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(57) ABSTRACT

A crystal oscillator (101) includes: a piezoelectric resonator
plate (2) on which a first excitation electrode and a second
excitation electrode are formed; a first sealing member (3)
covering the first excitation electrode of the piezoelectric
resonator plate (2); a second sealing member (4) covering
the second excitation electrode of the piezoelectric resonator
plate (2); and an internal space (13) formed by bonding the
first sealing member (3) to the piezoelectric resonator plate
(2) and by bonding the second sealing member (4) to the
piezoelectric resonator plate (2), so as to hermetically seal a
vibrating part including the first excitation electrode and the
second excitation electrode of the piezoelectric resonator
plate (2). An electrode pattern (371) including a mounting
pad for wire bonding is formed on an outer surface (first
main surface (311)) of the first sealing member (3).
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PIEZOELECTRIC RESONATOR DEVICE
AND SYSTEM-IN-PACKAGE MODULE
INCLUDING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a piezoelectric
resonator device such as a crystal oscillator and to a System-
in-Package (SiP) module including the piezoelectric reso-
nator device.

BACKGROUND ART

[0002] Recently, in various electronic devices, the oper-
ating frequencies have increased and the package sizes
(especially, the heights) have been decreased. According to
such an increase in operating frequency and a reduction in
package size, there is also a need for piezoelectric resonator
devices (such as a crystal resonator and a crystal oscillator)
to be adaptable to the increase in operating frequency and
the reduction in package size.

[0003] In this kind of piezoelectric resonator devices, a
housing is constituted of a package having a substantially
rectangular parallelepiped shape. The package is constituted
of: a first sealing member and a second sealing member both
made of, for example, glass or crystal; and a piezoelectric
resonator plate made of, for example, crystal. On respective
main surfaces of the piezoelectric resonator plate, excitation
electrodes are formed. The first sealing member and the
second sealing member are laminated and bonded via the
piezoelectric resonator plate. Thus, a vibrating part (excita-
tion electrodes) of the piezoelectric resonator plate that is
disposed in the package (in the internal space) is hermeti-
cally sealed (for example, see Patent Document 1). Herein-
after, such a laminated structure of the piezoelectric reso-
nator device is referred to as a sandwich structure.

[0004] Also, Patent Document 2 discloses a surface mount
type piezoelectric resonator device in which a mounting
terminal is provided on a rear surface of the piezoelectric
resonator device so as to be mounted on a circuit board.

PRIOR ART DOCUMENTS

Patent Documents

[0005] [Patent Document 1] JP 2010-252051 A
[0006] [Patent Document 2] JP 2015-165613 A
SUMMARY OF THE INVENTION
Problem to Be Solved by the Invention
[0007] It is easy to reduce the thickness of the piezoelec-

tric resonator device having a sandwich structure compared
to the conventional type piezoelectric resonator devices.
Thus, it is possible to make the device sufficiently thin as a
piezoelectric oscillator on which an IC chip as the oscillation
circuit is mounted, and the device can be easily housed in the
package like a System in a Package (SiP). The conventional
type piezoelectric resonator device here means a so-called
ceramic package device having a configuration in which a
crystal resonator is sealed in a housing of the package made
of ceramic.

[0008] However, in the SiP, the other devices to be housed
are often mounted on the circuit board by wire bonding.
Thus, the surface mount type piezoelectric resonator device
requires a different mounting method from other devices,
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which leads to complicated steps of mounting the piezo-
electric resonator device on the circuit board.

[0009] Also in the piezoelectric resonator device having
the sandwich structure, the thickness of the package is small,
which is likely to cause capacitive coupling between the
wiring that exists on the circuit board (especially when a
multilayer circuit board is used). For this reason, it is
necessary to take a measure for shielding in order to prevent
the capacitive coupling. However, in the surface mount type
piezoelectric resonator device, it is difficult to provide a
shield electrode for preventing the capacitive coupling
because the terminal to be mounted on the circuit board is
provided on the bottom surface of the device.

[0010] The present invention was made in consideration of
the above circumstances, an object of which is to provide a
piezoelectric resonator device having a sandwich structure
that is suitable for being mounted by a SiP method, and to
provide a SiP module including the piezoelectric resonator
device.

Means for Solving the Problem

[0011] In order to solve the above problem, the present
invention provides a piezoelectric resonator device that
includes: a piezoelectric resonator plate including a first
excitation electrode formed on a first main surface of a
substrate; and a second excitation electrode formed on a
second main surface of the substrate so as to make a pair
with the first excitation electrode; a first sealing member
covering the first excitation electrode of the piezoelectric
resonator plate; a second sealing member covering the
second excitation electrode of the piezoelectric resonator
plate; and an internal space formed by bonding the first
sealing member to the piezoelectric resonator plate and by
bonding the second sealing member to the piezoelectric
resonator plate. The internal space hermetically seals a
vibrating part including the first excitation electrode and the
second excitation electrode of the piezoelectric resonator
plate. A mounting pad for wire bonding is formed on an
outer surface of the first sealing member.

[0012] With the above-described configuration, by dispos-
ing the mounting pad for wire bonding, it is possible to
provide the piezoelectric resonator device for wire bonding,
not the surface mount type piezoelectric resonator device.
Thus, using the wire bonding, the piezoelectric resonator
device can be easily housed in the package by the SiP
method.

[0013] Also, on the mounting surface for wire bonding, a
certain height is needed to pull up the wire. Meanwhile, on
the surface on which the IC chip is mounted, a certain height
is needed as the thickness of the IC chip. Accordingly, it is
possible to prevent the height of the piezoelectric resonator
device from increasing by mounting the IC chip and the wire
bonding pad on the same surface.

[0014] Also in the above-described piezoelectric resonator
device, a shield electrode may be formed on an outer surface
of the second sealing member.

[0015] With the above-described configuration, if the cir-
cuit board (for example, a multilayer printed circuit board)
includes signal wiring that faces the first excitation electrode
and the second excitation electrode, it is possible to prevent
capacitive coupling between the excitation electrodes and
the signal wiring by providing the shield electrode on the
outer surface of the second sealing member. In the piezo-
electric resonator device having the sandwich structure, the
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capacitive coupling is likely to occur between the excitation
electrodes and other wiring due to the thin structure. There-
fore, the above-described shielding measure is effective.
[0016] Also in the above-described piezoelectric resonator
device, the mounting pad for wire bonding may be disposed
s0 as not to be superimposed on the first excitation electrode
and the second excitation electrode.

[0017] With the above-described configuration, it is pos-
sible to prevent capacitive coupling between the mounting
pad for wire bonding and the excitation electrodes, which
leads to reduction in characteristic variations of the piezo-
electric resonator device caused by the capacitive coupling.
[0018] Also in the above-described piezoelectric resonator
device, the mounting pad for wire bonding may be disposed
so as to face a frame body surrounding the internal space.
[0019] With the above-described configuration, since the
mounting pad is disposed so as to avoid the internal space of
the piezoelectric resonator device and to face the frame
body, it is possible to prevent deformation of the piezoelec-
tric resonator device by pressure at the time of wire bonding
in the wire bonding step.

[0020] Also in the above-described piezoelectric resonator
device, an IC chip may be mounted on the outer surface of
the first sealing member.

