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(54) Converter for receiving satellite broadcast
(57) A circuit substrate (2) is arranged in parallel
with the tube axis of a waveguide (1) having an inclina-
tion face therein. A first probe (12) and a first short-
circuited terminal (10) are inserted into this waveguide.
A notch hole (2a) is formed in the circuit substrate. A
second probe (6) is patterned and formed in a projecting
piece extended toward the center of this notch hole.
Matching patterns (4a, 8a) extended in the direction per-
pendicular to the projecting direction of the second

FIG.

2f

probe are formed outside the notch hole. Further, a sec-
ond short-circuited terminal is formed on the inner bot-
tom face of a cover body formed in a shape having a
bottom. The matching patterns are faced and projected
into the waveguide and the cover body by fixing this cov-
er body to the waveguide through the notch hole of the
circuit substrate. Thus, electricity supply efficiency of the
second probe can be raised without arranging an im-
pedance converting portion of a complicated shape
within the waveguide.
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The presentinvention relates to a converter for
receiving a satellite broadcast which receives signals of
two kinds of linearly polarized waves perpendicular to
each other, and particularly relates to the converter for
receiving the satellite broadcast in which a probe for de-
tecting one of the linearly polarized waves is patterned
and formed in a circuit substrate.

DESCRIPTION OF THE RELATED ART

[0002] Fig. 9 is a sectional view showing a conven-
tional example of this kind of the converter for receiving
the satellite broadcast. As shown in this figure, this con-
verter for receiving the satellite broadcast has a
waveguide 100 constructed by a metallic material of
good electrical conductivity such as an aluminum die
cast, a circuit substrate 101 forming a converter circuit,
etc. therein, a cover body 102 formed in a shape having
a bottom, etc.

[0003] An unillustrated horn portion is integrally
formed on one end side of the waveguide 100, and an
opening portion 100a is formed by opening the other end
side downward in Fig. 9. An inclination face 100b op-
posed to the opening portion 100a is formed within the
waveguide 100. This inclination face 100b crosses the
tube axis of the waveguide 100 at an angle of about 45
degrees. Further, an impedance converting portion
100c is formed within the waveguide 100. This imped-
ance converting portion 100c is formed in a stepwise
shape so as to gradually reduce an opening area toward
the inclination face 100b. The circuit substrate 101 is
overlapped with the outer wall face of the waveguide
100, and a notch hole 101a opposed to the opening por-
tion 100a of the waveguide 100 is formed in this circuit
substrate 101. A projecting piece 101b extended toward
the center of the notch hole 101a is formed. The cover
body 102 covers the notch hole 101a of the circuit sub-
strate 101 and the projecting piece 101b, and is fixed to
the waveguide 100 by using plural screws 103.

[0004] A first probe 104 constructed by a pin member
and a first short-circuited terminal 105 are inserted into
the waveguide 100. This first probe 104 is soldered to
an input section of the above converter circuit formed in
the circuit substrate 101. The first short-circuited termi-
nal 105 is arranged to reflect a first linearly polarized
wave (e.g., a vertically polarized wave) advanced into
the waveguide 100, and detect the first linearly polarized
wave by the first probe 104. This first short-circuited ter-
minal 105 is set in the position separated by about 1/4
wavelength in the advancing direction of a radio wave
from the first probe 104. In contrast to this, a second
probe 106 is patterned and formed in the projecting
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piece 101b of the circuit substrate. This second probe
106 is connected to the input section of the above con-
verter circuit. The inner bottom face of the above cover
body 102 is set to a second short-circuited terminal 107
for reflecting a second linearly polarized wave (e.g., a
horizontally polarized wave) advanced into the
waveguide 100 and detecting this second linearly polar-
ized wave by the second probe 106. This second short-
circuited terminal 107 is set in the position separated by
about 1/4 wavelength in the advancing direction of the
radio wave from the second probe 106.

