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I. INTRODUCTION 

Direction finding (DF) systems have been widely used in mil-

itary applications to detect the location of enemy radio-frequency 

communications. Recently, they have also been used in a variety 

of non-military applications, such as detecting unauthorized 

transmitters and intentional jamming signals [1–3]. DF perfor-

mances are determined in part by direction-finding algorithms 

that estimate the arrival direction by using the phase differences 

in each antenna. In addition, antenna characteristics of the array, 

such as the array configurations, radiation patterns, mutual cou-

pling, and matching bandwidth, also have a significant effect on 

DF performance. To improve these array element properties in 

DF systems, several types of antennas have been reported, includ-

ing Vivaldi antennas [4], broadband patch antennas [5], dipole 

type antennas [6], and slotted patch antennas [7]. However, most 

previous studies have focused on improving the gain, high isola-

tion, and matching characteristics, whereas the method of im-

proving radiation patterns requiring a wide beam-width for DF 

systems has not yet been fully studied [8]. 

In this paper, we propose a design for a coupled-fed printed 

dipole antenna with a wide beam-width for enhancing the DF 

performance. The proposed antenna consists of a radiating 

printed dipole and a fan-shaped feeder, located on the opposite 

side of the radiating dipole. The expanded structure to the side 

of the dipole arms allows the wide beam-width of the radiation 

pattern [9]. The larger the arm angle is the wider the beam- 
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Abstract 
 

This article proposes the design of a coupled-fed printed dipole antenna for direction finding (DF) systems. The antenna consists of a 

radiating 50 angled expanded-arm printed dipole as well as a fan-shaped feeder that is located on the opposite side of the radiating dipole. 

The 50 angled expanded-arm structure results in a wide beam-width and broadband-matching characteristics. The more the arm angle is 

bent, the wider the beam-width pattern. Note that the expanded structure to the side of the dipole arm allows the wide beam-width of the 

radiation pattern. The printed dipole is then electromagnetically coupled with the fan-shaped feeder to obtain broadband-matching char-

acteristics. To obtain additional broadband-matching characteristics, the circular cavity and the four-step tapered structures of the radiating 

printed dipole are carefully tuned by considering the coupled fields induced by the indirect feeding structure. The reflection coefficients are 

−14.6 dB and −11.9 dB at 1.575 GHz and 2.4 GHz, and the boresight gains are 4.8 dBi and 1 dBi, respectively. To confirm the DF 

capability of the proposed antenna, the pattern of the 4×4 arrays is observed by varying the steering angle. 
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width of the pattern; a 50 angled expanded-arm structure results 

in a wide beam-width and broadband-matching characteristics. 

The printed dipole is then electromagnetically coupled with the 

feeder to obtain broadband-matching characteristics [10]. To 

further improve the matching characteristic, the four-step ta-

pered structure of the printed dipole is carefully adjusted to take 

into account the currents and fields induced by the indirect feed-

ing structure [10]. To demonstrate characteristics such as reflec-

tion coefficient, bore-sight gain, and radiation patterns, the pro-

posed antenna is measured in a full anechoic chamber. Finally, 

we observe the beam steering property by extending the proposed 

antenna to a 4 × 4 array in order to verify its DF capability. The 

results confirm that the proposed antenna is suitable for the indi-

vidual elements of a DF array antenna with wide beam-scanning 

characteristics. 

II. PROPOSED ANTENNA DESIGN AND MEASUREMENT 

Fig. 1 shows the geometry of the individual elements of the 

proposed array antenna; these include a printed dipole on an FR4 

substrate (εr = 4.5, tan = 0.018) and a fan-shaped feeder that is 

located on the opposite side of the dipole. To obtain the wide 

beam-width radiation pattern, the dipole arm is designed to be 

bent and expanded at angle w in the side direction. As the angle 

w increases, the beam-width also increases. In addition, match-

ing at 1.575 GHz and 2.4 GHz can be improved with an addi-

tional capacitance adjustment between the arms and the ground. 

For broadband impedance matching, the proposed antenna em-

ploys an indirect fan-shaped feeder connected by a microstrip line, 

a circular cavity, and a tapered transmission line to the antenna 

arms. The length and thickness of the feeding line are designed 

considering the resonance frequency of the antenna. The design 

parameters are listed in Table 1. 

Fig. 2 presents a comparison of the measured and simulated 

reflection coefficients, represented by solid and dashed lines, re-

spectively. The reflection coefficients for each frequency are ob-

tained from full-wave electromagnetic simulations (FEKO; Al-

tair, Troy, MI, USA). The measured reflection coefficient has a 

bandwidth of 1.3 GHz (1.36–2.49 GHz, |S11| < −10 dB) with a 

fractional bandwidth of 59%, and an average reflection coefficient 

within the bandwidth of −14.5 dB. The simulated reflection co-

efficient has a 58% fractional bandwidth (1.36–2.46 GHz, |S11| 

< −10 dB) with an average of −13.3 dB within the bandwidth, 

which is in good agreement with the measured data. 

