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(54) MULTILAYER DIELECTRIC SUBSTRATE AND SEMICONDUCTOR PACKAGE

(57) A multilayer dielectric substrate 2 in which a cav-
ity 33 is formed on a substrate and semiconductor de-
vices 3 are mounted in the cavity 33 includes openings
50 formed in surface-layer grounding conductors 18 ar-
ranged on the substrate in the cavity 33, impedance
transformers 60 electrically coupled with the cavity 33
via the openings 50 and having a length of about 1/4 of
an in-substrate effective wavelength of a signal wave,
short-circuited-end dielectric transmission lines 80 hav-

ing a length of about 1/4 of the in-substrate effective
wavelength of the signal wave, coupling openings 65
formed in inner-layer grounding conductors in connecting
sections of the impedance transformers 60 and the die-
lectric transmission lines 80, and resistors 70 formed in
the coupling openings 65. The multilayer dielectric sub-
strate 2 improves efficiency of absorption of radio waves
to surely control cavity resonance and cause a semicon-
ductor device and a transmission line to stably operate.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a multilayer di-
electric substrate and a semiconductor package that in-
cludes an electromagnetically shielded space (hereinaf-
ter, "cavity") for mounting a semiconductor device, which
operates in a high-frequency band such as a microwave
band or a millimeter-wave band, formed on a dielectric
substrate.

BACKGROUND ART

[0002] In a high-frequency package mounted with a
high-frequency semiconductor device, which operates in
a high-frequency band such as a microwave band or a
millimeter-wave band, in consideration of environmental
resistance and operation stability of the high-frequency
package, the high-frequency semiconductor device is of-
ten mounted in a cavity hermetically and electrically
shielded by a cover, a seal ring, or a grounding conductor.
[0003] However, resonance occurs in a frequency
band with a cavity dimension, which depends on a mem-
ber such as the cover, about a half or an integer times
as long as that of a free-space propagation wavelength.
As a result, an operation of the semiconductor device in
the cavity and a characteristic of a transmission line be-
come unstable. Particularly, in a high-frequency semi-
conductor device that operates in a millimeter-wave band
(30 gigahertz to 300 gigahertz), a dimension of the device
and that of a propagation wavelength corresponding to
a signal frequency come close to each other. Thus, it is
difficult to make a dimension of the cavity for housing the
device a half or less of the propagation wavelength cor-
responding to the signal frequency. Consequently, a
high-order resonance mode tends to occur. In particular,
in a millimeter-wave radar that operates in a 76-GHz
band, a free-space propagation wavelength is about 4
millimeters in this frequency band and a size of a cavity
necessary for mounting a plurality of high-frequency cir-
cuits with a size of 1 millimeter square to 3 millimeters
square is about 10 millimeters. Thus, cavity resonance
is likely to occur.
[0004] To control such cavity resonance, Patent Doc-
ument 1 discloses a conventional technology for forming
a radio wave absorbent and a resistor film in a region
inside a cavity such as a rear surface of a cover.
[0005] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. H8-18310

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] In the conventional technology, a dedicated
cover bonded with a radio wave absorbent and a resistor
is required, which necessitates secondary assembly

work of bonding the resistor to the cover. Thus, the
number of manufacturing steps increases, resulting in an
increase in manufacturing cost. Further, the resistor ap-
plied to the entire cover increases material cost of the
resistor. Besides, it is likely that an inert gas, which con-
taminates and erodes the high-frequency device, is gen-
erated from an adhesive for bonding the radio wave ab-
sorbent and the resistor to the rear surface of the cover.
Moreover, the resistor is arranged vertically to an electric
field in the cavity, and efficiency of absorption of electro-
magnetic waves is low.
[0007] It is therefore an object of the present invention
to provide a multilayer dielectric substrate and a semi-
conductor package at low cost that improves efficiency
of absorption of electromagnetic waves to control cavity
resonance in a hermetic package as well as simplifying
a manufacturing process.

MEANS FOR SOLVING PROBLEM

[0008] To overcome the problems and achieve the ob-
ject mentioned above, according to the first aspect of the
present invention, a multilayer dielectric substrate in
which a cavity is formed on a dielectric substrate and a
semiconductor device is mounted in the cavity, includes
an opening formed in a surface-layer grounding conduc-
tor arranged on the dielectric substrate in the cavity, an
impedance transformer formed in the dielectric sub-
strate, electrically coupled with the cavity via the opening,
and having a length an odd number times as long as
about 1/4 of an in-substrate effective wavelength of a
signal wave, a short-circuited-end dielectric transmission
line formed in the dielectric substrate and having a length
an odd number times as long as about 1/4 of the in-sub-
strate effective wavelength of the signal wave, a coupling
opening formed in an inner-layer grounding conductor in
a connecting section of the impedance transformer and
the dielectric transmission line, and a resistor formed in
the coupling opening.
[0009] According to the first aspect of the present in-
vention, a state equivalent to an open state without a
cover is simulatively created by forming a terminating
waveguide, which is coupled with a cavity, to suppress
cavity resonance. That is, an opening (removed part of
a surface-layer grounding conductor) is formed at a cavity
end of a surface-layer grounding conductor on a dielectric
substrate or the periphery of the end. An impedance
transformer with a length an odd number times as long
as about 1/4 of an in-substrate effective wavelength λg
of a signal wave is formed in the dielectric substrate be-
yond this opening. A coupling opening is formed on an
inner-layer grounding conductor at the tip of the imped-
ance transformer, i.e., at a position distant from the open-
ing by a length an odd number times as long as about
λg/4 in a thickness direction of the substrate. A resistor
(printed resistor) is formed to cover the coupling opening.
A characteristic impedance of the impedance transform-
er is set to a value that converts impedance of the resistor
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and the cavity. A short-circuited-end dielectric transmis-
sion line having a length an odd number times as long
as about 1/4 of the in-substrate effective wavelength λg
of the signal wave is formed in the coupling opening, i.e.,
beyond the resistor. An electric field distribution in the
coupling opening is open according to a short-circuit load
condition of the dielectric transmission line. The resistor
is arranged at the maximum point of the electric field in
parallel to an electric field direction.
[0010] According to the second aspect of the present
invention, a multilayer dielectric substrate in which a cav-
ity is formed on a dielectric substrate and a semiconduc-
tor device is mounted in the cavity, includes an opening
formed at a cavity end of a surface-layer grounding con-
ductor on a dielectric substrate in the cavity or the pe-
riphery of the end, a short-circuited-end dielectric trans-
mission line formed in the dielectric substrate, electrically
coupled with the cavity via the opening, and having a
length an odd number times as long as about 1/4 of an
in-substrate effective wavelength of a signal wave, and
a resistor formed in the opening.
[0011] According to the second aspect of the present
invention, a state equivalent to an open cavity state is
simulatively created by forming a terminating waveguide,
which is coupled with a cavity, to suppress cavity reso-
nance. That is, an opening (removed part of a surface-
layer grounding conductor) is formed at a cavity end of
a surface-layer grounding conductor on a dielectric sub-
strate or the periphery of the end. A short-circuited-end
dielectric transmission line with a length an odd number
times as long as about 1/4 of an in-substrate effective
wavelength of a signal wave, which is electrically coupled
with the cavity, is formed in a dielectric substrate beyond
the opening. An electric field distribution in the opening
is open according to a short-circuit load condition of the
dielectric transmission line. The resistor is arranged at
the maximum point of the electric field in parallel to an
electric field direction.

