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1. Fi.el.d of the Invention

The present invention relates generally to
acceleration sensors used-{im}, for example, for
detecting shock applied to hard disk drives, and also to
a manufacturing method for the sensors. More
particularly, the invention relates to a structure of a
bimorph detection device used in the above acceleration
sensor, and also to a manufacturing method for the
devices.

2. bescupt:.on of the Related Art

Hitherto, shock-detécting acceleration sensors
using known bimorph detection devices (hereinafter simply
referred to as "detection devices")-fare} have been
available, and a typical acceleration sensor of this type
is the one disclosed in Japanese Unexamined Patent

" publication No. 6-273439. This semsor has, ae

schematically illustrated in Fig. 3, a pair of
piezoelectric ceramic sheets 3 and 4 formed in a
rectangular planar shape. A thin-film electrode 1 for
extracting signals and a thin-film intermediate electrode
2 are further formed on the main surfaces of each of the
ceramic sheets 3 and 4. .The intermediate electrodes 2
disposed on the internal main surfaces of the respective
sheets 3 and 4 are bonded to face each other, thereby
integrating the ceramic sheets 3 and 4 to form a
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manuf acturing nmethod for the devices. 2. Description of the Related Art

Hi therto, shock-detecting accel eration sensors using known bi norph
detection devices (hereinafter sinply referred to as "detection

devi ces") have been available, and a typical acceleration sensor of this
type is the one disclosed in Japanese Unexam ned Patent Publication No. 6-
273439. This sensor has, as schematically=-if#ldastrated in Fig. 3, a pair of
pi ezoel ectric ceram c sheets 3 and 4 fornmed in a rectangul ar pl anar shape.
Athin-film electrode 1 for extracting signals and a thin-film
internedi ate el ectrode 2 are further forned on the main

detection device 5. Then, only both the edge surfaces of
the longitudinal detection device 5 are securely
supported by a casing 6 formed in a "U" shape as viewed
from the lateral side. '

5 The longitudinal piezoelectric ceramic sheets 3
and 4 are divided into central portions, 3a and 4a and
peripheral portions 3b and 4b by a pair of boundary lines
LO where stresses produced by the action of acceleration
are changed. The central portion 3a and the perigheral

10 portions 3b of the ceramic sheet 3 are respectively
polarized in the directions A and B inverted to each '
other along the thickness of the sheet 3, while the
central portion 4a and the peripheral portions 4b of the
‘sheet 4 are respectively polarized in the directions ¢

15 and D inverted to each other along the thickness of the
sheet 4. The sheets 3 and 4 are then allowed to face
each other in such a manner that the directions of
polarization A and C at the respectlive central portions
3a and 4a are opposite, and that the directions of

20 polarization B and D at the respective peripheral °
portions 3b and 4b are opposite. '

Plamely}- More specifically, in the
piezoelectric ceramic sheets 3 and 4, the opposite
~directions of polarization A and C are oriented inwardly

25 to be close to each other at the central portions 3a and
4a, while the opposite directions of.polarization B and D
are oriented outwardly to be away from each other at +the
peripheral portions 3b and 4b. The signal extracting
electrodes 1 disposed on the outer main surfaces of the

30 respective ceramic sheets 3 and 4 are electrically
connected to external lead electrodes 7 and 8 formed on
different edge surfaces of the casing 6, respectively:
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el ectrodes 2 di sposed on the internal naln surfaces of the respective
sheets 3 and 4 are bonded to face each other, thereby integrating the
ceram c sheets 3 and 4 to forma detection device 5. Then, only
both the edge surfaces of the |ongitudinal detection device 5.are
securely supported by a casing 6 fornmed in % "U' shape-as viewed fronlthe
| at eral side. The | ongi tdi nal piez&ePeltric ceranic sheets 3 and 4

For polarizing the ceramic sheets 3 and 4, electrodaﬁw
used for polarization having sizes corresponding to ébe
respective central portions 3a and 4a and the periphefhl'
portions 3b and 4b have generally been formed, though

5 they are not shown. Subseguent to this polarization
process, the signal extracting electrodes 1 are, in
general, laminated on these polarizing electrodes.'

The reason for the use of the detection device
5 constructed as described above is given below. By the

10 action of acceleration produced upon the acceleration
sensor, the central portions 3a and 4a and the peripheral
portions 3b and 4b of the ceramic sheets 3 and 4 are
deformed due to an inertial force so that tensile stress
or compressive stress is generated therein. This

15 increases the amount of electrical charges in the above
portioni 3a, 4a, 3b and 4b due to a synergistic effect
between the respective directions of polarization a
through D and tensile stress or compressive stress,
accordingly increasing the amount of charges in the

20 overall detection device 5. Thus, detection sensitivity
of the acceleration sensor can be improved.

In the above known type of acceleration sensor,
the positions of the boundary lines L0 for dividing the
longitudinal regions of the ceramic sheets 3 and 4.

25 forming the detection device 5 into the central portions
3a and 4a and the peripheral portions 3b and 4b are '
determined to satisfy a required level of detection
sensitivity of the acceleration sensor achieved by the
increased electrical charges due to the generatjion of

30 tensile strass or compressive stress in the central
portions 3a and 3b and the peripheral portions 4a and 4b.
More specifically, the positions of the boundary lines L0
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4b by a p of oundary I nes LO where stresses produced by the action of
accel eration are changed. The central portion 3a and the peripheral
portions 3b of the ceram c sheet 3 are respectively polarized in the
directions A and B inverted to each other along the thickness of the sheet
3, while the central portion 4a and the peripheral portions 4b of the
sheet 4 are respectively polarized in the girections Cand D inverted to
each other along the thickness of the sheet 4. The sheets 3 and 4 are
then allowed to face each other in such a manner that the directions of
pol arization A and C at the respective central portions 3a and 4a are
‘opposite, _
are set by calculation -according to one of the numerical
analysis techniques, for example, the finite-element
method.
' It is, however, difficult to provide a required
5 level of detection sensitivity for all the acceleration
gensors because of a slight difference in the material of
the ceramic sheets 3 and 4 between the individual lots,
or even within the same lot. Also, different levels of
detection sensitivity may be incurred due to working
10 errors. Thus, the levels of detection semsitivity
possessed by the individual acceleration sensors. arxe
disadvantageously varied. Namely, if the positions of
the boundary lines LO in the detection device 5 are
merely determined so that the level of sensitivity can be
15 matched to a target value, defective sensors beyond the
tolerance of the target value are unavoidably

manufactured, thereby incurring serious losses.

SUMMARY OF THE INVENTION

20 Accordingly, it is an object of the present
invention to provide an acceleration sensor, free from
the above-described problem, in which its detection
sensitivity can be maintained within the tolerance of a
predetermined target value, and also to provide a

25 manufactiring method for the acceleration sensor in which
its detection sensitivity can be positively kept within
the tolerance of a prescribed target value.

In order to achieve the above object, according

to one form of the present invention, there is provided

30 an acceleration sensor comprising a bimorph detection
device longitudinally divided into a central portion and
peripheral portions, the direction of polarization at
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peri phera Ef ns and 4b are opposite. More specifically, in the
pi ezoel ectric ceramc sheets 3 and 4, the opposite directions of

pol arization A and C are oriented inwardly to be close to each other at
the central portions 3a and 4a, while the opposite directions of
polarization B and D are oriented outwardly to be away from each ot her at

the peripheral portions 3b and 4b . The signal extracting electrodes 1
di sposed on _ 3

said central portion being inverted to the direction of
polarization at said peripheral portions, wherein the
ratio (¥/X) of the overall length (Y) of the central
portion to the freely-deflectable length (X) of the

5 bimorph detection device in the longitudinal direction
ranges from 44% to 73%.

In the above type of acceleration sensor, the
bimorph detection device may comprise a pair of
piezoelectric ceramic sheets each formed in a

10 rectangularly planar shape and longitudinally divided
into the central portion and the peripheral portions, the
direction of polarization at the central portion being
inverted to the direction of polarization at the
peripheral portions. The ceramic sheets may each have an

15 electrode for extracting signals on the external main
surface and an intermediate electrode on the internal
main surface. Further, the piezoelectric ceramic sheets
may be integrated by bonding the intermediate electrodes
to each other in such a manner that the directions of

20 polarization of the ceramic sheets may be opposite to
each other.

