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ABSTRACT 

Compact microstrip antennas have recently received much attention due to the increasing demand of small antennas for 
personal communication equipment. The problem of achieving a wide impedance bandwidth for compact microstrip 
antennas is becoming an important topic in microstrip antenna design. In this paper the design and development of a 2 × 
1 array of a low cost slotted microstrip line fed shorted patch antenna (MFSPA) has been presented. Both the shorted 
patch and microstrip line feed network have air substrate. The material cost is thus reduced to a minimum. The array 
consists of two adjacent patches fed, using a simple microstrip T network. The impedance bandwidth of nearly 40%, 
covering the bandwidth requirement of 1750 MHz band is obtained. Also the antenna exhibits dual band operation. The 
cross polarization radiation in H-Plane observed with a single element antenna has been reduced considerably with 2 × 
1 array. A peak antenna gain of 9.2 dBi is obtained with a small variation of 0.8 dBi. From the results obtained it is 
clear that the antenna array studied has a low cost fabrication and is suitable for applications in DCS mobile communi- 
cation base station. 
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1. Introduction 

With the ever increasing demand for mobile communica- 
tion and emergence of many systems, it is important to 
design broadband antennas to cover wide frequency 
range [1]. The design of an efficient wideband small size 
antenna for recent wireless applications is a major chal- 
lenge. Microstrip patch antennas have found extensive 
application in wireless communication systems owing to 
their advantages such as low profile, conformability, low 
cost fabrication and ease of integration with feed net-
works [2]. However, conventional microstrip patch an-
tennas suffer from narrow bandwidth. This poses design 
challenges for broad band applications [3]. There are 
well-known methods to increase the bandwidth of an-
tennas including increase of the substrate thickness, the 
use of dielectric substrate of low dielectric constant, the 
use of various impedance matching and feeding tech- 
niques and use of slot antenna geometry [4,5]. 

In this paper, design, fabrication and study of the pro-
totype of 2 × 1 array of low cost slotted microstrip line 
fed shorted patch antenna has been presented. The radi-
ating patch is shorted to ground with the help of shorting 

plates of suitable width. Both microstrip feed line and 
shorted patch have air substrate of different heights. The 
single element MFSPA shown in Figure 1, offers a good 
broadside radiation pattern in the H-plane. But relatively 
greater cross polarization radiation is observed in the H- 
plane patterns. The Auto-CAD diagram of a single ele-
ment antenna is as shown in Figure 2. An effort is made 
to reduce the cross polarization radiation by designing a 
2 × 1 array of elements as shown in Figure 3. In the ar-
ray configuration, two adjacent patches are fed, using a 
simple microstrip T network having half guided wave-
length difference in length between its two output feed 
lines. 

2. The Structure and Geometry of Single 
Element and 2 × 1 array of MFSPA 

The artwork of the proposed antenna array is carried out 
by software, Auto-CAD 2004 for achieving better accu-
racy. The antenna is fabricated on a low cost glass epoxy 
substrate material of thickness h = 1.6 mm and dielectric 
constant 4.2. The radiating patch has a length L and 
width W. The patches are supported by plastic posts 
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above the ground plane. The distance of the radiating 
patch to the ground plane is “h”. The radiating patch is 
short circuited to the ground plane by using identical 
shorting plates of width “d” placed at two ends of one of 
the patch’s radiating edges. 

At the centre of the patch edge with shorting plates, a 
50 ohm microstrip feed line is used to directly feed the 
radiating patch. The strip of the feed line has a width Wf 

and is connected to the radiating patch at the patch’s 
shorted edge by conducting strip of the same width Wf. 
The air substrates of shorted patch and feed line have 
heights “h” and “t” respectively. By selecting suitable 
value of “h” a wide impedance bandwidth can be ob-
tained. Rectangular slots of size 2 mm × 10 mm inclined 
at an angle of 45 degrees on the top left and bottom right 
corners are placed. 

 

 
Antenna Parameters: L = Length of the patch; W = Width of the patch; Wf = Width of the 50 Ω feed line; h = 
Height of the radiating patch above the substrate; t = Height of the feed line above the substrate; d = Width of the 
shorting plates. 

Figure 1. Basic geometry of MFSPA with inclined slots. 
 

 

Figure 2. Auto-CAD diagram of MFSPA. 
 

