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(57) Abstract: This microwave module 1 is
provided with an RF device 122 having a
metal cover 230 that covers at least an in-
ternal circuit, and with a multilayer resin
substrate 100 comprising: a first end face
101 which faces the RF device 122; a
second end face 102 which is opposite of
the first end face 101; multiple signal
through-holes 162a which are disposed sur-
rounding the internal circuit and which are
connected to the internal circuit; multiple
ground through-holes 170 which are dis-
posed surrounding the multiple signal
through-holes 162a and which are connec-
ted to the metal cover 230; a first surface
ground 105 which is disposed on the first
end face 101 and which is connected to the
metal cover 230; an inner layer surface
ground 173 which is connected to multiple
ground through-holes 215; and an RF trans-
mission line 132 which is surrounded by the
multiple ground through-holes 170, the first
surface ground 105 and an inner layer sur-
face ground 173 and which is connected to
the multiple signal through-holes 162a.
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Technical Field

[0001] The present invention relates to a microwave
module.

Background

[0002] A conventional transmission/reception module

installed in an electronic scanning antenna modulates the
amplitude and phase of a Radio Frequency (RF) signal. This
transmission/reception module includes a metal chassis to
which a substrate made of resin or ceramic having some of
RF devices mounted thereon, a high heat generation RF
device such as a High Power Amplifier (HPA), and an RF
connector are fixed by means of screws or a bonding agent.
The substrate and the high heat generation RF device are
connected to each other through bonding by a gold ribbon or
a gold wire.
[0003] Electromagnetic waves are radiated from the RF
device and a signal line exposed to a space, in particular,
from a connection point of the gold ribbon or the gold wire
interconnecting the RF device and the substrate. It is
thus necessary to suppress the characteristic failure and
the unstable operation resulting from the reduction of
spatial isolation caused by the radiation and coupling of
the electromagnetic waves.
[0004] For a conventional module, a metal cover designed
to take measures to improve the spatial isolation such as
electromagnetic shield for dividing a space or a radio wave
absorber is disposed to surround a plurality of RF devices.
[0005] Unfortunately, such a conventional module, which
requires the metal cover surrounding the RF devices, needs
to take measures such as the installation of an
electromagnetic shield or a radio wave absorber in order to

suppress the coupling and resonance of the electromagnetic
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waves generated inside the metal cover. Thus, the above-
described conventional art poses a problem of the increase
in cost.

[0006] Some embodiments of the invention relate to a
microwave module capable of suppressing the increase in
cost.

[0007] It is desired to address or ameliorate one or
more disadvantages or limitations associated with the prior

art, or to at least provide a useful alternative.

Summary

[0008] In at least some embodiments, the present
invention provides a microwave module comprising: a
plurality of microwave devices, each of the microwave
devices including a microwave circuit, a device substrate,
and an electromagnetic shield wall, the device substrate
having the microwave circuit mounted thereon, the device
substrate including a heat dissipation embedded member
thermally connected to the microwave circuit and a signal
through hole connected to the microwave circuit, the
electromagnetic shield wall covering at least the microwave
circuit; a plurality of multilayer resin substrates, each
of the multilayer resin substrates including: a first end
face on which the microwave devices are mounted; a second
end face opposite to the first end face; a first surface
ground provided on a side of the first end face and
connected to a ground of the electromagnetic shield wall; a
plurality of first signal through holes, each of the first
signal through holes being connected to a signal through
hole of the microwave circuit to transmit a microwave

signal; a plurality of first ground through holes, each of
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the first ground through holes being provided to surround
the first signal through holes and connected to the first
surface ground; a second signal through hole connected to
the first signal through holes; a plurality of second
ground through holes provided to surround the second signal
through hole and connected to the first surface ground; a
first pad connected to the second signal through hole and
formed on a surface on a side of the second end face;
ground pads arranged so as to surround the first pad and
connected to the second ground through holes; a second
surface ground provided on the side of the second end face
and connected to the ground pads; and a heat dissipator
thermally connected to the heat dissipation embedded member
of the microwave device and the second surface ground, a
cooling plate having the multilayer resin substrates
mounted thereon, the cooling plate being thermally
connected to the heat dissipator of each of the multiplayer
resin substrates, the cooling plate and the second surface
ground forming a space therebetween; a distribution circuit
board having a second pad and a plurality of ground pads
formed on a surface thereof facing the multilayer resin
substrate, the ground pads of the distribution circuit
board surrounding the second pads, the distribution circuit
board being accommodated in the space of the cooling plate;
a plurality of spring contact terminals, each of the spring
contact terminals being connected to the first pad of the
multilayer resin substrate and the second pad of the
distribution circuit board to transmit a microwave signal
to and from the multilayer resin substrate; and a plurality
of spring ground contact terminals, each of the spring
ground contact terminals being connected to a corresponding
one of the ground pads of the multilayer resin substrate

and a corresponding one of the ground pads of the
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distribution circuit board.

[0009] [Deleted]

Brief Description of Drawings

[0010] Preferred embodiments of the present invention
are hereinafter described, by way of example only, with
reference to the accompanying drawings, in which:

FIG. 1 is a front view of a microwave module according
to a first embodiment.

FIG. 2 is a cross—-sectional view taken along line II-
IT of the microwave module illustrated in FIG. 1.

FIG. 3 is a view of details of an RF device
illustrated in FIG. 2.

FIG. 4 is a view of a device substrate illustrated in
FIG. 3 as seen from a fourth end face side of the device
substrate.

FIG. 5 is a view of a multilayer resin substrate
illustrated in FIG. 1 as seen from a first end face side of
the multilayer resin substrate.

FIG. 6 is a view illustrating an inner layer portion
of the multilayer resin substrate illustrated in FIG. 1.

FIG. 7 is a cross—-sectional view of the device
substrate illustrated in FIG. 3 and the multilayer resin
substrate illustrated in FIGS. 5 and 6.

FIG. 8 is a cross—-sectional view of a surface
including a surface ground on the first end face side, an
inner layer surface ground, and two ground through holes in
the multilayer resin substrate illustrated in FIG. 7.

FIG. 9 is a cross—-sectional view of a microwave module
according to a second embodiment.

FIG. 10 is a view of a multilayer resin substrate
illustrated in FIG. 9 as seen from a second end face side

of the multilayer resin substrate.
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FIG. 11 is a perspective view of a contact terminal
illustrated in FIG. 9.

FIG. 12 is a view of a distribution circuit board
illustrated in FIG. 9 as seen from a fifth end face side of
the distribution circuit board.

FIG. 13 is a cross—sectional view taken along line
XIII-XIII of the microwave module according to the first
embodiment.

FIG. 14 is a cross—-sectional view illustrating a
connection between the microwave module according to the
second embodiment and an antenna.

FIG. 15 is a partial cross—-sectional view of the
microwave modules according to the first and second
embodiments.

FIG. 16 is a diagram for explaining an effect of the
contact terminal provided in the microwave module according
to the second embodiment.

FIG. 17 is a partial enlarged view of the microwave
module illustrated in FIG. 14.

FIG. 18 is a view illustrating a modification to the

multilayer resin substrate illustrated in FIG. 10.

Description of Embodiments

[0011] Hereinafter, a microwave module according to each
of embodiments of the present invention will be described
in detail with reference to the drawings. The invention 1is
not limited to the embodiments.

[0012] First Embodiment.

