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VIBRATION GYRO SENSOR, COMBINED 
SENSOR, AND METHOD FOR PRODUCING 

VIBRATION GYRO SENSOR 

TECHNICAL FIELD 

0001. The present invention relates to a vibration gyro 
Sensor. In particular, the present invention relates to a 
vibration gyro Sensor (Scope) for detecting the angular 
Velocity of rotation by utilizing the Coriolis force generated 
when a vibrator is rotated while making Vibration, and a 
method for producing the vibration gyro Sensor. The present 
invention also relates to a combined Sensor including the 
Vibration gyro Sensor. 

BACKGROUND ART 

0002 The gyro sensor (scope), which is a sensor for 
detecting the angular Velocity of rotation, has been hitherto 
used, for example, for inertial navigation Systems of aircraft 
and Shipping. Recently, the gyro Sensor is used for Vehicle 
carried navigation Systems and for attitude control Systems 
of automatically guided robot vehicles. Further, the gyro 
Sensor is also used, for example, for picture blurring 
preventive Systems of VTR cameras. In Such circumstances, 
a compact type gyro Sensor is required, which is appropri 
ately used in various fields as described above. Accordingly, 
the Vibration gyro Sensor attracts attention. 
0003) As well-known, the vibration gyro sensor (scope) 
of this type has a basic Structure comprising a driving 
piezoelectric element and a detecting piezoelectric element 
which adhere to a vibrator formed of a constant resilience 
metal represented by the elinvar alloy. In a rectangular 
coordinate System of x, y, Z axes, when the vibrator is rotated 
about the Z axis while giving bending Vibration in the X axis 
direction to the vibrator by using the driving piezoelectric 
element, the Coriolis force acts in the y axis direction to the 
Vibrator. Accordingly, the bending vibration in the y axis 
direction caused in the vibrator by the Coriolis force is 
detected as a voltage by the aid of the detecting piezoelectric 
element. The angular Velocity is determined on the basis of 
the detected Voltage. 
0004. However, in the case of the conventional vibration 
gyro Sensor as described above, the amount of displacement 
of the vibrator, which is based on the vibration induced by 
the driving piezoelectric element, is Small. Therefore, the 
voltage (electromotive force), which is detected by the 
detecting piezoelectric element, is Small. As a result, the 
conventional vibration gyro Sensor involves a problem that 
the sensitivity is low. 
0005. In addition, the driving piezoelectric element and 
the detecting piezoelectric element are glued and fixed to the 
vibrator by using an adhesive. Therefore, the adhesive 
intervenes between the vibrator and the piezoelectric ele 
ments. As a result, the StreSS is absorbed by the adhesive. 
Due to this fact, together with other factors, if any, a problem 
arises in that the detection Sensitivity is lowered. 
0006 When the vibrator comprises a member which is 
composed of a Sound chip or a tuning fork formed of an 
elinvar alloy, a problem arises in that the characteristics of 
the vibrator tend to be affected by an ambient magnetic field, 
because the elinvar alloy is a ferromagnetic material. Fur 
ther, due to the shape or the material of the vibrator as 
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described above, there is an implicit problem that it is 
difficult to perform processing or machining when the 
resonance frequency of the vibrator is adjusted. 
0007. The present invention has been made on the back 
ground of Such circumstances, an object of which is to Solve 
all problems as described above and provide a vibration gyro 
Sensor having excellent Sensitivity. Another object of the 
present invention is to provide a vibration gyro Sensor made 
of ceramics, in which the characteristics of the vibrator are 
Scarcely affected by an ambient magnetic field, processing or 
machining can be easily performed, and the electric char 
acteristics can be advantageously adjusted. 

DISCLOSURE OF THE INVENTION 

0008. The present invention provides a vibration gyro 
Sensor which is constructed as a whole by an integrated fired 
product made of ceramics without using any magnetic 
material. Therefore, the vibration gyro Sensor according to 
the present invention Scarcely affected by any ambient 
magnetic field. Further, the vibration gyro Sensor includes 
first plate-shaped Sections and Second plate-shaped Sections 
which are thin-walled respectively and which are provided 
as easily bendable Sections in driving and detecting direc 
tions for making displacement of Vibrators respectively. 
Therefore, large displacement is obtained in any of the 
detecting and driving directions, thus giving a large elec 
tromotive force (voltage) generated depending on the dis 
placement detected by piezoelectric/electroStrictive ele 
ments, and making it possible to effectively increase the 
detection sensitivity. Especially, the detecting Section has a 
Structure to which the StreSS is concentrated. Therefore, a 
large output is obtained. 
0009 Moreover, the vibration gyro sensor according to 
the present invention includes the detecting piezoelectric/ 
electroStrictive elements which are formed in an integrated 
manner in accordance with a film formation method on the 
first plate-shaped Sections for giving the detecting Sections 
constructed by the integrated fired product made of ceram 
ics. The piezoelectric/electrostrictive elements directly con 
tact with the first plate-shaped Sections without any inter 
vening adhesive layer. Therefore, any absorption of StreSS, 
which would be otherwise caused due to the presence of 
Such an adhesive layer, is effectively avoided. Accordingly, 
the displacement (bending vibration) of the vibrators, which 
is caused by the Coriolis force induced when the vibrators 
are rotated, can be effectively detected by the piezoelectric/ 
electroStrictive elements, making it possible to advanta 
geously contribute to the improvement in Sensitivity. 
0010. In the vibration gyro sensor according to the 
present invention, for example, the electrode area of the 
piezoelectric/electroStrictive element provided on the detect 
ing Section can be easily changed by using an appropriate 
removing means Such as a laser. Therefore, the vibration 
gyro Sensor also has Such a feature that its electric charac 
teristics are easily adjusted. 
0011. In a preferred embodiment of the present invention, 
the vibrator is provided with a thin-walled excisable section 
extending from a forward end of the Vibrator, and a reso 
nance frequency of the vibrator is adjusted in accordance 
with an amount of excision of the excisable Section. The 
thin-walled excisable Section, which is provided at the end 
of the vibrator, is an easily processible or machinable 
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portion. The resonance frequency of the vibrator can be 
easily adjusted to have a desired value by providing Such an 
excisable Section for trimming beforehand, and excising the 
excisable Section by means of an appropriate excising means 
Such as laser machining and ultrasonic machining. 
0012. In another preferred embodiment of the present 
invention constructed as described above, two of the vibra 
tors are Supported in parallel to one another by the Support 
base, and the two vibrators are vibrated by the driving means 
in an excited manner in mutually opposite directions. In this 
embodiment, the vibration gyro Sensor may be constructed 
Such that the driving means comprises a third plate-shaped 
Section which is more thin-walled than the vibrator and 
which is composed of the integrated fired product of ceram 
ics together with the vibrator, and a driving piezoelectric/ 
electroStrictive element formed in an integrated manner on 
the third plate-shaped Section in accordance with the film 
formation method. 

0013 Instill another preferred embodiment of the present 
invention constructed as described above, a Support bar is 
arranged at a position which is located between the two 
vibrators and which is separated from the vibrators, and the 
Support bar is Supported in an integrated manner by the 
Support base together with the two vibrators. 
0.014 Instill another preferred embodiment of the present 
invention constructed as described above, the Support base 
is constructed by an attachment frame which is disposed 
outside the vibrator and Separated therefrom by a predeter 
mined distance so that the vibrator is surrounded thereby. 
Provision of the attachment frame makes it, possible to 
tightly fix the vibration gyro Sensor, exhibiting a feature that 
a place for installing the vibration gyro Sensor can be 
Selected with a large degree of freedom. 
0.015 The following embodiments may be adopted for 
the position of arrangement of the driving means. Namely, 
the driving means may be provided in an integrated manner 
between the two vibrators. Alternatively, the driving means 
may be provided in an integrated manner between the 
Second plate-shaped Sections. 
0016. When the vibration gyro sensor includes the Sup 
port bar, the driving means may be provided in an integrated 
manner between the Support bar and the vibrators respec 
tively, or the driving means may be provided in an integrated 
manner between the Support bar and the Second plate-shaped 
Sections respectively. 
0.017. When the vibration gyro sensor includes the attach 
ment frame, the driving means may be provided in an 
integrated manner between the attachment frame and the 
Vibrators respectively, or the driving means may be provided 
in an integrated manner between the attachment frame and 
the Second plate-shaped Sections respectively. 
0.018. According to another aspect, there is provided a 
Second type of the vibration gyro Sensor according to the 
present invention, wherein a Second plate-shaped Section 
and a third plate-shaped Section are provided in an integrated 
manner at opposing regions on a frame for Supporting two 
Vibrators, and a driving piezoelectric/electroStrictive ele 
ment is formed in an integrated manner on the third plate 
shaped section so that the two vibrators may be vibrated in 
an excited manner in accordance with deformation vibration 
of the frame effected by the driving piezoelectric/electros 
trictive element. 
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0019. The vibration gyro sensor, which makes the defor 
mation vibration of the frame as described above, advanta 
geously adopts a structure in which an attachment Section 
for fixing the frame is formed in an integrated manner on an 
outer Surface of a region of the frame for forming the Second 
plate-shaped Section, in order to facilitate fixation of the 
frame. Alternatively, a structure is advantageously adopted, 
in which the attachment Section includes, in an integrated 
manner, an attachment frame which is positioned outside the 
frame and Separated therefrom by a predetermined distance 
So that the frame is Surrounded thereby. Such an attachment 
frame realizes tight fixation of the vibration gyro Sensor. 
0020. According to still another aspect, there is provided 
a third type of the vibration gyro Sensor according to the 
present invention, which is different from the vibration gyro 
Sensors of the foregoing two types. Namely, Support base 
portions for Supporting two vibrators respectively are indi 
vidually subjected to deformation vibration respectively by 
the aid of driving piezoelectric/electroStrictive elements 
provided on third plate-shaped Sections for making connec 
tion to an attachment frame disposed outside. Accordingly, 
the two vibrators, which are Supported by the respective 
Support base portions, are individually vibrated in an iden 
tical plane respectively. 
0021. The vibration gyro sensor of the third type is also 
advantageously constructed Such that each of the vibrators 
has a thin-walled excisable Section extending from a forward 
end thereof, in the same manner as the vibration gyro Sensor 
of the Second type. The resonance frequency of the vibrator 
is adjusted in accordance with the amount of excision of the 
excisable Section. Accordingly, trimming can be easily per 
formed by means of an excising means Such as laser 
machining and ultraSonic machining. Thus it is possible to 
easily adjust the resonance frequency. 
0022. According to still another aspect, there is provided 
a fourth type of the vibration gyro Sensor according to the 
present invention. At first, when an angular Velocity is 
applied around an axis perpendicular to a plane which 
includes a certain direction and an extending direction of the 
support base in a state of vibration of the vibrators, the force 
(Coriolis force) directed in the certain direction is generated 
in an alternating manner in the vibrators in accordance with 
the vibration. As a result, a force acts on the detecting 
Sections in the certain direction, and the detecting Sections 
are vibrated by the force. Namely, rotational vibration is 
generated around the axis of rotation at portions comprising 
the Vibrators and the Support base. The generated vibration 
is detected as an electromotive force (voltage) by the piezo 
electric/electroStrictive elements of the detecting Sections. 
0023. According to the present invention, all of the 
Vibrators, the Support base, and the detecting Sections are. 
constructed by an integrated fired product made of ceramics. 
Therefore, there is no magnetic material Such as the con 
ventional elinvar alloy in the materials for constructing the 
Vibration gyro Sensor. As a result, the characteristics of the 
Sensor are not affected by any ambient magnetic field. 
0024. The detecting section is constructed by the first 
plate-shaped Section which is more thin-walled than the 
Vibrator in its direction of height, and thus it has the Structure 
having low rigidity. Therefore, large Strain or distortion is 
obtained in the detecting Section when the vibration is 
generated around the axis of rotation by the angular Velocity, 
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and thus the detection Sensitivity of the piezoelectric/elec 
troStrictive element is greatly improved. 
0.025 Especially, the vibration gyro sensor according to 
the present invention functions Such that the vibration is 
generated in the detecting Section only when the angular 
Velocity is applied. Therefore, the output (null voltage), 
which is obtained from the piezoelectric/electrostrictive 
element in a State in which no angular Velocity is applied, is 
extremely Small. Thus the detection Sensitivity is greatly 
improved. Moreover, the probability of occurrence of 
fatigue fracture at the detecting Section due to vibration is 
lowered, and it is possible to contemplate a long Service life 
of the Sensor. 

0026. The vibration gyro sensor according to the present 
invention has the Structure not for measuring the angular 
velocity around the major axis of the vibrator, but for 
measuring the angular velocity around the axis perpendicu 
lar to the plane which includes the certain direction and the 
extending direction of the Support base. Therefore, the 
Vibrators, the Support base, and the frame can be made thin 
in their direction of height. Thus it is possible to facilitate 
realization of a compact size and a light weight of the Sensor. 
0027. The vibrator has the structure including no thin 
walled detecting Section and Supported Singly by the Support 
base which has high strength. Therefore, the vibrator itself 
is allowed to have a large mass. Accordingly, the Coriolis 
force (Fc=2 mV G2) generated in the vibrator is increased, and 
hence it is possible to realize a high Sensitivity in relation to 
the detection of Strain effected by the detecting Section. 
0028. It is preferable for the vibration gyro sensor accord 
ing to the present invention that each of the detecting 
Sections is constructed by a ring member formed between 
the Support base and the frame, and the first plate-shaped 
Section provided in a bridged manner in the ring member in 
parallel to the extending direction of the Support base. 
0029. In this embodiment, when the angular velocity is 
applied around the axis perpendicular to the plane which 
includes the certain direction and the extending direction of 
the Support base in a State in which the vibrator is rotated, 
the force acts in the certain direction on the detecting 
Section. The action of the force allows the ring member to 
make Vibration while giving an elliptic configuration having 
its major or minor axis directed in the certain direction. The 
Vibration of the ring member along the certain direction is 
detected as an electromotive force (voltage) by the piezo 
electric/electroStrictive element. 
0.030. It is preferable for the vibration gyro sensor accord 
ing to the present invention that at least two of the vibrators 
are Supported by the Support base in parallel to one another, 
and a driving means for vibrating the respective vibrators in 
an excited manner in mutually opposite directions is dis 
posed between the two vibrators. In this embodiment, the at 
least two vibrators make excited vibration in the mutually 
opposite directions, namely in directions to make mutual 
Separation and approach in one plane (in the plane which 
includes the certain direction and the extending direction of 
the Support base). It is preferable that the driving means 
includes, for example, a third plate-shaped Section which is 
more thin-walled in its direction of height than the vibrator 
and which is constructed by the integrated fired product of 
ceramics together with the vibrator, and a driving piezoelec 
tric/electrostrictive element formed on the third plate-shaped 
Section. 
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0031. It is preferable for the vibration gyro sensor con 
Structed as described above that the driving means is pro 
Vided in an integrated manner between the two vibrators. 
Especially preferably, the driving means is arranged on a 
line for connecting respective centers of gravity of the both 
Vibrators. This arrangement is advantageous to improve the 
Sensitivity of the detecting Section, Since the at least two 
Vibrators can make mutual approach and Separation effi 
ciently. Alternatively, the driving means may be provided in 
an integrated manner between the respective vibrators and 
the Support base. 
0032. It is preferable that the vibration gyro sensor con 
Structed as described above further comprises a reference 
means for performing feedback control So that the vibration 
of the driving means is constant. The reference means may 
comprise a fourth plate-shaped Section which is more thin 
walled in its direction of height than the vibrator and which 
is constructed by the integrated fired product made of 
ceramics together with the vibrator, and a reference piezo 
electric/electrostrictive element formed on the fourth plate 
shaped Section. 
0033. The reference means may be provided in an inte 
grated manner between the respective vibrators. Alterna 
tively, the reference means may be provided in an integrated 
manner between the respective vibrators and the Support 
base. 

0034. It is preferable that the vibration gyro sensor con 
structed as described above further comprises vibration 
applying Sections provided in an integrated manner between 
the respective vibrators and the Support base. The vibration 
applying Section may comprise a fifth plate-shaped Section 
arranged between the Vibrator and the Support base and 
extending in parallel to a longitudinal direction of the 
Support base, a Sixth plate-shaped Sections for connecting 
the Support base to the fifth plate-shaped Section, and a 
Seventh plate-shaped Section for connecting the vibrator to 
the fifth plate-shaped section. In this embodiment, the driv 
ing means may be provided in an integrated manner between 
the respective vibration-applying Sections. Alternatively, the 
driving means may be provided in an integrated manner 
between each of the vibration-applying Sections and the 
Support base. 
0035) It is preferable that the vibration gyro sensor con 
structed as described above further comprises thin-walled 
first projections for adjusting a resonance frequency for 
driving, provided at free ends of the Vibrators, and thin 
walled Second projections for adjusting a resonance fre 
quency for detection, provided at both ends of the Support 
base in its longitudinal direction, wherein the first and 
Second projections are constructed by the integrated fired 
product made of ceramics together with the vibrators and the 
Support base. 

0036). In this embodiment, the resonance frequency for 
driving can be adjusted by applying a trimming treatment 
(excising treatment) to the first projection, and the resonance 
frequency for detection can be adjusted by applying a 
trimming treatment (excising treatment) to the Second pro 
jection. Namely, the resonance frequencies for driving and 
detection can be independently adjusted respectively. There 
fore, for example, it is possible to avoid the inconvenience 
that the resonance frequency for detection is affected by 
adjustment for the resonance frequency for driving. When 
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the resonance frequency is adjusted, it is preferable that the 
resonance frequency for driving is firstly adjusted, and then 
the resonance frequency for detection is adjusted. 
0037 For example, the first and second projections may 
be constructed to be plate-shaped and thin-walled in a 
direction of height with respect to the vibrators. Alterna 
tively, the first and Second projections may be constructed to 
be plate-shaped and thin-walled in the extending direction of 
the Support base with respect to the vibrators. The former 
construction is advantageous in that the trimming treatment 
can be easily performed by means of, for example, laser 
beam Scanning over the upper Surface. In the case of the 
latter construction, regions to be Subjected to the trimming 
treatment are disposed over entire Surfaces perpendicular to 
the direction of vibration of the vibrators, and hence an 
extremely excellent mass balance is obtained. In this case, 
the trimming treatment is performed, for example, by apply 
ing percussion Such as ultraSonic waves after laser radiation 
So that unnecessary portions are excised. 
0.038. It is preferable for the vibration gyro sensor con 
Structed as described above that the third plate-shaped 
Section of the driving means is also used as an adjustment 
objective for a resonance frequency for driving, and the first 
plate-shaped Section of the detecting Section is also used as 
an adjustment objective for a resonance frequency for detec 
tion. Specifically, the resonance frequency for driving is 
adjusted by trimming-treating, in the widthwise direction, 
the third plate-shaped Section of the driving means, and the 
resonance frequency for detection is adjusted by trimming 
treating, in the widthwise direction, the first plate-shaped 
Section of the detecting Section. Namely, this embodiment 
lies in the method in which the resonance frequencies for 
driving and detection are adjusted by changing Spring con 
Stants of the first and third plate-shaped Sections, rather than 
that the resonance frequencies for driving and detection are 
adjusted by changing masses of the vibrator and the Support 
base. 

