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QUARTZ CRYSTAL VIBRATOR,
OSCILLATOR AND ELECTRONIC
APPARATUS

This application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. JP2005-245684 filed Aug.
26, 2005, the entire content of which is hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a quartz crystal vibrator, an
oscillator and an electronic apparatus.

2. Description of the Related Art

In recent years, various quartz crystal vibrators are utilized
in a portable telephone or a portable information terminal
apparatus as a time source, a timing source of a control signal
and the like. In the quartz crystal vibrators, there is a quartz
crystal vibrating plate formed by surrounding a quartz crystal
vibrating piece by a frame-like portion, and a hermetically
closed vessel constituted by interposing the quartz crystal
vibrating plate by a lid member and a base member in a
plate-like shape in a thickness direction. The quartz crystal
vibrators are fabricated, for example, as follows. That is, a
bonding electrode comprising aluminum or the like is formed
on an outer face of a wafer for constituting a quartz crystal
vibrating plate, and the quartz crystal vibrating plate is inter-
posed by two of wafers for constituting the lid member and
the base member. Thereafter, the respective wafers are anodi-
cally bonded by applying a predetermined voltage to each of
the wafers, successively, cut to constitute the quartz crystal
vibrators one by one by a dicing step.

Here, when the bonded wafers are cut, end portions of the
bonding electrodes are exposed from side faces of the her-
metically closed vessels. The bonding electrode comprises a
member having a low corrosion resistance of aluminum or the
like and therefore, when the end portion is made to stay to be
exposed to outside air, the bonding electrode is corroded.
When corrosion is brought about, leakage is brought about,
the atmosphere starts to flow into a cavity portion formed
inside of the hermetically closed vessel by a small amount and
a pressure of the cavity portion is changed. As a result, an
oscillation frequency and a resonance resistance value of the
quartz crystal vibrator are varied by rectified values or more.
Hence, in order to prevent the variations, it is well known to
form a fluororesin layer for covering to protect the end portion
of the bonding electrode at the side face of the hermetically
closed vessel (refer to JP-A-2003-264447).

However, according to the above-described constitution, a
strength of the fluororesin layer against an external force is
insufficient and therefore, there is a concern of bringing about
chipping or the like at the fluororesin layer by some factor.
Further, although it is conceivable to form the fluororesin
layer to be thick in order to increase the strength, when the
fluororesin layer is made to be thick, crack or the like is
brought about at the fluororesin layer by a stress produced by
expansion, contraction or the like by a change in a tempera-
ture of outside air. When such a chipping or crack or the like
is brought about, outside air or moisture invades from a clear-
ance of the chipping or the crack and the bonding electrode is
corroded.

SUMMERY OF THE INVENTION

The invention has been carried out in view of such a situ-
ation and it is an object thereof to provide a quartz crystal
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vibrator, an oscillator and an electronic apparatus capable of
preventing a bonding electrode from being corroded and eas-
ily maintaining soundness of the bonding electrode over a
long period of time.

In order to resolve the above-described problem, the inven-
tion provides the following means.

According to the invention, there is provided a quartz crys-
tal vibrator comprising a quartz crystal vibrating plate formed
by surrounding a quartz crystal vibrating piece by a frame-
like portion, an inner electrode provided at the quartz crystal
vibrating piece for applying a voltage to the quartz crystal
vibrating piece, a hermetically closed vessel including a lid
member and a base member in a plate-like shape for inter-
posing the quartz crystal vibrating plate in a thickness direc-
tion thereof, bonding electrodes for bonding provided
between the lid member and the quartz crystal vibrating plate
and between the base member and the quartz crystal vibrating
plate and electrically connected to the inner electrode, and a
protecting film provided at an outer face of the hermetically
closed vessel for protecting the bonding electrode, wherein
recess portions recessed to inner sides of the hermetically
closed vessel are provided at an outer edge portion between
the lid member and the quartz crystal vibrating plate and
between the base member and the quartz crystal vibrating
plate, the protecting film is provided at the recess portion, and
wherein the bonding electrode is disposed on the inner side of
the recess portion.

Inthe quartz crystal vibrator according to the invention, the
bonding electrode is disposed on the inner side of the protect-
ing film and therefore, the bonding electrode is protected
without being exposed to outside air. Further, since the pro-
tecting film is provided at the recess portion recessed to the
inner side, a strength of the protecting film to the inner side is
increased, not only chipping or the like can be prevented from
being brought about but also even when crack or the like is
brought about at the protecting film, the crack can be pre-
vented from reaching an end portion on the inner side.

Further, according to the invention, there is provided the
quartz crystal vibrator further comprising an auxiliary elec-
trode electrically connected to the bonding electrode and
having a corrosion resistance higher than a corrosion resis-
tance of the bonding electrode, wherein the auxiliary elec-
trode is extended to the outer edge portion between the lid
member and the quartz crystal vibrating plate and the outer
edge portion between the base member and the quartz crystal
vibrating plate.

Inthe quartz crystal vibrator according to the invention, the
auxiliary electrode having the corrosion resistance higher
than the corrosion resistance of the bonding electrode is elec-
trically connected to the bonding electrode and is extended to
the outer edge portion.