FIG. 1 is a front view of a microwave module according
to a first embodiment. FIG. 2 is a cross—sectional view
taken along line II-II of the microwave module illustrated
in FIG. 1. FIG. 3 is a view of details of an RF device

illustrated in FIG. 2. FIG. 4 is a view of a device
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substrate illustrated in FIG. 3 as seen from a fourth end
face side of the device substrate. FIG. 5 is a view of a
multilayer resin substrate illustrated in FIG. 1 as seen
from a first end face side of the multilayer resin
substrate. FIG. 6 is a view illustrating an inner layer
portion of the multilayer resin substrate illustrated in
FIG. 1. FIG. 7 is a cross—-sectional view of the device
substrate illustrated in FIG. 3 and the multilayer resin
substrate illustrated in FIGS. 5 and 6. FIG. 8 is a cross-
sectional view of a surface including a surface ground on
the first end face side, an inner layer surface ground, and
two ground through holes in the multilayer resin substrate
illustrated in FIG. 7.

[0013] A configuration of the microwave module according
to the first embodiment will be described with reference to
FIGS. 1 to 8.

[0014] As illustrated in FIG. 2, the microwave module 1
includes a multilayer resin substrate 100 including a first
end face 101 and a second end face 102 opposite to the
first end face 101. The microwave module 1 is mechanically
and thermally connected to a cooling plate 300 arranged on
a side of the second end face 102 of the multilayer resin
substrate 100.

[0015] The multilayer resin substrate 100 of the
microwave module 1 is fixed to the cooling plate 300 by
fixing screws 30 as illustrated in FIG. 1. One or multiple
microwave modules 1, which are fixed to the cooling plate
300, and the cooling plate 300 define a microwave module
500 as illustrated in FIG. 2.

[0016] As illustrated in FIGS. 1 and 2, RF devices 120,
121, 122, 123, and 124, which are a plurality of first
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microwave devices, and a plurality of bypass capacitors 141,
142, and 143 are provided on a side of the first end face
101 of the multilayer resin substrate 100.

[0017] Provided on the side of the first end face 101 of
the multilayer resin substrate 100 are a power-supply-
circuit-side coaxial RF connector 125, an antenna-side
coaxial RF connector 126, a control Integrated Circuit (IC)
140, and a power supply control connector 112.

([0018] In the first embodiment, the RF device 120 is a
phase shifter and a switch.

[0019] In the first embodiment, the RF device 121 is a
driver amplifier, the RF device 122 is an HPA, the RF
device 123 is a circulator or a high-power handling switch,
and the RF device 124 is a low noise amplifier.

[0020] As illustrated in FIGS. 1 and 2, a plurality of
RF transmission lines 130 to 136 and a heat-dissipation
embedded member 175 that serves as a first heat dissipator
are provided inside the multilayer resin substrate 100.
Specifically, the multilayer resin substrate 100 includes
the heat-dissipation embedded member 175 connected to an
internal circuit 220 that is a microwave circuit
illustrated in FIG. 3. The heat-dissipation embedded
member 175 is located in an area of the internal circuit
200 projected onto the multilayer resin substrate 100.
[0021] In FIG. 1, the power-supply-circuit-side coaxial
RF connector 125 and the RF device 120 are connected to
each other by the RF transmission line 130.

[0022] The RF device 120 and the RF device 121 are
connected to each other by the RF transmission line 131.
[0023] The RF device 121 and the RF device 122 are
connected to each other by the RF transmission line 132
that serves as an inner layer signal line.

[0024] The RF device 122 and the RF device 123 are
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connected to each other by the RF transmission line 133
that serves as an inner layer signal line.

[0025] The RF device 123 and the antenna-side coaxial RF
connector 126 are connected to each other by the RF
transmission line 134.

[0026] The RF device 123 and the RF device 124 are
connected to each other by the RF transmission line 135.
[0027] The RF device 124 and the RF device 120 are
connected to each other by the RF transmission line 136.
[0028] The power-supply-circuit-side coaxial RF
connector 125 and the antenna-side coaxial RF connector 126
are each covered with outer conductors. The RF devices 120,
121, 122, 123, and 124 have their outer peripheral surfaces
covered with ground through holes, a metal cover, or a
metal-plated dielectric material.

[0029] As illustrated in FIG. 2, one end of the heat-
dissipation embedded member 175 is connected to the RF
device 122. The opposite end of the heat-dissipation
embedded member 175 is connected to the cooling plate 300.
[0030] The heat-dissipation embedded member 175 is a
heat dissipator for effectively transferring heat generated
in the RF device 122 to the cooling plate 300, and is
formed of metal such as copper, aluminum, or a copper alloy.
In the first embodiment, the heat-dissipation embedded

member 175 is in a shape of a cylinder or a quadrangular

prism.

[0031] FIG. 3 illustrates an example of the RF device
122.

[0032] The RF device 122 includes a device substrate 200

including a third end face 201 and a fourth end face 202
opposite to the third end face 201.
[0033] The RF device 122 further includes a metal plate

2, the internal circuit 220, signal lines 221, and ground
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patterns 12. The metal plate 2 is provided on the third
end face 201. The internal circuit 220, which is the
microwave circuit, is provided on the metal plate 2. The
signal lines 221 and the ground patterns 12 are provided on
the third end face 201 and surround the internal circuit
220.

[0034] The RF device 122 further includes bypass
capacitors 225 which suppress an RF superimposed wave and a
metal cover 230 serving as an electromagnetic shield wall.
[0035] The metal plate 2 is a thermal expansion
coefficient matching plate formed of an alloy of copper and
molybdenum, or the like. The metal plate 2 is attached to
the third end face 201 by adhesive or soldering.

[0036] The internal circuit 220 includes a transistor
chip 5, an input matching circuit 6, and an output matching
circuit 7, all of which are arranged on an upper surface of
the metal plate 2.

[0037] The transistor chip 5 is disposed between the
input matching circuit 6 and the output matching circuit 7.
[0038] The transistor chip 5, the input matching circuit
6, and the output matching circuit 7 are attached to the
surface of the metal plate 2 by adhesive or soldering.
[0039] The transistor chip 5 and the input matching
circuit 6 are connected to each other by a bonding wire 8.
[0040] The transistor chip 5 and the output matching
circuit 7 are connected to each other by a bonding wire 9.
[0041] The input matching circuit 6 and the signal line
221 are connected to each other by a bonding wire 10.

[0042] The output matching circuit 7 and the signal line
221 are connected to each other by a bonding wire 11.

[0043] The types of the signal line 221 include an input
RF line, a gate bias supply line, an output RF line, and a

drain bias supply line.
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[0044] The gate bias supply line is a line for supplying
a gate bias to the internal circuit 220.

[0045] The drain bias supply line is a line for
supplying a drain bias to the internal circuit 220.

[0046] The ground patterns 12 are provided outside the
signal line 221 on the third end face 201 of the device
substrate 200. That is, the ground patterns 12 are
provided on the third end face 201 of the device substrate
200 and surround the internal circuit 220, the signal lines
221, and the bypass capacitors 225.

[0047] The metal cover 230 is provided on a side of the
third end face 201 of the device substrate 200 so as to
cover the internal circuit 220, the signal lines 221, and
the bypass capacitors 225.

[0048] The metal cover 230 is connected to the ground
patterns 12 by adhesive or soldering. A material used for
the metal cover 230 is iron, stainless steel, aluminum,
copper, brass or the like. The material may be a metal-
plated dielectric material.

