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"Mul ti-Layer Piezoelectric Transfornmer” 1 2 BACKGROUND OF THE | NVENTION 3 4
1.- Field olologigresi on 5 6 The present invention relates to RCIIUSI8H0660 C
ceramic 7-transformers. More particularly, the present invention 8 rel ates
to multi-layered piezoelectric ceramc 9 transformers. 10 11 12 2.
Description of the Prior Art 13 14 Wund-type el ectromagnetic transforners
have been used 15 for generating high voltage in internal power circuits of
16 devices such as televisions or in charging devices of 17 copier machines
whi ch require high voltage. Such 18 el ectromagnetic transformers take the
formof a conductor 19 wound onto a core nade of a magnetic substance.
Because 20 a | arge nunber of turns of the conductor are required to 21

real i ze a hi glrtnEnsiwubtiohayeri Piegbelectrdigndransformedr” t r ansf or mers
that are effective, yet at the sane tine

2 BACKGROUND OF THE INVENTION
1. PField of Invention

The present invention relates to piezoelectric ceramic

7 transformers. More particularly, the present invention

8 relates to multi-layered piezoelectric ceramic

9 transformers.
10

11
12 2. Description of the Prior Art

13
14 Wound-type electromagnetic transformers have been used
15 for generating high voltage in internal power circuits of
16 devices such as televisions or in charging devices of

17 copier machines which require high voltage. Such

1é electromagnetic transformers take the form of a conductor
19 wound onto a core made of a magnetic substance. Because
20 a large number of turns of the conductor are required to

21 realize a high transformation ratio, electromagnetic
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2 - conpact and slimin shape are extrenely difficult to 3 produce. 4 5
To renmedy this problem piezoelectric transformers 6 wutilfzing the

pi ezoel ect ct have been provided in 7 the prior art. SeAobdoSt
to the geneeuf.gﬁs(;sfg;&el ectromagneti c transforner, the piezoel eclt’ﬂ.lgscergm c 9

transfor ner hesansfonhersothatvareagéfectilve ,siyat ¢t &£h® sainezbamectric
transforner can be made snaller than 11 electromagnetic transforners of
conpar abl 2 t reompacteandnslim int sbapepaxgo@xdaienely rdhEfieudEst@an be .
made 13 nonflammabl e, and they produce no el ectromagnetically 14 i nduced
noi se. 15316 PHP@UERrani ¢ body enpl oyed in prior piezoelectric 17

transforners take various forns and configurations, 18 including rings,
flat slab% and the like. A typical 19 exanple of a prior piezoelectric

; s 20 0 . L . : .
Lranst o nér Lo ommeity, SPAPCRRER R, Bichanl R Spl d0F-850 BurROESTC [ 7 *
t I . he . ' - i t i f . .

i oo osedb n B AT BERET £, BlestRY ety FANGE Bive DREA BESRACH in

¥ﬁ;' gt6i ons of t&@%ﬁér B3%i.C ARPURIR A G IOthe kgoMeran the prior art.
ypi ca sen-type piezoelectric transformer conprises a 27 flat
ceram ¢ shab ifewbirehaghetiRy ediatiyformEgerthdapieso@lectric ceramic
9 transformer has a number of advantages. The size of a
10 piezoelectric transformer can be made smaller than
11 electroﬁagnetic transformers of comparable transformation
12 ratio. Piezoelectric transformers can be made
13 nonflammable, and they produce no electromagnetically
14 induced noise.
15
16 The ceramic body employed in pfior piezoelectric
17 transformers take various forms and configurations,
18 including rings, flat slabs and the like. A typical
19 example of a prior piezoelectric transformer is
20 illustrated in Fig. 1. This type of piezoelectric
21 transformer is commonly referred to as a "Rosen-type"
22 piezoelectric transformer. The basic Rosen-type
23 piezoelectric transformer was disclosed in U.S. patent
24 no. 2,830,274 to Rosen, and numerous variations of this
25 basic apparatus are well known in the prior art. The

26 typical Rosen-type piezoelectric transformer comprises a

27 flat ceramic slab 10 which is appreciably longer than it
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1 is wde and substantially wider than thick. As shown in 2 Fig. 1, a
pi ezoel ectric body 10‘is enpl oyed having sone 3 portions polarized

di f f er ent ' wofessar68t hers In the case 4 of Fig. 1, the pi epopUBsHI0s60 bOdy
10 is in the formof a flat slab which is considerably wider than it is

thiek, 61 ankP Wﬁfﬁ@eﬂ?@ﬁtﬁéﬁéﬁﬂlﬂ’h%%%twan AF%-HEEt anPBaBhpwn dax t i on
f th | th t 1 th t f, 8 f th | ab
’5. pol ar 15ed Ty T udnRipgosdechnate Rodhd ¢ i sl Sgpd, hevina, stee -

| t th : 11
oo 1 50 L tLs e iy Mo ! o By

portlons on on, 14 | rq}gq syer £3%% o

directi on eo }éére%ralﬁ 5 Bﬁf&?ﬁgél cf‘:%od)h ?‘? i/? §ﬁel"sFab the poart i on
16 al 50 bei ngfﬂét spabacmaeﬁ §EAkDHYiraIY widdPerHhhesti 9 epRRy e to
16" the direction of polarization in the portion 14. 17 18 In order that

el ectricag voah@gkaviny Hreatlkeat déngrhl thadBeidth cal Asbubstantilale sl ab
10, electrodes are 20 provided. If desired, there nay be a conmobn

el ectrode721 potBionhofinthe glabnd®d. tHeorpditeiqmi h2r focthecctight afl 22
for relating voltage at opposite faces of the 23 transversely polarized
portion 18 oftheéecentpriof ther ¢lad ig palamwlzedrbdeg2boudipedilys t he
common el ectrode 18. For 25 relating voltages to stress generated in the
| ongi t udi Bal wikereas: tbei semadnder Shi-he, sh%érresmoaaﬂ ary or high-

10 transversely to the plane of the face of the slab. 1In
11 this case the remainder of the slab is actually divided
12 into two portions, one portion 14 being polarized

13 transversely in one direction, and the remainder of the
14 left half of the slab, the portion 16 also being

15 polarized transversely but in the direction opposite to
16 the direction of polarization in the portion 14.