0039. In this embodiment, it is unnecessary to form the 
first and Second projections at the free ends of the vibrators 
and at the both ends of the Support base in the longitudinal 
direction respectively. Accordingly, the production StepS can 
be simplified. Further, Since the regions to be Subjected to 
the trimming treatment are thin-walled, the resonance fre 
quency can be easily adjusted. Unlike the method in which 
the resonance frequency is adjusted by changing the mass, 
the resonance frequency for driving and the resonance 
frequency for detection can be adjusted completely inde 
pendently. 

0040 According to still another aspect, there is provided 
a fifth type of the vibration gyro Sensor according to the 
present invention, wherein Vibrators are constructed by wide 
and lengthy first plate-shaped Sections respectively. Accord 
ingly, the mass and the moment of the vibrator are increased. 
As a result, the velocity ( amplitude) brought about by the 
driving Vibration is increased. Therefore, it is possible to 
further improve the sensitivity. 
0041. It is preferable that the detecting piezoelectric/ 
electroStrictive element is formed in an integrated manner on 
an approximately entire Surface of the first plate-shaped 
Section. This embodiment is advantageous in the case of the 
current-detecting System, because it is possible to accumu 
late a large amount of electric charge. 
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0042. It is preferable for the vibration gyro sensor con 
Structed as described above that the first plate-shaped Section 
has, on its back Surface, a plurality of recesses, and the 
detecting piezoelectric/electroStrictive elements as defined 
above are formed in an array of islands at positions on a front 
Surface of the first plate-shaped Section corresponding to the 
plurality of recesses. In this embodiment, the Strength is 
decreased at the portions of the first plate-shaped Section at 
which the recesses are formed. Therefore, when the first 
plate-shaped Section is deformed by the Coriolis force, large 
Strain is generated at the portions at which the recesses are 
formed as compared with other portions at which no receSS 
is formed. Accordingly, when the detecting piezoelectric/ 
electroStrictive elements are formed on the portions corre 
sponding to the recesses, a large detection output can be 
obtained, and the Sensitivity can be further improved. 
0043. It is preferable for the vibration gyro sensor con 
structed as described above that a thick-walled block section 
is provided in an integrated manner between the first plate 
shaped Section and the Second plate-shaped Section. In this 
embodiment, owing to the presence of the block Section, it 
is possible to increase the Strength of the boundary portion, 
which is advantageous from a viewpoint of improvement in 
reliability. 
0044) The support base may be constructed by a frame 
which is positioned outside the vibrators and Separated by 
predetermined distances So that the vibrators are Surrounded 
thereby. When the support base has the form of frame, it is 
possible to obtain a large degree of freedom for attachment, 
and the rigidity is excellent. Therefore, this embodiment is 
preferred from a practical viewpoint. 
004.5 The driving means may be provided in an inte 
grated manner between the respective Second plate-shaped 
Sections. Alternatively, the driving means may be provided 
in an integrated manner between the respective block Sec 
tions. Further alternatively, the driving means may be pro 
Vided in an integrated manner between the block Section and 
the frame. 

0046. It is preferable that the vibration gyro sensor con 
Structed as described above further comprises a reference 
means for performing feedback control So that the vibration 
of the driving means is constant. The reference means may 
be provided in an integrated manner between the respective 
Second plate-shaped Sections. 
0047. In still another embodiment, the driving means 
may be provided in an integrated manner on one plate 
shaped Section of the respective Second plate-shaped Sec 
tions, and the reference means may be provided on the other 
plate-shaped Section. 
0048. In this embodiment, it is possible to adopt a struc 
ture in which a mediating Section having a free end is 
provided in an integrated manner at an approximately cen 
tral portion of a side Surface of the Support base facing to the 
Vibrating Section, the driving means is provided in an 
integrated manner between one of the Second plate-shaped 
Sections and the mediating Section, and the reference means 
is provided in an integrated manner between the other 
Second plate-shaped Section and the mediating Section. 
0049. It is also possible to adopt a structure in which a 
plurality of mediating Sections each having a free end are 
provided in an integrated manner at positions of both ends 
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in a widthwise direction of the Support base facing to the 
Vibrating Sections, the driving means is provided in an 
integrated manner between one of the Second plate-shaped 
Sections and one of the mediating Sections, and the reference 
means is provided in an integrated manner between the other 
Second plate-shaped Section and the other mediating Section. 
0050. It is preferable for the vibration gyro sensor con 
Structed as described above that an attachment Section for 
fixing the Support base is provided in an integrated manner 
on a Surface opposite to a Surface of the Support base on 
which the Second plate-shaped Sections are formed, a fifth 
plate-shaped Section, which is thin-walled in a widthwise 
direction of the Support base, is provided in an integrated 
manner between the Support base and the attachment Sec 
tion, and a tuning fork is constructed by at least the Support 
base and the vibrators. In this embodiment, the fifth plate 
shaped Section functions as a Support rod for Supporting the 
tuning fork. Therefore, it is easy to discriminate necessary 
modes for the vibration gyro Sensor from unnecessary 
modes, and it is possible to improve the detection accuracy. 
0051. It is preferable for the vibration gyro sensor con 
Structed as described above that the attachment Section is 
constructed by an attachment frame which is positioned 
outside the tuning fork and Separated by predetermined 
distances therefrom So that the tuning fork is Surrounded 
thereby. In this embodiment, it is possible to improve the 
detection accuracy. Further, this embodiment is preferred, 
for example, from Viewpoints of the degree of freedom for 
attachment and rigidity, because the attachment Section is 
provided as the attachment frame. 
0.052 In the embodiment provided with the attachment 
frame as described above, it is possible to adopt a structure 
in which a Support Section is provided in an integrated and 
bridged manner So that a pair of inner wall Surfaces of the 
attachment frame, which extend along the extending direc 
tion of the vibrators, are bridged by the Support Section 
facing to the vibrators disposed thereover, and the fifth 
plate-shaped Section is provided in an integrated manner 
between the Support Section and the Support base. 
0053. In this embodiment, even when the length of the 
fifth plate-shaped Section is elongated, the entire length of 
the Sensor is not changed until within a certain range. 
Therefore, it is possible to elongate the fifth plate-shaped 
Section, and it is possible to realize further improvement in 
detection accuracy. 
0054. In still another aspect, the present invention makes 

it possible to advantageously construct and realize a com 
bined Sensor by using those provided with the attachment 
frame, of the Vibration gyro Sensors described above, 
wherein a Second attachment frame integrated with the 
attachment frame is provided adjacent to the attachment 
frame, and another Sensor having a function different from 
that of the vibration gyro Sensor is Supported in an integrated 
manner in the Second attachment frame. 

0.055 Especially, the conventional vibration gyro sensor 
merely realizes an element having only one function. How 
ever, when an additional Sensor having another function is 
provided by utilizing the attachment frame as described 
above, it is possible to easily provide a combined Sensor or 
an integrated Sensor which not only functions as the vibra 
tion gyro Sensor, but also simultaneously realizes another 
function. 
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0056. In still another aspect, the present invention lies in 
a method for producing a vibration gyro Sensor, comprising 
the Steps of Stacking and integrating at least a Substrate layer 
and a thin plate layer composed of green sheets, followed by 
firing to produce a fired product including, in an integrated 
manner, at least one or more vibrators each having a major 
axis extending in a certain direction, a Support base extend 
ing in a direction perpendicular to the certain direction, for 
Supporting the vibrator at one end, a frame having its frame 
Surface parallel to a plane which includes the certain direc 
tion and the extending direction of the Support base, for 
Surrounding the vibrator and the Support base, and at least 
one or more detecting Sections attached between the Support 
base and the frame; forming at least one or more piezoelec 
tric/electrostrictive elements on at least the detecting Sec 
tions in accordance with a film formation method; adjusting 
a resonance frequency for driving by applying a trimming 
treatment to a part of the vibrator; and adjusting a resonance 
frequency for detection by applying a trimming treatment to 
a part of the Support base. 

0057 According to this method, it is possible to easily 
and highly reliably produce the vibration gyro Sensor having 
the Structure in which the Support base and the vibrators are 
Surrounded by the frame, and the Support base is connected 
to the frame via the detecting Sections. The resonance 
frequencies for driving and detection can be easily adjusted 
by trimming-treating a part of the vibrators and a part of the 
Support base respectively. Therefore, this method is advan 
tageous to reduce the number of production Steps. 

0058. It is preferable to use, as the vibration gyro sensor, 
a vibration gyro Sensor comprising at least two of the 
VibratorS Supported in parallel to one another by the Support 
base, and a driving means provided between the two vibra 
tors for vibrating the respective vibrators in an excited 
manner in mutually opposite directions, wherein the driving 
means includes a third plate-shaped Section which is more 
thin-walled in its direction of height than the vibrators and 
which is composed of the integrated fired product made of 
ceramics together with the vibrators, and a driving piezo 
electric/electrostrictive element formed on the third plate 
shaped Section. 

0059. It is preferable that the adjustment for the reso 
nance frequency for driving is performed by applying a 
trimming treatment to a thin-walled first projection protrud 
ing in an integrated manner from a free end of the Vibrator, 
and the adjustment for the resonance frequency for detection 
is performed by applying a trimming treatment to thin 
walled Second projections protruding in an integrated man 
ner from both ends of the Support base in its longitudinal 
direction. In this embodiment, the resonance frequency for 
driving can be adjusted by applying the trimming treatment 
(excising treatment) to the first projection, and the resonance 
frequency for detection can be adjusted by applying the 
trimming treatment (excising treatment) to the Second pro 
jection. Namely, the resonance frequencies for driving and 
detection can be independently adjusted respectively. There 
fore, for example, it is possible to avoid the inconvenience 
that the resonance frequency for detection is affected by 
adjustment for the resonance frequency for driving. 

0060. It is preferable that the adjustment for the reso 
nance frequency for driving is performed by applying a 
trimming treatment to the third plate-shaped Section in its 
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widthwise direction, and the adjustment for the resonance 
frequency for detection is performed by applying a trimming 
treatment to the first plate-shaped Section of the detecting 
Section in its widthwise direction. 

0061 This embodiment lies in the method in which the 
resonance frequencies for driving and detection are adjusted 
by changing Spring constants of the first and third plate 
shaped Sections, rather than that the resonance frequencies 
for driving and detection are adjusted by changing masses of 
the vibrators and the Support base. Therefore, it is unnec 
essary to form the first and Second projections at the free 
ends of the vibrators and at the both ends of the support base 
in the longitudinal direction respectively. Accordingly, the 
production Steps can be simplified. Further, Since the regions 
to be Subjected to the trimming treatment are thin-walled, 
the resonance frequency can be easily adjusted. Unlike the 
method in which the resonance frequency is adjusted by 
changing the mass, the resonance frequency for driving and 
the resonance frequency for detection can be adjusted com 
pletely independently. 
0.062. It is preferable that the resonance frequency for 
detection is adjusted after the resonance frequency for 
driving is adjusted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.063 FIG. 1 schematically shows a perspective view 
illustrating a first preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0.064 FIG. 2 schematically shows an exploded perspec 
tive view illustrating the vibration gyro Sensor shown in 
FIG. 1. 

0065 FIG. 3 schematically shows a partial perspective 
View illustrating, in a magnified manner, a portion of a first 
plate-shaped Section of the vibration gyro Sensor shown in 
FIG. 1. 

0.066 FIG. 4 schematically shows a perspective view 
illustrating a Second preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0067 FIG. 5 schematically shows a perspective view 
illustrating a third preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0068 FIG. 6 schematically shows a perspective view 
illustrating a fourth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0069 FIG. 7 schematically shows a perspective view 
illustrating a fifth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0070 FIG. 8 schematically shows a perspective view 
illustrating a sixth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0071 FIG. 9 schematically shows a perspective view 
illustrating a seventh preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0.072 FIG. 10 schematically shows a perspective view 
illustrating an eighth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0.073 FIG. 11 schematically shows a perspective view 
illustrating a ninth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
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0074 FIG. 12 schematically shows a perspective view 
illustrating a tenth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0075 FIG. 13 schematically shows a perspective view 
illustrating an eleventh preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0076 FIG. 14 schematically shows a perspective view 
illustrating a twelfth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0.077 FIG. 15 schematically shows a perspective view 
illustrating a preferred embodiment of the combined Sensor 
according to the present invention. 
0078 FIG. 16 schematically shows a perspective view 
illustrating another preferred embodiment of the combined 
Sensor according to the present invention. 
007.9 FIG. 17 schematically shows illustrative produc 
tion Steps for the vibration gyro Sensor according to the first 
embodiment shown in FIG. 1. 

0080 FIG. 18 schematically shows illustrative produc 
tion Steps for the Vibration gyro Sensor according to the fifth 
embodiment shown in FIG. 7. 

0081 FIG. 19 shows a perspective view illustrating a 
magnified electrode Structure of the type based on the use of 
the longitudinal effect of the electric field-induced strain. 
0082 FIG. 20 schematically shows a perspective view 
illustrating a thirteenth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0083 FIG. 21 schematically shows a perspective view 
illustrating a fourteenth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0084 FIG. 22 schematically shows a perspective view 
illustrating a fifteenth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0085 FIG. 23 schematically shows a perspective view 
illustrating a sixteenth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0086 FIG. 24 schematically shows a perspective view 
illustrating an exemplary Structure of projections used to 
adjust the resonance frequency in the vibration gyro Sensor 
according to the fifteenth embodiment. 
0087 FIG. 25 schematically shows a perspective view 
illustrating another exemplary Structure of projections used 
to adjust the resonance frequency in the vibration gyro 
Sensor according to the fifteenth embodiment. 
0088 FIG. 26 schematically shows a perspective view 
illustrating a seventeenth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0089 FIG. 27 schematically shows a perspective view 
illustrating an exemplary Structure used to adjust the reso 
nance frequencies for driving and detection by changing 
Spring constants of the driving and detecting Sections in the 
Vibration gyro Sensor according to the Seventeenth embodi 
ment. 

0090 FIG. 28 schematically shows a perspective view 
illustrating an eighteenth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
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0091 FIG. 29 schematically shows a perspective view 
illustrating a nineteenth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0092 FIG. 30 schematically shows a perspective view 
illustrating a twentieth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0093 FIG. 31 schematically shows a perspective view 
illustrating a twenty-first preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0094 FIG. 32 schematically shows a perspective view 
illustrating a twenty-Second preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0.095 FIG. 33 schematically shows a perspective view 
illustrating a twenty-third preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0.096 FIG. 34 schematically shows a perspective view 
illustrating a twenty-fourth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0097 FIG. 35 schematically shows a perspective view 
illustrating a twenty-fifth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0.098 FIG. 36 schematically shows a perspective view 
illustrating a twenty-sixth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0099 FIG. 37 schematically shows a perspective view 
illustrating an exemplary wiring formation pattern led from 
pairs of electrodes of piezoelectric/electrostrictive elements 
in the vibration gyro Sensor according to the Seventeenth 
embodiment. 

0100 FIG. 38 schematically shows a perspective view 
illustrating a twenty-Seventh preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0101 FIG. 39 schematically shows a perspective view 
illustrating a twenty-eighth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0102 FIG. 40 schematically shows a perspective view 
illustrating a twenty-ninth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0103 FIG. 41 schematically shows a perspective view 
illustrating a thirtieth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0104 FIG. 42 schematically shows a perspective view 
illustrating a thirty-first preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0105 FIG. 43 shows a cross-sectional view taken along 
a line A-A shown in FIG. 42. 

0106 FIG. 44 schematically shows a perspective view 
illustrating a thirty-Second preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0107 FIG. 45 schematically shows a perspective view 
illustrating a thirty-third preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0108 FIG. 46 schematically shows a perspective view 
illustrating a thirty-fourth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
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0109 FIG. 47 schematically shows a perspective view 
illustrating a thirty-fifth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0110 FIG. 48 shows a cross-sectional view taken along 
a line B-B shown in FIG. 47. 

0111 FIG. 49 schematically shows a perspective view 
illustrating a thirty-sixth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0112 FIG. 50 schematically shows a perspective view 
illustrating a thirty-seventh preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 

0113 FIG. 51 schematically shows a perspective view 
illustrating a thirty-eighth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 

0114 FIG. 52 schematically shows a perspective view 
illustrating a thirty-ninth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0115 FIG. 53 shows characteristic curves illustrating the 
change in resonance angular frequency ratio depending on 
the length of the Support rod for Supporting the tuning fork. 

0116 FIG. 54 schematically shows a perspective view 
illustrating a fortieth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 

0117 FIG. 55 schematically shows a perspective view 
illustrating a forty-first preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0118 FIG. 56 schematically shows a perspective view 
illustrating a forty-Second preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 

0119 FIG. 57 schematically shows a perspective view 
illustrating a forty-third preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0120 FIG. 58 schematically shows a perspective view 
illustrating a forty-fourth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0121 FIG. 59 schematically shows a perspective view 
illustrating a forty-fifth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0.122 FIG. 60 schematically shows a perspective view 
illustrating a forty-sixth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 

0123 FIG. 61 schematically shows a perspective view 
illustrating a forty-seventh preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 

0.124 FIG. 62 shows a magnified structure of a portion at 
which lead wires are led in the Vibration gyro Sensor 
according to the forty-Seventh embodiment. 

0.125 FIG. 63 schematically shows a perspective view 
illustrating a forty-eighth preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 

0.126 FIG. 64 shows a magnified structure of a portion at 
which lead wires are led in the Vibration gyro Sensor 
according to the forty-eighth embodiment. 
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0127 FIG. 65 schematically shows a perspective view 
illustrating a forty-ninth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0128 FIG. 66 schematically shows a perspective view 
illustrating a fiftieth preferred embodiment of the vibration 
gyro Sensor according to the present invention. 
0129 FIG. 67 schematically shows a perspective view 
illustrating a fifty-first preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0130 FIG. 68 schematically shows a perspective view 
illustrating a fifty-Second preferred embodiment of the 
Vibration gyro Sensor according to the present invention. 
0131 FIG. 69 schematically shows a perspective view 
illustrating a fifty-third preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0132 FIG. 70A shows a cross-sectional view taken 
along a line C-C shown in FIG. 69. 
0.133 FIG.70B shows a cross-sectional view taken along 
a line D-D shown in FIG. 69. 

