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This paper proposes a reconfigurable beam-steering 
antenna using a bended dipole and a loop. The radiation 
patterns of the two antennas are cancelled or compensated, 
and headed towards a specific direction when the dipole 
and loop antenna are combined at a reasonable ratio. The 
proposed antenna can steer the beam directions by 
controlling the operation of two artificial switches. The 
proposed antenna was manufactured on a PCB (FR-4) 
and a flexible PCB (polyimide). In the case of the antenna 
that was fabricated on a PCB, the maximum beam 
directions were +50°, 0°, and –50° in the azimuth direction 
using the two artificial switches, and the antenna gain was 
1.96 dBi to 2.48 dBi in the operation bandwidth of    
2.47 GHz to 2.53 GHz. Also, the antenna was fabricated 
on a flexible PCB and measured under various bending 
conditions for wearable applications. 
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I. Introduction 

Wireless communication systems have been attempting to 
overcome the problem of limited channel bandwidth, satisfying 
a growing demand for a large number of mobile devices on 
communication channels [1], [2]. In several methods to 
improve the performance of such systems, beam switching can 
be used to enhance the spectral efficiency and reduce the 
problems associated with multipath propagation. Thus, the 
beam-steering antenna has been widely investigated [3]-[6]. It 
is capable of more strongly transmitting and receiving signals 
in the desired direction and preventing interference with other 
signals. Beam-steering antennas are mostly classified into 
adaptive array antenna using the phase shifter or single 
reconfigurable antenna using the switches [4]-[6]. The adaptive 
array antenna is used as the most common type of steerable 
antenna system and offers better gain than the single 
reconfigurable antenna. However, the size of the adaptive array 
antenna is bigger than that of the single reconfigurable antenna 
due to the use of multiple antenna elements and phase shifter. 
Recently, the size of the adaptive array antenna has to be 
reduced due to the space limitation in small mobile applications, 
such as EM sensors and note PCs [7], [8]. It is difficult to 
realize in those devices. Therefore, a single reconfigurable 
antenna with beam-steering capability is required for practical 
mobile applications. 

In this paper, a reconfigurable beam-steering antenna that 
uses a folded dipole and a loop element is proposed. The 
structure of the proposed antenna is simple and planar. The 
antenna can steer the beam direction in the azimuth plane by 
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Fig. 1. Geometry of dipole and transformed loop combined
antenna. 
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Table 1. Switch operation conditions. 

State Switch 1 Switch 2 

S0 ON ON 

S1 ON OFF 

S2 OFF ON 

 

 
controlling the operation of the two switches. Moreover, the 
antenna performs well in a bending condition. Thus, this 
antenna structure can be widely used in a number of wearable 
applications such as the body area network (BAN), which 
requires antenna beam-steering capacity [9]-[12]. Ansoft’s 
HFSS was used for the full wave analysis of the antenna. 

II. Proposed Antenna Design 

The proposed antenna is composed of two radiating 
elements (a dipole and a loop). When the radiating elements 
are combined, the radiation patterns be cancelled or 
compensated for each other in a specific direction [13].  

The antenna was designed to operate at 2.5 GHz. The length 
of the dipole is 28 mm, and the circumference of the loop is 
69.5 mm as shown in Fig. 1. The dipole and loop elements 
were connected using two switches near the feed point. Two 
artificial switches were located between an input-port of the 
two radiating elements and can control their connection. There 
are three states in the configuration of the two artificial 
switches: S0, S1, and S2. S0 denotes that both switches 1 and 2 
are in the ON-state. S1 denotes that only switch 1 is in the ON-
state. S2 denotes that only switch 2 is in the ON-state. The 
switch in the ON-state means that the conductive line is 
connected between the indirect feed line and the antenna patch 
(short). Also, the switch in the OFF-state means that the 
conductive line was disconnected (open). The artificial 
switches make the ideal connection using a conductor. The  

Fig. 2. Simulated reflection coefficients of antenna. 