Fig. 3 represents a comparison of the measured (‘+’ marker) 

and simulated (solid line) bore-sight gains. The realized gains for 

each frequency are obtained from full-wave electromagnetic sim-

ulations [11]. The measured bore-sight gains have 4.8 dBi at 

1.575 GHz and 1 dBi at 2.4 GHz, and the gains are greater than 

0 dBi over the entire range from 1.2 GHz to 3 GHz. The  

(a) 

(b) 

Fig. 1. The proposed printed dipole antenna’s (a) top and bottom 

view geometry and (b) fabricated picture. 

 

Table 1. Geometry parameters of the proposed antenna 

Parameter Size (mm) Parameter Size (mm)

w1 8 cr 14

w2 10.6 h 50

w3 12.6 h1 34.98

w4 14.2 h2 13

w5 33 h3 15.9

w6 85.2 l1 2.26

w 50 l2 4.5

 

results demonstrate that the proposed antenna can receive signals 

over a broad bandwidth, including applications such as mobile 

communications, GPS, GLONASS, and Bluetooth. 

Fig. 4 shows the beam-width of the proposed antenna accord-

ing to the expanded arm angle w. As the expanded arm angle 

w increases, the surface current density at the side edge of the 

antenna arm increases. The increased surface current density at 

the side edges has the effect of increasing the gain in the lat- 
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Fig. 2. Reflection coefficient of the proposed antenna. 

 

 

Fig. 3. Realized gain of the proposed antenna. 

 

eral direction, resulting in a wide beam-width characteristic. 

Fig. 5 shows the 2D radiation patterns of the proposed an-

tenna in the zx- and zy-planes. At 1.575 GHz, the measured half 

power beam-widths (HPBWs) are 111 (zx-plane) and 112.6 
(zy-plane), which shows good agreement with the simulated 

HPBWs of 110 (zx-plane) and 112.5 (zy-plane). At 2.4 GHz, 

the measured patterns show slightly wider HPBWs of 174 and 

204 on the zx- and zy- planes, respectively. As can be seen, the 

proposed antenna has a wide beam-width without significant 

pattern distortions in the upper hemisphere, which enables beam 

scanning at a wide range. To verify the beam-widening charac-

teristics of the proposed antenna, the angle extension of the an-

tenna arm is observed by varying the design parameters, such as 

the angle w. The angle extension value of the antenna wing in-

creases as the w is changed from 0 to 50, while the beam-

width dramatically increases from 78.4 to 214.3 at 2.4 GHz 

(zy-plane). 

To verify the beam scanning characteristic of the proposed  

Fig. 4. Beam-width of the proposed antenna in the zy-plane ac-

cording to the expanded arm angle.  

 

antenna, the array performance is examined by extending the de-

veloped individual antennas to a 44 array antenna. In the array 

configuration, identical individual elements are spaced apart from 

adjacent elements by a distance of 0.47λ (90 mm).  

Fig. 6 presents the beam steering patterns in the UV domain 

[11, 12], when the phase information is applied to each element 

of array, and the results show that the radiation pattern of the 

proposed array can be steered to θ = 0,  = 0 and θ = 30,  = 

30 at 1.575 GHz. The scan directions are specified by U0 =  

sinθ0sin0 and V0 = sinθ0cos0 (U0 = 0 and V0 = 0, U0 = 0.25 and 

V0 = 0.43). The peak gains are 16.2 dBi and 15.5 dBi, and the 

blue circle represents the maximum point of the pattern, and the 

yellow cross represents the target point. The side lobe levels are 

3.5 dBi (U0 = 0.77, V0 = 0, θ0 = 50, and 0 = 90) and 4.6 dBi 

(U0 = 0.32, V0 = 0.27, θ0 = 50, and 0 = 65), and the 

HPBWs are 27.2 and 31.15, respectively. 

III. CONCLUSION  

We have investigated the design of a broadband printed dipole 

antenna with wide beam-width characteristics for a wide beam 

scan angle in DF systems. The proposed antenna is composed of 

a radiating printed dipole and a feeder. The expanded structure 

to the side of the dipole arms allows it to have the wide beam-

width of the radiation pattern, and the dipole was electromag-

netically coupled with the feeder for the broadband operation. 

The reflection coefficients are −14.6 dB and −11.9 dB at 1.575 

GHz and 2.4 GHz, and the boresight gains are 4.8 dBi and 1 

dBi, respectively. To confirm the DF capability of the proposed 

antenna, the pattern of the 4 × 4 array is observed by varying the 

steering angle at θ = 0,  = 0 and θ = 30,  = 30. The results 

demonstrated that the proposed antenna is suitable for the single 

element array in DF systems. 
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(a) (b) 
 

 

(c) (d) 

Fig. 5. Measurement and simulation of the radiation patterns in the (a) zx-plane at 1.575 GHz, (b) zy-plane at 1.575 GHz, (c) zx-plane 

at 2.4 GHz, and (d) zy-plane at 2.4 GHz. 
 

 

(a) (b) 

Fig. 6. Radiation pattern of the 44 array at 1.575 GHz for (a)  = 0,  = 0 and (b)  = 30,  = 30. 
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