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(54) HIGH FREQUENCY MODULE AND WIRING BOARD

(57) A high-frequency module has a wiring board in-
cluding a dielectric substrate, a line conductor that is
formed on a first surface of the dielectric substrate, and
a first grounding conductor layer that is formed on a sec-
ond surface opposed to the first surface of the dielectric
substrate, and that has a first opening and a second
opening disposed around the first opening; and a
waveguide that is connected to the second surface, has
an opening opposed to the first opening, and is electro-
magnetically coupled to the line conductor. The wiring
board has a vertical choke portion that at least partially
extends from the second opening in a direction perpen-
dicular to the second surface. Furhermore, a horizontal
choke portion is formed between the wiring board and
the waveguide, along the second surface between the
opening of the waveguide and the second opening.
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Description

Technical Field

[0001] The present invention relates to a high-frequen-
cy module that transmits, for example, a microwave or
millimeter-wave high-frequency-signal, and a wiring
board for use in the high-frequency module.

Background Art

[0002] Conventionally, a high-frequency module is
known in which a wiring board having a line conductor
and a waveguide are arranged. Typically, this sort of high-
frequency module is provided with a waveguide convert-
er that converts a transmission mode between the line
conductor of the wiring board and the waveguide. The
waveguide converter is formed in, for example, a plate-
shaped wiring board having a line conductor, an antenna
pattern, and the like. This sort of wiring board is connect-
ed to the waveguide via a brazing filler metal or the like
(see Patent Document 1, for example).
[0003] However, in the case where the brazing filler
metal is peeled away or the like to form a gap in a portion
connecting the wiring board and the waveguide, radio
waves leak from the gap, which may cause a transmis-
sion loss. It is conceivable to apply methods for reducing
the gap as much as possible by screwing the wiring board
and the waveguide or by providing an additional member
such as a gasket between the wiring board and the
waveguide, but these methods are problematic, for ex-
ample, in that the size of the high-frequency module in-
creases and the number of manufacturing steps increas-
es. Thus, there is a demand for a high-frequency module
that is as small as possible and that can be easily pro-
duced.

Patent Document 1: Japanese Unexamined Patent
Publication JP-A 8-139504 (1996)

Disclosure of Invention

[0004] According to an aspect of the invention, a high-
frequency module comprises a wiring board; and a
waveguide that is connected to the wiring board. The
wiring board includes a dielectric substrate, a line con-
ductor that is formed on a first surface of the dielectric
substrate, and a first grounding conductor layer that is
formed on a second surface opposed to the first surface
of the dielectric substrate, and that has a first opening
and a second opening disposed around the first opening.
The waveguide is connected to the second surface, and
has an opening opposed to the first opening. The
waveguide is electromagnetically coupled to the line con-
ductor. The wiring board has a vertical choke portion that
at least partially extends from the second opening in a
direction perpendicular to the second surface. A horizon-
tal choke portion is formed between the wiring board and

the waveguide, along the second surface between the
opening of the waveguide and the second opening.
[0005] According to an aspect of the invention, a wiring
board comprises a dielectric substrate, a line conductor
that is formed on a first surface of the dielectric substrate,
a first grounding conductor layer that is formed on a sec-
ond surface opposed to the first surface of the dielectric
substrate, and a vertical choke portion that is formed in
the dielectric substrate. The first grounding conductor
layer has a first opening and a second opening disposed
around the first opening. The vertical choke portion ex-
tends from the second opening in a direction perpendic-
ular to the second surface.
[0006] With the high-frequency module according to
the aspect of the invention, a high-frequency module that
is small and that can be easily produced can be realized.
[0007] With the wiring board according to the aspect
of the invention, a high-frequency module that is small
and that can be easily produced can be realized using
that wiring board.

Brief Description of Drawings

[0008]

Fig. 1(a) is a see-through view of a high-frequency
module according to Embodiment 1 of the invention
from a lower face thereof, and Fig. 1(b) is a cross-
sectional view of Fig. 1(a) taken along line A-A;
Fig. 2 is a see-through view of the high-frequency
module of Fig. 1 from an upper face thereof;
Fig. 3(a) is a see-through view of another high-fre-
quency module according to Embodiment 1 of the
invention from a lower face thereof, and Fig. 3(b) is
a cross-sectional view of Fig. 3(a) taken along line
B-B;
Fig. 4 is a see-through view of the high-frequency
module of Fig. 3 from an upper face thereof;
Fig. 5(a) is a see-through view of a high-frequency
module according to Embodiment 2 of the invention
from a lower face thereof, and Fig. 5(b) is a cross-
sectional view of Fig. 5(a) taken along line C-C;
Fig. 6 is a see-through view of the high-frequency
module of Fig. 5 from an upper face thereof;
Fig. 7(a) is a see-through view of another high-fre-
quency module according to Embodiment 2 of the
invention from a lower face thereof, and Fig. 7(b) is
a cross-sectional view of Fig. 7(a) taken along line
D-D;
Fig. 8(a) is a graph showing frequency characteris-
tics S21 of conventional high-frequency modules
having no choke structure, and Fig. 8(b) is a graph
showing frequency characteristics S21 of the high-
frequency modules shown in Fig. 7;
Fig. 9 is see-through view of a high-frequency mod-
ule according to Embodiment 3 of the invention from
a lower face thereof;
Fig. 10(a) is a see-through view of a high-frequency
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module according to Embodiment 4 of the invention
from a lower face thereof, and Fig. 10(b) is a cross-
sectional view of Fig. 10(a) taken along line F-F;
Fig. 11 is an enlarged view of main portions of the
high-frequency module of Fig. 10; and
Fig. 12(a) is a see-through view of another high-fre-
quency module according to Embodiment 4 of the
invention from an upper face thereof, and Fig. 12(b)
is a cross-sectional view of Fig. 12(a) taken along
line J-J.

Best Mode for Carrying out the Invention

[0009] Now referring to the accomparying drawings,
embodiments of the invention are described in detail be-
low.

