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ACCILERATIOB Sl'BSOB MD MQUlACTIJRIBG MITBOD TBERIPOB 

QCgGllQUID or TD JtWIHTIQIJ 

l. 1'1•14 of .t:.he IDvellUon 

5 The present invention relates generally to 

acceleration sensors used [ifi], for example, .fm; 

detecting shock applied to hard disk drives, and aleo to 

a manufacturing metbod for the sensors. More 

particularly, the invention relates to a structure of a 

10 bi.morph detection device used in the above acceieration 

sensor, and also to a manufacturing method tor the 

devices. 

2. Descript:.ion of t:.he Jlelat:.ed a.rt. 

15 Hitherto, shock-detect'ing.acceleration sensors 

using known bimorph detection devices (hereinafter simply 

referred to as "detection devices~) [aEe] haye been 

available, and a typical acceleration sen~or of t~is type 

is the one disclosed in Japanese Unex'1Uined Patent 

20 Publication No. 6-273439. This sensor has, aS' 

schematically illustrated in Fig. 3, a pair of 

pieaoelectric ceramic sheets 3 and 4 fox:med in a 

rectangular planar shape. A thin-film electrode 1 for 

extracting signals and a thin-film intermediate electrode 

25 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 mail) 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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detection device s. Then, only both the edge surfaces of 

the longitudinal detection device S are secqrely 

supported by a casing 6 formed in a "U" shape as viewed 

from the 1at.1ral side. ---
5 The lonqitudinal piezoelectric ceramic sheets 3 

and 4 are divided into central portions,3a and 4a and 

peripheral portions 3b and 4b by a pair of boundaey lines 

LO ~where stresses produced by the action of acceleration 

are c}Mlnged. The central portion 3a and the peripheral 
~ I 

10 portions 3b o~ the ceram~c shee~~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 c 
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 dir~ctions of 

polarization A and c at the respec't!tive central portions 

3a and 4a are opposite, and that the directions of 

20 polarization B and D at the respective per1pheral · 

portions 3b and 4b are opposite. 

[Rwl:y] Kore gpecifically, in t}le. 

piezoelectric ceramic sheets 3 and 41 the opposite 

directions of polarization A and c are oriented inwardly 

25 to be close to each other at the central portions la and 

4a, while the opposite directions of. polarization B and D 

are oriented outwardly to be away from each other at ~he 

peripheral portions 3b -and 4b. The siqnal 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 tbe casing 6, respectiv-ely4· 

SDCl!ll1Ui09 
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For polarizing the ceramic sheets 3 and 4, electrodes 
··'··· 

used for polarization having sizes correspondin9 to the 
respective cen~al portions la and 4a and the peripheral 
portions 3b and 4b have generally been formed, thouqh 

s they are not shown. subseqqent to this polarization 
process, the ~ignal extracting electrodes 1 are, }.n 

9eneral, laminated on these polarizing electrodes. 
The reason for the use of the detection device 

5 constructed .as desorU>ed 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 
portions 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 LO for dividing the 
1onqitudinal 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 4~ •re 
determined to satisfy a required level of detection 
sensit'ivity of the acc~le:ration sensor achieved. by the 
increased electrical charges due to the generation of 

30 tensile stress or compressi.ve stress in the central 
portions 3a and Jb and the peripheral portions 4a and 4b. 
More spec1fical1y, the positions of the boundary lines LO 
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are set by calculation-according to one of the nwaerical 

analysis te~hniques., for example, the finite-element 

method. 
Xt is, however, difficult to provide a required 

5 level of detection sensitivity for all the acce1eration 

sensors because of a slight difference in the material of 

the ceraniic 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 sensitivity 

possessed by the individua1 acceleration sensor~ are 

disadvantageously varie~. Namely, if the positions of 

the boundary lines LO in the detection device 5 are 

DlEtrely dete:rmined 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 incurrinq serious losses. 

SUMMAB.Y OF THI INVIBTION 

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 manufacturing 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, accordin9 

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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said 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} ot the 

S b~o.rph detection device in the longitudinal direction 

ranges troin 44t to 73t. 
In the above type of acceleration sensor, the 

bimorph detection device may COJ!lprise a pair 0£ 

piezoelectric ceramic sheets.each formed in a 

10 rectangularly planar shape and l~ngitudinally divided 

into the central portion and the peripheral portions, the 

direction· of polarization at the central portion being 

inverted to the direction of poiarization at the 

peripheral portions. ~he ceramic sheets may each have an 

15 electrode for extracting signals on the external main 

surface and an intermediate electrode on the internal 

main surfa~e. 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 

[aa] a prgduqtion acceleration sensor which comprises a _ 

25 production bi.morph detection device longitudinally 

divided into a central portion and. peripheral portions, 

the direction of polarization at the centrai portion 

being inverted to the direction of polarization at the 

peripheral portions, the method comprising the steps of1 

30 producing a sam,pti bimorph detection device after 

positioninq boundary lines for longitudinally dividinq 

the device 'into the central portion and the peripheral 

snc¥11HD8 
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portions, measuring the detection sensitivity of [aa] L. 

