Aperture lllumination of a Circular Polarization Oversized Rectangular Waveguide
Sotted Array

Hisahiro KA, Jro HIROKAWA, and Makoto ANDO
Department of Electrica and Electric Engineering, Tokyo Indtitute of Technology
2-12-1 Ookayama Meguro-ku, Tokyo, 152-8552, JAPAN
E-mail; hisshiro@antenna.petitech.ecjp

Abdract
A circularly polarized dotted overszed waveguide array is desgned and antenna characterigtics such as
aperture illumination, radiation patterns and axial ratio are predicted. The approximate modd reflecting the
reflection-canceling feature of dot pairs digpenses with the full analysis of practical structure with thousands of
dots
1. Apertureillumination of dotted overszed waveguidearrays

Rectangular pardld plate dotted arrays using didectric subgtrate, named a post-wall waveguide array shown
in Fg.lare dtractive candidates for high efficiency and mass producible planar array antennasin millimeter wave
goplicationg 1-5]. A large pardld plate is shorted by densdly arrayed metd-surface via-holes and works as the
antenna gperture with dotson it. A TEM-like wave is excited a one end of the pardld-plate by afeed waveguide
through the coupling windows, which cond st of postsaswel. Thedimension of the platein transversedirectionis
very large compared with the wavdength. So the structure is fully oversized. The two-dimensond array conssts
of radiation units as dement, each one of which satisfies the reflection cancding design rule [6]. The unit condsts
of dots and depends upon the polarization requirement as shown in Fg.2 As an example, number of radiaion
units is 24x20 units that are 960 dots (480 pairs) in 0-deg linear and circular polarization antenna, 1440 dotsin
45-deg linearly polarization antenna with the gperture 19 Ae x 19\e. Since the reflection from units is negligible,
traveling wave operation is expected in the overszed guide. As the firgt gpproximation in the design of dot, we
assume theinfinite arrays and impaose the periodicity of theinner fidd digtribution in pardle plate waveguide; dot
length, width, angle and position is determined using the linear array mode with periodic boundary wals shown
in Fg.3. In the red dructure of the arrays, on the other hand, the gperture Sze is large but is Hill finite (10-40
waveengths). So severd strange behaviors have been observed, which are unique and inherent to the overszed
waveguide arrays. For an example, Figure.3 () shows measured result of aperture illumination of 45-deg linearly
polarized pardld plate dotted aray. The aperture fidd uniformity suffers from a triangular area of low
illumination, in theleft bottom part in the aperture. For enhancing the quality and the accuracy of the array design,
an accurate modd of theinner fidd and gpertureillumination in the oversized waveguide arrays. However, itisnot
redigic to conduct the full wave andyds of large two-dimensond dotted array with thousands of dots.  The
authors proposed effective and essy andyss method for determining the inner fidd, subseguent dot excitation
coefficients and apertureillumination that dispenses with the matrix caculationin thefull waveandysis[7].  As
the result, we succeed in explaining the illumination defects in left bottom for 45 deg polarization antenna as
showninFig.3(b)

In this paper, the authors design acircularly polarized rectangular dotted array and apply this smplified model
for the prediction of antenna characteridics
2. Scattering Fidd dueto Radiation Units

Figures4(a) and (b) show two examples of scattering fidlds from one and 24 dot pair(s) repectively. It isfound
that the scattering toward —z direction or the reflection is canceled in apair and fidds are directed only in the lower



(+2) direction.  The above reflection-cancding feature of circular polarization dot pair suggests us the following
goproximeation.
3. Basc Procedureof Analysis

Excitation fidd for aradiation unit at some points consists of the two contributions, that is, unperturbed oversize
waveguide fidd and scattering fiddsfrom dl the dots. For the latter, the rigorous analyssis not practicd for larger
arrays with thousands of dots and perturbation gpproximation is introduced here. The oversze waveguide fied
after propagation in the oversized waveguide [8] and scattering fidds from dots result in non-uniform excitation
fidd for dots arrayed in the x-direction. The dots in the lower postion in the waveguide in the traveling wave
operaion would be serioudy perturbed. Figure 5 shows the andyss mode of overszed waveguide aswel asthe
cdculation procedure. The periodic boundary wall modd used for dot design is dso incdluded in the bottom. The
goerture has M (row) x N (column) rediation units while the periodic modd has 1 x N units. Asfor the scattering
field from dots observed & (pm,Q,), the contribution from units only in the upper (n=#1, #2 ..#n-1) region is
important since reflection canceling units radiate only in forward direction as is shown in Figs 4(a) and (b). We
determine dot excitation coefficients usng the following procedures. <1> Cd culate the TEM-like dominant mode
(totdl field arrived e the unit #n) 1, and dot excitation coefficient V,of dots & #n radiation units in the design
modd with periodic boundary wall. <2> Cdculate incident fied Iy, a column n and row m (=1, 2 ..M) by the
sum of unperturbed oversize waveguide field H™,,, in an oversized waveguide and the scattering fidlds from &l
the dotsin the upper podtion (pm,gh) (M1, 2,...M, n=1, 2,...n-1). Perturbation ratio of incident field k., isdefined
by the incident field I, a the position (pm,0},) in the oversized waveguide and that (1) at postion g,in the design
mode with periodic boundary wall.

Thisratio isnot uniform for m and accountsfor perturbation dueto narrow wall and dotsinthefinitearray. This
defect has been neglected in the periodic boundary wal modd assuming infinite size of the array and the pardld
plate. Excitation coefficients of unit a (pm,g,) with this perturbation teken into account are given by

V., =k, V., n=123.N m=12.M (1

mn~n?

Aperture illumination in the plane of dotsis caculated by Fourier transform of plane wave spectrum of the array
invisibleregion and is compared with the illumination ca culated from near fiedld measurement data
4. AnalydsReault

Fgure6 shows predicted result of excitation coefficents of dots a the lower column (n=15) postion for
uniform excitation source. Points show edtimated excitation coefficients of dots normdized by that of periodic
boundary wdl modd, while the line shows the didtribution of oversze waveguide field without perturbation due
to dots. Deviation from the unity corresponds to perturbation. Digtribution of excitation coefficient agrees with
that of overdze waveguide fiedld dmog everywhere; it implies the perturbation due to the narrow wadls is
dominant. Figure 7 shows cdculaed goerture illumination. As the perturbation due to the narrow wadl is
dominant gpertureillumination has ripple around the center of waveguide and low amplitude near the sdewall.

FgureB.shows caculated radiation paitern in the plane pardld to the feed waveguide (x-direction). The solid

line shows cdculated radiation pattern without perturbation. The dotted line shows that with perturbation .The
wide angle sdelobes are lower for radiation pattern with perturbation than that without perturbation, sncethe edge
illumination istapered down in Fg.6.
5 Condusons

In this paper, the authors discussed about circular polarization oversized waveguide array to evauation effect of
dot arangement based on internd traveling-wave field in an overszed rectangular dotted array.  Asthereault,
we found that the perturbation due to the narrow wallsis dominant in this dot arrangement. Aperture illumination
is amilar to that of arrays for O deg linear polarization. Experiments are now conducted and the comparison
between measured and cd culated resultswill be presented.
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