According to another form of the present
invention, there is provided a method for manufacturing
4an}-a production acceleration sensor which comprises a _

25 production bimorph detection device longitudinally

" divided into a central portion and peripheral portions,
the direction of polarization at the central portion
being inverted to the direction of polarization at the
peripheral portions, the method comprising the steps of:

30 producing a sample bimorph detection device after
positioning boundary lines for longitudinally dividing
the device ‘into the central portion and the peripheral
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electrically connected to external |lead electrodes 7 and 8 fornmed on
different edge surfaces of the casing 6, respectively. For pol ari zing the
ceram c sheets 3 and 4, electrodes used for polarization having sizes
corresponding to the respective central portions 3a and 44 and the

peri pheral portions 3b and 4b have generally been formed, though they are
not shown. Subsequent to this polarizati on r-ocess, the signal extracting
el ectrodes 1 are, in general, lamnated on these polarizing el ectrodes.
The reason for the use of the detection device 5 constructed as described
above is given below. By the action of acceleration produced upon the
accel eration :

portions; measuring the detection semsitivity of—fan}-a_
sample acceleration sensor manufactured as a sample
product by integrating the sample bimorph detection
device into a sample casing; producing a production

5 bimorph detection device by correcting the positions of
the boundary lines toward the central portion or toward
the peripheral portions fin-eemsideration—of—the-
measurements—o2} hased on the detection sensitivity of
the sample acceleration sensorj; and manufacturing—faai—g_

10 production acceleration sensor by integrating the _
production bimorph detection device into -fthel-a_
production ¢casing.

15 O t inv W] ) e
RIPT o INGS

Fig. 1 is a cutaway perspective view
illustrating the construction of an acceleration sensor
20 according to an embodiment of the present inventioh;
;Fig. 2 illustrates the manufacturing process of
the acceleration sensor shown in Fig. 1; and
Fig. 3 is a cutaway perspective view
illustrating the construction of a known type of
25 acceleration sensor.

F D ME
An embodiment of the present invention will now
be described with reference to the drawings.
30 Referring to Figs. 1 and 2 illustrating an
' acceleration sensor of this embodiment, there are shown a
detection device 10 and a pair of piegoelectric ceramic
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4b of the ceram c sheets 3 and 4 are deforned due :to an inertial force so
tthat tensile stress or conpressive stress is generated therein. This

i ncreases the anount of electrical charges in the above portions 3a, 4a,
3b and 4b due. to a synergistic effect. between the respective directions of
polarization A through D and tensile stress or conpressive stress,
accordingly increasing the amount of chargeg in the overall detection
device 5. Thus, detection sensitivity of the acceleration sensor can be

I mproved. In the above known type of accel eration sensor, the
positions of the boundary lines LO for dividing the

sheets 11 and 12. The overall construction of this
sensor is basically similar to that of the conventional
sensor shown in Fig. 3, and thus, the same elements as
those illustrated in Fig. 3 are designated by like

5 reference numerals. _

A reference will be first made to FPig. 1. The
acceleration sensor constructed in accordance with this
embodiment of the present invention has a pair of
rectangular planar piezoelectric ceramic sheets 11 and 12.

10 An electrode 1 for extracting signals and an intermediate
electrode 2 are formed on the main surfaces of each of
the sheets 11 and 12. The intermediate electrodes 2
disposed on the internal main surfaces of the sheets 11
and 12 are bonded to face sach other, thereby integrating
15 the sheets 11 and 12 to form the detection device 10.
Only both the edge surfaces of the longitudinal detection
device 10 are securely held by a casing 6 torpedﬁin a "gn»
shape as viewaed from the lateral side. The longitudinal
regions of the ceramic sheets 11 and 12 are\partltloned
20  ipto central portions 1la and 12a and paripheral portions
11b and 12b by a pair of boundary lines Ll whose location
is determined according to the following procedure. The
longitudinal length of the detection device 10,. except
for both the lateral edges supported by the casing 6,
25 i.e., the length in which the detection device 190 is:
freely deflectable, is determined as a freely-deflectable
length X; while the overall length ¢f the central
poertions 1la and 1l2a, is indicated by Y. The ratio ¥/X
of the overall length ¥ to the freely-deflectable length
30 X is set to range from 44% to 73%,
.~ More specifically, for example, when the
ceramic sheets 11 and 12 each have an overall
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device 5 into the central portions 3a and 4a and the peripheral portions
8b and 4b are deternmined to satisfy a required |evel of detection
sensitivity of the acceleration sensor achieved by the increased

el ectrical charges due to the generation of tensile stress or conpressive
stress in the central portions 3a and 3b and the.peripheral portions 4a
and 4b. More specifically, the positions=o® the boundary lines LO are set
by cal cul ati on

longitudinal length of 6.4 mm and a thickness of 0.12 mm,
and the longitudinal freely-deflectable length X of the .
detection device 10 is 5.4 mm, the overall length Y of
the central portions 1la and l2a is set to range from 2.4
5 nm (Y/X~44.4%) to 3.9 mm (Y/X=72.2%). The above-

constructed acceleration sensors were tested by the
present inventors, and it has been proved that the levels
of the detection sensitivity of all of the acceleration
sensors can be contained within the tolerance of the

10 target value ranging from 1.95 to 2.25 mV/G.

Further, the central portion 11a and the
peripheral portions 11b of the ceramic sheet 11 are
polarized along the thickness of the sheet 11 in the

~ inverted directions of polarization A and B, while the
15 central portion 12a and the peripheral portions 12b of
the sheet 12 are polarized along the thickness of the
- sheet 12 in the inverted directions of polarization € and
D. Then, the sheets 11 and 12 are integrated to. each
other in such a manner that the directions of
20 polarization A and C at the respective central portions
1la and 12a are opposite and that the directions of
polarization B and D at the respective peripheral
portions 1lb and 12b are opposite. -{Namely4 More
specifically, in the ceramic sheets 11 and 12, the
25 directions of polarization A and C are oriented inwardly
to be close to each other at the central portions lla and
12a, while the directions of polarization B and D are
oriented outwardly to be away from each other at the
peripheral portions 1lb and 12b. The signal extracting
30 electrodes 1 disposed on the external main surfaces of
the respective ceramic sheets 11 and 12 are electrically
connected to external lead electrodes 7 and 8,

"~
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finite-el enrent nethod. It is, however, difficult to provide a :
required level of detection sensitivity for all the accel eration sensors
- because of a slight difference in the material of the ceramc sheets 3 and
4 between the individual lots, or even within the same lot. Al so,
different levels of detection sensitivity gay be incurred due to working
errors. Thus, the levels of detection senSitTivity possessed by the
i ndi vi dual accel eration sensors are disadvantageously varied. Nanely, if
the positions of the boundary lines LO in the detection device 5 are
nerely determned so that the |evel of sensitivity can be matched
respectively, formed on the different lateral surfaces of
the casing 6. It should be noted that the directions 2
through D in which the central and peripheral portions
11la, 11b, 12a and 12b of the ceramic sheets 11 and 12 are
5 polarized may be oriented reverse to those designated
above. Such an alternpative construction of the
acceleration sensor is naturally applicable to the
present invention. ) '
The acceleration sensor constructed as
10 illustrated in Fig. 1 is manufactured according to the
below-described method of the present invention. Prior
to production of acceleration sensors put to practica;:'.
use, sample products will be initially produced.
More specifically, a pair of nonéolarizeﬂ )
15 piezoelectric ceramic sheets, i.e., the ones equivalent
to the ceramic sheets 3 and 4 used in the example of
conventional acceleration sensors discussed ahoVe,-fhaveS
-peen}-axre sampied from the individual product lots, or
within the same lot. The boundary lines L0 serving to
20 divide the longitudinal regions of the sheetes 3 and 4
into three portions are then positioned and set by
calculation, for example, according to the finite-element
method. Mask patterns having sizes corresponding to the
central portions 3a and 4a and the peripheral portions 3b
25 and 4b of the ceramic sheets 3 and 4, which are
partitioned by the pair of boundary lines LO, as shown in
Fig. 2, are provided. By use of these mask patterns,
electrodes used for polarization 13 are formed on the
external main surfaces of the sheets 3 and 4.
30 Subsequently, the intermediate electrodes 2 are disposed
on the internal main surfaces of the respective sheets 3
and 4. With this arrangement, high voltages are applied
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val ue are unavoi dably manufactured, thereby incurring serious |osses.
SUMVARY OF THE-| NVENTI ON Accordingly, it is an object of
the present invention to provide an acceleration sensor,.free fromthe
above- described problem in which its detection sen5|t|V|ty can be