0134 FIG. 70C shows a cross-sectional view taken 
along a line E-E shown in FIG. 69. 
0135 FIG. 71 schematically shows a perspective view 
illustrating a fifty-fourth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0.136 FIG. 72 schematically shows a perspective view 
illustrating a fifty-fifth preferred embodiment of the vibra 
tion gyro Sensor according to the present invention. 
0.137 FIG. 73 schematically shows an exploded perspec 
tive view illustrating another structure of the vibration gyro 
sensor according to the first embodiment shown in FIG. 1. 
0138 FIG. 74 schematically shows an exploded perspec 
tive view illustrating the vibration gyro Sensor according to 
the thirty-third embodiment shown in FIG. 45. 
0139 FIG. 75 schematically shows an exploded perspec 
tive view illustrating the vibration gyro Sensor according to 
the thirty-fourth embodiment shown in FIG. 46. 
0140 FIG. 76 schematically shows an exploded perspec 
tive view illustrating the vibration gyro Sensor according to 
the thirty-fifth embodiment shown in FIG. 47. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.141. The feature of the present invention will be 
described in detail below with reference to various embodi 
ments of the vibration gyro Sensor illustrated in the drawings 
in order to more Specifically and clearly describe the present 
invention. 

0142. At first, an embodiment (first embodiment) of the 
Vibration gyro Sensor according to the present invention is 
shown in FIG. 1. In this embodiment, two angular rod 
shaped vibrators 2, 2 composed of a fired product of 
ceramics, each of which has a rectangular croSS Section and 
extends longitudinally, are arranged in parallel to one 
another and Separated from each other by a predetermined 
spacing distance. The two vibrators 2, 2 are connected in an 
integrated manner at their proximal ends to a rectangular 
angular rod-shaped Support base 4 composed of a fired 
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product of ceramics respectively So that the Vibrators 2,2 are 
supported by the Support base 4. Each of the vibrators 2, 2 
includes a first plate-shaped Section 6 to Serve as a detecting 
Section which is formed in an integrated manner with its 
thin-walled region disposed fairly close to the Support base 
4 and with its principal Surface extending in a direction of 
arrangement of the vibrators 2, 2. Each of the vibrators 2, 2 
has its proximal end region to Serve as a thin-walled Second 
plate-shaped section 8 which has its width thinner than a 
width of the vibrator 2 and has its principal Surfaces extend 
ing in a direction perpendicular to the first plate-shaped 
Section 6. The vibrators 2, 2 are connected in an integrated 
manner to the Support base 4 via the Second plate-shaped 
Sections 8, 8. The two vibrators 2, 2 are connected to one 
another in an integrated manner at their regions located 
between the first plate-shaped Sections 6, 6 and the Second 
plate-shaped Sections 8, 8 respectively via a third plate 
shaped section 10 which is more thin-walled than the 
Vibrators 2, 2 and has its principal Surface parallel to the 
principal Surfaces of the first plate-shaped Sections 6, 6. 
Namely, the two vibrators 2, 2, the Support base 4, the first 
plate-shaped Sections 6, 6, the Second plate-shaped Sections 
8, 8, and the third plate-shaped section 10 are constructed by 
an integrated fired product made of ceramics, thus giving an 
integrated Structure. 
0.143 Namely, as shown in FIG. 2, the vibration gyro 
Sensor, which is constructed by the integrated fired product 
of ceramics as described above, can be grasped as an 
integrated Stacked Structure comprising a thin plate layer 22, 
a Substrate layer 24, and a spacer layer 26. Accordingly, the 
first plate-shaped Sections 6, 6 and the third plate-shaped 
section 10 are given by the thin plate layer 22, while the 
Vibrators 2, 2 and the Second plate-shaped Sections 8, 8 are 
given by Stacking and integrating the thin plate layer 22 and 
the substrate layer 24. Further, the Support base 4 is given by 
Stacking and integrating the thin plate layer 22, the Substrate 
layer 24, and the Spacer layer 26. 
0144) Detecting piezoelectric/electrostrictive elements 
12, 12 are formed in an integrated manner on the thin-walled 
first plate-shaped Sections 6, 6 formed on the respective 
Vibrators 2, 2, in accordance with a known film formation 
method respectively. As shown in FIG. 3 with magnifica 
tion, the detecting piezoelectric/electrostrictive element 12 
is directly formed on the first plate-shaped Section 6 in a 
form in which a thin film-shaped lower electrode 12a, a 
piezoelectric/electroStrictive layer 12b, and an upper elec 
trode 12c are Stacked and integrated with each other. The 
detecting piezoelectric/electroStrictive elements 12, 12 
detect vibration or displacement induced in the vibrators 2, 
2 in a direction perpendicular to the arrangement plane of the 
two vibrators 2, 2. A driving piezoelectric/electroStrictive 
element 14 to Serve as a driving means is formed in an 
integrated manner on the third plate-shaped Section 10, as 
constructed in the same manner as the detecting piezoelec 
tric/electrostrictive elements 12, 12, in accordance with the 
known film formation method as well. When the driving 
piezoelectric/electroStrictive element 14 is operated, the two 
vibrators 2, 2 are subjected to bending vibration in their 
arrangement plane in mutually opposite directions, i.e., in 
directions to make mutual approach and Separation in the X 
axis direction. 

0145 Thin-walled excisable sections 16, 16 are provided 
at forward ends of the respective vibrators 2, 2 on a side 
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opposite to the connecting Section with respect to the 
Support base 4, and the excisable Sections 16, 16 extend in 
an integrated manner therefrom. The excisable Sections 16, 
16 may be easily trimmed by means of, for example, laser 
machining and ultrasonic machining. The upper Surface of 
the support base 4 is flush with the upper surfaces of the 
Vibrators 2, 2, and the Support base 4 has a shape with its 
thickness which is thicker than that of the vibrators 2, 2. 
Accordingly, the lower Surface of the Support base 4 is 
located at a position lower than the vibrators 2, 2. Namely, 
the Support base 4 includes, in an integrated manner, a Spacer 
Section 18 corresponding to the Spacer layer 26 shown in 
FIG. 2. The Support base 4 is thicker than the vibrators 2, 2 
by a thickness of the spacer section 18. When the vibration 
gyro Sensor is attached at the portion of the Support base 4 
to a flat attachment plane in the vertical direction by the aid 
of bolts 20, the vibrators 2, 2 do not Suffer interference from 
the attachment plane, owing to the presence of the Spacer 
Section 18 as described above. 

0146 Therefore, the vibration gyro sensor having the 
Structure as described above is operated as followS. Namely, 
the third plate-shaped section 10 undergoes deformation by 
operating the driving piezoelectric/electroStrictive element 
14. Accordingly, the two vibrators 2, 2 are Subjected to 
excited vibration (bending vibration) in mutually opposite 
directions in the X axis direction, in other words, in direc 
tions to make mutual approach and Separation in the rect 
angular coordinate System composed of the X, y, Z axes 
shown in FIG. 1. In Such a state, when the rotational force 
about the Z axis acts on the vibrators 2, 2, the Coriolis force 
acts in the y axis direction on the vibrators 2, 2 on the basis 
of the angular Velocity about the Z axis. Accordingly, the 
Coriolis force allows the vibrators 2, 2 to make vibration in 
mutually opposite directions in the y axis direction. The 
bending vibration of the vibrators 2, 2 in the y axis direction 
as described above is detected as an electromotive force 
(voltage) by the aid of the detecting piezoelectric/electros 
trictive elements 12, 12. 

0147 As described above, the vibration gyro sensor is 
constructed as a whole by the integrated fired product made 
of ceramics. Therefore, there is no magnetic material Such as 
the conventional elinvar alloy in the materials for construct 
ing the vibration gyro Sensor. For this reason, no problem 
occurs, i.e., the characteristics of the Sensor are not affected 
by any ambient magnetic field. The detecting piezoelectric/ 
electroStrictive elements 12, 12 and the driving piezoelec 
tric/electrostrictive element 14 are directly formed in the 
integrated manner on the first plate-shaped Sections 6, 6 and 
the third plate-shaped section 10 in accordance with the film 
formation method. No adhesive layer exists at all between 
the elements and the plate-shaped Sections. Therefore, the 
problem of decrease in sensitivity, which would be other 
wise caused by the absorption of StreSS brought about by 
Such an adhesive layer, is effectively dissolved. 
0.148. It is a matter of course that the deformation is 
advantageously caused by the operation of the driving 
piezoelectric/electroStrictive element 14, Owing to the fact 
that the driving piezoelectric/electrostrictive element 14 to 
Serve as an actuator is formed in the integrated manner on 
the thin-walled third plate-shaped section 10. Further, the 
respective vibrators 2, 2 are connected in the integrated 
manner to the Support base 4 via the thin-walled Second 
plate-shaped Sections 8, 8, and the Second plate-shaped 
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Sections 8, 8 are provided as the thin plate Sections having 
their principal Surfaces which extend in the direction (y axis 
direction) perpendicular to the direction (X axis direction) of 
Vibration of the vibrators 2, 2. Accordingly, the rigidity in 
the direction of Vibration is effectively decreased, making it 
possible to cause vibration easily. Thus large displacement is 
obtained by the driving operation effected on the vibrators 2, 
2 by the driving piezoelectric/electrostrictive element 14. 
Especially, when the ratio of the width (thickness) to the 
height of the Second plate-shaped Section 8 is made Small, it 
is possible to Suppress vibration in the vertical direction (y 
axis direction) which serves as a factor to decrease the 
Sensitivity. Further, as for the region of arrangement of the 
detecting piezoelectric/electroStrictive element 12, the first 
plate-shaped Section 6, on which the detecting piezoelectric/ 
electroStrictive element 12 is formed in the integrated man 
ner, is formed to be more thin-walled than the vibrator 2. So 
that its principal Surface extends in the direction of vibration 
(x axis direction) of the vibrator 2, in other words, the 
principal Surface is located within the vibration plane of the 
Vibrator 2. Accordingly, large displacement is obtained when 
bending vibration is generated in the y axis direction which 
is the direction perpendicular to the X axis direction. 

0149. As described above, the easily bendable regions 
exist in any of the direction of detecting vibration (direction 
of the y axis) and the direction of driving vibration (direction 
of the X axis), and hence large displacement is obtained in 
any of the driving and detecting operations. Accordingly, the 
Sensitivity of the vibration gyro Sensor is extremely 
enhanced. Especially, the first plate-shaped Section 6, on 
which the detecting piezoelectric/electrostrictive element 12 
is formed for giving the detecting Section, is thin-walled to 
provide the Structure So that the StreSS is concentrated. Thus 
a large output is obtained. 

0150. In the embodiment described above, there is pro 
vided the thin-walled excisable section 16 which extends in 
the integrated manner from the forward end of the vibrator 
2. Therefore, the excisable section 16 is easily subjected to 
the trimming processing or machining Such as the laser 
machining and the ultraSonic machining, making it easy to 
adjust the resonance frequency of the vibrator 2. The elec 
trode area of the detecting piezoelectric/electroStrictive ele 
ment 12 and the driving piezoelectric/electroStrictive ele 
ment 14 can be easily changed by using a laser or the like, 
making it possible to easily adjust the electric characteristics 
thereof. 

0151. Further, the vibration gyro sensor according to this 
embodiment has the structure in which the third plate 
shaped Section 10, on which the driving piezoelectric/elec 
trostrictive element 14 is provided, is formed in the inte 
grated manner So that the two vibrators 2, 2 are bridged at 
their proximal ends. Accordingly, the vibration gyro Sensor 
is also advantageous in that it is possible to effectively 
suppress the restriction of vibration of the vibrators 2, 2 by 
the third plate-shaped section 10. 

0152 The vibration gyro sensor according to the present 
invention may be embodied by various structures other than 
the Structure described above, within a range without devi 
ating from the gist or essential characteristics of the present 
invention. Representative embodiments are shown in FIG. 4 
and followings. The following embodiments will be 
explained only for their characteristic portions. The same or 
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equivalent components or parts as those described in the first 
embodiment are designated by the Same reference numerals, 
detailed explanation of which will be omitted. 

0153. At first, a second embodiment shown in FIG. 4 has 
the following feature. Namely, Vibrators 2, 2 are connected 
in an integrated manner to forward ends of U-shaped por 
tions of a U-shaped support base 4 via thin-walled first 
plate-shaped Sections 6, 6. Second plate-shaped Sections 8, 
8 are positioned at forward ends of the vibrators 2, 2. A 
thin-walled third plate-shaped section 10 for connecting the 
two vibrators 2, 2 in an integrated manner is formed in an 
integrated manner at positions located nearer to the forward 
ends as compared with the Second plate-shaped Sections 8, 
8. 

0154) In the second embodiment, the third plate-shaped 
section 10 is provided at the position nearer to the forward 
ends of the vibrators 2, 2 as compared with the first 
embodiment. Therefore, although a problem arises in that 
the vibration of the vibrators 2, 2 tends to be restricted by the 
third plate-shaped section 10, it is still possible to obtain 
displacement which is larger than that obtained by the 
conventional vibration gyro Sensor. 
0155 Third and fourth embodiments shown in FIGS. 5 
and 6 respectively have the following feature as compared 
with the first and second embodiments described above. 
Namely, the vibration gyro Sensor is constructed by an 
integrated fired product made of ceramics having a structure 
in which an angular bar-shaped Support bar 28 having a 
rectangular cross Section is arranged between two vibrators 
2, 2 in parallel to the vibrators 2, 2. 
0156 Namely, the Support bar 28 is disposed between the 
two vibrators 2, 2 at a position Separated from the vibrators 
2, 2 by a predetermined distance, and it is integrally con 
nected to and Supported by a Support base 4. Thin-walled 
third plate-shaped sections 10, 10 are formed in an inte 
grated manner between the support bar 28 and the vibrators 
2, 2 disposed at the right and left thereof. Driving piezo 
electric/electrostrictive elements 14, 14 are formed on the 
third plate-shaped sections 10, 10 respectively. The opera 
tion of the driving piezoelectric/electrostrictive elements 14, 
14 causes the right and left Vibrators 2, 2 to make excited 
Vibration in mutually opposite directions respectively. 

0157 FIGS. 7 and 8 show fifth and sixth embodiments 
having the following Structure respectively. Namely, an 
integrated fired Structure of ceramicS is used in a State in 
which the Support base 4 for Supporting two vibrators 2, 2 
at their proximal ends is constructed by an attachment frame 
30 having a rectangular configuration. The two vibrators 2, 
2 are accommodated in the attachment frame 30, and pre 
determined gaps are formed between the vibrators 2, 2 and 
the attachment frame 30. 

0158 Independent driving means (actuators) are pro 
Vided in an integrated manner between the two vibrators 2, 
2 and the attachment frame 30 which Surrounds the two 
vibrators 2, 2 respectively. Namely, thin-walled third plate 
shaped Sections 10, 10 are formed in an integrated manner 
between the two vibrators 2, 2 and sides of the attachment 
frame 30 opposing thereto. Driving piezoelectric/electros 
trictive elements 14, 14 are formed on the third plate-shaped 
sections 10, 10 respectively in accordance with the film 
formation method. 
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0159. In the vibration gyro sensor having the structure as 
described above, the attachment frame 30 can be tightly 
fixed to a flat attachment plane Via the Spacer Section 18 by 
the aid of bolts 20 or the like. Accordingly, the vibration 
gyro Sensor is advantageous in that the degree of freedom is 
large concerning the place for installation. 
0160) Seventh and eighth embodiments shown in FIGS. 
9 and 10 have similar structures as those described in the 
first and Second embodiments concerning the Support base 4. 
However, the Support base 4 is provided as an integrated 
fired Structure made of ceramics in a form of an attachment 
frame 30 having a rectangular configuration So that the two 
vibrators 2, 2 are surrounded thereby. 
0.161 Namely, each of the vibration gyro sensors accord 
ing to the Seventh and eighth embodiments includes a 
driving means 10, 14 formed in an integrated manner 
between the two vibrators 2, 2 arranged in the attachment 
frame 30 having the rectangular frame Structure. In these 
embodiments, the attachment frame 30 can be tightly fixed 
via the Spacer Section 18 in the same manner as described in 
the fifth and sixth embodiments. These embodiments are 
also advantageous in that the degree of freedom is large 
concerning the place for installation. 
0162 FIG. 11 shows a ninth embodiment of the vibration 
gyro Sensor according to the present invention. The vibration 
gyro Sensor is constructed by an integrated fired product 
Structure made of ceramics wherein a frame 32 having a 
rectangular configuration, which Serves as a Support base for 
Supporting two vibrators 2, 2 at their proximal ends, is 
provided so that the two vibrators 2, 2 are surrounded 
thereby. A thin-walled second plate-shaped section 8, which 
is provided to lower the rigidity of the vibrators 2, 2 in the 
direction of vibration and facilitate vibration, is formed in an 
integrated manner at a portion of the frame 32 located 
between Support regions for the two vibrators 2, 2 So that the 
Second plate-shaped Section 8 gives its principal Surface 
extending in a direction perpendicular to the direction of 
vibration (arrangement plane for the vibrators 2, 2). A third 
plate-shaped section 10, which is more thin-walled than the 
frame 32, is formed at a portion of the frame 32 opposing to 
the region for forming the Second plate-shaped Section 8 So 
that the third plate-shaped Section 10 has its principal 
Surface parallel to the principal Surfaces of the first plate 
shaped Sections 6, 6. A driving piezoelectric/electroStrictive 
element 14 is formed in an integrated manner on the third 
plate-shaped Section 10 in accordance with the film forma 
tion method. 

0163 Therefore, in the vibration gyro sensor having the 
Structure as described above, the operation of the driving 
piezoelectric/electroStrictive element 14 causes deformation 
of the third plate-shaped section 10 which induces bending 
vibration in the frame 32 by using the region of the second 
plate-shaped Section 8 as a center. On the basis of the 
bending vibration, the two vibrators 2, 2 are vibrated in an 
excited manner. 

0164 FIGS. 12 and 13 show tenth and eleventh embodi 
ments respectively, each based on the use of an integrated 
fired product Structure made of ceramics, as illustrative 
Structures for facilitating fixation of the vibration gyro 
sensor shown in FIG. 11. 