[0021] On the mounting surface for wire bonding, a cer-
tain height is needed to pull up the wire. Meanwhile, on the
surface on which the IC chip is mounted, a certain height is
needed as the thickness of the IC chip. Accordingly, it is
possible to prevent the height of the piezoelectric resonator
device from increasing by mounting the IC chip and the wire
bonding pad on the same surface.

[0022] Also in the above-described piezoelectric resonator
device, a terminal on which the IC chip is mounted may be
formed on the outer surface of the first sealing member so as
not to be superimposed on the first excitation electrode and
the second excitation electrode.

[0023] With the above-described configuration, it is pos-
sible to prevent capacitive coupling between the excitation
electrodes and the terminal on which the IC chip is mounted,
which leads to reduction in characteristic variations of the
piezoelectric resonator device caused by the capacitive
coupling.

[0024] Also in the above-described piezoelectric resonator
device, a groove may be formed so as to surround the
mounting pad for wire bonding.

[0025] With the above-described configuration, when the
surrounding of the IC chip is molded by a sealing resin, it is
possible to prevent the sealing resin from flowing over the
mounting pad for wire bonding thanks to the groove formed
around the mounting pad for wire bonding.

[0026] Also, a SiP module in the present invention
includes the above-described piezoelectric resonator device.

Effect of the Invention

[0027] Inthe present invention, by disposing the mounting
pad for wire bonding, it is possible to provide the piezo-
electric resonator device for wire bonding, not the surface
mount type piezoelectric resonator device. Thus, using the
wire bonding has an effect that the piezoelectric resonator
device can be easily housed in the package by the SiP
method.

[0028] Also, on the mounting surface for wire bonding, a
certain height is needed to pull up the wire. Meanwhile, on
the surface on which the IC chip is mounted, a certain height
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is needed as the thickness of the IC chip. Accordingly, it is
possible to prevent the height of the piezoelectric resonator
device from increasing by mounting the IC chip and the wire
bonding pad on the same surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic configuration diagram sche-
matically illustrating a configuration of a crystal oscillator
according to an embodiment.

[0030] FIG. 2 is a schematic plan view illustrating a first
sealing member of the crystal oscillator.

[0031] FIG. 3 is a schematic rear view illustrating the first
sealing member of the crystal oscillator.

[0032] FIG. 4 is a schematic plan view illustrating a
crystal resonator plate of the crystal oscillator.

[0033] FIG. 5 is a schematic rear view illustrating the
crystal resonator plate of the crystal oscillator.

[0034] FIG. 6 is a schematic plan view illustrating a
second sealing member of the crystal oscillator.

[0035] FIG. 7 is a schematic rear view illustrating the
second sealing member of the crystal oscillator.

[0036] FIG. 8 is a diagram illustrating respective posi-
tional relationships in plan view among bonding materials in
the crystal oscillator.

[0037] FIG. 9 is a schematic rear view illustrating a
variation of the second sealing member of the crystal
oscillator.

[0038] FIG. 10 is a schematic cross-sectional view illus-
trating a part in the vicinity of an IC chip mounting part in
the crystal oscillator.

[0039] FIG. 11 is a schematic plan view illustrating a
variation of the first sealing member of the crystal oscillator.
[0040] FIG. 12 is a schematic plan view illustrating a
variation of the first sealing member of the crystal oscillator.
[0041] FIG. 13 is a schematic plan view illustrating a
variation of the first sealing member of the crystal oscillator.
[0042] FIG. 14 is a cross-sectional view illustrating a
schematic configuration of a SiP module using the crystal
oscillator.

MEANS FOR CARRYING OUT THE
INVENTION

[0043] Hereinafter, an embodiment of the present inven-
tion will be described with reference to the drawings.
[0044] FIG. 1 is a schematic configuration diagram sche-
matically illustrating a configuration of a crystal oscillator
101 as a piezoelectric resonator device to which the present
invention is applied. In the description below, the crystal
oscillator 101 including an IC chip as a constituent element
is exemplarily shown as the piezoelectric resonator device.
However, the present invention is not limited thereto. The
piezoelectric resonator device of the present invention also
includes a crystal resonator or the like that does not include
any IC chip as a constituent element.

[0045] As shown in FIG. 1, the crystal oscillator 101
according to this embodiment includes a crystal resonator
plate (piezoelectric resonator plate) 2, a first sealing member
3 and a second sealing member 4. In the crystal oscillator
101, the crystal resonator plate 2 is bonded to the first sealing
member 3, and also the crystal resonator plate 2 is bonded
to the second sealing member 4. Thus, a package 12 having
a sandwich structure is constituted. The first sealing member
3 is bonded to the crystal resonator plate 2 so as to cover a
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first excitation electrode 221 (see FIG. 4) formed on a first
main surface 211 of the crystal resonator plate 2. The second
sealing member 4 is bonded to the crystal resonator plate 2
s0 as to cover a second excitation electrode 222 (see FIG. 5)
formed on a second main surface 212 of the crystal resonator
plate 2.

[0046] In the package 12 as a crystal resonator, an IC chip
5 is mounted on a first main surface 311 of the first sealing
member 3. The IC chip 5 as an electronic component
element is a one-chip integrated circuit element constituting,
with the crystal resonator, an oscillation circuit. The crystal
oscillator 101 is constituted of the package 12 as the crystal
resonator and the IC chip 5 mounted on the package 12.
[0047] In the crystal oscillator 101, the first sealing mem-
ber 3 and the second sealing member 4 are bonded respec-
tively to the main surfaces (first main surface 211 and second
main surface 212) of the crystal resonator plate 2, thus an
internal space 13 of the package 12 is formed. In this internal
space 13, a vibrating part 22 (see FIGS. 4 and 5) including
the first excitation electrode 221 and the second excitation
electrode 222 is hermetically sealed. The crystal oscillator
101 according to this embodiment has, for example, a
package size of 1.0x0.8 mm, which is reduced in size and
height.

[0048] Next, the specific configuration of the above-de-
scribed crystal oscillator 101 is described referring to FIGS.
1 to 7. Here, each of the crystal resonator plate 2, the first
sealing member 3 and the second sealing member 4 will be
described as a single member.

[0049] The crystal resonator plate 2 is a piezoelectric
substrate made of crystal. As shown in FIGS. 4 and 5, both
main surfaces 211 and 212 are formed as smooth flat
surfaces (mirror-finished). In this embodiment, an AT-cut
crystal plate that causes thickness shear vibration is used as
the crystal resonator plate 2. In the crystal resonator plate 2
shown in FIGS. 4 and 5, each main surface 211 and 212 of
the crystal resonator plate 2 is an XZ' plane. On this XZ7!
plane, the lateral direction (short side direction) of the
crystal resonator plate 2 is the X axis direction, and the
longitudinal direction (long side direction) of the crystal
resonator plate 2 is the Z' axis direction. The AT-cut method
is a processing method in which a crystal plate is cut out of
synthetic quartz crystal at an angle tilted by 35° 15' about the
X axis from the Z axis, out of the three crystal axes (i.e. an
electrical axis (X axis), a mechanical axis (Y axis) and an
optical axis (Z axis)) of the synthetic quartz crystal. The X
axis of the AT-cut crystal plate equals the crystal axis of the
crystal. The Y' axis and the Z' axis equal the respective axes
that tilt by 35° 15' from the Y axis and the Z axis out of the
crystal axes of the crystal. The Y' axis direction and the 7!
axis direction correspond to the directions in which the
AT-cut crystal is cut out.

