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Abstract- This paper presents an analysis and designing 

the proximity coupled fed microstrip antenna with 

different shape of DGS. Four slots structure were 

design at ground below the feed line and this simulated 

antenna operating at 2.4GHz resonant frequency. The 

software used to simulate the patch antenna is 

Computer Simulation Tools (CST) Microwave 

Environment. This antenna is fed by a 50 Ω single 

microstrip line feeding with width 1.15 mm. In this 

paper, the effects of antenna parameters like the 

frequency, return loss, voltage standing wave ratio 

(VSWR) and gain (dB) will study by using proximity 

coupler fed technique. The construction of the antenna 

consists of the microstrip feed line on a substrate 

proximity coupled to a single rectangular microstrip 

patch etched in top of surface. The dielectric constant of 

antenna is 4.7, the tangent loss 0.019 and thickness of 

the antenna is 0.8 mm. The proximity coupled antenna 

is measured using Vector Network Analyzer (VNA). 

Both the simulation and experimental results are 

compared and analyzed. 
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I. INTRODUCTION 

. Microstrip antenna have been one of the most 

innovative topics in antenna theory and design in 

recent years, and are increasingly finding application 

in a wide range of modern microwave systems [1]. 

The microstrip patch antennas are well known for 

their performance and their robust design, fabrication 

and their extend usage [2]. Microstrip patch antennas 

are widely used because of their many advantages, 

such as the low profile, light weight and conformity. 

However, patch antennas have a main disadvantage 

which is narrow bandwidth [3]. The basic 

construction of microstrip patch antenna consists of a 

radiating patch on one side of a dielectric substrate 

which has aground plane on the other side [4]. 

 Microstrip patch antennas have several well-

known feeding techniques, which are coaxial probe 

fed (CPF), microstrip transmission line fed (TLF), 

proximity coupled fed (PCF) and aperture coupled 

fed (ACF). In proximity coupled fed microstrip patch 

antennas [5] technique, offer various advantages 

conventional edge or coaxial probe fed patches. It 

allow the patch to exist on a relatively thick substrate 

for improve bandwidth. The feed line with thinner 

substrate reduces the spurious radiation [1] and 

coupling. The disadvantage of this proximity coupled 

feeding technique is difficult to fabricate because it 

use two dielectric layers. The dielectric layers need 

the proper alignment and increase the overall 

thickness of the patch antenna. Defected ground 

structures (DGS) have drawn an increasing interest 

because of their extensive applicability in antenna 

microwave and circuits [6], [7]. DGS is realized by 

etching a specific shape in the ground plane of planar 

circuits and antenna [8]. The resonant frequency of 

this transmission zero depends on the physical 

dimensions of the defect [9]. The main advantages of 

DGS, that it is easier to model therefore to use in 

more complex structure [10]. 

 

 
Figure 1: Geometry of single patch antenna with proximity 

coupled fed 
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In this paper, Figure 1 shows the geometric 

structure of a single patch antenna with proximity 

coupled fed. The configuration of the proposed 

antenna consists of two substrates, an upper substrate 

called the antenna substrate and a lower substrate 

called the feed substrate. On the top of feed substrate, 

the feed line is designed to have a characteristic 

impedance of 50 Ω. The bottom of feed substrate has 

a copper ground plane. The DGS loaded rightly under 

the microstrip transmission line. The antenna 

substrate has a copper patch etched on it.  

 

 

II. ANTENNA DESIGN AND STRUCTURE 

A single patch antenna has been designed with 

over all dimensions width, W (mm) x Length, L 

(mm). The designing of proximity coupled fed patch 

antenna is set at resonant frequency fr = 2.4 GHz and 

the dielectric substrate FR 4 (loss free) is used. The 

dielectric constant of the substrate is εr = 4.7, the 

tangent loss 0.019 and thickness of the substrate h = 

0.8 mm. The width and length of the microstrip 

antenna are calculated using following equations. 
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Where 0V is the free-space velocity of light. 