Here, in fabricating the quartz crystal vibrator, it is general
to summarizingly fabricate a plurality of the quartz crystal
vibrators by utilizing a wafer. That is, the plurality of quartz
crystal vibrators are continuously formed in row and column
directions by overlapping a plurality of wafers. Further, the
plurality of wafers are anodically bonded. That is, respective
upper and lower watfers for constituting the 1lid member and
the base member are applied with, for example, a negative
voltage and the bonding electrode is applied with a positive
voltage reverse thereto by an outside voltage applying appa-
ratus or the like. At this occasion, the bonding electrode of one
quartz crystal vibrator is disposed on the inner side of the
recess portion and therefore, the bonding electrode of one
quartz crystal vibrator is not connected to the bonding elec-
trode of other quartz crystal vibrator contiguous in row and
column directions and respective bonding electrodes are
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brought into a state of being insulated in singles of the quartz
crystal vibrators. Therefore, although the bonding electrodes
of'the quartz crystal vibrators disposed at an edge of the wafer
can be applied with voltage by respectively being connected
to an electrode terminal of the voltage applying apparatus or
the like, the bonding electrodes of the quartz crystal vibrators
disposed on the inner side of the wafer cannot be connected
with the electrode terminal.

According to the invention, since the auxiliary electrode is
extended to the edge portion, the respective auxiliary elec-
trodes are brought into a state of being electrically connected
to other auxiliary electrodes contiguous in row and column
directions. Further, since the respective auxiliary electrodes
are electrically connected to the respective bonding elec-
trodes, by only connecting the external electrode terminal to
one point of the auxiliary electrode, the voltage can be applied
to all of the bonding electrodes on the wafer by way of the
auxiliary electrode. Therefore, the plurality of quartz crystal
vibrators can efficiently and easily be fabricated. Further,
since the corrosion resistance of the auxiliary electrode is
higher than that of the bonding electrode, the auxiliary elec-
trode can be prevented from being corroded by being brought
into contact with outside air.

Further, according to the quartz crystal vibrator according
to the invention, an opening diameter of the recess portion is
set to be larger than a diameter of an inner portion of the recess
portion.

In the quartz crystal vibrator according to the invention, the
melted protecting film in a liquid state is injected to the recess
portion by way of an opening portion. At this occasion, since
the opening diameter is set to be large, the protecting film can
easily be injected into the recess portion.

Further, according to the invention, there is provided an
oscillator, wherein the above-described quartz crystal vibra-
tor according to an aspect of the invention is electrically
connected to an integrated circuit as an oscillation piece.

Further, according to the invention, there is provided an
electronic apparatus including the above-described quartz
crystal vibrator according to an aspect of the invention.

In the oscillator and the electronic apparatus according to
the invention, an effect similar to that of the above-described
quartz crystal vibrator according to an aspect of the invention
can be achieved.

According to the invention, not only chipping or the like
can be prevented from being brought about at the protecting
film but also even when crack is brought about at the protect-
ing film, the crack can be prevented from reaching the end
portion of the inner side and therefore, the bonding electrode
can be prevented from being corroded and soundness of the
bonding electrode can easily be maintained over a long period
of time. Further, since the boding electrode is prevented from
being corroded, leakage is not brought about, a change in a
pressure of the cavity portion formed at the inside of the
hermetically closed vessel is restrained and variations in the
oscillation frequency and the resonance resistance value of
the quartz crystal vibrator are maintained within rectified
values for a long period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plane view showing a quartz crystal vibrator
according to a first embodiment of the invention;

FIG. 2 is a sectional view taken along a line B-B of FIG. 1;

FIG. 3 is a sectional view taken along aline A-A of FIG. 1;

FIG. 4 is an explanatory view showing a behavior of fab-
ricating the quartz crystal vibrator of FIG. 1;
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FIG. 51is an explanatory view enlarging an essential portion
of a quartz wafer of FIG. 4;

FIG. 6 is a sectional view taken along a line A-A showing
a modified example of a recess portion of the quartz crystal
vibrator of FIG. 1;

FIG. 7 is a view showing an essential portion of a quartz
crystal vibrator according to a second embodiment of the
invention and is a sectional view taken along a line A-A in
correspondence with FIG. 1;

FIG. 8 is a plane view showing an oscillator according to a
third embodiment of the invention;

FIG. 9 is a block diagram showing portable information
apparatus according to a fourth embodiment of the invention;
and

FIG. 10 is a block diagram showing a radio wave timepiece
according to a fifth embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

A quartz crystal vibrator according to a first embodiment of
the invention will be explained in reference to the drawings as
follows.

In FIG. 1, notation 1 designates a quartz crystal vibrator.

The quartz crystal vibrator 1 includes a quartz crystal
vibrating plate 2 comprising quartz and formed by a rectan-
gular shape, and a hermetically closed vessel 3 having a lid
member 6 and a base member 7 in a plate-like shape for
interposing the quartz crystal vibrating plate 2 in a thickness
direction.

The quartz crystal vibrating plate 2 includes a quartz crys-
tal vibrating piece 9 of a tuning fork type in which two of
vibrating arms 9a extended in parallel with each other are
integrally connected on respective base end sides thereof, and
a frame-like portion 10 (shown in FIG. 4) in a shape of a
rectangular frame surrounding the quartz crystal vibrating
piece 9. The quartz crystal vibrating piece 9 and the frame-
like portion 10 are integrally formed by way of a base end
portion of the quartz crystal vibrating piece 9. As shown by
FIG. 2 and FIG. 3, an outer face of the quartz crystal vibrating
piece 9 is formed with an inner electrode 24 for applying a
voltage to the quartz crystal vibrating piece 9. The inner
electrode 24 comprises an electrically conductive member of,
for example, aluminum or the like. Further, by applying a
voltage to the quartz crystal vibrating piece 9 by way of the
inner electrode 24, the quartz crystal vibrating piece 9 is
vibrated at a predetermined frequency. Further, although in
FIG. 2 and FIG. 3, the inner electrode 24 is shown to be
simplified, actually, the inner electrode 24 is naturally pat-
terned in accordance with various specifications or shapes.

