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The Musashino Eleotrical Communication Laboratory,
Nippon Telegraph and Telephone Public Corporation
Musashino-ghi, Tokyo, Japan

Abstract-~An antenna and feed system
is described which can be applied to
the proposed domestic satellite commm-
nication system. This antemna and feed
systen is composed of the usual Casse-
grain antenna, several beam reflectors,
a wide-band dielectric filter and ex-
olusively designed long and short
centimeter-wave primary horns and
branching filters. Merits of this an-
tenna and feed system ares (1) freedom
from unwanted higher-order modes (2)
lovw loss and high power handling ca-
pacity (3) freedom from the need for a
vory wide~band phase shifter which is
usually required for space commmumni-
cations system to receive or to trans-
mit arbitrarily polariszed waves (4)
floxible fabriocation of the systen.

Introduction

In the past few years, a number
of papers have been published on
domestic satellite communications
systems. At the Electrical Communi-

" cation Laboratory of RI'T, a domestic
satellite communications system has
also been proposed. This system is -
characterized by tke use of both long
and short centimeter waves(4-6 GHz and
17-30 GHs, for example). The use of
the long centimeter wave can compensate
for the deterioration of the trans-
mitted signals of the short centimster
wave due to rainfall. This system is,
thorefore, particularly useful for a
country suffering from much rainfall
such as Japan. The ratio of the lowest
to the highest frequency is about 8 for
the system under consideration. On the
other hard, this ratio is 2 or 3 at
most for the conventional microwave
commnication systems (4-6 GHz) and
millimeter-wvave commnication systems
(40-120 GHz). This fact makes the real-
ization of the hardware of the antenna
and feed system extremely diffiocult.

Bspecially, the conventional waveguide
fesder is not likely to be applicable,
because many higher-order modes of the
short centimeter wave will propagate in
the feeder and degrade the transmission
quality.

In this paper, the design of the
wvide-band dielectric f lter and its
applications to the proposed domestic
satellite communication system are de-
goribed in detail.

Design of a Dielectric Filter

The wide-band dielectric filter
desoribed here is composed of multi-
layered dielectric stacks and is in-
stalled obligquely with respect to the
incident wave. This dielectric filter
is designed for the short centimeter
wave to reflect obliquely from its
surface and for the long centimeter
wave to tranamit through it. Thus, the
long and short centimeter waves are in-
dependently fed by each primary horn.
An example of the antenna and feed
system using this dielectric filter is
shown in PFig.1.

In designing the dieleotric filter,
the following two points are particu-
larly taken into comsideration. (1)
Since the dielectric filter is install-
ed obliquely, the two independently
polarized waves have different reflec~
tion and transmission coefficients, and,
thorefore, deterioration of the desgired
circular polarization can occur. To
avoid this deterioration, we determined
the optimum incident angle. (2) The
dielectrio filter allows asome reflection
of the long centimeter wave which is
undesirable for our purpose. In order
to reduce this urndesired reflection, we
designed dielectric matching transform-
ers to attach to each side of the di-
electric filter.

Fig.2 and 3 ghow the theoretically
and experimentally determined reflection
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and transmission characteristics of the
dielectric filter. This filter con-

sists of a five-layer dielectric filter
with a center frequency of 23.5 GHz in
the stop band and of a two-layer match~-
ing tranasformer with a center frequency
of 5 GHz in the pass band. In Fig.2,

the electric field is parallel to the
incident plane (E-wvave case) and in
Pig.3, the electric field is perpen-
dicular to it (H~wave case). Theoreti-
cal ocurves are derived from the con-
ventional image parameter method.
Sections for the matching transformer
are designed to give equal-ripple
characteristics in the pass band.

The experimental set-up is shown
in Pig.4. Several horns were used to
feed to the dielectric filter. Although
some aberrations dus to the spherical
wavefront have been anticipated theo-
rotically, little deterioration was
observed in the experiment.

Bxamples of the Antemna and Feed
Systam Using the Dieleotric Filter

Fig.5 shows andther antenna and
feed system. The merit of this system
is mechanical feasibility. In this
gystem two primary horns and the di-
electric filter are fixsd on the ground,
vhereas, for the system shown in Pig.1,
those should be movable. Fig.6 shows
the antemma partiocularly useful for the
satollite antomna. The antenna shown in
Fig.T is also applied to the satellite
antemma system. Other antennas may be
designed by the use of the dielectric
filter. They offer flexible fabrication
in space commmications antenna systems.

Conclusion
It is concluded that, using this
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filter, the antenna and feed system for - I .\;')/;i

the proposed domestic satellite communi- Fig.4 Plncme
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