[0005] In the converter for receiving the satellite
broadcast constructed in this way, when the radio wave
transmitted from a satellite enters from the above horn
portion and is advanced into the waveguide 100 as the
first and second linearly polarized waves perpendicular
to each other, thefirstlinearly polarized wave is reflected
in the first short-circuited terminal 105 and is detected
by the first probe 104. Further, the second linearly po-
larized wave passes through the impedance converting
portion 100c and is directionally converted on the incli-
nation face 100b. Thereafter, the second linearly polar-
ized wave is reflected in the second short-circuited ter-
minal 107 of the cover body 102, and is detected by the
second probe 106. The two orthogonal polarized wave
signals detected by these first and second probes 104,
106 are frequency-converted to IF frequency signals by
the above converter circuit formed in the circuit sub-
strate 101, and are then outputted through an unillus-
trated output terminal.

[0006] Inthe above conventional converter for receiv-
ing the satellite broadcast, the stepwise impedance con-
verting portion 100c for passing only the second linearly
polarized wave is formed within the waveguide 100.
Therefore, matching with the second probe 106 can be
taken even when the electric field of the second linearly
polarized wave is slightly disturbed by the influences of
the first short-circuited terminal 105 and the inclination
face 100b. Further, electricity supply efficiency of the
second probe 106 can be raised by the impedance con-
verting portion 100c. However, since such an imped-
ance converting portion 100¢c must be formed within the
waveguide 100, a problem exists in that the waveguide
100 is lengthened in the tube axis direction and is not
easily made compact. Further, a problem exists in that
the entire shape of the waveguide 100 becomes com-
plicated and manufacture cost is raised.

SUMMARY OF THE INVENTION

[0007] The presentinvention is made in consideration
of such a real situation of the prior art, and an object of
the presentinvention is to provide a converter for receiv-
ing a satellite broadcast suitable for compactness and
a reduction in cost.

[0008] To achieve the above object, the present in-
vention resides in a converter for receiving a satellite
broadcast and comprising a waveguide for advancing a
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radio wave entering a waveguide tube as first and sec-
ond linearly polarized waves perpendicular to each oth-
er, a first probe arranged so as to be projected into the
tube of this waveguide, a first short-circuited terminal for
reflecting said first linearly polarized wave and detecting
this first linearly polarized wave by said first probe, a
circuit substrate arranged at a rear portion opening end
of said waveguide, a second probe patterned and
formed in this circuit substrate and projected into the
tube of said waveguide, and a second short-circuited
terminal for reflecting said second linearly polarized
wave and detecting this second linearly polarized wave
by said second probe; wherein a ground conductor ex-
tended in the direction approximately perpendicular to
the projecting direction of said second probe is pat-
terned and formed in said circuit substrate, and is faced
and projected into the tube of said waveguide.

[0009] In the converter for receiving the satellite
broadcast constructed in this way, the ground conductor
faced and projected into the tube of the waveguide be-
comes a capacity component, and electricity supply ef-
ficiency of the second probe can be raised by patterning
and adjusting this ground conductor as a matching pat-
tern. Therefore, it is not necessary to arrange an imped-
ance converting portion of a complicated shape within
the waveguide so that the waveguide can be corre-
spondingly formed in a simple shape, and can be short-
ened in the tube axis direction.

[0010] Inthe above construction, it is sufficient to pat-
tern and form the above ground conductor on at least
one face of the circuit substrate. However, it is prefera-
ble to pattern and form the ground conductor on both
the front and rear faces of the circuit substrate, and con-
nect these ground conductors to each other through a
through hole.

[0011] Further, in the above construction, the above
circuit substrate can be arranged so as to be perpendic-
ular to the tube axis of the waveguide. However, it is
preferable to arrange the circuit substrate in parallel with
the tube axis of the waveguide, and arrange an inclina-
tion face for guiding the second linearly polarized wave
to the second short-circuited terminal within the
waveguide. In this case, when the second short-
circuited terminal is arranged on the inner bottom face
of a cover body and this cover body is arranged oppo-
sitely to a rear portion opening end of the waveguide
through the circuit substrate and is fixed to the
waveguide by the first short-circuited terminal, the first
short-circuited terminal can be also used as a fixing
means of the cover body. In this case, it is preferable to
integrally form the first short-circuited terminal in the
cover body and extend this first short-circuited terminal
through the circuit substrate and the tube interior of the
waveguide and solder the first short-circuited terminal
to the outer wall face of the waveguide since an assem-
bly work can be simplified.