(Embodiment 1)

[0010] As shown in Figs. 1 and 2, a high-frequency
module 1A according to this embodiment has a wiring
board 10 and a waveguide 20 that is connected to the
wiring board 10. The wiring board 10 includes a dielectric
substrate 11, a line conductor 12A that is formed on the
upper face of the dielectric substrate 11, and a first
grounding conductor layer 13 that is formed on the lower
face of the dielectric substrate 11. The first grounding
conductor layer 13 has a first opening 14. The line con-
ductor 12A is formed so as to be electromagnetically cou-
pled to the first opening 14. The line conductor 12A, to-
gether with the first grounding conductor layer 13, con-
stitutes a microstrip line.
[0011] Here, the first opening 14 is in the shape of a
quadrilateral slit having longer sides perpendicular to the
line conductor 12A. The shape and size of the slit are
determined such that a signal is efficiently transmitted
via the first opening 14 between the waveguide 20 and
the line conductor 12A.
[0012] The waveguide 20 is connected to the lower
face of the wiring board 10 such that an opening thereof
is opposed to the first opening 14 of the first grounding
conductor layer 13. The wiring board 10 has an internal
grounding conductor layer 15 in the shape of a ring having
an opening inside the dielectric substrate 11. Here, the
edge of the opening of the waveguide 20 substantially
matches the edge of the first opening 14 of the first
grounding conductor layer 13.
[0013] Furthermore, the high-frequency module 1A
has a choke structure 30. The choke structure 30 has a
vertical choke portion 31 and a horizontal choke portion
32. Here, the first grounding conductor layer 13 has a
second opening 33 around the first opening 14. The ver-
tical choke portion 31 is formed in the wiring board 10,
and extends from the second opening 33 in a direction
perpendicular to the lower face of the dielectric substrate
11. The vertical choke portion 31 is formed so as to be
surrounded by a plurality of first via-conductors 34, a plu-
rality of second via-conductors 35, and the internal

grounding conductor layer 15. Here, the plurality of first
via-conductors 34 are arranged along the inner periphery
of the second opening 33, and connect the first grounding
conductor layer 13 and the internal grounding conductor
layer 15. The plurality of second via-conductors 35 are
arranged along the outer periphery of the second opening
33, and connect the first grounding conductor layer 13
and the internal grounding conductor layer 15.
[0014] The horizontal choke portion 32 is disposed be-
tween the wiring board 10 and the waveguide 20 in the
case where a gap G is formed between the wiring board
10 and the waveguide 20 along the lower face of the
dielectric substrate 11 from the opening of the waveguide
20 to the second opening 33, and is formed along the
lower face of the wiring board 10 between the outer pe-
ripheral edge of the first opening 14 of the first grounding
conductor layer 13 and the inner peripheral edge of the
second opening 33. As indicated by the broken line in
Fig. 1(b), the choke structure 30 has an L-shaped cross-
section. In Fig. 1(b), the gap G is uniformly formed be-
tween the wiring board 10 and the waveguide 20 from
the opening of the waveguide 20 to the end portion the
wiring board 10.
[0015] In this sort of the high-frequency module 1A, a
distance L between the outer peripheral edge of the first
opening 14 of the first grounding conductor layer 13 and
the inner peripheral edge of the second opening 33 in an
extension direction X of the line conductor 12A is sub-
stantially 1/4 the effective wavelength of a high-frequency
signal transmitted through the line conductor 12A. Fur-
thermore, a distance H between the first grounding con-
ductor layer 13 and the internal grounding conductor lay-
er 15 is substantially 1/4 the effective wavelength of a
high-frequency signal transmitted through the line con-
ductor 12A. Here, "effective wavelength" is a wavelength
obtained in consideration of a dielectric constant of space
through which a high-frequency signal is transmitted. For
example, in the case where a high-frequency signal is
transmitted through the dielectric substrate 11, the wave-
length is shorter than in a vacuum due to the influence
of the dielectric constant of the dielectric substrate 11.
[0016] When the distances L and H are set in this man-
ner, the electric field strength near the edge of the open-
ing of the waveguide 20 and at the upper end of the ver-
tical choke portion 31 is 0. Furthermore, a point at which
the electric field strength is highest is present on the
boundary between the vertical choke portion 31 and the
horizontal choke portion 32. Accordingly, a resonance
occurs in which the gap near the edge of the opening of
the waveguide 20 is electromagnetically blocked, and
leakage of a high-frequency signal can be suppressed.
[0017] Furthermore, in the case where the distance L
is set as described above and a width W of the second
opening 33 is substantially 1/4 to substantially 1/2 the
effective wavelength of a high-frequency signal transmit-
ted, the gap between the first via-conductors 34 and the
second via-conductors 35 is wide, and, thus, the electric
field generated in the vertical choke portion 31 is smaller
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than the electric field generated in the horizontal choke
portion 32. The reason for this is that, based on the re-
lationship (Electric field) = (Voltage)/(Distance), the elec-
tric field is reduced as the distance increases. Accord-
ingly, even at a frequency where 1/4 of the effective wave-
length does not match the length of the horizontal choke
portion 32 and the length of the vertical choke portion 31,
the electric field strength near the edge of the opening
of the waveguide 20 and at the upper end of the vertical
choke portion 31 is 0, and a point at which the electric
field strength is highest is present on the boundary be-
tween the vertical choke portion 31 and the horizontal
choke portion 32. As a result, a resonance occurs in
which the gap near the edge of the opening of the
waveguide 20 is electromagnetically blocked, and leak-
age of a high-frequency signal can be suppressed.
[0018] Furthermore, in the case where the width W of
the second opening 33 is set to be more than 0 and not
greater than 1/2 the effective wavelength of a high-fre-
quency signal transmitted, leakage of a high-frequency
signal can be effectively suppressed. That is to say, in
the case where the gap between the first via-conductors
33 and the second via-conductors 34 is set to be smaller
than 1/2 the effective wavelength of a high-frequency sig-
nal, a vertical electric field in the vertical choke portion
31 can be suppressed, and, as a result, leakage of a
high-frequency signal can be suppressed.
[0019] With the high-frequency module 1A according
to this embodiment, the vertical choke portion 31 is dis-
posed in the dielectric substrate 11, and, thus, the size
of the choke structure 30 can be reduced by a wavelength
shortening effect. Furthermore, the vertical choke portion
31 can be formed in the dielectric substrate 11 during
production of the dielectric substrate 11, and, thus, an
increase in the number of steps due to addition of the
choke structure 30 can be suppressed.
[0020] In the high-frequency module 1A shown in Figs.
1 and 2, a high-frequency line formed in the wiring board
10 is realized as a microstrip line, but also can be realized
as another configuration.
[0021] In a high-frequency module 1B shown in Figs.
3 and 4, a high-frequency line Ln has a line conductor
12B that is formed on the upper face of the dielectric
substrate 11 and a same plane grounding conductor lay-
er 41 that is formed so as to surround one end portion of
the line conductor 12B on the upper face of the dielectric
substrate 11. On the same plane grounding conductor
layer 41, slots 42 electromagnetically coupled to the line
conductor 12B are formed so as to be perpendicular to
one end portion of the line conductor 12B. Furthermore,
the wiring board 10 has shield conductor portions (here-
inafter, also referred to as "first shield conductor por-
tions") 43 that surround the first opening 14 of the first
grounding conductor layer 13 and that connect the same
plane grounding conductor layer 41 and the first ground-
ing conductor layer 13.
[0022] The vertical choke portion 31 is formed so as
to be surrounded by the first via-conductors 34, the sec-

