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Abstract
Owing to the compactness of communication equipment, 
designs for reducing the size of the microstrip antenna have 
received much attention in today’s era. Keeping in view of 
this, a microstrip slot antenna is designed and fabricated on 
FR 4 dielectric material suiting for various communication 
applications such as WiMax, RADAR, fixed satellite services, 
WLAN, satellite communication applications. The practical 
results show that the proposed antenna, having compactness of 
27 % has a bandwidth of 180 MHz (VSWR < 2:1) with moderate 
gain of 5.20 dB showing omnidirectional radiation patterns 
across the whole operating frequency band.

Keywords
Compact, patch antenna, reflected power, transmission line, 
omnidirectional.

I. Introduction
Due to its low profile configuration, relative low cost, ease of 
construction that can be produced in great quantity by printed 
circuit technology and the possibility of wrapping the antenna 
around objects using flexible substrates [1] the microstrip 
antenna has received much consideration and found in many 
wireless communication applications. Also, the other advantage 
of microstrip antenna is that, it can easily integrate with amplifier, 
mixer and oscillator in a substrate using Microwave Integrated 
Circuit (MIC) or Monolithic Microwave    Integrated     Circuit 
(MMIC) technologies [2]. This antenna possesses several 
drawbacks including narrow bandwidth and large physical size. 
Hence, many researchers have been continually studying on 
these drawbacks with a focus on improving performance of 
microstrip antenna and also achieving compact nature [3].
In this paper, a technique in which a narrow slot is introduced on 
the radiating and non radiating edges of rectangular microstrip 
patch and also by the use of substrate with high dielectric 
constant. This slot appear to have discontinuity with the 
microstrip transmission line and provide transverse component 
of current, which generates a longitudinal component of the 
magnetic field and can be modeled as series inductance [4]. 
So the electrical length of the patch increases, thus lowering 
the resonant frequency, that is, the antenna size is reduced 
for a fixed frequency operation achieving compact behavior. 
So, the experimental results show this reduction in resonant 
frequency.

II. Design and experimental results 
The patch antenna with length L = 17. 76 mm and width W = 
23.28 mm fabricated on FR4 dielectric material is as shown 
in Fig. 1. The copper thickness on FR4 material is 35 microns 
and has a dielectric constant Єr = 4.4 with thickness h = 0.16 
cm. The patch design is carriedout using computer software 
AutoCAD-2007. The designed frequency of the patch antenna 
is 3.85 GHz and conventional patch antenna resonated at 
3.8575 GHz as shown in Fig. 2(a). Here, the patch is excited 

through coaxial feeding technique and the feed point has been 
chosen on the line of symmetry and at a distance Xf = L/2[Єreff 
(sqrt (L))] 1/2, as given by M. Kara [5]. The copper plate is 
used as ground plane with dimension of 40 x 40 mm. As in 
Fig. 2(a) conventional patch antenna showed a single resonant 
frequency with 2 % bandwidth and when we introduce single 
narrow ring slot on same patch along the radiating and non 
radiating edge with its optimized slot dimensions as L1 = 7 
mm, W1 = 7 mm. With this technique, the antenna resonates 
at lower independent frequency and signifying dual band ch 
aracteristics. 

 
Fig. 1: Patch structure
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Fig. 2: Return loss (RL) versus frequency curve. a) Conventional 
patch antenna b) Proposed antenna

The patch, shown in fFig. 1, resonates at two frequencies: first 
resonant frequency at 3.29 GHz with –12.21 dB return loss and 
second resonant frequency at 4.32 GHz with – 25.67 dB return 
loss as shown in Fig. 2(b).The practical resonant frequency 
at 3.29 GHz implies 27 % compactness compared to the 
conventional patch antenna that resonated at 3.85 GHz. The 
first resonant frequency 3.29 GHz covers frequency of range of 
3.21 GHz – 3.39 GHz and second resonant frequency 4.32 GHz 
covers range of 4.25 GHz – 4.39GHz band suitable for wireless 
applications in S-band frequency spectra. Reduction is still 
possible by increasing the dimension of slot. In order to achieve 
the best performance, the dimensions should be 2 to 2.5 times 
the width of the slot [6]. This can result in further decrease in 
resonant frequency [7] which indicates still more compactness. 
An impedance bandwidth of 180 MHz at 3.29 GHz and 140 
MHz at 4.32 GHz are obtained with a moderate gain of 5.20 
dB and 3.10 dB compared to the conventional patch antenna 
(1-2 dB). The radiation characteristics of this patch antenna 
were measured and it was found that the patterns remains 
broadband, similar to that of a conventional patch antenna 
showing omnidirectional  patterns as shown in Fig. 3.
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Fig. 3: Measured radiation patterns. a) 3.29 GHz b) 4.32 
GHz

Fig. 4 (a) shows the measured input impedance loci using Smith 
chart and are 43.53 ohms + j22.49 at 3.29 GHz and 54.53 
ohms + j3.477 at 4.32 GHz justifying that the proposed antenna 
design offered fine and steady impedance matching between 
the feed and antenna in the operating band and the measured 
VSWR is 1.638 and 1.101 which is less than 2 signifying less 
reflected power throughout the operating band as depicted 
in Fig. 4 (b).
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   (b)
Fig. 4: Measured impedance loci and VSWR characteristics

III. Conclusion
The proposed antenna is a low cost, with moderate gain antenna 
solution for various S- band wireless applications. It is compact, 
having a physical size reduction of 27 % and similar radiation 
characteristics compared to the conventional rectangular 
patch. This antenna resonates at two frequencies 3.29 GHz 
and 4.32 GHz in S band. This dual frequency behavior increases 
its applications in radar and satellite communications. Although 
the gain of the antenna design is low, this is attributed to the 
loss tangent of the FR4 substrate material.
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