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The Study on New Radiating Structure with Multi-Layered Two-
Dimensional Metallic Disk Array for Shaping Flat-Topped Element Pattern
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Abstract

In this paper, a new radiating structure with a multi-layered two-dimensional metallic disk array was proposed
for shaping the flat-topped element pattern. It is an infinite periodic planar array structure with metallic disks
finitely stacked above the radiating circular waveguide apertures. The theoretical analysis was in detail performed
using rigid full-wave analysis, and was based on modal representations for the fields in the partial regions of the
array structure and for the currents on the metallic disks. The final system of linear algebraic equations was
derived using the orthogonal property of vector wave functions, mode-matching method, boundary conditions and
Galerkin's method, and also their unknown modal coefficients needed for calculation of the array characteristics

were determined by Gauss elimination method. The application of the algorithm was demonstrated in an array
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design for shaping the flat-topped element patterns of £20° beam width in Ka-band. The optimal design

parameters normalized by a wavelength for general applications are presented, which are obtained through

optimization process on the basis of simulation and design experience. A Ka-band experimental breadboard with

symmetric nineteen elements was fabricated to compare simulation results with experimental results. The metallic

disks array structure stacked above the radiating circular waveguide apertures was realized using ion-beam

deposition method on thin polymer films. It was shown that the calculated and measured element patterns of the

breadboard were in very close agreement within the beam scanning range. The result analysis for side lobe and

grating lobe was done, and also a blindness phenomenon was discussed, which may cause by multi-layered

metallic disk structure at the broadside. Input VSWR of the breadboard was less than 1.14, and its gains measured
at 29.0 GHz, 29.5 GHz and 30 GHz were 10.2 dB, 10.0 dB and 10.7 dB, respectively. The experimental and
simulation results showed that the proposed multi-layered metallic disk array structure could shape the efficient

flat-topped element pattern.

Key words : Planar Periodic Array, Flat-Topped Element Pattern, Multi-Layer Disk Structure, Rrigid Full-Wave

Analysis, Boundary Condition, Mode-Matching
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Fig. 1. Multi-layered metallic disk array structure
excited by circular waveguide.
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38 2. Az Ka g 48 AAE
Fig. 2. Fabricated Ka-band experimental breadboard.
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B 2. NAF gElve] &3 A 2 o5
Table 2. Measured directivity and gain of the
breadboard antenna.
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