0.165 Of the tenth and eleventh embodiments, the 
embodiment shown in FIG. 12 includes an attachment 
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section 34 for fixing a frame 32, which is provided in an 
integrated manner at an outer Surface corresponding to a 
region for forming the Second plate-shaped Section 8 formed 
in the rectangular frame 32. Specifically, the attachment 
Section 34 has a triangular configuration, and it is connected 
in an integrated manner to the outer Surface of the Second 
plate-shaped Section 8 at an apex of the triangle. The 
connecting Section, at which the attachment Section 34 is 
connected to the Second plate-shaped Section 8, has a width 
(length in the lateral direction in FIG. 12) which is smaller 
than a width of the Second plate-shaped section 8 (length in 
the lateral direction in FIG. 12) because of the following 
reason. Namely, it is desirable to Suppress, as Small as 
possible, the restriction on the deformation of the Second 
plate-shaped section 8, which would be caused by the 
connection of the attachment section 34. The vibration gyro 
sensor is fixed Such that the attachment section 34 is fixed 
via the spacer section 18 by the aid of bolts 20 or the like. 

0166 The embodiment shown in FIG. 13 illustrates a 
modified embodiment of the attachment section 34 as 
described in the embodiment shown in FIG. 12. Namely, 
this embodiment has a structure including, in an integrated 
manner, an attachment frame 36 which is disposed outside 
the frame 32 and separated therefrom by predetermined 
distances So that the frame 32 for giving the vibration gyro 
Sensor is Surrounded. A tight fixing Structure can be realized 
by fixing the attachment frame 36 having a rectangular 
frame configuration by using bolts 20. 

0167 A twelfth embodiment of the vibration gyro sensor 
according to the present invention is shown in FIG. 14, 
based on the use of an integrated fired product Structure 
made of ceramics. In this embodiment, a Support base 4, 
which is provided for Supporting two vibrators 2, 2 at their 
proximal ends, has an angular U-shaped configuration. A 
Second plate-shaped Section 8 is formed at a portion located 
between Support regions of the Support base 4 for the two 
vibrators 2, 2. An attachment section 34 for fixing the 
Support base 4 is connected in an integrated manner to the 
outer Surface of the Second plate-shaped Section 8, in the 
same manner as the embodiment shown in FIG. 13. An 
attachment frame 36 having a rectangular frame configura 
tion, which is formed in an integrated manner together with 
the attachment Section 34, is disposed outside the two 
Vibrators 2, 2 and the Support base 4 and Separated by 
predetermined distances therefrom so that the two vibrators 
2, 2 and the Support base 4 are Surrounded thereby. 

0.168. Third plate-shaped sections 10, 10, which are more 
thin-walled than the attachment frame 36 and the support 
base 4, are formed in an integrated manner with their 
principal Surfaces parallel to principal Surfaces of first 
plate-shaped Sections 6, 6 So that the third plate-shaped 
sections 10, 10 bridge the attachment frame 36 and portions 
of the support base 4 located on both sides of the second 
plate-shaped Section 8 respectively. Driving piezoelectric/ 
electroStrictive elements 14, 14 are formed in an integrated 
manner on the third plate-shaped sections 10, 10 in accor 
dance with the film formation method. 

0169. In the vibration gyro sensor having the structure as 
described above, the portions of the Support base 4 located 
on the both sides of the Second plate-shaped Section 8 are 
Vibrated by the operation of the driving piezoelectric/elec 
troStrictive elements 14, 14 as the driving means provided 
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between the attachment section 36 and the portions of the 
support base 4. On the basis of the vibration, the vibrators 2, 
2 are vibrated. 

0170 The use of the structure of the vibration gyro sensor 
according to the present invention as described above makes 
it possible to easily realize combination with other Sensors. 
Specifically, the attachment frames 30, 36 shown in FIGS. 7 
to 10 and FIGS. 13 and 14 may be utilized to provide a 
Second attachment frame which is adjacent to the attachment 
frame and integrated with the attachment frame, as an 
integrated fired product Structure made of ceramics. Another 
sensor, which has a function different from that of the 
Vibration gyro Sensor, is Supported in an integrated manner 
in the Second attachment frame. Thus it is possible to 
provide a combined Sensor. An illustrative embodiment of 
Such a combined sensor is shown in FIG. 15. 

0171 In a combined sensor illustrated in FIG. 15, a 
Second attachment frame 38 integrated with an attachment 
frame 36 is provided as an integrated fired product structure 
made of ceramics, the Second attachment frame 38 being 
adjacent to the attachment frame 36 of the vibration gyro 
sensor as shown in FIG. 13. An acceleration sensor, which 
has a function distinct from the Vibration gyro Sensor, is 
provided in an integrated manner in the Second attachment 
frame 38. In FIG. 15, an acceleration sensor section 40 for 
detecting the angular Velocity around the Z axis, which 
constructs the Vibration gyro Sensor, is provided on the left 
Side of the System. An acceleration Sensor Section 42 is 
formed in the second attachment frame 38 on the right side 
of the System. Namely, the acceleration Sensor Section 42 
comprises a first Sensor 44A and a Second Sensor 4.4B for 
detecting the acceleration in the y axis direction, and a third 
sensor 44C and a fourth sensor 44D for detecting the 
acceleration in the X axis direction. 

0172 Each of the first and second sensors 44A, 4.4B 
comprises a vibrator 46a, 46b as an inertial mass, a thin 
plate-shaped detecting Section 48a, 48b for connecting the 
vibrator 46a, 46b to the attachment frame 38 in an integrated 
manner, and a detecting piezoelectric/electroStrictive ele 
ment 50a, 50b formed on the detecting section 48a, 48b in 
an integrated manner in accordance with the film formation 
method and having the same or equivalent Structure as that 
of the detecting piezoelectric/electrostrictive element 14 
described above. Therefore, when an acceleration in the y 
axis direction is inputted, the detecting Sections 48a, 48b are 
deformed respectively. A predetermined electromotive force 
(voltage) is outputted from the detecting piezoelectric/elec 
trostrictive elements 50a, 50b on the basis of the deforma 
tion. The first and second sensors 44A, 4.4B also detect the 
acceleration in the X axis direction. When they are operated 
as described above, the two Sensors make deformation in 
mutually opposite directions, the displacement being differ 
ent from the displacement in an identical direction brought 
about when the acceleration in the y axis direction is applied. 
Accordingly, it is possible to achieve Signal Separation. 

0173 Each of the third and fourth sensors 44C, 44D also 
comprises a vibrator 46c, 46d as an inertial mass, a thin 
plate-shaped detecting Section 48c, 48d for connecting the 
vibrator 46c, 46d to the attachment frame 38 in an integrated 
manner, a detecting piezoelectric/electroStrictive element 
50c, 50d formed on the detecting section 48c, 48d in an 
integrated manner in accordance with the film formation 
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method and having the same or equivalent Structure as that 
of the detecting piezoelectric/electrostrictive element 12 
described above, and a thin plate-shaped connecting Section 
46c', 46d for connecting the vibrator 46c, 46d to the 
attachment frame 38 to support the vibrator 46c, 46d in a 
state in which the vibrator 46c, 46d is easily displaceable in 
the X axis direction. Therefore, when an acceleration in the 
X axis direction is inputted, a predetermined electromotive 
force (voltage) is outputted from the detecting piezoelectric/ 
electrostrictive elements 50c, 50d on the basis of deforma 
tion of the two detecting sections 48c, 48d. 

0174 FIG. 16 shows another embodiment of the com 
bined Sensor having a different Structure. A combined Sensor 
disclosed in FIG. 16 has an integrated fired product structure 
made of ceramics in which an angular velocity Sensor 
Section 40 and an acceleration Sensor Section 42 are pro 
Vided in an integrated manner, in the same manner as the 
combined sensor illustrated in FIG. 15. However, this 
embodiment is different from the foregoing embodiment in 
the structures of the first and second sensors 44A, 44B. 

0175 Namely, a connecting section 46a, 46b, which is 
provided for connecting, in an integrated manner, a vibrator 
46a, 46b as an inertial mass of first and second sensors 44A, 
4.4B to an attachment frame 38 respectively, is formed to 
have a thin plate configuration which is easily deformed in 
the Z axis direction. Therefore, when an acceleration in the 
Z axis direction is inputted, the vibrators 46a, 46b as the 
inertial masses give large displacement owing to the pres 
ence of the connecting sections 46a, 46b' to be easily 
deformed, on the basis of which a predetermined electro 
motive force (voltage) is outputted by the detecting piezo 
electric/electrostrictive elements 50a, 50b. 

0176) Any of the vibration gyro sensors and the com 
bined Sensors according to the present invention is com 
posed of the integrated fired product made of ceramics 
except for the piezoelectric/electrostrictive elements 12, 14 
and 50a to 50d. Specifically, they are produced as follows. 

0177. At first, in the present invention, the main sensor 
body, which comprises, for example, the vibrators 2, the 
Support base 4, the first to third plate-shaped Sections 6, 8, 
10, and the Spacer Section 18, is given by the integrated fired 
product made of ceramics. Those usable, without any prob 
lem, as materials for forming the integrated fired product of 
ceramics for providing the main Sensor body include any of 
ceramic materials composed of oxide and any of ceramic 
materials composed of those other than oxide, provided that 
the material is an insulative material or a dielectric material 
having large mechanical Strength, which can be Subjected to 
a heat treatment at about 1400° C. as described later on, and 
which can be Stacked and integrated with the piezoelectric/ 
electroStrictive elements 12, 14 and other components with 
out using any adhesive or the like. Especially, those prefer 
ably adopted include materials comprising a major 
component of at least any one of aluminum oxide, magne 
sium oxide, Zirconium oxide, aluminum nitride, and Silicon 
nitride, in order to obtain excellent operation characteristics, 
i.e., large displacement, large generated force, and quick 
response Speed. In particular, it is recommended to use 
ceramic materials comprising, as a major component or 
major components, aluminum oxide and/or Zirconium oxide. 
More specifically, those advantageously used include mate 
rials comprising a major component of Zirconium oxide 
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Stabilized with at least one compound Selected from the 
group consisting of yttrium oxide, ytterbium oxide, cerium 
oxide, calcium oxide, and magnesium oxide, because they 
exhibits features Such as high toughness and high mechani 
cal Strength obtained even when the plate thickness is thin. 
0.178 In order to stabilize Zirconium oxide, the foregoing 
compound is preferably added in an amount of 1 mole % to 
30 mole % in the case of yttrium oxide and ytterbium oxide, 
6 mole % to 50 mole % in the case of cerium oxide, or 5 
mole % to 40 mole % in the case of calcium oxide and 
magnesium oxide. Especially, it is desirable to use yttrium 
oxide as a Stabilizer. In this case, yttrium oxide is desirably 
added in an amount of 1.5 mole % to 6 mole %, more 
preferably 2 mole % to 4 mole %. When yttrium oxide is 
added to Zirconium oxide in the foregoing range of addition, 
the crystal phase is partially Stabilized, thus giving excellent 
characteristics for the main Sensor body. 
0179 When stabilized or partially stabilized zirconia is 
used for the thin plate layer, it is preferable to contain an 
auxiliary shown in the following table. An equivalent effect 
can be obtained even when the piezoelectric/electroStrictive 
element contains the following auxiliary. 

TABLE 

Type of 
Preferable More applicable 
content preferable electric 
range range field-induced 

Auxiliary (% by weight) (% by weight) Effect strain 

alumina 0.1-5.0 0.2-2.0 *1 lateral effect 
titania 0.1-5.0 0.2-2.0 *2 longitudinal effect 

* 1: Stress itself or dispersion of stress of the piezoelectric layer is reduced 
by avoiding conglutination (fusion) of the thin plate layer and the piezo 
electric layer. 
* 2: Sufficient joining is ensured between the thin plate layer and the 
piezoelectric layer to obtain high reliability. 

0180. As shown in FIG. 2, the integrated fired product of 
ceramics, which constructs the main Sensor body as 
described above, advantageously comprises the thin plate 
layer 22, the Substrate layer 24, and the Spacer layer 26, if 
necessary. It is advantageous to contain Silicon oxide (SiO, 
SiO) at least in the material to give the thin plate layer 22. 
The content of silicon oxide is preferably not less than 0.5% 
by weight and not more than 5% by weight, and especially 
desirably not less than 1% by weight and not more than 3% 
by weight. The content of Silicon oxide in the ratio as 
described above is effective to avoid any excessive reaction 
with the piezoelectric/electroStrictive material during the 
heat treatment for the piezoelectric/electroStrictive element 
12, 14 formed on the thin plate layer 22 So that good actuator 
characteristics or detection characteristics may be obtained. 
0181 Further, in order to obtain quick response and large 
displacement in the vibration gyro Sensor and the combined 
Sensor including the same according to the present inven 
tion, the thickness of the thin plate layer 22 on which the 
piezoelectric/electroStrictive elements are formed in the 
integrated manner, i.e., the thickness of the first plate-shaped 
Section 6 and the third plate-shaped Section 10 is generally 
not more than 50 lum, preferably not more than 30 tim, and 
more preferably not more than 15 lum. On the other hand, the 
thickness of the Substrate layer 24 is appropriately deter 
mined. However, the thickness of the substrate layer 24 is 
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generally not less than 30 lum, preferably not less than 50 
tim, and more preferably not less than 100 um. In order to 
obtain large displacement and large generated force in the 
actuator or the detecting Section, at least the thin plate layer 
22 preferably has an average particle diameter of crystals of 
0.1 to 2 um. More preferably, the thin plate layer 22 is 
desirably composed of a ceramic material having an average 
particle diameter of not more than 1 um. 
0182 Those usable to obtain the integrated fired product 
of ceramics to give the main Sensor body comprising the thin 
plate layer 22 and the Substrate layer 24 (and the spacer layer 
26) as described above include, for example, a green sheet 
Stacking method for Stacking, in a State of green sheets, the 
thin plate layer 22, the Substrate layer 24, and the Spacer 
layer 26, as well as various molding methods based on the 
use of a mold, Such as pressure molding, casting molding, 
and injection molding, and processing or machining meth 
ods for forming, for example, the vibrator 2, the Support base 
4, and the first to third plate-shaped sections 6, 8, 10 by 
means of machining processing Such as ultraSonic, cutting, 
and grinding processing methods. Especially, it is preferable 
to use the green sheet Stacking method as a method in which 
no processing StreSS remains, and the accuracy for the 
thickness of the thin plate layer 22 is high. The green sheet 
Stacking method is preferably based on the use of first, 
Second, and third green sheets for providing the thin plate 
layer 22, the Substrate layer 24, and the Spacer layer 26 
respectively. A method is adopted, in which the first, Second, 
and third green sheets are Stacked by means of thermal 
adhesion under a pressure, and then they are integrated with 
each other by firing. It is preferable to use, as the first to third 
green sheets, green sheets which at least have the same 
degree of percentage of contraction by firing, upon the firing 
and integration. 
0183 The green sheet stacking method as described 
above specifically includes the following three methods. In 
the first method, the first to third green sheets are formed to 
have shapes corresponding to the thin plate layer 22, the 
substrate layer 24, and the spacer layer 26 shown in FIG. 2 
respectively. They are Stacked and integrated with each 
other, followed by firing to produce an integrated fired 
product. After that, the piezoelectric/electroStrictive ele 
ments 12, 14 are formed in an integrated manner at prede 
termined regions on the thin plate layer 22 in accordance 
with the film formation method. In the second method, the 
first green sheet, to which the shape of the thin plate layer 
22 is not given, is Stacked and integrated with the Second and 
third green sheets having shapes corresponding to the Sub 
Strate layer 24 and the Spacer layer 26, and they are fired to 
obtain an integrated fired product. After that, the shape of the 
thin plate layer 22 is realized by means of, for example, laser 
machining and ultrasonic machining, and then the piezo 
electric/electroStrictive elements are formed in an integrated 
manner at predetermined regions on the thin plate layer 22. 
In the third method, the first green sheet, to which the shape 
of the thin plate layer 22 is not given, is used. The first green 
sheet is Stacked and integrated with the Second and third 
green sheets having shapes corresponding to the Substrate 
layer 24 and the spacer layer 26, followed by firing to 
produce an integrated fired product. Piezoelectric/electroS 
trictive elements are formed in an integrated manner at 
predetermined regions of fired product portions of the first 
green sheet. After that, the shape of the thin plate layer 22 
is realized by means of, for example, laser machining and 
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ultraSonic machining. Thus the objective vibration gyro 
Sensor is obtained. Especially, the present invention advan 
tageously adopts the last-mentioned third method in order to 
avoid deformation which would be caused by the heat 
treatment during formation of the piezoelectric/electroStric 
tive elements. The shapes of the thin plate layer 22, the 
Substrate layer 24, and the Spacer layer 26 are preferably 
realized by using the method in which the green sheets are 
shaped to give Such shapes, or by adopting, for example, 
laser machining, press working with a mold, and ultrasonic 
machining. Especially, the preSS working with a mold is 
advantageously used, because this method is excellent in 
mass production performance and integration performance. 

0.184 FIG. 17 shows an example of the desirable pro 
duction technique (third method) for the vibration gyro 
Sensor in accordance with the green sheet Stacking method 
as described above. In this procedure, a first green sheet 52 
for giving the thin plate layer 22 is not processed into the 
shape of the thin plate layer 22 at all. The first green sheet 
52 is merely used as one thin plate having a rectangular 
configuration. A Second green sheet 54 for giving the Sub 
Strate layer 24 is processed into the shape corresponding to 
the shape of the substrate layer 24. A third green sheet 56 for 
giving the Spacer layer 26 is also processed into the shape 
corresponding to the shape of the Spacer layer 26. The first, 
second, and third green sheets 52, 54, 56 are stacked, and 
then they are fired and integrated into one unit. After that, the 
piezoelectric/electroStrictive elements 12, 14 are formed in 
an integrated manner on the predetermined regions on the 
thin plate layer 22 of the obtained fired product 58 in 
accordance with the film formation method as described 
later on. Subsequently, cutting processing is applied to 
portions of the thin plate layer 22 of the integrated fired 
product 58 by means of, for example, laser machining or 
ultraSonic machining. Thus the vibration gyro Sensor as 
shown in FIG. 1 is completed. 

0185. In the case of the second method based on the green 
sheet Stacking method described above, the order of the Step 
of forming the piezoelectric/electroStrictive elements 12, 14 
and the Step of processing the thin plate layer 22 is inverted, 
and the piezoelectric/electroStrictive elements 12, 14 are 
formed in an integrated manner. Thus the Vibration gyro 
sensor as shown in FIG. 1 is completed. 

