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ABSTRACT 
A multi-band microstrip patch antenna is developed 

and presented in this paper. The radiating elements in 

this antenna are composed of rectangular and 

triangular slots. These slots are engraved in the 

rectangular and triangular patch, joined together in 

one structure, and by single probe feed. The 

rectangular and triangular slots make the antenna to 

operate at multiband with relatively high gain. 

Therefore, this antenna can be used for wireless 

communication applications like WLAN, WiMax and 

radar system applications. 
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1. INTRODUCTION 
The design of an efficient wideband small size antenna 

for recent wireless applications is a major challenge. The 

microstrip patch antenna have found extensive 

applications in wireless communication systems owing to 

their advantages such as low profile, conformability, low 

fabrication cost and ease of integration with feed 

network. Microstrip patch antennas comes with drawback 

of narrow bandwidth, but wireless communication 

applications require broad bandwidth and relative high 

gain in order to achieve that we need to increase the 

substrate thickness, use of low dielectric substrates and 

various impedance matching feeding techniques and 

slotting techniques.  

The concept of inserting slot array following a 

chebyshev distribution has proven to give remarkable 

functionality to an antenna [1]. It causes it to radiate 

significantly at different ranges of frequencies by using 

only one single feed point. But, it operates at less number 

of bands. A rectangle added to an equilateral triangle 

patch which is fed by a probe has a dual-band operation. 

With the rapid development of the wireless 

communication, the tri-band even multi-band antennas 

are needed to meet the requirement. Stacked microstrip 

antenna can achieve multi-band circular polarization (CP) 

radiation more easily than conventional antennas. 

Generally the stacked microstrip antennas can easily 

achieve dual-band operation [2]. But the limitations of the 

stacked microstrip antenna are the size, fabrication 

complexity, and cost. 

In this paper, a single-feed multi-band microstrip 

patch antenna for wireless communication applications is 

presented. The multi-band is achieved by the patch,  

 

which represents a combination of a rectangular and an 

isosceles-triangular patch. The part of the patch formed 

by the isosceles triangle has the same area as the part 

formed by the rectangle. The rectangular slots are 

inserted into the rectangular part, and the triangular slots 

are inserted into the isosceles-triangular part of the patch. 

The whole system is fed by a coaxial probe into the 

substrate, with an input impedance of 50 Ω.   

2. ANTENNA DESIGN 
The basic structure of the proposed antenna, shown in 

Figure 1, consists of 3 layers. The lower layer constitutes 

of ground plane covered by the substrate having a width 

of 6 cm and a length of 15 cm. The middle layer is the 

substrate which has a dielectric constant εr = 2.2 and a 

height of 0.32 cm. The upper layer, which is the patch, 

consists of a rectangle with a length of 4 cm and a width 

of 3 cm, joined with an isosceles triangle having the same 

area as the rectangular patch and a base of 3 cm and a 

height of 8 cm. 

 

Fig 1: Proposed Patch Structure 

 Inside the rectangular patch, two rectangular 

slots were inserted, one with a length of 3 cm and a width 

of 2 cm and the other with a length of 2.5 cm and a width 

of 1.5 cm. Also, inside the triangular patch, two triangular 

slots were inserted, one with a base of 2 cm and a height 

of 3 cm and the other with a base of 2.5 cm and a height 

of 2.25 cm. Stubs were used in order to join the 

rectangular and triangular slots with a length of 0.25 cm 

and a width of 0.2 cm. Placing of slots into the structure 

increases the beamwidth and increase resonances.  

Characterization of Multi-band Rectangular-Triangular 

Slotted Antenna 
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Fig 2: Antenna model 

A parametric study and an optimization were done, in 

order to find the best feeding point of the structure. 

Several points were tested in order to get an overview of 

the defined functioning of the antenna, and to monitor the 

effect of both the rectangular and triangular slots. Figure 

2 shows the proposed antenna on Rogers RT/ Duroid 

5880 (tm). At first, the feeding point is chosen near the 

edge of the rectangle on its right-hand side. Results 

showed the operation of the antenna at less number of 

bands and also with low gain since the feeding point is bit 

far from the triangular slot where the multi-band 

operation is triggered. The feeding point is moved close 

to the radiating elements, in order to obtain optimum 

operation of the antenna. When the feeding point is closer 

to the triangular slot, the functioning of the antenna is 

more effective with relatively high gain. 

3. RESULTS 
A. Return Losses 

 

Fig 3: Return loss 

From Figure 3, the return losses of the proposed antenna 

at 2.67 GHz, 2.94 GHz, 3.59 GHz, 3.71 GHz and 4.75 

GHz are -20.67 dB, -18.32 dB, -14.55 dB, -11.80 dB and 

-13.31 dB respectively. 

 

 

 

 

 

 

B. Gain 

 

Fig 4: 2D- Gain Total 

         

Fig 5: 3D- Gain Total 

Figure 4 and Figure 5 shows the gain of the antenna in 2D 

and 3D patterns. The gain of the proposed antenna is 

6.9831 dB. 

C. Radiation Patterns 

The far electric fields of the rectangular patch are as 

follows 

𝐸𝜃 =
𝐾𝑒−𝑗𝑘0𝑟
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Fig 6: Gain along Phi 

 

 

Fig 7: Gain along Theta 

The radiation pattern for the proposed antenna for Phi and 

Theta at 0 deg and 90 deg is shown in the Figure 6 and 

Figure 7.  

D. Field Distributions 

 

Fig 8: E-field Distributions 

The effect produced by an electric charge that exerts a 

force on charged objects is the E-field and its distribution 

in the patch is as shown in the Figure 8.  

 

 

Fig 9: H-filed Distributions 

The measured intensity of a magnetic field in the patch is 

shown in Figure 9. 

E. Current Distribution 

 

Fig 10: Mesh Plot 

Figure 10 shows the current distribution on the patch and 

from the figure it is clear that current distribution is more 

on the patch when compared to the substrate. 

4. CONCLUSION 
From the analysis of multi-band rectangular-triangular 

slotted patch antenna on Rogers RT/ Duroid 5880 (tm) 

substrate exhibits broadband resonance with relatively 

high gain. Thus, this model is well suitable for various S-

band applications like wireless CCTV and wireless video 

links, WLAN applications (2.8 GHz), WLAN, WiMax, 

wireless WiMax, 802.1 6a applications (3.5 GHz) and 

also suitable for radar system applications (4.75 GHz). 

The antenna is successfully designed and optimized. The 

results show that the antenna not only has multi-band 

characteristic but also have good radiation patterns. 
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