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ABSTRACT — A single-layered radisl iine slot array (SL-
RLSA) anfeonn efched on o substrate und fed a
rectangular wavegulde Is presented In the 60GHz bund. The
dbesign carves ure obtained by an efficlent clectramagaetic
coupling analysls uslng Ewald Sum technique and Shanks

The antenna feed

structure uslng 3 rectangular waveguide-to-radial fine
transitlon. The protolype antenna of 1Deme-dinmeter was
tested und the gain of 314BI and the clfickensy of 38% were
weasured af 60GH

L INTRODUCTION

High-gain planar antennas are imporiant elements in
wireless LANs and collision avoidance radar systems in
the millimeter wave band, The RLSA anlenna was
proposed as a candidaie for these requirements with high
cfficiency. Since the analysis model, from which the

information about couplings thraugh slots can be obtained,

und design procedures have been well developed already
in the 12GHz band [1], several types of RLSA antennas
hive been designed easily [2]. But, in the coupling
analysis of these RLSAs, the cfficiency from the
viewpoint of numerical analysis has not boen cmphasized,
#0 there is a practival difficulty in convergence behavior
in the evaliation of the Green's functions. Also, the use of
the coaxial cable with coaxial-to-radial line transition as a
fead structure in existing RLSA antennas made thess
antznnas more lossy, expensive, and difficult to handle in
the millimeter wave band, This paper summarizes the
proposed cfficient methed of analyzing the slot coupling
and proposes new planar feeding methed suitable at
G0GH: band. Fig. | shows the struciure of prototype
antennn 1o be desigmed,

IL EFFICIENT ANALYSIS OF SLOT COUPLING

The slot coupling characteristics should be analyzed in
RLSA for its design, The previous analysis [1] used a
waveguide model with & perindic boundary condition on
its narrow walls and periadically amranged slots on its
wide wall. The magnetic ficld integral equation and two
dyadic Green's functions for cach region are derived and
the
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Fig. 1. SL-RLSA antenna with proposed adaptos

method of momemts i used. For the rectangulur
waveguide region, the Green's function is a two
dimensional series, which is quite slowly convergent. In
our analysis, Green's function i expanded in terms of
image series. The series is the superposition of the freo-
space periodic Green's functions, which can be efficiently
calculated using the Ewald sum technigue us fallows [3-5]
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« where
S sinusoidal functions
a,b: width and height of waveguide cross section

E: control parameter in the Ewald sum method
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As u resull, exponentiol convergence is achieved with
i ing the number of ion terms. Similarly,
same acccleration method is required for the effective
calculation of the free-space Green's function series in the
half space region. We used Shanks” transformation which
transform the sequence of partial sums of showly
convergent infinite sérics indo the new ome which
converges quickly toward the exact value [6]. In sddition
1o the accelertions of the two Green's functions, twa
different kinds of basis functions, the entire domain basis
function and the sub-domain one, are wed tagether to

imize the cffici analysis und to
cxtract singularities. That is to say, in filling impedance
inatrix in method of maments, non-self temm is caleulated

we can use the well-known analytical integral formulas in
computing the part related to singularitics and numerical
integrations in computing the oiher pan, respectively. It
<an be shown that the proposed analysis method leads 1o a
reduction in computational effort and time with beiter
accuracy. Fig. 2 shows the coupling characteristics of the
slots etehed on the substrate.

Fig 2 Calcubatod coupling chameteristies of slots
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11l DESIGN OF RECTANGULAR WAVEGUIDE
FEEDER

In the uwsual RLSA antennas, the pawer is fed by the
coaxial feed at the center of the radial wiveguide [2]. But
this type of feed cannot be easily used in millimeter wave
bund because coaxial cable is tossy, and the adapiors are
cxpensive and fragile in thal band. Thesefore, most of
mit-wive tranceivers have their inputioutput ports with
standard rectangular waveguides, For these reasans, wo
gol an idea from the commonly used coaxial-to-
waveguide transition and applied it directly 1o rectangular
waveguide-to-radinl line transition. The mechanism of
power transfer by our adaplor is as follows, First, the
input power ix coupled from rectangular waveguide to
upper substrate. Nexl, the coupled pawer is Eradually
changed inlo a mdially outward traveling wave by the
inclined shape of the adaptor and finally radiates through
slos, The optimum dimensicns. of the adiptor wer
d ined using inl field simul assuming
the absence of etched st smiy. The structure of the
propased transition was already shown in Fig. |, and the

using entire bagis function expansion of magnetic current
becase there are no singularitics, But, since entire basis
function cannot be used for the selfiterm due to the
di ies in ing  singulariti the current is
expanded wsing the mof-iop basis functions through the
Piecéwise lincar approximation of the entire domain bhasis
function. With the help of this sub-domain basis function,

ficld distribution afler the transition by the
adaptor wax checked through the simulstions as shawn in
Fig. 3.

TV. FABRICATION AND MEASUREMENT
RESULTS
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Fig. 3. Field distribution afier mansition. (top view)

A prototype RLSA antenna with a new feed stracture is
fabricated and tested as shown in Fig. 4. We we a
substrae (dielectric constant of 2.2) on which the patiem
of slots is chemically ctched for easy manufecturing
contrary to the canventional type of RLSA. The measured
reflection in Fig. 5 shows sutisfactory return lozs of about
~14B around 60GHz. The ripple in Fig. 5 is due to the
existence of etehed slots that cannol be considered in
simulations. Fig, 6 shows the measured far-field rmdiation
ke (-20% - +20° only). The beam patiern is reascnably
symmetrical and reveals the first side lobe level of 1448
and the 3dB beam width of 4°. Also, the cross polarization
level was about ~14dB and high-gain of 31dBi (38% of
efficiency) was meas:

i

Fig. 4. Photograph of fabricated antenna

V. CONCLUSIONS

We have presented the design of RLSA anenna stched
on & substrate which is fed by rectangular woveguide st

GOGH: By using two different kinds of sccelerating
techniques and explodting two different kinds of hasis
functions, the coupling characteristics of slot amay was
analyzed exucily and rapidly. Also, we replaced the
coaxial feeder with the rectangular waveguide by using
the simple adaplor in feed structure, which has less loss
and can be easily connected 10 most of millimetar wave
transceivers.  The  designed  antenna showed  good
performances,

Fig. 5. Reflection of the feeder. (Dashed line: simulation
using HFSS; datted line: simulation using Microwave
Studio; solid line: measirement)

Ange [drgree]
Fig. 6. Measured antenna mdiation pattern.
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