SalQDle 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 
tbe boundary lines toward the central ·portion or toward 
the peripheral po~ions [iR eeaa:i4a9!'89ien e! •~e 
aeas&E811SlltiS ef] bas@d on the detection sensitivity Of 
the sample acceleration sensor; and manufacturing [aa] JL. 

10 pr9duction acceleration sensor by integrating the_ 
pro4ugtion bi.morph detection device into [1i.lae] L 
production casing. 

Qt;,h@r features and adyaptages of the present 
invention will beQpme apparent frgm the tollgwing 

15 description of the invention which reters to the 
agcompan~in; drawings. 
BBIEF DESCRIPTIQ'R or TUE DBAWillGS 

Pig. 1 is a cutaway perspective view 
illustrating the construction of an acceleration sensor 

20 according to an embodiment of the present invention~ 

,Fig. 2 illustrates the manufacturing process of 

tbe acceleration sensor shown in Fig. 1: and 
Fig. 3 is a cutaway perspective view 

illustrating the construction of a known type of 
25 acceleration sensQr. 

DESCRIPTION or TUE PRJ!!FBBRED EMBQDIMEIT 
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 piezoelectric ceramic 

·---··-----·----
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sheets 11 and 12. The overall construction of this 
sensor is basically similar t.o that of the conventional 
sensor shown in Pig. 3, and thus, the same elements as 

those illustrated in Fig. 3 are designated by like 
s reference numerals. 

A reference will be first made to Fig. 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 intermecliate 
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 each other, thereby integrating 

15 the sheets 11 and 12 to form the deteetion device 10. 
Only both the edge surfages of the longi~dinal ~tecti~~ 
device 10 are securely held by a casing 6 formed in a "U" 
shape as viewed from the lateral side. The l~ngitudinal 
reqions ot the ceramic sheets 11 and ·12 are,partitioned 

20 into central portions Ila and 12a.and perip~eral portions 
llb and 12b by a pai:r: c;>f bounclary·11nes ~1 whose loca'bion 
is determined according to the following procedure. The 

·' . . . 
longitudinal length of the detection device.10,~except 
for both the lateral edges suppo:r:ted. by the casing 6, · 

25 i.e., the length in which the detection device 10 is 
r • 

freely deflectable, is determined as a freely-deflectable 
length X; while the overall length of the central 
portions lla and 12a, ,i..s indicated by Y. The ratio Y/X 
of the ovQrall lenqth Y to the freely-detlectable length 

30 X is set to range from. 44• to 73\. 
Hore specifically, for exmnple, when the 

ceramic sheets 11 and 12 each have an overall 

--------------
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longitudinal lenqth of 6.4 mm and a thickness of 0.12 mm., 
and the longitudinal freely-deflectable 1ength x of tbe . . ... 
detection device 10 is 5.4 mm, the overall lenqth Y of 

the central portions Ila and 12a is set to range froa 2.4 
5 mm (Y/X-44.4\) to 3.9 mm (Y/X-72.2•)· 'fhe 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 tbe 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 lla and the 

peripheral portio~s llb of the ceramic sheet 11 are 
po1arized 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 l2b Gf 

tbe sheet 12 are polarized along the thioknes& of the 
sheet 12 in the inverted directions of pol~rization c •nd 
D. 'fben, the sheets 11 and 12 are integrated to. each 

other in such a manner that the direetions of 
20 polari2ation A and c at the respective central portions 

lla and 12a are opposite and that the directions of 
polarization B and D at the respective peripheral 

portions llb and 12b are opposite. [Hamel:y] 19re 
specifically, in the ceramic sheets 11 a~d 12, the 

25 directions of polarization A and c are oriented inwardly 
to be Close to each othe~ at the central portiQns lla and 
12a, whi1e the directions of polarization B and D are 
oriented outwardly to be away from each other at the 
peripheral portions llb and 12b. The signal extracting 

30 electrodes 1 disposed on the external main surfaces of 
the respective ceramic sheets 11 and l~ are electrically 
connected. to external lead electrodes 7 and 8, 