[0050] A pair of excitation electrodes (i.e. the first exci-
tation electrode 221 and the second excitation electrode 222)
is formed, respectively, on the main surfaces 211 and 212 of
the crystal resonator plate 2. The crystal resonator plate 2
includes: the vibrating part 22 formed so as to have a
substantially rectangular shape; an external frame part 23
surrounding the outer periphery of the vibrating part 22; and
a connecting part 24 that connects the vibrating part 22 to the
external frame part 23. The vibrating part 22, the connecting
part 24 and the external frame part 23 are integrally formed.
In this embodiment, the connecting part 24 is provided at
only one position between the vibrating part 22 and the
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external frame part 23, and the remaining part between the
vibrating part 22 and the external frame part 23 on which the
connecting part 24 is not provided is made as a space
(clearance) 22b. Although it is not shown in the drawings,
the vibrating part 22 and the connecting part 24 are formed
so as to have the thickness thinner than the external frame
part 23. Due to the difference in the thickness between the
external frame part 23 and the connecting part 24, the natural
frequency of piezoelectric vibration differs between the
external frame part 23 and the connecting part 24. Thus, the
external frame part 23 is not likely to resonate with the
piezoelectric vibration of the connecting part 24.

[0051] The connecting part 24 extends (protrudes) from
only one corner part 22a positioned in the +X direction and
in the -7 direction of the vibrating part 22 to the external
frame part 23 in the —Z' direction. Thus, since the connecting
part 24 is disposed on the corner part 22a where displace-
ment of the piezoelectric vibration is relatively small in an
outer peripheral edge part of the vibrating part 22, it is
possible to prevent leakage of the piezoelectric vibration to
the external frame part 23 via the connecting part 24
compared to the case in which the connecting part 24 is
provided on the position other than the corner part 22a (i.e.
central part of the respective sides), which makes the vibrat-
ing part 22 piezoelectrically vibrate more effectively.

[0052] The first excitation electrode 221 is provided on the
first main surface of the vibrating part 22 while the second
excitation electrode 222 is provided on the second main
surface of the vibrating part 22. Extraction electrodes (a first
extraction electrode 223 and a second extraction electrode
224) are respectively connected to the first excitation elec-
trode 221 and the second excitation electrode 222. The first
extraction electrode 223 is drawn from the first excitation
electrode 221 and connected to a connection bonding pattern
116 formed on the external frame part 23 via the connecting
part 24. The second extraction electrode 224 is drawn from
the second excitation electrode 222 and connected to a
connection bonding pattern 124 formed on the external
frame part 23 via the connecting part 24. The first excitation
electrode 221 and the first extraction electrode 223 are
constituted of a base PVD film deposited on the first main
surface 211 by physical vapor deposition, and an electrode
PVD film deposited on the base PVD film by the physical
vapor deposition. The second excitation electrode 222 and
the second extraction electrode 224 are constituted of a base
PVD film deposited on the second main surface 212 by the
physical vapor deposition, and an electrode PVD film depos-
ited on the base PVD film by the physical vapor deposition.

[0053] Resonator-plate-side sealing parts to bond the crys-
tal resonator plate 2 respectively to the first sealing member
3 and the second sealing member 4 are provided on the
respective main surfaces 211 and 212 of the crystal resonator
plate 2. The resonator-plate-side sealing parts include: a
resonator-plate-side first bonding pattern 251 formed on the
first main surface 211 of the crystal resonator plate 2; and a
resonator-plate-side second bonding pattern 252 formed on
the second main surface 212 of the crystal resonator plate 2.
The resonator-plate-side first bonding pattern 251 and the
resonator-plate-side second bonding pattern 252 are each
formed on the external frame part 23 so as to have an annular
shape in plan view. The first excitation electrode 221 and the
second excitation electrode 222 are not electrically con-
nected to the resonator-plate-side first bonding pattern 251
and the resonator-plate-side second bonding pattern 252.
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[0054] The resonator-plate-side first bonding pattern 251
is constituted of a base PVD film deposited on the first main
surface 211 by the physical vapor deposition, and an elec-
trode PVD film deposited on the base PVD film by the
physical vapor deposition. The resonator-plate-side second
bonding pattern 252 is constituted of a base PVD film
deposited on the second main surface 212 by the physical
vapor deposition, and an electrode PVD film deposited on
the base PVD film by the physical vapor deposition. That is,
the resonator-plate-side first bonding pattern 251 and the
resonator-plate-side second bonding pattern 252 have the
same configuration in which a plurality of layers is lami-
nated on each main surface 211 and 212, specifically, a Ti
(titanium) layer and an Au (gold) layer are deposited by the
vapor deposition in this order from the lowermost layer side.
Like this, in the resonator-plate-side first bonding pattern
251 and the resonator-plate-side second bonding pattern
252, each base PVD film is made of a single material (Ti),
each electrode PVD film is made of a single material (Au),
and the electrode PVD film has a thickness greater than the
thickness of the base PVD film. The first excitation electrode
221 and the resonator-plate-side first bonding pattern 251
both formed on the first main surface 211 of the crystal
resonator plate 2 have the same thickness, and the surfaces
of the first excitation electrode 221 and the resonator-plate-
side first bonding pattern 251 are made of the same metal.
The second excitation electrode 222 and the resonator-plate-
side second bonding pattern 252 both formed on the second
main surface 212 of the crystal resonator plate 2 have the
same thickness, and the surfaces of the second excitation
electrode 222 and the resonator-plate-side second bonding
pattern 252 are made of the same metal. The resonator-plate-
side first bonding pattern 251 and the resonator-plate-side
second bonding pattern 252 do not contain Sn.

[0055] Here, the first excitation electrode 221, the first
extraction electrode 223 and the resonator-plate-side first
bonding pattern 251 can have the same configuration so that
they are collectively formed in the same process. Similarly
to the above, the second excitation electrode 222, the second
extraction electrode 224 and the resonator-plate-side second
bonding pattern 252 can have the same configuration so that
they are collectively formed in the same process. More
specifically, the base PVD films and the electrode PVD films
are formed using a PVD method (for example, a film
forming method for patterning in processing such as pho-
tolithography) such as vacuum deposition, sputtering, ion
plating, molecular beam epitaxy (MBE) and laser ablation.
Thus, it is possible to form the films collectively, which
leads to reduction in producing processes and in cost.

[0056] As shown in FIG. 4, nine connection bonding
patterns 111 to 119 are formed on the first main surface 211
of' the crystal resonator plate 2, apart from the first excitation
electrode 221, the first extraction electrode 223 and the
resonator-plate-side first bonding pattern 251. The connec-
tion bonding patterns 111 to 114 are respectively disposed on
the external frame part 23, at the four corners (corner parts)
of the crystal resonator plate 2. The connection bonding
patterns 111 to 114 are each provided at a predetermined
interval from the resonator-plate-side first bonding pattern
251.

[0057] The connection bonding patterns 115 and 116 are
disposed on the external frame part 23 of the crystal reso-
nator plate 2, on the -7' direction side relative to the
vibrating part 22 of the crystal resonator plate 2. Also, the
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connection bonding patterns 115 and 116 are aligned in the
X axis direction such that the connection bonding pattern
115 is arranged on the -X direction side and that the
connection bonding pattern 116 is arranged on the +X
direction side. As described above, the connection bonding
pattern 116 is connected to the first extraction electrode 223.
[0058] The connection bonding pattern 117 is disposed on
the side opposite to the connection bonding patterns 115 and
116 in the 7' axis direction with the vibrating part 22 of the
crystal resonator plate 2 being interposed therebetween (i.e.
on the side in the +Z' direction of the vibrating part 22 of the
crystal resonator plate 2). The connection bonding pattern
117 extends on the external frame part 23 of the crystal
resonator plate 2 in the X axis direction.

