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) Receiver device.

@ A receiver device for receiving a microwave,
having an antenna (2) and a receiving circuit (3), in
which a plane antenna comprising at least one an-
tenna element (4), and a receiving circuit connected
to the plane antenna are formed on one and the
same semi-insulating compound semiconductor sub-

strate. Therefore, the antenna and the signal receiv-
ing circuit can be connected with a microstrip line,
and the resultant receiver device is reduced both in
size and in wight. Furthermore, the plane antenna,
the receiving circuit, and the microstrip line can be
integrated by ordinary IC manufacturing process.
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BACKGROUND OF THE INVENTION

This invention relates to a plane antenna for
receiving microwave signals from communications
satellites or broadcasting satellites.

While information network systems are being
developed rapidly, there has been a sharp rise in
demand for use of satellite communication sys-
tems, and in the communications systems, there is
a tendency to use higher frequency bands. A
Schottky barrier type field-effect transistor
(MESFET) using a compound semiconductor such
as GaAs has been put in practical use as a high
frequency field-effect transistor. Furthermore, there
have been demands for minimization, reduction in
manufacturing cost, and improvement in perfor-
mance of the system. In order to meet those de-
mands, intensive research has been made on em-
ployment of microwave monolithic integrated cir-
cuits (MMIC) for a down converter initial stage
amplifier section for converting high frequency sig-
nals into low frequency signals.

On the other hand, a plane antenna is being
put in practical use as an antenna for receiving
microwave signals from communication satellites or
broadcasting satellites. The plane antenna is made
up of a number of antenna elements which are
arranged in a plane, and conductors to combine
signal powers received by those antenna elements.
A microwave receiving plane antenna was much
inferior to a parabolic antenna both in performance
and cost; however, it is now sufficiently practical in
use owing to the research on a microstrip antenna
which has been made since the latter half of 1970,
and to improvement of a microwave printed circuit
board.

However, it cannot be said that research on a
method of connecting a receiving system in the
form of an MMIC to a plane antenna has been
made sufficiently. For instance, there is available a
method in which ordinary means for fransmitting
microwaves, namely, a waveguide is employed for
connection of them. However, the method is disad-
vantageous in the following points: That is, when
the method is employed, it is difficult to reduce the
size and weight of the signal receiver; that is,
minimization of the signal receiving system and
planation of the receiving antenna are not suffi-
ciently effected.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to
eliminate the above-described difficulties accom-
panying a conventional signal receiver.

The foregoing object of the invention has been
achieved by the provision of a signal receiver in
which a plane antenna comprising at least one
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antenna element, and a receiving circuit connected
to the plane antenna are formed on one and the
same semi-insulating compound semiconductor
substrate.

In the signal receiver of the invention, the plane
antenna and the receiving circuit 3 are formed on
one and the same semi-insulating compound semi-
conductor substrate. Therefore, the antenna and
the receiving circuit can be connected with the
microstrip line, and the resultant signal receiver is
reduced both in size and in weight. Furthermore,
the plane antenna, the receiving circuit, and the
microstrip line can be integrated by ordinary IC
manufacturing process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing the arrangement
of an example of a signal receiver which con-
stitutes a first embodiment of this invention.

FIG. 2 is a plan view showing the arrangement
of another example of the signal receiver, which
constitutes a second embodiment of the invention.

FIG. 3 is a plan view showing the arrangement
of another example of the signal receiver, which
constitutes a third embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EM-
BODIMENTS

FIG. 1 is a plan view showing a first embodi-
ment of this invention. As shown in FIG. 1, a plane
antenna section 2 and a receiving circuit section 3
are provided on a semi-insulating compound semi-
conductor substrate (a GaAs substrate in this case)
on the surface of which a semiconductor layer has
been formed by epitaxial growth. Those sections 2
and 3 are electrically connected to each other. The
plane antenna section 2 is made up of four antenna
elements 4. Each of the antenna elements 4 is a
conventional microstrip patch antenna of two-point
feed type. The feeders of the four antenna ele-
ments 4 are commonly connected to the receiving
circuit section 3. The receiving circuit section 3 is a
low-noise amplifier which is formed by integrating
MESFETs which are formed by using the epitaxial
growth semiconductor layer on the semiconductor
substrate. That is, a plurality of antennas and a
receiving circuit are formed on one and the same
substrate. Hence, the resultant signal receiver is
small in size and light in weight, and can therefore
be handled with ease.