17

18 In order that electrical voltages may be related to

19 mechanical stress in the slab 10, electrodes are

20 provided. 1If desired, there may be a common electrode

21 18, shown as grounded. For the primary connection and

22 for relating voltage at opposite faces of the

23 transversely polarized portion 14 of the slab 10, there
24 is an electrode 20 opposite the common electrode 18. For
25 relating voltages to stress generated in the longitudinal
26 direction of the slab 10, there is a secondary or high-

27 voltage electrode 22 cooperating with the common
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27- voltage el ectrode 22 cooperating with the conmon 3 1 electrode
18. The electrode 22 is shown as connected to 2 a termnal 24 of an

out put | oagofadfggunded at its 3 opposite end. 4 5 In thecpykaarbesENt
illustrated in Fig. 1, a voltage 6 appl i ed between the el ectrodes 18 and
20 is steppededlipctyode 3d8nhi giThelekeptiedec? ifdcshowot agdesnr@ahivt X0 f or

8 supplying the I oad_26 at a nuch higher voltage than that 9 applied

bet ween tﬁe eReberpdeali 24, RF AR ouFput Wﬁo%ﬁeﬁ?%‘f’ﬁeﬂr ady 1rﬁseg(l[;el ectric
transforngrs is that 12 they are difficult to manufacture because

i ndi vi duaP 13°PPRERES & enents nust be "poled” at |east twice each, and
14 the di,rection of the poles nust be different fromeach 15 other. 16 17
Anot her p?oblen1wﬁth prior piezoelectric transformers is 18 that they are

difficultgto n Cly: {1054 eges y 40 apRlo ekt rodes
not only tso t%g #&J@otra Fgwgf t‘he ce‘?%(rgﬁ gﬁe?%ﬁént ;/ but cgll soél{o at
| east onegof HbB12kq HitW¥ed 2968 &fedtBodSsalBCaflieBONtis Ftebbed g NES
problemw th prior piezoelectric transfornmers is
7 a high voltage between the electrodes 18 and 22 for

8 supplying the lpad 26 at a much higher voltage than that

9 applied between the electrodes 18 and 20.

10 _

11 A problem with prior piezoelectric transformers is that

12 they are difficult to manufacture because individual

13 ceramic elements must be "poled" at least twice each, and
14 the direction of the poles must be different from each

15 other.

16

17 Another problem with prior piezoelectric transformers is
18 that they are difficult to manufacture because it is

19 necessary to apply electrodes not only to the major faces
20 of the ceramic element, but also to at least one of the
21 minor faces of the ceramic element.

22

23 Another problem with prior piezoelectric transformers is
24 that they are difficult to manufacture because, in order
25 to electrically connect the transformer to an electric

26 circuit, it is necessary to attach (i.e. by soldering or

27 otherwise) electrical conductors (e.g. wires) to
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24 ~that they are difficult to manufacture because, in order 25 to
electrically connect the transfornmer to an electric 26 circuit, it is

necessary tWwoakksep (i.e. by soldering or 27 otherw se) el egéff
conductors.(e.g. wires) to 4 1 electrodes on the major faceghgéhpmg

ceram ¢ eflleneriestredes|dn sthe majorcfiacesnofnither dexamist elhementaasc 3
element. 4 5 Another problemwth prior piezoelectric transforners is 6
that the ¥ol t ¥§3logsp@n &t (Irasfe PR Minpxr face BF tHhe Cexyricty of the
ceram c elenené t o undergo deformation 8 w thout cracking or structurally
failing. 3t BLe®®Aherefore desirable to provide a piezoel ectric 10
transforngr which is adapted to deform under high voltage 11 conditions
wi t hout damagi ng the ceramic elenment of the 12 device. 13 14 SUMVARY OF

IV, DT Chobeld pHL 0 N REL S5 feCauRAIHE  gnbe fded 15 1©
 ncroreil | SHapP gl Sasutpatple BeJus sivics s imbebacuy the,
the inventd on a3 latgyicke tthe ceramic element to undergo deformation

8 without cracking or structurally failing. It is

9 therefore desirable to provide a piezoelectric

10 transformer which is adapted to deform under high voltage

11 conditions without damaging the ceramic element of the

12 device.

13

14 SUMMARY OF THE INVENTION

15

16 The term piezoelectric transformer is here applied to a

17 passive electrical energy-transfer device employing the

18 piezoelectric properties of two co-joined materials to

19 achieve the transformation of voltage or current or

20 impedance. It is an object of the invention to provide a

21 piezoelectric transformer which is not only capable of

22 substantial transformation ratios, but in which

23 relatively high power may be transferred in relation to

24 the size of the unit.

25

26 Accordingly, it is a primary object of the present

27 invention to provide a piezoelectric transformer which
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21" piezoelectric transfornmer which is not only capable of 22 substanti al
transformation ratios, but in which 23 relatively high poler may be
transferregvo oy/9a@dgat i on to 24 the size of the unit. 25 26 ﬁ@f/%ﬂi/ﬂ)gw’ it

is a primary object of the present 27 i nvention to provide a
pi ezoel eclri cMAYaRsf @asdlymand Bnexpensiuelyepsadiurgdand i nexpensivel y
produced. 2 3 It is another object of the present invention to provide 4

a device &f the character described which is capable of 5 producing high
vol t ages gnd i ¢h may.safely be used in 6 hi voltage circuits. 7.8

It is ano herwgbﬁgbﬁ éﬁ?ﬁa%§¥§ﬁ§n°$n€€ﬁt?BﬁngEpFBVF& ign to provide

pi ezoel ectric it f t t ibed . + C 1Sy pair
of ceram'E:4 el gnea%?g',cge% t.'ce11£< |%f§n§£€€ 8%?@%%%%@01%%(%%&%&&laekg%g\?&#ch

are 0 Phgsi ool mea0i 51 daGOITHRSCFRLER ol STl P A Pt

13 deformation of ore ceramc elenent results 1n"14 correspondi

def ormati gn ohilghe v leige s praneieg enent. 15 16 It is another object of
the present invention to provide 17 a piezoelectric transfornmer of the
char act er 7descri bed

8 It is another object of the present invention to provide
9 a piezoelectric transformer of the character described
10 comprising a pair of ceramic elements, each exhibiting
11 piezoelectric properties, which are in physical

12 (mechanical) communication with each other such that

13 deformation of one ceramic element results in
14 corresponding deformation of the other ceramic e;ement.
15

16 It is another object of the present invention to provide
17 a piezoelectric transformer of the character aescribed
18 which is easy to manufacture ﬁecause it is sufficient to
19 pole each ceramic element only once, and wherein the

20 direction of poling for each ceramic element is constant
21 over its entire mass.
22

23 It is another object of the present invention to provide
24 a piezoelectric transformer of the character described
25 which is easy to manufacture because it is sufficient to
26 apply electrodes only to the major faces of the ceramic

27 elements, and which do not require application of
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18" which is easy to manufacture because it is sufficient to 19 pol e
each ceram c elenment only once, and wherein the 20 direction of poling
for each cwmos/si7éd enent is constant 21 over its entire nasgpr/dsdsdesso | L
i s anot her. obj ect of the present invention to provide 24 a piezoelectric
transf or nér “oflasEradasmdieminaEr faces2of the geramiqsglementauf act ure
because it is sufficient to 26 apply electrodes only to the major faces
of the ceranic 27 el enents, and which do not require application of 6

1 | t d t i h i | IS. 3 toi 1t h
obj ect of 3 he 1t Al aRIcREE BSuPlok "8 RhaT kB et ion £O, PERERGENST
O obe oh . . \ \ o
Ut {1 i end 0% PIERIAG S chdhblornef of cha WhALHIILE QEERNTREY, '°
ceram c elsemerRiSictd i% eddy | So AMLhULACLRRC beladdte ¥ %@”&uffiﬁgégeggjbo

provi de 10 a piezoelectric transfornmer of the character descri

which is easy dpplgprelsdtrsdedsealy tb aweipidlilell facés 681 tnebecause it
is sufficient to attach (i.e. by 1 sol dering or otherw se) electrical
conductor & (e.cpraivic veXexsgntoaly to el ectrodes on the major faces of the

8

9 It is another object of the present invention to provide
10 a piezoelectric transformer of the character described
11 which is easy to connect or install in an electric
12 circuit, because it is sufficient to attach (i.e. by .
13 soldering or otherwise) electrical conductors (e.g.

