
Mikrotalasna revija  Jun 2007. 
 

12 

 Investigations on A New  Proximity  Coupled 
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Wireless Communication 
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Abstract – The  investigations on a new  proximity coupled dual-
frequency  microstrip antenna, which can be operated at GPS 
and Bluetooth  frequency bands of wireless communication, are 
reported. The patch geometry consists of two square sections 
joined at the common corners and proximity coupled by a 
microstrip line. The results show that  the antenna has sufficient 
bandwidth and gain necessary for the above frequency bands  
and may be used for wireless applications.  
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I.  INTRODUCTION 

 
In proximity coupled (also known as electromagnetically 

coupled) microstrip antenna configuration, the radiating patch, 
fabricated on a dielectric substrate, is excited by a microstrip 
line on another substrate, as shown in Fig.1. The equivalent 
circuit of proximity coupled microstrip antenna is shown in 
Fig. 2. Proximity coupled microstrip antennas and dipoles are 
suitable both for microwave and millimeter  wave antenna  
elements due to various advantages like reduction of radiation 
loss from feeding network, improvement of impedance 
bandwidth etc. Investigations on proximity coupled microstrip 
antennas have been reported by many authors [1]–[6] 
including an easy design procedure of it [7].  

In this paper, the characteristics of a new two-layer 
proximity coupled microstrip antenna  are reported.  The 
microstrip patch fabricated on dielectric substrate consists of 
two square sections of unequal patch dimensions, as shown in   

Fig.3 and this patch is proximity coupled at the common 
corner of the two patch sections by a microstrip line which is 
excited by a co-axial connector.  Single layer  patch of this 
shape excited by co-axial connector, was  originally 
developed by one of the authors of this paper for dual-
frequency operation [ 8 ].  But because of  the fixed feed point 
at the common corner of the patch geometry,  the impedance 
matching is very difficult for this antenna [8] and sometimes it 
may not be possible. 

The problem of impedance matching was solved by short 
circuiting the two sections of the patch by shorting pins at the 
proper locations [9].  But in this case [9],  gain and bandwidth 
are very low which may not be accepted for practical 
applications  in wireless communications.   

 

 
Fig. 1 Proximity Coupled Microstrip Antenna 

 
 

 
 

Fig. 2 Equivalent Circuit of Dual-Frequency Proximity 
Coupled   Microstrip Antenna 

 
 

 

 
 

Fig. 3 Antenna Geometry of the Dual-Frequency 
Proximity Coupled Microstrip Antenna 
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In this paper, these problems are solved, that is, the 
proposed proximity coupled microstrip antenna has sufficient 
gain and bandwidth required for wireless communication. The 
dimensions of the two sections of the  patch were adjusted to 
obtain two operating frequencies at GPS (Global Positioning 
Satellite System) and Bluetooth frequency bands with 
sufficient bandwidths. The GPS system uses low earth 
orbiting satellites that transmit signals continuously  to the 
earth based receivers. There are two categories of GPS 
services: civilian  and military.  Civilian GPS system operates 
at a center frequency of 1575.42 MHz (L1 band) with a 
bandwidth of 20 MHz [10]. The require polarization is 
circularly polarized with axial ratio of  3dB or better and 
required antenna gain is 4 dBi.  A user terminal may use 
linearly polarized antenna, but in that case it will suffer 3 dB 
power loss. The radiation pattern of the GPS antenna should 
have a wide hemispherical coverage in the upper half plane.   
Bluetooth   is a well-established short-distance (10 meters) 
wireless communications standard which uses 2.4 GHz – 
2.484 GHz frequency of ISM (Industrial, Scientific and 
Medical) band with a bandwidth of  84 MHz. Bluetooth 
communication uses omnidirectional antenna [11, 12], but 
linearly polarized directional antenna can be used for short 
distance communication. The Method of Moments using 
IE3D software are used. IE3D simulating software (developed 
by Zeeland Software Inc., USA) is a full wave 
electromagnetic simulation for the microwave and millimeter 
wave integrated circuits. The primary formulation of the IE3D 
software is an integral  equation obtained through the use of 
Green’s function.   The computed reflection coefficient and 
gain of the antenna are compared with measured results.   
 

II. SIMULATED RESULTS 
 

In the antenna configuration, shown in Fig.3, the radiating 
patch on the upper substrate is excited due to electromagnetic 
coupling with the microstrip line on the lower substrate.  The 
part of the microstrip line appearing  beyond the common 
corner is stub section  and the length of this stub is important  
for impedance matching.  The two resonance frequencies are 
due to the two fundamental modes of two square sections of 
unequal dimensions.   