Further, in two main faces of the lid member 6, one main
face 6a is formed with a lid side recess portion 11 substan-
tially in a rectangular shape. Similarly, a one main face 7a of
the base member 7 is formed with a base side recess portion
14 substantially in a rectangular shape. Further, the lid mem-
ber 6 and the base member 7 are bonded by overlapping the
one main face 6a the other main face 7a with the quartz crystal
vibrating plate 2 interposed therebetween in a state in which
the lid side recess portion 11 and the base side recess portion
14 are opposed to each other. In this way, by making the lid
side recess portion 11 and the base side recess portion 14
opposed to each other, a cavity portion 15 is formed inside of
the hermetically closed vessel 3, and the quartz crystal vibrat-
ing piece 9 is permitted to vibrate by the cavity portion 15.
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Inside of the hermetically closed vessel 3 is sealed in airtight
and the cavity portion 15 is maintained in a vacuum state.

Further, an outer peripheral face of the hermetically closed
vessel 3 is formed with a protecting film 16 excluding a
bottom face (other main face of the base member 7). The
protecting film 16 comprises 0.1 wt % fluorocarbon of a
fluorine species coating agent having trimethyl siloxane at a
terminus thereof. As the protecting film 16, for example,
OPTOOL DSX (product name: made by Daikin Industries,
Ltd.) or the like is used.

Further, bonding electrodes 19 comprising electrically
conductive members of, for example, aluminum or the like
are provided respectively between the lid member 6 and the
quartz crystal vibrating plate 2 and between the base member
7 and the quartz crystal vibrating plate 2. The bonding elec-
trodes 19 are for bonding the lid member 6 and the base
member 7, and the quartz crystal vibrating plate 2 and func-
tion as lead-out electrodes for extending the inner electrode
24 to the frame-like portion 10. That is, the bonding electrode
19 is integrally formed with the inner electrode 24 and is
electrically connected to the inner electrode 24. Further, the
bonding electrode 19 is electrically connected with an exter-
nal terminal 20 provided at the bottom face of the hermeti-
cally closed vessel 3. The external terminal 20 is constituted
by forming an Au layer on a Cr layer formed as a matrix.

Further, according to the embodiment, there are provided
recess portions 21 recessed to inner sides of the hermetically
closed vessel 3 from entire peripheries of an outer edge por-
tion between the lid member 6 and the quartz crystal vibrating
plate 2 and an outer edge portion between the base member 7
and the quartz crystal vibrating plate 2. That is, the bonding
electrodes 19 formed at the frame-like portion 10 are formed
by excluding the whole peripheries of outer edge portions of
the two main faces of the quartz crystal vibrating plate 2 and
the two outer edge portions which are not provided with the
bonding electrodes 19 are constituted as the recessed portions
21. Therefore, the bonding electrode 19 is disposed on the
inner side of the hermetically closed vessel 3 of the recess
portion 21. Further, the recess portion 21 is filled with the
above-described protecting film 16.

Further, according to the embodiment, matrix electrodes
(auxiliary electrodes) 25 are formed between the bonding
electrode 19 and the one main face of the quartz crystal
vibrating plate 2 (frame-like portion 10) and between the
bonding electrode 19 and the other main face of the quartz
crystal vibrating plate 2 (frame-like portion 10). The matrix
electrode 25 comprises a member having a corrosion resis-
tance higher than that of the bonding electrode 19, for
example, a conductive material of Cr, Ti, Ni, W (tungsten) or
the like. The matrix electrodes 25 are electrically connected
to the respective bonding electrodes 19 inside of the hermeti-
cally closed vessel 3 and respectively extended to the outer
edge portions.

Further, the lid member 6 and the base member 7 comprise
glass of, for example, soda lime glass or the like and the lid
member 6 and the base member 7 are anodically bonded by
way of the matrix electrode 25 and the bonding electrode 19.

Next, a method of fabricating the quartz crystal vibrator 1
according to the embodiment will be explained.

First, the lid member 6 and the base member 7 are
machined to form. That is, as shown by FIG. 4, a wafer 30 for
the 1lid portion comprising glass is polished to a predeter-
mined thickness and cleaned. Further, a work alterated layer
at the topmost surface is removed by etching or the like.
Further, a plurality of the lid side recess portions 11 are
formed in one main face 30a of the wafer 30 for the lid portion
by etching or the like. Further, although in FIG. 4, only one of
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the 1lid side recess portion 11 is clearly shown for simple
explanation, actually, the plurality of lid side recess portions
11 are formed continuously in row and column directions
over the entire one main face 30a of the wafer 30 of the lid
portion. That is, a plurality of the lid members 6 are aligned to
be integrally formed into the wafer 30 for the lid portion, and
here, the wafer 30 for the lid portion corresponds to the lid
member 6. Further, the one main face 30a of the wafer 30 for
the lid portion corresponds to the one main face 6a of the lid
member 6.