[0049] The device substrate 200 includes therein a
plurality of signal through holes 213 connected to the
signal lines 221, a plurality of ground through holes 215,
and a heat-dissipation embedded member 176.

[0050] The heat dissipation embedded member 176 serving
as a second heat dissipator is provided in a central
portion of the device substrate 200 under the internal
circuit 220.

[0051] One end face of the heat-dissipation embedded
member 176 is connected to the metal plate 2. The opposite
end face of the heat-dissipation embedded member 176 is
connected to a ground pad 122e which is an end terminal of
the heat-dissipation embedded member 176.

[0052] Similarly to the heat-dissipation embedded member
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175, the heat-dissipation embedded member 176 is a heat
dissipator for effectively transferring heat generated in
the RF device 122 to the cooling plate 300.

[0053] The heat-dissipation embedded member 176 is
formed of metal such as copper, aluminum, or a copper alloy.
In the first embodiment, the heat-dissipation embedded
member 176 is in a shape of a cylinder or a quadrangular
prism.

[0054] The signal through holes 213 are provided inside
the device substrate 200 and surround the metal plate 2 and
the internal circuit 220.

[0055] The ground through holes 215 are located outside
the locations of the signal through holes 213.

[0056] That is, the ground through holes 215 are
provided inside the device substrate 200 and surround the
signal through holes 213.

[0057] The ground through holes 215 are connected to the
ground patterns 12.

[0058] As illustrated in FIG. 4, the device substrate
200 includes an input RF signal terminal 122a, an output RF
signal terminal 122b, a gate control terminal 122c¢, and a
drain power supply terminal 122d on the fourth end face 202
thereof. These terminals 122a, 122b, 122c, and 122d serve
as terminals for transmitting or receiving signals to or
from the multilayer resin substrate 100.

[0059] In addition, the device substrate 200 includes a
plurality of ground terminals 210 and the ground pad 122e
on the fourth end face 202 thereof.

[0060] The input RF signal terminal 122a is connected to
the signal through hole 213 for an input RF line
illustrated in FIG. 3.

[0061] The output RF signal terminal 122b is connected

to the signal through hole 213 for an output RF line
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illustrated in FIG. 3.

[0062] The gate control terminal 122c is connected to
the signal through hole 213 for a gate bias supply line
illustrated in FIG. 3.

[0063] The drain power supply terminal 122d is connected
to the signal through hole 213 for a drain bias supply line
illustrated in FIG. 3.

[0064] Accordingly, the input RF signal terminal 122a,
the output RF signal terminal 122b, the gate control
terminal 122c, and the drain power supply terminal 122d are
each connected to the signal line 221 through the
corresponding signal through hole 213.

[0065] The ground terminals 210 are each connected to
the corresponding one of the ground through holes 215. 1In
the device substrate 200 of FIG. 4, the eight ground
terminals 210 adjacent to the input RF signal terminal 122a
surround the input RF signal terminal 122a to thereby form
a pseudo coaxial structure. In the device substrate 200,
also, the eight ground terminals 210 adjacent to the output
RF signal terminal 122b surround the output RF signal
terminal 122b to thereby form a pseudo coaxial structure.
[0066] Accordingly, the ground terminals 210 are each
connected to the ground pattern 12 through the ground
through hole 215. That is, the ground terminals 210 are
each connected to the metal cover 230.

[0067] The bypass capacitor 225, which suppresses an RF
superimposed wave, and an RF signal suppression filter 219
illustrated in FIG. 3 are disposed at the gate control
terminal 122c¢ and the drain power supply terminal 122d in
correspondence to the superimposed wave.

[0068] As described above, the input RF signal terminal
122a, the output RF signal terminal 122b, the gate control

terminal 122c, and the drain power supply terminal 122d are
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disposed such that the terminals 122a, 122b, 122c¢, and 122d
are surrounded by the metal cover 230, the ground through
holes 215, and the ground terminals 210.

[0069] Thus, mounting the RF device 122 on the
multilayer resin substrate 100 described later
electromagnetically shields the internal circuit 220, the
signal lines 221, and the bypass capacitors 225, thereby
suppressing the radiation of an electromagnetic wave
generated in the RF device 122, to the outside of the RF
device 122.

[0070] Similarly to the RF device 122
electromagnetically shielded as illustrated in FIG. 3, each
of the RF devices 121, 123, and 124 illustrated in FIG. 1
has an electromagnetic shield wall defined by a metal cover
or a metal-plated dielectric material covering and thus
electromagnetically shielding the RF device.

[0071] In FIGS. 5, 6, and 7, the multilayer resin
substrate 100 includes a land 112a, a land 112b, a land
112c, and a land 112d on the first end face 101 thereof.
[0072] The multilayer resin substrate 100 further
includes a land 113a, a land 113b, a land 113c, a land 1llo6a,
a land 117a, and a land 118a on the first end face 101
thereof.

[0073] The multilayer resin substrate 100 further
includes a surface ground 105 that is a first surface
ground in a region other than each of the above-described
lands on the first end face 101.

[0074] The land 112a is connected to the input RF signal
terminal 122a.

[0075] The land 112b is connected to the output RF
signal terminal 122b.

[0076] The land 112c is connected to the gate control

terminal 122c.
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[0077] The land 112d is connected to the drain power
supply terminal 122d.

[(0078] Each of the lands 113a, 113b, and 113c is
connected to a signal terminal (not illustrated) provided
in the RF device 123 illustrated in FIG. 1.

[0079] The land 1ll6a is connected to a signal terminal
(not illustrated) provided in the antenna-side coaxial RF
connector 126 illustrated in FIG. 1.

[0080] The land 117a is connected to one signal terminal
of the bypass capacitor 143 illustrated in FIG. 1.

[0081] The land 118a is connected to one signal terminal
of the bypass capacitor 142 illustrated in FIG. 1.

[0082] Although only the region on a side of an antenna
(not illustrated) of the multilayer resin substrate 100 1is
illustrated in FIG. 5, the other regions are configured
similarly thereto.

[(0083] As illustrated in FIG. 6, the multilayer resin
substrate 100 includes an inner layer portion 103 thereof.
The inner layer portion 103 of the multilayer resin
substrate 100 includes an RF signal suppression filter 157,
the RF transmission line 132, the RF transmission line 133,
a signal through hole 162a, a signal through hole 162b, a
signal through hole 162c, and a signal through hole 162d,
all of which are first signal through holes.

[0084] The inner layer portion 103 of the multilayer
resin substrate 100 further includes a through hole 167a, a
through hole 168a, a plurality of ground through holes 170,
a gate control signal line 152c¢, and a drain power supply
line 152d.

[0085] As illustrated in FIG. 7, an inner layer surface
ground 173 is provided in the inner layer portion 103 of
the multilayer resin substrate 100.

[0086] On the second end face 102 of the multilayer
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resin substrate 100, a surface ground 106 as a second
surface ground is provided.

[0087] The heat-dissipation embedded member 175 is
provided in the multilayer resin substrate 100 such that
the heat-dissipation embedded member 175 is surrounded by
the four signal through holes 162a, 162b, 162c, and 162d
and further surrounded by the ground through holes 170.
[0088] The signal through hole 162a is connected to the
land 112a illustrated in FIG. 5 and is connected to the RF
transmission line 132 illustrated in FIG. 6.

[0089] The signal through hole 162b is connected to the
land 112b illustrated in FIG. 5 and is connected to the RF
transmission line 133 illustrated in FIG. 6.