The method of moment using IE3D software is used for  the 
analysis of  proximity coupled microstrip antenna. The 
antenna was excited to resonate at GPS ( 1.575 GHz ) and 
Bluetooth  ( 2.400 GHz – 2.484 GHz ) frequency bands. In the 
simulation,   for  proximity coupled microstrip antenna,  the 
following parameters were chosen: Dielectric constant = 4.36, 
Substrate (Glass Epoxy) thickness (h) -1.57 mm,  loss tangent 
= 0.0001. The dimension of section I was 43.4 mm X 43.4 
mm.  and the dimension of  section II was 27.5  mm. X 27.5 
mm.  The length of the microstrip feed line which appears 
across the common corner of the patch geometry (Fig. 3) is 
stub length.  This stub length is important for impedance 
matching.  The best impedance matching at 1.575 GHz and 
2.442 GHz bands were found when the stub length was 7 mm.  
The dimension of the microstrip feed line was 90 mm. X 9.5 
mm. At both the frequencies radiation patterns of the antenna 
show broadside maximum. The broadside gain of the dual-

frequency antenna at 1.575 GHz and 2.442 GHz are 5.1 dBi 
and 5.51 dBi respectively.   The computed radiation pattern at 
1.576 GHz and 2.442 GHz are  shown in Fig. 4 and Fig. 5 
respectively.  The antenna is linearly polarized antenna.  The 
cross polarizations at both the frequencies (1.575 GHz and 
2.442 GHz)  are studied in simulation where cross 
polarization for non-resonant higher order modes are not 
taken into consideration.  At both the frequencies cross 
polarization is less than –22 dB in both the principal planes.  
The cross polarization increases when the feed point is near 
the center of the patch [13].  In the proposed structure the 
antenna is proximity coupled at the common corner of the 
patch geometry, far from the center of the patch,  and hence 
the structure provides less cross polarization.  
 

 
 

Fig. 4  Computed Radiation Pattern of Dual-Frequency 
Microstrip Antenna at 1.576 GHz 

 

 
 

Fig. 5  Computed Radiation Pattern of Dual-Frequency 
Microstrip Antenna at 2.442 GHz 
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III.  MEASURED RESULTS 
 

The proximity coupled microstrip antenna was fabricated 
on a Glass Epoxy substrate with dielectric constant 4.36 and 
substrate thickness of 1.57 mm.  Same substrate was used for 
microstrip patch (on the upper substrate) and microstrip line 
(on the lower  substrate).  The antenna was  connected by a 
coaxial SMA connector  and measurement was performed by 
a vector network analyzer (Model No. N5230A, 10 MHz – 
20GHz, Agilent Technologies).  The stub length was adjusted 
to be 7 mm. The simulated  and  the measured  return losses 
for the antenna are compared  in Fig.  6.  

The difference in measured and simulated return losses  are 
due to the fact that antenna was not designed using  
multilayered fabrication.  The microstrip patch was designed 
on one substrate and the feed line was designed on another 
similar type of substrate and after proper alignment these two 
are joined together by very thin adhesive gum. In the 
simulation,  the effect of gum has not been considered.  

The computed and  measured  resonance frequencies and –
10 dB return loss bandwidths are compared in  Table-I.  

The gain of the antenna was also measured by the vector 
network analyzer. In this case two identical dual-frequency 
proximity coupled microstrip antennas were designed and 
transmission coefficient (S21) was measured.  The two 
antennas were separated by a distance ‘r’ which must be more 
than the minimum distance to receive far field.  One antenna 
was connected to the port 1 of the  network analyzer and other 
antenna was connected to the port 2 of the network analyzer.  
That is, one antenna was treated as transmitting antenna and 
the other was treated as receiving antenna.   
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Fig. 6 Comparison Between Simulated and Measured 

Return Losses  of Dual-Frequency Proximity 
Coupled  Microstrip Antenna 

 
The transmitted power ( tP  ) and the received power ( rP ) 

can be related to the 21S  by the expression  
2

21 ||/ SPP tr =  

Then Friis transmission formula can be re-written as  
2222

21 )4/()(|| rGS r πλ⋅=  

where gain of transmitted antenna ( tG ) and received 
antenna( rG ) are same. That is, gain of the receiving antenna 
is 

||)4( 21SrGr π=   
The gains of the antenna is measured at 1.575 GHz band 

and 2.442 GHz band  and the measured gains at these 
frequencies were 4.6 dBi and 5 dBi respectively. The variation 
of simulated and measured gain with frequency are shown in 
Fig. 7. 

 
TABLE-I 

COMPARISON BETWEEN  COMPUTED AND MEASURED RESULTS 
 

 Res. 
Freq. 
(GHz) 

–10 dB 
Return Loss 
BW(MHz) 

Res. 
Freq. 
(GHz) 

–10 dB 
Return Loss 
BW(MHz) 

Computed 
Results 1. 575 50 2.442 110 

Measured 
Results 1. 6 70 2.448 150 
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Fig. 7 The Variation of Simulated and Measured Gain 
with Frequency of Dual-Frequency Proximity 

Coupled Microstrip Antenna 
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IV. CONCLUSION 
 

The investigations on a new two-layer proximity  coupled 
dual-frequency microstrip antenna  are reported.  The antenna 
shows good impedance bandwidth and good gain at GPS and 
Bluetooth frequency bands of wireless communication.  The  
measured results agree well with the simulated results.  
However,  the size of the proximity coupled microstrip 
antenna, reported here, is not very small.  Cutting slots on the 
two sections of the patch,  the size of the proximity coupled 
microstrip antenna may be reduced. The antenna described in 
this paper is linearly polarized. There are many design 
techniques to  produce circular polarization using square patch 
out of which popular methods are [4, 13] cutting single or 
multiple slits  on the patch and with a chamfered (corner-
truncated) square patch.  Work is going on to achieve good 
circular polarization with good axial ratio over a wide 
bandwidth  combining above two methods.  
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