[0012] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
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accompanying drawings, in which:

Fig. 1 is a plan view of a converter for receiving a
satellite broadcast in accordance with a firstembod-
iment mode example of the present invention;

Fig. 2 is a sectional view along line II-II of Fig. 1;
Fig. 3 is a perspective view of a waveguide ar-
ranged in the converter for receiving the satellite
broadcast;

Fig. 4 is a perspective view of the waveguide seen
from the side opposed to Fig. 3;

Fig. 5 is a plan view of a circuit substrate arranged
in the converter for receiving the satellite broadcast;
Fig. 6 is a rear view of the circuit substrate;

Fig. 7 is a perspective view of a cover body ar-
ranged in the converter for receiving the satellite
broadcast;

Fig. 8 is a sectional view of a main portion of a con-
verter for receiving the satellite broadcastin accord-
ance with a second embodiment mode example of
the present invention.; and

Fig. 9is a sectional view of a converter for receiving
the satellite broadcast in a conventional example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] The embodiment modes of the invention will
next be explained with reference to the drawings. Fig. 1
is a plan view of a converter for receiving a satellite
broadcast in accordance with a first embodiment mode
example. Fig. 2 is a sectional view along line 11l of Fig.
1. Fig. 3 is a perspective view of a waveguide arranged
in the converter for receiving the satellite broadcast. Fig.
4 is a perspective view of the waveguide seen from the
side opposed to Fig. 3. Fig. 5 is a plan view of a circuit
substrate arranged in the converter for receiving the sat-
ellite broadcast. Fig. 6 is a rear view of the circuit sub-
strate. Fig. 7 is a perspective view of a cover body ar-
ranged in the converter for receiving the satellite broad-
cast.

[0014] The converter for receiving the satellite broad-
cast in accordance with this embodiment mode example
has a waveguide 1 having an inclination face 1a on one
end side thereof and formed in a square sleeve shape,
and a circuit substrate 2 forming a converter circuit, etc.
therein, a cover body 3 formed in a shape having a bot-
tom, etc.

[0015] The waveguide 1 is constructed by bending
and processing a metallic plate, and an end face on the
side opposed to the inclination face 1a of this waveguide
1 is set to a front portion opening end 1b of a square
shape. An unillustrated dielectric feeder is attached to
this front portion opening end 1b. A radio wave trans-
mitted from a satellite is guided from this dielectric feed-
er into the waveguide 1, and is then advanced toward
the inclination face 1a as first and second linearly polar-
ized waves perpendicular to each other. If a 90-degree
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phase changing portion is arranged in this dielectric
feeder, a circularly polarized wave transmitted from the
satellite is converted to a linearly polarized wave, and
can be guided into the waveguide 1. As shown in Figs.
3 and 4, arectangular opening 1c is formed on one side
face of the waveguide 1, and a hole 1d is formed on the
other side face of the waveguide 1 opposed to this open-
ing 1c. Plural leg pieces 1e, plural bending pieces 1f and
one engaging piece 1g are formed on the periphery of
the opening 1c. Each bending piece 1f is bent from the
opening 1c toward the outside, but the engaging piece
1g is bent inside toward the opening 1c. The inclination
face 1a crosses the tube axis of the waveguide 1 at an
angle of about 45 degrees. The radio wave entering
from the side of the front portion opening end 1b of the
waveguide 1 is perpendicularly returned on the inclina-
tion face 1a, and is advanced in the direction of the
opening 1c.

[0016] As shown in Figs. 5 and 6, a rectangular notch
hole 2a, plural engaging holes 2b and positioning holes
2c, one through hole 2d and a look-through hole 2e are
respectively formed in the circuit substrate 2. A project-
ing piece 2f extended toward the center of the notch hole
2a is formed on a long side of the notch hole 2a. An
inside ground conductor 4 and an outside ground con-
ductor 5 are patterned and formed on the surface of this
circuit substrate 2. A portion extended along the op-
posed long side of the notch hole 2a in the inside ground
conductor 4 functions as a matching pattern 4a de-
scribed later. In contrast to this, a circuit element of an
unillustrated converter circuit is mounted to the rear face
of the circuit substrate 2. A second probe 6 connected
to an input section of this converter circuit is patterned
and formed on the projecting piece 2f. An outside
ground conductor 7 is patterned and formed on the rear
face of the circuit substrate 2 along its outer periphery.
An inside ground conductor 8 is patterned and formed
so as to surround the notch hole 2a. In this inside ground
conductor 8, a portion extended along the opposed long
side of the notch hole 2a functions as a matching pattern
8a described later. The matching patterns 4a, 8a on both
the front and rear faces of the circuit substrate 2 are
electrically conducted through many through holes 9.
[0017] As shown in Fig. 7, the cover body 3 is con-
structed by bending and processing a metallic plate in
a square sleeve shape. Plural positioning projections 3a
are integrally formed on an opposed side face of this
cover body 3. Further, a first short-circuited terminal 10
projected in a band shape is integrally formed on one
side face of the cover body 3. The inner bottom face of
the cover body 3 is set to a second short-circuited ter-
minal 11.