0186. In the green sheet stacking method in which the 
Vibration gyro Sensor is obtained by Stacking the first, 
second, and third green sheets 52,54, 56 as described above, 
it is extremely easy to form the thin plate-shaped excisable 
section 16 extending from the forward end of the vibrator 2 
by considering the shape of the thin plate layer 22. After the 
Vibration gyro Sensor is produced, the resonance frequency 
is measured, and the excisable Section 16 formed at the 
forward end of the vibrator 2 is cut (excised) by means of, 
for example, laser machining and ultraSonic machining, if 
necessary. Thus the resonance frequency can be finely 
adjusted with ease. 

0187. As clarified from FIGS. 2 and 17, the vibration 
gyro sensor shown in FIG. 1 is constructed Such that the 
Second green sheet 54 for giving the Substrate layer 24 has 
a discontinuous structure of a form in which the portions for 
giving the vibrators 2, 2 are separated, because the first 
plate-shaped Sections 6, 6 are formed by the thin plate layer 
22 which is given by the first green sheet 52. For this reason, 
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it is difficult to position Such discontinuous Sections. Further, 
there is an implicit problem that deformation tends to occur 
during the firing and the heat treatment performed when the 
piezoelectric/electroStrictive elements are formed. There 
fore, a technique is preferably adopted, in which a continu 
ous green sheet is prepared and used during Stacking, and 
discontinuous Sections as described above are formed after 
completion of the Stacking and integration or the firing and 
integration. An example of Such a technique is shown in 
FIG. 18. 

0188 Namely, FIG. 18 shows one of effective techniques 
to produce the vibration gyro sensor shown in FIG. 7. In this 
procedure, a Second green sheet 54 for giving the Substrate 
layer 24 is provided as a continuous sheet as shown in FIG. 
18. Namely, sections 58, 58 for forming the vibrators 2,2 are 
connected via connecting Sections 62, 62 to a Section 60 for 
forming the attachment frame 30, and thus the Second green 
sheet 54 is used in a State including no discontinuous 
portion. The Second green sheet 54 is Stacked together with 
a first green sheet 52 and a third green sheet 56, and they are 
fired and integrated with each other. After that, the piezo 
electric/electroStrictive elements 12, 14 are formed in an 
integrated manner thereon, followed by performing machin 
ing for the thin plate layer 22 given by the first green sheet 
52. Simultaneously with the machining, or before or after 
the machining, the connecting Sections 62, 62, which con 
nect the vibrators 2, 2 and the attachment frame 30, are cut 
by means of, for example, laser machining or ultrasonic 
machining to make Separation from the attachment frame 
30. When cut Sections 64, 64 are formed from the connecting 
Sections 62, 62, the vibrators 2, 2 are released from restric 
tion by the attachment frame 30. Thus the vibration gyro 
sensor shown in FIG. 7 is completed. 

0189 The structure, in which any discontinuous section 
is not exist in the Second green sheet 54 as described above, 
may be realized not only for the Sensors having the Structure 
which includes the attachment frame 30, 36, 38 and the 
frame 32 so that the vibrators 2, 2 are Surrounded as shown 
in FIGS. 7 to 16, but also for the sensors having the structure 
including the Support bar 28 provided between the two 
vibrators 2, 2 as shown in FIGS. 5 and 6 Such that 
connecting Sections 62, 62 are formed between the vibrators 
2, 2 and the Support bar 28, and they are finally cut at the cut 
Sections 64, 64. 

0190. In the production steps for the vibration gyro 
Sensors and the combined Sensors described above, the 
piezoelectric/electroStrictive elements 12, 14 are formed on 
the predetermined regions on the thin plate layer 22 as 
follows. 

0191 At first, in order to form the electrode films 12a, 
12c and the piezoelectric/electrostrictive film 12b composed 
of respective materials on the predetermined regions on the 
thin plate layer 22, it is possible to appropriately adopt 
various known film formation methods including, for 
example, thick film methods Such as Screen printing, appli 
cation methods Such as dipping, and thin film methods Such 
as ion beam, Sputtering, vacuum vapor deposition, ion 
plating, CVD, and plating. However, there is no limitation 
thereto at all. In order to form the piezoelectric/electroStric 
tive film 12b, it is preferable to adopt techniques based on, 
for example, Screen printing, dipping, and application. In 
these techniques, the film can be formed on the thin plate 
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layer 22 by using a paste or a slurry comprising, as a major 
component, piezoelectric/electroStrictive ceramic particles, 
in which good operation characteristics can be obtained. 
When the piezoelectric/electrostrictive element 12, 14 is 
formed in accordance with the film formation method as 
described above, the element can be integrated with the thin 
plate layer 22 without using any adhesive. Accordingly, the 
use of the film formation method is especially preferred 
because the reliability and the reproducibility are excellent, 
and it is easy to achieve integration. The shape of Such a film 
is formed by means of pattern formation by using, for 
example, the Screen printing method and the photolithogra 
phy method. Alternatively, the pattern may be formed by 
removing unnecessary portions by using mechanical pro 
cessing methods Such as laser processing, slicing, and ultra 
Sonic processing. 

0.192 The shape of the film and the structure of the 
piezoelectric/electrostrictive element 12, 14 formed inte 
grally on the predetermined region on the thin plate layer 22 
in accordance with the film formation method are not limited 
at all, to which those hitherto known may be appropriately 
adopted. For example, other than the Structure based on the 
use of the lateral effect of the electric field-induced strain as 
shown in FIG. 3, it is possible to appropriately adopt those 
having a structure based on the use of the longitudinal effect 
of the electric field-induced strain. No problem occurs 
concerning the shape of the film. The shape of the film may 
be any of polygonal configurations Such as triangles and 
rectangles, circular configurations Such as circles, ellipses, 
and rings, comb-shaped configurations, lattice-shaped con 
figurations, and Special configurations obtained by combin 
ing the foregoing configurations. 

0193 The respective films 12a, 12b, 12c, which are 
formed on the first and third plate-shaped sections 6, 10 
given by the thin plate layer 22, may be heat-treated every 
time when each film is formed So that the integrated Struc 
ture is established together with the respective plate-shaped 
Sections. Alternatively, all of the films may be formed, and 
then they may be simultaneously heat-treated So that the 
respective films may be simultaneously joined with the 
plate-shaped Section in an integrated manner. Incidentally, 
when the electrode film is formed by means of the thin film 
formation technique, the heat treatment is not necessarily 
indispensable to achieve integration in Some cases. 

0194 AS for the heat treatment temperature to integrate 
the films formed as described above and the plate-shaped 
section, a temperature of about 800° C. to 1400° C. is 
generally adopted, and preferably, a temperature within a 
range of 1000 C. to 1400° C. is advantageously selected. 
When the piezoelectric/electrostrictive film 12b is heat 
treated, it is preferable to perform the heat treatment while 
controlling the atmosphere by using an evaporation Source 
composed of a piezoelectric/electroStrictive material 
together So that the composition of the piezoelectric/elec 
troStrictive film is not unstable at a high temperature. 

0195 The material for the electrode films 12a, 12c for 
constructing the piezoelectric/electroStrictive element pro 
duced in accordance with the foregoing method is not 
Specifically limited provided that the material is a conductor 
which can withstand the oxidizable atmosphere at a high 
temperature of a degree of the heat treatment temperature 
and the firing temperature. For example, the material may be 
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a simple Substance of metal or an alloy. The material may be 
a mixture of a metal or an alloy and an additive Such as an 
insulative ceramic and glass. Further, no problem occurs 
when the material is a conductive ceramic. More appropri 
ately, it is preferable to use electrode materials comprising 
major components of high melting point noble metals Such 
as platinum, palladium, and rhodium, and alloys Such as 
Silver-palladium, Silver-platinum, and platinum-palladium. 

0196. As for the mixture described above, it is desirable 
to use, as the ceramic to be added to the metal and the alloy, 
the same material as the material for constructing the first 
plate-shaped Section and the third plate-shaped Section or the 
piezoelectric/electroStrictive material described later on. The 
Same material as the material for the plate-shaped Section is 
preferably added in an amount of 5 to 30% by volume. The 
Same material as the piezoelectric/electroStrictive material is 
preferably added in an amount of about 5 to 20% by volume. 
Especially, the mixture, which is obtained by mixing the 
metal or the alloy described above with the material for 
constructing the plate-shaped Section and the piezoelectric/ 
electroStrictive material, is advantageously used to form the 
objective electrode. 

0197) The electrodes 12a, 12c, which are formed by 
using the material as described above, are allowed to have 
appropriate thicknesses depending on the use or application. 
As shown in FIG. 3, in the case of the type based on the use 
of the lateral effect of the electric field-induced strain, the 
electrode is generally formed to have a thickness of not more 
than 15 lum, and preferably not more than 5 lum. AS shown 
in FIG. 19, in the case of the type based on the use of the 
longitudinal effect of the electric field-induced Strain, the 
electrode is appropriately formed to have a thickness of not 
less than 3 um, preferably not less than 10 um, and more 
preferably not less than 20 lum. 
0198 Any material may be used as the piezoelectric/ 
electroStrictive material to give the film-shaped piezoelec 
tric/electrostrictive layer 12b for constructing the piezoelec 
tric/electrostrictive elements 12, 14, provided that the 
material exhibits the electric field-induced Strain Such as the 
piezoelectric or electrostrictive effect. The material may be 
crystalline materials, or amorphous materials. No problem 
occurs when the material is any of Semiconductor materials, 
dielectric ceramic materials, or ferroelectric ceramic mate 
rials. The material may be materials which require the 
polarization treatment, or materials which do not require the 
polarization treatment. 
0199 Specifically, those preferably used as the piezoelec 
tric/electrostrictive material employed in the present inven 
tion include, for example, materials comprising a major 
component of lead Zirconate titanate (PZT System), materi 
als comprising a major component of lead magnesium 
niobate (PMN System), materials comprising a major com 
ponent of lead nickel niobate (PNN system), materials 
comprising a major component of lead Zinc niobate, mate 
rials comprising a major component of lead manganese 
niobate, materials comprising a major component of lead 
antimony Stannate, materials comprising a major component 
of lead titanate, materials comprising a major component of 
barium titanate, and composite materials thereof. No prob 
lem occurs when the material comprising the major com 
ponent of the PZT system is appropriately added with 
predetermined additives to give materials, for example, 
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those of the PLZT System containing, as additives, oxides of 
lanthanum, barium, niobium, Zinc, nickel, and manganese, 
or other types of compounds thereof. 

0200. It is desirable that the thickness of the piezoelec 
tric/electrostrictive element 12, 14 constructed as described 
above is generally not more than 100 um, preferably not 
more than 50 lum, and more preferably not more than 30 lum. 
0201 The present invention has been specifically 
described above on the basis of the several embodiments. 
However, the present invention should not be interpreted at 
all as one which is limited by the foregoing embodiments. It 
should be understood that various changes, modifications, 
and improvements may be added to the present invention on 
the basis of the knowledge of those skilled in the art without 
deviating from the Scope of the present invention. 

0202 For example, in the illustrative respective embodi 
ments, the Spacer Section 18 is provided, for example, for the 
support base 4, the attachment frame 30, 36, or the attach 
ment section 34 so that the respective vibrators 2, 2 do not 
interfere with the attachment plane even when the vibrators 
2, 2 makes vibration for detection. However, in Some cases, 
it is unnecessary to provide Such a Spacer Section 18 depend 
ing on the shape or the Structure of the attachment plane. 

0203. In the illustrative embodiments, for example, the 
support base 4, the attachment frame 30, 36, or the attach 
ment section 34 is fixed by using the bolts. However, it is 
also effective to glue and fix Such components by using an 
adhesive. In this case, it is preferable to fix the entire lower 
Surface of the Spacer Section 18 by using an adhesive. Those 
uSable as the adhesive include, for example, those of the 
epoxy resin type, the acrylic resin type, the Synthetic rubber 
type, the hot melt type, the cyanoacrylate type, and the 
polyurethane resin type. 

0204. In the illustrative vibration gyro sensor according 
to the present invention, the first plate-shaped Section 6, on 
which the detecting piezoelectric/electrostrictive element 12 
is formed in the integrated manner, is provided at the 
intermediate portion or the proximal end of the vibrator 2. 
However, as shown in FIGS. 20 and 21, it is possible to 
provide the first plate-shaped section 6 at the forward end of 
the vibrator 2 to give an integrated Structure continued to the 
excisable Section 16. In this case, the Coriolis force applied 
to the detecting piezoelectric/electrostrictive element 12 is 
lowered, and the Sensitivity is decreased. However, this 
Structure has a feature that it is advantageous concerning 
achievement of a compact Size and concerning breakage. 

0205 Next, a fifteenth embodiment of the vibration gyro 
Sensor according to the present invention will be described 
with reference to FIG. 22. 

0206. The vibration gyro sensor according to the fifteenth 
embodiment comprises a rectangular parallelepiped-shaped 
support base 100 with its longitudinal direction extending in 
a certain direction (X direction in FIG. 22), two vibrators 
102A, 102B provided on one side surface of the Support base 
100 and having their direction of major axes extending in a 
direction (Y direction in FIG. 22) perpendicular to the 
certain direction, two vibrators 102C, 102D provided on 
another side surface of the Support base 100 and having their 
direction of major axes extending in the Y direction, and a 
frame 104 having its frame Surface parallel to a plane 



US 2001/0011479 A1 

including the X and Y directions, for Surrounding the 
support base 100 and the four vibrators 102A to 102D. 
0207. The respective two vibrators 102A, 102B and 
102C, 102D are supported by the support base 100 at the 
respective side Surfaces So that they extend in parallel to one 
another while giving a predetermined spacing width “d'. 
0208. Each of the vibrators 102A to 102D has a rectan 
gular parallelepiped-shaped main vibrator body 106, and a 
thin-walled plate-shaped connecting Section (Second plate 
shaped section) 108 for connecting the main vibrator body 
106 to the support base 100. The connecting section 108 
extends from a central portion in the widthwise direction of 
an end surface of the main vibrator body 106 on the side of 
the support base 100 to the support base 100. The height of 
the connecting Section 108 is approximately the same as that 
of the main vibrator body 106, and the width thereof is 
designed to be smaller than the width of the main vibrator 
body 106, in the same manner as described in the first 
embodiment (see FIG. 1). 
0209 An opening 110, which has an approximately rect 
angular planar configuration, is formed through the frame 
104 at its central portion. The opening 110 penetrates 
through the frame 104 in its direction of height, and it has 
an opening area of a degree to make it possible to Surround 
the support base 100 and the four vibrators 102A to 102D. 
The opening 110 has rectangular cutouts 112 at portions 
corresponding to both longitudinal ends of the Support base 
100. The distance between bottoms of the respective cutouts 
112 is designed to be longer than the length of the Support 
base 100 in the longitudinal direction. Side surfaces of the 
respective cutouts 112 are opposed, at portions near to the 
opening 110, to the side surfaces of the support base 100. 
Namely, the Support base 100 is formed such that its both 
ends in the longitudinal direction are inserted into the 
corresponding cutouts 112 respectively. 

0210. The respective two vibrators 102A, 102B and 
102C, 102D, which are connected to the both side Surfaces 
of the Support base 100, are provided with plate-shaped 
driving Sections (third plate-shaped sections) 114 which are 
thin-walled in the direction of height and formed between 
the main vibrator bodies 106 respectively. In the illustrative 
embodiment shown in FIG. 22, each of the driving sections 
114 has its upper Surface which is disposed on a Side of the 
upper surface of the main vibrator body 106, and which is 
disposed at a position nearest to the connecting Sections 108. 
The respective driving Sections 114 are actually disposed on 
the side of the upper surface of the main vibrator body 106. 
However, Strictly Speaking, they are convex upward or 
conveX downward, giving a structure in which they are not 
in an identical plane (plate spring structure). 
0211 Plate-shaped sections 116, which are thin-walled in 
their direction of height, are provided between portions of 
the both side surfaces of the Support base 100 in the vicinity 
of the both ends in the longitudinal direction and side 
Surfaces of the cutouts 112 opposing to the portions. In the 
illustrative embodiment shown in FIG. 22, the upper Sur 
faces of the respective plate-shaped Sections 116 are 
depicted in a State in which they are flush with the upper 
surface of the Support base 100 and the upper surface of the 
frame 104. However, in fact, although the respective plate 
shaped Sections 116 are disposed on the Side of the upper 
surface of the Support base 100 and on the side of the upper 
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surface of the frame 104, they are convex upward or convex 
downward. Strictly Speaking, the respective plate-shaped 
Sections 116 have a structure in which they are not disposed 
in an identical plane (plate spring structure). 
0212. In the vibration gyro sensor according to the fif 
teenth embodiment, the support base 100, the four vibrators 
102A to 102D, the frame 104, the four connecting sections 
108, the two driving sections 114, and the four plate-shaped 
Sections 116 are constructed by an integrated fired product 
made of ceramics. The vibration gyro Sensor further com 
prises driving piezoelectric/electroStrictive elements 118 
formed on the driving Sections 114, and detecting piezoelec 
tric/electrostrictive elements 120 formed on the plate-shaped 
Sections 116. Accordingly, driving means 122 for vibrating 
the vibrators 102 in an excited manner are constructed by the 
driving Sections 114 and the driving piezoelectric/electros 
trictive elements 118, and detecting Sections 124 are con 
Structed by the plate-shaped Sections 116 and the detecting 
piezoelectric/electrostrictive elements 120. When the driv 
ing piezoelectric/electrostrictive elements 118 are operated 
by applying an electric power thereto, the respective two 
vibrators 102A, 102B and 102C, 102D make vibration while 
being bent in mutually opposite directions in the X axis 
direction, i.e., in directions to make mutual approach or 
Separation in the arrangement plane thereof. 
0213 The connecting sections 108 provided between the 
main vibrator bodies 106 and the Support base 100 will now 
be described. The aspect ratio (width: height) of the con 
necting section 108 is preferably within a range of 1:1.2 to 
1:1000, and more preferably within a range of 1:1.8 to 1:50. 
The aspect ratio should be designed within the foregoing 
range because of the following reason. Namely, if the aspect 
ratio of the connecting Section 108 is larger than 1:1.2, 
unnecessary vibration in the Z axis direction tends to occur 
in the vibrators 102A to 102D. As a result, unnecessary 
vibration tends to occur in the detecting sections 124. On the 
other hand, if the aspect ratio is smaller than 1:1000, it is 
difficult to proceSS and machine the connecting Sections 108. 
AS a result, the processing accuracy is deteriorated. 
0214) Integrated firing of the ceramics and formation of 
the piezoelectric/electroStrictive elements have been 
described in detail above, explanation of which will be 
omitted in this Section. 