EFFECT OF THE INVENTION

[0012] According to the first aspect of the present in-
vention, it is possible to realize, with the impedance trans-
former, impedance transformation with less reflection
from the cavity, i.e., a hollow waveguide, to a resistance
load. An electric field in the coupling opening is maxi-
mized (brought to an open point) by the short-circuited-
end dielectric transmission line. Thus, it is possible to
obtain maximum attenuation and absorption effects from
the resistor with respect to the signal frequency band.
With the terminating conditions, it is possible to reliably
control cavity resonance and achieve stable operations
of a semiconductor device and a transmission line. Be-
sides, the opening, the dielectric transmission line, and
the resistor can be formed together during the manufac-
ture of the multilayer dielectric substrate, which elimi-
nates the need for secondary assembly work. Thus, it is
possible to simplify manufacturing process, resulting in

less cost. Moreover, an adhesive is not used in arranging
the resistor, an inert gas, which contaminates and erodes
a high-frequency device, is not generated.
[0013] According to the second aspect of the present
invention, an electric field in the coupling opening is max-
imized (brought to an open point) by the short-circuited-
end dielectric transmission line. Thus, it is possible to
obtain maximum attenuation and absorption effects from
the resistor with respect to the signal frequency band.
Therefore, it is possible to control cavity resonance and
achieve stable operations of a semiconductor device and
a transmission line.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

[Fig. 1] Fig. 1 is a perspective view of an external
appearance of a semiconductor package (high-fre-
quency package) according to the present invention.
[Fig. 2] Fig. 2 is a perspective view of an external
appearance of the semiconductor package with a
cover removed.
[Fig. 3] Fig. 3 is a plan view of an internal structure
of the semiconductor package.
[Fig. 4] Fig. 4 is a detailed sectional view of an internal
layer structure of a multilayer dielectric substrate of
a semiconductor package according to a first em-
bodiment of the present invention.
[Fig. 5] Fig. 5 is a sectional view of the internal layer
structure of the multilayer dielectric substrate shown
in Fig. 4 with an electric field distribution.
[Fig. 6] Fig. 6 is a diagram of an equivalent circuit of
a resonance suppressing circuit.
[Fig. 7A] Fig. 7A is a plan view of details of a part in
the multilayer dielectric substrate and is a diagram
of a state of a surface A of the multilayer dielectric
substrate shown in Fig. 4.
[Fig. 7B] Fig. 7B is a plan view of details of a part in
the multilayer dielectric substrate and is a diagram
of a surface structure of the multilayer dielectric sub-
strate shown in Fig. 4.
[Fig. 7C] Fig. 7C is a plan view of details of a region
corresponding to a section F in Fig. 7A and is a di-
agram of a surface structure of the multilayer dielec-
tric substrate shown in Fig. 4.
[Fig. 7D] Fig. 7D is a plan view of details of the region
corresponding to the section F in Fig. 7A and is a
diagram of a state of a surface C of the multilayer
dielectric substrate shown in Fig. 4.
[Fig. 7E] Fig. 7E is a plan view of details of the region
corresponding to the section F in Fig. 7A and is a
diagram of a state of the surface A of the multilayer
dielectric substrate shown in Fig. 4.
[Fig. 7F] Fig. 7F is a plan view of details of a part in
the multilayer dielectric substrate and is a diagram
of another example of the surface structure of the
multilayer dielectric substrate shown in Fig. 4.
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[Fig. 8] Fig. 8 is a graph of transmission character-
istics in a cavity of the semiconductor package ac-
cording to the first embodiment.
[Fig. 9] Fig. 9 is a detailed sectional view of an internal
layer structure of a multilayer dielectric substrate of
a semiconductor package according to a second em-
bodiment of the present invention.
[Fig. 10] Fig. 10 is a detailed sectional view of an
internal layer structure of a multilayer dielectric sub-
strate of a semiconductor package according to a
third embodiment of the present invention.

EXPLANATIONS OF LETTERS OR NUMERALS

[0015]

1 High-frequency package (Semiconductor pack-
age)

2 Multilayer dielectric substrate
3 High-frequency device (Semiconductor device)
4 Seal ring
5 Cover
6 IC mounting recess
6a Sidewall
7 Feed-through
8 Microstrip line
10 Inner conductor pad
11 Conductor pad
12 Wire
15 External conductor pad
16 Ground surface (Surface-layer grounding con-

ductor)
18 Ground pattern (Surface-layer grounding con-

ductor)
19 Dielectric
30 Ground via
30b Sidewall ground via
33 Cavity
35 Inner-layer grounding conductor
40 Signal via
45 Inner-layer signal line
50 Opening
60 Impedance transformer
65 Coupling opening
70 Resistor
80 Dielectric transmission line
300 Resistor via array

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0016] Embodiments of a multilayer dielectric sub-
strate and a semiconductor package according to the
present invention are explained in detail below with ref-
erence to the accompanying drawings. However, the
present invention is not limited to the embodiments.