Further, the base member 7 is machined to form. That is,
similar to the lid member 6, a plurality of the base side recess
portions 14 are formed at one main face 31a of a wafer 31 for
the base comprising glass. Also in this case, the wafer 31 for
the base corresponds to the base member 7, and the one main
face 314 of the wafer 31 for the base corresponds to the one
main face 7a of the base member 7.

Successively, through holes, not illustrated, are provided at
each of four corners of a rectangle when each of the base side
recess portions 14 is formed into a rectangle of a predeter-
mined size.

Further, by subjecting a quartz crystal wafer 32 to etching
or the like, pluralities of the tuning fork type quartz crystal
vibrating pieces 9 and the frame-like portion 10 are integrally
machined to form. Also here, the quartz crystal wafer 32
corresponds to the quartz crystal vibrating plate 2.

Further, after forming a matrix electrode layer over the
entire face of the quartz crystal wafer 32 by sputtering, vapor
deposition or the like, patterning is carried out by photoli-
thography and etching or the like to remove the matrix elec-
trode layer of an inner side face 35 of the frame-like portion
10, the vibrating arm 9a and the like. The matrix electrode
layer patterned in this way constitutes the above-described
matrix electrode 25. The matrix electrodes 25 are formed over
entire two faces of the frame-like portion 10 and extended to
the outer edge portion of the frame-like portion 10. Therefore,
as shown by FIG. 5, the matrix electrode 25 is integrally
formed with the plurality of the quartz crystal vibrating plates
2 in row and column directions and all of the matrix elec-
trodes 25 on the quartz crystal wafer 32 come into an electri-
cally conducted state.

Further, a layer of aluminum is formed at a total of the
quartz crystal vibrating plate 2 from above the matrix elec-
trode 25 by sputtering, vapor deposition or the like. Further,
patterning is carried out by photolithography and etching or
the like, an electrode comprising aluminum is formed at the
vibrating arm 94, and the aluminum layer at an unnecessary
portion of the inner side face 35 of the frame-like portion 10,
an outer edge portion of each quartz crystal vibrating plate 2
or the like is removed. At this occasion, the electrode pat-
terned at the vibrating arm 9a constitutes the inner electrode
24 and the electrode patterned at the frame-like portion 10
constitutes the bonding electrode 19. Further, the portion of
the outer edge portion removing the aluminum layer and
exposing the matrix electrode 25 constitutes the above-de-
scribed recess portion 21.

Next, in vacuum, as shown by FIG. 4, the respective wafers
are overlapped to interpose the quartz crystal wafer 32 by the
watfer 30 for the lid portion and the wafer 31 for the base in the
thickness direction. At this occasion, the lid side recess por-
tion 11 and the base side recess portion 14 are opposed to each
other respectively, thereby, the cavity portion 15 is formed.

Under the state, the respective wafers are heated to a pre-
determined temperature. Along therewith, by an outside volt-
age applying apparatus or the like, a negative voltage is
applied to the wafer 30 for the lid portion and the wafer 31 for
the base, and positive voltage is applied to the matrix elec-
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trode 25. At this occasion, since all of the matrix electrodes 25
are electronically conducted on the quartz crystal wafer 32,
the voltage is applied to all of the matrix electrodes 25 by
constituting one point of an external electrode terminal
brought into contact with the matrix electrode 25. Further, the
voltage is applied to the bonding electrodes 19 by way of the
matrix electrodes 25. As a result, electrostatic attraction
forces are produced between the bonding electrode 19 and the
one main face 30a and between the bonding electrode 19 and
the one main face 31a to strongly bring the both members into
close contact with each other to be bonded anodically.
Thereby, the cavity portions 15 are sealed in airtight and the
hermetically closed vessels 3 contiguous in row and column
directions are formed. Thereafter, the respective voltages are
stopped, and the wafer 30 for the lid portion and the wafer 31
for the base are gradually cooled to return to room tempera-
ture. During a time period in which temperatures of the wafer
30 for the lid portion, the water 31 for the base and the quartz
crystal vibrating plate 2 or the like are elevated and return to
normal temperature, the wafer 30 for the lid portion, the wafer
31 for the base and the quartz crystal vibrating plate 2 are
thermally expanded by elevating the temperatures, contracted
by being cooled gradually and returned to the original state.
Atthis occasion, since thermal expansion coefficients of glass
and quartz differ from each other, amounts of deforming the
respective wafers differ from each other and therefore, it is not
preferable to elevate the temperatures excessively. Therefore,
when the glass is soda lime glass, as the bonding electrode 19,
aluminum capable of carrying out anodic bonding even at a
temperature equal to or lower than 300° C. is used.

Thereafter, the external terminals 20 are provided at the
respective hermetically closed vessels 3. That is, a thin film is
formed by sputtering, vapor deposition or the like at other
main face of the wafer 31 for the base by providing a metal
mask thereon. Thereby, a pair of the external terminals 20
extended from the inner face of the through hole to the other
main face of the wafer 31 for the base are provided. The
external terminal 20 is connected to the bonding electrode 19
by way of the through hole.

Further, the wafer 30 for the lid portion and the wafer 31 for
the base or the like are cut in a state of pasting a tape on the
other main face of the wafer 31 for the base. That is, the wafer
30 for the lid portion and the wafer 31 for the base and the like
are installed at a dicing saw and are cut on straight lines
connecting the through holes by a dicing blade in row and
column directions. Thereby, the matrix electrode 25 is
exposed from a side face of the hermetically closed vessel 3.
At this occasion, the bonding electrode 19 is brought into a
state of being disposed on an inner side of the recess portion
21.