[0059] The connection bonding patterns 118 and 119 are
disposed on the external frame part 23 of the crystal reso-
nator plate 2, on both sides in the X axis direction relative
to the vibrating part 22. The connection bonding patterns
118 and 119 are provided on regions close to the respective
long sides (regions along the respective long sides) of the
crystal resonator plate 2, and extend in the Z' axis direction.
The connection bonding pattern 118 is disposed between the
connection bonding pattern 111 and the connection bonding
pattern 113 formed on the first main surface 211 of the
crystal resonator plate 2. The connection bonding pattern
119 is disposed between the connection bonding pattern 112
and the connection bonding pattern 114.

[0060] As shown in FIG. 5, eight connection bonding
patterns 120 to 127 are formed on the second main surface
212 of the crystal resonator plate 2, apart from the second
excitation electrode 222, the second extraction electrode 224
and the resonator-plate-side second bonding pattern 252.
The connection bonding patterns 120 to 123 are respectively
disposed on the external frame part 23, at the four corners
(corner parts) of the crystal resonator plate 2. The connec-
tion bonding patterns 120 to 123 are each provided at a
predetermined interval from the resonator-plate-side second
bonding pattern 252.

[0061] The connection bonding patterns 124 and 125 are
disposed on the external frame part 23 of the crystal reso-
nator plate 2, on both sides in the Z' direction relative to the
vibrating part 22 of the crystal resonator plate 2. Specifically,
the connection bonding pattern 124 is arranged on the -7
direction side while the connection bonding pattern 125 is
arranged on the +7' direction side. The connection bonding
patterns 124 and 125 extend in the X axis direction. As
described above, the connection bonding pattern 124 is
connected to the second extraction electrode 224.

[0062] The connection bonding patterns 126 and 127 are
disposed on the external frame part 23 of the crystal reso-
nator plate 2, on both sides in the X axis direction relative
to the vibrating part 22. The connection bonding patterns
126 and 127 are provided on regions close to the respective
long sides (regions along the respective long sides) of the
crystal resonator plate 2, and extend in the Z' axis direction.
The connection bonding pattern 126 is disposed between the
connection bonding pattern 120 and the connection bonding
pattern 122 formed on the first main surface 211 of the
crystal resonator plate 2. The connection bonding pattern
127 is disposed between the connection bonding pattern 121
and the connection bonding pattern 123.

[0063] The connecting bonding patterns 111 to 127 have
the same configuration as the resonator-plate-side first bond-
ing pattern 251 and the resonator-plate-side second bonding
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pattern 252, accordingly, they can be formed by the same
process as that for the resonator-plate-side first bonding
pattern 251 and the resonator-plate-side second bonding
pattern 252. Specifically, each of the connecting bonding
patterns 111 to 127 is constituted of a base PVD film
deposited on the corresponding main surface (the first main
surface 211 or the second main surface 212) of the crystal
resonator plate 2 by the physical vapor deposition, and an
electrode PVD film deposited on the base PVD film by the
physical vapor deposition.

[0064] Also, as shown in FIGS. 4 and 5, two through holes
(first and second through holes 151 and 152) are formed in
the crystal resonator plate 2 so as to penetrate between the
first main surface 211 and the second main surface 212. The
first through hole 151 is formed in the region where the
connection bonding patterns 112 and 121 are superimposed
on each other so as to establish conduction between the
connection bonding pattern 112 and the connection bonding
pattern 121. The second through hole 152 is formed in the
region where the connection bonding patterns 115 and 124
are superimposed on each other so as to establish conduction
between the connection bonding pattern 115 and the con-
nection bonding pattern 124.

[0065] In the first and second through holes 151 and 152,
through electrodes 151a and 152a are respectively formed
along a corresponding inner wall surface so as to establish
conduction between the electrodes formed on the first main
surface 211 and the second main surface 212. Respective
central parts of the first and second through holes 151 and
152 are hollow through parts 1516 and 1525 penetrating
between the first main surface 211 and the second main
surface 212.

[0066] In the crystal oscillator 101, the first through hole
151 and the connection bonding patterns 111 to 114, 118 to
123, 126 and 127 are disposed outside the outer peripheries
of the resonator-plate-side first bonding pattern 251 and the
resonator-plate-side second bonding pattern 252. The sec-
ond through hole 152 and the connection bonding patterns
115 to 117, 124 and 125 are disposed inside the inner
peripheries of the resonator-plate-side first bonding pattern
251 and the resonator-plate-side second bonding pattern
252. The connection bonding patterns 111 to 127 are not
electrically connected to the resonator-plate-side first bond-
ing pattern 251 and the resonator-plate-side second bonding
pattern 252.

[0067] The first sealing member 3 is made of a material
having the flexural rigidity (moment of inertia of areax
Young’s modulus) of not more than 1000 [N-mm?]. Spe-
cifically, as shown in FIGS. 2 and 3, the first sealing member
3 is a substrate having a rectangular parallelepiped shape
that is made of a single glass wafer. A second main surface
312 (a surface to be bonded to the crystal resonator plate 2)
of the first sealing member 3 is formed as a smooth flat
surface (mirror finished).

[0068] On the second main surface 312 of the first sealing
member 3, a sealing-member-side first bonding pattern 321
is formed as a sealing-member-side first sealing part so as to
be bonded to the crystal resonator plate 2. The sealing-
member-side first bonding pattern 321 is formed so as to
have an annular shape in plan view. The sealing-member-
side first bonding pattern 321 is constituted of a base PVD
film deposited on the first sealing member 3 by the physical
vapor deposition, and an electrode PVD film deposited on
the base PVD film by the physical vapor deposition. In this

Oct. 10, 2019

embodiment, the base PVD film is made of Ti, and the
electrode PVD film is made of Au. Also, the sealing-
member-side first bonding pattern 321 does not contain Sn.
[0069] A shown in FIG. 2, on the first main surface 311
(the surface on which the IC chip 5 is mounted) of the first
sealing member 3, six electrode patterns (i.e. four electrode
patterns 371 and two electrode patterns 372) are formed,
which include mounting pads on which the IC chip 5 as an
oscillation circuit element is mounted. The four electrode
patterns 371 are electrode patterns through which the crystal
oscillator 101 is mounted on a circuit board (not shown) by
wire bonding. The electrode patterns 371 each have, at one
end (an end on the center side), a mounting pad on which the
IC chip 5 is mounted. Also, the electrode patterns 371 each
have a wire bonding pad at the other end (an end on the
peripheral side). The two electrode patterns 372 are elec-
trode patterns through which the IC chip 5 is connected to
the first excitation electrode 221 and the second excitation
electrode 222. The electrode patterns 372 each have, at one
end (an end on the center side), a mounting pad on which the
IC chip 5 is mounted. The IC chip 5 is bonded to the
electrode patterns 371 and 372 by the flip chip bonding
(FCB) method using a metal bump (for example, Au bump)
38 (see FIG. 1).

