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1. Introduction

A loop-line antenna is known as a circularly polarized (CP) radiation element [1]. Although some
investigations for this antenna have been made [2], a detailed investigation is required to aid in the
design. For this requirement, this paper presents the radiation characteristics of two types of loop-line
antennas; one is an open-loop line antenna and the other is a closed-loop line antenna.

First, the open-loop line antenna is investigated, where each loop cell has an open gap. The key to
formation of a CP radiation beam is revealed. Further consideration is given to deterioration in the
axial ratio when the number of cells is decreased. Next, to improve the axial ratio, a line antenna
consisting of closed-loop cells is proposed. The difference between the radiation mechanisms of the

closed- and open-loop line antennas is emphasized and discussed.

2. Open-loop line antenna

Fig. 1 shows the antenna configuration and coordinate system. A microstrip line is printed on a
grounded dielectric substrate of relative permittivity €, and thickness B. The line is periodically bent
and forms N radiation cells. The cell consists of three parts: a feed line of length Ly, a square loop of
circumference C, and connection lines of length £, as shown in Fig. 1(b). The loop has an open gap of
distance Ad, and is called an open loop. The antenna is fed from a coaxial line at the left terminal F.
The right terminal T is open-circuited.

The antenna is optimized to radiate a CP wave in the direction normal to the antenna plane, using
the method of moments [3]. Calculations for N = 12 reveal that the connection line length £ is one of
key parameters to be appropriately selected. In other words, the length € significantly affects both the
axial ratio and the beam direction. This fact is shown in Fig. 2. It is found that the normal beam of 6,
= (° is obtained at £ = 0.06),, with an axial ratio of less than 3 dB.

Fig. 3 shows the radiation pattern in the ¢ = 0° plane for £ = 0.06A,. The radiation field is
decomposed into right- (Er) and left-hand (E.) CP wave components. It is observed that a narrow CP
radiation beam is formed, with a half-power beamwidth of 6°. The frequency responses of the gain and
axial ratio are shown in Fig. 4. The axial ratio is less than 3 dB over a frequency range of 0.95f, to
1.05fy (10%), in which the gain is more than 15 dBi.

The discussions described so far have been restricted to the case for N = 12. Further consideration
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is given to the radiation characteristics as a function of N. The dotted line in Fig. 5 shows the axial
ratio versus N, where the axial ratio deteriorates with decrease in N. The axial ratio for N = 4, for

example, is 5 dB. Improvement in the axial ratio is discussed in the next section.

3. Closed-loop line antenna

The deterioration in the axial ratio for a few radiation cells is due to the radiation mechanism,
where the rotational sense of a CP wave generated from the traveling current along the line is opposite
to that from the reflecting current. Another loop-line antenna having a new radiation mechanism is
proposed in this section. The antenna configuration and coordinate system are shown in Fig. 6. The
antenna has the same structure shown in Fig. 1 except that the loop is closed (called a closed loop). In
addition, the loop has a perturbation segment of length Ad for the CP radiation.

Preliminary calculations for N = 12 show that the key to forming a CP normal beam is to
appropriately select the connection length £, as in the previous open-loop line antenna. It should be
noted, however, that £ affects only the axial ratio, leading to simple antenna design. The antenna is
found to radiate the CP normal beam with an axial ratio of 0.3 dB for £ = 0.3X0.

Now, the number of radiation cells is decreased and the axial ratio is evaluated. The results are
shown by the solid line in Fig. 5. It is clear that the antenna can radiate a CP wave even for a few cells.
For example, the axial ratio for N = 4 is 0.4 dB. It can be said that the antenna has a new radiation
mechanism, where both the traveling and reflecting currents contribute to the same rotational sense of
the CP radiation.

Fig. 7 shows the radiation pattern in the ¢ = 0° plane for N = 4. A CP beam is radiated in the
direction normal to the antenna plane. The frequency responses of the axial ratio and gain are shown
by the solid lines in Fig. 8. It is found that the antenna has the CP bandwidth and the constant gain that
are comparable to those for N = 12 (dotted lines). The CP bandwidth for a 3-dB axial-ratio criterion is

3 %, where the gain is almost constant at 14.5 dBi.

4. Conculusions

An open-loop line antenna has been designed for forming a CP radiation beam normal to the
antenna plane. Calculations reveal that loop connection length £ is one of key parameters to be
appropriately selected. Another loop-line antenna composed of closed-loop cells is also analyzed. The
antenna is found to have a new radiation mechanism, where both the traveling and reflecting currents

along the line contribute to the same rotational sense of the CP radiation.
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Fig. 8 Frequency responses of axial ratio and gain
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