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ABSTRACT⎯A switchable Yagi-Uda antenna prototype 
with radiation pattern reconfiguration is presented in this letter. 
The proposed reconfigurable antenna is based on the concept 
of switching between the reflector and director of a Yagi-Uda 
antenna using a radio frequency PIN diode. As a result, the 
minimum/maximum radiation can be steered towards desired 
signals or away from interfering signals in opposite directions. 
The measured 10 dB impedance bandwidth and gain are   
210 MHz (7%) and 8.02 dBi at 3 GHz, respectively. Details of 
the antenna design and its performance are described and 
empirically analyzed. 

Keywords⎯Yagi-Uda antenna, printed antenna, pattern 
reconfiguration, pattern switchable antenna. 

I. Introduction 

Interest in reconfigurable antennas has increased 
tremendously due to the potential for additional functionality 
and flexibility in modern communication applications. In 
particular, extensive research on multiple-input multiple-output 
(MIMO) techniques has resulted in studies on various 
reconfigurable antennas, the performance of which can be 
reconfigured by restructuring conventional antennas. The 
concept of the reconfigurable antenna was initially presented in 
Daniel H. Schaubert’s patent [1], and it was greatly advanced 
by the Reconfigurable Aperture Program (RECAP) launched 
by the United States Defense Advanced Research Projects 
Agency (DARPA) [2]. In general, reconfigurable antennas can 
be classified into three types: resonant frequency, polarization, 
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and radiation pattern reconfigurable [3]-[8]. In [3], frequency 
and polarization reconfigurability are achieved via a truncated 
microstrip patch antenna with a U-slot and PIN diode. In [4] 
and [5], an annular slot antenna with a PIN diode, and a single-
turn square spiral microstrip antenna with a metal pad instead 
of a PIN diode are proposed for radiation pattern and frequency 
reconfiguration. The pattern reconfigurable antenna in 
particular has received much attention because manipulation of 
the radiation pattern enables avoidance of noise sources, 
improved security by directing signals only toward intended 
users, sensibility of signal, intentional jamming, improved 
beam steering capability of phased array systems, and diversity 
systems. In the pattern reconfigurable antenna, electrical binary 
switching mechanisms for pattern reconfigurability can be 
achieved by radio frequency (RF) PIN diodes, MEMS 
switches, and optical switches [6]-[8]. In [6], an antenna with a 
continuously varying radiation pattern direction utilizes a 
parasitic structure composed of a set of microstrip elements 
that can be electrically controlled via PIN diodes. The antennas 
reported in [7] and [8] are based on the concept of a basic Yagi-
Uda antenna, designed on a dielectric substrate backed by a 
finite ground plane. Also, these antenna designs are 
implemented using a metal pad instead of RF switching 
devices, regardless of the effect of the bias lines. In this letter, 
we present an effective implementation of a pattern 
reconfigurable Yagi-Uda antenna with no ground plane, using 
an RF PIN diode to shift the minimum/maximum levels of the 
radiation pattern toward opposite side directions.  

II. Antenna Design 

Figures 1(a) and (b) show the solid and side views of the 
proposed reconfigurable antenna, respectively. The designed 
antenna is fabricated on an RT/Duroid 5880 substrate with a 
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Fig. 1. Geometry of the proposed antenna: (a) solid view and (b)
side view. 
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Fig. 2. Schematic of the proposed antenna using the PIN diode.
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dielectric constant of 2.2 and a thickness of 0.508 mm. The 
substrate with the antenna and bias line patterns is fixed to the 
styrofoam using mount post which is made of teflon. There is 
an air-gap between the substrate and styrofoam. The two legs 
of a dipole serving as a driver of the Yagi-Uda antenna are 
printed on the two opposite sides of the substrate. Each leg of 
the dipole is connected to the inner core and outer shield 
conductor of a semi-rigid coaxial cable. The bias line is printed 
on the upper surface of the substrate. Usually, a ground plane at 
a distance of λ0/4 from the driven dipole provides a balanced 

mode. However, since this is not in this design, a folded balun 
structure with a length of λ0/4 (25 mm), where λ0 is the free-
space wavelength at the center frequency of 3 GHz, is used to 
excite a balanced mode. This is shown in Fig. 1(b). The heights 
of the styrofoam (h1) and air-gap (h2) are 25 mm and 75 mm, 
respectively. The dimensions of the antenna are 100 mm 
(lt)×100 mm (lt)×100.508 mm.  