Further, a total of the wafer 30 for the lid portion and the
watfer 31 for the base and the like is dipped into the solution of
fluorocarbon in a state of being pasted to the tape. Thereafter,
the wafer 30 for the lid portion and the wafer 31 for the base
and the like are taken out, placed for a predetermined time
period and thereafter heated. Then, the protecting film 16 is
formed at outer faces of the respective hermetically closed
vessels 3 and the recess portions 21. Further, although there is
a case in which the solution invades a clearance of the tape
when the respective wafers are dipped, since a surface of the
external terminal 20 comprises Au and the solution comprises
fluorocarbon, the protecting film is prevented from being
formed at the external terminal 20.

Thereafter, when the tape is exfoliated, singles of the

quartz crystal vibrators 1 become the quartz crystal vibrators
1 shown in FIG. 1 through FIG. 3.
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Next, operation of the quartz crystal vibrator 1 according to
the embodiment constituted in this way will be explained.

When a predetermined voltage is applied to the external
terminal 20, the voltage is applied to the quartz crystal vibrat-
ing piece 9 by way of the bonding electrode 19 and the inner
electrode 24. Then, the vibrating arms 9a carry out a flexural
movement with a predetermined period in directions of being
proximate to each other or remote from each other, that is, by
a reverse phase mode by a piezoelectric effect.

Here, in the fluororesin layer or the like as the protecting
film of'the related art, chipping, crack or the like is liable to be
brought about. According to the embodiment, a defect, a
crack or the like is prevented from being brought about as
follows. There is provided the recess portion 21 recessed to
the inner side of the hermetically closed vessel 3 over the
entire peripheries of the outer edge portion between the lid
member 6 and the quartz crystal vibrating plate 2 and between
the base member 7 and the quartz crystal vibrating plate 2, and
the recess portion 21 is filled with the protecting film 16.
Therefore, a dimension of the protecting film 16 inside of the
recess portion 21 extended to the inner side of the hermeti-
cally closed vessel 3 becomes sufficiently large. Therefore, a
strength of the protecting film 16 inside of the recess portion
21 against an external force is increased, for example, even
when the quartz crystal vibrator 1 is pinched by tweezers or
the like, the protecting film 16 inside of the recess portion 21
is prevented from being chipped off. Further, crack or the like
is difficult to be brought about at the protecting film 16 inside
of the recess portion 21, and even when crack is assumedly
brought about, the crack becomes difficult to reach the inner
side end portion of the protecting film 16 inside of the recess
portion 21.

As described above, according to the quartz crystal vibra-
tor 1 according to the embodiment, chipping, crack or the like
can be prevented from being brought about at the protecting
film 16 inside of the recess portion 21 and therefore, the
bonding electrode 19 can be prevented from being corroded
and soundness of the bonding electrode 19 can easily be
maintained over a long period of time. Further, since the
bonding electrode 19 is prevented from being corroded, leak-
age is not brought about, a change in the pressure of the cavity
portion 15 formed inside of the hermetically closed vessel 3 is
restrained and variations of the oscillation frequency and the
resonance resistance value of the quartz crystal vibrator 1 are
maintained within rectified values for a long period of time.

Further, since the frame-like portion 10 is provided with
the matrix electrode 25 extended to the outer edge portion,
when a plurality of the quartz crystal vibrating plates 2 are
formed on the quartz crystal wafer 32, all of the matrix elec-
trodes 25 on the quartz crystal wafer 32 can electrically be
connected. Therefore, in anodic bonding, the voltage can be
applied to all of the bonding electrodes 19 on the quartz
crystal wafer 32 by way of the matrix electrodes 25 by con-
stituting the one point of the external electrode terminal
brought into contact with the matrix electrode 25. Therefore,
the plurality of quartz crystal vibrators 1 can efficiently and
easily be fabricated. Further, since the matrix electrode 25 is
provided with the corrosion resistance higher than that of the
bonding electrode 19, even when chipping or crack is brought
about at the protecting film 16 brought into contact with the
matrix electrode 25, the matrix electrode 25 can be prevented
from being corroded.

Further, although according to the embodiment, the recess
portion 21 is provided and a shape or the like of the recess
portion 21 can pertinently be changed. For example, as shown
by FIG. 6, an opening diameter d of the recess portion 21 can
be set to be larger than a diameter of an inner portion thereof.
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Thereby, the solution of fluorocarbon can be facilitated to
invade inside of the recess portion 21, and the solution can
swiftly be filled fully inside of the recess portion 21.

Embodiment 2

Next, a second embodiment of the invention will be
explained.

FIG. 7 shows the second embodiment of the invention.

In FIG. 7, the same portions as constituent elements illus-
trated in FIG. 1 through FIG. 6 are attached with the same
notations and an explanation thereof will be omitted.

Basic constitutions of the embodiment and the first
embodiment are the same and an explanation will be given
here of a point of difference.

According to the embodiment, the matrix electrode 25 is
removed over an entire periphery of an inner edge portion of
the frame-like portion 10, and the bonding electrode 19 is
extended to the removed portion. That is, the bonding elec-
trode 19 is extended in steps to the inner edge portion of the
frame-like portion 10 from each of the one main faces 6a, 7a
of the lid member 6 and the base member 7.

