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Abstract – A new RF multiplier integrated planar antenna is 

proposed to enhance the estimation capability of a phase 
monopulse direction-of-arrival (DOA) estimation antenna. The 
conventional monopulse DOA estimation antenna determines the 
arrival angle using only the amplitude ratio of the sum () and 
difference (Δ) of the signals received by two antennas. Hence, it 
can be used only for the half angle of the space. The proposed 
antenna employs an RF multiplier to detect the phase relation 
between the  and Δ signals and increase the range of the 
estimation angle. The basic concept of the proposed antenna is 
experimentally confirmed by using a prototype antenna. 

Index Terms — DOA estimation antenna, phase monopulse, 
magic-T, RF multiplier. 

1. Introduction 

The principle of direction-of-arrival (DOA) estimation is 
used in many engineering applications such as wireless 
communications, radar, radio astronomy, sonar, tracking of 
various objects, navigation, rescue and other emergency 
assistance devices.  

A monopulse mechanism was proposed for DOA 
estimation [1]. We have also proposed a monopulse DOA 
estimation antenna which consists of a microstrip array 
antenna and magic-Ts [2]. In the DOA estimation process, the 
arrival angle is determined by the sum and difference of the 
received signals of two antenna elements. The DOA 
estimation antenna with detectors and amplifiers was also 
described in [3]. In these conventional DOA estimation 
antennas, only the amplitude of the sum and difference of the 
received signals are considered. In this paper, an RF multiplier 
integrated planar antenna is proposed to enhance the 
estimation capability of the DOA estimation antenna. 

2. Principle, Design and Structure 

Fig. 1 shows a block diagram of the proposed antenna with 
a vector diagram to explain its basic concept. As illustrated in 
Fig. 1(a), a magic-T is used to obtain the sum () and 
difference (Δ) of the two received signals. The arrival angle θ 
can be obtained by monopulse mechanism and expressed in 
the following equation using  and Δ.[4].  

where d and λ are the antenna separation and wavelength, 
respectively. Here, as only the amplitude ratio of  and Δ 
signals is used in this expression, the sign of the Δ signal, i.e., 
the phase relation between  and Δ signals is not considered.  

Fig. 1(b) shows a vector diagram of the signals where the 
phase difference between  and Δ is 90°. As shown in this 
diagram, the phase relation between two received signals can 
be determined by evaluating the phase relation between  and 

Equation…………..(1) 
 

(a) Block diagram           (b) Vector diagram 
Fig.1. Basic concept of the proposed antenna. 

 

 
Fig. 2. Structure of the proposed antenna. 

 
Fig. 3. RF multiplier. 
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Δ signals. When the phase of Δ is advanced from , #1 leads 
#2. On the other hand, it will be vice versa. Then the antenna 
can discriminate right and left side of the arrival angle. In this 
paper, an RF multiplier is employed to determine whether the 
phase of Δ signal is advanced or delayed from  signal.  

Fig. 2 shows the structure of the proposed RF multiplier 
integrated planar antenna which consists of four antenna 
elements, two magic-Ts and an RF multiplier. 

3. RF Multiplier  

Fig. 3 shows the structure of the RF multiplier used in the 
proposed antenna. It consists of microstrip lines, slot line, slot 
ring and two diodes (D1 and D2). The output of this circuit 
depends on the phase difference of the input signals [5], [6]. 
In this proposed antenna structure, the input signals of the RF 
multiplier are  and Δ signals. The output of the RF multiplier 
Vmul  can be expressed by the following equation: 

where ߠஊ, ߠ୼	are the phase and ܣஊ,	ܣ୼ are the amplitude of 
the  and Δ signals, respectively. In equation (2) when ߠஊ  ୼=0° or 180°, Vmul is either positive or negative. The in-phaseߠ−
and anti-phase modes of these input signals determine the sign 
of the output voltage. Depending on the output voltage, either 
positive or negative, the direction of the arrival wave can be 
perceived. As each phase shift of the  and Δ signals from the 
magic-Ts depends on the frequency, the antenna is designed 
to provide maximum Vmul at the desired frequency.  

4. Measured Result 

Fig. 4 shows the photo of the prototype antenna. In this 
fabricated antenna, output of the RF multiplier can be obtained 
from the wire on the bottom.  

Fig. 5 illustrates the relation between the output voltage Vmul 
and arrival angle	ߠ. Positive Vmul is observed for the arrival 
angle greater than 0 degrees and negative Vmul is observed less 
than 0 degrees for 10.4 GHz and 10.5 GHz frequency signals. 
On the other hand, the Vmul value is reversed at frequency 10 
GHz and 9.8 GHz. As the antenna is designed for 10 GHz, 
extra phase difference between  and Δ signals is occurred at 
different frequencies. This is the reason for the reverse result 
in a different frequency range. In case of positive Vmul, the 
phase of  is advanced from Δ. This means that #2 leads #1. 
On the other hand, #1 leads #2 at negative Vmul. Very close to 
zero Vmul  is observed at arrival angle of 0 degrees where the 
amplitude of the Δ signal becomes zero, i.e., ܣ୼ = 0. 

5. Conclusion 

An RF multiplier integrated planar antenna is proposed for 
monopulse DOA estimation and experimentally examined. 
The conventional monopulse DOA estimation antenna can be 
used for the half angle of the space because the arrival angle 
is perceived by the amplitude of the sum and difference of the 
signals received by two antennas. The proposed antenna 
determines the phase relation between the sum and difference 
signals and it provides wide-angle estimation by the 

combination with monopulse DOA estimation. The structure 
of the antenna is simple and it can be used in a wide range of 
applications in DOA estimation.  
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୫ܸ୳୪ ∝ ୼ܣஊܣ	 cos(ߠஊ −  ୼)                (2)ߠ

 
(a) Top                                  (b) Bottom 

Fig. 4. Prototype antenna (106 ×100 mm, f =10 GHz). 
 

 
Fig. 5. Measured performance of the prototype antenna. 
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