[0018] As shown in Figs. 1 and 2, the engaging piece
1g of the waveguide 1 is engaged with one side face of
the circuit substrate 2, and each bending piece 1fis sol-
dered to the outside ground conductor 5 in a state in
which each leg piece 1e is inserted into the correspond-
ing engaging hole 2b. Thus, the waveguide 1 is placed
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and fixed onto the circuit substrate 2 such that its open-
ing 1cis overlapped with the inside ground conductor 4.
Thus, the opening 1c of the waveguide 1 is covered with
the circuit substrate 2 in a portion except for the notch
hole 2a. A rear portion opening end of the waveguide 1
is formed by the opening 1c overlapped with this notch
hole 2a. A first probe 12 constructed by a pin member
is inserted into the look-through hole 2e from the rear
face side of the circuit substrate 2, and is then inserted
into the waveguide 1. This first probe 12 is soldered to
the input section of the above converter circuit formed
in the circuit substrate 2.

[0019] Further, each positioning projection 3a of the
cover body 3 is inserted into the corresponding position-
ing hole 2c of the circuit substrate 2. The first short-
circuited terminal 10 is inserted into the hole 1d from the
through hole 2d and is soldered to the outside face of
the waveguide 1 so that the cover body 3 is f ixed to the
rear face side of the circuit substrate 2. Thus, a rear por-
tion opening end of the waveguide 1 and the notch hole
2a of the circuit substrate 2 are covered with the cover
body 3. The first short-circuited terminal 10 is arranged
within the waveguide 1 in the position separated by
about 1/4 wavelength in the advancing direction of the
radio wave from the first probe 12. The second short-
circuited terminal 11 is arranged in the position separat-
ed by about 1/4 wavelength in the advancing direction
of the radio wave from the second probe 6. This first
short-circuited terminal 10 is arranged to reflect a first
linearly polarized wave (e.g., a vertically polarized
wave) advanced within the waveguide 1 and detect this
first linearly polarized wave by the first probe 12. The
second short-circuited terminal 11 is arranged to reflect
a second linearly polarized wave (e.g., a horizontally po-
larized wave) and detect this second linearly polarized
wave by the second probe 6. Further, a frame body 13
constructed by a metallic material is fixed to the rear face
side of the circuit substrate 2. This frame body 13 is sol-
dered to the outs ide ground conductor 7 on the rear
face of the circuit substrate 2. The above converter cir-
cuit formed on the rear face of the circuit substrate 2 is
electrically shielded by covering an opening of this
frame body 13 with a cover 14.

