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ABSTRACT To enhance the safety and comfort of a driver, the wireless technology is used for inter-
vehicular communication (IVC). During the lane change in highways, the driver of a high-speed vehicle can 
exploit the antenna technology using a microcontroller. Here, a 4-element Tchebyscheff phased array of 
microstrip antennas for IVC application is designed at millimeter wave frequency band of 60GHz. The 
details of this array design with feed network, its design layout and fabricated prototype are presented.  
Another 4-element microstrip Tchebyscheff phased array for 6GHz IVC application is designed and the 
measured result is compared with the simulated result. 

INDEX TERMS  Array design, inter-vehicular communication, microstrip, radiation pattern, Tchebyscheff 
phased array. 

I. INTRODUCTION 
he attention has been paid to the use of wireless systems 
both for inter-vehicle communications (IVC) and 

roadside-vehicle communications (RVC) to improve the 
traffic safety [1-3]. One approach to avoid any accident is to 
actively support the driver by automatic collection of data by 
scanning the surrounding environment of the vehicle. In a 
vehicular safety system, blind spot is the area, where 
incoming vehicles can’t be seen directly by a driver or by the 
mirror. About 60° is covered by the blind spot area (Fig. 1) 
with a centre at 30° from the broadside direction. An 
integrated small radar [4] in the vehicle can scan this area 
using a phased array antenna. IVC uses different frequency 
bands including millimeter wave band, like, 60GHz band for 
vehicular communication.  
 

 
FIGURE 1.  Inter-vehicular communication 
 

 
The 60GHz band is used for short distance communication 
[5] because of the attenuation of millimeter wave signal due 
to absorption by atmospheric Oxygen and water vapour. 
 

In a phased array, the radiation beam of the antenna 
array can be tilted in any desired direction by changing the 
progressive phase shift between the antenna elements, 
keeping current amplitudes of all the antenna elements equal. 
In a Tchebyscheff phased array, both progressive phase shift 
and current amplitudes of the elements in the array are 
changed to obtain optimal array pattern in any desired 
direction for a desired side lobe level (SLL).  
In this paper, the design of an antenna system at millimeter 
wave frequency band at 60 GHz is reported where a 4-
element microstrip phased array antenna with array 
synthesis method Tchebyscheff distribution is used to 
obtain narrowest beam with a specified side lobe level 
(SLL). Both the analytical method multi-mode cavity 
model [6] and optimization technique genetic algorithm 
(GA) are used for the antenna design. The dimensions of 
the antenna array with feed network at 60 GHz becomes 
very small, the Tchebyscheff phased array is designed at 
the fundamental TM10 mode at 20 GHz and will be operated 
at higher order TM30 mode at 60 GHz. For a microstrip 
antenna both TM10 mode and TM30 mode have similar 
types of radiation patterns having broadside maxima 
because of the current distributions around the edges of the 
microstrip antenna [6]. At 60GHz, the dimensions of the 
patch antenna become comparable with the width of a 50 
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Ohm microstrip feed line. In this situation, undesired 
spurious radiation from the microstrip line will affect the 
normal radiation of the microstrip array. Therefore, high 
impedance microstrip feed lines (lesser line width) are 
considered to feed the antennas. The design layout 
including feed network and fabricated antenna array 
prototype are presented. Because of unavailability of high 
frequency Network analyzer, measurement could not be 
done at millimeter wave frequencies. Instead a 4-element 
microstrip Tchebyscheff phased array antenna with feed 
network containing equal and unequal ring-type power 
dividers are designed at 6 GHz and measured results are 
presented. In 6GHz the dimensions of the patch antenna are 
several times larger than the width of a 50 Ohm microstrip 
line and there is no problem to use 50 Ohm feed line at 
6GHz. This 6 GHz band is also used for ITS [7] and the 
designed antenna array at 6 GHz may be useful for inter-
vehicular communication.  
 