First Embodiment

[0017] Figs. 1 to 3 are diagrams of a semiconductor
package 1 according to the present invention. The
present invention is applicable to a semiconductor pack-
age mounted with a semiconductor device (semiconduc-
tor IC) that operates in an arbitrary frequency band. In
the following description, the present invention is applied
to the semiconductor package 1 (hereinafter, "high-fre-
quency package") mounted with a plurality of high-fre-
quency semiconductor devices (monolithic microwave
integrated circuit (MMIC), hereinafter, "high-frequency
device") that operate in a high frequency band such as
a microwave band or a millimeter-wave band. In the sem-
iconductor package 1, a hermetically and electrically
shielded cavity is formed on a dielectric substrate. A mul-
tilayer dielectric substrate 2 mounted with a semiconduc-
tor device is provided in the cavity. The semiconductor
package 1 is suitably applied to, for example, a frequen-
cy-modulation continuous-wave (FM-CW) radar.
[0018] In the high-frequency package 1 shown in Figs.
1 to 3, a frame-shaped seal ring 4 of metal is bonded on
the multilayer dielectric substrate 2 by a brazing material
such as solder or silver solder. A cover 5 serving as a lid
is welded on the seal ring 4. In an example of Fig. 1, the
seal ring 4 is a frame of a figure-eight-like shape with two
through-holes 4a and 4b.
[0019] By bonding the cover 5 to the seal ring 4, a plu-
rality of high-frequency devices 3 on the multilayer die-
lectric substrate 2 are hermetically sealed. The seal ring
4 and the cover 5 shield unnecessary radiation from the
high-frequency devices 3 on the multilayer dielectric sub-
strate 2 to the outside. In other words, the seal ring 4 and
the cover 5 constitute an electromagnetic shielding mem-
ber that covers a part of a surface layer of the multilayer
dielectric substrate 2 and the high-frequency devices 3.
A structure of the electromagnetic shield is not limited to
this. The electromagnetic shield includes various com-
ponents such as a grounding conductor and a plurality
of grounded vias, described later, provided on the surface
and inner layers of the multilayer dielectric substrate 2.
[0020] As shown in Figs. 2 and 3, one to a plurality of
recesses (hereinafter, "IC mounting recesses") 6 for
mounting the high-frequency devices 3 are formed on
the multilayer dielectric substrate 2. The IC mounting re-
cess forms a hollowed out section in upper layers (first
and second layers in an example of the figures) of the
multilayer dielectric substrate 2. The hollowed out section
is surrounded by a sidewall 6a of the IC mounting recess
6. A grounding conductor 16 is formed on a bottom sur-
face of the IC mounting recess (bottom surface of the
hollowed out section). The high-frequency devices 3 are
housed in the IC mounting recess 6. The high-frequency
devices 3 are bonded to the grounding conductor 16 by
a bonding material (not shown) such as solder or brazing
material.
[0021] As shown in Fig. 3, the IC mounting recesses
6 are arranged inside the two through-holes 4a and 4b
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of the seal ring 4, respectively. A feed-through 7 is pro-
vided below a seal ring 4’ that defines the two through-
holes 4a and 4b of the seal ring 4. The high-frequency
devices 3 in the IC mounting recess 6 on the upper side
and the high-frequency devices 3 in the IC mounting re-
cess 6 on the lower side are connected by the feed-
through 7 and a microstrip line 8. The feed-through 7 is
formed to cover a signal pin or the microstrip line with a
dielectric. Consequently, a high-frequency signal is
transmitted between the two IC mounting recesses 6
while a hermetic state is maintained in the respective IC
mounting recesses 6. The microstrip line 8 is arranged
on the surface layer of the multilayer dielectric substrate
2 and connected to the feed-through 7. A conductor pad
in the high-frequency device 3 and the microstrip line 8
are wire-bonded by a wire 1200.
[0022] Grounding conductors 18 on the surface layer
of the multilayer dielectric substrate 2 are connected to
the grounding conductor 16 on the semiconductor device
mounting surface by a plurality of ground vias (sidewall
ground vias) 30a and 30b formed around the IC mounting
recess 6 in the multilayer dielectric substrate 2. The
grounding conductors 18 have the same potential as that
of the grounding conductor 16. The ground vias 30a and
30b surround conductor pads 10 (described later). Other
ground vias (sidewall ground vias) 30, described later
referring to Fig. 6, are arranged along the inner circum-
ferential surface of the two through-holes 4a and 4b of
the seal ring 4. The ground vias 30 are connected to the
grounding conductors 18 and have the same potential
as that of the grounding conductors 18.
[0023] Spacing between these sidewall ground vias
30a, 30b, and 30 is set to a value smaller than a half of
an in-substrate effective wavelength λg of a high-fre-
quency signal, which is an unnecessary wave, used in
the high-frequency package 1. Consequently, the unnec-
essary wave is prevented from entering the multilayer
dielectric substrate 2 via the sidewall 6a of the IC mount-
ing recess 6, and an electromagnetic shield is three-di-
mensionally formed by the seal ring 4 and the cover 5.
[0024] The conductor pads (hereinafter, "inner con-
ductor pads") 10 are provided on the surface layer of the
multilayer dielectric substrate 2 inside the seal ring 4 for
supplying a DC bias voltage to the high-frequency devic-
es 3 or inputting and outputting a control signal (low-fre-
quency signal close to a DC region) and an IF signal
(signal in an intermediate frequency band) to and from
the high-frequency devices 3. The DC bias voltage, the
control signal, and the IF signal are hereinafter generally
referred to as "driving control signal" for the high-frequen-
cy devices 3. Driving-control-signal input/output pads 11
(hereinafter, "conductor pads") are also provided on the
high-frequency device 3 side. The inner conductor pad
10 and the conductor pad 11 are wire-bonded by a wire
12 of gold or the like. A metal bump or a ribbon can be
used instead of the wires 12.
[0025] A plurality of conductor pads (hereinafter, "ex-
ternal conductor pads") 15 are provided as external ter-