mai ntai ned wthin the tol erance of a predet§5n1ned

to the ceramic sheets 3 and 4 through the above
electrodes in such a manner that the directions of
polarization at the central portion 3a and the peripheral
portion 3b of the sheet 3 are inverted to each other and
5 that the directions of polarization at the central
portion 4a and the peripheral portion of the sheet 4 are
inverted to each other. It should be noted that only the
ceramic sheet 3 is shown in Fig. 2.
Further, the signal extracting electrodes 1 are
10 laminated on the respective polarizing electrodes 13
formed on the polarized ceramic sheets 3 and 4, and then,
the intermediate electrodes 2 disposed on the internal
main surfaces of the sheets 3 and 4 are integrated to
face each other. The detection device 5 can thus be
15 produced. Subsequently, only both the edge surfaces of
the longitudinal device 5 are securely held by the casing
6, and the signal extracting electrodes 1 are
electrically connected to the external lead electrodes 7
and 8, respectively, disposed on different lateral edge
20 surfaces of the casing 6. In this manner, a plurality of
acceleration sensors having a built-in detection device 5
in the casing 6, i.e., acceleration sensors constructed
in a manner similar to the sensor of the example of
conventional sensors shown in Fig. 3, can be manufactured
25 as sample products.

By measuring the levels of detection
sensitivity possessed by the individual sample
acceleration sensors, variations in the detection
sensitivity of the samples can be detected, thereby

30 making it possible to identify the presence of
' differences in the materials of the piezoelectric ceramic
sheets of the individual lots, or within the same lot,
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accel eration sensor in which its detectlon sensitivity can be positively
kept within the-tolerance of a prescribed target val ue. In order to
achi eve the above object, according to one formof the present invention,
there is.provided an accel eration sensor conprising a binorph detection
device longitudinally divided into a central portion and peripheral
portions, the direction of polarization at¢ b¥hi«l central portion being
inverted to the direction of polarization at said peripheral portions,
wherein the ratio (Y/ X) of the overall length (Y) of the central portion
to the freely-deflectable length (X) of the

and also to identify the presence of the working errors
of the sheets. In light of the measurements of the
detection gsensitivity of the above sample products, the.
detection device 10 will be newly produced. More
5 particularly, the locations of the boundary lines L1 for
partitioning the longitudinal regions of the ceramic
sheets 11 and 12 into the central portions lla and l2a
and the peripheral portions 11h and 12b are corrected to
be yoward the central portions lla and l2a or toward the
10 ‘peripheral portions llb and 12b. '

: More specifically, if the levels of detection
sensitivity of the sample products are somewhat higher,
the boundary lines Ll are corrected to be positioned
toward the central portions lla and 12a, thereby

15 adjusting the detection sensitivity of the acceleration
sensor to a lower level. In contrast, if the levels of
detection sensitivity of the sample Eroducts'pre somewhat
lower, the boundary lines Ll are dotrec;ed‘to-be located
toward the peripheral portions 11b and lﬁb, thereby

20  regulating the detection sensitivity of the sensox to a
higher level. '

Afterwards, mask patterns having sizes
corresponding to the central portions 1lla and l12a and the
peripheral portions 11b and 12b of the ceramic sheets 11

25 and 12 extracted from the individual lots, or within the
same lot, and provided with the pair of corrected
boundary lines L1, as shown in Fig. 2, have been provided.
By utilizing the mask patterns, the polarizing electrodes
13 are disposed on the exte;né; main surfaces of the

30 ceramic sheets 11 and 12, and the intermediate electrodes
2 are formed on the internal main surfaces of the sheets
11 and 12. High voltages are then applied to the sheets
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73% In the above type of acceleratlon sensor, the binorph detection
devi ce may conprise a pair of piezoelectric ceramc sheets each formed in
a rectangul arly planar shape and longitudinally divided into the central
portion and the peripheral portions, the direction of polarization at the
central portion being inverted to the directijon of polarization at the

" peripheral portions. The ceramic sheets ﬁa&zéach have an el ectrode for
extracting signals

11 and 12 through the polarizing electrodes 13 and the
intermediate electrodes 2 -so as to polarize the ceramic
sheets 11 and 12 in such a manner that the directions of
polarization at the central portion lla and the
5 peripheral portion 1llb of the sheet 11 are inverted to

each other and that the directions of polarigzation at the
central portion 12a and the peripheral portion 12b of the
éheet 12 are also inverted to each other. It should be
noted that only the ceramic sheet 11 is shown in Pig. 2.

10 Subsequently, the signal extracting electrodes .
1 are laminated on the polarizing electrodes 13 formed on
the external main surfaces of the ceramic sheets 11 and
12. Although in the above case the polarizing electrodes
13 are disposed on the ceramic sheetg 11 and 12, the

15 signal extracting electrode 1 integrated to the eite:pal
main surfaces of the ceramic sheets.ll and 12 may be
formed. Also, the intermediate electrodes 2 may be
divided into portions associated with the central
portions 1lla and 12a and the peripheral portions 1llb and

20 12b, respectively. These modifications are also
applicable to sample products.

" The intermediate electrodes 2 formed on the
internal main surfaces of the sheets 11 and 12 are bonded
to face each other to form an integrated detection device

: 10. Then, only both the edge surfaces of the -

dEVEC“°“?;*IEE§I€EEEEZT?ﬁevice 10 are securely supported by the

casing 6, and the signal extracting, electrodes 1 are
electrically connected to the external lead electrodes 7
and 8, respectively, disposed on the different,Klateral

30 surfaces of the casing 6. Hence, an acceleration sensor
having an integrated detection device 10 in the casing 6,
constructed as illustrated in Pig. 1, can bhe manufactured.
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I nternal main surface Further, the piezoelectric ceramc sheets may be
i ntegrated by bonding the internediate el ectrodes to each other in such a
manner that the directions of polarization of the ceram c sheets may be
opposite to each other. According to another form of the present
I nvention, there is provided a nethod for ufacturing a production
accel eration sensor which conprises a prodhgﬁpon bi rorph detection device
longitudinally divided into a central portion and peripheral portions, the
direction of polarization at the central portion being inverted to the
direction of polarization at the peripheral portions, the
In a manner simjlar to the example of conventional
acceleration sensors, upon providing accelesration to the
sensor of this embodiment, the central portions 1la and
12a and the peripheral portions 11b and 12b of the
5 piezoelectric ceramic sheets 11 and 12 forming the
detection device 10 are deformed due to an inertial foxce,
so that tensile stress or compressive stress is produced
in these portions lla, l1l2a, 11b and 12b. aAs a
consequence, the amount of electrical charges are
10 increased in the ceramic sheets 11 and 12 due to a
synergistic effect between the directions of polarization
A through D at the individual portions and tensile or
compressive stress generated therein.
As will be clearly understood from the
15 foregoing description, the present invention offers the
following advantages. The detection sensitivity of the
acceleration sensors according to the present invention
can be maintained within the tolerance of a prescribed
target value without being adversely influenced by
20 differences in the materials of piezoelectric ceramic
sheets selected from the individual product lots, or
within the same lot, or without being affected by working
errors of the sheets. This can obviate defective
products beyond the tolerance of a target value, which
25 would otherwise incur losses. Additionally, according to
the manufacturing method of the present invention, the
detection sensitivity of the acceleration sensors can be
reliably maintained within the tolerance of a target
value. .
30
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devi ce after positioning boundary lines for longitudinally dividing the
device into the central portion and the peripheral portions; measuring the
detection sensitivity of a sanple acceleration sensor manufactured as a
sanpl e product by integrating the sanple binorph detection device into a
sanpl e casing; producing a production binorph detection device by
correcting the positions of the boundary- i*es toward the central portion
or toward the peripheral portions based on the detection sensitivity of

t he sanpl e accel eration sensor; and manufacturing a production

accel er-ati on sensor by integrating the production binorph detection device
into a
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features an advantages of the present invention will becone apparent from
t-he -fotH-owng—description of the invention which refers to the

acco BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is
a CUM( mll ﬁmlrﬁﬂlw ew illustrating the construction of an '
an .