ond via-conductors 35, and the same plane grounding
conductor layer 41. The first via-conductors 34 are ar-
ranged along the inner periphery of the second opening
33, and connect the first grounding conductor layer 13
and the same plane grounding conductor layer 41. The
second via-conductors 35 are arranged along the outer
periphery of the second opening 33, and connect the first
grounding conductor layer 13 and the same plane
grounding conductor layer 41.
[0023] Furthermore, the distance L between the outer
peripheral edge of the first opening 14 of the first ground-
ing conductor layer 13 and the inner peripheral edge of
the second opening 33 in an extension direction X of the
line conductor 12B is substantially 1/4 the effective wave-
length of a high-frequency signal transmitted through the
line conductor 12B. Furthermore, the distance H between
the first grounding conductor layer 13 and the same plane
grounding conductor layer 41 is substantially 1/4 the ef-
fective wavelength of a high-frequency signal transmitted
through the line conductor 12B.
[0024] Here, in Figs. 3 and 4, the same configurations
as in Figs. 1 and 2 are denoted by the same reference
numerals. Furthermore, configurations that are not par-
ticularly described are similar to those in Figs. 1 and 2.
[0025] In the high-frequency module 1B, the line con-
ductor 12B, together with the same plane grounding con-
ductor layer 41 and the first grounding conductor layer
13, constitutes a grounded coplanar line. The slots 42
have longer sides in a direction perpendicular to the line
conductor 12B. The length of the longer sides is, for ex-
ample, substantially 1/2 the effective wavelength of a
high-frequency signal transmitted. Furthermore, the
length of the shorter sides is determined so as to obtain
an optimal impedance that forms electromagnetic cou-
pling via the first opening 14. In the description above,
an example is shown in which the front end of the line
conductor 12B is short-circuited by the same plane
grounding conductor layer 41, but the front end of the
line conductor 12B also may be formed as an open end.
[0026] The high-frequency module 1B shown in Figs.
3 and 4 can obtain an effect as in the high-frequency
module 1A shown in Figs. 1 and 2.
[0027] In both of the two high-frequency modules 1A
and 1B, parts for generating or controlling high-frequency
waves, such as an RF-IC, a transmitter, an amplifier, or
the like, can be mounted on the dielectric substrate 11.

(Embodiment 2)

[0028] As shown in Figs. 5 and 6, a high-frequency
module 1C according to this embodiment has an internal
grounding conductor layer 44 inside the dielectric sub-
strate 11. The internal grounding conductor layer 44 is a
frame-shaped grounding conductor layer that has an
opening 45 opposed to the first opening 14. The opening
45 functions as a transmission opening. The opening 45
is formed in the internal grounding conductor layer 44 so
as to surround the slots 42 and to be positioned inside
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the first opening 14 when seen through from above. Fur-
thermore, shield conductor portions (hereinafter, also re-
ferred to as "second shield conductor portions") 46 that
connect the same plane grounding conductor layer 41
and the internal grounding conductor layer 44 are formed
along the outer periphery of the opening 45. The shield
conductor portions 46 are formed so as to surround the
opening 45 when seen through from above.
[0029] Here, in Figs. 5 and 6, the same configurations
as in Figs. 1 to 4 are denoted by the same reference
numerals. Furthermore, configurations that are not par-
ticularly described are similar to those in Figs. 1 to 4.
[0030] In the high-frequency module 1C according to
Embodiment 2, reflected waves are present that are emit-
ted from the slots 42, that are reflected at the boundary
between the dielectric substrate 11 and the waveguide
20, that are again reflected by the internal grounding con-
ductor layer 44, and that return to the boundary between
the dielectric substrate 11 and the waveguide 20. Here,
in the case where the distance H between the internal
grounding conductor layer 44 and the waveguide 20 is
substantially 1/4 the effective wavelength of a high-fre-
quency signal transmitted to the high-frequency line Ln,
a path difference between the above-described reflected
waves and direct waves directly transmitted from the
slots 42 to the boundary between the dielectric substrate
11 and the waveguide 20 is substantially 1/2 the effective
wavelength of the high-frequency signal, and the phase
of the high-frequency signal is reversed when the reflect-
ed waves are reflected by the internal grounding conduc-
tor layer 44. Thus, such high-frequency signals are in-
tensified each other, and the high-frequency signals
transmitted through the wiring board 10 are efficiently
transmitted to the waveguide 20.
[0031] That is to say, the dielectric substrate 11 that is
interposed between the internal grounding conductor lay-
er 44 and the waveguide 20 and that has a thickness set
to substantially 1/4 the effective wavelength of a high-
frequency signal functions as an impedance matching
box between the slots 42 and the waveguide 20 having
mutually different impedances.
[0032] Furthermore, the side face direction of the die-
lectric substrate 11 is shielded by the first and the second
shield conductor portions 43 and 46, and, thus, leakage
of a high-frequency signal emitted from the slots 42 to
the dielectric substrate 11 and a high-frequency signal
reflected at the boundary between the dielectric substrate
11 and the waveguide 20 is suppressed, and a decrease
in the conversion efficiency is suppressed.
[0033] Furthermore, the vertical choke portion 31 is
disposed in the dielectric substrate 11, and, thus, the size
of the choke structure 30 can be reduced by a wavelength
shortening effect. Furthermore, the choke structure 30
can be formed in the dielectric substrate 11 during pro-
duction of the dielectric substrate 11, and, thus, an in-
crease in the number of steps due to addition of the choke
structure 30 can be suppressed.
[0034] Furthermore, the length H of the vertical choke