0215. In the vibration gyro sensor according to the fif 
teenth embodiment, when the driving piezoelectric/electros 
trictive elements 118 are operated, the driving sections 114 
undergo deformation. Thus the respective two vibrators 
102A, 102B and 102C, 102D make excited vibration (lateral 
vibration) in mutually opposite directions in the X axis 
direction. 

0216. When an angular velocity is applied around the 
axis (around the Z axis in FIG. 22) perpendicular to the 
plane including the certain direction and the extending 
direction of the support base 100 in a state in which the 
respective-two vibrators 102A, 102B and 102C, 102D are 
Vibrated, a force acts in the Y axis direction on the plate 
shaped sections 116 of the detecting sections 124. The force 
causes the detecting Sections 124 to make lateral vibration. 
Namely, rotational vibration occurs around the Z axis, and 
the vibration is detected as an electromotive force (voltage) 
by the piezoelectric/electrostrictive elements 120 of the 
detecting Sections 124. 
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0217. In the present invention, all of the vibrators 102, 
the support base 100, and the detecting sections 124 are 
constructed by the integrated fired product of ceramics. 
Therefore, there is no magnetic material Such as the con 
ventional elinvar alloy in the materials for constructing the 
Vibration gyro Sensor. Accordingly, the characteristics of the 
Sensor are not affected by any ambient magnetic field. 
0218. The detecting section 124 is constructed as having 
the plate-shaped section 116 which is more thin-walled than 
the main vibrator body 106 in its direction of height so that 
it has a Structure having low rigidity. Therefore, when the 
Vibration is caused around the Z axis by the angular Velocity 
as described above, a large Strain or distortion is obtained in 
the plate-shaped Section 116. Thus it is possible to greatly 
improve the detection Sensitivity of the detecting piezoelec 
tric/electrostrictive element 120 formed on the plate-shaped 
Section 116. 

0219 Especially, in the vibration gyro sensor according 
to the fifteenth embodiment, the vibration is generated in the 
detecting Section 124 only when the angular velocity is 
applied. Therefore, the output (null voltage), which is 
obtained from the detecting piezoelectric/electroStrictive 
element 120 in a State in which no angular Velocity is 
applied, is extremely Small. Thus the detection Sensitivity is 
greatly improved. Moreover, the probability of occurrence 
of fatigue fracture at the detecting Section 124 due to 
Vibration is lowered, and it is possible to contemplate a long 
Service life of the vibration gyro Sensor. 
0220. The vibration gyro sensor has the structure not for 
measuring the angular Velocity around the major axis of the 
vibrator 106 (around the Y axis), but for measuring the 
angular Velocity around the axis perpendicular to the plane 
which includes the certain direction and the extending 
direction of the support base 100 (around the Z axis). 
Therefore, the vibrators 102, the Support base 100, and the 
frame 104 can be made thin in their direction of height. Thus 
it is possible to facilitate realization of a compact Size and a 
light weight of the vibration gyro Sensor. 
0221) The four vibrators 102A to 102D have the structure 
in which each of the main vibrator bodies 106 includes no 
thin-walled plate member and each of them is Supported 
singly by the Support base 100 having the high strength. 
Therefore, each of the main vibrator bodies 106 itself is 
allowed to have a large mass. Accordingly, the Coriolis force 
(Fc= 2 mV G2) generated in the vibrators 102A to 102D is 
increased, and hence it is possible to realize a high Sensi 
tivity in relation to the detection of strain effected by the 
detecting Sections 124. 
0222 Next, a vibration gyro Sensor according to a six 
teenth embodiment will be explained with reference to FIG. 
23. Components or parts corresponding to those shown in 
FIG. 22 are designated by the same reference numerals, 
duplicate explanation of which will be omitted. 

0223) As shown in FIG. 23, the vibration gyro sensor 
according to the Sixteenth embodiment has approximately 
the same Structure as that of the vibration gyro Sensor 
according to the fifteenth embodiment (see FIG.22). How 
ever, the detecting Sections 124 are different in the following 
points. 
0224 Namely, the detecting Section 124 comprises a ring 
member 130 formed of ceramics in an integrated manner 
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between a side surface of the cutout 112 and a portion of 
both side surfaces of the support base 100 in the vicinity of 
the both ends in the longitudinal direction, a plate-shaped 
Section 116 provided in an integrated and bridged manner in 
parallel to the extending direction of the support base 100 (X 
axis direction) in the ring member 130, and a detecting 
piezoelectric/electrostrictive element 120 formed on the 
plate-shaped Section 116. 
0225. The vibration gyro sensor according to the six 
teenth embodiment is operated as follows. Namely when an 
angular Velocity is applied around the axis perpendicular to 
the plane including the certain direction and the extending 
direction of the Support base 100 (around the Z axis) in a 
state in which the respective two vibrators 102A, 102B and 
102C, 102D are vibrated in accordance with the operation of 
the driving piezoelectric/electrostrictive elements 118, a 
force acts in the Y axis direction on the detecting Sections 
124. The action of the force causes the ring members 130 to 
make Vibration while forming elliptic configurations with 
their major or minor axis directed in the Y axis direction. 
The vibration of the ring members 130 in the Y axis direction 
is detected as an electromotive force (voltage) by the detect 
ing piezoelectric/electrostrictive elements 120. In the Six 
teenth embodiment, the Strain in the detecting Sections 124 
in the Y axis direction is indirectly measured via the defor 
mation of the ring members 130 by using the detecting 
piezoelectric/electrostrictive elements 120. This embodi 
ment provides an effect that the vibration gyro Sensor is 
excellent in durability. 
0226. In the vibration gyro sensors according to the 
fifteenth and Sixteenth embodiments, the resonance fre 
quency is adjusted in the same manner as, for example, the 
Vibration gyro Sensor according to the first embodiment 
described above (see FIG. 1). The adjustment for the 
resonance frequency will be specifically explained with 
reference to FIGS. 24 and 25, as represented by the vibra 
tion gyro Sensor according to the fifteenth embodiment. 
0227. The gyro sensor according to the fifteenth embodi 
ment is actually constructed as follows in order to adjust the 
resonance frequency. Namely, as shown in FIG. 24, thin 
walled first projections 132, which protrude outwardly from 
respective free ends of the respective two vibrators 102A, 
102B and 102C, 102D, are formed of ceramics in an 
integrated manner. Further, thin-walled Second projections 
134, which protrude outwardly from both ends of the 
support base 100 in the longitudinal direction, are formed of 
ceramics in an integrated manner. 
0228. The resonance frequency for driving is adjusted by 
trimming-treating the first projections 132, and the reso 
nance frequency for detection is adjusted by trimming 
treating the Second projections 134. 
0229. In this embodiment, the resonance frequency for 
driving can be adjusted by applying a trimming treatment 
(excising treatment) to the first projections 132, and the 
resonance frequency for detection can be adjusted by apply 
ing a trimming treatment (excising treatment) to the Second 
projections 134. Namely, the resonance frequencies for 
driving and detection can be independently adjusted respec 
tively. Therefore, for example, it is possible to avoid the 
inconvenience that the resonance frequency for detection is 
affected by adjustment for the resonance frequency for 
driving. 
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0230. The shapes of the first and second projections 132, 
134 may by constructed as follows. For example, as shown 
in FIG. 24, the first and second projections 132,134 may be 
constructed as plate-shaped and thin-walled in the direction 
of height with respect to the respective main vibrator bodies 
106. Alternatively, as shown in FIG. 25, the first and second 
projections 132, 134 may be constructed as plate-shaped and 
thin-walled in the extending direction of the Support base 
100 (X axis direction) with respect to the respective main 
vibrator bodies 106. 

0231. The shape shown in FIG. 24 is advantageous in 
that the trimming treatment can be easily performed by 
means of, for example, laser beam Scanning over the upper 
surface. In the case of the shape shown in FIG. 25, regions 
to be Subjected to the trimming treatment are disposed over 
entire Surfaces perpendicular to the direction of Vibration of 
the respective two vibrators 102A, 102B and 102C, 102D, 
and hence an extremely excellent mass balance is obtained. 
In this case, the trimming treatment is performed, for 
example, by applying percussion Such as ultraSonic waves 
after laser radiation So that unnecessary portions are excised. 
0232) Actually, upon the adjustment for the resonance 
frequency, if the first projections 132 are Subjected to the 
trimming treatment in order to adjust the resonance fre 
quency for driving, the resonance frequency for detection is 
considerably affected. However, even when the second 
projections 134 are Subjected to the trimming treatment in 
order to adjust the resonance frequency for detection, the 
resonance frequency for driving is not affected. Therefore, 
when the resonance frequency is actually adjusted, it is 
preferable that the resonance frequency for driving is firstly 
adjusted by trimming-treating the first projections 132, and 
then the resonance frequency for detection is adjusted by 
trimming-treating the Second projections 134. 

0233. Next, a vibration gyro sensor according to a sev 
enteenth embodiment will be explained with reference to 
FIG. 26. Components or parts corresponding to those shown 
in FIG. 22 are designated by the same reference numerals, 
duplicate explanation of which will be omitted. 

0234. As shown in FIG. 26, the vibration gyro sensor 
according to the Seventeenth embodiment is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the fifteenth embodiment. However, the former 
is different from the latter in that plate-shaped driving 
Sections 114 of the driving means 122 are arranged on lines 
for connecting centers of gravity of the respective main 
vibrator bodies 106 respectively. 
0235. In this embodiment, the respective two vibrators 
102A, 102B and 102C, 102D can efficiently make mutual 
approach and Separation, as compared with the vibration 
gyro Sensor including the driving Sections 114 disposed in 
the vicinity of the connecting sections 108 (for example, the 
Vibration gyro Sensor according to the fifteenth embodi 
ment). Accordingly, this embodiment is advantageous in that 
the detection Sensitivity in the detecting Sections 124 can be 
improved. 

0236. The adjustment for the resonance frequency by 
means of the trimming treatment for the vibration gyro 
Sensor may be performed in another way, in place of the 
trimming treatment for the first and Second projections 132, 
134 described above (see FIGS. 24 and 25). Namely, as 
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shown in FIG. 27, the driving sections 114 provided 
between the respective main vibrator bodies 106, and the 
plate-shaped Sections 116 of the detecting Sections 124 
provided between the support base 100 and the frame 104 
are allowed to have wide widths respectively beforehand. 
The widths of the driving sections 114 and the plate-shaped 
Sections 116 are appropriately changed. Thus the resonance 
frequencies for driving and detection may be adjusted. 
0237. In this adjustment method, the resonance frequen 
cies for driving and detection are not adjusted by changing 
the masses of the main vibrator bodies 106 and the Support 
base 100, but the resonance frequencies for driving and 
detection are adjusted by changing Spring constants of the 
driving Sections 114 and the plate-shaped Sections 116. 
0238 Specifically, when the frequency for driving is 
changed, the two plate-shaped driving Sections 114 disposed 
between the respective main vibrator bodies 106 are excised 
by means of, for example, laser machining or ultrasonic 
machining. When the frequency for detection is changed, the 
four plate-shaped Sections 116 disposed between the Support 
base 100 and the frame 104 are excised by means of, for 
example, laser machining or ultrasonic machining. 
0239). In this embodiment, it is unnecessary to form the 

first projections 132 and the second projections 134 at the 
free ends of the respective main vibrator bodies 106 and at 
the both ends of the Support base 100 in the longitudinal 
direction respectively. Accordingly, the production StepS can 
be simplified. Moreover, the resonance frequency is easily 
adjusted because the region Subjected to the trimming treat 
ment is thin-walled. Unlike the method in which the reso 
nance frequency is adjusted by changing the mass, the 
method of this embodiment is also advantageous in that the 
resonance frequency for driving and the resonance fre 
quency for detection can be adjusted completely-indepen 
dently from each other. 
0240 The fifteenth to seventeenth embodiments are illus 
trative of the formation of the driving section 114 between 
the main vibrator bodies 106. Besides, the driving section 
114 may be formed between the support base 100 and the 
main vibrator body 106. Several examples of this arrange 
ment are shown in FIGS. 28 and 29 as eighteenth and 
nineteenth embodiments. 

0241 Namely, as shown in FIG. 28, a vibration gyro 
Sensor according to the eighteenth embodiment comprises 
driving sections 114 each of which is formed between a 
support base 100 and a portion of an end surface of a main 
vibrator body 106 disposed on a side of the Support base 100 
in the vicinity of a frame 104. As shown in FIG. 29, a 
Vibration gyro Sensor according to the nineteenth embodi 
ment comprises driving Sections 114 each of which is 
formed between a Support base 100 and a portion corre 
sponding to a region of the end Surface of the main vibrator 
body 106 on the side of the Support base 100 in the vicinity 
of the center of the support base 100 in the longitudinal 
direction. 

0242. In both of the vibration gyro sensors according to 
the eighteenth and nineteenth embodiments, the driving 
section 114 is not formed between the adjacent main vibrator 
bodies 106. Accordingly, it is possible to narrow the Spacing 
distance between the adjacent main vibrator bodies 106, 
making it possible to facilitate realization of a compact size 
of the vibration gyro Sensor. 
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0243 In the fifteenth to nineteenth embodiments, the 
connecting section 108, which is formed between each of the 
main vibrator bodies 106 and the Support base 100, is 
disposed at the position on each of the main Vibrator bodies 
106, the position being located at the central portion of the 
end Surface of the main vibrator body 106 on the side of the 
support base 100. However, it is not necessarily indispens 
able that the position is the central portion. For example, as 
shown in FIG. 30, the position, at which the connecting 
Section 108 is formed on each of the main vibrator bodies 
106, may be disposed at a portion of the end Surface of the 
main vibrator body 106 on the side of the Support base 100 
in the vicinity of the frame 106 (twentieth embodiment). 
Although not shown, the position may be a portion corre 
sponding to a region of the end Surface of the main Vibrator 
body 106 on the side of the support base 100 in the vicinity 
of the center of the support base 100 in the longitudinal 
direction. 

0244. As shown in FIGS. 31 to 33, in order to maintain 
constant vibration of the driving section 114 effected by the 
driving piezoelectric/electrostrictive element 118 of the 
driving means 122, it is also preferable to adopt a mecha 
nism wherein a Signal, which is obtained from a reference 
piezoelectric/electroStrictive element 142 of a reference 
means 140 provided at a position different from that for the 
driving means 122, is fed to the driving means 122 in a 
feedback manner. 

0245 Namely, a vibration gyro sensor according to a 
twenty-first embodiment shown in FIG. 31 is constructed 
Such that the vibration gyro sensor according to the Seven 
teenth embodiment shown in FIG. 26 further comprises 
reference means 140 provided in the vicinity of the con 
necting sections 108 of the respective main vibrator bodies 
106. The reference means 140 is constructed in approxi 
mately the same manner as the driving means 122, com 
prising a plate-shaped reference Section (fourth plate-shaped 
section) 144 which is thin-walled in the direction of height, 
and a reference piezoelectric/electroStrictive element 142 
formed on the reference section 144. The reference section 
144 is formed of ceramicS in an integrated manner in the 
Same manner as the driving Section 114. 
0246 A signal, which is obtained from the reference 
piezoelectric/electrostrictive element 142 of the reference 
means 140, is fed to the driving piezoelectric/electrostrictive 
element 118 in the feedback manner to give constant vibra 
tion of the driving means 122 formed on the line for 
connecting the centers of gravity of the respective main 
vibrator bodies 106. 

0247. In the embodiment described above, the plate 
shaped Section provided on the line for connecting the 
centers of gravity of the respective main vibrator bodies 106 
and the piezoelectric/electroStrictive element formed on the 
plate-shaped Section are used as the driving means 122, and 
the plate-shaped Section provided in the vicinity of the 
connecting section 108 of each of the main vibrator bodies 
106 and the piezoelectric/electrostrictive element formed on 
the plate-shaped Section are used as the reference means 
140. However, it is allowable to adopt an arrangement in 
which the driving means 122 and the reference means 140 
are disposed in an inverse manner. 
0248 Next, a vibration gyro sensor according to a 
twenty-second embodiment shown in FIG. 32 is constructed 
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Such that the vibration gyro Sensor according to the eigh 
teenth embodiment shown in FIG. 28 further comprises 
reference means 140 provided between the support base 100 
and a portion corresponding to a region of the end Surface of 
the main vibrator body 106 on the side of the Support base 
100 in the vicinity of the center of the support base 100 in 
the longitudinal direction. 
0249. A signal, which is obtained from a reference piezo 
electric/electroStrictive element 142 of, the reference means 
140, is fed to the driving piezoelectric/electrostrictive ele 
ment 118 in a feedback manner to give constant vibration of 
the driving means 122 provided between the Support base 
100 and a portion of the end Surface of the main vibrator 
body 106 on the side of the Support base 100 in the vicinity 
of the frame 104. 

0250 In the embodiment described above, the plate 
shaped section provided between the Support-base 100 and 
the portion of the end surface of the main vibrator body 106 
on the side of the support base 100 in the vicinity of the 
frame 104 and the piezoelectric/electrostrictive element 
formed on the plate-shaped Section are used as the driving 
means 122, and the plate-shaped Section provided between 
the support base 100 and the portion corresponding to the 
region of the end surface of the main vibrator body 106 on 
the side of the Support base 100 in the vicinity of the center 
of the Support base 100 in the longitudinal direction and the 
piezoelectric/electroStrictive element formed on the plate 
shaped Section are used as the reference means 140. How 
ever, it is allowable to adopt an arrangement in which the 
driving means 122 and the reference means 140 are disposed 
in an inverse manner. 

0251 Next, a vibration gyro sensor according to a 
twenty-third embodiment shown in FIG. 33 is constructed 
Such that the vibration gyro Sensor according to the Seven 
teenth embodiment shown in FIG. 26 further comprises a 
reference means 140 provided between the support base 100 
and a portion corresponding to a region of the end Surface of 
the main vibrator body 106 on the side of the Support base 
100 in the vicinity of the center of the support base 100 in 
the longitudinal direction. 
0252) A signal, which is obtained from a reference piezo 
electric/electrostrictive element 142 of the reference means 
140, is fed to the driving piezoelectric/electrostrictive ele 
ment 118 in a feedback manner to give constant vibration of 
the driving means 122 formed on the line for connecting the 
centers of gravity of the respective main vibrator bodies 106. 
0253) In the embodiment described above, the plate 
shaped Section provided on the line for connecting the 
centers of gravity of the respective main vibrator bodies 106 
and the piezoelectric/electroStrictive element formed on the 
plate-shaped Section are used as the driving means 122, and 
the plate-shaped Section provided between the Support base 
100 and the portion corresponding to the region of the end 
surface of the main vibrator body 106 on the side of the 
support base 100 in the vicinity of the center of the Support 
base 100 in the longitudinal direction and the piezoelectric/ 
electroStrictive element formed on the plate-shaped Section 
are used as the reference means 140. However, it is allow 
able to adopt an arrangement in which the driving means 122 
and the reference means 140 are disposed in an inverse 

C. 