minals on the multilayer dielectric substrate 2 outside the
seal ring 4. The external conductor pads 15 are DC-con-
nected to the inner conductor pads 10 via signal vias
(signal through-holes) and an inner-layer signal line, de-
scribed later, formed in the multilayer dielectric substrate
2. These external conductor pads 15 are connected to a
power source circuit board, a control board and the like,
which are not shown in the figures, via wires or the like.
[0026] Fig. 4 is a diagram of a via structure (through-
hole structure) in the multilayer dielectric substrate 2 of
the high-frequency package 1. In Fig. 4, vias for driving
control signals (hereinafter, "signal vias") 40, to which
driving control signals such as a control signal, an inter-
face signal, and a DC bias voltage are transmitted, are
indicated by outline without fill patterns and the ground
vias 30, 30a, and 30b are indicated by hatching.
[0027] In this case, the multilayer dielectric substrate
2 has a five-layer structure including first to fifth layers.
The center of the first and the second layers of the mul-
tilayer dielectric substrate 2 is removed to form the IC
mounting recess 6. The ground surface 16 serving as a
surface-layer grounding conductor is formed on the bot-
tom surface of the IC mounting recess 6, i.e., the surface
of the third layer. The high-frequency devices 3 are
mounted on the ground surface 16.
[0028] As described above, the seal ring 4 is mounted
on the multilayer dielectric substrate 2. The cover 5 serv-
ing as a lid is provided on the seal ring 4. The seal ring
4 and the cover 5 have the same potential as that of the
surface-layer grounding conductors 16 and 18. A her-
metic cavity 33 is formed by the seal ring 4 and the cover
5 around the high-frequency devices 3 on the multilayer
dielectric substrate 2. The cavity 33 is electrically shield-
ed from the outside by the electromagnetic shielding
members such as the seal ring 4 and the cover 5, the
surface-layer grounding conductors such as the ground
surface 16 and ground pattern 18, and the sidewall
ground vias 30a, 30b, and 30. Instead of the sidewall
ground vias 30a and 30b, the sidewall 6a of the IC mount-
ing recess 6 can be metallized to form a ground surface
on the sidewall 6a.
[0029] The ground vias 30, 30a, and 30b are appropri-
ately connected to the surface-layer grounding conduc-
tors 18, a grounding member (not shown) arranged below
the multilayer dielectric substrate 2, or inner-layer
grounding conductors 35 formed on inner layers of the
multilayer dielectric substrate 2. The inner-layer ground-
ing conductors 35 are basically provided individually
among all the layers as solid ground layers. The inner
conductor pad 10 inside the seal ring 4 is connected to
the external conductor pads 15 (not shown in Fig. 4) ar-
ranged outside the seal ring 4 via one to a plurality of the
signal vias 40 and one to a plurality of inner-layer signal
lines 45. Although not clearly shown in Fig. 4, the ground
vias 30 are arranged around the signal via 40 and the
inner-layer signal line 45 with a dielectric therebetween.
Shield by the ground vias 30 and the inner-layer ground-
ing conductors 35 suppresses radiation of unnecessary
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waves from the signal vias 40 and the inner-layer signal
lines 45 and coupling of unnecessary waves from the
surroundings.
[0030] A main part of the first embodiment is explained.
In the first embodiment, a cavity-resonance control circuit
that includes an opening 50, an impedance transformer
60, a coupling opening 65, a short-circuited-end dielectric
transmission line 80, and a resistor 70 is formed in the
multilayer dielectric substrate 2.
[0031] The opening 50, i.e., a pattern removed from a
ground, is formed at a cavity end of the ground pattern
18 as a surface-layer grounding conductor on the surface
(the first layer) of the multilayer dielectric substrate 2 or
the periphery of the end. The impedance transformer 60
with a length about 1/4 of an in-substrate effective wave-
length λg of a signal wave, which is electrically coupled
to the cavity 33 (i.e., a hollow waveguide) via the opening
50, is formed in the multilayer dielectric substrate 2 be-
yond the opening 50. The impedance transformer 60 in-
cludes the inner-layer grounding conductor 35, the
ground via 30, and the dielectrics in the inner-layer
grounding conductor 35 and the ground via 30.
[0032] The coupling opening 65, i.e., a pattern re-
moved from a ground, is formed in the inner-layer ground-
ing conductor 35 arranged at a position distant from the
opening 50 by a length of about λg/4 in the thickness
direction of the substrate. The resistor (printed resistor)
70 is formed to cover the coupling opening 65. The short-
circuited-end dielectric transmission line 80 with a length
about 1/4 of the in-substrate effective wavelength λg of
a signal wave is formed beyond the coupling opening 65.
The dielectric transmission line 80 includes the inner-
layer grounding conductor 35, the ground vias 30 and
30d, and dielectrics in the inner-layer grounding conduc-
tor 35 and the ground vias 30. The dielectric transmission
line 80 functions as a dielectric waveguide having a short-
circuited surface (surface on which the ground via 30d
is arranged) at the end thereof. The length of about λg/4
in the dielectric transmission line 80 is, as shown in Fig.
5, a distance L2 from the short-circuited-end ground via
30d to the coupling opening 65. The length of about λg/4
of the impedance transformer 60 is, as shown in Fig. 5,
a distance L1 from the opening 50 to the coupling opening
65. Fig. 5 depicts the same structure as that of Fig. 4,
and reference numerals are omitted except those nec-
essary for explanation.
[0033] On the other hand, when stable operations of a
semiconductor device and a transmission line are con-
sidered, a state in which the cover 5 is removed (open
state) is ideal because there is no unnecessary reso-
nance in the cavity. In the first embodiment, the opening
50 is formed at the cavity end of the ground pattern 18
or the periphery of the end. The impedance transformer
60 and the resistor 70 are connected to the multilayer
dielectric substrate 2 beyond the opening 50. It is impos-
sible to realize an open end in the waveguide, and there-
fore, the dielectric transmission line 80 is connected to
the impedance transformer 60 and the resistor 70 is pro-

