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Abstract: Two element array dipole antenna with 90° phase difference feed is proposed for the directional

antenna. In the numerical analysis, the electromagnetic simulator WIPL-D based on the Method of
Moment is used. The distance between two elements is fixed to be a quarter wavelength at the design
frequency 2.45 GHz. By adjusting the length of two elements, the front-to-back ratio of 13.6 dB is obtained.
The relation between the front-to-back ratio of this antenna and the feed point currents of dipole elements is
discussed. The measured input impedance with 90 degree hybrid agrees with the calculated result.
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1. Introduction

For the short-range wireless communication, a small antenna with unidirectional radiation characteristics is
desired. As the directional antenna composed of wire elements, the Yagi-Uda antenna and the ESPAR antenna
are well known. These antennas consist of single driven element and some parasitic elements. In the Yagi-Uda
antenna, the induced currents on the parasitic elements are controlled by adjusting the length of parasitic
elements and the distance of elements [1]. In the ESPAR antenna, the current of parasitic elements are
controlled by adjusting the loaded reactance at the feed point of them [2]. These antennas are spatially phase
controlled antennas.

In this paper, the two element array dipole antenna with 90° phase difference feed is proposed for the
directional antenna. The distance between two dipole elements is fixed to be a quarter wavelength at the design
frequency 2.45 GHz. This antenna is numerically and experimentally analyzed. In the numerical analysis, the
electromagnetic simulator WIPL-D based on the Method of Moment is used [3].

2. Analytical Model

Fig. 1 shows the structure of the two element phased array dipole antenna. Each antenna element is fed
with 90° phase difference. The distance between two elements is d = 30.6mm = 0.25 A., where A. is the
wavelength at the design frequency 2.45 GHz. The length of the antenna element #1 and #2 are L1 and L2,
respectively. The radius of each element is a = 1 mm. In the numerical analysis by WIPL-D, antenna elements
are excited by the delta-gap generators.

Fig. 2 shows the experimental model. Two monopole elements are mounted on the ground plane of 87 cm
by 87 cm. This antenna is driven through the 90° hybrid phase shifter. The reflection coefficient I at the input
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port of hybrid is expressed in terms of the reflection coefficients I'; and I'5 seen from the port 2 and 3 toward

load [4]. _1
F_E(R -T,) 0

3. Results and Discussion

Fig. 3 shows the maximum front-to-back ratio calculated in the frequencies from 1 GHz to 3 GHz. Fig. 4
shows L2 and the frequency where the maximum front-to-back ratio is obtained. The maximum front-to-back
ratio is obtained for the ratio of L2 to L1 from 0.93 to 0.95. Fig. 5 shows the front-to-back ratio at the design
frequency 2.45 GHz. The front-to-back ratio becomes highest (13.6 dB) at the design frequency in the case of
L1=0.375 A, and L2 = 0.359 A.. Fig. 6(a) and (b) show the calculated electric field radiation patterns in the xy
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plane where the highest front-to-back ratio is obtained at the design frequency and in the frequencies from 1.0
GHz to 3.0 GHz, respectively.

Fig. 7 shows the feed point current of each element and the synthesized currents toward +y and —y direction.
The distance between two elements d = 30.6 mm corresponds to the spatial phase delay of 90° at 2.45 GHz. In
Fig. 7(a), without considering the attenuation along the propagation, the current on the element #2 added by the
current #1 with 90° phase delay contributes to the radiation toward +y direction. The current on the element
#1 added by the current #2 with 90° phase delay contributes to the radiation toward -y direction. The
difference between two synthesized currents means higher front-to-back ratio. On the other hand, the
amplitudes of two synthesized currents are almost same in Fig. 7(b). Therefore the front-to-back ratio becomes

low.
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Fig. 8 Calculated input impedances at feed points Fig. 9 Input impedance characteristics at input
of each element. L.1=0.375 A., L2=0.359.. port of 90° hybrid phase shifter.

Fig. 8 shows the calculated input impedances at feed points of each element for L1 = 0.375 A, and L2 =
0.359 .. In this case, the highest front-to-back ratio is obtained at frequency of 2.45 GHz. In the case of L1 =
L2 = 0.5 A, the differences of the input impedance of two elements are observed at higher frequencies due to
the mutual coupling between two elements [5]. However, in Fig. 8, the input impedance of element #1 is almost
same as that of element #2. Fig. 9 shows the input impedance characteristics at the input port of 90° hybrid
phase shifter. In the calculation, the attenuation and the phase delay in the coaxial cable between the phase
shifter and the antenna element is considered. The calculated impedances agree with the measured results.

4. Conclusion

Two element array dipole antenna with 90° phase difference feed has been analyzed numerically and
experimentally. Although this antenna has a simple structure, it has the unidirectional radiation characteristics.
By adjusting the length of each element and the distance between two elements, higher front-to-back ratio will
be obtained. This antenna will be promising as an element antenna for the base station antenna of short-range
wireless communication system.
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