0254 Any of the vibration gyro sensors according to the 
first to twenty-third embodiments has the structure of the 
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so-called forced vibration system in which the vibrator 2 (or 
102) is directly vibrated by the driving section. However, as 
shown in FIGS. 34 to 36, it is allowable to adopt structures 
based on the free vibration system. 
0255. At first, a vibration gyro sensor according to a 
twenty-fourth embodiment shown in FIG. 34 will be 
described. This vibration gyro sensor is illustrative of a 
Structure comprising plate-shaped vibration-applying Sec 
tions (fifth plate-shaped sections) 150 arranged between a 
support base 100 and respective main vibrator bodies 106 
and extending in parallel to the longitudinal direction of the 
Support base 100, thin-walled plate-shaped first connecting 
Sections (sixth plate-shaped sections) 152 for connecting the 
support base 100 and the vibration-applying sections 150, 
thin-walled plate-shaped connecting Sections (Seventh plate 
shaped sections) 154 for connecting the main vibrator bodies 
106 and the vibration-applying sections 150, and driving 
means 122 provided between the respective vibration-ap 
plying sections 150. 
0256 The first and second connecting sections 152, 154 
have approximately the same dimensional relation as those 
of the connecting sections 108 of the vibration gyro sensors 
according to the fifteenth to twenty-third embodiments 
described above. The height of the vibration-applying Sec 
tion 150 is approximately the same as that of the main 
vibrator body 106. The width of the vibration-applying 
section 150 is designed to be smaller than the width of the 
main vibrator body 106 and slightly larger than those of the 
first and second connecting sections 152, 154. 
0257) A vibration gyro sensor according to a twenty-fifth 
embodiment shown in FIG. 35 is constructed in approxi 
mately the same manner as the Vibration gyro Sensor accord 
ing to the twenty-fourth embodiment. However, the former 
is different from the latter in that the driving means 122 is 
provided between the support base 10 and a portion of the 
end surface of the vibration-applying section 150 on the side 
of the Support base 100 in the vicinity of the frame 104. 
0258 Avibration gyro sensor according to a twenty-sixth 
embodiment shown in FIG. 36 is constructed in approxi 
mately the same manner as the Vibration gyro Sensor accord 
ing to the twenty-fourth embodiment. However, the former 
is different from the latter in that the driving means 122 is 
provided between the support base 10 and a portion corre 
sponding to a region of the end Surface of the vibration 
applying section 150 on the side of the support base 100 in 
the vicinity of the center of the Support base 100 in the 
longitudinal direction. 
0259. In the vibration gyro sensors according to the 
twenty-fourth to twenty-sixth embodiments, the vibrators 
102A to 102D are indirectly vibrated by giving vibration to 
the vibration-applying sections 150 disposed between the 
main vibrator bodies 106 and the Support base 100 by the aid 
of the driving means 122. These vibration gyro Sensors are 
advantageous in the following points because the main 
vibrator bodies 106 are scarcely affected by the driving 
Sections 114. Namely, (1) it is easy to obtain large amplitude 
when the vibrators 102A to 102D are vibrated, and (2) the 
vibration waveform scarcely suffers disturbance in the vibra 
tors 102A to 102D, and it is possible to obtain a vibration 
waveform following the regular Sine wave. 
0260 Vibration gyro sensors, which have been hitherto 
used, employ the elinvar alloy for the vibrator in many cases, 
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in which the bulky piezoelectric/electrostrictive element 
formed with the electrodes is fixed to the vibrator by means 
of adhesion. Therefore, it is necessary to use, for example, 
Solder or Ag paste for connecting external wiring to the 
electrodes of the piezoelectric/electroStrictive element. In 
this procedure, for example, the Solder, the Agpaste, and the 
external wiring itself behave as added weights which greatly 
affect the vibration characteristics of the vibrator, making it 
difficult to produce the vibration gyro Sensors. 

0261 Vibration gyro sensors of another type is also 
known, in which a piezoelectric ceramic is used for the 
Vibrator. However, Such vibration gyro Sensors are not 
essentially different from the foregoing conventional vibra 
tion gyro Sensors in that the lead wire is connected to the part 
which is used to make vibration. Problems arise in that (a) 
the connecting Section to the external wiring is leSS reliable, 
and (b) the dispersion in production is large. 
0262. On the contrary, the vibration gyro sensors accord 
ing to the first to twenty-sixth embodiments described above 
are advantageous in that external wiring can be easily 
connected to the pair of electrodes of the respective piezo 
electric/electrostrictive elements 118, 120. 

0263. This advantage will be explained on the basis of the 
Vibration gyro Sensor according to the Seventeenth embodi 
ment shown in FIG. 26. As shown in FIG. 37, the vibration 
gyro Sensor is constructed by the integrated fired product 
made of ceramics (non-conductive materials) except for the 
respective pairs of electrodes of the driving means 122 and 
the detecting sections 124. Accordingly, the pair of elec 
trodes for constructing the piezoelectric/electroStrictive ele 
ment 118 of the driving means 122, two external wirings 
(160,162) and (164, 166) led from the pair of electrodes, the 
pair of electrodes for constructing the piezoelectric/electroS 
trictive element 120 of the detecting section 124, and two 
external wirings (168, 170), (172,174), (176, 178) and (180, 
182) led from the pair of electrodes can be formed with an 
identical wiring material in accordance with the film forma 
tion method respectively. 
0264. The wiring formation pattern will be specifically 
explained below. The two wirings (160, 162) and (164, 166) 
which are led from the pairs of electrodes for constructing 
the piezoelectric/electrostrictive elements 118 of the driving 
means 122 provided between the respective main vibrator 
bodies 106, are formed such that they are led to the frame 
104 via the upper surfaces of the main vibrator bodies 106 
adjacent to the respective electrodes, the upper Surfaces of 
the connecting Sections 108, the upper Surface of the Support 
base 100, and the upper Surfaces of the plate-shaped Sections 
116 of the detecting sections 124 adjacent to the vibrators 
102A, 102B. 

0265. The two wirings (168, 170), (172,174), (176, 178) 
and (180, 182) which are led from the pairs of electrodes of 
the piezoelectric/electrostrictive elements 120 of the respec 
tive detecting Sections 124 are formed Such that they are led 
to the frame 104 from the respective detecting sections 124. 

0266. As described above, the material for constructing 
the electrodes and the wirings is not specifically limited 
provided that the material is a conductor which can with 
Stand the oxidizable atmosphere at a high temperature of a 
degree of the heat treatment temperature and the firing 
temperature. For example, the material may be a simple 
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Substance of metal or an alloy. The material may be a 
mixture of a metal or an alloy and an additive Such as an 
insulative ceramic and glass. Further, no problem occurs 
when the material is a conductive ceramic. More appropri 
ately, it is preferable to use electrode materials comprising 
major components of high melting point noble metals Such 
as platinum, palladium, and rhodium, and alloys Such as 
Silver-palladium, Silver-platinum, and platinum-palladium. 

0267 As for the method for forming the electrodes and 
the wirings, it is possible to appropriately adopt, for 
example, thick film methods Such as Screen printing, appli 
cation methods Such as dipping, and thin film methods Such 
as ion beam, Sputtering, vacuum vapor deposition, ion 
plating, CVD, and plating. However, there is no limitation 
thereto. 

0268 Next, other embodiments will be further explained. 
The embodiments described below may be grasped as 
modified embodiments of the various embodiments shown 
in FIGS. 1 to 21. Accordingly, components or parts corre 
sponding to those shown in FIGS. 1 to 21 are designated by 
the same reference numerals, duplicate explanation of which 
will be omitted. 

0269. At first, a vibration gyro sensor according to a 
twenty-seventh embodiment shown in FIG. 38 is con 
Structed in approximately the same manner as the vibration 
gyro Sensor according to the first embodiment shown in 
FIG. 1. However, the former is different from the latter in 
that a third plate-shaped Section 10, on which a driving 
piezoelectric/electrostrictive element 14 is provided, is 
formed in an integrated manner So that the two Second 
plate-shaped Sections 8 are bridged with the third plate 
shaped section 10. 
0270 A vibration gyro sensor according to a twenty 
eighth embodiment shown in FIG. 39 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the third embodiment shown in FIG. 5. How 
ever, the former is different from the latter in that thin-walled 
third plate-shaped Sections 10 are formed in an integrated 
manner between the Support bar 28 and the Second plate 
shaped Sections 8 disposed at the right and left thereof, and 
driving piezoelectric/electroStrictive elements 14 are formed 
on the third plate-shaped sections 10 respectively so that the 
right and left two vibrators 2 are vibrated in an excited 
manner in mutually opposite directions by operating the 
driving piezoelectric/electroStrictive elements 14 respec 
tively. 

0271 Avibration gyro sensor according to a twenty-ninth 
embodiment shown in FIG. 40 is constructed in approxi 
mately the same manner as the Vibration gyro Sensor accord 
ing to the fifth embodiment shown in FIG. 7. However, the 
former is different from the latter in that thin-walled third 
plate-shaped Sections 10 are formed in an integrated manner 
between the two Second plate-shaped Sections 8 and Sides of 
the attachment frame 30 opposing thereto, and driving 
piezoelectric/electroStrictive elements 14 are formed in an 
integrated manner on the third plate-shaped Sections 10 in 
accordance with the film formation method. 

0272. A vibration gyro sensor according to a thirtieth 
embodiment shown in FIG. 41 is constructed in approxi 
mately the same manner as the Vibration gyro Sensor accord 
ing to the seventh embodiment shown in FIG. 9. However, 
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the former is different from the latter in that a thin-walled 
third plate-shaped Section 10 is formed in an integrated 
manner between the two Second plate-shaped Sections 8 
disposed in the attachment frame 30 having the rectangular 
frame Structure, and a driving piezoelectric/electroStrictive 
element 14 is formed in an integrated manner on the third 
plate-shaped Section 10 in accordance with the film forma 
tion method. 

0273. The vibration gyro sensors according to the twenty 
Seventh to thirtieth embodiments are constructed Such that 
the vibrators 2 are not driven directly, but the second 
plate-shaped Sections 8 are driven. Accordingly, the vibra 
tors 2 can make vibration without being restricted by the 
third plate-shaped section 10 which constructs the driving 
means 122. Therefore, O factor of the vibrator 2 is increased, 
and hence the vibration is not readily attenuated. Thus it is 
easy to handle the detection Signal detected by the detecting 
piezoelectric/electroStrictive element 12. Further, the ampli 
tude of vibration of the vibrator 2 is increased, and it is 
possible to further improve the sensitivity. 
0274. In the vibration gyro sensors according to the first 
to thirtieth embodiments, the first plate-shaped section 6 for 
constructing the detecting Section is formed to be more 
thin-walled than the vibrator 2, and they are integrated with 
each other instructure. However, in view of the function, the 
first plate-shaped Section 6 or the detecting Section is con 
structed distinctly from the vibrator 2. 
0275. The following various embodiments are con 
Structed Such that the vibrator 2 and the detecting Section are 
integrated with each other both in Structure and function. 
Such embodiments are more advantageous in order to 
improve the Sensitivity. Explanation for Such embodiments 
will be made in an Specified manner below. Components or 
parts corresponding to those shown in FIGS. 1 to 21 are 
designated by the same reference numerals, duplicate expla 
nation of which will be omitted. 

0276. At first, a vibration gyro sensor according to a 
thirty-first embodiment shown in FIG. 42 is constructed in 
an integrated manner by using an integrated fired product 
made of ceramics to have a structure comprising a rectan 
gular block-shaped Support base 4 having a predetermined 
thickness, two Second plate-shaped Sections 8 which extend 
from proximal ends on a longitudinal Side Surface of the 
Support base 4 in a direction perpendicular to the longitu 
dinal Side Surface of the Support base 4 while being Sepa 
rated from each other by a predetermined spacing distance, 
two first plate-shaped Sections 6 each having an approxi 
mately strip-shaped (wide and lengthy) planar configuration 
which extend from proximal ends on upper portions of free 
ends of the respective Second plate-shaped Sections 8 in the 
direction perpendicular to the longitudinal Side Surface of 
the Support base 4 while being Separated from each other by 
a predetermined spacing distance (see FIG. 43), and a third 
plate-shaped Section 10 having an approximately Strip 
shaped planar configuration formed to bridge the two Second 
plate-shaped sections 8 therewith. In this embodiments, 
Vibrators 2 are constructed by the first plate-shaped Sections 
6. 

0277. The width of the second plate-shaped section 8 is 
thinner than the width of the first plate-shaped section 6. The 
Second plate-shaped Section 8 is a thin-walled plate-shaped 
Section having a principal Surface which extends in the 
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direction perpendicular to the first plate-shaped Section 6. 
The first plate-shaped section 6 (vibrator 2) is connected in 
an integrated manner to the Support base 4 via the Second 
plate-shaped Section 8. 
0278. The third plate-shaped section 10 is connected in 
an integrated manner between portions of the Second plate 
shaped sections 8 in the vicinity of the Support base 4. 
0279. In the vibration gyro sensor according to the thirty 

first embodiment, detecting piezoelectric/electroStrictive 
elements 12 are formed on approximately entire Surfaces of 
upper Surfaces of the respective first plate-shaped Sections 6 
which are formed to be wide. A driving piezoelectric/ 
electroStrictive element 14 is formed on an approximately 
entire Surface of an upper Surface of the third plate-shaped 
Section 10. 

0280. In the vibration gyro sensor according to the thirty 
first embodiment, the vibrator 2 is constructed by the wide 
and lengthy first plate-shaped Section 6. Accordingly, the 
Vibrator 2 has a large mass and a large moment. As a result, 
the velocity ( amplitude) brought about by the driving 
vibration is increased. Therefore, it is possible to further 
improve the Sensitivity. Further, the detecting piezoelectric/ 
electroStrictive element 12 is formed on the approximately 
entire Surface of the first plate-shaped Section 6. Therefore, 
it is possible to accumulate a large amount of electric charge, 
and thus this embodiment is advantageous in the current 
detection System. 
0281 A vibration gyro sensor according to a thirty 
second embodiment shown in FIG. 44 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-first embodiment (see FIG. 42). 
However, the former is different from the latter in that 
thick-walled block sections 70 are formed in an integrated 
manner between the first plate-shaped Sections 6 and the 
Second plate-shaped Sections 8 respectively. 
0282. In the vibration gyro sensor according to the thirty 

first embodiment shown in FIG. 42, the first plate-shaped 
Section 6 is directly formed on the Second plate-shaped 
section 8. Therefore, it is feared that the boundary portion 
between the first plate-shaped Section 6 and the Second 
plate-shaped Section 8 may be disadvantageous from a 
Viewpoint of Strength. However, in the Vibration gyro Sensor 
according to the thirty-Second embodiment, the presence of 
the block section 70 makes it possible to increase the 
Strength of the boundary portion. Accordingly, this embodi 
ment is advantageous to improve the reliability. 
0283) Next, a vibration gyro sensor according to a thirty 
third embodiment shown in FIG. 45 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-first embodiment shown in FIG. 42. 
However, the former is different from the latter in that the 
Support base 4 is provided as a rectangular frame 32. Two 
Second plate-shaped Sections 8 are formed in an integrated 
manner So that they extend from proximal ends disposed on 
one short side of inner frame wall Surfaces of the frame 32 
in a direction parallel to long sides of the frame 32 while 
being Separated from each other by a predetermined spacing 
distance. 

0284. For example, the vibration gyro sensor according 
to the thirty-first embodiment shown in FIG. 42 includes the 
block-shaped Support base 4. Therefore, Such a vibration 
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gyro Sensor Suffers a problem concerning installation in that 
when the Support base 4 is installed and fixed by using an 
adhesive or the like, the area for fixation is Small, and it also 
Suffers a problem concerning Strength in that the rigidity of 
the Support base 4 tends to be lowered, and the vibration is 
readily transmitted to the support bars 4. However, in this 
embodiment, the support base 4 is provided in the form of 
the frame 32, and thus the degree of freedom for attachment 
is increased. Further, the rigidity is also improved. There 
fore, the foregoing problems can be Solved, and hence this 
embodiment is practically appropriate. 

0285) Next, a vibration gyro sensor according to a thirty 
fourth embodiment shown in FIG. 46 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-third embodiment (FIG. 45). How 
ever, the former is different from the latter in that thick 
walled block sections 70 are formed in an integrated manner 
between the first plate-shaped Sections 6 and the Second 
plate-shaped Sections 8 respectively. 

0286. In this embodiment, the presence of the block 
section 70 makes it possible to increase the strength of the 
boundary portion between the first plate-shaped Section 6 
and the second plate-shaped section 8. Further, this embodi 
ment is advantageous from Viewpoints of installation and 
rigidity because the frame 32 is used. 
0287 Next, a vibration gyro sensor according to a thirty 
fifth embodiment shown in FIG. 47 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-third embodiment (FIG. 45). How 
ever, the former is different from the latter in that a plurality 
of recesses 72 are formed on the back Surface of the first 
plate-shaped section 6 as shown in FIG. 48, and detecting 
piezoelectric/electroStrictive elements 12 are formed in an 
array of islands at positions on the upper Surface of the first 
plate-shaped Section 6 corresponding to the plurality of 
recesses 72. The embodiment shown in FIG. 47 is illustra 
tive of a structure in which the recess 72 has a circular 
contour, and the detecting piezoelectric/electroStrictive ele 
ment 12 has a circular planar configuration. 

0288. In the vibration gyro sensor according to the thirty 
third embodiment, the Strength is lowered at the portions of 
the first plate-shaped section 6 on which the recesses 72 are 
formed. Therefore, when the first plate-shaped section 6 is 
deformed by the Coriolis force, a Strain, which is larger than 
that obtained at portions without having any receSS 72, is 
generated at the portions on which the recesses 72 are 
formed. Accordingly, a large detection output can be 
obtained by forming the detecting piezoelectric/electroStric 
tive elements 12 at the portions corresponding to the 
recesses 72. Thus it is possible to further improve the 
Sensitivity. 