[0020] In the converter for receiving the satellite
broadcast constructed in this way, the radio wave trans-
mitted from the satellite enters the interior of the
waveguide 1 from an unillustrated feeder attached to the
front portion opening end 1b. When this radio wave is
advanced into the waveguide 1 as the first and second
linearly polarized waves perpendicular to each other,
the first linearly polarized wave is reflected in the first
short-circuited terminal 10, and is detected by the first
probe 12. Further, the second linearly polarized wave is
directionally converted on the inclination face 1a of the
waveguide 1, and is then reflected in the second short-
circuited terminal 11 of the cover body 3, and is detected
by the second probe 6 on the circuit substrate 2. Here,
matching patterns 4a, 8a are formed on both the front
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and rear faces of the circuit substrate 2 outside the notch
hole 2a faced and projected to the interior of the cover
body 3 and the waveguide 1. These matching patterns
4a, 8a are extended in the direction perpendicular to the
projecting direction of the second probe 6. Therefore, a
reactance component of the second probe 6 and capac-
ity components of the matching patterns 4a, 8a are gen-
erated within the waveguide 1 and the cover body 3. Ac-
cordingly, matching with the second probe 6 can be tak-
en by suitably setting a pattern shape including the
widths and the lengths of the matching patterns 4a, 8a
even when the electric field of the second linearly polar-
ized wave is slightly disturbed by the influences of the
first short-circuited terminal 10 and the inclination face
1a. Accordingly, electricity supply efficiency of the sec-
ond probe 6 can be raised. These two orthogonal polar-
ized wave signals detected by the first and second
probes 12, 6 are frequency-converted to IF frequency
signals by the above converter circuit formed in the cir-
cuit substrate 2, and are then outputted through an un-
illustrated output terminal.

[0021] In the above converter for receiving the satel-
lite broadcast in accordance with the first embodiment
mode example, the matching patterns 4a, 8a extended
in the direction perpendicular to the projecting direction
of the second probe 6 are formed outside the notch hole
2a of the circuit substrate 2, and are faced and projected
into the waveguide 1 and the cover body 3. Accordingly,
the electricity supply efficiency of the second probe 6
can be raised without arranging an impedance convert-
ing portion of a complicated shape within the waveguide
1. Accordingly, the waveguide 1 of a simple shape
formed by bending and processing a metallic plate can
be used so that manufacture cost of the waveguide 1
can be correspondingly reduced, and the size of the
waveguide 1 can be shortened in the tube axis direction
and the waveguide 1 can be made compact. Further,
since the matching patterns 4a, 8a are formed on both
the front and rear faces of the circuit substrate 2 and
both the matching patterns 4a, 8a are conducted
through a through hole 9, the degree of freedom of the
pattern shapes of the matching patterns 4a, 8a is wid-
ened, and matching of the second linearly polarized
wave and the second probe 6 can be simply taken. Fur-
ther, the first short-circuited terminal 10 is integrally
formed in the cover body 3, and is extended through the
circuit substrate 2 and the tube interior of the waveguide
1 and is soldered to the outer wall face of the waveguide
1. Accordingly, the first short-circuited terminal 10 can
be also used as a fixing means of the cover body 3, and
an assembly work can be simplified.

[0022] Fig. 8 is a sectional view of a main portion of a
converter for receiving the satellite broadcast in accord-
ance with a second embodiment mode example. In Fig.
8, portions corresponding to those of Fig. 2 are desig-
nated by the same reference numerals. broadcast
[0023] The converter for receiving the satellite broad-
castin accordance with this embodiment mode example
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differs from that in the above first embodiment mode ex-
ample in that each of a waveguide 20 and a cover body
21 is formed by a metallic material such as an aluminum
die cast, and a first short-circuited terminal 22 is formed
by a member separated from the cover body 21. The
other constructions are fundamentally the same as the
first embodiment mode example. Namely, the
waveguide 20 has a front portion opening end 20a on
one end side thereof, and a rear portion opening end
20b is formed on the other end side. An inclination face
20c opposed to the rear portion opening end 20b is
formed within the waveguide 20. The circuit substrate 2
is constructed similarly to the first embodiment mode ex-
ample, and the cover body 21 covers the rear portion
opening end 20b of the waveguide 1 and the notch hole
2a of the circuit substrate 2, and is fixed to the
waveguide 20 by using a first short-circuited terminal 22
and a screw 23.

[0024] In the converter for receiving the satellite
broadcast in accordance with the second embodiment
mode example constructed in this way, matching pat-
terns 4a, 8a extended in the direction perpendicular to
the projecting direction of the second probe 6 are formed
outside the notch hole 2a of the circuit substrate 2.
These matching patterns 4a, 8a are faced and projected
into the waveguide 20 and the cover body 21. Accord-
ingly, electricity supply efficiency of the second probe 6
can be raised without arranging an impedance convert-
ing portion of a complicated shape within the waveguide
20 so that the waveguide 20 can be correspondingly
formed in a simple shape and its manufacture cost can
be reduced. Further, the size of the waveguide 20 is
shortened in the tube axis direction, and the waveguide
20 can be made compact.