vided in the position about λg/4 from the end short-
circuited point of the dielectric transmission line 80, i.e.,
in the coupling opening 65, which connects the imped-
ance transformer 60 and the dielectric transmission line
80. In other words, the position about λg/4 from the end
short-circuited point of the dielectric transmission line 80
is, for the signal wave with the in-substrate effective
wavelength λg, an open point where an electric field is
maximized. The resistor 70 is provided in the open point.
With this constitution, the multilayer dielectric substrate
2 can operate as a terminator that efficiently attenuates
and absorbs radio waves in the signal frequency band
and control cavity resonance to achieve stable opera-
tions of a semiconductor device and a transmission line.
[0034] An electric field distribution formed in the cavity
33, the impedance transformers 60, and the dielectric
transmission lines 80 is as indicated by arrows in Fig. 5.
In Fig. 5, the resistor 70 is arranged in parallel to an elec-
tric field surface formed in the coupling opening 65.
Therefore, it is possible to efficiently attenuate and ab-
sorb radio waves compared to the conventional technol-
ogy in which a resistor is arranged perpendicular to an
electric filed formed in a cavity.
[0035] An equivalent circuit of a resonance suppress-
ing circuit is explained with reference to Fig. 6. As a char-
acteristic impedance Z2 of the impedance transformer
60 is selected a (impedance match) value that satisfies
Z2=(Z0·R)1/2 where Z0 is a characteristic impedance of
the cavity 33 and R is a resistance of the resistor 70.
When the impedance transformer 60 as above is insert-
ed, it is possible to improve a reflection characteristic,
i.e., attenuation and absorption effects by the resistor 70,
compared to the case that the resistor 70 is directly pro-
vided in the opening 50 on the cavity 33 side.
[0036] A characteristic impedance Z1 of the dielectric
transmission line 80 is, desirably but not necessarily, co-
incide with a terminating impedance R of a resistor; an
open condition in the coupling opening 65 only has to be
fulfilled. In the reflection characteristic of the resonance
suppressing circuit, a reactance component of a high-
order mode is generated by a dielectric constant differ-
ence between the cavity 33 (the hollow waveguide) and
the impedance transformer 60 (the dielectric transmis-
sion line) and the impedance match state changes. To
solve this problem, an iris (inductivity, capacitivity) or the
like for canceling reactance can be set in the inner-layer
grounding conductor 35 constituting the impedance
transformer 60. Further, to cancel the reactance, the
characteristic impedance Z2 and the effective length L1
of the impedance transformer 60 can be corrected to im-
prove the reflection characteristic of the entire resonance
suppressing circuit.
[0037] Figs. 7A to 7F are plan views of the coupling
opening 65 and the resistor 70 formed in the multilayer
dielectric substrate 2 shown in Fig. 4. Fig. 7A is a plan
view of a state of a part of a surface A (corresponding to
a surface A in Fig. 4; a fourth layer pattern and fourth
layer vias) of the multilayer dielectric substrate 2. In par-
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ticular, Fig. 7A depicts details of a section E shown in
Fig. 3. Fig. 7B is a plan view of an example of a surface
structure (corresponding to a surface D in Fig. 4) in the
cavity 33 of the multilayer dielectric substrate 2. In par-
ticular, Fig. 7B depicts details of the section E shown in
Fig. 3. Figs. 7C to 7E depict details of a position corre-
sponding to a section F in Fig. 7A. Fig. 7C is a plan view
of a state of a surface layer (corresponding to an upper
surface of the surface D in Fig. 4). Fig. 7D is a plan view
of a state of a surface C (corresponding to a surface C
in Fig. 4; a third layer pattern and third layer vias). Fig.
7A to 7F are plan views of a state of the surface A (cor-
responding to the upper surface of the surface A in Fig.
4). Fig. 7F is a plan view of another structure of the open-
ings 50 on the multilayer dielectric substrate 2 and depicts
another example of the details of the section E shown in
Fig. 3.
[0038] On the surface A (corresponding to the surface
A in Fig. 4) shown in Figs. 7A and 7E, the coupling open-
ing 65 is formed in the inner-layer grounding conductor
35. The resistor 70 covers the coupling opening 65. The
resistor 70 is not shown in Fig. 7E. Fig. 7A illustrates the
inner-layer grounding conductor 35, the ground vias 30
on the inside constituting the dielectric transmission line
80, and the ground vias 30d constituting the end short-
circuited point of the dielectric transmission line 80.
[0039] On the surface D (the surface layer) shown in
Figs. 7B and 7C, the grounding conductor 18 is brazed
along the inner circumference of the seal ring 4, and the
seal ring 4 is bonded to the grounding conductor 18. The
surface layer inside the seal ring 4 is covered with the
grounding conductor 18. The opening 50 is formed at the
end of the cavity 33 of the grounding conductor 18. The
ground vias 30 are arranged near the opening 50 in the
grounding conductor 18 to form the impedance trans-
former 60 in a direction of stacking substrates toward
lower layers. The opening 50 is provided over the entire
circumference of the cavity 33 along the inner circumfer-
ence of the seal ring 4.
[0040] On the surface C (corresponding to the surface
C in Fig. 4) shown in Fig. 7D, the ground vias 30 are
arranged with dielectrics therebetween, and thereby con-
stitute the impedance transformer 60.
[0041] Fig. 7F depicts another form of the openings
50. In this example, the grounding conductor 18 is ar-
ranged at both ends of the openings 50 in a direction in
which the openings 50 extend along the seal ring 4. The
openings 50 are partially provided along the inner cir-
cumference of the seal ring 4. In this case, the openings
50 are arranged in positions other than corner sections
of the seal ring 4.
[0042] As shown in Fig. 7, the coupling openings 65,
the resistors 70, and the dielectric transmission lines 80
are formed in four directions around the IC mounting re-
cess 6. Although not shown in the figure, the openings
50 and the impedance transformers 60 are formed in four
directions around the IC mounting recess 6 in the same
manner. These components (the opening 50, the imped-

