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1. Introduction

An edge-fed Kraus-type grid array antenna (E-GAA) radiates a linearly polarized wave,
whose direction varies with frequency [1]. In contrast to the E-GAA, a center-fed Kraus-type grid
array antenna (C-GAA) radiates a linearly polarized wave in the direction normal to the grid array
plane [2]. The long and short side lines of each grid cell for these GAAs act as the transmission-line
and radiation elements, respectively.

The long side lines for the Kraus-type C-GAA are modified to meandering lines in [3]. It is
found that the meandering lines contribute to controlling the HPBW in the H-plane, keeping the
HPBW in the E-plane constant. In [4], the long side lines are replaced with bent lines, and it is
revealed that, as the bend angle is increased, the HPBWs in the two principal planes become wider.

The short side lines for the Kraus-type C-GAA have also been modified in [5], where the
strip conductors are used. By selecting the conductor width, this C-GAA shows a wide frequency
response of the VSWR. Note that this C-GAA radiates a linearly polarized wave.

An array antenna that radiates a circularly polarized (CP) wave is found in [6], where c-
figured elements are placed above the Kraus-type C-GAA. The maximum radiation from this array
is in the direction normal to the grid array plane. A CP C-GAA in [7] has loops for the grid short
sides, each having perturbation elements. The maximum radiation from this CP array is in the
direction normal to the grid array plane, as in [6].

This paper presents a novel E-GAA that radiates a CP beam, whose direction varies with
frequency. This CP E-GAA uses spiral elements for the grid short sides. The radiation
characteristics, including the beam direction, axial ratio, and radiation pattern, are analyzed and
discussed.

2. Configuration

Fig. 1 shows a conventional wire E-GAA, where point F is the feed point and point P is the
terminal point, which is loaded with a resistor R (= 50 Q). The grid array is placed above a
conducting ground plane (GP). The ground plane is assumed to be of infinite extent in the following
analysis. The height of the grid array above the ground plane is extremely small (Hgp = 0.05A,,,
where Ay, is the free space wavelength at a test frequency of 12 GHz). The number of x-directed
radiation elements is n (= 27). The length of the grid long side line is L, (= 1A;,), while the length of
the grid short side line is Ly (= 0.5A,). The wire radii of the grid are p; (= 0.002A;) and p, (=
0.01A12).

Fig. 2 shows a proposed CP E-GAA, which is a modification of the structure shown in Fig.
1. The x-directed radiation elements of Fig. 1 are replaced with spiral elements. The spiral elements
are located at height Hg(= 0.05A,,) from the grid plane. The number of spiral turns is 1.5. The
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rotational sense of the spiral is counterclockwise for radiating a right-handed circularly polarized
wave. The wire radius of the spiral element is pg, (= 0.0022,,).

3. Discussion

Analysis is performed using the method of moments [8]. A frequency range of 12 to 17
GHz is used. The solid line in Fig. 3 shows the frequency response of the beam direction for the
proposed CP E-GAA. For comparison, the dotted line shows the beam direction for the
conventional LP E-GAA shown in Fig. 1. It is found that the beam direction for each of the GAAs
varies with frequency. The gradient of frequency response curve for the proposed CP E-GAA is
steeper than that for the conventional LP E-GAA.

Fig. 4 shows the frequency response of the axial ratio in the direction of the main beam for
the proposed CP E-GAA. The analysis reveals that the axial ratio is less than 3 dB within a
frequency range of 14.1 to 16.6 GHz (a bandwidth of approximately 16 %). Within this frequency
range, the beam direction varies from 4° to 33° in the x-z plane, as shown in Fig. 3.

Fig. 5 shows the radiation patterns for the proposed CP E-GAA in the x-z plane at 14.1 and
15.2 GHz. As the frequency is increased, the beam width becomes wider. Note that the gain at 15.2
GHz is decreased by 3 dB from its maximum value (24 dBi). The VSWR of the proposed CP E-
GAA is desirably small within an axial ratio bandwidth of 14.1 to 16.6 GHz. During the
presentation, experimental results will be shown for checking the validity of the analysis results.

4. Conclusions

A grid array antenna composed of spiral elements is investigated to radiate a circularly
polarized wave. It is found that the proposed antenna has a 16% frequency band width for a 3-dB
axial ratio criterion. Within this frequency band, the beam scans an angle range of 6 = 4° to 33°.
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Figure 1: Conventional linearly-polarized edge-fed grid array
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Figure 2: Proposed circularly-polarized edge-fed grid array antenna composed of spiral elements
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Figure 3: Beam direction as a function of frequency
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Figure 4: Axial ratio as a function of frequency
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Figure 5: Radiation pattern





