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Abstract— Antennas play a vital role in the design of any 

communication system. The printed antennas play a vital 

role since they have a variety of beneficial properties like 

mechanical durability, compactness, cost effective 

manufacturing. A compact high gain antenna for GPS 

applications is developed in this paper. This involves design 

and development of a folded dipole antenna with their array 

configurations at 1.575 GHz. The processes involve the 

design of a single element folded dipole on FR4_Epoxy 

substrate and its subsequent development into two element 

and five element array antenna. The antenna is simulated 

using Empire 3D FDTD based simulation tool. The antenna 

is then fabricated using this optimized design and tested to 

confirm the simulated results. The return loss of the single 

element, two element and five element folded dipole 

antenna are -31.3dB, -28.63dB and -20.04dB respectively. 
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I. INTRODUCTION 

The size of the communication devices decreased there by 

increasing the portability. One of the types of antenna for 

compactness is the micro-strip antenna. The micro-strip 

antenna has been said to be the most innovative area in the 

antenna engineering with its low material cost and is easy to 

fabricate [1]. The study till date [2-7] involves various 

methods of designing Folded Dipole, Miniaturized Folded 

dipole, Array of Folded Dipoles and various GPS antennas. 

The gain obtained from the above typical antennas was 1dB 

to 2dB with a return loss of 12dB to 20dB.  

 The above gap area has motivated to design and 

develop a printed compact high gain antenna with a gain of 

8dB for GPS applications. The standard dipole is widely 

used in its basic form, but under a number of circumstances 

a modification of the basic dipole, known as a folded dipole 

provides a number of advantages. One of the main reasons 

for using the folded dipole is the increase in the feed 

impedance that it provides. In its basic form the folded 

dipole consists of a basic dipole with an added conductor 

connecting the two ends together to make a complete loop 

of wire. The feed point impedance of a folded dipole of two 

identical-diameter arms is four times as large as for an 

unfolded dipole of the same length. This can actually be 

advantageous, since the feed point resistance may now be 

comparable to the characteristic impedance Z0 of the 

transmission line.  

 This paper involves design of single element folded 

dipole and its array of two elements and five elements at 

1.575GHz. The design simulation of these antennas is 

realized in Ganymede Empire 3D electromagnetic field 

solver and its subsequent hardware development to satisfy 

the design requirements with testing of the antenna. The 

main design challenge was to obtain a gain of 8dB with 

consistent omni-directional radiation pattern throughout the 

specified bandwidth while maintaining the compactness of 

the antenna. 

II. MODELING OF FOLDED DIPOLE ANTENNA AND ITS ARRAY 

The main reason for the use of a folded dipole is its property 

of impedance transformation and "broad-banding." Folded 

dipoles are often used as aerials or as elements in antenna 

arrays in communication systems and for television. The 

folded dipole is widely used where it is desirable to raise the 

input impedance of the driven element of an array. Most 

analyses of the folded dipole have involved calculation of 

the input impedance of an 'equivalent' dipole that carries the 

same current as both elements of the folded dipole, and 

multiplying by a 'step-up' ratio, given by the ratio of the 

currents in the two elements. Folded dipole antenna has 

advantages of increase in impedance and wide bandwidth 

[8]. 

 For the operating frequency of 1.575GHz, the 

length (L) and width (W) of the dipole antenna are 

calculated using following equations. 
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 The effective dielectric constant (    can by 

calculated by following equation, 
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Where, 

 r= Dielectric constant 
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W= width of strip (m) 

h = height of the substrate = 1.52mm 

 Folded dipole geometry is a modification of 

ordinary dipole. The two radiators here are attached by 

forming a loop [8]. The geometry of the folded dipole 

antenna with the relevant coordinate used throughout the 

simulation process is as shown in Figure 1. 

 
Fig. 1: Single element folded dipole antenna 

where, FdL is the folded dipole length.  

FdW is the spacing between the two radiators.  

FdW1 is the width of the lower arm.  

FdW2 is the width of the upper arm.  
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S is the spacing required to provide the feed for the antenna. 

The optimized designed value for the geometry 

given in figure 1 is cited as follows, 

Folded dipole length FdL = 120mm 

Spacing between the two radiators FdW = 30mm 

Width of the lower arm FdW1 = 2mm 

Width of the upper arm  FdW2= 4mm 

Feed spacing S = 1mm 

SL. 

NO 

Design 

elements 

Material 

Assigned 
Dimensions 

1 

Dipole arm 

(upper) 

Dipole arm 

(lower, each) 

Copper 

εr = 0.99 

Length (L) = 

120mm, 59.5mm 

Width (W) = 4 

mm, 2mm 

2 Substrate 
FR4_epoxy 

εr = 4.3 

Length (L) = 156 

mm 

Width (W) = 36 

mm 

3 
Excitation 

(Lumped port) 

Copper 

εr = 0.99 

Length (L) = 1 mm 

Width (W) = 3 mm 

4 Radiation box 
Vacuum 

εr = 1 

Length (L) = 256 

mm 

Width (W) = 136 

mm 

Height (h) =50 mm 
Table 1: Overall design parameters 

The printed folded dipole array is arranged in a linear 

and planar array. The operating frequency, return loss 

performance and gain parameter can be tuned by changing 

the inter-element spacing. 