ance transformer 60, the coupling opening 65, the resis-
tors 70, and the dielectric transmission line 80) can be
continuously formed as shown in Figs. 7A and 7B or can
be formed separately in a plurality of sections as shown
in Fig. 7F. The components can be provided, according
to the mode of resonance of an object, on vertical or
horizontal two sides, one vertical side and one horizontal
side, or one vertical side or one horizontal side rather
than on the entire inner circumference of the cavity 33
as shown in Figs. 7A and 7B.
[0043] It is desirable that the opening 50 be located at
a position spaced apart a length an integer times as long
as about 1/2 of a wavelength of a signal wave from the
periphery of the inner wall section of the seal ring 4 (the
side end of the cavity 33) or the inner wall section of the
seal ring 4 toward the center. This is to arrange, in
waveguide connection of the cavity 33 and the imped-
ance transformer 60, the connecting section, i.e., the
opening 50, at a short-circuited point of a standing wave
formed in the cavity 33. In other words, the optimum po-
sition of the opening 50 depends on a resonance mode
of a signal band determined by dimensions of the seal
ring 4, the cover 5, and the cavity 33 formed by the
grounding conductors 18 in the surface layer. It is most
effective to arrange the waveguide connecting section,
i.e., the opening 50, at the short-circuited point of the
standing wave generated by resonance.
[0044] Fig. 8 is a graph of an isolation characteristic
and the like in the cavity 33 according to the first embod-
iment. A solid line indicates an isolation characteristic
according to the first embodiment, a broken line indicates
that of the conventional technology in which the openings
50, the impedance transformers 60, the coupling open-
ings 65, the resistors 70, and the dielectric transmission
lines 80 according to the first embodiment are not pro-
vided, and an alternate long and short dashed line indi-
cates a characteristic of an open state without the cover 5.
[0045] With respect to a desired frequency f0, the open
state without the cover 5 indicated by the alternate long
and short dashed line is an ideal state in which there is
no cavity resonance at frequencies of 0.8f0 to 1.2f0 and
a semiconductor device and a transmission line operate
stably. In the conventional technology not having the con-
stitution according to the first embodiment, as indicated
by the broken line, resonance of a high-order mode oc-
curs and the isolation characteristic deteriorates steeply
in a plurality of frequency domains. On the other hand,
in the constitution according to the first embodiment in-
dicated by the solid line, in a signal frequency band, it is
possible to obtain an isolation characteristic that there is
no cavity resonance and a semiconductor device and a
transmission line operate stably as substantially the
same in the state of the cover 5 being removed.
[0046] As described above, according to the first em-
bodiment, impedance match from the cavity 33 to the
resistor 70 is realized by the opening 50 of the surface-
layer grounding conductor and the impedance transform-
er 60. The resistor 70 is arranged in parallel to an electric

11 12 



EP 3 358 670 A1

8

5

10

15

20

25

30

35

40

45

50

55

field at an open point with the maximum electric field of
the dielectric transmission line 80, i.e., on the coupling
opening 65. Thus, a terminating condition without an
electric wall is simulatively created in the signal frequency
band. Because of the terminating condition, a resonance
mode is controlled as in the open state without the cover
5. An opening, a dielectric transmission line, and a resis-
tor can be formed together during the manufacture of a
multilayer dielectric substrate, which eliminates the need
for secondary assembly work. Thus, it is possible to sim-
plify manufacturing process, resulting in less cost. More-
over, an adhesive is not used in arranging the resistor,
and an inert gas, which contaminates and erodes a high-
frequency device, is not generated.
[0047] In the first embodiment, the length L2 of the di-
electric transmission line 80 can be set to a length an
odd number times as long as λg/4. Similarly, the length
L1 of the impedance transformer 60 can be set to a length
an odd number times as long as λg/4. In the first embod-
iment, the length of λg/4 of the dielectric transmission
line 80 is set in the horizontal direction of the multilayer
dielectric substrate 2 to ensure the length of λg/4 by one
layer of the multilayer dielectric substrate 2. However,
the length of λg/4 can be set in the thickness direction of
the multilayer dielectric substrate 2.
[0048] A structure of the dielectric transmission line 80
is not limited to the rectangular dielectric waveguide
formed in the vertical or the horizontal direction as shown
in the example in the figures. The dielectric transmission
line 80 can be a step-shaped dielectric waveguide or the
like with via positions in respective layers of a dielectric
substrate shifted from one another as long as the imped-
ance relation and the necessary electric length from the
end short-circuited position are secured.

Second Embodiment

[0049] Fig. 9 is a diagram of a high-frequency package
according to a second embodiment. In the second em-
bodiment, the impedance transformers 60 of the first em-
bodiment are removed.
[0050] In Fig. 9, each of the openings 50, i.e., a pattern
removed from a ground, is formed at the cavity end of
the ground pattern 18 as a surface-layer grounding con-
ductor of the surface layer (the first layer) of the multilayer
dielectric substrate 2 or the periphery of the end. The
short-circuited-end dielectric transmission line 80 with a
length of about 1/4 of the in-substrate effective wave-
length λg of a signal wave, which is electrically coupled
with the cavity 33 via the opening 50, is formed in the
multilayer dielectric substrate 2 beyond the opening 50.
As in the first embodiment, the dielectric transmission
line 80 includes the inner-layer grounding conductor 35,
the ground vias 30, and dielectrics in the inner-layer
grounding conductor 35 and the ground vias 30. Howev-
er, in this case, a short-circuited point is formed by the
inner-layer grounding conductor 35. The length λg/4 of
the dielectric transmission line 80 is a depth (thickness)

L3 from the opening 50 to the short-circuited-end inner-
layer grounding conductor 35.
[0051] In the second embodiment, as in the first em-
bodiment, a terminating waveguide coupled to the cavity
33 is formed to simulatively create a state equivalent to
an open state without the cover 5. In the second embod-
iment, as in the first embodiment, the opening 50 is lo-
cated at an open point with the maximum electric field
and the resistor 70 is arranged in the opening 50 in par-
allel to an electric field forming surface. Thus, in a signal
frequency domain, a terminating condition without an
electric wall is simulatively created to suppress a reso-
nance mode. An opening, a dielectric transmission line,
and a resistor can be formed together during the manu-
facture of a multilayer dielectric substrate, which elimi-
nates the need for secondary assembly work. Thus, it is
possible to simplify manufacturing process, resulting in
less cost. Moreover, an adhesive is not used in arranging
the resistor, and an inert gas, which contaminates and
erodes a high-frequency device, is not generated.