portion 31 formed in the dielectric substrate 11 is sub-
stantially 1/4 the effective wavelength of a high-frequency
signal, and is the same as the distance H between the
internal grounding conductor layer 44 and the waveguide
20. Thus, it is not necessary for the thickness of the di-
electric substrate 11 to be increased for addition of the
choke structure, and a high-frequency module having a
thin choke structure can be realized.
[0035] Furthermore, in the high-frequency module 1C
according to Embodiment 2, it is preferable that, on a
face passing through the center of the first opening 14
and perpendicular to the longitudinal direction of the first
opening 14 (a cross-section taken along line C-C), the
distance L between the edge of the first opening 14 and
the inner peripheral edge of the second opening 33 is
substantially 1/4 the wavelength of a high-frequency sig-
nal transmitted, and that the width W of the second open-
ing 33 is substantially 1/4 to substantially 1/2 the effective
wavelength of a high-frequency signal transmitted. In oth-
er words, it is preferable that, when seen through from
above, the distance L between the edge of the first open-
ing 14 and the inner peripheral edge of the second open-
ing 33 in the line direction of the line conductor 12B (the
longitudinal direction of the line conductor 12B in the
shape of a straight line) is substantially 1/4 the effective
wavelength of a high-frequency signal transmitted, and
that the width W of the second opening 33 is substantially
1/4 to substantially 1/2 the effective wavelength of a high-
frequency signal transmitted.
[0036] When the distances L and W are set in this man-
ner, the electric field strength near the edge of the open-
ing of the waveguide 20 and at the upper end of the ver-
tical choke portion 31 is 0, and a point at which the electric
field strength is highest is present on the boundary be-
tween the vertical choke portion 31 and the horizontal
choke portion 32. Accordingly, a resonance occurs in
which the gap near the edge of the opening of the
waveguide 20 is electromagnetically blocked, and leak-
age of a high-frequency’ signal can be suppressed.
[0037] Furthermore, when the distances L and W are
set as described above, the gap between the first via-
conductors 34 and the second via-conductors 35 is wide,
and, thus, the electric field generated in the vertical choke
portion 31 is smaller than the electric field generated in
the horizontal choke portion 32, as seen from the rela-
tionship (Electric field) = (Voltage)/(Distance) indicating
that the electric field is reduced as the distance increases.
Accordingly, even at a frequency where substantially 1/4
of the effective wavelength of a high-frequency signal
does not match the length of the horizontal choke portion
32 and the length of the vertical choke portion 31, the
electric field strength near the edge of the opening of the
waveguide 20 and at the upper end of the vertical choke
portion 31 is 0, and a point at which the electric field
strength is highest is present on the boundary between
the vertical choke portion 31 and the horizontal choke
portion 32. As a result, a resonance occurs in which the
gap near the edge of the opening of the waveguide 20
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is electromagnetically blocked, and leakage of a high-
frequency signal can be suppressed.
[0038] Here, in the case where the width W of the sec-
ond opening 33 is set to be more than 0 and not greater
than 1/2 the effective wavelength of a high-frequency sig-
nal transmitted, leakage of a high-frequency signal can
be effectively suppressed. That is to say, in the case
where the gap between the first via-conductors 34 and
the second via-conductors 35 is set to be smaller than
1/2 the effective wavelength of a high-frequency signal,
a vertical electric field in the vertical choke portion 31 can
be suppressed, and, as a result, leakage of a high-fre-
quency signal can be suppressed.
[0039] Here, as shown in Fig. 7, the second opening
33 may be in the shape of a circular ring. In this case,
the effect is similar to that in the case where the second
opening 33 is in the shape of a rectangular ring as shown
in Fig. 5. Furthermore, the shape of the wiring board 10
when viewed from above also can be circular in accord-
ance with the second opening 33, and the size of the
wiring board 10 can be reduced.
[0040] Next, the characteristics of the high-frequency
module 1C according to Embodiment 2 will be described.
Whether or not the function of a high-frequency module
can be obtained can be investigated based on transmis-
sion characteristics S21 between the high-frequency line
Ln and the waveguide 20. This value is required to be as
high as possible in order to transmit a high-frequency
signal from the high-frequency line Ln to the waveguide
20 at a high conversion efficiency. Here, A of Fig. 8(a) is
a graph showing frequency characteristics S21 of a high-
frequency module of Figs. 5 and 6 from which the choke
structure 30 has been removed in the case where there
is no gap between the wiring board 10 and the waveguide
20. Furthermore, B of Fig. 8(a) is a graph showing fre-
quency characteristics S21 of a high-frequency module
of Figs. 5 and 6 from which the choke structure 30 has
been removed in the case where there is a gap G having
a size of 0.3 mm between the wiring board 10 and the
waveguide 20.
[0041] As shown in Fig. 8(a), in the case where there
is no gap between the wiring board 10 and the waveguide
20, S21 of the high-frequency module having no choke
structure 30 is -0.5 dB or more over a frequency range
of 13.2 GHz or more. However, in the case where the
gap G is 0.3 mm, a high-frequency signal leaks from the
gap, S21 deteriorates and does not become -0.5 dB or
more.
[0042] Next, C of Fig. 8(b) is a graph showing frequen-
cy characteristics S21 of the high-frequency module 1C
shown in Figs. 5 and 6 in the case where there is a gap
G having a size of 0.3 mm between the dielectric sub-
strate 11 and the waveguide 20, the distance L is 1 mm,
which is 1/4 the effective wavelength of a high-frequency
signal transmitted, and the width W of the second opening
33 is 0.34 mm, which is 1/4 the effective wavelength of
a high-frequency signal transmitted. Furthermore, D of
Fig. 8(b) is a graph showing frequency characteristics