In the above-described embodiment, the re-
ceiving circuit section 3 is the low-noise amplifier
as was described above. However, in addition fo
the low-noise amplifier, a frequency converter cir-
cuit for down-converting the frequency of the out-
put signal thereof, and a circuit for amplifying the
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output signal of the frequency converter circuit may
be integrated on the substrate. In the case where it
is required to mount the receiver device of the
invention on a moving object such as an auto-
mobile, it is desirable to add to the receiving circuit
section 3 means for electronically tracking a com-
munications satellite or broadcasting satellite to re-
ceive microwave signals therefrom, namely, a
phase shifter circuit for shifting the phase of a
microwave signal received. Furthermore, in the em-
bodiment, the patch antenna are employed as the
antenna elements 4; however, they may be re-
placed with other printed antennas such as line
antennas and spiral antennas.

FIG. 2 is a plan view showing a second em-
bodiment of the invention. The second embodiment
has more antenna elements 4 than the above-
described first embodiment. That is, the number of
antenna elements 4 can be increased as much as
permitted by the area of the substrate.

FIG. 3 is a plan view showing a third embodi-
ment of the invention. In the third embodiment, a
plurality of antenna element arrays 11 (four antenna
element arrays in this case) are arranged on a
semiconductor substrate 10. Each of the antenna
element arrays 11 comprises four antenna ele-
ments 4. The antenna element arrays 11 are con-
nected to low-noise amplifiers 12, respectively. The
output terminals of the low-noise amplifiers 12 are
commonly connected to a microstrip line 13. In
general, one of the causes which make it difficult fo
increase the efficiency of a plane antenna is a large
loss in its feeder system. However, in the embodi-
ment the low-noise amplifiers 12 are provided for
the antenna element arrays 11, respectively, and
therefore the noise factor is greatly improved.

In the embodiment, all the antenna element
arrays 11, and all the low-noise amplifiers 12 are
monolithically integrated on one semi-insulating
compound semiconductor substrate 10. However, a
signal receiver equivalent in arrangement fo the
above-described one may be formed by hybrid
integration as follows: One antenna element array
11 and one low-noise amplifier 12 are monolithical-
ly formed on one semi-insulating compound semi-
conductor substrate, to form a signal receiver unit.
A plurality of the signal receivers units thus formed
are mounted on a substrate such as a foamed
polyethylene substrate which is suitable for a plane
antenna and low in dielectric constant and small in
tan &, and the output terminals of the low-noise
amplifiers 12 are commonly connected to a micro-
strip line.

The above-described embodiments are the re-
ceiver devices for directly receiving microwave sig-
nals from communications satellites or the like;
however, each of those signal receivers may be
used as a primary horn for a parabolic antenna.
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As was described above, in the signal receiver
according to the invention, the plane antennas and
the receiver circuits are formed on one and the
same semi-insulating compound semiconductor
substrate, and therefore they can be connected
with the microstrip lines. Therefore, the resultant
signal receiver is smaller both in weight and in
size. Furthermore, since the plane antennas, the
receiving circuits, and the microstrip lines can be
integrated by ordinary IC manufacturing process,
the receiver device of the invention is considerably
low in manufacturing cost.

Claims

1. A receiver device for receiving microwave sig-
nals from satellites, comprising:

a plane antenna comprising at least one
antenna element, formed on a semi-insulating
compound semiconductor substrate; and

a receiving circuit connected to said plane
antenna, also formed on said semi-insulating
compound semiconductor substrate.

2. A receiver device as claimed in claim 1,
wherein said receiving circuit includes a low-
noise amplifier circuit for amplifying a signal
received by said plane antenna.

3. A receiver device as claimed in claim 2,
wherein said receiving circuit further includes a
frequency converter circuit for down-converting
the frequency of an output signal provided by
said low-noise amplifier.

4. A receiver device as claimed in claim 3,
wherein said receiving circuit further includes a
circuit for amplifying an output signal provided
by said frequency converter circuit.

5. A receiver device as claimed in claim 1,
wherein said receiving circuit includes a phase
shifter circuit for shifting a phase of a micro-
wave signal received in order to frack said
satellite.

6. A receiver device for receiving microwave sig-

nals from satellites, comprising:

a plurality of antenna element arrays each
comprising at least two antenna elements; and

a plurality of low-noise amplifiers connect-
ed to said plurality of antenna element arrays,
respectively,

said plurality of antenna element arrays
and said plurality of low-noise amplifiers being
formed on one and the same semi-insulating
compound semiconductor substrate,

said plurality of low noise amplifiers having
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output terminals which are commonly connect-
ed to a microstrip line.

A receiver device for receiving microwave sig-
nals from satellites, comprising: 5

a plurality of semi-insulating compound
semiconductor substrates on each of which an
antenna element array comprising at least two
antenna elements, and a low-noise amplifier
connected to said antenna element array are 10
formed, said semi-insulating compound semi-
conductor substrates being arranged on a di-
electric substrate, and

said low-noise amplifiers have output ter-
minals, respectively, which are commonly con- 15
nected to a microstrip line formed on said
dielectric substrate.
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