II. DESIGN OF TCHEBYSCHEFF PHASED ARRAY 
ANTENNA AT MILLIMETER WAVE FREQUENCY 
At high frequency the dimensions of the antenna array 
becomes very small and in order to minimize the effect of 
mutual coupling, the H-plane microstrip array is used. The 
array factor for microstrip phased array is [8] 

 

(1) 

Where,  

 

(2) 

 
Here, ‘n’ is the number of elements, ‘d’ is the 

antenna spacing in the array, ‘α’ is the progressive phase 
shift. For a microstrip Tchebyscheff phased array, the array 
factor becomes 

 

       
(3) 

The Tchebyscheff Polynomial Tm(x) is [9] 
 

 ;           -1< x< +1 
             = ;           > +1 
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The Tchebyscheff phased array is designed using T3(x) at 
the fundamental TM10 mode at 20 GHz and will be operated 
at higher order TM30 mode at 60 GHz. A linear 
Tchebyscheff phased antenna array is designed with 4 
microstrip antennas at 6 GHz. The desired direction of main 
beam is 300 from the broadside direction which is required 
direction of the main beam for the proposed IVC 
application. RT-Duroid is considered with dielectric 

constant Ɛr=2.32, substrate thickness (h)=1.59 mm., tanδ 
=0.0005. 

Multi-mode cavity model using MATLAB is used 
to obtain the parameters of the microstrp antenna. The 
rectangular microstrip antenna is designed at 20GHz with 
feed network at 60GHz, because the antenna will be 
operated at TM30 mode at 60GHz. The antenna array will 
be operated at TM30 mode at 60 GHz and for this TM30 
mode the variation input impedance at the edges of the 
patch is more than that of TM10 mode [6]. The microstrip 
feed line width becomes more than the size of the antenna 
to connect the microstrip patch. Then GA is used along 
with multi-mode cavity model to determine the dimensions 
of the patch antenna, appropriate impedance position on the 
patch where the narrowest microstrip line can be connected 
with the patch antennas. In GA program, the population 
size is 20, length of each string is 20 and number of 
iteration is 50. Length of the antenna varies from 1mm to 
6mm. Width of the antenna varies from 1mm to 6mm. The 
dimensions of the rectangular microstrip antenna at TM10 
mode at 20GHz are 4.4mmX1.2mm. For this substrate, the 
guided wavelength at 60GHz is λg=3.7mm.  The spacing in 
the array is d=0.5λ0=0.7λg (λ0=5mm at 60GHz)=2.59mm. 
The progressive phase shift to tilt the main beam by 300 
from the broadside direction between successive microstrip 
antenna elements is α=-βdsin300=-1260. The microstrip line 
length for 300 phase shift is t=3.7*2.2/2p=1.3mm. The line 
lengths are (lg +mt), where ‘m’ is from 0 to 3. The line 
length of the 1st element is 28lg.  

To determine Tchebyscheff current distribution for 
the 4-element microstrip array SLL=-20 dB is considered. If 
the main beam is in broadside direction (00), then the ratios 
of current in the 4 antennas are calculated [9] as 1: 1.779: 
1.779: 1 with three nulls at 300, 900 and 1500. When the beam 
is tilted by 300, directivity increases. It is necessary to match 
the coaxial cable impedance 50W to the microstrip antenna 
feed point impedance 152W. For 50W, line width =4.35mm. 
The power from this line is first divided equally between the 
microstrip antenna elements and different line widths having 
different impedances and quarter-wave matching 
transformers are used. The microstrip antenna feed point 
impedance 152W is first matched with an intermediate line of 
impedance 57W (width =3.48mm) with a quarter-wave 
transformer of impedance Z=√152X57=93W 
(width=1.32mm). Then two parallel lines of 93W of are 
connected with 100W by a quarter-wave transformer of 
impedance Z=√45.4545X100=64.385W (width=2.81mm) 
and power coming from 100W line is unequally divided to 
provide required current ratio as per Tchebyscheff 
distribution. The power from 50W line is equally divided 
between two 100W lines having line width of 1.11mm. 
Finally, the layout for 4-element microstrip Tchebyscheff 
Phased array antenna is shown (Fig. 2) with the fabricated 
prototype (Fig. 3).  
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FIGURE 2.  Layout for microstrip Tchebyscheff phased array at millimeter wave frequency 
 
 

 
 
FIGURE 3.  Fabricated microstrip Tchebyscheff phased array at millimeter 
wave frequency 
 
The MATLAB simulated radiation pattern (normalized 
array factor) for the microstrip Tchebyscheff phased array 

at 60GHz is shown in Fig. 4, where the beam is tilted at an 
angle of 300 from the broadside direction. 