S21 of the high-frequency module 1C shown in Figs. 5
and 6 in the case where there is a gap G having a size
of 0.3 mm between the dielectric substrate 11 and the
waveguide 20, the distance L is 1 mm, which is 1/4 the
effective wavelength of a high-frequency signal transmit-
ted, and the width W of the second opening 33 is 0.68
mm, which is 1/2 the effective wavelength of a high-fre-
quency signal transmitted.
[0043] As indicated by C of Fig. 8(b), in the case where
the width W of the second opening 33 of the high-fre-
quency module 1C shown in Figs. 5 and 6 is 0.34 mm,
which is 1/4 the effective wavelength of a high-frequency
signal transmitted, S21 is -0.5 dB or more over a frequen-
cy range of 10.1 GHz, and it is seen that S21 is improved
compared with that of B of Fig. 8(a) in which there is no
choke structure.
[0044] However, since the dielectric constant of the
dielectric substrate 11 of the vertical choke portion 31 is
different from the dielectric constant of air present in a
gap formed between the dielectric substrate 11 and the
waveguide 20, a high-frequency signal is reflected at the
boundary between the dielectric substrate 11 of the
choke structure 30 and the air, the effect of suppressing
leakage of a high-frequency signal is reduced, and the
frequency band of a high-frequency signal in which leak-
age of a high-frequency signal can be suppressed is nar-
rowed by 3.1 GHz or more.
[0045] On the other hand, as indicated by D of Fig. 8
(b), in the case where the width W of the second opening
33 of the high-frequency module 1C shown in Figs. 5 and
6 is 0.68 mm, which is 1/2 the effective wavelength of a
high-frequency signal transmitted, S21 is -0.5 dB or more
over a frequency range of 12.6 GHz, and this band is
wider by 2.5 GHz than in C of Fig. 8(b) in which the width
W of the second opening 33 is 0.34 mm.
[0046] The reason for this is that the gap between the
first via-conductors 34 and the second via-conductors 35
is as wide as 0.68 mm, and, thus, the electric field gen-
erated in the vertical choke portion 31 is smaller than the
electric field generated in the horizontal choke portion
32, as seen from the relationship (Electric field) = (Volt-
age)/(Distance) indicating that the electric field is reduced
as the distance W increases. Accordingly, even at a fre-
quency where 1/4 of the effective wavelength of a high-
frequency signal does not match the length L of the hor-
izontal choke portion 32 and the length H of the vertical
choke portion 31, the electric field strength near the edge
of the opening of the waveguide 20 and at the upper end
of the vertical choke portion 31 is 0, a point at which the
electric field strength is highest is present on the bound-
ary between the vertical choke portion 31 and the hori-
zontal choke portion 32, and, as a result, a resonance
occurs in which the gap near the edge of the opening of
the waveguide 20 is electromagnetically blocked, and
leakage of a high-frequency signal can be suppressed.
As a result, the frequency band of a high-frequency signal
in which leakage of a high-frequency signal can be sup-
pressed can be made wider.
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[0047] Here, in the case where the width W of the sec-
ond opening 33 is set to be more than 0 and not greater
than 1/2 the effective wavelength of a high-frequency sig-
nal transmitted, leakage of a high-frequency signal can
be effectively suppressed. That is to say, in the case
where the gap between the first via-conductors 34 and
the second via-conductors 35 is set to be smaller than
1/2 the effective wavelength of a high-frequency signal,
a vertical electric field in the vertical choke portion 31 can
be suppressed, and, as a result, leakage of a high-fre-
quency signal can be suppressed.
[0048] As described above, the high-frequency mod-
ule according to Embodiment 2 can realize broadband
characteristics in which S21 is -0.5 dB or more over a
frequency range of 12.6 GHz. Accordingly, the high-fre-
quency module according to Embodiment 2 of the inven-
tion has excellent characteristics around a frequency
band used for a vehicle-mounted collision-preventing ra-
dar (76 GHz band), and, thus, can be sufficiently applied
as a high-frequency module for a vehicle-mounted colli-
sion-preventing radar.

(Embodiment 3)

[0049] As shown in Fig. 9, a high-frequency module
1E according to Embodiment 3 has a pair of second open-
ings 33 that are arranged as mirror images about a face
passing through the center of the first opening 14 and
perpendicular to the transverse direction of the first open-
ing 14 (E-E face). In other words, the second openings
33 are a pair of openings that are axisymmetric about a
line passing through the center of the first opening 14
and perpendicular to the line direction of the line conduc-
tor 12B when seen through from above.
[0050] According to the high-frequency module 1E ac-
cording to Embodiment 3, even in the case where an
unwanted resonance occurs at a frequency correspond-
ing to the length of the second openings 33 when the
high-frequency module 1E is viewed from above, the
length of the second openings 33 can be easily adjusted,
and, thus, the frequency of such an unwanted resonance
occurring at the vertical choke portion 33 can be more
easily set to a frequency that does not affect transmission
of a high-frequency signal.

(Embodiment 4)

[0051] A high-frequency module 1F shown in Fig. 10
has a configuration similar to that of the high-frequency
module 1C shown in Figs. 5 and 6, but has a vertical
choke portion 31 including a first waveguide portion 31A
that extends in the thickness direction of the dielectric
substrate 11 and a second waveguide portion 31B that’
is parallel to the horizontal choke portion 32 and has a
short-circuited terminal end (see Fig. 11). Here, the hor-
izontal choke portion 32, the first waveguide portion 31A,
and the second waveguide portion 31B are connected in
series.