III. SIMULATION ANALYSIS OF PRINTED FOLDED DIPOLE 

ANTENNA 

The basic antenna design dimensions are arrived at from 

theoretical and empirical basis and drawn in Ganymede 

Graphical editor. The created models are then simulated 

using Empire 3D Electromagnetic field solver. 

A. Single element Printed Folded Dipole  

Figure 2 illustrates the impedance bandwidth of 1.54 GHz to 

1.61 GHz. The return loss value is -31.3 dB and its radiation 

pattern in figure 3 

 
Fig. 2 (a) single element Folded Dipole (b) Return Loss (-

31.3dB) 

 

Fig. 3 (a) Azimuth Plane = 2.1 dB (b) Elevation Plane = 2.4 

dB 

 The antenna yields an omni-directional radiation 

pattern in the Azimuth plane but, with a gain of 2.1dB. The 

radiation pattern is in a figure of eight in the Elevation plane 

with a gain of 2.4dB. The impedance of the antenna is 

designed at 50Ω so as to have impedance matching with the 

transmission line port. An optimized feed port location helps 

in obtaining maximum bandwidth. To improve the gain, an 

array of folded dipole is designed. The array is arranged in a 

linear array and planar array.  

B. Array of Printed Folded Dipole Antenna  

The two element antenna yields an impedance bandwidth 

ranging from 1.54 GHz to 1.61 GHz with resonant 

frequency of 1.575GHz. The return loss value is -28.63 dB 

as in figure.4. 

 
Fig. 4(a) Two element Folded Dipole (b) Return Loss (-

28.63dB) 

The radiation pattern of a two element printed 

folded dipole antenna in the azimuth and the elevation plane 

at 1.575 GHz is shown in figure 5.  

 
Fig. 5 (a)Azimuth Plane = 3dB (b) Elevation Plane= 5.5dB 

 The maximum gain of this antenna has a value of 

5.5dB in the Elevation Plane and 3dB in the Azimuth Plane 

which shows an increase in the gain when compared to the 

single element folded dipole antenna.  

 The five element antenna showed in figure 6 yields 

an impedance bandwidth ranging from 1.56 GHz to 1.62 

GHz with resonant frequency of 1.575GHz. The return loss 

value is -20.04 dB.  
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Fig. 6:  (a)Five element Folded Dipole  (b)Return Loss  (-

20.04dB) 

 
Fig. 7: (a) Azimuth Plane = 8dB (b) Elevation Plane = 3dB 

 Initially for a five element printed folded dipole 

antenna, the spacing between the three elements arranged 

linearly is taken to be 50mm i.e., λ/4, which was then 

reduced to 25mm and the two elements on either sides is 

considered to be at a distance of 2 mm, with which a return 

loss of -20.64dB was achieved. The maximum gain had a 

value of 8dB in the Azimuth Plane. Below table 2 shows the 

gain of the above simulated antennas. 

Antennas 

Gain (dB) 

Azimuth 

Plane 

Gain (dB) 

Elevation 

Plane 

Single Element printed 

folded antenna 
2.1 2.4 

Two element antenna 3 5.5 

Five element antenna 8 3 

Table 2: Simulation results of a Classic Printed Folded 

Dipole Antenna 

IV. FABRICATION AND RESULT ANALYSIS OF THE ANTENNA 

The prototype of the single element folded dipole antenna is 

fabricated on copper-clad boards with FR-4 epoxy substrate. 

The developed antenna is as shown in figure 8.  

 
Fig. 8: Fabricated Folded Dipole Antenna 

 The comparison of Return Loss of single element 

Printed Folded Dipole Antenna with simulated and 

fabricated antenna is as shown in figure 9. 

 
Fig. 9: Return Loss Plot for Printed Folded Dipole Antenna 

(a) Simulated (b) Measured 

 The simulated VSWR plot obtained and the 

measured VSWR plot obtained from VNA for the printed 

dipole antenna is shown in figure 10. 

 
Fig. 10: VSWR Plot for Folded Dipole Antenna 

(a) Simulated (b) Measured 

 Table 3 shows the simulated and measured result of 

single element folded dipole antenna 

Antenna Parameters Simulated Measured 

VSWR 1.05 1.65 

Return Loss -31.3 dB -12.06 dB 

Table 3 Comparison of Simulated and Measured Results –

Folded Dipole antenna 

V. CONCLUSION 

The prime objective was to design and develop a folded 

dipole and array antennas featured with a high gain of 8 dB, 

wide bandwidth and better return loss characteristics with 

omni-directional radiation patterns in at least two principal 

planes. The simulated and fabricated antenna results are at 

considerable similar range. The antennas are operated in the 

frequency band ranging from 1.45GHz to 1.75GHz. 
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