[0070] In the case in which the piezoelectric resonator
device of the present invention is a crystal resonator that
does not mount the IC chip, this crystal resonator is con-
nected to an IC chip that is mounted on a circuit board as a
separate chip, and thus functions as an oscillator. In this
case, only the electrode patterns that are connected to the
first excitation electrode 221 and the second excitation
electrode 222 of the crystal resonator are formed on the first
main surface 311 of the first sealing member 3, and these
electrode patterns are connected to the IC chip.

[0071] As shown in FIG. 3, nine connection bonding
patterns 128 to 136 and a wiring pattern 33 are formed on the
second main surface 312 of the first sealing member 3, apart
from the sealing-member-side first bonding pattern 321. The
connection bonding patterns 128 to 131 are respectively
disposed at the four corners (corner parts) of the first sealing
member 3. The connection bonding patterns 128 to 131 are
each provided at a predetermined interval from the sealing-
member-side first bonding pattern 321.

[0072] The connection bonding patterns 132 and 133 are
disposed on the A2 direction side of the first sealing member
3. Also, the connection bonding patterns 132 and 133 are
aligned in the B axis direction such that the connection
bonding pattern 132 is arranged on the B1 direction side and
that the connection bonding pattern 133 is arranged on the
B2 direction side. Note that the Al direction and the A2
direction in FIG. 3 respectively correspond to the +7'
direction and the -Z' direction in FIG. 4 while the Bl
direction and the B2 direction respectively correspond to the
-X direction and +X direction in FIG. 4.

[0073] The connection bonding pattern 134 is disposed on
the Al direction side of the first sealing member 3, and
extends in the B axis direction. Also, between the connection
bonding pattern 132 and the connection bonding pattern
134, the wiring pattern 33 is formed integrally with the
connection bonding patterns 132 and 134. That is, the
connection bonding pattern 132 is connected to the wiring
pattern 33 on the A2 direction side while the connection
bonding pattern 134 is connected to the wiring pattern 33 on
the A1 direction side.
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[0074] The connection bonding patterns 135 and 136 are
disposed on both sides in the B axis direction of the first
sealing member 3. The connection bonding patterns 135 and
136 are provided on regions close to the respective long
sides (regions along the respective long sides) of the first
sealing member 3, and extend in the A axis direction. The
connection bonding pattern 135 is disposed between the
connection bonding pattern 128 and the connection bonding
pattern 130 formed on the second main surface 312 of the
first sealing member 3. The connection bonding pattern 136
is disposed between the connection bonding pattern 129 and
the connection bonding pattern 131.

[0075] The connection bonding patterns 128 to 136 have
the same configuration as the sealing-member-side first
bonding pattern 321, accordingly, they can be formed by the
same process as that for the sealing-member-side first bond-
ing pattern 321. Specifically, each of the connection bonding
patterns 128 to 136 is constituted of a base PVD film
deposited on the second main surface 312 of the first sealing
member 3 by the physical vapor deposition, and an electrode
PVD film deposited on the base PVD film by the physical
vapor deposition.

[0076] Also, as shown in FIGS. 2 and 3, three through
holes (third to fifth through holes 153 to 155) are formed in
the first sealing member 3 so as to penetrate between the first
main surface 311 and the second main surface 312. The third
through hole 153 is formed in the region where one of the
electrode patterns 371 (the one at the lower right in FIG. 2)
and the connection bonding pattern 129 are superimposed on
each other so as to establish conduction between the elec-
trode pattern 371 and the connection bonding pattern 129.
The fourth through hole 154 is formed in the region where
one of the electrode patterns 372 (the one on the right side
in FIG. 2) and the connection bonding pattern 134 are
superimposed on each other so as to establish conduction
between the electrode pattern 372 and the connection bond-
ing pattern 134. The fifth through hole 155 is formed in the
region where the other of the electrode patterns 372 (the one
on the left side in FIG. 2) and the connection bonding pattern
133 are superimposed on each other so as to establish
conduction between the electrode pattern 372 and the con-
nection bonding pattern 133.

[0077] In the third to fifth through holes 153 to 155,
through electrodes 153a to 155a are respectively formed
along a corresponding inner wall surface so as to establish
conduction between the electrodes formed on the first main
surface 311 and the second main surface 312, as shown in
FIG. 3. Respective central parts of the third to fifth through
holes 153 to 155 are hollow through parts 1535 to 1555
penetrating between the first main surface 311 and the
second main surface 312.

[0078] In the crystal oscillator 101, the third through hole
153 and the connection bonding patterns 128 to 131, 135 and
136 are disposed outside the outer periphery of the sealing-
member-side first bonding pattern 321. The fourth and fifth
through holes 154 and 155, the connection bonding patterns
132 to 134 and the wiring pattern 33 are disposed inside the
inner periphery of the sealing-member-side first bonding
pattern 321. The connection bonding patterns 128 to 136 are
not electrically connected to the sealing-member-side first
bonding pattern 321. Also, the wiring pattern 33 is not
electrically connected to the sealing-member-side first bond-
ing pattern 321.
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[0079] The second sealing member 4 is made of a material
having the flexural rigidity (moment of inertia of areax
Young’s modulus) of not more than 1000 [N-mm?]. Spe-
cifically, as shown in FIGS. 6 and 7, the second sealing
member 4 is a substrate having a rectangular parallelepiped
shape that is made of a single glass wafer. A first main
surface 411 (a surface to be bonded to the crystal resonator
plate 2) of the second sealing member 4 is formed as a
smooth flat surface (mirror finished).

[0080] On the first main surface 411 of the second sealing
member 4, a sealing-member-side second bonding pattern
421 is formed as a sealing-member-side second sealing part
so as to be bonded to the crystal resonator plate 2. The
sealing-member-side second bonding pattern 421 is formed
so as to have an annular shape in plan view. The sealing-
member-side second bonding pattern 421 is constituted of a
base PVD film deposited on the second sealing member 4 by
the physical vapor deposition, and an electrode PVD film
deposited on the base PVD film by the physical vapor
deposition. In this embodiment, the base PVD film is made
of Ti, and the electrode PVD film is made of Au. Also, the
sealing-member-side second bonding pattern 421 does not
contain Sn.

[0081] As shown in FIG. 6, eight connection bonding
patterns 137 to 144 are formed on the first main surface 411
of the second sealing member 4, apart from the sealing-
member-side second bonding pattern 421. The connection
bonding patterns 137 to 140 are respectively disposed at the
four corners (corner parts) of the second sealing member 4.
The connection bonding patterns 137 to 140 are each
provided at a predetermined interval from the sealing-
member-side second bonding pattern 421.

[0082] The connection bonding patterns 141 and 142 are
respectively disposed on both sides in the A2 direction of the
second sealing member 4. Also, the connection bonding
patterns 141 and 142 extend in the B axis direction. Here, the
connection bonding pattern 141 is arranged on the Al
direction side while the connection bonding pattern 142 is
arranged on the A2 direction side. Note that the A1 direction
and the A2 direction in FIG. 6 respectively correspond to the
+Z' direction and the -Z' direction in FIG. 4 while the B1
direction and the B2 direction respectively correspond to the
-X direction and +X direction in FIG. 4.