Here, when the matrix electrode layer remains at the inner
side face 35 of the frame-like portion 10 without being
removed therefrom, the bonding electrode 19 on the side of
the lid member 6 and the bonding electrode 19 on the side of
the base member 7 are short circuited. Hence, in forming the
matrix electrode 25, a mask for exposure is prevented from
being disposed at the inner edge portion of the frame-like
portion 10. Further, the matrix electrode 25 is patterned by
overexposure. Therefore, the matrix electrode layer is
removed from the inner side face 35 of the frame-like portion
10 over to the inner edge portion. Further, the bonding elec-
trode 19 is formed on the patterned matrix electrode 25 as
described above.

Thereby, the matrix electrode layer can be prevented from
remaining at the inner side face 35 and yield can be promoted.

Further, although the matrix electrodes 25 are provided
over the entire faces of the two faces of the frame-like portion
10, the invention is not limited thereto but a portion, a dimen-
sion and a shape or the like of the matrix electrode 25 at the
frame-like portion 10 can pertinently be changed. That is, the
matrix electrodes 25 may electrically be connected to the
bonding electrodes 19 and may electrically be connected to at
least portions of the matrix electrodes 25 contiguous to each
other in row and column directions on the quartz crystal wafer
32. For example, the matrix electrodes 25 may be formed
linearly in row and column directions.

Further, although the matrix electrode 25 is provided, the
matrix electrode 25 may be dispensed with. However, it is
preferable to provide the matrix electrodes 25 when a plural-
ity of the quartz crystal vibrator 1 are summarizingly fabri-
cated by using a wafer or the like as described above.

Further, although the protecting film 16 comprises optul
DSX, the invention is not limited thereto but the member can
pertinently be changed.

Further, also members of the bonding electrode 19 and the
matrix electrode 25 can pertinently be changed.

Further, although the plurality of quartz crystal vibrators 1
are summarizingly fabricated by the wafer 30 for the lid
portion and the watfer 31 for the base, the invention is not
limited thereto but the plurality of quartz crystal vibrators 1
may individually be fabricated.

Embodiment 3

As a third embodiment of the present invention, an oscil-
lator in which the above-mentioned piezoelectric vibrator is

20

25

35

40

45

50

55

60

65

10

connected to an integrated circuit as an oscillation piece is
explained in conjunction with FIG. 8.

FIG. 8 is a rough schematic view showing the constitution
of a tuning-fork-type quartz crystal oscillator 38.

In FIG. 8, the tuning-fork-type quartz crystal vibrator 1 is
set at a given position on a board 40, while an integrated
circuit for oscillator indicated by numeral 43 is arranged close
to the quartz crystal vibrator. Further, an electronic compo-
nent 39 such as a capacitor is also mounted on the board 40.
These respective parts are electrically connected with each
other through a wiring pattern not shown in the drawing. The
mechanical vibrations of a piezoelectric vibrator piece of the
tuning-fork-type quartz crystal vibrator 1 are converted into
electric signals due to the piezoelectric characteristic which
the quartz crystal possesses and the electric signals are input-
ted to the integrated circuit 43. In the inside of the integrated
circuit 43, the signal processing is performed and frequency
signals are outputted and hence, the integrated circuit 43
functions as an oscillator. These respective constitutional
parts are molded by resin not shown in the drawing. By
selecting, for example, a RTC (Real Time Clock) module or
the like as the integrated circuit 43, the integrated circuit 43
also has, besides a function of a single function oscillator for
clock, a function of controlling an operation day and time of
the oscillator and an external apparatus and a function of
providing information on time and calendar to a user.

In the oscillator according to the invention, an effect simi-
lar to that of the above-described piezoelectric vibrator can be
achieved. Therefore, the oscillator can be functioned with
stable accuracy over a long period of time.

Embodiment 4

As a fourth embodiment of the present invention, an elec-
tronic apparatus used in a state that the above-mentioned
piezoelectric vibrator is connected to a time counting portion
is explained in conjunction with FIG. 9. As an example of the
electronic apparatus, a preferred embodiment on a portable
information apparatus represented by a mobile phone is
explained in detail.

First of all, as a premise, the portable information appara-
tus according to this embodiment is a development or an
improvement of a wrist watch of the related art. The portable
information apparatus resembles the wrist watch in appear-
ance, arranges a liquid crystal display on a portion thereof
which corresponds to a dial plate, and can display a current
time and the like on a screen of the display. In using the
portable information apparatus as a communication device,
the portable information apparatus is removed from a wrist
and a user can perform the communication in the same man-
ner as a mobile phone of the related art using a speaker or a
microphone incorporated in the inside of a band portion.
However, the portable information apparatus is drastically
miniaturized and is light-weighted compared to the conven-
tional mobile phone.

Next, the functional constitution of the portable informa-
tion apparatus according to this embodiment is explained in
conjunction with the drawing. FIG. 9 is a block diagram
showing the constitution of the portable information appara-
tus 46 according to this embodiment functionally.

In FIG. 9, numeral 47 indicates a power source portion
which supplies electricity to respective functional parts
described later. To be more specific, the power source portion
47 is embodied by a lithium ion secondary cell. To the power
source portion 47, a control portion 48, a time counting por-
tion 51, a communication portion 52, a voltage detecting
portion 53 and a display portion 56 are connected in parallel
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to each other, wherein the electricity is supplied to the respec-
tive functional parts from the power source portion 47.

The control portion 48 controls the respective functional
parts described later and performs an operational control of
the whole system such as the transmission and reception of
vocal data, the measurement and display of the current time
and the like. The control portion 48, to be more specific, is
embodied by programs which are preliminarily written in a
ROM, a CPU which reads out and executes the programs, a
RAM which is used as a work area of the CPU and the like.