dld on. senser ’aCCOI’dI ng to 15

MEAT IS CLAIMED IS:

1. An acceleration sensor comprising a
bimorph detection device having a freely-deflectable
length (X) in a longitudinal direction and longitudinally
divided into a central portion having a lepngth (Y) in the

5 . longitudinal direction and peripheral portions, the
direction of polarization at said central portion being

inverted to the direction of polarization at said
peripheral portions,
wherein the ratio (Y/X) of the overall length
10 {Y) of said central portion to the freely-deflectable
1ength (X) of said bimorph detection device [in the
longitudinal direction] ranges from 44% to 73%.

2. An acceleration sensor according to claim
1, wherein said bimorph detection device comprises a pair
of piezoelectric ceramic sheets cach formed in a
rectangularly planar shape and longitudinally divided
5 into the central portion and the peripheral portions, the
direction of polarization at said central portion being
inverted to the direction of polarization at said
peripheral portions, said ceramic sheets each having an
electrode for extracting signals on the external main
10 surface and an intermediate electrode on the internal
main surface, and wherein said piezoelectric ceramic
sheets are integrated by bonding said intermediate
electrodes to each other in such a manner that the
directions of polarization of said ceramic sheets are
15 opposite to each other.

. _An accele Ol Sengor a ng t

SEBCY191608
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manuf acturl ng process of the acceleration sensor shown in Fig. 1; and
Fig. 3is a cutaway perspective viewillustrating the construction of a
knomn type of accel erati on sensor. DESCRI PTI ON OF THE PREFERRED

Gﬂ“ﬂm“t“l"rluuﬂmh‘oodl ment of the present invention will now be

desc ce to the draw ngs. Referring to Figs. 1 and 2
il lusttating ah &ccel eration sensor of t it 46 effbodi ment, there are shown a
det ection device 10 and a pair of pi ezoel ectric ceram c sheets 11 and 12.
The overall construction of this sensor is basically simlar to that of

t he conventional sensor

Jhe

431 4. A method for manufacturing f{an} a_
production acceleration sensor which Jeeomprises-
—a-Jingludes a production bimorph detection device

longitudinally divided into a central portion and
5 peripheral portions, the direction of polarization at
said central portion being inverted to the direction of
polarization at said peripheral portions, said method
comprising the steps of:
producing a gample bimorph detection device
10 after positioning boundary lines for longitudinally
dividing said device into the central portion and the
peripheral portions;
measuring the detection sens;tlvxty of fan}l.-a
sanple acceleratxon sensor manufactured as a sample
- 15 product by integrating said bimorph detection device into
a sample casing; '
producing JaJ} said productjon bimorph detection
device by correcting the positions of the boundary lines
toward the central portion or toward the peripheral
20 portions fin-consideration of thel based measurements of
the detection sensitivity of said sample acceleration
sensor; and
manufacturing fanj- said production acceleration
sensor by integrating said production bimorph detection
25
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3 are designated by like reference nunerals. A reference will be
ftrst nade to Fig. 1. The accel eration sensor constructed in accordance
with this 8 .enbodi nent of the

resent air rectangul ar pl anar piezoelectric ceramc
p g p p
sheet s Ctrode 1 for’ extraislng signals and an

i nt er medi’at &

5 ' aréa [+) udinall vid

10

15
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12. The internedi ate el ectrodes 2 disposed on the internal nmain surfaces
of the sheets 11 and 12 are bonded to face each other, thereby integrating
the sheets 11 and 12 to formthe detection device 10. Only both the edge
surfaces of the |ongitudinal detection device 10 are securely held by a
casing 6 forned in a "U' shape as viewed fromthe |ateral side. The

| ongi tudi nal regions of the ceranmic sheetsl8l~and 12 are partitioned into
central portions 1lla and 12a and peripheral portions |lb and 12b by a
pair of boundary lines L1 whose l|.ocation is determned according to the
followi ng procedure. The |ongitudinal length of the detection device 10,
except for both the |ateral edges supported by the casing 6, i.e.

P/1071-306

is—a-manufacturing method-for-an -acceleration-sensor-in —
which its detection sensitivity can be reliably contained-
Sthin the_tol . ibed_t , 1 )
acceleration-sensor—has}- which inciundes a bimorph
detection device. The device is longitudinally divided
into central portions and peripheral portions, the
direction of polarization at said central portion being
inverted to the direction of polarization at said
peripheral portions. The ratio ¥/Xx of the -overall length
Y of the central portions to the freely-deflectable
length X of the longitudinal detection device ranges from

44% to 73% JWMML

SPEC¥1915608
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etermned as a freely- ?g % ile the overa e 0
a, i A

the central portions 1lla -a cat by Y. The rabgayo¥/26 ofs-Ehess

overall length Y tostye Lucakygdef lgegt able | ength X is set to range from
44%to 73% More specifically, for exanple, when the ceramic sheets
11 and 12 each Hewd"am overat|=t+ongitludt nat ~l~engt 1 20of~ 8.4 MrandP——————

t hi ckness of 0.12 mm d t | ongi t udi nal freely-deflectable Iength X of
the detection dé&yTcl 18%?’&6 & i IDocument Name) Drawings

(@11
4 %—yp [Fig.1)
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to range from?2.4 n’m(Y/%4#n%e%0%{Q nm (Y/X—72 29). The ~—=9 ( 14/ 137
above-constructed accel Were st ed by the Q?&?ﬁg}zg 14:55:25 '
inventors, and it hag+sbgopg B gyed ghat the levels of the detection
sensitivity of all of the acceleration sensors can be contained wthin

t he tol erance of7#t-he target veal-te fgr-ng <m0+t -2 25 A G330 = = — =
Further,” the central - portion 1la and the peripheral portions |1b of the

ceranic sheet 1Bafe pbB&1zed along the thickness of the sheet 11 in the = -
inverted direcfiong, ofePglgyization A and B, while the central portion 12a -

LO/(L‘H

3011} 3a
11a)
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t hi ckness of the sheet 1%#&@3&% ,d_i_rgtions of pol ar "2ate oh égéndm
D! Then, the sheets 11 an are I'nfegrated 0 each other igrRM2® 14:55:25
manner that the direcrrofisl&f =pgFarigagion A and C at the respective
central portions 1lla and 12a are opposite and that the directions of
pol ari zati on B &M~ ar The~ Tespect Wre~peri phetat —port+t ons ~ +i- andsd2b- are— —
opposite. Mre spe ifi@lr?]]y, in the ceram c sheets 11 and 12, the
di rections of po‘-l"ar zath A and C are oriented innardly to be close to
each ot her at I{hg..cgnt M#dgeadlti ons 1lla and 12a, while the directions of
pol ari zati on B and are oriented outwardly to be away from each ot her at
the peripheral portions 11b and 12b. The signal extracting

. " This Sheet Has Been Rep
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celam c sheet s| 1§ 12 are el ektrically «cg sedPﬂQﬂeB@ﬁé ¢
el'ectrodes 7 and 8 ar S , formed on cFecmmﬂs)arenPagFﬁt\E'rg Bfgpes
of the=easing @. ed that, the ‘Bﬁwumgs) pagedin GhPE8 L A
whi ch the central | \portions 1l ;rh&ﬂnmﬂia aﬂﬂﬂ,zyggﬁﬁﬁﬁgﬁ'
ceram c sheets {11 and 12 arized may Qe oriented reversé e
desi gnat ed above: an alternative constructd ofp Qhp RECEIPT ..ooverereeeee

ACCELERATION SENSOR AND MANUFACTURING METHOD THEREFOR

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally'to
acceleration sensors used , for example, for detecting
shock applied to hard disk drives, and also to a
manufacturing method for the sensérs. More particularly,
the invention relates to a structure of a bimorph
detection device used in the above acceleration sensor,
and also to a manufacturing method'for the devices.