[0025] Further, in the above first and second embod-
iment mode examples, the waveguides 1, 20 having the
inclination faces 1a, 20c therein are used, and the con-
verter for receiving the satellite broadcast and having
the circuit substrate 2 arranged in parallel with the tube
axis of each of such waveguides 1, 20 has been ex-
plained. However, the waveguide of a straight shape
having no inclination face therein can be also used, and
the present invention can be also applied to the convert-
er for receiving the satellite broadcast and having the
circuit substrate arranged perpendicularly to the tube
axis of such a waveguide. the a.bove first and second
embodiment

[0026] Further, in the above first and second embod-
iment mode examples, the explanation has been made
with respect to the case in which the matching patterns
4a, 8a are formed on both the front and rear faces of the
circuit substrate 2. However, one of the matching pat-
terns 4a, 8a may be omitted.

[0027] The present invention is embodied in the
modes explained above, and has effects described be-
low.

[0028] The conver ter for receiving the satellite broad-
cast has a waveguide for advancing a radio wave en-



9 EP 1 388 909 A1 10

tering a waveguide tube as first and second linearly po-
larized waves perpendicular to each other, a first probe
arranged so as to be projected into the tube of this
waveguide, a first short-circuited terminal for reflecting
the first linearly polarized wave and detecting this first
linearly polarized wave by the first probe, a circuit sub-
strate arranged at a rear portion opening end of the
waveguide, a second probe patterned and formed in this
circuit substrate and projected into the tube of the
waveguide, and a second short-circuited terminal for re-
flecting the second linearly polarized wave and detect-
ing this second linearly polarized wave by the second
probe; wherein a ground conductor extended in the di-
rection approximately perpendicular to the projecting di-
rection of the second probe is patterned and formed in
the circuit substrate, and is faced and projected into the
tube of the waveguide. Accordingly, the ground conduc-
tor faced and projected into the tube of the waveguide
becomes a capacity component, and electricity supply
efficiency of the second probe can be raised by pattern-
ing and adjusting this ground conductor as a matching
pattern. Therefore, it is not necessary to arrange an im-
pedance converting portion of a complicated shape
within the waveguide, and the waveguide can be formed
in a simple shape, and can be shortened in the tube axis
direction.

Claims

1. A converter for receiving a satellite broadcast com-
prising a waveguide for advancing a radio wave en-
tering a waveguide tube as first and second linearly
polarized waves perpendicular to each other, a first
probe arranged so as to be projected into the tube
of this waveguide, a first short-circuited terminal for
reflecting said first linearly polarized wave and de-
tecting this first linearly polarized wave by said first
probe, a circuit substrate arranged at a rear portion
opening end of said waveguide, a second probe
patterned and formed in this circuit substrate and
projected into the tube of said waveguide, and a
second short-circuited terminal for reflecting said
second linearly polarized wave and detecting this
second linearly polarized wave by said second
probe;

wherein a ground conductor extended in the
direction approximately perpendicular to the pro-
jecting direction of said second probe is patterned
and formed in said circuit substrate, and is faced
and projected into the tube of said waveguide.

2. The converter for receiving the satellite broadcast
according to claim 1, wherein said ground conduc-
tor is patterned and formed on both front and rear
faces of said circuit substrate, and these ground
conductors are connected to each other through a
through hole.
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3.

The converter for receiv ing the satellite broadcast
according to claim 1 or 2, wherein said circuit sub-
strate is arranged in parallel with the tube axis of
said waveguide, and an inclination face for guiding
said second linearly polarized wave to said second
short-circuited terminal is arranged in said
waveguide.

The converter for receiving the satellite broadcast
according to claim 3, wherein said second short-
circuited terminal is arranged on the inner bottom
face of a cover body, and this cover body is ar-
ranged oppositely to a rear portion opening end of
said waveguide through said circuit substrate, and
is fixed to said waveguide by said first short-
circuited terminal.

The converter for receiving the satellite broadcast
according to claim 4, wherein said first short-
circuited terminal is integrally formed in said cover
body, and is extended through said circuit substrate
and the tube interior of said waveguide, and is sol-
dered to the outer wall face of the waveguide.
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