[0090] The signal through hole 162c is connected to the
land 112c¢ illustrated in FIG. 5 and is connected to the
gate control signal line 152c¢ illustrated in FIG. 6.

[0091] The signal through hole 162d is connected to the
land 112d illustrated in FIG. 5 and is connected to the
drain power supply line 152d illustrated in FIG. 6.

[0092] The through hole 167a is connected to the land
117a illustrated in FIG. 5.

[0093] The through hole 168a is connected to the land
118a illustrated in FIG. 5, and 1is connected to the drain
power supply line 152d.

[0094] The ground through holes 170 are each connected
to the surface ground 105 and the surface ground 106
illustrated in FIG. 7.

[0095] Thus, the input RF signal terminal 122a of the RF
device 122 illustrated in FIG. 4 is connected to the RF
transmission line 132 via the land 112a illustrated in FIG.
5 and the signal through hole 162a illustrated in FIG. 6.
[0096] The output RF signal terminal 122b of the RF
device 122 illustrated in FIG. 4 is connected to the RF
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transmission line 133 illustrated in FIG. 6 via the land
112b illustrated in FIG. 5 and the signal through hole 162b
illustrated in FIG. 6.

[0097] The gate control terminal 122c of the RF device
122 illustrated in FIG. 4 is connected to the gate control
signal line 152c illustrated in FIG. 6 via the land 112c
illustrated in FIG. 5 and the signal through hole 162c
illustrated in FIG. 6.

[0098] The drain power supply terminal 122d of the RF
device 122 illustrated in FIG. 4 is connected to the drain
power supply line 152d illustrated in FIG. 6 via the land
112d illustrated in FIG. 5 and the signal through hole 162d
illustrated in FIG. 6.

[0099] RF signals superimposed at the gate control
terminal 122c and at the drain power supply terminal 122d
illustrated in FIG. 4 are attenuated by the bypass
capacitors 225 disposed inside the RF device 122 and a
filter circuit (not illustrated), thereby suppressing the
leakage of the RF signals to the gate control signal line
152¢c and the drain power supply line 152d in the multilayer
resin substrate 100.

[0100] In the first embodiment, further, the RF signal
suppression filter 157 for the gate control signal line is
installed in the multilayer resin substrate 100 in
correspondence to the amount of attenuation of the RF
signals in the RF device 122, thereby suppressing an RF
signal superimposed in the gate control signal line 152c.
[0101] The bypass capacitor 143 connected through the
through hole 167a is a capacitor for suppressing a low
frequency oscillation of the RF device 122. The bypass
capacitor 142 connected via the through hole 168a is a
capacitor attached for the purpose of suppressing the

similar low frequency oscillation, and supplying electric
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charges.

[0102] The same applies to the RF transmission lines
which interconnect the RF devices other than the RF device
122, and a description thereof will be omitted.

[0103] Next, a description is made as to the RF
transmission line 132 in the multilayer resin substrate 100
being surrounded by grounds with identical potentials.
[0104] In FIG. 7, the signal through hole 213 and the
ground through holes 215 in the device substrate 200 each
form a pseudo coaxial line in the device substrate 200.
[0105] The signal through hole 162a and the ground
through holes 170 in the multilayer resin substrate 100
each form a pseudo coaxial line in the multilayer resin
substrate 100.

[0106] The signal through hole 213 of the RF device 122
is connected to the RF transmission line 132 via the input
RF signal terminal 122a, the solder layer 60, the land 112a,
and the signal through hole 162a.

[0107] The ground through holes 215 of the RF device 122
are each connected to the surface ground 106 via the ground
terminal 210, the solder layer 60, the surface ground 105,
and the ground through hole 170.

[0108] As illustrated in FIG. 8, the RF transmission
line 132 inside the multilayer resin substrate 100 is
surrounded by the surface ground 105, the inner layer
surface ground 173, and the two ground through holes 170.
[0109] The cooling plate 300, the surface ground 105,
the surface ground 106, the inner layer surface ground 173,
the ground through holes 170, the ground through holes 215,
and the metal cover 230 form electrical grounds with
identical potentials, that is, pseudo electric walls.
[0110] Thus, a signal output from the RF device 122 is

surrounded by the same grounds as a whole. As a result,
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the signal is not radiated to the outside but is
transmitted to an RF device configured similarly to the RF
device 122.

[0111] Operations of the microwave module 1 and the
microwave module 500 will be described below.

[0112] A drain power for the RF device 122 is supplied
from the power supply control connector 112 to the RF
device 122 via the control IC 140 and the bypass capacitors
141, 142, and 143.

[0113] A device control signal including a gate control
signal for the RF device 122 is transmitted from the power
supply control connector 112 to the RF device 122 via the
control IC 140 to operate the RF device 122 into a required
state.

[0114] A transmission seed signal is input to the power-
supply-circuit-side coaxial RF connector 125 and then is
transmitted from the power-supply-circuit-side coaxial RF
connector 125 to the RF device 120 through the RF
transmission line 130.

[0115] The transmission seed signal transmitted to the
RF device 120 is transmitted to the RF device 121, the RF
device 122, the RF device 123, and the antenna-side coaxial
RF connector 126, in order. The transmission seed signal
is subjected to amplification and phase control during the
transmission process, and is radiated into a space via the
antenna (not illustrated).

[0116] A signal wave received by the antenna (not
illustrated) is input to the antenna-side coaxial RF
connector 126 as a received signal, and is transmitted from
the antenna-side coaxial RF connector 126 to the RF device
123 through the RF transmission line 134.

[0117] The received signal transmitted to the RF device
123 is transmitted to the RF device 124, the RF device 120,
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and the power supply circuit-side coaxial RF connector 125,
in order, and is subjected to signal combining by a
distribution circuit (not illustrated).

[0118] Heat generated in the RF device 122 is
transferred to the cooling plate 300 via the heat
dissipation embedded member 176, the ground pad 122e, and
the heat dissipation embedded member 175. Accordingly, the
RF device 122 is cooled effectively.

[0119] Similarly, the other RF devices than the RF
device 122, i.e. the RF devices 120, 121, 123, and 124 are
each effectively cooled by the heat dissipation embedded
members or the through holes depending on the amount of
generated heat.

[0120] As described above, 1n the microwave module 1 of
the first embodiment, pluralities of RF devices, signal
lines, and RF transmission lines are stored inside the
pseudo electric walls. Consequently, it is possible to
suppress the radiation of electromagnetic waves generated
inside the RF devices to the outside of the corresponding
RF devices.

[0121] A conventional module requires a conductive
module cover made of metal or the like for covering
multiple RF devices all together, and in addition, requires
an electromagnetic shield or a radio wave absorber to be
installed in order to secure spatial isolation between the
RF device terminals, which results in a problem of
increasing the cost.

[0122] The microwave module 1 of the first embodiment
requires neither such a module cover, nor the installation
of the electromagnetic shield or the radio wave absorber
inside such a module cover. It is therefore possible to
achieve the reduction in cost, size, and weight.

[0123] Unlike a conventional structure in which a
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substrate and a device are screwed to a chassis and an
input/output RF terminal and a line on the substrate are
connected through bonding, the microwave module 1 of the
first embodiment is configured such that all components are
surface-mounted on the multilayer resin substrate 100.
Consequently, it is possible to achieve the reduction in
cost, size, and weight.

