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Abstract— This paper presents a circularly polarized 1×2 array 
antenna for X-band applications. Both-sided MIC technology is 
effectively used to design this array antenna as the array antenna 
consists of both microstrip lines and slot lines to realize the feed 
network.  Patch elements and microstrip lines are placed on the 
top surface of the substrate and slot lines on the reverse surface 
(ground plan) of the substrate. Each of the patches is excited by 
two orthogonal feed lines. One of the feed lines is ahead by an 
odd multiple of quarter wavelength than the other feed line. This 
strategy makes the each patch circularly polarized. The 
impedance bandwidth is about 630 MHz and the 3-dB axial ratio 
bandwidth is more than 1%. This array antenna is very suitable 
to make large scale extensible array antennas by using it as a unit 
array. 
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I.  INTRODUCTION 

In recent years, circular polarization (CP) antennas have 
received attention due to their inherent ability to reduce 
polarization losses [1] and losses due to multipath propagation 
[2]. Low profile characteristics make microstrip antennas 
attractive for various microwave wireless applications such as 
RFID tag, radar, WLAN and various types of sensors [3-4]. 
Generally the microstrip patch antenna is classified as a low to 
moderate gain antenna [5], but many applications need high 
gain characteristics. To overcome this problem, array 
construction can be a suitable way and extensible capability of 
the array is the most preferable to increase the gain of the 
antenna.  

In case of a single patch, creating perturbation in the patch 
is the main technique to generate CP. Another way is to create 
two equal orthogonal degenerate modes using orthogonal feed 
lines. Several methods have been reported to generate circular 
polarization. A microstrip CP patch antenna has been reported 
in [6] where two opposite corners of the patch are truncated to 
excite two near-degenerate orthogonal resonant modes.  In [7], 
a CP cut ring microstrip antenna has been demonstrated. In this 

antenna, a ring plane cut by sector is used as a patch and an air 
layer is loaded between the patch and the ground plane. 
Another antenna fed by a 3-dB substrate integrated coaxial line 
(SICL) coupler has been proposed in [8] to radiated circularly 
polarized wave. A circularly polarized patch antenna with a 
feed circuit that consists of a 90º broadband balun and two L-
shaped probes has been demonstrated in [9]. A small metal 
sheet that is inserted between two probes reduces the cross-
polarization level and hence this method improves the axial 
ratio of the antenna. A microstrip circularly polarized planar 
slot antenna fed by microstrip-coplanar waveguide (CPW) has 
been reported in [10]. A microstrip to CPW transition is used to 
excite the even and odd modes of the CPW with 90º phase 
difference and these even and odd modes are coupled to the 
wide rectangular slot antenna to radiate circularly polarized 
waves. A dual-reverse-arrow fractal (DRAF) has been 
introduced in [11] to obtain CP radiation. 

On the other hand, singly fed or dual fed patch antennas can 
be arrayed [12-16]. A serial feed sequentially rotated technique 
has been used to design a CP array antenna [12] where each 
patch element is singly fed. In this array, feed network is 
designed using microstrip lines only. A single layer microstrip 
array antenna for CP has been proposed in [13] where a 90° 
hybrid circuit is used to achieve circular polarization. A design 
of the CP array antenna using linear polarization patches has 
been proposed in [14] where each patch is placed at either +45º 
or -45º. Another CP array has been presented in [15] using an 
orthogonal feed circuit, but this array can’t be used as a unit 
array to extend the array size. Both-sided MIC technology is 
used to design the array antennas of [13-15] as the feed 
network in each array consists of microstrip lines and slot lines. 
Another 128-element CP array antenna subdivided into four 
two-by-four subarrays is demonstrated in [16] where a one-by-
four corporate feed network of hollow metallic waveguides is 
used to excite the subarrays. 