–30

–25

–20

–15

–10

0

1.5 2.0 2.5 3.0 

S0
S1
S2

Frequency (GHz) 

VSWR 2:1

–5

R
ef

le
ct

io
n 

co
ef

fic
ie

nt
 (d

B
) 

 
 
 

Fig. 3. Simulated surface current distribution on conductive part
(S0, S1, and S2). 
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configuration of the three states is summarized in Table 1. To 
improve the performance of the reflection coefficient and the 
gain, the traditional circular loop was transformed into a 
triangular loop. When the included angle (IUA) of the triangle 
is about 60º, the input impedance matches it well at 50 Ω [14]. 
To make the resonant frequencies in all the switch operations 
identical at 2.5 GHz, the dipole element was transformed into 
the bended type. The inclined angle (IIA) is the bended angle 
of the dipole, and the maximum available angle is 90º. Figure 2 
shows the simulated reflection coefficients of the states. The 
resonant frequencies of S1 and S2 are identical at 2.4 GHz, and 
that of S0 is 2.5 GHz. There is a 100-MHz difference between 
S0 and S1 and between S0 and S2. Figure 3 shows the 
simulated surface current distributions (J [A/m]) at each 
operation frequency. It is observed that the majority of the 
current distribution in the S0 is symmetrical. In S1, the current 
distributions are stronger on the left side of the antenna. 
Conversely, in S2, the current distributions are stronger on the 
right side. With this asymmetric current distribution of the 
asymmetric switch configurations of both S1 and S2, the 
maximum beam directions are tilted from the –y direction to  
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Fig. 4. Simulated radiation patterns of antenna at each resonant
frequency (θ = 90° cut). 
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Fig. 5. Result of reflection coefficient versus inclined angle of 
      folded dipole. 
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the +y direction. Figure 4 shows the simulated 3D radiation 
patterns (x-y plane). The maximum beam directions were 
clearly changed by state (S0, S1, and S2). In S0, the maximum 
beam direction is in the x axis, at Φ = 0º and θ = 90º, and the 
gain at the maximum beam direction is 2.51 dBi. In S1, the 
maximum beam direction is Φ = +45º and θ = 90º, and the gain 
at the maximum beam direction is 1.07 dBi. In S2, the 
maximum beam direction is Φ = –45º and θ = 90º, and the gain 
at the maximum beam direction is 1.06 dBi. Figure 5 shows 
the simulated reflection coefficients of the S0 and S2 states 
according to the inclined angle of α at 2.5 GHz. As the α 
increases from 0º to 40º, the reflection coefficient of S0 
improves, but the reflection coefficient of S2 is degraded. 
When α is about 19º to 26º, the reflection coefficients of S0 and 
S2 are reasonably below −10 dB in VSWR < 2. Therefore, it 
was decided that the optimum angle of α is 22º. Figure 6 shows 
the antenna geometry for various break points of the dipole 
arm. The break point was investigated to optimize the antenna 
gain and input impedance. As a result of the simulation in   
Fig. 7, the break point is optimized and selected to 10 mm. At    
10 mm of the break point, the reflection coefficients of both S0 
and S2 satisfy with under −10 dB, and gains of both S0 and S2 
are higher than other break points. Figure 8 shows the 

 

Fig. 6. Antenna geometry for various break points of dipole arm.
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Fig. 7. Simulated reflection coefficients and gains for various
break points of dipole arm. 
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Fig. 8. Geometry of reconstructed antenna. 
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geometry of the reconstructed antenna. Figure 9 shows the 
simulated reflection coefficient when the optimum angle is 22º. 
The reflection coefficients of S0 and S2 in the optimum angle 
are −13.5 dB and −10.8 dB, respectively. Figure 10 shows the  
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Fig. 9. Simulated reflection coefficient versus inclined angle of 
folded dipole. 
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Fig. 10. Simulated radiation patterns of antenna with bended
dipole at each resonant frequency (θ = 90º cut). 
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Fig. 11. (a) Geometry of proposed antenna fabricated on FR-4
and (b) photograph of antenna fabricated on FR-4. 
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Fig. 12. (a) Geometry of proposed antenna fabricated on
flexible PCB (polyimide) and (b) photograph of.