 
FIGURE 4.  Simulated Radiation pattern of microstrip Tchebyscheff phased 
array at 60GHz 
 
III. DESIGN AND MEASUREMENT OF MICROSTRIP 
TCHEBYSCHEFF PHASED ARRAY ANTENNA AT 6GHz 
A linear Tchebyscheff phased array antenna is designed 
with 4 microstrip antennas at 6GHz. In Tchebyscheff 
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polynomial, the SLL=-20 dB is chosen. Tchebyscheff 
polynomial Tm(x)=T3(x) having 3 nulls. Desired direction 
of main beam is 300 from the broadside direction which for 
the proposed IVC application. The spacing is d=0.5λ0.  At 
6GHz, effective dielectric constant, εe=2.132 and guided 
wavelength, λg=34.2mm.  To tilt the main beam by 300, the 
progressive phase shift is α=-βdsin300=-1260. 
Corresponding line length is t=34.2*2.2/2p=11.97mm. The 
line lengths are (lg +mt), where ‘m’ is from 0 to 3. The line 
length of the 1st element is lg. Tchebyscheff current 
distribution is 1: 1.779: 1.779: 1. The dimension of the 
microstrip antenna element is 20mmX16mm, found by 
cavity model analysis.  The antennas were fed at the 50Ω 

input impedance positions by 50Ω microstrip lines 
(width=5mm). The array was fed by co-axial SMA 
connector and first the equal ring-type power divider is 
used to divide power. Then for unequal current distributions 
as per Tchebyscheff current ratios, unequal ring-type power 
dividers are used. Both equal and unequal ring-type power 
dividers are designed by appropriate design procedure [10, 
11]. For equal power divider ring width is 5mm, mean 
radius is 8.2mm and for unequal power divider, ring width 
is 5mm and 1.8mm with mean radius of 8.2mm. The 
Layout for microstrip Tchebyscheff phased array at 6GHz 
is shown in Fig. 5. 

 
 
FIGURE 5.  Layout for microstrip Tchebyscheff phased array at 6GHz 
 
The fabricated microstrip Tchebyscheff Phased array 
antenna at 6GHz is shown in Fig. 6.  

 
 

FIGURE 6.  Fabricated microstrip Tchebyscheff phased array at 6GHz 
 

The measured radiation pattern is compared with 
the MATLAB simulated radiation pattern (using (3)) in Fig. 
7. 
 

 
 
FIGURE 7.  Radiation pattern of microstrip Tchebyscheff phased array at 
6GHz 
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C-band Microwave bench with turn table and a pyramidal 
horn antenna as transmitting antenna is used for the 
measurement of the radiation pattern.  Gain is measured by 
a VNA by measuring transmission coefficient and using 
FRIIS transmission formula [12]. The measured gain at 
6GHz is 15.5 dB at an angle of 300. The simulated 
directivity of the 4-element microstrip Tchebyscheff phased 
array at 300 is 17.2 dB. The expected theoretical gain of the 
array is about 16.6dB (considering 85% antenna efficiency 
for the low loss substrate). The difference between 
measured and simulated gains is due to losses in the feed 
network and also due inaccuracy in gain measurement.  The 
measured and simulated radiation patterns agree well. 

IV. CONCLUSION 
For the design of antenna array at millimeter wave 
frequency, a new method is used where antenna is designed 
at 20GHz (at TM10 mode) and is operated at higher order 
TM30 mode. Because at 60GHz the dimensions of the patch 
antenna is very small and become comparable with the 
microstrip lines and components of the array feed network. 
The antenna array is an H-plane array which has less 
mutual coupling effect.   Because of the unavailability of 
very high frequency measuring system, measurement could 
not be done at 60GHz. In 6GHz antenna dimensions are 
appreciable, not required to design at higher order mode 
and so at 6GHz array is designed at the fundamental mode. 
A 4-element microstrip Tchebyscheff phased array antenna 
is designed for 6GHz IVC application and measured 
radiation pattern is compared with the simulated pattern.  
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