In this paper, an orthogonal feed 1×2 microstrip array 
antenna is discussed. The feed network is formed by microstrip 
lines and slot lines where the microstrip lines are on the 
obverse side and the slot lines are on the reverse side of the 



substrate.  Both-sided MIC technology is successfully utilized 
to design the feed network. The main feature of this array is its 
extensible capability and this proposed array antenna can be 
used to overcome the drawback of the antenna presented in 
[15] easily. The complete array antenna structure along with 
antenna performances is presented and discussed in subsequent 
sections. 

II. ANTENNA DESIGN 

Fig. 1 shows the configuration of the proposed array 
antenna. The array is designed on a Teflon substrate whose 
different parameters are dielectric permittivity (εr) = 2.15, 
thickness = 0.8 mm and loss tangent = 0.001. The array 
antenna consists of two patch elements. Each of the patch 
elements is aligned at 45° with respect to the x axis. Two 
separate feed lines are used to excite each patch. So there are 
two separate feed circuits for each patch to excite the patches. 
A common microstrip line is used as a feed line for both feed 
circuits.  

The feed network is composed of two feed circuits (Feed 
Circuit-1 and Feed Circuit-2). Microstrip lines and slot line are 
used to design each feed circuit. Both-sided MIC technology is 
employed to obtain feed network as it gives the opportunity to 
use different types of transmission lines on both sides of the 
substrate [17]. The microstrip lines are on the obverse side of 
the substrate and the slot lines on the reverse side. Ease of 
impedance matching to design the feed network is the main 
benefit of using such type of feed network [18]. The common 
feed microstrip line and slot line of each feed circuit make a 
microstrip-slot branch circuit.  

Fig. 2 shows the structure of the microstrip-slot branch of 
Feed Circuit-1 and its equivalent circuit. The microstrip-slot 
branch acts as a 3-way power divider where half of the total 

power is divided between two slot branches and remaining half 
power goes through the microstrip line. The impedances of the 
microstrip lines and slot line should be chosen according to the 
following equations for 2:1:1 power division between 
microstrip line output port (4) and slot line output ports (2 and 
3) because the two outputs (2 and 3) located at the two ends of 
the same slot line form a parallel branch and the output (4) 
microstrip line creates a series branch with the parallel branch 
of the slot line: 

ZMS = ZSL / 2                                         (1) 

Z0 = ZMS + ZSL / 2                                  (2) 

Fig. 3 illustrates the microstrip-slot branch of Feed Circuit-
2 and its equivalent circuit. As the microstrip-slot branch acts 
as a 2-way parallel power divider, the characteristic impedance 
of the slot line should be double of the microstrip line 
impedance (ZS = 2ZMS). The extended microstrip line over the 
slot line is used as an open-circuit stub whose length should be 
quarter wavelength at the design frequency.  

In both feed circuits, a microstrip line is used at the both 
ends of the slot line to transfer the signal from the slot line to 
the patch where the characteristic impedance of these 
microstrip lines should be equal to the slot line impedance for 
proper impedance matching. A quarter-wavelength (λ/4) 
impedance transformer is used between the patch and 
microstrip line. Feed Circuit-2 is arranged in such a way so that 
the length of it is an odd multiple of quarter wavelength greater 
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than that of Feed Circuit-1. The relation among different 
lengths to make this arrangement feasible should be according 
to (3):  

(a + b) – c = n × quarter wavelength at design frequency     (3) 

where n is an odd number. 

In [15], the feed point was on the microstrip line of the 
microstrip-slot branch circuit. So this configuration is not 
suitable to make extensible antenna. The feed port of the 
present antenna is on the edge of the microstrip line. Therefore, 
it is possible to make this antenna extensible by using another 
microstrip-slot feed circuit as shown in Fig. 4. 

III. BASIC BEHAVIOR 

Fig. 5 can be used to describe the basic behavior of the 
proposed array antenna. To generate circularly polarized 
waves, two orthogonal signals with 90° phase shift between 
them are required. The RF signal of Feed-1 is at an angle of 
+45° with respect to the x axis.  On the other hand, when the 
RF signal is fed to Feed-2, the signal is -45° with the axis. 
Combining the signals of Feed-1 and Feed-2, both signals are 
orthogonal with respect to each other.  