([0124] Since the microwave module 1 of the first
embodiment has the plurality of RF devices surface-mounted
on the multilayer resin substrate 100, there is no need to
individually prepare a chassis that is a structure for each
module, and the multilayer resin substrate 100 can be fixed
directly to the cooling plate 300. Consequently, it is
possible to achieve the reduction in cost, size, and weight.
[0125] The microwave module 500 of the first embodiment
has the heat-dissipation embedded member 176 provided in
the high heat generation RF device such as an HPA, and the
heat-dissipation embedded member 175 provided in the
multilayer resin substrate 100. This arrangement makes it
possible to achieve the heat dissipation equivalent to that
of the conventional structure in which the metal package is
screwed to the chassis through the hollow resin structure.
[0126] The microwave module 500 of the first embodiment
can avoid the increase in mass that has been conventionally
caused by the installation of the chassis, the module cover,
and the resonance suppressing component.

[0127] Second Embodiment.

FIG. 9 is a cross-sectional view of a microwave module
according to a second embodiment. FIG. 10 is a view of a
multilayer resin substrate illustrated in FIG. 9 as seen
from a second end face side of the multilayer resin
substrate. FIG. 11 is a perspective view of a contact

terminal i1llustrated in FIG. 9. FIG. 12 1s a view of a
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distribution circuit board illustrated in FIG. 9 as seen
from a fifth end face side of the distribution circuit
board.

[0128] The microwave module 1-1 of the second embodiment
is different from the microwave module 1 of the first
embodiment mainly in the following respects.

(1) The multilayer resin substrate 100-1 corresponding
to the multilayer resin substrate 100 is used.

(2) An RF device 123-1 corresponding to the RF device
123 is used. The RF device 123-1 is an unshielded
microwave device that is not electromagnetically shielded,
which will be described later.

(3) The RF device 123-1 is provided on the second end
face 102 of the multilayer resin substrate 100-1.

(4 A plurality of lands 183 for the RF device 123-1
is provided on the second end face 102 of the multilayer
resin substrate 100-1 and surrounds the RF device 123-1.

(5) A power supply control connector pad 52A and a
power supply control connector terminal 52B are provided in
place of the power supply control connector 112. However,
the power supply control connector 112 may be provided.

(6) An RF connector pad 51A and the power supply
control connector pad 52A are provided on the second end
face 102 of the multilayer resin substrate 100-1 at
locations facing contact terminals 55 described later.

A microwave module 500-1 of the second embodiment is
different from the microwave module 500 of the first
embodiment mainly in the following respects.

(7) The microwave module 500-1 is defined by one or
multiple microwave modules 1-1 and a cooling plate 300-1
corresponding to the cooling plate 300.

(8) A cavity 15 for storing the RF device 123-1 and
the lands 183 is formed in the cooling plate 300-1. FIGS.
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9 to 12 omit the illustration of the cavity 15, but the
cavity 15 is illustrated by way of example in FIG. 14
described later.

(9) A distribution circuit board 50 which is a circuit
board for supplying power, control signals, and RF signals
to each device on the multilayer resin substrate 100-1 is
provided on the cooling plate 300-1.

(10) The contact terminals 55 which are surface-
mounted on the distribution circuit board 50 and have
spring properties are provided.

[0129] The distribution circuit board 50 illustrated in
FIG. 9 includes a fifth end face 50-1 and a sixth end face
50-2 opposite to the fifth end face 50-1. The RF device
120 and the RF device 121 are connected to each other by
the RF transmission line 131 serving as an inner layer
signal line. The RF device 121 and the RF device 122 are
connected to each other by the RF transmission line 132
serving as an inner layer signal line. The RF device 120
and each contact terminal 55 are connected to one another
by the RF transmission line 136 serving as an inner layer
signal line.

[0130] The distribution circuit board 50 is provided on
the cooling plate 300-1 such that the sixth end face 50-2
faces the cooling plate 300-1.

[0131] The RF device 123-1 illustrated in FIGS. 9 and 10
is a circulator or a high-power handling switch similarly
to the RF device 123 of the first embodiment.

[0132] The lands 183 are, for example, an input RF
signal terminal and an output RF signal terminal of the RF
device 123-1.

[0133] The cavity 15 of the cooling plate 300-1
illustrated in FIG. 9 and the surface ground 106 of the

multilayer resin substrate 100-1 form a pseudo electric
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wall.

[0134] It is thus possible to suppress radiation of an
electromagnetic wave generated in the RF device 123-1 to
the outside of the cavity 15.

[0135] As illustrated in FIG. 10, the RF connector pad
51A and the power supply control connector pad 52A are
provided on a side of the second end face 102 of the
multilayer resin substrate 100-1.

[0136] The RF connector pad 51A includes an RF signal
pad 51A-1 and a plurality of ground pads 51A-2. The RF
signal pad 51A-1 is a first pad for RF signal connection,
and the ground pads 51A-2 surround the RF signal pad 51A-1.
[0137] The RF connector pad 51A, which includes the
ground pads 51A-2 provided on the outer periphery of the RF
signal pad 51A-1, forms a pseudo coaxial structure, such
that when the RF connector pad 51A is connected to the
distribution circuit board 50 described later, the RF
connector pad 51A suppresses the radiation of an
electromagnetic wave to the outside.

[0138] The power supply control connector pad 52A is
defined by a plurality of pads 185A.

[0139] As illustrated in FIG. 11, each contact terminal
55 is a Z-shaped leaf spring.

[0140] As illustrated in FIG. 12, an RF connector
terminal 51B and the power supply control connector
terminal 52B provided by the contact terminals 55 are
surface-mounted on a side of the fifth end face 50-1 of the
distribution circuit board 50.

[0141] An RF signal pad 51C-1 and ground pads 51C-2 are
provided on the side of the fifth end face 50-1 of the
distribution circuit board 50. The RF connector terminal
51B is defined by an RF signal contact terminal 51B-1 and

ground terminals 51B-2. The RF signal contact terminal
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51B-1 is surface-mounted on the RF signal pad 51C-1. The
ground terminals 51B-2 are surface-mounted on the ground
pads 51C-2. The RF signal pad 51C-1 is a second pad for RF
signal connection. The ground pads 51C-2 surround the
periphery of the RF signal pad 51C-1. 1In the example of
FIG. 12, each of the RF signal pad 51C-1 and the ground
pads 51C-2 has a rectangular shape, and the four ground
pads 51C-2 are arranged around the one RF signal pad 51C-1
to surround the one RF signal pad 51C-1.

[(0142] The RF connector terminal 51B, which includes the
ground terminals 51B-2 provided on the outer periphery of
the RF signal contact terminal 51B-1, forms a pseudo
coaxial structure, such that when the RF connector terminal
51B is connected to the RF connector pad 51A, the RF
connector terminal 51B suppresses radiation of an
electromagnetic wave to the outside.

[0143] A plurality of pads 52C is provided on the side
of the fifth end face 50-1 of the distribution circuit
board 50. The power supply control connector terminal 52B
is defined by a plurality of contact terminals 185B
surface—-mounted on the pads 52C. In the example of FIG. 12,
the contact terminals 185B are aligned in a row.

[(0144] The multilayer resin substrate 100-1 is fixed
with screws (not illustrated) to the cooling plate 300-1
provided with the distribution circuit board 50. As the
screws are tightened to the cooling plate 300-1, each
contact terminal 55 provided on the distribution circuit
board 50 is compressed by the multilayer resin substrate
100-1 and the distribution circuit board 50.