IPIC:Wltlllll 

-------, 

Thi~i1iU1i1ilfif , 
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respectively, fonned ·on the different lateral surfaces of 

the casing 6. It should be notecl that the directions A 

through D in which the central and peripheral portions 

lla, llb, l2a and 12b of the ceramic sheets 11 and 12 are 

5 polarized may be oriented reverse to those designated 

above. such an alternative construction of the 

acceleration sensor is naturally appl.icable to the 

present invention. 
The a~celeration sensor constructed as 

10 illustrated in Fig. 1 is manufactured accordin9_to the 

below-described method of the present invention. Prior. 

to production of acceleration sensors put to practic~l;:_ 

~se, sample products will be initially produced. 
I 

Mora specifically, a pair ~f nonpolariz~d 

15 piezoelectric ceramic sheets, i.e., the ones equivalen~ 

to the ceramic sheets 3 and 4 used in the example of 

conventional acceleration sensors discussed above, E&a~e> 
• I 

eeea] ~ sampled from the individual product lot~, or 

within the same lot. The boundary lines.LO, serving to 

20 divide the longitudinal.regions of the ~hee~s 3 and 4 

into three portions are then positioned and set by 

calculation, for example, according to the finite-element 

method. Mast patterns having sizes corresponding to the 

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

25 and 4b 0£ the ceramic sheets 3 and 4, which are 

partitioned by the pair of boundary lines LO, as shown in 

Pig. 2, are provided. By use of these :mask patterns, 

electrodes used for po~arization 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, hi9h voltaqes are applied 

UllC!f 191608 
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to the ceramic sheets 3 and 4 throuqh the above 
electrodes in such a manner that the directions of 
polarization at the central portion 3a and the peripheral 
portion lb 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 
ce~aDlic sheet 3 is shown in Fig. 2. 

Further, the signal extracting electrodes 1 are 
10 laminated on tb~ respective polarizing electrodes 13 

formed on tbe polarized. ceramic sheets 3 and 4, and then, 
the intermediate electrodes 2 disposed on the internal 
main surf aces of the sheets 3 and 4 are integrated to 
face each other. The detection device s 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 axe 

'\ . 
e1ectrically connected. to the external lead electrodes 7 
and 8, respectively, disposed on different lateral edqe 

20 surfa~es 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 sho'llnl in Pig. 3, aan be manufactured 

25 as sample products. 
By measuring the levels of detection 

sensitivity_possessed by the individual sample 
acceleration sensors, yariations 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 1ot, 

81BO!f1!1HD8 

------------··-· 
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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. 
deteetion device 10 will be newly produced. More 

5 particularly, the locations of the bo11ndary l"i?es Ll for 
partitioning the lon9itudinal regions of the ceramic 
sheets 11 and 12 into the central portions lla and 12a 
and the peripheral portions llb and 12b are corrected to 
be ~oward the central portions lla and 12a or toward the 

10 peripheral portions llb and 12b. 
More •Pacifically, if the levels of detection 

sensitivity of the sample products are somewhat higher, 
the boundary lines Ll are corrected ta 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 products are somewhat . . . 
lower, the boundary lines Ll are co'i:'rec~.ed to be located 
toward the peripheral portions llb and 12b, thereby 

20 regulating the detection sensitivity of the sensor to a 
bi9her level. 

Afterwards, mask patterns having sizes 
corresponding to the central portions lla and 12a and the 
peripheral portions llb 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 Ll, as shown in Fiq. 2, have been p~ovided. 
By utilizing the mask pattern~, the polarizing electrodes 
13 a~e disposed on the ext.e~l'.'i\~ ~i.n surfaces of the 

30 ceramic sheets 11 and_li, and the intermediate electrodes 
2 are formed on the internal main surf aces of the sheets 
11 and· 12. Big~ voltages are then applied to the sheets 
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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 llb of the sheet 11 are inverted to 
each other and that the directions of polarization at the 
~entral portion 12a 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 Pig. 2. 

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

15 signal extracting electrode,1 integrated to the e:Xter~al 
main surfaces of the ceramic sheets~ll and 12 may be 
fonted. Also, the intermedi:ate electrodes 2 may be 

divided into port~ons associated with the centra1 
portions lla and 12a and the peripheral portions llb 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 

2 5 10. ~hen, only both the edge surfaces of the 
detec"\\OI('" v' longitu~in~evice 10 are securely supported by the 

casing 6, and t~e signal e:xtractinq,electrodee 1 are 
electrically connected.to the external lead electrodes 7 
and 8 1 respectively, disposed on the different,latera1 

' 30 surfaces of the casing 6. Bence, an acceleration sensor 
having an integrated detection device 10 in the casing 6, 
constructed as illustrated in F-i9. 1, can be manufactured. 
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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 llb and l2b of the 

5 piezoelectric ceramic sheets 11 and 12 forming the 
detection device 10 are deforaad due to an inertial.force, 
so that tensile stress or compressive stress is produced 
in these portions lla, 12a, llb and 12b. As a 
consequence, the amount of electrical charges are 

10 increased in the ceramic sbeets 11 and 12 due to a 
synergistic affeat between the direations of polarization 
A through D at the individual portions and tensile or 
compressive stress generated therein. 