To create 90° phase difference between two orthogonal 
signals, the total length of the upper feed circuit is an odd 

multiple of quarter wavelength greater than that of the lower 
feed circuit. 

Therefore, theoretically two orthogonal signals are formed 
with 90° phase difference in the proposed array structure that 
is the main condition to excite circularly polarized signal. 

IV. SIMULATION RESULTS AND DISCUSSIONS 

The proposed array antenna is designed and simulated 
using Keysight Technologies’ Advanced Design System 
(ADS) Momentum. The performance is also verified using the 
FEM of another EM simulator, EMPro. 

Fig. 6 shows the reflection coefficient of the proposed 
array. The figure indicates that the reflection coefficient is 
smaller than -10 dB from 9.58 GHz to 10.21 GHz. So the 
impedance bandwidth according to ADS simulation is 630 
MHz or 6.37% with respect to the center frequency of 9.895 
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Figure 6.  Reflection coefficient of the proposed array. 

5

4

3

2

1

0
A

xi
a

l R
a

tio
 [d

B
]

10.510.410.310.210.110.09.99.89.79.69.5
Frequency [GHz]

 ADS
 EMPro

Figure 7.  Axial ratio of the proposed array. 
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Figure 8.  Gain of the proposed array. 

Figure 4.  Extension of the array. 
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GHz. The result of EMPro also agrees well with ADS except 
only a slight shift to the lower frequency. 

Fig. 7 illustrates the axial ratio of the proposed array 
antenna. The 3-dB axial ratio bandwidths of the array from 
ADS and EMPro simulation results are about 150 MHz or 
1.52% (center frequency = 9.87 GHz) and about 100 MHz 
1.03% (center frequency = 9.70 GHz), respectively.   

Fig. 8 plots the gain of the proposed antenna. It is observed 
that a flat gain is obtained and the gain is greater than 8 dBi for 
whole bandwidth. 

Fig. 9 shows the radiation pattern of the designed array 
antenna at 9.85 GHz. It is found that the antenna is right hand 

circularly polarized (RHCP). The cross polarization level of the 
antenna is better than -30 dB. The side lobes of the pattern are 
high and it is a constraint of this antenna. These high side lobes 
reduce the gain of the antenna. Fig. 10 illustrates the electric 
field distribution at 9.85 GHz. From the figure, it is observed 
that at the different phase instant from 0° to 135° with an 
interval of 45°, the electric field of the patches rotates in a 
counterclockwise (CCW) direction with phase. So it indicates 
that the radiation of the array is RHCP. 

The performance of the proposed antenna is quite better 
than other types of the CP antennas designed by other different 
methods. Besides, the structure of this antenna is simple. For 
conventional CP antennas using the perturbation technique, the 
design process is not straight forward as perturbation is needed 
to create in the patch. Moreover, axial ratio bandwidth is 
narrow and most of the cases, it is less than 1%. On the other 
hand, CP antennas constructed as arrays using linear 
polarization patches take the larger size to excite CP radiation 
and gain is lower than the CP arrays designed using CP 
patches. So considering these points, the proposed antenna is a 
good candidate for various communication applications. 

V. CONCLUSION 

A design of a 1×2 circularly polarized array antenna has 
been presented in this paper. It is easy to design and suitable 
for using it as a unit array to design extensible array antennas. 
Both-sided MIC technology is successfully applied to design 
this array antenna to take its inherent advantage of using 
several types of transmission lines on both the sides of the 
substrate. Orthogonal feed is used and one of the feed lines is 
made odd multiples of quarter wavelength at design frequency 
greater than the other feed line of the patch. This strategy 
makes each patch circularly polarized. The 3-dB axial ratio 
bandwidth of the antenna is more than 100 MHz and the 
radiation is right hand circularly polarized (RHCP). The 
designed antenna is suitable for different X-band applications 
such as radar, amateur radio, various motion detectors etc. 
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