2. Description of the Related Art

A

Hitherto, shock-detecting acceleration sensors using
known bimorph detection devices (hereinafter simply
refefred to as "detection devices")have been available,
and a typical acceleration sensor of this type is the one
disclosed in Japanese Unexamined Patent Publication No. 6-
273439. This sensor has, as schematically illustrated in
Fig. 3, a pair of piezoelectric ceraﬁép sheets 3 and 4 |
formed in a rectangular planar shape. A thin-film -
electrode 1 for extracting signals and a thin-film
intermediate electrode 2 are further formed on the main
surfaces:of each of the céramic sheets 3 and 4. The
intermediaté électrodes 2 disﬁosed_on the internal main
surfaces of the respective sheets 3 and 4 are bonded to

face each other, thereby integrating the ceramic sheets 3
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the accel erationjs gsor—1-s-frat y applicable to the present invention
The accel eration ns \H? ég c1ej as illustrated in Fig. 1is

manuf act ur ed accOrilfgat ofv described nmethod of the present

i nvention. Prior f accelfr ation sensors put to practical
use, sanple products mnll be |n|t al I'y "produced. More specifically,
a pair of nonpol ar+zed—ptezoetecttic ceram c sheets, i.e., the ones

equi val ent ad® 4 heo CREANT & GdNEEES1Sh Al fodlisd "fhé:i"e SXBPIbS:ithe
conventi onal accel eration sensors di scussed above, are sanpled fromthe

i ndi vi dual gdgslugirfiss Of thé NondgitudHedE detectivn dewiles ys lares LO

serving to divide the
securely supported by a casing 6 formed in a "U" shape as

viewed from‘the lateral side.

The longitudinal piezoelectric ceramic sheets 3 and 4
are divided into central portions 3a and 4a and peripheral
portions 3b .and 4b by a pair of boundary lines LO where
stresses produced by the action of acceleration are
changed. The central portion 3a énd the peripheral
portions 3b of the ceramic sheet 3 are respectively
polarized in the directions A and B inverted to each other
along the thickness of the sheet 3, while thé central
portion 4a and the peripheral portions 4b of the sheet 4
are respectively polarized in the directions C and D
inverted to each other along the thickness of the sheet 4.
The sheets 3.and 4 are then allowed to face each other in
such a manner that the directions of polarization A and C
at the respective central portions 3a and 4a are opposite,
and that the directions of polarization B and D at the
respective peripheral portions 3b and 4b are opposite.

More specifically, in the piezoelectric ceramic
sheets 3 and 4, the opposite directions of polarization A
and C are oriented inwardly to be close to each other at
the central portions 3a and 4a, while the opposite
directions of polarization B énd D are oriented outwardly
to be away from each other at the peripheral portions 3b

and 4b. The signal extracting electrodes 1 disposed on



| ongi t.udi nal r
posi ti oned and e

REPLACEM N'I(;S?hg'ets 3 and 4 into three portions are then
0Sd b%g Wfagoatitor, for exanple, according to the

fi'nite-el enent [ ho sk pajtlerns having sizes corresponding to the
central ndj 4a and the peripheral portions 3b and 4b
of the ceram c pheets 3 and 4, ch arespartitioned by the pair of
boundary |ines BES—as~shown in Fig. 2, are provided. By use of these nmask
Pr:ittner ns, e't‘fx%t_ RS ndSed S FRULIZ O rekpet vieO diBAnl Shees! 8 nal

and 4 are electrically connected to external lead

electrodes 7 and 8 formed on different edge surfaces of

the casing 6, respectively. For polarizing the ceramic

sheets 3 and 4, electrodes used for polarization having

sizes corresponding to the respective centrai portions 3a

and 4a and the peripheral portions 3b and 4b have

generally been formed, though they-are not shown.

Subsequent to this polarization process, the signal

extracting electrodes 1 are, in general, laminated on

these polarizing electrodes.

The reason for the use of the detection device 5
constructed as described above is given below. By the
action of acceleration produced upon the acceleration
sensor, the central portiohs 3a and 4a and the peripheral
portions 3b and 4b of the ceramic sheets 3 and 4 are
deformed due to an inertial force so that tensile stress
or compressive stress is generated therein. This
increases the amount of electrical charges in the above
portions 3a, 4a, 3b and 4b due to a synergistic effect
between the respective directions of polarizatioh A
through D and tensile stress or compressive stress,
accordingly increasing the amount of charxrges in the
overall detection device 5. Thus, detection sensitivity
of the acceleration sensor cah be improved.

In the above known type of acceleration sensor, the

positions of the boundary lines LO for dividing the
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surfaces of the shpets~3 dnd 47 {Subsequently, the internedi ate el ectrodes
2 &re disposed oh th35#3%ﬁ£ﬁ@§ I n surfaces of the respective sheets 3
and 4. Wth thip prr t; high voltages are applied to the ceramc
sheets 3 and 4 thrbugh el ectrodes in such a manner that the
directions of polarization at the | central portion 3a and the peripheral
portion 3b of the—steer=3"are inverted to each other and that the

directions QlonAlt¥idizRlll dRgilodd & tHe HeRfild FhettsANd arida FrmARy al
portion of the sheet 4 are inverted to each other. It should be noted that

only the cerdd Qetdttdlon defridfe0 W intJ-ithe dentral potitiiesys ahersi gaal
extracting electrodes 1 are |amnated on the respective pol ari zi ng
el ectrodes Bhd the peripheral portions 3b and 4b are determined to

satisfy a required level of detection sensitivity of the
acceleration :sensor achieved by the increased electrical
charges due to the generation of tensile stress or
compressive stress in the central portiqps 3a and 3b and
the pefipheral portions 4a and 4b. More épecifically, the
positions of the boundary lines LO are set by calculation
according to one of the numerical analysis techniques, for
example, the finite-element method.

It is, however, difficult to provide a required level
of detection sensitivity for'all the acceleration sensors
because of a slight difference in the material of the
ceramic sheets 3 and 4 between the individual lots, or
even within the same lot. Also, different levels of
detection sensitivity may be incurred due to working |
errors. Thus, the levels of-detection sensitivity
possessed by the individual aéceleration sensors are
disadvantageously varied. Namely, if the positions of the
boundary lines LO in the detection device 5 are merely
determined so that the level of sensitivity can be matched
to é target value, defective sensors beyond the.tolerance
of the target value are unévoidably manufactured, thereby

incurring serious losses.

SUMMARY OF THE INVENTION



formed’ on the pol
el ectrodes 2 dis
i nt egrated
‘produced. Subseq
device 5 are secyrely held by the
el ectrodes 1 i

oged on th | ntetnal main surfaces of the sheets 3 and 4
olfat8 &Nﬁquh r}{ The detection device 5 can thus be
ent| fhe edge surfaces of the |ongitudina
casing 6, and the signal extracting
cally connected to the external |ead

Accordingly, it is an object of the present invention

to provide an acceleration sensor, free froﬁ the above-
described problem, in which its detection sensitivity can
be maintained within the tolerance of a predetermined
target value,. and also to provide a manufacturing method
for the acceleration sensor in which its detection
gsensitivity can be positively kept within the tolerance of
a prescribed target value.

In order to achieve the above object, accordinglto
one form of the present invention, there is provided an
- acceleration sensor comprising a bimorph detection device
longitudinally divided into a central portion and
peripheral portions, the direction of polarization at said
central portion being inverted to the direction of.
polarization at said peripheral portions, wherein the
ratio (¥/X) of the overall length (Y) of the central
portion to the freely-deflectable length (X) of the
bimorph detection device in the longitudinal direction
ranges from 44% to 73%.