[0083] The connection bonding patterns 143 and 144 are
disposed on both sides in the B axis direction of the second
sealing member 4. The connection bonding patterns 143 and
144 are provided on regions close to the respective long
sides (regions along the respective long sides) of the second
sealing member 4, and extend in the A axis direction. The
connection bonding pattern 143 is disposed between the
connection bonding pattern 137 and the connection bonding
pattern 139 formed on the first main surface 411 of the
second sealing member 4. The connection bonding pattern
144 is disposed between the connection bonding pattern 138
and the connection bonding pattern 140.

[0084] The connection bonding patterns 137 to 144 have
the same configuration as the sealing-member-side second
bonding pattern 421, accordingly, they can be formed by the
same process as that for the sealing-member-side second
bonding pattern 421. Specifically, each of the connection
bonding patterns 137 to 144 is constituted of a base PVD
film deposited on the first main surface 411 of the second
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sealing member 4 by the physical vapor deposition, and an
electrode PVD film deposited on the base PVD film by the
physical vapor deposition.

[0085] One shield electrode 431 is disposed on a second
main surface 412 (the outer main surface not facing the
crystal resonator plate 2) of the second sealing member 4.
The shield electrode 431 is constituted of a base PVD film
deposited on the second main surface 412 by the physical
vapor deposition, and an electrode PVD film deposited on
the base PVD film by the physical vapor deposition.
[0086] Also, as shown in FIGS. 6 and 7, one through hole
(sixth through hole 156) is formed in the second sealing
member 4 s0 as to penetrate between the first main surface
411 and the second main surface 412. The sixth through hole
156 is formed in the region where the connection bonding
pattern 138 and the shield electrode 431 are superimposed
on each other so as to establish conduction between the
connection bonding pattern 138 and the shield electrode
431.

[0087] In the sixth through hole 156, a through electrode
156a is formed along an inner wall surface so as to establish
conduction between the electrodes formed on the first main
surface 411 and the second main surface 412, as shown in
FIG. 6. A central part of the sixth through hole 156 is a
hollow through part 1565 penetrating between the first main
surface 411 and the second main surface 412.

[0088] In the crystal oscillator 101, the sixth through hole
156 and the connection bonding patterns 137 to 140, 143 and
144 are disposed outside the outer periphery of the sealing-
member-side second bonding pattern 421. The connection
bonding patterns 141 and 142 are disposed inside the inner
periphery of the sealing-member-side second bonding pat-
tern 421. The connection bonding patterns 137 to 144 are not
electrically connected to the sealing-member-side second
bonding pattern 421.

[0089] In the crystal oscillator 101 including the crystal
resonator plate 2, the first sealing member 3 and the second
sealing member 4, the crystal resonator plate 2 and the first
sealing member 3 are subjected to the diffusion bonding in
a state in which the resonator-plate-side first bonding pattern
251 and the sealing-member-side first bonding pattern 321
are superimposed on each other, and the crystal resonator
plate 2 and the second sealing member 4 are subjected to the
diffusion bonding in a state in which the resonator-plate-side
second bonding pattern 252 and the sealing-member-side
second bonding pattern 421 are superimposed on each other,
thus, the package 12 having the sandwich structure is
produced. Thus, the internal space 13 of the package 12, i.e.
the space to house the vibrating part 22 is hermetically
sealed without using, separately, any special bonding mate-
rial such as an adhesive.

[0090] As shown in FIGS. 1 and 8, the resonator-plate-
side first bonding pattern 251 and the sealing-member-side
first bonding pattern 321 themselves serve as a bonding
material 15a formed upon the diffusion bonding. The reso-
nator-plate-side second bonding pattern 252 and the sealing-
member-side second bonding pattern 421 themselves serve
as a bonding material 155 formed upon the diffusion bond-
ing.

[0091] In this case, the respective connection bonding
patterns as described above are also subjected to the diffu-
sion bonding in a state in which they are each superimposed
on the corresponding connection bonding pattern. Specifi-
cally, the connection bonding patterns 111 to 114 at the four
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corners of the crystal resonator plate 2 and the connection
bonding patterns 128 to 131 at the four corners of the first
sealing member 3 are subjected to the diffusion bonding.
The connection bonding patterns 118 and 119 on the regions
close to the respective long sides of the crystal resonator
plate 2 and the connection bonding patterns 135 and 136 on
the regions close to the respective long sides of the first
sealing member 3 are subjected to the diffusion bonding.
The connection bonding pattern 115 of the crystal resonator
plate 2 and the connection bonding pattern 132 of the first
sealing member 3 are subjected to the diffusion bonding.
The connection bonding pattern 116 of the crystal resonator
plate 2 and the connection bonding pattern 133 of the first
sealing member 3 are subjected to the diffusion bonding.
The connection bonding pattern 117 of the crystal resonator
plate 2 and the connection bonding pattern 134 of the first
sealing member 3 are subjected to the diffusion bonding.

[0092] The connection bonding patterns 111 to 114 and the
connection bonding patterns 128 to 131 themselves serve as
bonding materials 16a to 164 formed upon the diffusion
bonding. The connection bonding patterns 118 and 119, and
the connection bonding patterns 135 and 136 themselves
serve as bonding materials 16e and 16f formed upon the
diffusion bonding. The connection bonding pattern 115 and
the connection bonding pattern 132 themselves serve as a
bonding material 16g formed upon the diffusion bonding.
The connection bonding pattern 116 and the connection
bonding pattern 133 themselves serve as a bonding material
16/ formed upon the diffusion bonding. The connection
bonding pattern 117 and the connection bonding pattern 134
themselves serve as a bonding material 16/ formed upon the
diffusion bonding. These bonding materials 164 to 16i serve,
in addition to a function to bond the crystal resonator plate
2 to the first sealing member 3, to establish conduction
between the through electrodes of the through holes, and to
prevent generation of deformation (bending) in the first
sealing member 3 when the crystal resonator plate 2 is
bonded to the first sealing member 3.

[0093] Similarly to the above, the connection bonding
patterns 120 to 123 at the four corners of the crystal
resonator plate 2 and the connection bonding patterns 137 to
140 at the four corners of the second sealing member 4 are
subjected to the diffusion bonding. The connection bonding
patterns 126 and 127 on the regions close to the respective
long sides of the crystal resonator plate 2 and the connection
bonding patterns 143 and 144 on the regions close to the
respective long sides of the second sealing member 4 are
subjected to the diffusion bonding. The connection bonding
pattern 124 of the crystal resonator plate 2 and the connec-
tion bonding pattern 142 of the second sealing member 4 are
subjected to the diffusion bonding. The connection bonding
pattern 125 of the crystal resonator plate 2 and the connec-
tion bonding pattern 141 of the second sealing member 4 are
subjected to the diffusion bonding.

[0094] The connection bonding patterns 120 to 123 and
the connection bonding patterns 137 to 140 themselves serve
as bonding materials 17a to 174 formed upon the diffusion
bonding. The connection bonding patterns 126 and 127, and
the connection bonding patterns 143 and 144 themselves
serve as bonding materials 17¢ and 17f formed upon the
diffusion bonding. The connection bonding pattern 124 and
the connection bonding pattern 142 themselves serve as a
bonding material 17g formed upon the diffusion bonding.
The connection bonding pattern 125 and the connection
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bonding pattern 141 themselves serve as a bonding material
17k formed upon the diffusion bonding. These bonding
materials 17a to 174 serve, in addition to a function to bond
the crystal resonator plate 2 to the second sealing member 4,
to establish conduction between the through electrodes of
the through holes, and to prevent generation of deformation
(bending) in the second sealing member 4 when the crystal
resonator plate 2 is bonded to the second sealing member 4.
[0095] In the crystal oscillator 101, the first excitation
electrode 221 is connected to the IC chip 5 via a first
electrical path, and the second excitation electrode 222 is
connected to the IC chip 5 via a second electrical path. The
first electrical path is constituted of the first extraction
electrode 223, the bonding material 16/, the through elec-
trode 155a, and the electrode pattern 372. The second
electrical path is constituted of the second extraction elec-
trode 224, the bonding material 17g, the through electrode
152a, the bonding material 16g, the wiring pattern 33, the
bonding material 16, the through electrode 1544, and the
electrode pattern 372.