                                                                                                                                 
The dimensions of the patch along its length have 

been extended on each by a distance ,L which is a 

function of the effective dielectric constant εreff and 

the width-to-height ratio (W/h) and the normalized 

extension of the length. 
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The actual length, L of the patch can be 

determine as follows 
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The proposed geometry on Figure 2 shows the 

five layers for four components which are ground, 

feed substrate named as upper substrate; feed line, 

antenna substrate named as lower substrate and 

patch. Feed line placed in between two substrates, 

upper substrate and lower substrate and used copper 

material. The bottom line also used copper material 

and designed for ground. The width and length for 

ground same with the width and length for upper 

substrate and lower substrate which is (68 mm X 56 

mm). In the design, a single rectangular patch is 

etched on the top surface of upper substrate with the 

width, W1 is 41 mm and length, L1 is 27.03mm. Both 

of substrates used FR 4 (loss Free) with 0.8 mm of 

thickness, h. Dielectric constants, εr for these 

substrates is 4.7 mm. The microstrip feed line length, 

Lf is 24mm and the Wf calculated in order to get the 

feed line impedance of 50 Ω. The dimensions of the 

single patch antenna with proximity coupled fed are 

shown in Table 1. The single patch antenna with 

proximity couple is simpler in construction but to get 

the frequency of 2.4 GHz and return loss, S11 smaller 

than -10dB, the dimension of length, L of patch need 

to be optimized.  Designing the slots with different 

shape at ground under the transmission line also need 

to be optimize to get good return loss, gain and 

frequency at 2.4GHz. 

‘ 

Top View

Patch (PEC)

Upper Substrate (FR-4)

Feedding Line (PEC)

Lower Substrate (FR-4)

Ground (PEC)

Front View

W=68mm

L
=

5
6
m

m

W1=41mm

L
1

=
2

7
.0

3

m
m

L
f=

2
4
m

m

 Ground with slots

1.15mm

 
Figure 2: Geometry of proximity coupled fed microstrip antenna 

with slots under transmission line at ground 
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TABLE 1: DIMENSIONS OF THE OPTIMIZATION ANTENNA 

 

Patch Copper 

W1 41.0 mm  

L 1 27.03 mm  

Feed Line Copper 

Wf  1.15 mm  

Lf  24 mm  

Upper Substrate,  

Lower Substrate    
FR 4 (loss free) 

Dielectric constant, εr  4.7  

Thickness, h  0.8 mm  

Tangent Loss 0.019 

 

 

III. RESULTS AND DISCUSSIONS 

The antenna is designed using CST simulator to 

get the return loss less than -10dB and the slot that is 

designed under the transmission line at ground is 

needed to be optimized to get the resonant frequency 

at 2.4 GHz. The slots designed with four different 

shapes. For the first design is with H-shape and the 

simulation results show that the value of resonant 

frequency is 2.3912 GHz. The farfield radiation 

pattern shows that the gain is 6.625 dB. The second 

design is E-shape with resonant frequency is 

increased to 2.3944 GHz but the gain decrease to 

6.620 dB. When optimized the slot with double 

dumbbells shape, it shows that the simulation at 

2.4008 GHz and the gain also decreased to 6.596 dB. 

When optimized again with four rectangular slots, the 

resonant frequency is at 2.4008 GHz and the gain is 

increased to 6.627 dB.  Figure 4 and 5 show the 

results for four resonant frequencies of return loss 

and VSWR respectively. The lines indicated the red 

line (Four rectangular slots), purple line (double 

dumbbells), green line (H-shape) and blue line (E-

shape).  These results are tabulated in Table 2. 

Return loss is the property of an amount of 

power which is reflected back to the source from an 

incorrectly terminated line. It should be as large a 

negative number as possible. The simulated result 

shows that all frequencies have good return loss 

which is lower than -10 dB.  Four rectangular slots 

has good return loss among the other shapes which is 

at -47.76 dB. 

VSWR is a measure of how much power is 

delivered to an antenna. The smaller the VSWR is, 

the better the antenna is matched to the transmission 

line and the more power is delivered to the antenna. 