A time counting portion 51 is constituted of an integrated
circuit which incorporates an oscillation circuit, a register
circuit, a counter circuit, an interface circuit and the like
therein and the tuning-fork-type quartz crystal vibrator which
is described in the embodiment 1 or 2. The mechanical vibra-
tions of the tuning-fork-type quartz crystal vibrator are con-
verted into electric signals due to the piezoelectric character-
istic which the quartz crystal possesses and the electric
signals are inputted to the oscillation circuit which is consti-
tuted of a transistor and a capacitor. An output of the oscilla-
tion circuit is binarized and the binarized value is counted by
the register circuit and the counter circuit. The transmission
and reception of signals are performed between the time
counting portion 51 and the control portion 48 through the
interface circuit and the current time, the current date or the
calendar information is displayed on the display portion 56.

The communication portion 52 functions in the same man-
ner as the mobile phone of the related art and is constituted of
awireless portion 57, a voice processing portion 58, an ampli-
fying portion 62, a voice input/output portion 63, an incoming
sound generating portion 67, a switching portion 61, a call
control memory portion 68 and a telephone number input
portion 66.

The wireless portion 57 transmits and receives various
kinds of data such as vocal data with a base station via an
antenna. The voice processing portion 58 codes and decodes
the vocal signal inputted from the wireless portion 57 or the
amplifying portion 62 described later. The amplifying portion
62 amplifies the signal inputted from the voice processing
portion 58 or the voice input/output portion 63 described later
to a given level. The voice input/output portion 63 is, to be
more specific, a speaker or a microphone and amplifies an
incoming call sound or a phone sound or collects a speaker’s
voice.

The incoming sound generating portion 67 generates an
incoming call sound in response to calling from the base
station. The switching portion 61 changes over the connec-
tion between the amplifying portion 62 and the voice process-
ing portion 58 to the connection between the amplifying
portion 62 and the incoming call generating portion 67 only at
the time of receiving the incoming signal and hence, the
generated incoming call sound is outputted to the input/out-
put portion 63 through the amplifying portion 62.

Here, the calling control memory 68 stores a program
related to the outgoing/incoming calling control of the com-
munication. Further, the telephone number input portion 66,
to be more specific, is constituted of number keys from 0 to 9
and some other keys and is served for inputting the telephone
number of a telephone call destination or the like.

The voltage detecting portion 53, when a voltage applied to
the respective functional parts including the control portion
48 from the power source portion 47 becomes lower than a
given value, detects the lowering of the voltage and notifies
the lowering of the voltage to the control portion 48. The
given voltage value is a value which is preliminarily set as a
minimum voltage for operating the communication portion
52 ina stable manner and is a voltage of approximately 3V, for
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example. The control portion 48, upon receiving the notifica-
tion of lowering of the voltage from the voltage detecting
portion 53, inhibits the operations of the wireless portion 57,
the voice processing portion 58, the switching portion 61 and
the incoming sound generating portion 67. Particularly, the
stopping of the operation of the wireless portion 57 which
exhibits the large power consumption is indispensable.
Simultaneously with such stopping of the operations, a mes-
sage that the communication portion 52 is inoperable due to
the shortage of the remaining battery amount is displayed on
the display portion 56.

Due to the cooperative operation of the voltage detecting
portion 53 and the control portion 48, it is possible to inhibit
the operation of the communication portion 52 and it is also
possible to display the inhibition of the operation of the com-
munication portion 52 on the display portion 56.

In this embodiment, by providing a power source cutting
portion 69 which can selectively interrupt the power supply of
aportion corresponding to the function of the communication
portion, it is possible to stop the function of the communica-
tion portion in a more complete form.

Here, although the display of the message that the commu-
nication portion 52 becomes inoperable may be performed
using a letter message, the display may be performed by more
instinctive methods including a method in which a mark “x”
(meaning inoperable) is applied to a telephone icon on the
display portion 56.

In the electric apparatus according to the invention, an
effect similar to that of the above-described piezoelectric
vibrator can be achieved. Therefore, the electric apparatus
can be reliable and functioned with stable accuracy over a
long period of time.

Embodiment 5

FIG. 10 is a schematic view showing a circuit block of a
radio wave timepiece 71 which constitutes an electronic
apparatus according to a fifth embodiment of the present
invention. The embodiment shows a case in which the tuning-
fork-type quartz crystal vibrator (piezoelectric vibrator)
manufactured by the manufacturing method of the present
invention is connected to a filter part of the radio wave time-
piece 71.

The radio wave timepiece 71 is a clock which has a func-
tion of receiving the standard electric wave containing time
information and displaying the time information by automati-
cally correcting the time to an accurate time. In Japan, trans-
mission stations (transmitting facilities) which transmit the
standard electric waves are located in Fukushima prefecture
(40 KHz) and Saga prefecture (60 KHz) and these transmis-
sion stations transmit the standard electric waves respec-
tively. Long waves having frequency of 40 KHz or 60 KHz
have a property that the long waves are propagated on a
surface of the earth and a property that the long waves are
propagated while being reflected between an ionosphere and
the surface of the earth and hence, the propagation range is
broad whereby the long waves cover the whole Japan with the
above-mentioned two transmission stations.