[0096] The shield electrode 431 formed on the second
main surface 412 of the second sealing member 4 is to
prevent capacitive coupling between signal wiring that
exists in the circuit board and the excitation electrodes/
internal wiring inside the crystal oscillator 101. When
capacitive coupling occurs between the signal wiring outside
the package and the excitation electrodes/internal wiring
inside the package, potential change in the signal wiring may
affect the device, which results in characteristic variations
such as a frequency variation. For example, in the case in
which the circuit board on which the crystal oscillator 101
is mounted is a multilayer printed circuit board, the signal
wiring may exist on the region that is superimposed on the
first excitation electrode 221 and the second excitation
electrode 222. In the piezoelectric resonator device having
the sandwich structure, the package is thin. Thus, the capaci-
tive coupling easily occurs, which results in non-negligible
capacitive coupling between the signal wiring in the circuit
board and the first and second excitation electrodes 221 and
222 inside the crystal oscillator 101. In order to prevent the
capacitive coupling, it is necessary to provide the shield
electrode 431.

[0097] A fixed potential, which does not fluctuate during
operation of the crystal oscillator 101, should be applied to
the shield electrode 431. It is preferable that a GND (ground)
potential is used as the fixed potential. For this reason, the
shield electrode 431 is electrically connected to one of the
electrode patterns 371 formed on the first main surface 311
of the first sealing member 3 via a third electrical path. That
is, the electrode pattern 371 that is connected to the shield
electrode 431 is wiring to apply the GND potential to the IC
chip 5. Thus, the GND potential is constantly applied to the
shield electrode 431. The third electrical path is constituted
of the through electrode 153a, the bonding material 165, the
through electrode 151a, the bonding material 176 and the
through electrode 156a.

[0098] In the crystal oscillator 101 with the above-de-
scribed configuration, the IC chip 5 is mounted on the outer
surface (i.e. on the first main surface 311) of the first sealing
member 3, and furthermore, mounting pads (electrode pat-
terns 371) for wire bonding are formed on the same surface
for mounting the IC chip. In this way, by disposing the
mounting pads for wire bonding, it is possible to provide the
crystal oscillator 101 for wire bonding, not the surface
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mount type crystal oscillator. Since the crystal oscillator 101
is mounted by wire bonding, it can be easily housed in the
package by the SiP method.

[0099] Also, on the mounting surface for wire bonding, a
certain height is needed to pull up the wire. Meanwhile, on
the surface on which the IC chip is mounted, a certain height
is needed as the thickness of the IC chip 5. Accordingly, it
is possible to prevent the height of the device as the crystal
oscillator 101 from increasing by mounting the IC chip and
the wire bonding pads on the same surface.

[0100] Also, since the mounting pads for wire bonding are
provided on the outer surface of the first sealing member 3,
the outer surface (the second main surface 412) of the
second sealing member 4 does not have any mounting
terminals and the like, thus, this outer surface is used as a
bonding surface to the circuit board. Thus, if the circuit
board (for example, a multilayer printed circuit board)
includes signal wiring that faces the first excitation electrode
221 and the second excitation electrode 222, it is possible to
prevent the capacitive coupling between the excitation elec-
trodes and the signal wiring by providing the shield elec-
trode 431 on the outer surface of the second sealing member
4. In the crystal oscillator 101 having the sandwich structure,
the capacitive coupling is likely to occur between the first
and second excitation electrodes 221 and 222, and other
wiring due to the thin structure. Therefore, the above-
described shielding measure is effective.

[0101] In the crystal oscillator 101 having the sandwich
structure, the capacitive coupling may also occur between
the electrode patterns formed on the first sealing member 3
and the first and second excitation electrodes 221 and 222.
In order to prevent characteristic variations of the crystal
oscillator 101 caused by the capacitive coupling, it is pref-
erable that the mounting pads for wire bonding are arranged
such that they are not superimposed on the first excitation
electrode 221 and the second excitation electrode 222 (or
such that the superimposed region is as small as possible) in
plan view. Similarly to the above, it is preferable that the
mounting pads on which the IC chip 5 is mounted are
arranged such that they are not superimposed on the first
excitation electrode 221 and the second excitation electrode
222 (or such that the superimposed region is as small as
possible) in plan view. Furthermore, it is preferable that
neither the other wiring on the first sealing member 3 (for
example, the electrode patterns 371 and 372) nor the other
wiring on the crystal resonator plate 2 (for example, the first
extraction electrode 223, the second extraction electrode 224
and the wiring pattern 33) is superimposed on the other
electrodes/wiring in plan view.

[0102] Also in the crystal oscillator 101, it is preferable
that the mounting pads for wire bonding, which are respec-
tively provided at the ends of the electrode patterns 371 on
the respective peripheral sides, are arranged on regions that
are superimposed on the external frame part 23 of the crystal
resonator plate 2 in plan view. In this case, since the
mounting pads are disposed so as to avoid the internal space
of the crystal oscillator 101 and to face the external frame
part 23, it is possible to prevent deformation of the crystal
oscillator 101 by pressure at the time of wire bonding in the
wire bonding step.

[0103] Also, the shield electrode 431 shown in FIG. 7 is
formed over the substantially entire surface of the second
main surface 412 of the second sealing member 4. However,
the present invention is not limited thereto. The shield
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electrode 431 may be patterned in accordance with the
shapes of the electrodes and wiring inside the crystal oscil-
lator 101. FIG. 9 is a diagram illustrating an example in
which the shield electrode 431 is patterned and formed in
accordance with the respective shapes of the first and second
excitation electrodes 221 and 222, the first and second
extraction electrodes 223 and 224, the wiring pattern 33, and
the bonding materials 16g to 16/, 17g and 175A.

[0104] In this way, by patterning the shield electrode 431
s0 as to conform with the shapes of the excitation electrodes
and wiring to be shielded, it is possible to minimize the area
for forming the shield electrode 431, which leads to reduc-
tion in parasitic capacitance generated by the shield elec-
trode 431. When the parasitic capacitance is reduced, it is
possible to prevent reduction in the frequency variable
amount of the excitation electrode, which leads to the
frequency easily controlled in the crystal oscillator 101.
[0105] Also in the crystal oscillator 101, the IC chip 5 is
mounted on the first sealing member 3. As shown in FIG. 10,
the surrounding of the IC chip 5 is molded by a sealing resin
6. In this case, a groove 39 may be formed so as to prevent
the sealing resin 6 from flowing over the mounting pads for
wire bonding. The groove 39 may be formed so as to entirely
surround the periphery of the IC chip 5 as shown in FIG. 11,
or the multiple grooves 39 may be formed so as to respec-
tively surround the mounting pads for wire bonding of the
electrode patterns 371 as shown in FIG. 12.

