases the BW. Also the loop 

rotates in the clockwise direction in the smith chart, due to the 

decreased capacitive impedance. A similar behavior is observed 

for variations in w. The variation in ‘s’ changes the coupling 

between the patch mode (TM10) and strip. For the dimensions 

shown in Figure 3(a), the optimized input impedance plot is 

shown in Figure 3(b).  
 

 
 

 
 

Fig 3: (a) Optimized proximity fed RMSA and its (b) input 

impedance loci, (_______) simulated, (__ __ __) measured 
 

The simulated BW is 190 MHz (20%). The measurement 

was carried out to validate the simulated results and the 

measured BW is 195 MHz (20.6%) as shown in Figure 3(b). The 

radiation pattern at the center frequency and over the BW is in 

the broadside direction with cross-polarization levels less than 

15 dB as compared to that of the co-polar levels. The antenna 

shows peak gain of more than 7 dBi. 
 

3. PAIR OF RECTANGULAR SLOT CUT 

PROXIMITY FED BROADBAND RMSA 
 

The broadband pair of rectangular slots cut RMSA is shown in 

Figure 4. The pair of rectangular slots is cut along the length of 

RMSA as well as the pair of rectangular slot were cut on the 

non-radiating edges of the RMSA.  
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Fig 4: Broadband proximity fed pair of rectangular slots cut 

RMSA 
 

The length of equivalent RMSA is selected such that it 

operates at around 900 MHz in its TM10 mode. To realize higher 

gain, a larger width to length ratio is selected. The RMSA 

dimensions are L = 13.0 cm and W = 24.0 cm which gives W/L 

= 1.84. The resonance curve plot for the proximity fed RMSA is 

shown in Figure 5 
 

 
 

Fig 5: Resonance curve plot for equivalent RMSA 
 

The resonance curve shows three peaks due to TM10, TM02 

and TM12 modes as shown in their surface current and voltage 

distributions in Figure 6(a – c). At TM10 mode the surface 

current shows one half wavelength variations along patch 

length. At TM02 mode the currents shows two half wave length 

variation along patch width. At TM12 mode the current shows 

one half wave length variation along patch length and two half 

wavelength variations along patch width.  

Inside this RMSA first the pair of horizontal slots (l2, w2) 

were cut along the patch length. The slot length is orthogonal to 

the surface currents at TM02 mode and hence its frequency 

reduces. The pair of vertical slots (l1, w1) was cut on each of the 

non-radiating edges of the RMSA. These slots are orthogonal to 

the surface currents along the edge at TM12 mode and it reduces 

its frequency. Thus by optimizing the two pairs of rectangular 

slot dimensions, the two loops due to the TM02 and TM12 modes 

were optimized inside the VSWR = 2 circle and the optimized 

antenna response is shown in Figure 7. The fabricated prototype 

of the antenna is shown in Figure 8. 

 

 
 

Fig 6: (a – c) Surface current and voltage distribution for 

equivalent RMSA at different modes 
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Fig 7: Input impedance and VSWR plots for pairs of 

rectangular slot cut RMSA 

 

The simulated BW is 440 MHz (38%). The antenna 

response is experimentally verified and the measured BW is 446 

MHz (38.4%). The radiation pattern over the BW is measured 

and is shown in Figure 9(a – c). The surface current at TM02 

modes are varying along the patch width whereas at TM12 mode 

they are varying along patch length as well as the width. Hence 

the radiation pattern at TM02 and TM12 modes is in the conical 

direction and it shows maximum radiation in the end-fire 

direction. The each pair of rectangular slots modifies the 

directions of surface currents at TM02 and TM12 modes and they 

are aligned along the horizontal direction inside the patch 

length. Therefore the radiation pattern over the BW is in the 

broadside direction. However at the lower frequencies of BW a 

larger component of surface currents are present along the patch 

width and hence at those frequencies a larger cross polar 

radiation is observed.  

 

 
 

Fig 8: Fabricated prototype of pairs of rectangular slot cut 

RMSA 

 

 

 

 
 

Fig 9: (a – c) Radiation pattern over BW for pairs of 

rectangular slot cut RMSA 

 

The E and H-planes are aligned along  = 00 and 900, 

respectively. The antenna gain over the BW is shown in Figure 

10. The antenna shows a gain of more than 7 dBi over the BW 

with peak gain of more than 8 dBi. 
 

 
 

Fig 10: Gain variation over the BW for pair pairs of 

rectangular slot cut RMSA   
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4. CONCLUSIONS 
The proximity fed RMSA is discussed. The proximity feeding 

technique increases the antenna BW for substrate thickness 

greater than 0.060. The broadband pairs of rectangular slot cut 

RMSA is proposed. The slot modifies the resonance frequencies 

of TM02 and TM12 modes and realizes broadband response. A 

BW of more than 430 MHz at round 1100 MHz is obtained. 

Although the broadband response is due to the orthogonal 

modes, these pair of rectangular slots modifies the directions of 

surface currents at TM02 and TM12 modes and they are aligned 

along the patch length. Therefore the radiation pattern is in the 

broadside direction with E and H-planes aligned along  = 00 

and 900, respectively. The antenna has a gain of more than 8 

dBi. Thus due to the above antenna characteristics like gain, BW 

and radiation pattern the proposed antenna finds an application 

in mobile communication environment.  

5. REFERENCES 
[1] Kumar, G., and Ray, K. P. 2003. Broadband Microstrip 

Antennas, Artech House, USA 

[2] Garg, R., Bhartia, P., Bahl, I., and Ittipiboon, A. 2001. 

Microstrip Antenna Design Handbook, Artech House, USA 

[3] Bhartia B., and Bahl, I. J. 1980. Microstrip Antennas, USA 

[4] Cock, R. T., and Christodoulou, C. G. 1987. Design of a two 

layer capacitively coupled microstrip patch antenna element 

for broadband applications. In the Proceedings of IEEE 

Antennas Propag. Soc. Int. Symp. Dig., 2, 936-939. 

[5] Deshmukh, A. A., and Ray, K. P. 2010. Proximity fed 

      Broadband Rectangular Microstrip Antennas, In the  

 Proceedings of ISM – 2010, Banglore, India 

[6] Wong, K. L. 2002. Compact and Broadband Microstrip 

Antennas, John Wiley & sons, Inc., New York, USA 

[7] Huynh, T., and Lee, K. F. 1995. Single-Layer Single-Patch 

Wideband Microstrip Antenna. Electronics Letters. 31. 16 

(August 1995), 1310-1312. 

[8] Wong, K. L., and Hsu, W. H. 2001. A Broadband 

Rectangular Patch Antenna with a Pair of wide slits. IEEE 

Transactions on Antennas & Propagation. 49. (2001). 1345 – 

1347. 

[9]  Deshmukh, A. A., and Ray, K. P. 2010. Broadband 

       Reactively coupled E-shaped Microstrip Antennas. In the 

       Proceedings of NCC – 2010, January 29th – 31st, IIT 

       Madras, India 

[10] IE3D 12.1, Zeland Software, Freemont, USA 

[11] Balanis, C. A. Antenna Theory: analysis and design. 2nd        

        edition, John Wiley & Sons Ltd. 

 

 
 

 