 

Figure 3. 2 × 1 array of slotted MFSPA. 
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In the 2 × 1 array of MFSPA the two adjacent patches 

are placed on the substrate at a distance of 7.1 cm be-
tween their centers i.e. λ/2.3, approximately equal to half 
wavelength. It consists of a 50 Ω microstrip line of 
length L50 and width W50 which is connected to a 100 Ω 
line of length L100 and width W100 to form a two way 
power divider. A matching quarter wave transformer of 
length Lt and width Wt is connected between 100 Ω feed 
line and mid point of the radiating elements in order to 
ensure perfect impedance matching. The array geometry 
and feed arrangement is shown in Figure 3. Table 1 
gives the design parameters of 2 × 1 array. 

3. Results and Discussions 

Measurements for the return loss and the radiation pat-
terns of the antennas are made with the Vector Network 
Analyzer (ROHDE & Schwarz, German made SVK Model- 
7.8651). Figure 4 shows the measured return loss versus 
frequency plot of the single element antenna. The ex-
perimental study of single element antenna has shown 
that it offers an impedance bandwidth of 25.2% at a re- 
sonant frequency of 1905 MHz as shown in Figure 4 and 
the gain of 6.4 dBi. Figure 5 shows the radiation patterns 
of a single element antenna. 

From Figure 6 it is clearly seen that an impedance 
bandwidth of 40% covering the bandwidth requirement 
of 1750 MHz band (1200 MHz - 1900 MHz) is obtained 
by 2 × 1 array configuration. The return loss curve also 
shows the dual band operation of the antenna. The an-
tenna resonates at the second frequency f2 (2350 MHz) 
offering a bandwidth of 36% (2000 MHz - 2850 MHz). 
Typical measured radiation patterns for the antenna are 
presented in Figure 7. Good broadside patterns are ob-
tained in the H plane. A relatively lesser cross polariza-

tion radiation in H plane is observed for the antenna ar-
ray as compared to that of a single element antenna. 
 

Table 1. Design parameters. 

Design 
Parameter 

Dimension 
in mm 

Design 
Parameter 

Dimension 
in mm 

L 23.5 L50 12.5 

w 54 W50 11 

h 8 L100 28 

t 3.2 W100 5 

Wf 16 wt 10 

d 5.5 lt 6 

The distance “D” between the adjacent patches is D = 7.1 cm (0/2.3); 
Ground plane size: 100 × 150 mm2. 

 

 

Figure 4. Return loss vs frequency plot of single element 
slotted MFSPA. 

 

 

Figure 5. Radiation patterns of single element MFSPA with inclined slots. 
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Figure 6. Return loss vs frequency plot of the 2 × 1 array of 
slotted MFSPA. 
 

 

Figure 7. Radiation patterns of 2 × 1 Array of MFSPA with 
inclined slots. 
 

The gain vs frequency plot for 2 × 1 array of MFSPA 
with inclined slots is shown in Figure 8. A considerable 
increase in gain i.e. 9.2 dBi against 6.4 dBi for a single 
element is achieved by the array configuration. 

The variation of input impedance shown in Figure 9 
also depicts the dual frequency operation of the array 
configuration. 

A typical MFSPA is simulated using IE3D software 
and is shown in Figure 10. The return loss vs frequency 
curve for the same is shown in Figure 11. 
 

 

Figure 8. Gain vs Frequency plot of 2 × 1 Array. 
 

 

Figure 9. Variation of input impedance with frequency. 
 

 

Figure 10. Simulated MFSPA. 
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Figure 11. Return loss vs frequency plot of simulated 
MFSPA. 

4. Conclusion 

The prototype of a 2 × 1 array of MFSPA has been de-
veloped and its performance has been studied. The per-
formance of the same is compared with that of the single 
element antenna. The proposed design of the 2 × 1 array 
provides an enhanced impedance bandwidth of 40% and 
36% at the two bands with respect to the centre frequen-
cies of 1750 MHz and 2350 MHz. The prototype of a 
single element antenna presents bandwidth of 25.2% at a 

centre frequency of 1950 MHz. Both the antennas show 
good broadside radiation patterns. Substantial reduction 
in cross polarization radiation is observed with antenna 
array configuration. The results show that the proposed 
antenna may conveniently be used for DCS base station 
applications and also for the other wireless applications 
due to its dual band operation. 
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