14 wires) only to electrodes on the major faces of the

15 ceramic element.

16

17 It is another object of the present invention to provide
18 a piezoelectric transformer of the character described
19 which is adapted to deform under high voltage conditions
20 without damaging the ceramic element of the device.
21
22 It is another object of the present invention to provide
23 a piezoelectric transformer of the character described
24 which is operable over wide input and output frequency
25 bandwidths.

26

27 It is another object of the present invention to provide
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15° ceramc elenent. 16 17 It is another object of the present invention
to provide 18 a piezoelectric transformer of the charactér déscribed 19

wht ch i s asapdsshréeo def or m under hi gh voltage conditions 20 P%W“
damagi ng t.he ceram c el enent of the device. 21 22 It is another object of

t he-presert i &z HFiGi txangformepi ofothec chagaatersfdeseribédt he

character _descri,bed 2.!?1& wWhi c{] is,ogirabl e over w de input and out put

frequency 25 m’ﬁéﬁﬂﬁ Fericglly isplates,kbenvplésgec@ns quirsntsaht

inventiongto RRAVI iezoelectric trangfornmer of the character

descri bed 2 Q\ﬂ% c’%&e 57 }E}égl ée}'%SFa?‘é'?mt ﬁ?ev Pﬁ'&j‘@ear?d‘ FHRRNG 2l

the input gto i f e .t age and current at 4 t he out put of
£ 05 3® RS SE AT

the device. 5 advant ages of ny invention will 7
becone apgarent from a consideration of the drawings and 8 ensuing
description thereof. 9 8

6 Further objects and advantages of my invention will

7 become apparent from a consideration of the drawings and

8 ensuing description thereof.
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2 " BRI EF DESCRI PTI ON OF THE DRAW NGS 3 4 Fig. 1 is a perspective view
showi ng the construction of 5 a Rosen-type piezoelectric transfornmer of
the prior wiotgs/sa766 Fig. 2 is a perspective view show ng thecpusd®ios6s 8
enbodi ment of a piezoelectric transforner constructed in 9 accordance with
the-prese%t invention; 10 11 Fig. 3 is a cross-sectional elevational view

show ng 13 1%##&5#&%@5?%@%&%8' am nate | ayers of the 13

i nventi on; i§7a pers i've view of a nodified enbodi nent of
16 the gnvention; 17 18 Fig. 5 is a perspective view of a nodified
enbodi nent of 19 the invention; 20 21 and Fig. 6 is a perspective view

of a nodiji edpggbodi ARNG Pérspiictiife WeRt s86wily thé corsRYRIdEHdN & THE
PREFERRED ENMBCDI MENT
5 a Rosen-type piezoelectric transformer of the prior art;
6
7 Fig. 2 is a perspective view showing the preferred
8 embodiment of a piezoelectric transformer constructed in
S accordance with the present invention;
10 |
11 Fig. 3 is a cross-sectional elevational view showing
12 details of the construction of the laminate layers of the
13 invention;
14
15 Fig. 4 is a perspective view of a modified embodiment of
16 the invention;
17
18 Fig. 5 is a perspectivé view of a modified embodiment of
19 the invention;
20
21 and Fig. 6 is a perspective view of a modified embodiment

22 of the invention.
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34 In the preferred enbodi nent of the invention, a 5 piezoelectric
transfornmer (generally designated 1) is 6 manuf act ured by stacki ng and
bondi ng t oB 9884766 nunber of 7 laminate |ayers as ill ustraperusssios® 2
and as w -l be 8 nore fully described below 9 10 A first piezoelectric
ceramic wafer 30.is preferably in 11 the formof a slab having two

3. 15 142 | OREEREFRROK oF Fh eEffeiy fladotugRe] 0 FC 10D UIE 15 7

the formgf a slab having two substantially parallel 16 maj or faces which
are each electroplated 46 and 50 17 18 A first pre-stress layer 36 is

posi tioned adiracemle mf&re&laﬂsé&m‘éﬁedof%ﬁét%n@éne&ohhe first

pi ezoel ectric 20 ceram ¢ wafer 30. An adhesive layer 34 is disposed 21

bet ween t e f phiskzopledtries taySforfedNgéheratlpcasbidiated a9t i@pl at ed
surface 32 of the first piezoelectric 23 ceramc wafer 30 for purposes of

bondi ng t Be t wanufeirtnarell by (stackilbg andsbondtngt tegetheyean danbad dre
first 25 pi ezoel ectric ceram c wafer 30) together. The first pre- 26

stress | afer 3aminamecflayersy as chhtustiateduinrFig.22 anfpasf eriddl enet al )
havi ng a coefficient of thermal 10
8 more fully described below.

10 A first piezoelectric ceramic wafer 30 is preferably in
11 the form of a slab having two substantially parallel

12 major faces which are each electroplated 32 and 38.

i3

14 A second piezoelectric ceramic wafer 48 is preferably in
15 the form of a slab having two substantially parallei

16 major faces which are each electroplated 46 and 50:-

17

18 A first pre-stress layer 36 is positioned adjacent one
19 electroplated surface 32 of the first piezoelectric

20 ceramic wafer 30. An adhesive layer 34 is disposed

21 between the first pre-stress layer 36 and the adjacent
22 electroplated surface 32 of the first piezoelectric

23 ceramic wafer 30 for purposes of bonding the two members
24 (i.e. the first pre-stress layer 36 and the first

25 piezoelectric ceramic wafer 30) together. The first pre-
26 stress layer 36 is preferably a conductive material

27 (preferably metal) having a coefficient of thermal

10
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1 ~expansion/contraction which is greater than that of the 2 mat eri al of
the first ceramc wafer 30. 3 4 5 A second pre-stress layer 42 is
posi ti oned WAP#84566 the 6 other electroplated surface 38 ofpCtimsBi10650

between e sammrman sribedtaitn yoloh 18 oha Rt nkh ' ndt OBPCRRe

surface 38 of 4 ISt . pi e i : C fer 30 for purposes of
bondi ng tﬁ% tﬁ%n%§%g£?g°€1fﬁg(#$£§£tﬁg*ggggn§%§¥%_g%fgss | ayer 42 and the
first 12 3 piezoelectric ceramc wafer 30) together. The second 13
pre-stress layer 42 is preferably a conductive material 14 (preferably
netal) haw ng a coefficient of thermal 15 expansi on/ contraction which is
greater than that of the 16 material of the first ceramc wafer 30. 17 18
An el ectr &l atredsexzoridicerdésbtesbel ayernd 2piier pessidiioned %adj aeentri theaf er
48 is positioned adjacent the second pre- 20 stress layer 42, such that

t he second pr ®thersslecyreplated surfaget e f Hhe Winst apiezopalectrio
and 48, as shown in 22 Fig. 2. An adhesive |ayer 44 is_disposed between
the 23  Secomexamiciyater g?er An adhesidyexdiavant4®| e tdbppaned 24 ~
surface 46 of the second piezoel.ectric ceram.c wafer_ 48 25 r poses