In the above type of acceleration sensor, the bimorph
detection device may comprise a pair of piezoelectric
" ceramic sheets each formed in a rectangularly planar shape
and longitudinally divided into the central portion and
the peripheral poftions, the direction of polarization at
the central portion being inverted to the direction of
polarization at the peripheral portions. The ceramic

sheets may each have an electrode for extracting signals

bets 3 and 4, and then, the internediate - -
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el ectrodes 7 and 8, respectlvely, | $posed on different |ateral edge
surfaces of the caging $8 JON 1B wner, a plurality of acceleration
sensors having a byilit-in detecti pnjdevice 5 in the casing 6, i.e.,

accel eration sens¢rs construct&d=t nja nmanner simlar to the sensor of the
exanpl e of conventi.Qnal senso[smghgmb ineFig. 3, can be manufactured as
sanpl e products By nmeasuring the levels of detection sensitivity

possessed by Rgd @J&t\éx?'}éajh AP Canrﬁfeag{e]t SRS at P 10eR0[ N the

detection sensitivity o e sanples ected, thereby making it

possi bl e t0 drid@iMd Tihtdhfa PRSI GRiFadd f f etaRy rtﬂénplr&fo@:ve@t&l@f the
pi ezoel ectric ceram c sheets of the i ndi vidual lots, or wthin the sane

|l ot, and al serdamidetddts i, PWeeSeiteRrated by bonding the

intermediate electrodes to each other in such a manner
that the directions of polarization of the ceramic sheets
may be opposite to each other.

According to another form of the present invention,
there is provided a method for manufacturing a production
,acceleraﬁion sensor which comprises a production bimorph
detection device longitudinally divided into a central
pbrtion and peripheral portions, the direction of
polarization at the central portion being inverted to the
direction of_polarization at the peripheral portions, the
method comprising thé steps of: producing a sample bimorph
detection device after positioning boundary lines for
longitudinally dividing the device into the central
portion and the peripheral portions; measuring the
detection sensitivity of a sample acceleration sensor
manufactured as a sample product by integrating the sample
bimorph detection device into a sample casing; producing a
production bimorph detection device by correcting the
positions of the boundary lines toward the central portion
or toward the periphefal portions based on the detection
sensitivity of the sample acceleration sensor; and
manufacturing a production adceleration sensor by
integrating the production bimorph detection device into a

production casing.
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the following

description of the invention which refers to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

- Fig. 1 is a cutaway perspective view illustrating the

construction of an acceleration sensor according to an

embodiment of the present invention;

Fig. 2 illustrates the manufacturing process of the

_acceleration sensor shown in Fig. 1;

and

Fig. 3 is a cutaway perspective view illustrating the

construction of a known type of acceleration sensor.

DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the present invention will now be

‘described with reference to the drawiﬂgs.-

Referring to Figs. 1 and 2 illustrating an

acceleration sensor of this embodiment, there are shown a

detection device 10 and a pair of piezoelectric ceramic

sheets 11 and 12.
is basically similar to that of the

shown in Fig. 3, and thus, the same

The overall construction of this sensor

conventional sensor

elements as those

illustrated in Fig. 3 are designated by like reference

numerals.

A reference will be first made

to Fig. 1. The

acceleration sensor constructed in accordance with this
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13 . the boundary ﬁEPLA»fWENTﬁSHEET bcted to be positioned toward the
central portions {llia and 12@9 1 hgreby adjusting the detection sensitivity
of* the accel eratijon 7 a | dwer level. In contrast, if the |evels of
det ecti on sensitiVI_x_QL_Lhﬂ%&a | @ products are sonewhat |ower, the
boundary lines L1} are corrected to{ be | gcated toward the peri pheral
portions 11b and 12b—-%he&ehyﬂ$egtlat|ng t he detectlon sensitivity of the
sensor 10 achi@iihen®! 8l the %%@qg.gém KyBal LepRs R ng sizes

a an nd

correspondln centra ortlons
rectangular planar plezoelectrlc ceramic sheets 11 and 12.

An electrode 1 for extracting signals and an intermediate
electrode 2 are formed on the main surfaces of each of the
sheets 11 and 12. The intermediate electrodes 2 disposed
on the intermal main surfaces of the sheets 11 and 12 are
bonded to face each other, thereby integrating the sheets
11 and 12 to form the detection device 10. Only both the
edge surfaces of the longitudinalldetection device 10 are
securely held by a casing 6 formed in a "U" shapé as
viewed from the lateral side. The longitudinal regions of
the ceramic sheets 11 and 12 are partitioned into central
portions 1lla and 12a and peripheral portions 11b and 12b
by a pair of boundary lines L1l whose location is
determined according to the following procedure. The
1ongitudinal length of the detection device 10, except for
both the 1étéra1 edges supported by the casing 6, i.e.,
the length in which the detecﬁion device 10 is freely
deflectable, is determined as a freely-deflectable length
X; while the overall length of the central portions 1lla
and 12a, is indicated by Y. The ratio ¥/X of the o%erall
length Y to the freely-deflectable length X is set to
range from 44% to 73%.

More specifically, for example, when the ceramic
sheets 11 and 12 each have an-overall longitudinal length
of 6.4 mm and a thickness of 0.12 mm, and the longitudinal

freely-deflectable length X of the detection device 10 is
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the peripherg) 80451 98) 11br8k sbove-constructed acceleration sensors

were tested by the present inventors, and it has been
proved that the levels of the detection sensitivity of
all of the acceleration sensors can be contained within
the tolerance of the target value ranging from 1.95 to
2.25 mV/G.

Further, the central portion lla and the peripheral
portions 11b of the ceramic sheet 11 are polarized along
the thickness of the sheet 11 in the inverted directions
of polarization A and B, while the central portion 12a
and the peripheral portions 12b of the sheet 12 are
polarized along the thickness of the sheet 12 in the
inverted directions of polariza;ion C and D. Then, the
sheets 11 and 12 are integrated to each other in such a
manner that the directions of polarization A and C at
the respective central portions 1lla and 12a are opposite
and that the directions of polarization B and D at the
respective peripheral portions 11b and 12b are opposite.
More specifically, in the ceramic sheets 11 and 12, the
directions of polarization A and C are oriented inwardly
to be close to each other at the central portions 1lla
and 12a, while the directions of polarization B and D

are oriented outwardly to be aWay from each other at the

peripheral portions 11b and 12b. The signal extracting

mai n



the sheet 11 ar ﬂnverted to eadhlother and that the directions “#
of* .pol ari zation jat{ t heg ggﬁtﬁﬁﬁ? ontion 12a and the peripheral portion 12b
of the. sheet 12 farle al so |ny§Lﬂe to each other. It should be noted that
only the ceranig 'shest™~T1 s sho in Fig. 2. Subsequently, the
signal extracting el ectrodes-t—are |anmimted on the pol ari zing el ectrodes
13 formed on thé éxternal main surfaces of the ceramic sheets 11 and

electrodes 1 disposed on the external main surfaces of

the respective ceramic sheets 11 and 12 are electrically
connected to external lead electrodes 7 and 8,
respectively, formed on the different lateral surfaces
of the casing 6. It should be noted that the direcﬁions
A through D in which the central and peripheral portions
lia, 11b, 12a and 12b of the ceramic sheets 11 and 12
are polarized may be oriented reverse to those
‘designated above. Such an alternative construction of
the acceleration sensor is naturally applicable to the
present invention.

The acceleration sensor constructed as illustrated
in Fig. 1 is manufactured according to the below-
described method of the present invention. Prior to
production of acceleration sensors put. to practical use,
sample products will be initially produced.