As will be clearly understood from the 
15 foregoinq description, the present invention offers the 

following advantages. The detection sensitivity of the 
acoele~ation sensors according to the present iDvent~on 
can be maintained within the tolerance of a prescribed 
tarqet 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 Although the present invention has been 
described in relation to garticular mphod:iJnant• th@regf, 
many ptber xariatipns and mod.ifiqations And gther uses 

----------------
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will bepgme a.p;pa.rent to those skilled in the art. It J.s 
preferred. ther@fprg, that the present iJtvention be 
lim.i.teci npt by the specific dleglggure herein. but only 
by tbe AP»ODded claim•. 

RSC:¥19lil01 
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WQ'l' IS (d,AIMIJ) IS: 

1. An acceleration sensor comprising a 
bimorph detection device haying @ freely-deflec;table 
length (X) in a longitudinal direction and longitudinally 
divided into a central portion haying a lepgth (Y) in the 

5 . lgngituOinal direc;tj_on 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 

length (X} of said bimorph detection device [in the 
longitudinal direction] ranges from 441 to 73%. 

2. An acceleration sensor according to claim 
1, wherein said bimorph detection device comprises a pair 
of pie~oelectric ceramic sheets each 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 cerainic 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 ~ntermediate 
electrodes to each oth~r in such a manner that the 
directions of polarigation of said ceramic sheets are 

15 opposite to each other. 

3. An acceleration sensor aggording to claim. 2 • 

-------·-·----
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wherein eagb geramic sheet iN:;ludas respeqtiye 
polarization eleqtrpcies for ;olarizing the cantrai 
portion and the »eriphei;al pgrtions, 

A method for manufacturing faRl- ._ 
:grod.uction acceleration sensor which [eemprises 

-a-]includ@s a.produgtign bimo:cph 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 
polari~ation at said peripheral portions, said method 
comprising the steps of: 

producing a sapgp1e bimorph detection device 
10 after positioning boundary lines for longitudinally 

dividing said device into the central portion and the 
peripheral portions: 

measuring the detection sensitivity of [an] A­
sampie acceleration sensor manufactured as a sample 

· 15 product by intaqratin9 said bi.morph detection device into 
a sample casing; 

producing -1-Af- said produgti on bimorph detection 
device by corr~ting the positions of the boundary lines 
toward the central portion or toward the peripheral 

20 portions [in con•id~ation of tbe] based. measurements of 
the detection sensitivity of said aams1A acceleration 
sensor; and 

manufacturing [an) said prgdustion acceleration 
sensor by.integrating.said ptQductign bi.morph detection 

25 device into Ethe easiag.] a prod1Jction caaing. 

5 • A method according to claim 4 , where.in the 
prod.uction bimru::ph deyige has a freely-def lectable length 
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(X} in the longitudinal direction and the cmrtral portion 

bas a lpgth (Y) in tbe lonsitpdinal direction and 
5 wberein said boundary lines are corrected so.that the 

ratio (Y/X) pf the overall length (X) of said cent;ral 

PQrti0p to the f~eely-deflec;table length (X) ranges from 
I 

441 to 731. 

6. A method ac:coroinsi t;o elaim. s. wherein each 

of said sample btmgrpb dgtegtign deviqe and said 
prociuction bimo'llb detection dey1ge ggmpr1ses a pair gf 
pigoeles;tric ceramic slleeta each formed in a 

5 iectanmilarly planar shape and longitudinally divided 
into the c1ntql portion and thg p@r:j.pheral portigns. the 
diregtign gf polarization at said central portion bein; 

inverted to the direc;tign of golari_2ation:at sai.d 

peripheral portions, said ceramic sbeets each hayil)g an 

10 e1egtrgde £or extracting signals op the uterna1 main 
surf ace and an intermediate elegtrode on the internal 
main surface. ana wherein said pie2oa1ectric geX'§mjc 
sheets are integrated. by bonding said intermed.iate 
e1ectrodes to each ot!)er in such a monner tbat the 

15 directigns of polarization of said ceramic sheets are 
OP»C>Site to CIQh Other, 

7, A method according to glaim 6, wherein each 
ger.amic sheet inpludes regpegtiy@ polarization @legtrod.•1 
tor ;go11rizing the central portion and the periph.ftral 
portions. 
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