        antenna fabricated on flexible PCB. 
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simulated 3D radiation patterns (x-y plane). The maximum 
beam directions were clearly changed by state (S0, S1, and S2). 
In S0, the gain at the maximum beam direction is 2.35 dBi. In 
S1, the maximum beam direction is Φ = +50º and θ = 90º, and 
the gain at the maximum beam direction is 1.67 dBi. In S2, the 
maximum beam direction is Φ = −50º and θ = 90º, and the gain 
at the maximum beam direction is 1.66 dBi. Due to the
reconstruction of α, the resonant frequencies became identical 
and the maximum gains increased slightly. Figure 11 shows the 
geometry of the reconstructed antenna on a PCB (εr = 4.4 and 
tan δ = 0.02). The antenna size is 38 mm × 21 mm, and its 
thickness is 1 mm. The top view of the proposed antenna that 
was fabricated on a flexible PCB (εr = 3.6 and tan δ = 0.01) is 
shown in Fig. 12. The size of the antenna is 45 mm × 25 mm, 
and its thickness is 0.05 mm. This antenna was designed and 
fabricated to verify the antenna performance in the bending 
condition for wearable applications. Figure 13 shows a 
photograph of the proposed antenna under various bending 
conditions (R0, R1, and R2). R0 denotes that the antenna is 
physically flat, and R1 and R2 denote that the radii of the 
antenna are 30 mm and 15 mm, respectively. 
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R0 = plane 
R1 = 30 mm 
R2 = 15 mm 

Fig. 13. Photograph of antenna fabricated on flexible PCB under
various bending conditions.  

 

 

Fig. 14. Measured reflection coefficient of antenna fabricated on
FR-4. 
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III. Measurement Results and Discussion 

1. PCB (FR-4) Antenna Model 

Figure 14 shows the reflection coefficient of the antenna 
that was fabricated on FR-4 according to the switch operation. 
As shown in this result, the resonance frequency was about 
2.5 GHz for all states and the operation bandwidth was about 
40 MHz to 60 MHz at VSWR < 2. Figure 15 shows the 
measured radiation patterns in the x-y plane. From the result, 
a single beam was formed and the beam-pointing direction 
was clearly changed by the operation control of the switches. 
The radiation pattern of the antenna in the S0 state was 
similar to that of the conventional dipole with a maximum 
beam direction at 180º, a half-power beam width (HPBW) of 
80º, and a gain at the maximum beam direction of 2.48 dBi. 
In the S1 state, the maximum beam direction was 130º, 
HPBW was 100º, and the gain at the maximum beam 
direction was 2.11 dBi. Also, in the S2 state, the antenna had 
a maximum beam direction of 230º with HPBW = 100º, and 
the gain at the maximum beam direction was 1.96 dBi, which  
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Fig. 15. Measured radiation patterns of antenna fabricated on FR-
4 at 2.5 GHz (θ = 90º cut): (a) S0, (b) S1, (c) S2, and (d)
overall HPBW. 
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is exactly symmetrical with the S1 state. The overall HPBW 
for the three states was 180º. 