[0052] The high-frequency module 1F according to this
embodiment has internal grounding conductor layers 44
and 51 that are formed inside the dielectric substrate 11.
The internal grounding conductor layer 44 has the open-
ing 45 that is opposed to the first opening 14 and an
opening 52 that is opposed to the second opening 33.
Furthermore, the internal grounding conductor layer 51
is disposed between the internal grounding conductor
layer 44 and the same plane grounding conductor layer
41, and has an opening 53 that is opposed to the first
opening 14 and the opening 45. Here, the opening 53
disposed in the internal grounding conductor layer 51
functions as a transmission opening.
[0053] The wiring board 10 has the plurality of first via-
conductors 34 that are arranged along the inner periph-
ery of the second opening 33 and that connect the first
grounding conductor layer 13 and the internal grounding
conductor layer 44, and the plurality of second via-con-
ductors 35 that are arranged along the outer periphery
of the second opening 33 and that connect the first
grounding conductor layer 13 and the internal grounding
conductor layer 44. Furthermore, the wiring board 10 has
a plurality of third via-conductors 54 that are arranged
along the inner periphery of the opening 52 and that con-
nect the internal grounding conductor layer 44 and the
internal grounding conductor layer 51, and a plurality of
fourth via-conductors 55 that are arranged along the out-
er periphery of the opening 52 and that connect the in-
ternal grounding conductor layer 44 and the internal
grounding conductor layer 51.
[0054] Further provided are a plurality of fifth via-con-
ductors 56 that surround the opening 53 and the opening
45 and that connect the internal grounding conductor lay-
er 44 and the internal grounding conductor layer 51 along
the edges of the opening 53 and the opening 45, and a
plurality of sixth via-conductors 57 that are formed around
the first opening 14 and that connect the first grounding
conductor layer 13 and the internal grounding conductor
layer 44.
[0055] Here, the second via-conductors 35 and the
fourth via-conductors 55 are arranged vertically and elec-
trically connected via the internal grounding conductor
layer 44. Furthermore, in the direction in which the line
conductor 12B extends, the third via-conductors 54 is
positioned farther away from the opening 52 than the first
via-conductors 34.
[0056] The vertical choke portion 31 is formed so as
to be surrounded by the first via-conductors 34, the sec-
ond via-conductors 35, the third via-conductors 54, the
fourth via-conductors 55, and the internal grounding con-
ductor layer 51. The vertical choke portion 31 has a cross-
section in the shape of an inverted L.
[0057] In the high-frequency module 1F shown in Fig.
10, an example is shown in which the high-frequency line
Ln is a grounded coplanar line configured from the line
conductor 12B formed on the surface of the dielectric
substrate 11, the internal grounding conductor layer 51,
and the same plane grounding conductor layer 41. The
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slots 42 have longer sides in a direction perpendicular to
the line conductor 12B, and the length thereof is, for ex-
ample, 1/2 the wavelength of a high-frequency transmit-
ted through the high-frequency line Ln. In the description
above, an example is shown in which the front end of the
line conductor 12B is short-circuited to the same plane
grounding conductor layer 41, but the front end also may
be formed as an open end.
[0058] Fig. 11 schematically shows the choke struc-
ture 30 of the high-frequency module 1F in Fig. 10. Here,
in the case where the distance L of the horizontal choke
portion 32 from the wall of the waveguide to a portion P
connecting the horizontal choke portion 32 and the ver-
tical choke portion 31 is substantially 1/4 the effective
wavelength of a high-frequency signal transmitted, the
voltage is highest at the portion P connecting the hori-
zontal choke portion 32 and the vertical choke portion
31, the current is highest at the wall of the waveguide,
and the choke effect can be obtained in which the wiring
board 10 and the waveguide 20 seem to be electrically
connected.
[0059] Furthermore, in the case where the length of
the vertical choke portion, that is, the distance from the
portion P connecting the first waveguide portion 31A and
the horizontal choke portion 32 to a point Q farthest from
the portion P on the wall face of the terminal end of the
second waveguide portion 31B is substantially 1/4 the
effective wavelength λ of a high-frequency signal trans-
mitted, in other words, in the case where the length of a
path that extends along the wall face of the first
waveguide portion 31A closer to the wall of the
waveguide, and then diagonally passes through the sec-
ond waveguide portion 31B from the point connecting
the first waveguide portion 31A and the second
waveguide portion 31B, to the point Q on the wall face
of the terminal end of the second waveguide portion 31B,
which is farthest from the connecting point (the sum of a
height Hb of the first waveguide portion 31A and a length
of a broken line R diagonally passing through the second
waveguide portion 31B) is substantially λ/4, the voltage
is highest at the portion P connecting the horizontal choke
portion 32 and the vertical choke portion 31, the current
is highest at the wall face of the terminal end of the second
waveguide portion 31B, and the choke effect can be ob-
tained.
[0060] Here, in Fig. 10, the first via-conductors 34 and
the third via-conductors 54 may be arranged vertically
and electrically connected, and the fourth via-conductors
55 may be positioned farther away from the opening 52
than the second via-conductors 35 in the direction in
which the line conductor 12B extends. That is to say, in
Fig. 11, the second waveguide portion 31B may extend
outward (in a direction away from the wall of the
waveguide) from the portion connecting the second
waveguide portion 31B and the first waveguide portion
31A. A configuration in which the second waveguide por-
tion 31B is formed so as to extend inward (in a direction
closer to the wall of the waveguide) from the portion con-

necting the second waveguide portion 31B and the first
waveguide portion 31A as shown in Figs. 10 and 11 is
more advantageous in that the overall size of the high-
frequency module can be reduced, but a configuration in
which the second waveguide portion 31B is formed so
as to extend outward also can obtain an effect as in the
high-frequency module of Figs. 10 and 11.
[0061] In the case where the vertical choke portion 31
includes the first waveguide portion 31A and the second
waveguide portion 31B in this manner, the height of the
wiring board can be lower than that of the vertical choke
portion 31 in the shape of a straight line, and a high-
frequency module with a reduced height can be realized.
[0062] Furthermore, in the case where the distance L
is substantially λ/4, and the width Wb of the second open-
ing 33 is substantially λ/4 to substantially λ/2, and in the
case where the width Wb of the second opening 33 is
set to be more than 0 and not greater than λ/2, an effect
as in Embodiment 1 can be obtained.
[0063] Furthermore, as shown in Fig. 12, the line con-
ductor 12A, together with the internal grounding conduc-
tor layer 51 disposed inside the dielectric substrate 11,
may constitute a microstrip line. The front end of the line
conductor 12A is formed as an open end at a predeter-
mined position from the center of the first opening 14 as
shown in Fig. 12, or formed as a short-circuited end that
is connected to the internal grounding conductor layer 51.
[0064] Here, in Figs. 10 and 12, a dielectric region that
is surrounded by the first opening 14, the internal ground-
ing conductor layer 51, the fifth via-conductors 56, and
the sixth via-conductors 57 is used as a dielectric reso-
nator, and has the function of realizing a good coupling
between the high-frequency line Ln and the waveguide
20. The thickness of the dielectric resonator region is
preferably substantially λ/4 a high-frequency signal so
as to function as a dielectric resonator. Here, in the case
where the thickness is about λ/4, an unwanted mode may
occur to cause a problem. In such a case, this phenom-
enon may be suppressed by reducing the thickness of
the dielectric resonator to be smaller than λ/4. In this
embodiment, the physical length (not electrical length)
(Ha+Hb) of the vertical choke portion is shorter than λ/
4, and, thus, the dielectric thickness can be easily re-
duced.
[0065] Examples of a dielectric material for forming the
dielectric substrate 11 include a ceramic material mainly
containing aluminum oxide, aluminum nitride, silicon ni-
tride, mullite, or the like, a glass, a glass ceramic material
formed by firing a mixture of glass and ceramic fillers, an
organic resin-based material such as epoxy resin, poly-
imide resin, and fluorine-based resin (typically, tetrafluor-
oethylene resin), and an organic resin-ceramic (also in-
cluding glass) composite material.
[0066] Examples of a material for forming conductor
portions in the wiring board 10, such as the line conduc-
tors 12A and 12B, the same plane grounding conductor
layer 41, the internal grounding conductor layers 44 and
51, the first grounding conductor layer 13, the first and