More specifically, a pair of nonpolarized
piezoelectric ceramic sheets, i.e., the ones equivalent
to the ceramic sheets 3 and 4 used in the example of
conventional acceleration sensors discussed above, are
sampled from the individual product lots, or within the
same lot. The boundary lines L0 serving to divide the
longitudinal regions of the sheets 3 and 4 into three
portions are then positioned'and set by calcﬁlation, for
example, according to the finite-element method. Mask

patterns having sizes corresponding to the central



12. Although I n REPLRQEMENZfHEEE.polarizing el ectrodes 13 are di sposed

on .the ceranmic shepts 11 and. 13, |[the signal extracting el ectrode 1
integrated to th ext MWI qurfaces of the ceranm ¢ sheets 11 and 12
may be forned. sp, the interngdilate el ectrodes 2 nay be divided into
portions associ af € i trlal poklions |Ila and 12a and the

peri pheral portifpns Ilb and_12b. jrespectively. These nodifications are

al so appli %ﬂi‘tﬁidﬁs S?éméﬁdp&adaﬁasthe Per-E. dri eIt Bbks e Bchhaday 2
forned on t internal nmain surfaces of thé sheets 11 and 12 are bonded

to face eachotthfd dOrdRid RebBbedr ahed 4 ,dHECH Urdqyateidfonddeby only
both the edge surfaces of the Iongltudlnal detection device 10 are

securely the pair of boundary lines LO, as shown in Fig. 2, are

provided. By use of these mask patterns, electrodes
used for polarization 13 are formed on the external main
surfaces of the sheets 3 and 4. Subsequently, the
intermediate electrodes 2 are disposed on the internal
main surfaces of the respective sheets 3 and 4. With
this arrangement, high voltages are applied to the
ceramic sheets 3 and 4 through the above electrodes in
such a manner that the directions of polarization at the
central portion 3a and the peripheral portion 3b of the
sheet 3 are inverted to each other.and'that the
directions of polarization at the central portion 4a and
the peripheral portion of the sheet 4 are inverted to
each other. It should be noted that only the ceramic
sheet 3 is shown in Fig. 2.

Further, the signal éxtracting electrodes 1 are
laminated on the respective polarizing electrodes 13
formed on the polarized ceramic sheets 3 and 4, and
then, the intermediate electrodes 2 disposed on the
internal main surfaces of the sheets 3 and 4 are
integrated to face each othér. The detection device 5
can thus be produced. Subseduently, only both the edge
surfaces of the longitudinal device 5 are securely held

by the casing 6, and the signal extracting electrodes 1
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supported by the chsfnig 6, —affd—T1E s§ gnal extracting electrodes 1 are
el’ectrically conne téd't§~#ﬂ§ﬁ@§ | lead electrodes 7 and 8,
respectively, dispbsgd [ rent |ateral surfaces of the casing 6
Hence, an accel erht Wi ng an integrated detection

15 device 10 in the casing 6, constjuctezl as illustrated in Fig. 1, can
be manufactured. |/ a namner<stmrar to the exanple of conventional

gﬁgg'die;rgtn itOelr%_erewénrfwmyp&eﬂhebeaaa%elt@f@téﬁef&ai hgeggnsor of this

electrodes 7 and 8, respectively, disposed on different

|

lateral edge surfaces of the casing 6. In this manner,
a plurality of acceleration sensors having a built-in
detection device 5 in the casing 6, i.e., acceleration
sensors constructed in a manner similar to the sensor of
the example of conventional sensors shown in Fig. 3, can
be manufactured as sample products.

By measuring the levels of detection sensitivity
possessed by the individual sample acceleration sensors,
variations in the detection sensitivity of the samples
can be detected, thereby making it possible to identify
the preéence of differences in the materials of the
piezoelectric ceramic sheets of the individual lots, or
within the same lot, and also to identify the presence
of the working errors of the sheets. In light of the
measurements of the detection sensitivity of the above
sample products, the detection device 10 will be newly
produced. More particularly, the locations of the
boundary lines L1 for partitioning the longitudinal
regions of the ceramic sheets 11 and-12.into the central
portions l1lla and 12a and the peripheral portions 11b and
12b are corrected to be toward the central portions lla
and 12a or toward the peripheral portions 11b and 12b.

More specifically, if the levels of detéction

sensitivity of the sample products are somewhat higher,



the peripheral portions Ilb and 12b
11 and 12 form ng the detection device
force, so that tensile stress or
conpressive stress|i h¢se portions 1lla, 12a, 11b and 12b. As
a consequence, thejamount of electrijcalixharges are increased in the

ceramc sheete 11[aﬁd-&e—due—%trersynergistic ef fect between the
directions Y UALAY Oyl NOUARDAL AR I U 1 PasPOIbhERS 20

tensile or conpressiv enera therein e clearly

under st00d. QR EG 141 B83ELLAN Ta Wi HASSUndAUEPLI O Of fers

the foll own
adjusting the detection sensitivity of the acceleration

the central portiof
of .t he piezoel ectri
10 are deforned dJ
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sensor to a lower level. 1In contrast, if the levels of
detection sensitivity of the sample products are
somewhat lower, the boundary lines Ll are corrected to
be located toward the peripheral portions 11b and 12b,
thereby regulating the detection sensitivity of the
sensor to a higher level.

Afterwards, mask patterns having sizes
corresponding to the central pertions 1la and 12a and
the peripheral portions 1lb and 12b of the ceramic
sheets 11 and 12 extracted from the individual lots, or
within the same lot, and provided with the pair of
corrected boundary lines L1, as shown in Fig. 2, have
been provided. By utilizing the mask patterns, the
polarizing electrodes 13 are disposed on the external
main surfaces of the ceramic sheets 11 and 12, and the
intermediate electrodes 2 are formed on the internal
main surfaces of the sheets 11 and 12. High voltages
are then applied to the sheets 11 and 12 through the
polarizing electredes 13 and the intermediate electrodes
2 so as to polarize the ceramic sheets 11 and 12 in such
a manner that the directions of polarization at the
central portion 1la and the peripheral portion 11b of

the sheet 11 are inverted to each other and that the-
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advantages. The detle§TTon Sensitivity of the accel eration sensors
according to the preseng qi can be maintained within the tol erance
ﬁ\i}a?%ﬁﬁg\? t hou
z

of a prescribed tardet bei ng adversely influenced by
differences in the|na bel ectric ceramic sheets selected from
t he i ndi vi dual product lots, or _within ihe sanme [ot, or w thout being
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affected by working errors of the : eheets Thi s can obviate defective
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and the peripheral portion 12b of the sheet 12 are also

inverted to each other. It should be noted that only
the ceramic sheet 11 is shown in Fig. 2.

Subsequently, the signal extracting electrodes 1
are laminated on the polarizing electrodes 13 formed on
the external main surfaces of the ceramic sheets 11 and
12. Although in the above case the polarizing
electrodes 13 are disposed on the ceramic sheets 11 and
12, the signal extracting electrode 1 integrated to the
external main surfaces of the ceramic sheets 11 and 12
may be formed. Also, the intermediate electrodes 2 may
be divided into portions associated with the central
portions 1la and 12a and the peripheral portions 11lb and
12b, respectively. These modifications are also
applicable to sample products.

The intermediate electrodes 2 formed on the
internal main surfaces of the sheets 11 and 12 are
bonded to face each other to form an integrated
detection device 10. Then, only both the edge surfaces
of the longitudinal detection device 10 are securely
supported by the casing 6, and the signal extracting
electrodes 1 are electrically connected to the external
lead electrodes 7 and 8, respectively, disposed on the
different lateral surfaces of the casing 6. Hence, an

acceleration sensor having an integrated detection
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s om i i ST facturing nethod of the present

i nvention, the dqtdction Sén”iii y of the acceleration sensors can be
reliably maintairjed WﬂtﬂnUHNﬁh olfferance -of a target val ue. Al t hough
the present inverftijon has been d¢s¢ribed in relation to particular

enbodi nents ther many other variatipgs and nDdifications and ot her
uses will beco skilled in the art. is preferred,

heretore, LA et BT b o b s s

Fig. 1, can be manufactured. In a manner similar to the

example of conventional acceleration sensors, upon
providing acceleration to the sensor of this embodiment,
the central portions lla and 12a and the peripheral
portions llbiand 12b of the piezoelectric ceramic sheets
11 and 12 forming the detection device 10 are deformed
due to an inertial force, so that tensile stress or
compressive stress is produced in these portions 1lla,
12a, 11b and 12b. As a consequence, the amount of
electrical charges are increased in the ceramic sheets
11 and 12 due to a synergistic effect between the
directions of polarization A through D at the individual
portions and tensile or compressive stress generated
therein.