2. Flexible PCB (Polyimide) Antenna Model 

Figure 16 shows the measured reflection coefficients of the 
antenna that was fabricated on a flexible PCB in the bending 
conditions of R0, R1, and R2. The reflection coefficients were 
almost not influenced by the bending conditions. The operation 
frequencies of the antenna in the switch operation states and the 
bending conditions were same at the operation frequency of  
2.5 GHz, and the operation bandwidth was about 40 MHz to 
60 MHz at VSWR < 2. Figure 17 shows the measured 
radiation patterns in the x-y plane. The radiation pattern of the 
antenna in the S0 state was similar to that of the conventional 
dipole that also had a maximum beam direction of 180°, an 
HPBW of 80°, and a gain at the maximum beam direction of 
1.6 dBi. In the S1 state, the maximum beam direction was 130°, 
the HPBW was 100°, and the gain at the maximum beam 
direction was 1.4 dBi. Also, in the S2 state, the maximum 
beam direction was 230° with an HPBW of 100°, and the gain 
at the maximum beam direction was 1.5 dBi. This direction is 
symmetrical with that at the S1 state. The overall HPBW for 
the steering beam was 180°. Figure 18 shows the measured 3D 
radiation patterns under various bending and switch operation 
conditions. The overall gain of the nine states was 0.8 dBi to 
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Fig. 16. Measured reflection coefficient of antenna fabricated on
flexible PCB: (a) R0, (b) R1, and (c) R2. 
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1.6 dBi, and their HPBW was 86° to 111°, respectively. The 
maximum beam-steering angle of the S1 and S2 states was 18° 
to 50°, respectively. The maximum beam directions of the S0 
state in all bending conditions were identical to 0º in the 
azimuth plane, and the peak gain was 0.9 dBi to −1.5 dBi, with 
an HPBW of 81º to 109º, respectively. The maximum beam-
steering angles of the S1 and S2 states are exactly symmetrical 
to each other in the R0, R1, and R2 states, and the beam tilt 
angles of the S1 and S2 states decreased as the radius decreased. 
The detailed measurement results for the flexible antenna 
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Fig. 17. Measured radiation patterns of antenna fabricated on
flexible PCB at 2.5 GHz (θ = 90º cut): (a) S0, (b) S1,
(c) S2, and (d) overall HPBW. 
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Fig. 18. Measured radiation 3D patterns of antenna fabricated on
flexible PCB at 2.5 GHz (θ = 90º cut). 
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model are summarized in Table 2. When we measured the 
proposed antenna, a standard 4:1 transmitting balun was used 
to adapt an unbalanced device to a balanced one [15]. In future 
work, we are going to design an antenna with a CPW feed 
line and ground plane for real RF switch use. The bias circuit 
using two PIN diodes is shown in Fig. 19. The forward bias 
voltage (DC1 and DC2) to the PIN diodes can be switched 
between 0 V and 1 V to operate the antenna [16]. Two 
inductors are connected to the folded dipole as RF chokes. In 
the measurement, the bias tee is used at the feed point to 
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Table 2. Detailed results of measurements of antenna fabricated on
flexible PCB. 

Max. beam direction (°) 
States 

Φ θ 
Peak gain

(dBi) 
HPBW 

(°) 

S0 0 90 1.6 66 

S1 +50 90 1.4 70 
R0 

(plane) 
S2 –50 90 1.5 65 

S0 0 95 0.9 108 

S1 +30 100 0.8 111 
R1 

(R = 30 mm) 
S2 –28 98 1.0 109 

S0 0 102 1.4 103 

S1 +18 103 1.5 98 
R2 

(R = 15 mm) 
S2 –18 102 1.4 101 

Table 3. Switch operation conditions. 

State DC1 DC2 

S0 1 V 1 V 

S1 1 V 0 V 

S2 0 V 1 V 

 

 

Fig. 19. Configuration of bias circuit using RF switches. 
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block DC current and to transmit RF input signal [16]. Table 
3 shows the conditions of two switch operations by the 
applied voltage (DC1 and DC2). 

IV. Conclusion 
In this paper, a reconfigurable beam-steering antenna using a 

dipole and a loop element was designed and analyzed. The 
proposed antenna structure is simple and easy to fabricate. 
From the measurement results, it was confirmed that the 
proposed antenna structure very effectively realizes the antenna 
beam-steering capacity with switch operation and performs 
well in various bending conditions in a conformal size. Thus, 
the proposed antenna is a candidate for various wearable 
applications and can be applicable to a communication system 
that requires antenna beam-steering capacity. 
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