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1. Introduction
This paper presents a liearly-polarized radial line slot antenna (RLSA) with low sidelobes
for a radar mounted in the head of an aircraft. The RLSA is a circular planar antenna [1] so
that it would be better for a cone-shaped space of the head in comparison with conventional
slotted waveguide array where each waveguide has different length.
We have two ways to realize the linear polarization using RLSA. One is to arrange slot sets
with linear polarization on the antenna aperture [2] and the other is to place a polarization
converter over a circularly polarized RLSA [3]. In the former case, the arrangement by the

original set of two slots spaced by a half wavelength gave large reflection at the feed point.

The reflection-canceling techniques such as beam-tilting [4] and modified configurations of
Polarizer

the slot sets [5] made the antenna design more
complicated. Therefore we take the latter case. In the

circularly polarized RLSA, the arrangement by the

original set of two slots spaced by a quarter wavelengths
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gives small reflection at the feed point. Use of a eking Radius: 15[
S 2 2

polarizer with no reflection can make the design of the

polarizer independent from the design of RLSA.

Double-layer of dipole arrays are used as the polarizer. =] S Heioht

T 36 mm
Tayor aperture distribution is adopted to suppress the <—H
Antenna Radius:250[mm]

sidelobes in RLSA [6]. The sidelobe-suppressed RLSA

and the double-layer polarizer are designed

£ =1.08 2[mm]
g =220 |[] 1.6[mm]

independently. We show the aperture field distributions,

the radiation patterns and the gain in the Double Layer

linearly-polarized antenna integrated with these two Fig.1 Configuration

components.
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2. Design of RLSA

Fig.1 shows the structure and the parameters of RLSA. RLSA is designed at 9.3GHz. The
diameter is 250mm and the diameter of a blocking area at the center is 15mm. The waveguide
has two dielectric layers. The relative permittivity is 1.08 in the upper layer and 2.20 in the
lower layer. The effective relative permittivity is 1.41 in the waveguide.

The Taylor amplitude distribution for the circular aperture is determined for the sidelobe
level of -40dB and n is 6. The excitation coefficient of each slot pair is sampled in the
continouos tapered distribution. The slot length is changed to control the excitation
coefficient.

Fig.2 shows the variation of the slot length in the radial direction. The variation for uniform
amplitude distribution is added into this figure for comparison. The amplitude in the Taylor
distribution near the center is stronger than that in the uniform distribution so that the slot
length in the Taylor distribution near the center is longer than that in the uniform
distribution. The amplitude at the edge is about -14dB of that at the center in the Taylor

distribution. 16 : x x w

The chain double-dashed lines in Fig.4-Fig.6 show =50 4
the amplitude distribution, the phase distribution, §14V 4

=)
and the radiation patternin the design, respectively. Tal |
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The sidelobe level is -25.2dB, which becomes high ‘%12» ey ]
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Fig.2SlotLength
3. Design of Polarizer

The polarizer to transform circular polarization by the RLSA to linear polarizarion is double
layer of dipole arrays exched two-dimensionally on a film. The two layers are placed with
proper spacing to cancel the reflection. This means that the polarizer and the RLSA can be
designed independently and they are placed at arbitarary spacing not to have high-order
coupling.

The circular polarized wave is regarded as composition of the parallel component of electric
field to dipoles and the perpendicular one with 90 degree phase difference. We design the
polarizer so that the transmission factor for the parallel component is j because that for the
perpendicular component is 1. Then the transmitted wave has linear polarization tilted by 45
degrees to the dipoles.
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The width and the length of the dipoles are 1.0mm and 10.2mm. The transverse and the
longitudinal spacings are 3.0mm and 13.3mm. The layer spacing is 3.0mm (0.09 wavelengths).

This spacing is much thinner than a quarter wavelengths in conventional double-layer

configuration for canceling reflection, because 0 0
the slots have non-resonant length shorter than = 1
(7 ]
an half wavelength. The relative permittivity of 51 1720 g
2| 1 8
the spacer is 1.08. Fig3 show the transmission £ ] B
-2 -40 %
and the XPD in the design. The XPD is under § :
-20dB, and the transmission is larger than -0.5 UUROTRTTN 1 | R O TO P
. 57 8 9 10 11
dB in a range of 7.9 GHz — 9.6 GHz. Frequency[GHZ]

Fia.3 Trans. And XPD of Polarizer
4. Measurement Result

The dashed lines in Fig.4 and Fig.5 show the amplitude and the phase distributions by the
RLSA without the polarizer in the radial direction in the measurement.The amplitude level at
the edge is -14.6dB of that at the center. The phase difference is 50 degree.The dashed lines in
Fig.6 and Fig.7 show the radiation pattern and directivity.

The measured sidelobe level is -21.7dB, which is higher by 3.5dB than the designed one. The
antenna efficiency is 65%. The measured center frequency is shifted by 100MHz from the
designed one.

The polarizer is placed on the RLSA with one—wavelength spacing (45mm). The solid lines
and chain lines in Fig.4-Fig.7 correspond to the main polarization components and the cross
polarization ones. The cross polarization level is about -12dB in the measurement, which is
much higher than the design. This could come from reflection of the polarizer because of
edching error in the dipole length. Then aperture phase changes 60 degrees in the radial
direction, and the sidelobe level is -16.1dB
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Fig.6 Antenna Pattern Fig.7 Directivity

5. Conclusion

We have designed the sidelobe-suppressed ccircularly-polarized RLSA where the diameter is
250mm and the double-layer dipole polarizer with reflection cancellation at 9.3GHz. The side
lobe level is -21.7dB, and the aperture efficiency is 65% in only RLSA. With the polarizer, the
cross polarization level is about -12dB.
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