[0106] Also, a shield electrode 373 may be formed on the
first main surface 311 of the first sealing member 3 as shown
in FIG. 13, apart from the shield electrode 431 formed on the
second main surface 412 of the second sealing member 4.
The shield electrode 373 is to prevent potential fluctuations
caused by the IC chip 5 and is disposed so as to cover an area
on which neither the electrode patterns 371 nor the electrode
patterns 372 are provided in the region on which the IC chip
5 is mounted. The shield electrode 373 is connected to one
of the electrode patterns 371, more specifically, to the
electrode pattern 371 disposed to apply the GND potential to
the IC chip 5. Thus, the GND potential is constantly applied
to the shield electrode 373.

[0107] The crystal oscillator 101 according to this embodi-
ment can be suitably applied to a SiP module in which a
plurality of chips are sealed in one package. FIG. 14 is a
cross-sectional view illustrating a schematic configuration
of a SiP module 500 using the crystal oscillator 101.
[0108] Inthe SiP module 500 shown in FIG. 14, a plurality
of chips are mounted on one circuit board 501. The crystal
oscillator 101 is mounted as one of the chips. Also in the
example shown in FIG. 14, LSI chips 102 and 103 are
provided in the SiP module 500, in addition to the crystal
oscillator 101. The LSI chips 102 and 103 are, for example,
a processor and/or a memory chip. The number of the chips
provided in the SiP module 500 is not particularly limited.
Furthermore, the circuit board 501 may be a multilayer
wiring board.

[0109] Inthe SiP module 500, it is preferable that the same
mounting method is applied to the plurality of chips to be
mounted. By applying the same chip mounting method, it is
possible to prevent the steps of mounting the chips on the
circuit board 501 from being complicated. In many cases,
the various devices to be built in the SiP module are mounted
on the circuit board by wire bonding. As the crystal oscil-
lator 101 has mounting terminals for wire bonding, it can be
suitably applied to the SiP module.
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[0110] In the SiP module 500, respective rear surfaces of
the crystal oscillator 101 and the LSI chips 102 and 103 are
adhered to the circuit board 501 by adhesive or the like while
the mounting terminals for wire bonding provided on
respective front surfaces of the crystal oscillator 101 and the
LSI chips 102 and 103 are connected to the wiring of the
circuit board 501 by wire connection. Then, the surface of
the circuit board 501 for mounting the chips is entirely
sealed by a sealing resin 502. Thus, the crystal oscillator 101
and the LSI chips 102 and 103 are sealed in one package.
[0111] In the SiP module 500, when a crystal resonator is
mounted on the circuit board 501 in place of the crystal
oscillator 101, an IC chip, which constitutes an oscillator
together with the crystal resonator, is also mounted on the
circuit board 501 as a different chip from the crystal reso-
nator. Thus, the crystal resonator and the IC chip are
respectively mounted on the circuit board 501 by wire
bonding, and then the crystal resonator and the IC chip are
connected to each other so as to function as an oscillator.
[0112] In this embodiment, the first sealing member 3 and
the second sealing member 4 are made of glass, however, the
present invention is not limited thereto. They may be made
of crystal. Also, the piezoelectric resonator plate is made of
AT-cut crystal, however, it may be made of crystal other than
the AT-cut crystal. Furthermore, the piezoelectric resonator
plate may be made of any other material provided that it is
a piezoelectric material (e.g. lithium niobate and lithium
tantalite).

[0113] The first sealing member 3 and the second sealing
member 4 are made of crystal, accordingly, the crystal
resonator plate 2, the first sealing member 3 and the second
sealing member 4 have the same coeflicient of thermal
expansion, which can prevent deformation of the package 12
caused by the difference in the coefficient of thermal expan-
sion between the crystal resonator plate 2, the first sealing
member 3 and the second sealing member 4. Thus, it is
possible to improve hermeticity of the internal space 13 into
which the vibrating part 22 of the crystal resonator plate 2
is hermetically shielded. Also, when the package 12 is
deformed, such distortion is transmitted to the first excita-
tion electrode 221 and the second excitation electrode 222
via the connecting part 24, which may cause frequency
variations. However, it is possible to prevent such frequency
variations by making all of the crystal resonator plate 2, the
first sealing member 3 and the second sealing member 4 of
crystal.

[0114] Also in this embodiment, the first sealing member
3 is bonded to the crystal resonator plate 2, and the crystal
resonator plate 2 is bonded to the second sealing member 4,
both by Au-Au diffusion bonding. However, the present
invention is not limited thereto. They may be bonded to each
other using brazing material.

[0115] The foregoing embodiment is to be considered in
all respects as illustrative and not limiting. The scope of the
invention is indicated by the appended claims rather than by
the foregoing description, and all modifications and changes
that come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

DESCRIPTION OF REFERENCE NUMERALS

[0116] 101 Crystal oscillator (piezoelectric resonator
device)
[0117] 102, 103 LSI chip



US 2019/0312189 Al

[0118] 2 Crystal resonator plate (piezoelectric resonator
plate)

[0119] 3 First sealing member

[0120] 4 Second sealing member

[0121] 5 IC chip

[0122] 12 Package

[0123] 13 Internal space

[0124] 111-114 Connection bonding pattern
[0125] 151-156 First to sixth through holes
[0126] 22 Vibrating part

[0127] 23 External frame part (frame body)
[0128] 24 Connecting part

[0129] 221 First excitation electrode

[0130] 222 Second excitation electrode
[0131] 371, 372 Electrode pattern

[0132] 431 Shield electrode

[0133] 500 SiP module

[0134] 501 Circuit board

1. A piezoelectric resonator device, comprising:

a piezoelectric resonator plate including a first excitation
electrode formed on a first main surface of a substrate,
and a second excitation electrode formed on a second
main surface of the substrate, the second excitation
electrode making a pair with the first excitation elec-
trode;

a first sealing member covering the first excitation elec-
trode of the piezoelectric resonator plate;

a second sealing member covering the second excitation
electrode of the piezoelectric resonator plate; and

an internal space formed by bonding the first sealing
member to the piezoelectric resonator plate and by
bonding the second sealing member to the piezoelectric
resonator plate, the internal space hermetically sealing
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a vibrating part including the first excitation electrode
and the second excitation electrode of the piezoelectric
resonator plate, wherein
a mounting pad for wire bonding is formed on an outer
surface of the first sealing member.
2. The piezoelectric resonator device according to claim
1, wherein
a shield electrode is formed on an outer surface of the
second sealing member.
3. The piezoelectric resonator device according to claim
1, wherein
the mounting pad for wire bonding is disposed so as not
to be superimposed on the first excitation electrode and
the second excitation electrode.
4. The piezoelectric resonator device according to claim
1, wherein
the mounting pad for wire bonding is disposed so as to
face a frame body surrounding the internal space.
5. The piezoelectric resonator device according to claim
1, wherein
an IC chip is mounted on the outer surface of the first
sealing member.
6. The piezoelectric resonator device according to claim
5, wherein
a terminal on which the IC chip is mounted is formed on
the outer surface of the first sealing member so as not
to be superimposed on the first excitation electrode and
the second excitation electrode.
7. The piezoelectric resonator device according to claim
5, wherein
a groove is formed so as to surround the mounting pad for
wire bonding.
8. A SiP module comprising the piezoelectric resonator
device according to claim 1.
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