: 2 for‘gu
of bondi nd t hFMLSRIBREsBEFORA PRE-SLXESE JaYend2 Andsthe3diagentng
the second, p! Cz0elesti] S 88" BkEaBl 30" Y ertP)ed A PPl soe TOELLLS!
10 ceramic wafer 30 for purposes of bonding the two members
11 (i.e. the secénd pre-stress layer 42 and the first
12 piezoelectric ceramic wafer 30) together. The second
13 pre-stress layer 42 is preferably a conductive material
14 (preferably metal) having a coefficient of thermal
15 expansion/contraction which is greater than that of the
16 material of the first ceramic wafer 30.
17
18 An electroplated surface 46 of the second piezoelectric
18 ceramic wafer 48 is positioned adjacent the second pre-
20 stress layer 42, such that the second pre-stress layer 42
21 is between the two ceramic wafers 30 and 48, as shown in
22 Fig. 2. An adhesive layer 44 is disposed between the
23 second pre-stress layer 42 and the adjacent electroplated
24 surface 46 of the second piezoelectric ceramic wafer 48
25 for purposes of bonding the two members (i.e. the second

26 pre-stress layer 42 and the second piezoelectric ceramic

27 wafer 48) together. The first pre-stress layer 36 is

11
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11- 1 preferably has a coefficient of thermal 2 expansi on/ contraction
which is greater than that of the 3 material of the second ceram c wafer

48. 4 5 Awﬁ}sysq.,&r e-stress layer 54 is positioned adjacent P‘id:l‘?u her
el ectropl ated surtace 50 of the second 7 pi ezoel ectric ceranlég&%‘gé 48.

An adhesi ¥e | pyefesabily has @& soeffiidienteef tthexmalkd pre-stress | ayer 54
and the 9 adjacent electroplated surface 50 of the second 10
pi ezoel ec®ri ce¥pprBRieNSORtrarHian Whighs ds Greakrr nghan thakeof wbhaenber s

(i.e. the_third pre-stress_ layer 54 and 12 the second piezoel ectric
ceram ¢ waf er MABFTEA eF%éFhe'ﬁﬁ?QEQ c??ﬁ@%F;WQf%ﬁr%%s | ayer 54 is
preferably a conductive 14 material (preferably netal) having a
coefficient of 15 t hermal expansi on/contraction which is greater than

that 16 of th erd ] 8 rin
manuf act urse o%\ tE ﬁ? _thr-gkg.c?%f %E%in Eﬁe e%f%égcgt%ﬁ@eéo?dié%éﬁgt te:g#alye?s
(i.e. thegt WoegkTed MRHRIF) A hrface o SPCLLE SEcBRE- StTess |ayers

36, 42 and 54, and the 21 four adhesive |ayers 34, 40, 44 and 52) are
arranged gs 23iezéeledtiet tirini @bayernts as Ahl 4ghesied Laybrys224igand

23 sinultaneously heated to a tenperature above the nelting 24  point of
the adhesgve dipbisalds btwelh thHe atltit?. pré+fstress layer 54 and the
9 adjacent electroplated surface 50 of the second
10 piezoelectric ceramic wafer 48 for purposes of bonding
11 the two members (i.e. the third pre-stress layer 54 and
12 the second piezoelectric ceramic wafer 48) together. The
i3 third pre-stress layer 54 is preferably a conductive
14 material (preferably metal) having a coefficient of
15 thermal expansion/contraction which is greater than that
16 of the material of the second ceramic wafer 48.
17
18 During manufacture of the transformer 1 the entire stack
19 of laminate layers (i.e. the two ceramic wafers 30 and
20 48, the three pre-stress layers 36, 42 and 54, and the
21 four adhesive layers 34, 40, 44 and 52) are arranged as
22 described herein above and as illustrated in Fig. 2, and
23 simultaneocusly heated to a temperature above the melting
24 point of the adhesive materials 34, 40, 44 and 52. 1In
25 the preferred embodiment of the invention the adhesive

26 material used in the four adhesive layers 34, 40, 44 and

27 52 is LaRC-SI,y adhesive, as developed by NASA-Langley

12
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25" the preferred enbodi nent of the invention the adhesive 26 mat eri al
used in the four adhesive |layers 34, 40, 44 and 27 52 is LaRC-Sl[err]
adhesi ve, woatzsam«.ioped by NASA- Langl ey 12 1 Research CentpéT,gggh,mﬁm
connercigL rketsé géﬂ#NITEC f Schenect%g New_Yor k

LaRC- Sl [ &h ARd &ogmeqﬁa %ﬁ;ﬂﬂﬁ#ﬁt o) §U§T§€g Igc.is a

) L el B A e, A P 4
pref er ably grn?é!@in%k%lﬁéahbeiret R8omRke. &S 1 a{h@ Z% ?%.3@8:1 e%g%pﬁc vvaf ers

30 and 48). Wile err adhe5|v 8 i's fsed e pre Save

embodi meng Ofaﬁmmaélvsnébéﬁf:.bﬁ.eﬁt ofStwetxlmal A EFaPeiOh FHECH! §aeNt
i nvention to use other 10 adhesi ves, provided they have a neftlng poi nt

bel ow th& llgreafet hehahhthataoEnaibst! edamids t end ) ansf pasRichilag, the
12 two ceranmic wafers 30 and 48, and the three pre-stress 13 Iayers 36,

42 and 548, dr preberabldy grederrnghan ahaity it the heberbelyces the
respective pre-stress |ayers 36, 42 15 and 54 and the ceram c wafers 30

and 48 st fi diwatceramic wafensf ap aodgidBldi ndfhiske ckake- 8B4, Wadheadjvacent
| ayers of 17 . the éransforner 1. 18 19 = After the entire stack of
| ani nat e § ayek® w9eqd ippkhe Breferred; smbodimants @b thel isvennionhr éb

re-stre | ayers, 2 42 and 54, and the four adhesive |ayers 34, 40,
24 and s9s J}/ w:Lt in é'he scope o; the present invention to I.Xse other

10 adhesives, provided they have a melting point below that
11 of the other laminate layers of the transformer (i.e. the
12 two ceramic wafers 30 and 48, and the three pre-stress
13 layers 36, 42 and 54), are capable of hardening to apply
14 a bond between the respective pre-stress layers 36, 42
15 and 54 and the ceramic wafers 30 and 48 sufficient to

16 transfer longitudinal stresses between adjacent layers of

17 the transformer 1.