In FIG. 10, an antenna 74 receives the standard electric
waves formed of the long waves of 40 KHz or 60 KHz. The
standard electric waves formed of long waves are electric
waves obtained by applying the time information referred to
as a time code to the carrier wave of 40 KHz or 60 KHz using
the AM modulation.

The received standard electric waves formed of long waves
are amplified by an amplifier 75. Subsequently, the standard
electric waves are filtered by a filter part 80 containing quartz
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crystal vibrators 76, 79 having the same resonance frequency
as the carrier wave frequency and are synchronized with the
carrier wave. The filtered signal of given frequency is
detected and demodulated by a detecting/rectifying circuit
81. Then, the time code is taken out through a waveform
shaping circuit 84 and is counted by a CPU 85. The CPU 85
reads out the information such as the current year, the accu-
mulated days, date, time and the like. The read-out informa-
tion is reflected on a RTC 86 and the accurate time informa-
tion is displayed.
Since the carrier wave is 40 KHz or 60 KHz, it is preferable
to use the above-mentioned vibrator having the tuning-fork-
type structure as the quartz crystal vibrators 76, 79 which
constitute the filter parts respectively. Taking the long waves
ot 60 KHz, for example, as a size example of the tuning-fork-
type vibrator, it is possible to configure the vibrating piece
such that the vibrating piece has a total length of approxi-
mately 2.8 mm and a width size of a base portion thereof is
approximately 0.5 mm.
The piezoelectric vibrator which is manufactured by the
manufacturing method of the present invention is connected
to the filter part of the radio wave timepiece, thereby making
it possible to further improve the endurance of the radio wave
timepiece. Accordingly, it is possible to allow the radio wave
timepiece to be operated over along period while maintaining
the highly accurate filter function of the radio wave timepiece
for a long period.
What is claimed is:
1. A quartz crystal vibrator comprising:
a quartz crystal vibrating plate formed by surrounding a
quartz crystal vibrating piece by a frame-like portion;

an inner electrode provided at the quartz crystal vibrating
piece for applying a voltage to the quartz crystal vibrat-
ing piece;

a hermetically closed vessel including a lid member and a
base member in a plate-like shape for interposing the
quartz crystal vibrating plate in a thickness direction
thereof;

bonding electrodes for bonding provided between the lid
member and the quartz crystal vibrating plate and
between the base member and the quartz crystal vibrat-
ing plate and electrically connected to the inner elec-
trode; and

a protecting film provided at an outer face of the hermeti-
cally closed vessel for protecting the bonding electrode;

wherein recess portions recessed to inner sides of the her-
metically closed vessel are provided at an outer edge
portion between the lid member and the quartz crystal
vibrating plate and between the base member and the
quartz crystal vibrating plate, the protecting film is pro-
vided at the recess portion; and

wherein the bonding electrode is disposed on the inner side
of the recess portion,

the quartz crystal vibrator further comprising:

an auxiliary electrode electrically connected to the bonding
electrode and having a corrosion resistance higher than a
corrosion resistance of the bonding electrode;
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wherein the auxiliary electrode is extended to the outer
edge portion between the lid member and the quartz
crystal vibrating plate and the outer edge portion
between the base member and the quartz crystal vibrat-
ing plate.

2. The quartz crystal vibrator according to claim 1, wherein
an opening diameter of the recess portion is set to be larger
than a diameter of an inner portion of the recess portion.

3. An oscillator, wherein the quartz crystal vibrator accord-
ing to claim 1 is electrically connected to an integrated circuit
as an oscillation piece.

4. An electronic apparatus including the quartz crystal
vibrator according to claim 1.

5. A quartz crystal vibrator comprising:

a quartz piece responsive to application of an electrical

signal to vibrate;

an enclosure configured with two halves which sandwich a

part of the quartz piece therebetween to hermetically
enclose the quartz piece inside thereof;

main electrodes patterned over the quartz piece to supply

the electrical signal to the quartz piece, the main elec-
trodes extending over the quartz piece and terminating
with peripheral portions inside a periphery of the quartz
piece, wherein the peripheral portions are sandwiched
between the two halves and the quartz piece and each
have a thickness sufficiently thick to form a gap between
the two halves and the quartz piece; and

a protective material covering in film at least a part of the

enclosure and the quartz piece and filling the gap to
prevent exposure of the main electrodes to air, wherein
the gap is sufficiently wide and deep such that a self-
reinforcing amount of protective material fills the gap,
and further wherein the protective material comprises
0.1 wt % fluorocarbon of a fluorine species coating agent
having trimethyl siloxane at a terminus thereof.

6. A quartz crystal vibrator according to claim 5, wherein
the main electrodes are made of aluminum.

7. A quartz crystal vibrator according to claim 5, further
comprising auxiliary electrodes being laid between the two
halves and the quartz piece.

8. A quartz crystal vibrator according to claim 7, wherein
the auxiliary electrodes are made of a material selected from
the group consisting of Cr, Ti, Ni and W.

9. A quartz crystal vibrator according to claim 5, wherein
the protective material comprises OPTOOL DSX.

10. A quartz crystal vibrator according to claim 5, wherein
the enclosure comprises soda lime glass.

11. A quartz crystal vibrator according to claim 5, wherein
the quartz piece comprises a frame and a vibrating piece
surrounded by the frame.

12. A quartz crystal vibrator according to claim 11,
wherein the two halves sandwich at least a part of the frame.

13. A quartz crystal vibrator according to claim 5, wherein
a periphery of at least one of the two halves is formed with a
cut-off to increase a volume of the gap.
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