13 14 



EP 2 211 419 A1

9

5

10

15

20

25

30

35

40

45

50

55

the second shield conductors 43 and 46, and the first to
the sixth via-conductor portions 34, 35, and 54 to 57,
include a metallization material mainly containing tung-
sten, molybdenum, gold, silver, copper, or the like, and
a metal foil mainly containing gold, silver, copper, alumi-
num, or the like.
[0067] In particular, in the case where the waveguide
converter is contained in the wiring board 10 on which a
high-frequency part is mounted, it is desirable that the
dielectric substrate 11 is made of a dielectric material
that has a small dielectric loss tangent and that can re-
alize a hermetic seal. Examples of a particularly desirable
dielectric material include at least one inorganic material
selected from the group consisting of aluminum oxide,
aluminum nitride, and glass ceramic material. It is pref-
erable that the dielectric substrate 11 is made of such a
hard material, because the dielectric loss tangent is small
and the mounted high-frequency part can be hermetically
sealed, which improves the reliability of the mounted
high-frequency part. In this case, it is desirable that, as
the conductor material, a metallization conductor that can
be fired at the same time as the dielectric material is used,
in view of hermetic seal properties and productivity.
[0068] The above-described wiring board 10 is pro-
duced as follows. For example, in the case where an
aluminum oxide-based sintered body is used as the di-
electric material, first, an appropriate organic solvent or
another solvent is added to and mixed with a material
powder of aluminum oxide, silicon oxide, magnesium ox-
ide, calcium oxide, or the like to form a slurry, this slurry
is shaped into sheets using a conventionally well known
doctor blade method or calender roll method, and, thus,
ceramic green sheets are produced. Furthermore, an ap-
propriate organic solvent or another solvent is added to
and mixed with a material powder of a high-melting-point
metal such as tungsten or molybdenum, and, thus, a met-
allization paste is produced.
[0069] Next, the ceramic green sheets are processed
using a processing method or the like, and, thus, through-
holes for forming through conductors as the first and the
second shield conductor portions 43 and 46, and the first
to the sixth via-conductor portions 34, 35, and 54 to 57
are formed. Next, using a printing method or the like, the
formed through-holes are filled with the metallization
paste, and the metallization paste is printed in the shape
of the line conductors 12A and 12B, the same plane
grounding conductor layer 41, the internal grounding con-
ductor layers 44 and 51, and the first grounding conductor
layer 13. In the case where the dielectric substrate 11
has a layered structure including a plurality of dielectric
layers, ceramic green sheets in which these conductors
are embedded and printed are layered, pressure-bonded
through application of a pressure, and fired at a high tem-
perature (approximately 1600°C). Furthermore, the con-
ductors exposed on the surface, such as the line con-
ductors 12A and 12B, the same plane grounding con-
ductor layer 41, the first grounding conductor layer 13,
or the like may be surface-treated so as to be nickel plated

and gold plated.
[0070] The through conductors forming the first and
the second shield conductor portions 43 and 46, and the
first to the sixth via-conductor portions 34, 35, and 54 to
57 may be so-called via-conductors in which the through-
holes are filled with a conductor, or may be so-called
through-hole conductors in which a conductor layer is
attached to the inner wall of the through-holes. Further-
more, the shield conductor portions 46, and the second
and the fourth via-conductor portions 35 are 55 may be
side-face conductors formed on the side face of the die-
lectric substrate 11, or castellation conductors.
[0071] Here, in the above-described example of the
high-frequency modules 1B to 1F, the high-frequency line
1 has a coplanar line configuration, but may have a
grounded coplanar line configuration in which another
dielectric layer is layered on the dielectric substrate 11,
and an upper-face grounding conductor layer is disposed
on the upper face of this dielectric layer so as to cover
the line conductor 12B. Also in this case, an effect as in
the high-frequency modules 1B to 1F can be obtained
by providing the dielectric substrate 11 with a choke struc-
ture.
[0072] There is no particular limitation on the shape of
the waveguide 20. For example, when a WR series stand-
ardized as a square waveguide is used, a variety of cal-
ibration kits for measurement can be used, and, thus,
various characteristics can be easily evaluated, but a
square waveguide can be also used that is made smaller
within the range in which cut-off of the waveguide is not
generated, in order to reduce the size and weight of the
system according to the frequency of a high-frequency
signal used. Furthermore, a circular waveguide also can
be used.
[0073] The waveguide 20 is preferably made of a met-
al, and the inner wall of the waveguide is preferably coat-
ed with a noble metal such as gold, silver, or the like in
order to reduce a conductor loss or to prevent corrosion
due to current. Furthermore, the waveguide 20 may be
formed by shaping a resin into a desired waveguide
shape, and the inner wall of the waveguide may be coated
with a noble metal such as gold, silver, or the like as in
the case of a metal. The waveguide 20 may be attached
to the high-frequency line-waveguide converter by fixing
using a conductive brazing filler metal, by screwing, or
the like.
[0074] Here, the invention is not limited to the exam-
ples of the foregoing embodiments, and various changes
are possible within the range not departing from the gist
of the invention.