18

19 After the entire stack of laminate layers (i.e. the two
20 ceramic wafers 30 and 48, the three pre-stress layers 36,
21 42 and 54, and the four adhesive layers 34, 40, 44 and
22 52) have been heated to a temperature above the melting
23 point of the adhesive materials 34, 40, 44 and 52, the
24 entire stack of laminate layers (i.e. the two ceramic

25 wafers 30 and 48, the three pre-stress layers 36, 42 and
26 54, and the four adhesive layers 34, 40, 44 and 52) are

27 then permitted to cool to ambient temperature. As the

13
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22° 52). have been heated to a tenperature above the nelting 23 poi nt of
the adhesive materials 34, 40, 44 and 52, the 24 entire stack of |am nate

| ayers (i.wodghrggo ceramic 25 wafers 30 and 48, the thrq,ga.m z Ss
| ayers 36, 42 and 26 54, and the four adhesive |ayers 34, ) s?aﬁ%&ﬁg 52)

are. 27 Y hertgmperatadet ofcbbe flamimbitentlayemser(it.er.e theAtwhecdfamic 1
tenperature of the | am nate | ayers gzi.e. the two ceramc 2 wafers 30 and
48, the threcpferst3@sandag8,sthe threg,pre-styessdavers fHn 4Rirdyve

I 34, 40, 44 and 52) falls 4  bel th | ti t t f_th
oL 2 bt ot 1558 eRE) el Sy L it T SRR A P00,
44 6 5 Lidify, bondi them tq th ' t..layers. 7 ' th
cool i ngagfocégéf?‘keééérgﬁﬁgl%%? &FE‘%% ezé?afgjt%%gmn q%’g‘{rﬁs)rr%as%?%? "9 ©
t d al t hgg | i to t ' hj gh
coet 11 ci et o S (Raf i EpU SR e RS SRR RARI i YUY AT o

f h - 2 1 . . i | d d
of the prg- ldng §3rgssiligyy,s %dﬁ% b 4o %el%dﬁjéaécec%ﬂr diaariérélp erst oo

that a piezoelectric transdicer constructed | wth the

precedi ng7 desplitPhg08hédcool @Ml pidrendddHe Heradit twikwd | 30 Pikq Sigessed
(i.e. 16  conpressed) piezoelectric ceramc wafers which are 17

i ntimat el g bobeedmé oceaplressiee lialdtaidsstrparlaimf theitB londgitwdissl
adhesive and pre-stress |layers) al ong one of
"9 axes due to the relatively higher coefficients of thermal
10 contraction of the materials of construction of the pre-
11 stress layers 36, 42 and 54.
12
13 It will be understood that a piezoelectric transducer 1
14 constructed in accordance with the preceding description
15 comprises a pair of longitudinally pre-stressed (i.e.
16 compressed) piezoelectric ceramic wafers which are
17 intimately bonded toc each other (albeit separated by
18 laminated adhesive and pre-stress layers) along one of
19 their major faces.
20
21 As discussed above, in the preferred embodiment of the
22 invention the four adhesive layers 34, 40, 44 and 52)
23 preferably comprise LaR(C-SI,, adhesive. LaRC-SI,, adhesive
24 is a dielectric. Therefore, in the preferred embodiment
25 of the invention it is desirable to roughen the surfaces

26 of the three pre-stress layers 36, 42 and 54 which are in

27 contact with the four adhesive layers 34, 40, 44 and 52

14
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19° their major faces. 20 21  As discussed above, in the preferred

enbodi nent of the 22 I nvention the four adhesive |ayers 34, 40, 44 and
52y 23 pwasewsaidey conprise LaRC-Sl[err] adhesive. LaRC Sl pefiiksogib&si Ve
24 Is a-dielectric. Therefore_ in the preferred enbodi nent 25 of the

inventiontit fasdeklugbrated ipufien fhe £& fthak the P%#‘?ﬁEﬁFﬁLéégerS
- st I 6 2 d 54 ich, in 27 tact, with t
Forect v T oy € 42 0 o1 U alSARARE Y baniEahat 11 LD 1)
that th - trl t
the 3 corr SSoRReRgRLEnS, Sisritoptant surdlled 57, 340 A SBA°KE o)
respectivg cef £é¥€é8£§v§océggm§§-w%f@;?'ibt Fggferred enbodi nent of
e pre- 7 6, 42 and

the invention t stress layers 4, and the four
adhesi ve 4 ayers 8 34, 40, 44 and 52 are longer than the two ceramc
wafers 9 30 and 48 and, accordingly, protrude beyond the ends of 10 t he

ceram c ngnbers.thél peefeeredr embadimeht T ailk 6thvidntienetBenpeeted (e. g.
by wire and sol der, or other conmon 12 neans) to an exposed surface of the

pre-stres?® | ageresd3layé#s 38,an@ aad sdspentd e . fodr 1ddhesivehtayers
preferred enbodi nent of the invention the three
8 34, 40, 44 and 52 are longer than the two ceramic wafers
9 30 and 48 and, accordingly, protrude beyond the ends of
10 the ceramic members. Electric terminals 56, 58 and 60
11 are connected (e.g. by wire and solder, or other common
12 means) to an exposed surface of the pre-stress layers
13 54, 42 and 36, respectively.
14
15 In the preferred embodiment of the invention the three
16 pre-stress layers 36, 42 and 54, and the four adhesive
17 layers 34, 40, 44 and 52 each compressively stress the
18 two ceramic members 30 and 48. By compressive stressing
19 the two ceramic members 30 and 48, the ceramic members 30
20 and 48 are less susceptible to damage (i.eu cracking and
21 breaking) .
22
23 FIGURE 4 illustrates the construction of a modified
24 piezoelectric transformer 2 which is similar to that of
25 the preferred embodiment of the invention (Fig. 2), less
26 the two outboard pre-stress layers 36 and 54 and adhesive

27 layers 34 and 52.

15
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16 pre-stress layers 36, 42 and 54, and the four adhesive 17 | ayers 34,

40, 44 and 52 each conpressively stress the 18 two ceraric nenbers 30 and

48. By cowwyssssarese stressing 19 the two ceram c nenbers %?658/4@660'[ he
cerami c nenbers 30 20 ° and 48 are | ess susceptible to damage (i .€.

cracki ng Bind 21 breaki ng). 22 23 FIGURE 4 illustrates the construction
of a nodified_ 24 piezg&lectric transfornmer 2 which is simlar to that of

25  the prefHAFEREeRbOAIHERT LS B ﬁ\?é‘ﬁttld'xé’ﬁ_t(iﬂrg;’fZ)aimI@E%r gg)di?:%‘;t V\DiS
- I g 6 54 . an )
oo Dre BieFRLeRERR ERaRD Hﬁﬂeﬁg%ﬁnq@?%& ﬂ&dﬂwﬁ?ﬁe Ted 3
. : ) . on ol ot o
P rororrhr pE2081EERL O rrabB bl wlc it podl IS £l g 30

I I t
o i LoPl St st L8R Bariiuty UG GUE dPULLRIE b clal g

adj acent mmj or faces o ef e _ _
of the pigzoeir@tsbCa’8 bouhdNg exrl 23N & wd@djuRdAt ind f5k PELZOS! ST C

11 transfornmer 2 and 3, each of the ceram c wafers 30 and 48 12 'S
pol ed in ®ne ¢heewafeps. More specifically, in the

8

9 In the preferred embodiment of the piezoelectric

10 transformer 1 and the two modified piezoelectric
11 transformer 2 and 3, each of the ceramic wafers 30 and 48
12 is poled in one direction. More specifically, in the
13 preferred embodiment of the piezoelectric transformer 1
14 and the two modified piezoelectric transformer 2 and 3,
15 each of the ceramic wéfers 48 and 30 is poled such that
16 when a voltage potential is applied across the

17 corresponding electrodes 46 and 50, or 32 and 38 on its
18 respective major faces, the wafer will longitudinally
19 strain. Conversely, in the preferred embodiment of the
20 piezoelectric transformer 1 and the two modified
21 piezoelectric transformer 2 and 3, each of the ceramic
22 wafers 48 and 30 is poled such that when either of the
23 ceramic wafers 30 is longitudinally strained a voltage
24 potential is generated between the corresponding
25 electrodes 46 and 50, or 32 and 38, on its respective
26 major faces.