[0145] Thus, flat surfaces on one end side of the
contact terminals 55 are in surface-contact with the pads
185A, the RF signal pad 51A-1, and the ground pads 51A-2 on

a side of the multilayer resin substrate 100-1.
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[0146] As a result, the power, the control signals, and
the RF signals are transmitted between the multilayer resin
substrate 100-1 and the distribution circuit board 50.
[(0147] Increasing the areas of the flat surfaces of the
contact terminals 55 ensures that the contact terminals 55
contact the pads 185A, the RF signal pad 51A-1, and the
ground pads 51A-2.

[(0148] That is, the contact terminals 55 can have an
increased allowable range enough to accommodate the
possible misalignment between each of the central portions
of the flat surfaces of the contact terminals 55 and the
corresponding one of the central portions of the pads 185A,
the RF signal pad 51A-1, and the ground pads 51A-2.

[0149] The shape of the contact terminals 55 is not
limited to the Z shape, and the contact terminals 55 may be
U-shaped springs, for example. A contact having spring
properties, irrespective of the type thereof, may be used
as the contact terminal 55. The contact terminal 55, which
is a spring, may be configured to be surface-mounted on the
RF signal pad 51A-1 that is a first pad illustrated in FIG.
10, or may be configured to be surface-mounted on the RF
signal pad 51C-1 that is a second pad illustrated in FIG.
12.

[0150] The contact terminal 55 may be a point-contact-
type spring pin and used as with the Z-shaped terminal,
provided that the variation in contact points on the flat
surfaces of the pads can be accommodated.

[0151] Although the second embodiment provides by way of
example the contact terminals 55 surface-mounted on the
side of the distribution circuit board 50, the contact
terminals 55 may be surface-mounted on the side of the
multilayer resin substrate 100-1.

[0152] For the microwave module 1-1 and the microwave
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module 500-1 of the second embodiment, as described above,
the RF device 123-1 having a relatively small amount of
heat dissipation can be used without being stored inside a
metal package and employing an electromagnetic shield
structure difficult to design for use with the RF device
123-1.

[0153] The use of a general-purpose RF device not
designed to be electromagnetically shielded can reduce the
cost.

[0154] The microwave module 1-1 and the microwave module
500-1 of the second embodiment can avoid the problems such
as an 1ncrease 1n device size, an 1increase 1in cost, and
deterioration of characteristics due to the provision of
the electromagnetic shield.

[0155] The microwave module 1-1 and the microwave module
500-1 of the second embodiment are configured to transmit
signals by using the contact terminals 55 having a large
misalignment tolerance on the distribution circuit side.
That is, when the multilayer resin substrate 100-1 is
screwed to the cooling plate 300-1 at a predetermined
position required for fitting of the antenna-side coaxial
RF connector 126, the signal transmission can be achieved
even 1f there is misalignment between each of the centers
of the pads 185A and 51A-1, and 51A-2 of the multilayer
resin substrate 100-1 and the corresponding one of the
centers of the contact terminals 185B, 51B-1, and 51B-2 of
the distribution circuit board 50, due to the manufacturing
tolerances such as a substrate external dimension tolerance
of the multilayer resin substrate 100-1, the surface
mounting positioning tolerances of the RF connector
terminal 51B and the power supply control connector
terminal 52B, and the assembly misalignment tolerance with

respect to the distribution circuit board 50.
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[0156] For the microwave module 1-1 and the microwave
module 500-1 of the second embodiment, an allowable range
of misalignment can be increased. The contact terminals
185B and the pads 185A, which are in surface-to-surface
contact with each other, provide another advantage that the
current capacity is not large and thus the number of
terminals can be reduced unlike a commonly used pin-type
connector.

[0157] FIG. 13 is a cross-sectional view taken along
line XIII-XIII of the microwave module according to the
first embodiment. FIG. 13 illustrates a substrate
placement component 40 for fixing the microwave module 1
according to the first embodiment, an antenna panel 20, a
coaxial connector 21 provided on the antenna panel 20, a
relay connector 22 which interconnects the coaxial
connector 21 and the antenna-side coaxial RF connector 126,
and a cooling panel 23. The antenna-side coaxial RF
connector 126 and the RF device 123 are connected to each
other by the RF transmission line 134 that is an inner
layer signal line. The RF device 123 and the RF device 124
are connected to each other by the RF transmission line 135
that is an inner layer signal line. The RF device 124 and
the power supply circuit-side coaxial RF connector 125 are
connected to each other by the RF transmission line 136,
the RF device 120, and the RF transmission line 130, which
are not illustrated. The cooling panel 23 is disposed
between the antenna panel 20 and the cooling plate 300,
contacts the cooling plate 300, and is thermally connected
to the cooling plate 300. The cooling plate 300 and the
microwave module 1 define the microwave module 500, as
described above. One end of the relay connector 22 is
connected to the coaxial connector 21 and the opposite end

of the relay connector 22 is connected to the antenna-side
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coaxial RF connector 126, such that RF signal transmission
terminals (not illustrated) included in the coaxial
connector 21, the relay connector 22, and the antenna-side
coaxial RF connector 126 are connected to one another.
Although FIG. 13 illustrates the one coaxial connector 21
and the one microwave module 1, a plurality of coaxial
connectors 21 is provided actually on the antenna panel 20,
and the microwave module 1 is connected to each of the
coaxial connectors 21. That is, a plurality of microwave
modules 1 is connected to the one antenna panel 20. As
illustrated in FIG. 13, since the cooling plate 300
contacts the cooling panel 23, heat generated in the RF
device 123 is transferred to the multilayer resin substrate
100, the cooling plate 300, and the cooling panel 23. Then,
the heat transferred to the cooling panel 23 is dissipated
by a cooler (not illustrated) installed outside the antenna
panel 20.

[0158] As illustrated in FIG. 13, the cooling plate 300
constituting the microwave module 1 is installed on the
substrate placement component 40. Specifically, a
plurality of cooling plates 300 defines one block, and a
plurality of blocks is installed on the substrate placement
component 40. Then, the substrate placement component 40
on which the blocks are installed is screwed to the antenna
panel 20 and the cooling panel 23 by screws (not
illustrated). 1In some case, the center positions of the
coaxial connector 21 and the antenna-side coaxial RF
connector 126 are not aligned with each other due to a
dimensional tolerance of each of the substrate placement
component 40, the antenna panel 20, and the microwave
module 1, and a component mounting accuracy. In the
configuration example illustrated in FIG. 13, the coaxial

connector 21 and the antenna-side coaxial RF connector 126
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are connected to each other via the relay connector 22 in
consideration of such dimensional tolerances. Use of the
relay connector 22 makes it possible to accommodate the
misalignment between the coaxial connector 21 and the
antenna-side coaxial RF connector 126 as well as to
transmit an RF signal between the antenna panel 20 and the
microwave module 1.

[0159] FIG. 14 is a cross-sectional view illustrating a
connection between the microwave module according to the
second embodiment and an antenna. As illustrated in FIG.
14, the cooling plate 300-1 of the microwave module 500-1
is installed on the substrate placement component 40. The
distribution circuit board 50 is provided on the cooling
plate 300-1 while the cavity 15 which stores the RF device
123-1 that is a second microwave device is formed on the
cooling plate 300-1. The contact terminals 55 are provided
between the distribution circuit board 50 and the
multilayer resin substrate 100-1. The RF device 123-1 is
accommodated in the cavity 15 and is electromagnetically
shielded.