0289 Next, a vibration gyro sensor according to a thirty 
sixth embodiment shown in FIG. 49 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-fifth embodiment shown in FIG. 47. 
However, the former is different from the latter in that 
thick-walled block sections 70 are provided in an integrated 
manner between the first plate-shaped Sections 6 and the 
Second plate-shaped Sections 8 respectively. 

0290. In this embodiment, the presence of the block 
section 70 makes it possible to increase the strength of the 
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boundary portion between the first plate-shaped Section 6 
and the second plate-shaped section 8. Further, this embodi 
ment is advantageous from Viewpoints of high reliability and 
improvement in Sensitivity, because a large output can be 
obtained. 

0291. The vibration gyro sensors according to the thirty 
fifth and thirty-sixth embodiments described above are illus 
trative of the Structure in which the detecting piezoelectric/ 
electroStrictive elements 12 each having the approximately 
circular planar configuration are formed in the array of 
islands on the upper Surface of the first plate-shaped Section 
6. Alternatively, as shown in FIGS. 50 and 51, both of the 
contour of each of the recesses 72 (see FIG. 48) and the 
detecting piezoelectric/electroStrictive elements 12 may be 
Square or rectangular (thirty-Seventh and thirty-eighth 
embodiments). Those conceivable as the planar configura 
tion of the receSS 72 and the detecting piezoelectric/elec 
troStrictive element 12 include, for example, circular and 
rectangular configurations as described above, as well as 
rhombic configurations. The shape of these components is 
not Specifically limited. 
0292 Next, a vibration gyro sensor according to a thirty 
ninth embodiment shown in FIG. 52 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-first embodiment shown in FIG. 42. 
However, the former is different from the latter in that an 
attachment Section 74 for fixing the Support base 4 is 
provided in an integrated manner on a Surface of the Support 
base 4 opposite to the Surface on which the Second plate 
shaped sections 8 are formed, and a Support Section (fifth 
plate-shaped section) 76, which is thin-walled in the width 
wise direction of the Support base 4, is provided in an 
integrated manner between the Support base 4 and the 
attachment section 74. 

0293 Namely, the vibration gyro sensor according to the 
thirty-ninth embodiment has a Structure in which a tuning 
fork 78 is constructed by the Support base 4, the two second 
plate-shaped sections 8, and the two vibrators 2 (first plate 
shaped Sections 6), and the tuning fork 78 is connected in an 
integrated manner to the attachment Section 74 via the 
Support Section (fifth plate-shaped section) 76. 
0294. In general, the mode, which is obtained when the 
tuning fork 78 is supported by an arbitrary fixing means with 
a support rod and the tuning fork 78 is vibrated, includes a 
mode in which the two vibrators 2 of the tuning fork 78 are 
Vibrated in mutually opposite directions, and a mode in 
which the two vibrators 2 are vibrated in an identical 
direction respectively. 

0295) The mode, which is required for the vibration gyro 
Sensor, is the former mode (the mode of vibration in mutu 
ally opposite directions). The latter mode is an unnecessary 
mode for the vibration gyro Sensor. Accordingly, when the 
frequency of the necessary mode is greatly different from the 
frequency of the unnecessary mode, they can be easily 
discriminated from each other, and the detection accuracy in 
the necessary mode can be improved. 
0296 FIG. 53 shows how the frequency in the necessary 
mode and the frequency in the unnecessary mode change 
depending on the length of the support rod. In FIG. 53, a 
curve “a” indicates a characteristic of the necessary mode, 
and a curve “b' indicates a characteristic of the unnecessary 

Aug. 9, 2001 

mode. As understood from FIG. 53, when the length of the 
Support rod is large, the frequencies in the both modes 
greatly differ. However, as the Support rod becomes short, 
the frequencies in the both modes approach to one another, 
and it is difficult to discriminate the both from each other. 
Therefore, the Short length is disadvantageous from a view 
point of detection accuracy. 
0297. On the contrary, in the vibration gyro sensor 
according to the thirty-ninth embodiment, the Support base 
4 is connected in the integrated manner to the attachment 
section 74 via the support section 76. Therefore, the Support 
Section 76 functions as the Support rod, making it possible 
to improve the detection accuracy. 
0298 Next, a vibration gyro sensor according to a forti 
eth embodiment shown in FIG. 54 is constructed in approxi 
mately the same manner as the Vibration gyro Sensor accord 
ing to the thirty-ninth embodiment shown in FIG. 52. 
However, the former is different from the latter in that 
thick-walled block sections 70 are provided in an integrated 
manner between the first plate-shaped Sections 6 and the 
Second plate-shaped Sections 8 respectively. 
0299. In this embodiment, the presence of the block 
section 70 makes it possible to increase the strength of the 
boundary portion between the first plate-shaped Section 6 
and the second plate-shaped section 8. Moreover, the vibra 
tion gyro Sensor has a tuning fork 78 which is constructed in 
an integrated manner on the Support Section 76. Therefore, 
this embodiment is advantageous in order to improve the 
detection accuracy. 
0300 Next, a vibration gyro sensor according to a forty 

first embodiment shown in FIG. 55 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the thirty-ninth embodiment shown in FIG. 52. 
However, the former is different from the latter in that the 
attachment Section 76 has a form of a rectangular frame 
(hereinafter referred to as “attachment frame 80'). The 
Support Section 76 is formed in an integrated manner So that 
it extends from its proximal end disposed on one Short Side 
of inner frame wall Surfaces of the attachment frame 80 in 
a direction parallel to longsides of the attachment frame 80. 
0301 In this embodiment, it is possible to improve the 
detection accuracy. This embodiment is practically preferred 
from Viewpoints of, for example, the degree of freedom for 
attachment and rigidity, because the attachment Section is 
provided in the form of the attachment frame 80. 
0302) Next, a vibration gyro sensor according to a forty 
Second embodiment shown in FIG. 56 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the forty-first embodiment shown in FIG. 55. 
However, the former is different from the latter in that 
thick-walled block sections 70 are provided in an integrated 
manner between the first plate-shaped Sections 6 and the 
Second plate-shaped Sections 8 respectively. 
0303. In this embodiment, the presence of the block 
section 70 makes it possible to increase the strength of the 
boundary portion between the first plate-shaped Section 6 
and the Second plate-shaped Section 8. Moreover, this 
embodiment is advantageous from Viewpoints of installation 
and rigidity, because the attachment frame 80 is used. 
0304) Next, a vibration gyro sensor according to a forty 
third embodiment shown in FIG. 57 is constructed in 
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approximately the Same manner as the vibration gyro Sensor 
according to the forty-first embodiment shown in FIG. 55. 
However, the former is different from the latter in that a 
plurality of recesses 72 are formed on the back surface of the 
first plate-shaped section 6 as shown in FIG. 48, and 
detecting piezoelectric/electroStrictive elements 12 are 
formed in an array of islands at positions on the upper 
Surface of the first plate-shaped Section 6 corresponding to 
the plurality of recesses 72. The embodiment shown in FIG. 
57 is illustrative of a structure in which the recess 72 has a 
circular contour, and the detecting piezoelectric/electroStric 
tive element 12 has a circular planar configuration. 
0305. In this embodiment, it is possible to improve the 
detection accuracy, and a large detection output can be 
obtained. Thus it is possible to improve the sensitivity. 
0306 Next, a vibration gyro sensor according to a forty 
fourth embodiment shown in FIG. 58 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the forty-third embodiment shown in FIG. 57. 
However, the former is different from the latter in that 
thick-walled block sections 70 are provided in an integrated 
manner between the first plate-shaped Sections 6 and the 
Second plate-shaped Sections 8 respectively. 

0307 In this embodiment, the presence of the block 
section 70 makes it possible to increase the strength of the 
boundary portion between the first plate-shaped Section 6 
and the Second plate-shaped Section 8. Moreover, a large 
output can be obtained. Accordingly, this embodiment is 
advantageous in view of high reliability and improvement in 
Sensitivity. 

0308 The vibration gyro sensors according to the forty 
third and forty-fourth embodiments described above are 
illustrative of the Structure in which the detecting piezoelec 
tric/electrostrictive elements 12 each having the approxi 
mately circular planar configuration are formed in the array 
of islands on the upper Surface of the first plate-shaped 
section 6. Alternatively, as shown in FIGS. 59 and 60, both 
of the contour of each of the recesses 72 (see FIG. 48) and 
the detecting piezoelectric/electroStrictive elements 12 may 
be square or rectangular (forty-fifth and forty-sixth embodi 
ments). In these embodiments, those conceivable as the 
planar configuration of the receSS 72 and the detecting 
piezoelectric/electroStrictive element 72 also include, for 
example, circular and rectangular configurations as 
described above, as well as rhombic configurations. The 
shape of these components is not Specifically limited. 

0309. In the vibration gyro sensors according to the 
thirty-first to forty-sixth embodiments, the driving means 
122, which has the driving Section (third plate-shaped Sec 
tion) 10 with the driving piezoelectric/electrostrictive ele 
ment 14 formed on its upper Surface, is provided in the 
integrated manner between the Second plate-shaped Sections 
8. Alternatively, as shown in FIG. 61, it is preferable to 
adopt a mechanism wherein a signal, which is obtained from 
a reference means 140 disposed at a position different from 
that of the driving section 10, is fed to the driving means 122 
in a feedback manner in order to maintain constant vibration 
of the vibrators 2. 

0310 Namely, a vibration gyro sensor according to a 
forty-seventh embodiment shown in FIG. 61 has such a 
Structure that the Vibration gyro Sensor according to the 
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thirty-fourth embodiment (see FIG. 46) further comprises 
the reference means 140 which is provided in parallel to the 
driving means 122 between the two Second plate-shaped 
Sections 8. 

0311. The reference means 140 is constructed in approxi 
mately the same manner as the driving means 122, com 
prising a plate-shaped reference Section (fourth plate-shaped 
section) 144 which is thin-walled in its direction of height, 
and a reference piezoelectric/electroStrictive element 142 
formed on the reference section 144. The reference section 
144 is integrally formed of ceramics in the Same manner as 
the driving section 10. The reference section 144 and the 
driving Section 10 are arranged in accordance with the 
following relation. Namely, the driving section 10 is formed 
in an integrated manner at a position close to the frame 80 
between the Second plate-shaped Sections 8. The reference 
Section 144 is formed in an integrated manner at a position 
Slightly nearer to the first plate-shaped Sections 6 as com 
pared with the driving section 10. 
0312 The signal, which is obtained from the reference 
piezoelectric/electrostrictive element 142 of the reference 
means 140, is fed to the driving piezoelectric/electrostrictive 
element 14 in the feedback manner to give constant vibra 
tion of the driving means 122 formed between the second 
plate-shaped Sections 8. 
0313 As shown in FIG. 62, the driving signal is supplied 
to the driving means 122 via lead wires 200a, 200b con 
nected to upper and lower electrodes (not shown) formed on 
upper and lower Surfaces of the driving piezoelectric/elec 
trostrictive element 14. The reference signal is obtained 
from the reference means 140 via lead wires 202a, 202b 
connected to upper and lower electrodes (not shown) formed 
on upper and lower Surfaces of the reference piezoelectric/ 
electrostrictive element 142. 

0314. The detection signal is obtained from the detecting 
piezoelectric/electrostrictive element 12 formed on the first 
plate-shaped section 6 via lead wires 204a, 204b connected 
to upper and lower electrodes (not shown) formed on upper 
and lower Surfaces of the detecting piezoelectric/electros 
trictive element 12. 

0315 Other embodiments, in which the reference means 
140 is formed, will be explained below. At first, a vibration 
gyro Sensor according to a forty-eighth embodiment shown 
in FIG. 63 has such a structure that the vibration gyro sensor 
according to the thirty-sixth embodiment shown in FIG. 49 
further comprises a reference means 140 which is provided 
in parallel to the driving means 122 between the two Second 
plate-shaped Sections 8. 

0316 This embodiment is constructed as follows as 
shown in FIG. 64. Namely, the respective upper electrodes 
of the plurality of detecting piezoelectric/electroStrictive 
elements 12 formed in the array of islands are electrically 
connected to lead wires 204a via mediating conductors 206a 
respectively. The respective lower electrodes of the plurality 
of detecting piezoelectric/electroStrictive elements 12 are 
electrically connected to lead wires 204b via mediating 
conductors 206b respectively. The detection signal is 
obtained from the detecting piezoelectric/electroStrictive 
elements 12 via the lead wires 204a, 204b. 
0317 Next, a vibration gyro sensor according to a forty 
ninth embodiment shown in FIG. 65 is constructed as 
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follows, based on the Vibration gyro Sensor according to the 
thirty-ninth embodiment (see FIG. 52). Namely, a mediating 
Section (sixth plate-shaped section) 208 having a free end is 
provided in an integrated manner at an approximately cen 
tral portion of a Side Surface of the Support base 4 facing to 
the vibratorS 2. A driving means 122 is provided in an 
integrated manner between the mediating Section 208 and 
one of the Second plate-shaped Sections 8. A reference means 
140 as described above is provided in an integrated manner 
between the mediating section 208 and the other second 
plate-shaped Section 8. 

0318. This embodiment is based on the use of the fol 
lowing feature. Namely, the support section 76 (fifth plate 
shaped Section) is formed between the Support base 4 and the 
attachment section 74 so that the support section 76 is 
disposed at a position which is approximately coincides with 
the position of line symmetry of the tuning fork 78. Accord 
ingly, when one of the two Second plate-shaped Sections 8 is 
vibrated to vibrate the corresponding vibrator 2, the other 
Vibrator 2 is vibrated at an identical frequency. 

0319. Therefore, when one of the vibrators 2 is vibrated 
by operating the driving means 122, the other vibrator 2 is 
also vibrated at an identical frequency. Therefore, a signal 
obtained by the reference means 140 may be used to perform 
feedback control so that the vibration of the driving means 
122 is constant. 

0320 Next, a vibration gyro sensor according to a fiftieth 
embodiment shown in FIG. 66 is constructed as follows, 
based on the vibration gyro sensor according to the thirty 
ninth embodiment (see FIG. 52). Namely, a plurality of 
mediating sections 210a, 210b having respective free ends 
are provided in an integrated manner at positions of both 
ends in the longitudinal direction on a Side Surface of the 
Support base 4 facing to the vibratorS2. Adriving means 122 
is provided in an integrated manner between one of the 
Second plate-shaped Sections 8 and one of the mediating 
sections 210a. A reference means 140 is provided in an 
integrated manner between the other Second plate-shaped 
section 8 and the other mediating section 210b. 

0321) In this embodiment, when one of the vibrators 2 is 
Vibrated by operating the driving means 122, the other 
Vibrator 2 is also vibrated at an identical frequency in the 
Same manner as described above. Therefore, a signal 
obtained by the reference means 140 may be used to perform 
feedback control so that the vibration of the driving means 
122 is constant. 

0322 The vibration gyro sensors according to the forty 
ninth and fiftieth embodiments have the structure in which 
the tuning fork 78 is provided in the integrated manner on 
the block-shaped attachment section 74. Alternatively, the 
attachment Section 74 is provided as a rectangular frame 
(attachment frame) 80, as exemplified by vibration gyro 
Sensors according to fifty-first and fifty-Second embodi 
ments shown in FIGS. 67 and 68. 

0323 In these embodiments, the reference means 140 
may be used to perform feedback control so that the vibra 
tion effected by the driving means 122 is constant. Further, 
these embodiments are advantageous from Viewpoints of, 
for example, the degree of freedom for attachment and 
rigidity, because the attachment Section is provided as the 
attachment frame 80. 
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0324) Next, a vibration gyro sensor according to a fifty 
third embodiment shown in FIG. 69 is constructed in 
approximately the Same manner as the vibration gyro Sensor 
according to the forty-second embodiment shown in FIG. 
56. However, the former is different from the latter in that 
the Support Section 76 is constructed as follows. 
0325 Namely, the support section 76 comprises a first 
Support Section 212 provided in an integrated and bridged 
manner to bridge a pair of inner wall Surfaces of inner wall 
Surfaces of the attachment frame 80 along the extending 
direction of the vibrators 2 so that the vibrators 2 are 
disposed thereover as shown in FIGS. 70A and 70C, and a 
Second Support Section 214 provided in an integrated and 
bridged manner to bridge the first Support Section 212 and 
the Support base 4 So that the driving means 122 is disposed 
thereover as shown in FIG. 70B. 

0326. As described above, when the Support rod for the 
tuning fork 78 is elongated, it is possible to more clearly 
discriminate the necessary mode from the unnecessary 
mode. Accordingly, the elongation of the Support rod for the 
tuning fork 78 is preferred in order to improve the detection 
accuracy of the Sensor. However, the vibration gyro Sensor 
according to the forty-second embodiment (see FIG. 56) has 
the structure in which the Support section 76 constructed by 
the fifth plate-shaped Section is provided in the integrated 
manner between the Support base 4 and the attachment 
frame 80. Therefore, if the support section 76 is elongated, 
the entire length of the Sensor is also elongated in accor 
dance there with. Accordingly, the elongation of the Support 
Section 76 is limited. 

0327. On the contrary, in the vibration gyro sensor 
according to the fifty-third embodiment, the Second Support 
Section 214, which functions in Substantially the same 
manner as the Support rod for the tuning fork 78, is provided 
in parallel to the two Second plate-shaped Sections 8, giving 
the Structure in which the Second Support Section 214 
extends in the Same direction as the Second plate-shaped 
sections 8. Therefore, even when the length of the second 
Support Section 214 is elongated, the entire length of the 
Sensor is not changed until the length of the Second Support 
Section 214 exceeds a certain range. Accordingly, the Second 
Support Section 214 can be elongated, and it is possible to 
realize further improvement in detection accuracy. 

0328 Besides, the foregoing structure of the first and 
Second Support Sections 212, 214 can be also applied, for 
example, to vibration gyro Sensors each including the driv 
ing means 122 and the reference means 140 as shown in 
FIGS. 71 and 72. 

0329. The vibration gyro sensor according to a fifty 
fourth embodiment shown in FIG. 71 is constructed Such 
that the first and Second Support Sections 212, 214 are 
provided in place of the support section 76 of the vibration 
gyro Sensor according to the fifty-first embodiment shown in 
FIG. 67. The vibration gyro sensor according to a fifty-fifth 
embodiment shown in FIG. 72 is constructed Such that the 
first and Second Support Sections 212, 214 are provided in 
place of the Support Section 76 of the vibration gyro Sensor 
according to the fifty-second embodiment shown in FIG. 68. 

0330. The vibration gyro sensor constructed by the inte 
grated fired product made of ceramicS can be formed as the 
integrated Stacked Structure comprising the thin plate layer 
