27
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13" preferred enbodi nent of the piezoelectric transforner 1 14  and the
two nodified piezoelectric transforner 2 and 3, 15 each of the ceramc
waf ers 48 wobsda7éeés pol ed such that 16  when a vol tage pot epdidsosiiteso
applied across_ the 17 correspondi ng el ectrodes 46 and 50, or 32 and 38 on
its-18 }espﬁﬁﬁ$ﬁ%;9§jor faces, the wafer will longitudinally 19 strain.

Cranct orrbr ehSErRAS, fhv Eer Fighr: 2 Bi‘vgé%iﬁéimﬁéffgh‘gféﬁ Liﬁpg;taﬂd 3,
LG 2 . | e en either o

the 23 Terawitbfectl 4 aBETIEH Atkath SARENI Y 4R el 24

potentialgls asiesated 6! BRENE1UE A RNUNY 7P or HLiE! £06g8 46 and SO,

or 32 and 38, on its respective 26 maj or faces ERATI ON 2

Ref erri ngs novedépami@uwatér 39heehe Fird drandc ividEd) Jo wypitage V1 is
applied across termnals 58 and 60 4 connected to the el ectrodes 32 and

38 of thesfirpiefoeleetaitaldyf genddatichar igxtiertficHAT ¥€f&5s30 will 6
pi ezoel ectrically generate an extensional stress 7 comensurate with the

magni t ude? of commeénpuratel with Yhe Sagritmde exbeallestinpuprepbtagasvef the
wafer 30 material, 9 the size and geonetry of the wafer 30 material, and
t he 8 the piezoelectric properties of the wafer 30 material,
9 the size and geometry of the wafer 30 material, and the

10 elasticity of the other materials of the other laminate

11 layers (i.e. the ceramic wafer 48, the three pre-stress

12 layers 36, 42 and 54, and the four adhesive layers 34,

13 40, 44 and 52) which are bonded to the first wafer 30.

14 The extensional stress which is generated by the input

15 voltage V1 causes the first ceramic wafer 30 to be

16 longitudinally strained, (for example as indicated by

17 arrow 64).

18

19 Because the first ceramic wafer 30 is securely bonded to

20 the second ceramic wafer 48 (i.e. by adhesive layers 40

21 and 44), any longitudinal strain 64 of the first ceramic

22 wafer 30 will result in a longitudinal strain (of the

23 same magnitude and direction) in the second ceramic wafer

24 48 (as indicated by arrow 65). The longitudinal strain

25 65 of the second piezoelectric ceramic wafer 48 generates

26 a voltage potential V2 across the two electroplated

27 surfaces 46 and 50 of the second ceramic wafer 48. The

17
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10" elasticity of the other materials of the other lamnate 11 |ayers
(i.e. the ceramc wafer 48, the three pre-stress 12 | ayers 36, 42 and 54,

and the fowo sgHaessi ve | ayers 34, 13 40, 44 and 52) which arﬁgp@m?ﬂ“top t he
first wafer 30. 14 The extensional stress which is generated by e i nput

15 - vol thge ®4eebuiestenminais: Sécamd S6vafayr 180 eledirildallyongitudinal |y
strained,_(for exangl as indicated by 17 arrow 64). 18 19 Because the
first ceréni cCHRREF Sg Fe serresppnidng elestxpplated untricesr46i andaf er

A e I
(he 23, ASToTBAGL udeeaddly SRR 11 G SO0 SEATLE L0,
pi e20€l €041 i corEEERbACYALE" ahl SBIELER Whcori \AULARS: RALERLI g4 V2 acr oss

the two el ectroplated 27 surface e second Cerafm c wafer

48. The 47 XESdhdyThpehFthe( BYeEotlectrik gﬂ;ﬁ?}é&rtt{e:{é‘s Lof prﬁ;ﬂé‘lv?aééraﬂg o6

may be electrically 2 connected to corresp ectroplated surfaces

46 and 3 7 SOmatetbalsechedsdeegnigeomitdty 4hd pRlS NP XY tewe wirthesd
pi ezoel ectrically generated voltage V2 between the two 5 el ectrodes 46
and 50 of8t hemaeevhalceranic wafer 48

9

10 It will therefore be appreciated that by applying a first

11 voltage V1 across the electroplated 32 and 38 major

12 surfaces of the first ceramic wafer 30, the first ceramic

13 wafer 30 is caused to longitudinally strain 64, which, in

14 turn, causes the second ceramic wafer 48 to

15 longitudinally strain 65 a like amount, which, in turn

16 produces a second voltage potential V2 between the

17 electroplated 46 and S50 major surfaces of the second

18 ceramic wafer 48.

19

20 It will be understood that ratio of the first voltage Vi

21 to the second voltage V2 is a function of the

22 piezoelectric properties of the wafer 30 and 48, the size

23 and geometry of the wafers 30 and 48 material, the

24 elasticity of the other materials of the other laminate

25 layers (i.e. the ceramic wafers 30 48, the three pre-

26 stress layers 36, 42 and 54, and the four adhesive layers

27 34, 40, 44 and 52), and the poling characteristics of the

18
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6 ° depends upon the piezoelectric properties of the wafer 48 7 mat eri al ,
the size, geonetry and poling of the wafer 48 8 material. 9 10 It will
t heref ore wo mparesci ated that by applying a first 11 Vol t SRYET/U8984066DS S

he el lated 32 and 38 pmj 2 f f.the.fi '
ég,e. The 1 it tB REanie wafety 36 20 A SGTEoM-bRoPIER B [HPdETEETPRs,
ich, in 14 t ' 5
ongi tuch al 1 Y e HEES YR ERIETY GRP TpTcBhBE 1Y b8 edthex ap
second voly age ; L b1 pEg@CbWeen #88eddtr Gbeehben! ke vife akbaily mj or

R
surfaces of the sSecond 18 ceramc wafer 48. 19 28@ It will be understood

that rati@ of vidieddd sf2 V@A* aB8spdceivel{yObkheisnesndny ol tV2 vl age
function of the 22 pi ezoel ectric properties of the wafer 30 and 48, the

size 23 =and ggearetTinwitt heolwdges 30 and 48 material, the 24
elasticity of the other materials of the other |amnate 25 | ayers (i.e.
the ceramé& wafers 30 48, the three pre- 26 stress layers 36, 42 and 54,
and the four adhesive |ayers 27 34, 40, 44 and 52), and the poling
char act er ikt i g dthe praferred embedimenki efwhher dnyenddenighe |t will al so
be understood 2 that the first voltage V1_may alternatively be_either an

8 corresponding facing electroplated surfaces 38 and 46 of

9 the first ceramic wafer 30 and second ceramic wafer 48,

10 respectively, are electrically connected to a common

11 electric terminal 58. In an alternative embodiment of

12 the transformer 4 (as shown in Fig. 6), the corresponding

13 facing electroplated surfaces 38 and 46 of two ceramic

14 wafers 30 and 48 are electrically insulated from each

15 other, (for example by a dielectric adhesive layer 62a),

16 and connected to corresponding terminals 69 and 68. It

17 will be appreciated that in this modified embodiment of

18 the transformer 4 the two piezoelectric ceramic wafers 30

19 and 48 are completely electrically isolated from each

20 other. Thus it will be understoocd that a transformer 4

21 constructed in accordance with this modification of the

22 invention may be used in an electric circuit to

23 electrically protect electrical components "downstream"

24 from the transformer 4 from damage from high current

25 discontinuities "upstream" of the transformer 4.