The minimum VSWR is 1.0, in which case none of 

the power is reflected, which is the ideal case. From 

the VSWR result, it was observed that the VSWR 

operated resonant frequency at 2.4008 GHz is 1.008 

and 1.239 for rectangular slots and double dumbbells 

respectively. The simulated results of proposed 

antenna indicate that the VSWR is better compared to 

VSWR of other designs.  

At resonant frequency of 2.4008 GHz, the 

bandwidth for proposed antenna is estimated about 

1.6 %.  The bandwidth s express as a percentage of 

the frequency difference over the center of the 

bandwidth. 

 

 
 

Figure 4: Simulated return loss of four different shapes at ground. 

 

 
 

Figure 5: Simulated VSWR of four different shapes at ground. 

 
 

TABLE 2: TABULATED RESULTS OF GAIN, RETURN LOSS , 

FREQUENCY AND VSWR 
 

 

 

 

 

 

 

Parameters 

Shape 

  

 

 
 

H 

shape 

E 

shape 

Double 

Dumbell 

Four 

rectangular 

slots 

Gain (dB) 6.625 6.620 6.596 6.627 
Return 

Loss, S11 

(dB) 

 

-17.74 

 

-13.48 

 

-19.48 

 

-47.76 

 

Frequency 

(GHz) 

 

2.3912 

 

2.3944 

 

2.4008 

 

2.4008 

VSWR 1.39 1.537 1.239 1.008 
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Figure 6 shows the simulated far-field amplitude 

for proposed antenna which is four rectangular slots 

at ground. The figure shows that the maximum gain 

is at 6.627 dB and operating at 2.4008 GHz resonant 

frequency. Besides, the figure shown that this 

antenna has good directional radiation pattern at 2.4 

GHz resonant frequency. 

 

 
 

Figure 6: Simulated far-field amplitude for proposed antenna.  

 

 

 
 

Figure 7: Simulated radiation pattern for proposed antenna 
 

Figure 7 shows the simulated radiation pattern at 

2.4GHz. Half power beam width (HPBW) is the 

angle between the two directions in which the 

radiation intensity is one-half value of the beam in a 

plane containing the direction of the maximum of a 

beam. On the other words, the HPBW (-3 dB) is a 

measure of the directivity of the antenna. The HPBW 

for the proposed antenna is 80.8 degree. A side lobe 

is a radiation lobe in any direction other than the 

intended lobe. The side lobe of far field radiation 

pattern at 2.4 GHz can be observed in Figure 7. The 

radial distance from the center represents signal 

strength. The signal strength for the side lobes is -

12.7 dB.  

The measured result of return losses of the 

proposed proximity coupled fed antenna compared 

with the simulation is shown in Figure 8. The 

simulation result indicated that the proposed antenna 

has operation frequency at 2.4008 GHz and return 

loss of -47.76 dB. It can be seen that the measured 

frequency response of -6.751 dB return loss is shifted 

to 2.5025 GHz. It is showed that the result of 

measured and simulation antenna is inaccurate. These 

inaccuracies may be caused by antenna fabrication 

process such as during soldering and losses occurred 

while doing the measuring process due to 

environment errors. The measured result also shows 

that the return loss is greater than -10 dB which is 

smaller than the simulated return loss. 

 

 
 

Figure 8: Simulated result of VSWR for proposed antenna. 

 

The measured result for VSWR is depicted in 

Figure 9. It can be observed that the simulated 

VSWR of 1.008 is approximate to minimum which is 

better than the measured VSWR. The measured result 

for VSWR s about 2.65 which is greater than 2. 
 

 
 

Figure 9: Measured result of VSWR for proposed antenna. 
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IV. CONCLUSION 

The single patch antenna with proximity coupled 

fed with slots at ground is presented in this paper at 

2.4GHz resonant frequency.  By only adjusting and 

designing the different shapes of slots at ground, it 

can obtain the desired result at the resonant frequency 

and satisfactory performances. From the simulation 

results, it can be conclude that the proposed antenna 

with four slots at ground operate at resonant 

frequency 2.4 GHz with good return loss, VSWR and 

gain compared to the other shapes. 
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