Claims

1. A high-frequency module comprising:

a wiring board including a dielectric substrate, a
line conductor that is formed on a first surface
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of the dielectric substrate, and a first grounding
conductor layer that is formed on a second sur-
face opposed to the first surface of the dielectric
substrate, and that has a first opening and a sec-
ond opening disposed around the first opening;
and
a waveguide that is connected to the second
surface, has an opening opposed to the first
opening, and is electromagnetically coupled to
the line conductor,
the wiring board having a vertical choke portion
that at least partially extends from the second
opening in a direction perpendicular to the sec-
ond surface,
a horizontal choke portion being formed be-
tween the wiring board and the waveguide,
along the second surface between the opening
of the waveguide and the second opening.

2. The high-frequency module of claim 1, wherein the
second opening is in a shape of a ring,
the wiring board has a second grounding conductor
layer that is disposed inside the dielectric substrate,
and that has a third opening opposed to the first
opening,
and
the vertical choke portion has a first conductor por-
tion that is disposed along an inner periphery and an
outer periphery of the second opening, and that con-
nects the first grounding conductor layer and the sec-
ond grounding conductor layer.

3. The high-frequency module of claim 1, wherein the
second opening is in a shape of a ring,
the wiring board has:

a second grounding conductor layer that is dis-
posed inside the dielectric substrate, and that
has a third opening opposed to the first opening
and a fourth opening opposed to the second
opening; and
a third grounding conductor layer that is dis-
posed between the second grounding conductor
layer and the first plane inside the dielectric sub-
strate, and that has a fifth opening opposed to
the first opening;

the vertical choke portion has:

a first conductor portion that is disposed along
an inner periphery of the second opening, and
that connects the first grounding conductor layer
and the second grounding conductor layer;
a second conductor portion that is disposed
along an outer periphery of the second opening,
and that connects the first grounding conductor
layer and the second grounding conductor layer;
a third conductor portion that is disposed along

an inner periphery of the fourth opening, and
that connects the second grounding conductor
layer and the third grounding conductor layer;
and
a fourth conductor portion that is disposed along
an outer periphery of the fourth opening, and
that connects the second grounding conductor
layer and the third grounding conductor layer;
and

the first conductor portion and the third conductor
portion are arranged vertically and electrically con-
nected, and, in an extension direction of the line con-
ductor, the fourth conductor portion is positioned far-
ther away from the fourth opening than the second
conductor portion, or
the second conductor portion and the fourth conduc-
tor portion are arranged vertically and electrically
connected, and, in the extention direction of the line
conductor, the third conductor portion is positioned
farther away from the fourth opening than the first
conductor portion.

4. The high-frequency module of claim 2, wherein a
distance between an outer periphery of the first
opening and an inner periphery of the second open-
ing is
substantially 1/4 an effective wavelength of a high-
frequency signal transmitted through the line con-
ductor, and
a length of the vertical choke portion is substantially
1/4 an effective wavelength of a high-frequency sig-
nal transmitted through the line conductor.

5. The high-frequency module of claim 3, wherein a
distance between an outer periphery of the first
opening and an inner periphery of the second open-
ing is substantially 1/4 an effective wavelength of a
high-frequency signal transmitted through the line
conductor, and
a length of the vertical choke portion is substantially
1/4 an effective wavelength of a high-frequency sig-
nal transmitted through the line conductor.

6. The high-frequency module of any one of claims 1
to 5, wherein the wiring board has a fourth grounding
conductor layer that is formed so as to surround one
end portion of the line conductor, and that has a slot
perpendicular to the one end portion of the line con-
ductor, and
the slot is inside the first opening when viewed from
above.

7. A wiring board comprising:

a dielectric substrate;
a line conductor that is formed on a first surface
of the dielectric substrate;
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a first grounding conductor layer that is formed
on a second surface opposed to the first surface
of the dielectric substrate, and that has a first
opening and a second opening disposed around
the first opening; and
a vertical choke portion that is formed in the di-
electric substrate, and that extends from the sec-
ond opening in a direction perpendicular to the
second surface.

8. The wiring board of claim 7, wherein the second
opening is in a shape of a ring,
the wiring board has a second grounding conductor
layer that is disposed inside the dielectric substrate,
and that has a third opening opposed to the first
opening, and
the vertical choke portion has a first conductor por-
tion that is disposed along an inner periphery and an
outer periphery of the second opening, and that con-
nects the first grounding conductor layer and the sec-
ond grounding conductor layer.

9. The wiring board of claim 7, wherein the second
opening is in a shape of a ring,
the wiring board has:

a second grounding conductor layer that is dis-
posed inside the dielectric substrate, and that
has a third opening opposed to the first opening
and a fourth opening opposed to the second
opening; and
a third grounding conductor layer that is dis-
posed between the second grounding conductor
layer and the first surface inside the dielectric
substrate, and that has a fifth opening opposed
to the first opening;

the vertical choke portion has:

a first conductor portion that is disposed along
an inner periphery of the second opening, and
that connects the first grounding conductor layer
and the second grounding conductor layer;
a second conductor portion that is disposed
along an outer periphery of the second opening,
and that connects the first grounding conductor
layer and the second grounding conductor layer;
a third conductor portion that is disposed along
an inner periphery of the fourth opening, and
that connects the second grounding conductor
layer and the third grounding conductor layer;
and
a fourth conductor portion that is disposed along
an outer periphery of the fourth opening, and
that connects the second grounding conductor
layer and the third grounding conductor layer;
and

the first conductor portion and the third conductor
portion are electrically connected to each other, and
the fourth conductor portion is positioned farther
away from the fourth opening than the second con-
ductor portion, or
the second conductor portion and the fourth conduc-
tor portion are electrically connected to each other,
and the third conductor portion is positioned farther
away from the fourth opening than the first conductor
portion.

10. The wiring board of claim 8 or 9, wherein the wiring
board has a fourth grounding conductor layer that is
formed so as to surround one end portion of the line
conductor, and that has a slot perpendicular to the
one end portion of the line conductor, and
the slot is inside the first opening when viewed from
above.

11. The wiring board of any one of claims 7 to 10, wherein
a distance between an outer periphery of the first
opening and an inner periphery of the second open-
ing is substantially 1/4 an effective wavelength of a
high-frequency signal transmitted through the line
conductor, and
a length of the vertical choke portion is substantially
1/4 an effective wavelength of a high-frequency sig-
nal transmitted through the line conductor.
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