[0160] The antenna-side coaxial RF connector 126 and the
RF device 123-1 are connected to each other by the RF
transmission line 134 serving as an inner layer signal line.
The RF device 123-1 and the RF device 124 are connected to
each other by the RF transmission line 135 that is an inner
layer signal line. The RF device 124 and the contact
terminals 55 are connected to each other by the RF
transmission line 136, the RF device 120, and the RF
transmission line 130, which are not illustrated. The
structure illustrated in FIG. 13 accommodates the
dimensional tolerance by using the relay connector 22. The
structure illustrated in FIG. 14 accommodates the

misalignment between the antenna-side coaxial RF connector
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126 formed on the multilayer resin substrate 100-1 and the
coaxial connector 21 by not only the relay connector 22 but
also the contact terminals 55 having a spring structure.
[0161] FIG. 15 is a partial cross—-sectional view of the
microwave modules according to the first and second
embodiments. In the microwave modules 500 and 500-1
according to the first and second embodiments, as
illustrated in FIG. 15, the heat dissipation embedded
member 176 embedded in the device substrate 200 of the RF
device 122 and the one end side of the heat dissipation
embedded member 175 provided in the multilayer resin
substrates 100 and 100-1 contact each other via the ground
pad 122e, and the opposite end side of the heat dissipation
embedded member 175 contacts the cooling plates 300 and
300-1. As described above, the heat dissipation embedded
member 175 and the heat dissipation embedded member 176 are
disposed in a stacked position between the internal circuit
220 and the cooling plates 300 and 300-1. This structure
allows the heat generated in the RF device 122 to be
transferred to the cooling plate 300 via the heat
dissipation embedded member 175 and the heat dissipation
embedded member 176, such that the microwave modules 500
and 500-1 of the first and second embodiments achieves the
effective cooling of the RF device 122 covered with the
metal cover 230 on the device substrate 200.

[0162] FIG. 16 is a diagram for explaining an effect of
the contact terminals provided in the microwave module
according to the second embodiment. In FIG. 16, the
vertical axis represents a reflection loss and the
horizontal axis represents a frequency. The contact
terminal 55 discussed in relation to FIG. 16 is defined as
follows. Each flat surface of the opposing ends of the

contact terminal 55 is sized to have a short side of 1.5 mm
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and a long side of 1.7 mm. The contact terminal 55 has its
height of 1.0 mm from the one end to the opposite end. The
microwave module 1-1 according to the second embodiment,
which reduces a relative influence of the displacement
amount by using the contact terminal 55 as described above,
maintains the good characteristics such as a reflection
loss of about 20 dB even when a relative position between
the contact terminal 55 and the corresponding pad shifts
from a designed center by a certain amount. Examples of
such a certain amount include a shift amount in a
horizontal direction of #0.5 mm and a shift amount in a
vertical direction of #0.125 mm. The reflection loss of 20
dBR indicates that only 1/100 of incident energy is
reflected, and 99% of the energy is transmitted into the
microwave module 1-1.

[0163] FIG. 17 is a partial enlarged view of the
microwave module illustrated in FIG. 14. FIG. 17 gives a
view of the enlarged contact terminals 55 disposed between
the multilayer resin substrate 100-1 and the cooling plate
300-1. The contact terminals 55 are disposed with their
ends contacting the RF signal pad 51A-1 and the ground pads
51A-2. Although not illustrated in FIG. 17, the ground
pads 51A-2 are electrically connected to the surface ground
106.

[0164] A space 400 is formed between the cooling plate
300-1 and the second end face 102. The ground pads 51C-2
and the RF signal pad 51C-1 that is a second pad are formed
on the fifth end face 50-1 that is a surface of the
distribution circuit board 50 which faces the multilayer
resin substrate 100-1. The respective opposite ends of the
contact terminals 55 are connected to the ground pads 51C-2
and the RF signal pad 51C-1. The respective opposite ends

of the contact terminals 55 may be surface-mounted on the



10

15

20

25

30

Docket No. PMDA-17231-US,EP,AU: Final
32

distribution circuit board 50.

[0165] The signal through hole 162a that is a first
signal through hole is connected to the one end of the RF
transmission line 132. The signal through hole 162a is
surrounded by a first group 170a of ground through holes
among the ground through holes 170, the surface ground 105
that is a first surface ground, and the inner layer surface
ground 173.

[0166] The opposite end of the RF transmission line 132
is connected to the RF transmission line 137 via another RF
device (not illustrated) and thus is connected to a signal
through hole 162e that is a second signal through hole. A
second group 170b of ground through holes among the ground
through holes 170 is provided surrounding the signal
through hole 162e and is connected to the inner layer
surface ground 173. One end of the signal through hole
162e is connected to one end of the RF transmission line
137.

[0167] The RF signal pad 51A-1 that is a first pad is
connected to the opposite end of the signal through hole
162e. The ground pads 51A-2 are each connected to the
corresponding one end of the ground through holes 170. The
opposite ends of the ground through holes 170 are connected
to the surface ground 105 and the inner layer surface
ground 173. The contact terminal 55 contacting the RF
signal pad 51A-1 is connected to the RF transmission line
137 through the signal through hole 162e. The contact
terminals 55 contacting the ground pads 51A-2 are connected
to the surface ground 105 and the inner layer surface
ground 173 through the ground through holes 170. As a
result, the antenna-side coaxial RF connector 126, which is
surface-mounted on the multilayer resin substrate 100-1

illustrated in FIG. 14 and is fitted via the relay
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connector 22 to the coaxial connectors 21 fixed to the
antenna panel 20, is connected to the contact terminals 55
having spring structures, via the internal circuit 220 that
is a microwave circuit illustrated in FIG. 15. Even when
the position of the coaxial connector 21 is fixed by the
antenna panel 20 as described above, the misalignment
between the center positions of the contact terminal 55 and
the RF signal pad 51A-1 is allowed as illustrated in FIG.
16, and consequently, the favorable characteristics can be
maintained.

[0168] FIG. 18 is a view illustrating a modification to
the multilayer resin substrate illustrated in FIG. 10. The
multilayer resin substrate 100-1 illustrated in FIG. 10
includes the ground pads 51A-2 surrounding the RF signal
pad 51A-1 to thereby form a pseudo coaxial structure. The
multilayer resin substrate 100-1 illustrated in FIG. 18
uses an annular ground pad 51A-3 surrounding the entire
periphery of the RF signal pad 51A-1, instead of using the
ground pads 51A-2. The ground pad 51A-3 forms a pseudo
coaxial structure. The use of the ground pad 51A-3 can
increase the tolerance for misalignment of the mounted
components as compared with the use of the ground pads 51A-
2.