The schematic of the proposed reconfigurable antenna is 
shown in Fig. 2. The space s between the driver and reflector 
(director) is 18 mm, that is, 0.25λg, where λg is the guided 
wavelength at the center frequency of 3 GHz. The width w of 
the driver and reflector (director) is 1.5 mm. One leg of the 
dipole has a length of 21.45 mm (l1), and the length of director 
(l2) is 34.4 mm (0.478λg). The gap g for soldering the RF PIN 
diode is 1 mm. Therefore, the total length of the reflector is  
47 mm, when the PIN diodes are in the ON-state. As shown in 
Fig. 2, a microstrip line with l3 (5.3 mm) is added to one leg of 
the PIN diode for switching between the director and reflector. 
The RF choke inductors are used for isolation between the 
reflector (director) and the bias line. Its value is 100 nH. In this 
design, the PIN diode utilized for electrical switching is the 
Siemens BAR64-02W silicon diode [9]. 

III. Experimental Results 

Figure 3 shows the measured and simulated return loss for 
the reconfigurable Yagi-Uda antenna when the diodes D1 (or 
D4) and D2 (or D3) are in the ON-state and the others are in the 
OFF-state. From the measured results, the 10 dB impedance 
bandwidth is 210 MHz (about 7% at 3 GHz) which is between 
2.9 GHz and 3.11 GHz. Figure 3 also shows good agreement 
between the measured and simulated return loss. Simulation 
and optimization were performed using the commercial 
software of Ansoft HFSS based on the finite element method. 
Figures 4(a) and (b) show the measured and simulated 
radiation patterns in the x-y (E-plane) and x-z planes (H-plane), 
 

 

Fig. 3. Simulated and measured return loss of the antenna. 
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Fig. 4. Simulated and measured radiation patterns: (a) E-plane 
and (b) H-plane. 
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Fig. 5. Radiation patterns in each state. 
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respectively, when D1 and D2 are in the ON-state, and D3 and 
D4 are in the OFF-state. The front-to-back (F/B) ratio of the 
measured E-plane pattern is about 14 dB, which dominantly 
affects the spacing of the reflector with respect to the driven 
dipole. There is a slight difference between the measured and 
simulated back-lobe radiation patterns, which may be due to 
the bias lines and imperfect behavior of RF choke inductors. 
However, the electrically opened bias lines near the director 

have almost no effect on the main radiation. The measured and 
simulated peak gains are 8.02 dBi and 7.8 dBi, respectively, at 
the center frequency of 3 GHz. The measured E-plane patterns 
switched by each pair of RF PIN diodes are shown in Fig. 5. 
The radiation pattern when D1 and D2 are in the ON-state 
shown in Fig. 5 is equal to the co-polarized E-plane pattern 
shown in Fig. 4(a). Both radiation patterns plotted in Fig. 5 
have almost the same F/B ratio of 14 dB and half-power 
beamwidth of 60°. From Fig. 5, it is clear that the main and 
back lobes of the radiation pattern are oppositely switched. 

IV. Conclusion 

In this letter, the switchable printed Yagi-Uda antenna is 
proposed for radiation pattern reconfiguration, which is 
achieved via electronic control of two pairs of RF PIN diodes. 
The minimum/maximum radiation directions of the designed 
antenna can be steered in opposite directions to select desired 
signals or avoid interfering signals, and this enables 
configuration of efficient wireless communication networks. 
Although the proposed antenna is operated at 3 GHz, this 
antenna model can be easily redesigned for other frequency 
applications by using the frequency scaling technique. 
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