Third Embodiment

[0052] Fig. 10 is a diagram of a high-frequency pack-
age according to a third embodiment. In the third embod-
iment, a resistor is arranged in a direction of stacking
layers of a dielectric substrate between the short-
circuited-end ground via 30d and the coupling opening
65 of the first embodiment in the dielectric transmission
line 80. In an example of Fig. 10, a resistor via array 300
filled with resistor material is arranged instead of a con-
ductor.
[0053] In the third embodiment, a cavity-resonance
control circuit including the opening 50, the impedance
transformer 60, the coupling opening 65, the dielectric
transmission line 80, and the resistor via array 300 is
formed in the multilayer dielectric substrate 2.
[0054] Each of the openings 50, i.e., a pattern removed
from a ground, is formed at the cavity end of the ground
pattern 18 as a surface-layer grounding conductor of the
surface layer (the first layer) of the multilayer dielectric
substrate 2 or the periphery of the end. The impedance
transformer 60 with a length of about 1/4 of the in-sub-
strate effective wavelength λg of a signal wave, which is
electrically coupled to the cavity 33 via the opening 50,
is formed in the multilayer dielectric substrate 2 beyond
the opening 50. The length about λg/4 of the impedance
transformers 60 is, as shown in Fig. 10, the distance L3
from the opening 50 to the coupling opening 65. The im-
pedance transformer 60 includes the inner-layer ground-
ing conductor 35, the ground vias 30, and dielectrics in
the inner-layer grounding conductor 35 and the ground
vias 30.
[0055] Each of the coupling openings 65, i.e., a pattern
removed from a ground, is formed in the inner-layer
grounding conductor 35 arranged at a position distant
from the opening 50 by a length of about λg/4. The short-
circuited-end dielectric transmission line 80 with an arbi-
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trary length (longer than about 1/4 of the in-substrate
effective wavelength λg of the signal wave) is formed
beyond the coupling opening 65. The dielectric transmis-
sion line 80 includes the inner-layer grounding conductor
35, the ground vias 30 and 30d, and dielectrics in the
inner-layer grounding conductor 35 and the ground vias
30.
[0056] In the third embodiment, the resistor via array
300 filled with resistor material is provided between the
ground via 30d forming an end short-circuited surface
and the coupling opening 65. As shown in Fig. 10, the
resistor via array 300 is arranged at a position distant by
a length (L4) about 1/4 of the in-substrate effective wave-
length λg of the signal wave from the ground via 30d
forming an end short-circuited surface in the dielectric
transmission line 80. The position about λg/4 from an
end short-circuited point of the dielectric transmission line
80 is, for the signal wave with the in-substrate effective
wavelength λg, an open point where the electric field is
maximized. Each of the resistor via arrays 300 is ar-
ranged at the open point in parallel to the electric field
formed in the dielectric transmission line 80.
[0057] In the third embodiment, as in the first and sec-
ond embodiments, a terminating waveguide coupled to
the cavity 33 is formed to simulatively create a state
equivalent to an open state without the cover 5. In the
third embodiment, as in the first and second embodi-
ments, impedance match from the cavity 33 to the resistor
via arrays 300 is realized by the openings 50 of the sur-
face-layer grounding conductors and the impedance
transformers 60. The resistor via array 300 is arranged
in parallel to an electric field at an opening point with the
maximum electric field of the dielectric transmission line
80, i.e., on the coupling opening 65. Thus, a terminating
condition without an electric wall is simulatively created
in the signal frequency band to suppress a resonance
mode. An opening, a dielectric transmission line, and a
resistor can be formed together during the manufacture
of a multilayer dielectric substrate, which eliminates the
need for secondary assembly work. Thus, it is possible
to simplify manufacturing process, resulting in less cost.
Moreover, an adhesive is not used in arranging the re-
sistor, an inert gas, which contaminates and erodes a
high-frequency device, is not generated.
[0058] It is obvious that, in Fig. 10, as in the second
embodiment, the impedance transformers 60 can be re-
moved. In the third embodiment, the length L4 from the
ground via 30d forming an end short-circuited surface to
the resistor via array 300 can be set to a length an odd
number times as long as λg/4. Similarly, the length L3 of
the impedance transformer 60 can be set to a length an
odd number times as long as λg/4. In the third embodi-
ment, as in the first and second embodiments, the die-
lectric transmission line 80 can be formed in the thickness
direction of the multilayer dielectric substrate 2.
[0059] In the embodiments described above, the
present invention is applied to the high-frequency pack-
age configured to house the high-frequency devices 3 in

the IC mounting recess 6 formed in the multilayer dielec-
tric substrate 2. However, it is also possible to apply the
present invention to a high-frequency package config-
ured to mount the high-frequency devices 3 on a flat sur-
face layer of the multilayer dielectric substrate 2 not hav-
ing the IC mounting recess 6.

INDUSTRIAL APPLICABILITY

[0060] As described above, the multilayer dielectric
substrate and the semiconductor package according to
the present invention are suitably applied to semiconduc-
tor electronic devices such as an FM-CW radar that re-
quire measures against high-frequency electromagnetic
interference (EMI).

Claims

1. A semiconductor package configured to suppress a
cavity resonance comprising:

a multilayer dielectric substrate (2) in which a
recess (6) is formed and a semiconductor device
(3) is mounted in the recess (6); and
electromagnetic shielding members (4,5) that
form a cavity (33) on the multilayer dielectric
substrate (2), the multilayer dielectric substrate
(2) comprising:

a grounding conductor (18) that is an elec-
tromagnetic shielding member and is ar-
ranged on the multilayer dielectric substrate
(2) in the cavity (33); and
a cavity-resonance control circuit located in
the multilayer dielectric substrate (2) includ-
ing:

an opening (50) formed in the ground-
ing conductor (18);
an impedance transformer (60) located
in the multilayer dielectric substrate (2)
and being electrically connected to the
cavity (33) through the opening (50),
wherein the impedance transformer
(60) includes an internal grounding
conductor (35), a ground via (30), and
dielectrics between the internal
grounding conductor (35) and the
ground via (30);
a dielectric transmission line (80) with
a short-circuited end being located in
the multilayer dielectric substrate (2),
wherein the dielectric transmission line
(80) includes the internal grounding
conductor (35), ground vias (30, 30d),
and dielectrics between the internal
grounding conductor (35) and the
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ground vias (30, 30d);
a coupling opening (65) formed in the
internal grounding conductor (35) in a
connecting section of the impedance
transformer (60) and the dielectric
transmission line (80); and
a resistor (70),

characterized in that:

a distance (L1) from the opening (50) to the cou-
pling opening (65) is 1/4 of an in-substrate ef-
fective wavelength (λg) of a signal wave of the
semiconductor device (3); a distance (L2) from
the short-circuited end ground via (30d) to the
coupling opening (65) is 1/4 of an in-substrate
effective wavelength (λg) of the signal wave of
the

semiconductor device (3); and
the resistor (70) is located on the coupling opening
(65).