[0169] As described above, the microwave module
according to the second embodiment is a microwave module
(or a high—-frequency module) which includes the multilayer
resin substrate, the RF signal pad (51A-1) and the ground
pads (51A-2), the cooling plate (300), the spring contact
terminals (55), and the circuit board (the distribution
circuit board 50). The multilayer resin substrate includes
a circuit-mounting surface (the first end face 101), the
signal through hole (162a), the ground through holes (170),

and the heat dissipator (175). Mounted on the circuit-
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mounting surface are the microwave devices (the RF devices
120, 121, 122, 123, and 124) which are high-frequency
devices electromagnetically shielded from the surroundings
thereof. The heat dissipator (175) is thermally connected
to the heat dissipator (176) of the microwave device. The
RF signal pad (51A-1) and the ground pads (51A-2) are
provided on the back surface of the multilayer resin
substrate. The cooling plate (300) is thermally connected
to the back surface of the multilayer resin substrate and
the heat dissipator (175). Each of the spring contact
terminals (55) has its one end connected to the
corresponding one of the RF signal pad and the ground pads
of the multilayer resin substrate. The circuit board (the
distribution circuit board 50) is disposed on the cooling
plate, includes the pads (the RF signal pad 51C-1 and the
ground pads 51C-2) connected to the opposite ends of the
contact terminals in the space (400) accommodating the
contact terminals, and transmits and receives the high-
frequency signals to and from the high-frequency devices
via the contact terminals. This arrangement achieves an
effect of suppressing an increase in cost. In addition,
with the high-frequency device electromagnetically shielded,
the heat generated from the high-frequency device can be
dissipated via the heat dissipator of the high-frequency
device to the heat dissipator of the multilayer resin
substrate, and then the heat can be further dissipated from
the heat dissipator of the multilayer resin substrate to
the cooling plate. Furthermore, since a high-frequency
signal can be transmitted via the spring contact terminal
between the RF signal pad of the multilayer resin substrate
and the pad of the circuit board attached to the cooling
plate, the misalignment error occurring when the high-

frequency device is attached to the cooling plate can be
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accommodated and the signal transmission loss associated
with the misalignment error can be reduced.

[0170] The configuration described in the embodiments
above indicates one example of the content of the present
invention and can be combined with other known technology,
and a part thereof can be omitted or modified without
departing from the gist of the present invention.

[0171] The microwave modules (or high-frequency modules)
according to the first and second embodiments have been
described as the RF devices (120, 121, 122, 123, 123-1, and
124) that are the microwave devices (or high-frequency
devices) which transmit and receive an RF signal (high-
frequency signal) in a microwave band. However, RF modules
(or high—-frequency modules) which transmit and receive an
RF signal (high—frequency signal) in a millimeter-wave band

may be employed.

Reference Signs List

(0172] 1, 1-1 microwave module; 2 metal plate; 5
transistor chip; 6 input matching circuit; 7 output
matching circuit; 8, 9, 10, 11 bonding wire; 12 ground
pattern; 15 cavity; 20 antenna panel; 21 coaxial
connector; 22 relay connector; 23 cooling panel; 30
fixing screw; 40 substrate placement component; 50
distribution circuit board; 50-1 fifth end face; 50-2
sixth end face; 51A RF connector pad; 51A-1, 51C-1 RF
signal pad; 51A-2, 51A-3, 51C-2 ground pad; 51B RF
connector terminal; 51B-1 RF signal contact terminal; 51B-
2, 210 ground terminal; 112 power supply control
connector; 55 contact terminal; 60 solder layer; 100,
100-1 multilayer resin substrate; 101 first end face; 102
second end face; 103 inner layer portion; 105, 106

surface ground; 112a, 112b, 112c¢, 1124, 113a, 113b, 113c,
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l116a, 117a, 118a, 183 land; 120, 121, 122, 123, 123-1, 124
RF device; 122a input RF signal terminal; 122b output RF
signal terminal; 122c gate control terminal; 122d drain
power supply terminal; 122e ground pad; 125 power supply
circuit-side coaxial RF connector; 126 antenna-side
coaxial RF connector; 130, 131, 132, 133, 134, 135, 136,
137 RF transmission line; 140 control IC; 141, 142, 143,
225 bypass capacitor; 152c gate control signal line; 152d
drain power supply line; 157, 219 RF signal suppression
filter; 162a, 162b, 162c, 162d, 162e, 213 signal through
hole; 167a, 168a through hole; 170, 215 ground through
hole; 170a first group of ground through holes; 170b
second group of ground through holes; 173 inner layer
surface ground; 175, 176 heat dissipation embedded member;
52A power supply control connector pad; 52B power supply
control connector terminal; 52C, 185A pad; 185B contact
terminal; 200 device substrate; 201 third end face; 202
fourth end face; 220 internal circuit; 221 signal line;
230 metal cover; 300, 300-1 cooling plate; 400 space;

500, 500-1 microwave module.

[0173] Throughout this specification and the claims
which follow, unless the context requires otherwise, the
word "comprise", and variations such as "comprises" and
"comprising”, will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of
integers or steps.

[0174)] The reference in this specification to any prior
publication (or information derived from it), or to any
matter which is known, is not, and should not be taken as

an acknowledgment or admission or any form of suggestion
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that that prior publication (or information derived from
it) or known matter forms part of the common general
knowledge in the field of endeavour to which this

specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A microwave module comprising:

a plurality of microwave devices, each of the
microwave devices including a microwave circuit, a device
substrate, and an electromagnetic shield wall, the device
substrate having the microwave circuit mounted thereon, the
device substrate including a heat dissipation embedded
member thermally connected to the microwave circuit and a
signal through hole connected to the microwave circuit, the
electromagnetic shield wall covering at least the microwave
circuit;

a plurality of multilayer resin substrates, each of
the multilayer resin substrates including:

a first end face on which the microwave devices
are mounted;

a second end face opposite to the first end face;

a first surface ground provided on a side of the
first end face and connected to a ground of the
electromagnetic shield wall;

a plurality of first signal through holes, each
of the first signal through holes being connected to a
signal through hole of the microwave circuit to transmit a
microwave signal;

a plurality of first ground through holes, each
of the first ground through holes being provided to
surround the first signal through holes and connected to
the first surface ground;

a second signal through hole connected to the
first signal through holes;

a plurality of second ground through holes
provided to surround the second signal through hole and
connected to the first surface ground;

a first pad connected to the second signal
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through hole and formed on a surface on a side of the
second end face;

ground pads arranged so as to surround the first
pad and connected to the second ground through holes;

a second surface ground provided on the side of
the second end face and connected to the ground pads; and

a heat dissipator thermally connected to the heat
dissipation embedded member of the microwave device and the
second surface ground;

a cooling plate having the multilayer resin substrates
mounted thereon, the cooling plate being thermally
connected to the heat dissipator of each of the multilayer
resin substrates, the cooling plate and the second surface
ground forming a space therebetween;

a distribution circuit board having a second pad and a
plurality of ground pads formed on a surface thereof facing
the multilayer resin substrate, the ground pads of the
distribution circuit board surrounding the second pads, the
distribution circuit board being accommodated in the space
of the cooling plate;

a plurality of spring contact terminals, each of the
spring contact terminals being connected to the first pad
of the multilayer resin substrate and the second pad of the
distribution circuit board to transmit a microwave signal
to and from the multilayer resin substrate; and

a plurality of spring ground contact terminals, each
of the spring ground contact terminals being connected to a
corresponding one of the ground pads of the multilayer
resin substrate and a corresponding one of the ground pads

of the distribution circuit board.

2. The microwave module according to claim 1, wherein the

multilayer resin substrate includes an inner layer surface
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ground connected to the first ground through holes, and an
inner layer signal line surrounded by the first ground
through holes, the first surface ground, and the inner
layer surface ground, the inner layer signal line having
one end connected to the first signal through hole and an

opposite end connected to the second signal through hole.

3. The microwave module according to claim 1, wherein
the multilayer resin substrate has a second microwave

device provided on the side of the second end face, and
the second microwave device is accommodated in a

cavity of the cooling plate and is electromagnetically

shielded.

4. The microwave module according to any one of claims 1
to 3, comprising a coaxial connector that is surface-
mounted on the multilayer resin substrate and is connected
to a coaxial connector fixed to an antenna panel, wherein
the coaxial connector and the spring contact terminals

are electrically connected.
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