26

27 While the above description contains many specificities,

15
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3 " "input" voltage or an "output" voltage, and the second 4 voltage V2
may respectively be either an "output" voltage 5 or an "input" voltage. 6
7 - In thewo odrerrsed enbodi nent of the invention the 8 COrr P8 'ﬁgso
facing electropl ated_surfaces 38 and 46 of 9 the first ceramc wafer 30
and-second cngﬁFG Rhcal dqoty e conatinued yas gkimitatiensabhy thenseoped t o

a common 11 el c& ic,termnal 58. In an alternative eniodLnent of 12 the

t ransf or n€r 4°—?a L&h&wﬁqfﬁfflﬁfy. %‘)t xﬁf@"%r?%s%n%ﬁ‘ﬂ'gp 3fjigarign of one

el ectropl gt ed 46 of . two ceramgc 14 wafers 30 and 48 are
electrically %g E%%% (;%? % ?‘o\b?n’rge&&%tﬁt%?rnee‘?f ’ (%?n’éx%%?’é K?réagil@?”@ctalriec
adhesi ve haye 1el6 UM ed to corresponding termnals 69 and 68.
It 17 mﬁlF bebggéﬁggfétggﬂ?hat|l¥%?ﬂ3 nodi fi ed enbodi nent of 18 the

transforngr 4 the two piezoelectric ceramic wafers 30 19 and 48 are
conpletely electrically isolated fromeach 20 other. Thus it will be

under st 00@ t h#heavardetso Tatinhtdl egAstd uct a8, | Fhaceeradmneewyickl st Rips
nodi fication of the 22 invention nay be used in an electric circuit to 23

el ectrically pndt 48t ¢hectprecaitmanpdigréss "IOWE2 r&adl 524 ananchlee
transforner 4 from danmage from high current 25 discontinuities "upstreant
of the trénsfafhesiye 1ayEraNdd.c 4he ¥bard B3 rmayibe bondednsomearh
specificities, 19
9 other without sequentially heating and cooling so as to

10 pre-stress the ceramic members;

11

12 The two ceramic wafers 30 and 48 may be constructed of

13 either similar or dissimilar piezoelectric materials

14 which may either have identical or dissimilar

15 piezoelectric coefficients;

16

17 The two ceramic wafers 30 and 48 may either be of equal

18 or unequal thicknesses; and

1%

20

21 The adhesive layers (34, 40, 44, 52) may either be

22 electrically conductive or non-conductive.

23

20
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1 ~ these should not be construed as linitations on the scope 2 of the

i nvention, but rather as an exenplification of one 3 preferred enbodi nent
t hereof. WOM8/5aTdéer vari ations are 4 possible, for exanpl epchuSesbééo
various lgmnate layers (i.e. the ceramic wafers 30 7 and 48, the
presstress |ayers 36, 42 and 54, and the 8 adhesive layers 34, 40, 44 and

52) may be bonet el Eaf, End!deked! SBOLLESEAYERLIAL LHIGAY g and cool ing

so as to 10 pre-stress the Ceram o nenber s mc wafers

30 and 48 31y det TS GicH 1% dfe efbbAfhedtMihdlg gl’ra@eif' Bl by the

pi ezoel ectric materials 14 ich may either have i1dentical or

15  pi ezael ecippendesi¢iaimet snd 16hdir Togalveqgasiatiencsa§ ers 30 and 48
may either be of equal 18 or unequal thicknesses; and 19 20 21 The

adhesive layers (34, 40, 44, 52) may either be 22 el ectrically conductive
or non-conductive. 23 20

21
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1 2 Accordingly, the scope of the invention should be 3 deternined not by
the enbodinment illustrated, but by the 4 appended clains and their | egal
equi val ent woMIs4766 | Claim 1 1. A transformer conprisingectusesmedo St
el ectroacti ve negber having two opposing nmajor 4 faces which are di sposed
on the opposi LeCsRA®S of a first 5 longitudinal axis; 6 7 a second

el ectroactive nenber having two opposing major 8 faces which are di sposed
on the opposite sides of a 9 second longitudinal axis; 10 11 wherein an

el ectrode4i s hondgd ﬁﬁ%a}dg ' .12 opposing major faces of said
first ele%troaétivetkg er; lf'%%hﬂgﬁﬂgﬁﬁi?ein an el ectrode is bonded to

each of said two 15 opposing major faces of said second el ectroactive
menber; 16 17 said first electroactive nenber being polarized 18

transversely anfarkhi eReetrodidtoicid GeriSéERav $ad dtwBOopBos@BBO kajd 18] or
faces of said first el ectroacti ve nenber,

4 faces which are disposed on the opposite sides of a first
5 longitudinal axis;

6

7 a second electroactive member having two opposing major

8 faces which are disposed on the opposite sides of a

9 second longitudinal axis;

10

11 wherein an electrode is bonded to each of said two

12 opposing major faces of said first electroactive member;

13
14 and wherein an electrode is bonded to each of said: two

15 opposing major faces of said second electroactive member;

16

17 said first electroactive member being polarized

18 transversely in a thickness direction between said two
i9 opposing major faces of said first electroactive member,
20 such that said first electroactive member longitudinally
21 strains when a voltage is applied across said two

22 opposing major faces of said first electroactive member;

23
24 said second electroactive member being polarized

25 transversely in a thickness direction between said two

O] OO O 22
* [ L M S %*
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20 such that said first electroactive nenber longitudinally 21 strains
when a voltage is applied across said two 22 opposing major faces of said
fiTst el eCVP88EYT66c rrenber 23 24  said second el ectroacti RCEESASEP6MEe| ng

pol ari zed; 25 ehs t Qi gTot g 2

1 opposi g:b rraj%ééél{a% S sal cggc%r%% e%zts(r%:gc vé;ferre éé?@ﬂé sughw%ﬁz
sai d secopd eé@@ﬁreﬁﬁﬁ'ESzHEEE%EnBQ@Q@HH¥d§Ed£&é3ﬁéﬁﬁéfsl gﬂbﬁdﬂﬂéfi
applied across said two 4 opposing major faces of said second el ectroactiv
menber, 53 sai gkfeiABOwhenchr valtaye ToNapplitiddrdesi addi Bwe 6 directi on

substantlally parallel to said first 7 electroactive nenber; 8 9 wherein
said first4 elepposing majoeniffaceiss ofeaadd (EddqndOelécnﬂedctdveam@m,nd
el ectroactive nenber by a bonding 11 |ayer, said bonding |ayer being

di sposed Pet weabdasercend electaoactivee membent dodingtpelariredctinya nenber
and a first 13 mmjor face of said_second electroactive nenber. 1 2. The
devi ce acor ddhgecbienapbstantiaidyr @araldiel 49 ssabddfizssnd

el ectroacti ve fenbers 4 cor‘rer i"%e a piezoelectric material. 1 3. The device
accordi ng’t o 81&fFkFoactive member;

8

9 wherein said first electroactive member is mechanically
10 bonded to said second electroactive member by a bonding
11 layer, said bonding layer being disposed between a first
12 major face of said first electroactive member and a first

13 major face of said second electroactive member.

