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Abstract: A mechanical beam scanning dipole array antenna coupled to a

meander two-wire parallel transmission line is proposed. A meander trans-

mission line is introduced to the proposed antenna in order to suppress its

grating lobe without using lumped element inductors. Numerical simulation

demonstrates that the proposed antenna is capable of continuous beam

scanning ranging from 2°(@º = 0) to 42°(@º = 180°) without grating lobe

due to the meander transmission line.
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1 Introduction

The next generation wireless communication system is expected to be operated in

a high frequency band such as a millimeter wave frequency band [1]. In the

millimeter wave frequency band, relatively wide bandwidth is available and an

extremely high-speed wireless communication system can be developed. One of the

most challenging problems for the millimeter wave wireless communication system

is how to compensate a high propagation loss.

Electronic beam scanning antennas using various microwave components are

promising techniques in order to compensate the high propagation loss in the

millimeter wave frequency band [2, 3, 4]. The electronic beam scanning antennas

are capable of scanning their main beam using active/passive microwave compo-

nents such as solid state devices, phase shifters, or couplers. High signal-to-noise

ratio is expected because the main beams of a transmitting and receiving antenna

are directed to each other during the wireless communication. Quick response is an

another advantage of the electronic beam scanning antennas while their disdvan-

tages are large insertion loss and nonlinearity.

A mechanical reconfigurable antenna is an alternative approach to develop a

beam scanning antenna. Performance of the mechanical reconfigurable antenna is

controlled using an actuator. The mechanical reconfigurable antenna needs no

active microwave components and is free from large insertion loss and nonlinearity

of them. Therefore, the mechanical reconfigurable antenna is a promising approach
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in order to compensate high propagation loss in the millimeter wave frequency

band. A substrate integrate waveguide (SIW) slotted array antenna [5] and a

traveling wave slot array have been proposed [6]. The SIW slot antenna is operating

in 24GHz band and its �35° beam scanning range was demonstrated experimen-

tally while the traveling wave antenna is operating in 13GHz band and its �25°
beam scanning range was demonstrated experimentally. A 5 � 1 mechanical beam

scanning reflectarray using a nylon gearing arrangement has been fabricated and its

beam scanning performance was measured [7].

On the other hand, a mechanical beam scanning dipole array antenna coupled to

two-wire parallel transmission line has been proposed and its beam scanning

performance was demonstrated [8, 9]. The proposed antenna is a kind of a

leaky-wave antenna and all array elements are excited via the near-field of the

two-wire parallel transmission line. Beam scanning capability of the proposed

antenna comes from variable array spacing which is available using an actuator. In

[9], it was demonstrated that a couple of inductors loaded with the transmission line

can suppress its grating lobe. The inductors are modeled as lumped elements in [9]

while the size of inductors is comparable to wavelength in millimeter-wave band.

In this letter, a mechanical beam scanning dipole array antenna coupled to a

meander two-wire parallel transmission line is proposed. A meander transmission

line is introduced to the proposed antenna in order to suppress its grating lobe

without using lumped element inductors. Numerical simulation demonstrates that

the proposed antenna has a continuous beam scanning capability without the

grating lobe.

2 Meander transmission line

According to [9], the proposed antenna has a grating lobe and inductors should be

loaded with the transmission line in order to suppress the grating lobe. However, in

the millimeter wave frequency band, it is difficult to deal with an inductor as a

lumped element because its dimension is comparable to the wavelength. Therefore,

meander structure was applied to the transmission line as the component of

inductance. Fig. 1 shows the proposed antenna with the meander two-wire parallel

transmission line and Table I shows its electrical parameters and dimensions. The

two meander lines are parallel and the radiation from the lines is canceled because

the current of the lines is the same amplitude but out of phase.

Transmission line theory is helpful in order to design the meander line because

the meander line is composed of a couple of short stubs. According to the

transmission line theory, a load impedance Zs of a lossless short stub is expressed

as,

Zs ¼ jZ0 tanð�llÞ ð1Þ
where β is phase constant of the transmission line, Z0 is a characteristic impedance

of the stub, and ll is the length of the stub. Once a specific value of the inductance

is known, the length of the short stub to be loaded is immediately obtained from

(1). In this letter, ll � 0:1�0 is obtained from (1) by substituting Zs ¼ j60� and

Z0 ¼ 276 which are obtained from dimensions and electrical parameters shown

in Table I.
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3 Numerical simulation

Numerical simulations were performed using the method of moments (MoM) in

order to demonstrate a beam scanning performance of the proposed antenna with

Fig. 1. Dipole array antenna coupled to meander two-wire parallel
transmission line.

Table I. Electrical parameters and dimensions of antennas.

Design frequency f [GHz] 30

Conductivity of antenna elements 5:8 � 107

and transmission lines σ [S/m] (Copper)

Conductivity of ground plane σ [S/m] 3:5 � 107

(Aluminium)

Load impedance ZL [Ω] 300

Reactance of inductors (or short stubs) LH [nH] 1

Width of short stub lw [mm] 1

Length of short stub ll [mm] 1

Spacing between two inductors (or short stubs) lin [mm] 7

The number of inductors (or short stubs) 9

Radius of conductors a [mm] 0.1

Width of transmission line W [mm] 1.22

Length of transmission line L [mm] 120

Length of dipole element l [mm] 5

Height of dipole elements from transmission line h [mm] 0.5

Array spacing d [mm] 5�8
Spacing between source and the first element x0 [mm] 15

Length of ground plane in x direction lx [mm] 120

Length of ground plane in y direction ly [mm] 15

Height of transmission line from ground plane hp [mm] 2.5

Number of dipole elements N 10
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the meander line [10, 11]. Fig. 2(a) shows a beam scanning performance of the

proposed antenna with lumped element inductors while Fig. 2(b) shows a beam

scanning performance of the proposed antenna with the meander line. It is found

that the beam scanning performance of these antennas is in good agreement.

(a) Directivity of the proposed antenna with lumped
element inductors (Eφ in xz plane).

(b) Directivity of the proposed antenna with the me-
ander line (Eφ in xz plane).

(c) Continuous beam scanning performance of the
proposed antenna with the meander line (Eφ in xz
plane).

Fig. 2. Beam scanning performance.
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Therefore, it can be said that the meander line is equivalent to the transmission line

with lumped element inductors.

Fig. 2(c) shows a beam scanning range of the proposed antenna at 30GHz.

Here, the beam scanning range indicates an angle region where a drop of the

directivity from the maximum one is not over 3 dB. It is found that continuous

beam scanning performance is available as an array spacing d varies. The

maximum directivity is 17.2 dBi at d ¼ 0:89�0 and the beam scanning range is

from 2�ð@� ¼ 0Þ to 42�ð@� ¼ 180�Þ.

4 Conclusion

In this letter, a performance of the mechanical beam scanning dipole array antenna

coupled to a meander two-wire parallel transmission line has been demonstrated. It

has been shown that the meander line is equivalent to the transmission line with

lumped element inductors and is able to suppress a grating lobe. Numerical

simulation has demonstrated that beam scanning range of the proposed antenna

is ranging from 2�ð@� ¼ 0Þ to 42�ð@� ¼ 180�Þ. Impedance matching and fab-

rication technique are not discussed here and are remaining as problems to be

challenged in future.
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