2. A semiconductor package configured to suppress a
cavity resonance comprising:

a multilayer dielectric substrate (2) in which a
recess (6) is formed, and a semiconductor de-
vice (3) is mounted in the recess (6); and
electromagnetic shielding members (4,5) that
form a cavity (33) on the multilayer dielectric
substrate (2), the multilayer dielectric substrate
(2) comprising:

a grounding conductor (18) that is an elec-
tromagnetic shielding member and is ar-
ranged on the multilayer dielectric substrate
(2) in the cavity (33); and
a cavity-resonance control circuit located in
the multilayer dielectric substrate (2)

including:

an opening (50) formed in the grounding con-
ductor (18);
an impedance transformer (60) located in the
multilayer dielectric substrate (2) and being
electrically connected to the cavity (33) through
the opening (50), wherein the impedance trans-
former (60) includes an internal grounding con-
ductor (35), a ground via (30), and dielectrics
between the internal grounding conductor (35)
and the ground via (30);
a dielectric transmission line (80) with a short-
circuited end being located in the multilayer di-
electric substrate (2), wherein the dielectric
transmission line (80) includes the internal
grounding conductor (35), ground vias (30, 30d),

and dielectrics between the internal grounding
conductor (35) and the ground vias (30, 30d);
a coupling opening (65) formed in the internal
grounding conductor (35) in a connecting sec-
tion of the impedance transformer (60) and the
dielectric transmission line (80); and
a resistor (70),

characterized in that:

a distance (L3) from the opening (50) to the cou-
pling opening (65) is 1/4 of an in-substrate ef-
fective wavelength (λg) of a signal wave of the
semiconductor device (3); and
the resistor (70) is arranged in the dielectric
transmission line (80) at a position

distant from the ground vias (30d) forming an end
short-circuited surface by a length (L4) of
odd number times as long as 1/4 of the in-substrate
effective wavelength (λg) of the signal
wave of the semiconductor device (3).

3. A semiconductor package configured to suppress a
cavity resonance comprising:

a multilayer dielectric substrate (2) in which a
recess (6) is formed, and a semiconductor de-
vice (3) is mounted in the recess (6), and
electromagnetic shielding members (4, 5) that
form a cavity (33) on the multilayer dielectric
substrate (2), the multilayer dielectric substrate
(2) comprising:

a grounding conductor (18) that is an elec-
tromagnetic shielding member and is ar-
ranged on the multilayer dielectric substrate
(2) in the cavity (33); and
a cavity-resonance control circuit located in
the multilayer dielectric substrate (2) includ-
ing:

an opening (50) formed in the ground-
ing conductor (18);
a dielectric transmission line (80) with
a short-circuited end being located in
the multilayer dielectric substrate (2),
and is electrically connected to the cav-
ity (33) through the opening (50),
wherein the dielectric transmission line
(80) includes the internal grounding
conductor (35), ground via (30), and di-
electrics between the internal ground-
ing conductor (35) and the ground via
(30); and
a resistor (70),

characterized in that:
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the dielectric transmission line (80) has a length
of odd number times as long as 1/4 of an in-
substrate effective wavelength (λg) of a signal
wave of the semiconductor device (3);
and
the resistor (70) is located on the opening (50),
wherein the opening (50) is located at any one
of a side end of the cavity (33) and a position
spaced apart from the side end of the cavity,
formed by the inner wall section of a seal ring
(4) by a length of an integer times as long as 1/2
of the wavelength of the signal wave of the sem-
iconductor device (3).

4. A semiconductor package configured to suppress a
cavity resonance comprising:

a multilayer dielectric substrate (2) in which a
recess (6) is formed, and a semiconductor de-
vice (3) is mounted in the recess (6); and
electromagnetic shielding members (4,5) that
form a cavity (33) on the multilayer dielectric
substrate, the multilayer dielectric substrate (2)
comprising:

a grounding conductor (18) that is an elec-
tromagnetic shielding member and is ar-
ranged on the multilayer dielectric substrate
(2) in the cavity (33); and
a cavity-resonance control circuit located in
the multilayer dielectric substrate (2) includ-
ing:

an opening (50) formed in the ground-
ing conductor (18);
a dielectric transmission line (80) with
a short-circuited end being located in
the multilayer dielectric substrate (2),
and is electrically connected to the cav-
ity (33) through the opening (50),
wherein the dielectric transmission line
(80) includes the internal grounding
conductor (35), ground vias (30, 30d),
and dielectrics between the internal
grounding conductor (35) and the
ground vias (30, 30d); and
a resistor (70),

characterized in that:

the resistor (70) is arranged in the dielectric
transmission line (80) at a position distant from
the short-circuited end by a length of odd
number times as long as 1/4 of an in-substrate
effective wavelength (λg) of a signal wave of the
semiconductor device (3).

5. The semiconductor package according to any one

of claims 1, 2, and 4, wherein the opening (50) is
located at any one of a side end of the cavity (33)
and a position spaced apart from the side end of the
cavity, formed by the inner wall section of a seal ring
(4) by a length of integer times as long as 1/2 of the
wavelength of the signal wave of the semiconductor
device (3).

6. The semiconductor package according to claim 3 or
4, wherein the opening (50), the dielectric transmis-
sion line (80), and the resistor (70) are formed in four
directions around a region where the semiconductor
device (3) is mounted.

7. The semiconductor package according to claim 1 or
2, wherein the opening (50), the impedance trans-
former (60), the dielectric transmission line (80), the
coupling opening (65), and the resistor (70) are
formed in four directions around a region where the
semiconductor device (3) is mounted.
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