‘As will be clearly understood from the foregoing
description, the present invention offers the following
advantages. The detection sensitivity of the
acceleration sensors according to the present invention
can be maintained within the tolerance of a prescribed
target value without being adversely influenced by
differences in the materials of piezoelectric ceramic
sheets selected from the individual product lots, or
within the same lot, or withbut being affected by
working errors of the sheets.. This can obviate

defective products beyond the tolerance of a target



17  WWHAT IS CLAI : —31. 1 An accel eration sensor conprising a
birnor ph detection device havj h [reely-deflectable length (X) in a

| ongi t udi nal directi onl &ndUNJ ithdjnally divided into a central portion
having a length (X) Lin_the__longifuflinal direction and peripheral portions,
the direction of polarlzatlon at sphid ceptral portion being inverted to
the direction of at+or—at=sef d peri pheral portions, wher ei n

the ratio (YAhe! JifcR581E bEALLY1E6Y incur losses.

Additionally, according to the manufacturing method of

th@ present invention, the detection sensitivity of the
aéceleration sensors can be reliably maintained within
the tolerance; of a target value.

Although the present invention has been described
in relation to particular embodiments thereof, many
other variations and modifications and other uses will
become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only

by the appendedd claims.



each forned in a rectangularly planar ghape and
into the central portion and the peripheral portiops, the direction

of sa1d—ucntra; portion to the freely-deflectable IBE ACE OSHEETj

blnDrph in the longitudinal diregtijon ranges fro
73% Im II m:l mlenatlon sensor according to|clfgmun 199the|

bi mor ph ectiion dewl ce conprises a pair of piez electrlc ceram
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ol ar i zati it £&) GLATBEPORSRA ' orti ons, sai d ceram ¢ sheets each
electrode for extracting signals on the external main
1. An acceleration sensor comprising'a bimorph
detection device having a freely-deflectable length (X)
in a longitudinal direction and longitudinally divided
into a central portion having a length (X) in the
longitudinal direction and peripheral pbrtions, the
direction of polarization at said central portion being
inverﬁed to the direction of polarization at said
peripheral portioms,
wherein the ratio (Y/X) of the overall length (Y)
of said central portion to the freely-deflectable length

(X) of said bimorph detection device in the longitudinal

direction ranges from 44% to 73%.

2. " An accelergtion sensor according to claim 1,
wherein said bimorph detection device comprises a pair
of piezoelectric ceramic sheets each formed in a
rectangularly planar shape and longitudinally_divided
into the central portion and the peripheral portions,
the direction of polarization at said central portion
being inverted to the direction of polarization at said
peripheral portions, said ceramic sheets each having an
electrode for extracting sighals on the external main
surface and an intermediate electrode on the internal

main surface, and wherein said piezoelectric ceramic
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surface an ' ' el ectrode on the internal i &iﬂ&%g%ﬁuiﬁggf-gm'h
wher ei n saﬂmmmm)m @céram’ C 1
sheets are ¥ntegria nding said internmediate el edtrlodqsg UBNe@g‘f' _
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other in such a manner that the directions of polarizatjign of said
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sheets are opposite to each other. 18 3. An accel ¢gratil SENS O
according to claim2, wherein each ceram c sheet inclu espective

sheets are integrated by bonding said intermediate
electrodes to each other in such a manner that the
directions of polarization of said ceramic sheets are

opposite to each other.

3. An acceleration sensor according to claim 2,
wherein each ceramic sheet includes respective
polarization electrodes for polarizing the central

portion and the peripheral portions.

4. A method for manufacturing a production
acceleration sensor which includes a production bimorph
detection device longitudinally divided into a central
portion and peripheral portions, the direction of
polarization at said central portion being inverted to
the direction of polarization at said peripheral
portions, said method comprising the steps of:

producing a sample bimorph detection device after
positioning boundary lines for longitudinally dividing
said device into the central portion and the peripheral
portions;

measuring the detection sensitivity of a sample
acceleration sensor manufactured as a sample product by
integrating said bimorph detéction device into a casing;

producing said production bimorph detection device

by correcting the positions of the boundary lines toward



pol arjzation el ectrodes for polarizing the central portio

ecetorati ob IS IRHBLI " cce 27 5rocuct’ on bimor ph - bt bet Brtewsze
| ongi tudi nal I'y dividel imtd a:central portion and periphefal] portions, the

direction of polarization at said centrgg portion being ipverted to the
direction of polarization at said peripheral portions, sald_nethod

conprising the steps of: . __producin aml e bior detection device
after posi ttirhﬁ’\i %’Q%ﬁ%dg?§ti"f)ﬂe§’rf anwaﬁa% i%%f’r?/h%?g%ﬁ‘g‘glé’k‘%d devi ce
into the centlal AL AL S P M Mot AN 14 Sitivity of said
sample acceleration sensor; and
manufacturing said production acceleration sensor

by integrating said production bimorph detection device

into a production casing.

5. A method according to claim 4, wherein the
-'production bimorph device has a freely-deflectable
length (X) in the longitudinal direction and the central
portion has a length (¥Y) in the longitudinal direction
and wherein said boundary lines are corrected so that
the ratio (Y¥/X) of the overall length (X) of said
central portion to the freely-deflectable length (X)

ranges from 44% to 73%.

6. A method according to claim 5, wherein each of
said sample bimorph detection device and said production
“bimorph detection device comprises a pair of
piezoelectric ceramic sheets each formed in a
rectangularly planar shape and longitudinally divided
into the central portion and the peripheral portions,
the direction of polarization ét said centfal péﬁtion
being inverted to the direction of polarization at said
perpheral portions, said ceramic sheets each having an

electrode for extracting signals on the external main
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manuf act ured| f HIECt by integrating said binor hgdetectlon

device into duci ng sai d production binorp etq;tqmp1o
device by correcting the positions of the boundary lines tjo rJ J_ 997
19 the central portion or toward the pegzopheral portions |based
measurenents of the detection sensitivity of said sanple dcceleration

sensor;  and gyurfacd Bdhl 3%k UL hEErpahd aREe0 LTt R Gl KRd | PR S£AALT
main surface, and wherein said piezoelectric ceramic
sheets are integrated by bonding said intermediate
electrodes to each other in such a manner that the
directions of polarization of said ceramic sheets are

opposite to each other.

7. A method according to claim 6, wherein each
ceramic sheet includes respective polarization
electrodes for polarizing the central portion and the

peripheral portions.




. by integrating said production binorph detection device |pi EEEQ
- casing. 5. A nethod according to claim4, wher AELﬁgL—ﬁ#Gﬁﬁe? o
bi mor ph device has a freely-deflectable length (X) in tlhe Iongltudlag -
direction and the central portion has-a length (Y) in tjhg I
direction- and wherein said boundary |2nes are correcte sL;_hat the rati
(Y/'X) of the overall length (X) of said central portionto the
freely-deflectable length (X) ranges fron144@6to 73% | 6-
according to'claimb5, wherein each of

ABSTRACT OF THE DISCLOSURE

ACCELERATION SENSOR AND MANUEACTURING METHOD THEREFOR
An acceleration sensor which includes a bimorph
detection device. The device is longitudinally divided
into central portions énd peripheral portions, the
direction of polarization at said central portion being
inverted to the direction of polarization at said
peripheral portions. The ratio Y/X of the overall
length Y of the central portions to the freely-
deflectable length X of the longitudinal detection

device ranges from 44% to 73%.

Fig. 1

T,



sai d -sanpl e bi norph detection device and sai d production
devi‘ce conprises a pair of piezoelectric ceramic sheets
rectangul arly planar shape and | ongitudinally divided i
portion and the peripheral portions, the direction of p
central portion being inverted to the direction of pola
per pheral portions, said ceram c sheets each having an
extracting signals on the external mai
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surface and an internedi ate el ectrode on the internal

1m :
wherein said piezoelectric ceramc sheets are integratpg® iﬂ@h@ﬁﬁ
fnternediate electrodes to each other in such a manner|that the

directions of polarization of said ceram c sheets are
ot her. 7. A method according to claim6, wher
- sheet includes respective polarization_electrodes for
central portion and-the peripheral paftions.
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