2. The device according to claim 1,

wherein said first and second electroactive members

W

comprise a piezoelectric material.

1 3. The device according to claim 2,

3 wherein said bonding layer comprises a first electrically

4 conductive member.

L
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2 3 wherein said bonding | ayer conprises a first electrically 4 conductive
menber. 23 1 4. The device according to claim3, 2 3 wherein said
bondi ng | ayemskamss her conprises a second 4 el ectrically conduesssnossober ,
and a dielectric Ia% mhereinpfaid dielectric layer is disposed between

er, 9
said 6 fitst 4nd T@ o%ﬁVéFECFFFBE WG FRFR3IVR Fenbers and 7 wherein said

first elegtrically conductive nmenber is in 8 electrical comunication with
said first major face of 9 said first electroactive nenber and said second

10 el ect 14 cal {yefo0dUshi Mo RIS 1hydl R Lordy FAUEUAI 6BEDAY W L

said first major tace of said secon ectroactive ne

devi ce acgor déD8ctPiehRLP Sondud iR Ridinised d dhdSh aPkDectse Qhyedi,d
first electroactive 4 nenber is concave and a second maj or face of said

first 5 efectwhegéinecsatdbdielectmieXlaye®.idhdigpuseq beewednngatid cl aim
5, 2 3 wherein said first major face of said second 4 el ectroactive nenber
i s convexéandfarstcand serond aleatfrically conductive members and

7 wherein said first electrically conductive member is in

8 electrical communication with said first major face of

9 said first electroactive member and said -second

10 electrically conductive member is in electrical

11 communication with said first major face of said second

12 electroactive member.

1 5. The device according to claim 3,

wherein said first major face of said first electroactive

member is concave and a second major face of said first

W N

electroactive member is convex.

1 6. The device according to claim 5,
3 wherein said first major face of said second

4 electroactive member is convex and a second major face of

5 said second electroactive member is concave.

I 3
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5 said second el ectroactive nenber is concave. 24 1 7. The device
according to claim6, 2 3 wherein said bonding |ayer conprises a

t Her mopl asWP@844766copol yi m de material having a nelting poi NRCHUSBA06610 5
degrees Celsius. 1 8. The device according to claiml, 2 3 wherein said
bondi ng | ayer conprises pre-stressing neans 4 for applying a |ongitudinal
conpressiye siresghd Odév?‘iée5acci>ka§hga'ﬁg AR 8l ectroactive menbers. 1

9. The device according to claim38 whérein said pre-stressing neans
conprisea thernoplastic 4 copoly|n1de material having a nelting point
above 100 5 degrees Celsius. 1 10. The device according to claim9, 2 3

wher ei n sai d yhiersin esaidgbordiagf Gayker compiyisas @ thermoplasehiectrically
conductive nenber. 25
4 copolyimide material having a wmelting point above 100

5 degrees Celsius.

1 8. The device according to claim 1,

3 wherein said bonding layer comprises pre-stressing means
4 for applying a longitudinal compressive stress to said

5 first and second electroactive members.

1 9. The device according to claim 8,

2

3 wherein said pre-stressing means comprise a thermoplastic
4 copolyimide material having a melting point above 100

S degrees Celsius.

1 10. The device according to claim 9,

3 wherein said pre-stressing means further comprises a

4 first electrically conductive member.

A

25
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1 11. The device according to claim 10, 2 3 wherein said pfe-stressing
nmeans further conprises a 4 second electrically conductive nenber, and a
diel ectri cwipdsmasss Wherein said dielectric |ayer is di sposegchrisvsfugsd
said first. and second electrically conductive nmenbers and 7 wherein said
first electrically conductive nmenber is in 8 electrical comunication with

said first major face qf 9 said first electroacti menber and said second
10 eIectr#cal#g'coﬁgﬁcaﬁyacﬁemﬁﬁoqé§QQ1Eﬁ ?+@a¥811 comuni cation with
sai d firs£ maj or face of said second 12 el ectroactive nmenber. 1 12. The
device acCording to claim10, 2 3 further conprising a pre-stress |ayer

ponded to3a spraRdid §u&hagﬁegfsstg%nifg4§( Shedh CELLEALEY BolBFISes Wer o1 1

said 5 pre-stress layer ap conpressi ve stress to said

first el egtrogetbra BREREKialIRe e fhd membel! easdl ayaieladtanded to
a second surface of said 8 second el ectroactive nenﬁer, wherein said

pre-stress 9 layer,apherein dadnpidisliemtrionpigesi V8 Ahispdsedo betwéel)
second el ectroactive nenber. 26 1 13. The device according to claim
12, 2 6 said first and second electrically conductive members and
7 wherein said first electrically conductive member is in
8 electrical communication with said first major face of
9 said first electroactive member and said second
10 electrically conductive member is in electrical

11 communication with said first major face of said second

12 electroactive member.

1 12. The device according to claim 10,

3 further comprising a pre-stress layer bonded to a second
4 surface of said first electroactive member, wherein said
5 pre-stress layer applies a longitudinal compressive

] stress to said first electroactive member or wherein said
7 pre-stress layer is bonded to a second surface of said

8 second electroactive member, wherein said pre-stress

9 layer applies a longitudinal compressive stress to said

10 second electroactive member.

W
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3 wherein said pre-stress |ayer conprises a thernoplastic 4 copol yi m de
materi al having a nmelting point above 100 5 degrees Celsius. 1 14. The
devi ce acc 8%7 claim13, 2 3 wherein said pre-stress | BFEUSPH1Q66Q

compr i sesia thsld dncel@iide AddosRllicts VELAERDSS, 1 15, The devi ce

according to claim10, 2 3 wherein said first major face of said first
el ectroacgive 4 nmenber is concave and a second major face of said first 5
el ectroactive nenber is convex. 16. The device according to claim 15,
wher ei n sai d whereimppaid pre-cftreds begendcompeibeach themdpXassi€onvex
and a second nmajor face of said second el ectroactive nenber is concave.

4 copolyimide material having a melting point above 100

5 degrees Celsius.

1 14. The device according to claim 13,

3 wherein said pre-stress layer further comprises a third
4 electrically conductive member.

1 15. The device according to claim 10,

3 wherein said first major face of said first electroactive

member is concave and a second major face of said first

n >

electroactive member is convex.

16. The device according to claim 15,

wherein said first major face of said second
electroactive member is convex and a second major face of

said second electroactive member is concave.
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