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TITLE™ " ®* Transversal Mde Piezoel ectrilgoﬁc%%a or

FI ELD OF THE | NVENTI ON The present invention relates to r er sal
node piezoel ectric actuator, as well 5 as a nmethod for form ng the same.
BACKGROUND ART Pi ezoel ectric actuators are solid state devices which,
when driven by an electric field, pgaduce a small but accurate

di spl acenent with a | arge force. Conpared with el ectromagnetic

actuators, piezoelectric actuators are nore conpact in size, 10 consune

| ess power, generate |ess heat and havgrfgster response tines. As a
result, piezoelectric actuators are widely used in precise machi nery, and
opti cal and bi ol ogi cal applications. There are three basic
types of piezoelectric Cefﬁﬂkﬁe %‘H%B%&%eﬁg&égﬂkUYtﬁ&@rlable' ~The
first type is a single piezoéléctric ceram c bar, the Second type is a

bi onorph 15 structure conposed of two piezoelectric plates, and the third

type is a multilayer pi e Bc&gi t BN ntaining a plurality of
pi ezoel ectric plates. These tMM uators operate in

di fferent displacenent nodes and have different characteristics. The
first type_is referred o as a "trapsversal rmge",relietive to Ehe d31
pi ezoel ect F&PESENt inveBtien relatesded iansyriealiode pigzoslpalic getugton,ag yrely
node" ' ; ' el ectric coefficient, and the third type
is ref gi?r e#%@ﬁééé@%?&fbﬁﬁﬁﬁgﬁau i'nal node" with respect to the d33

pi ezoel ectric coefficient. Fabrication of the first type of
actuator, the transversal node p'Bg‘ %Eﬂirh ART Aactuator, Is relatively
sinple. Two el ectrodes are preparegﬂgén—pa'r—a@r—a’surfaces of t he bar,
per pendi cular to the desired displacenment direction. Then, an electric 25

]; ;g:ognlsfvgﬂglzéeelgcttr% éc Sat%lrse %trer %gﬁc? sttﬁepé)elv?cetsh\%h%%r, \Agh%nbgri\Pe'neﬁg ealnegferc{rfc

field, produce a small but accurate displacement with a large force. Compared

with electromagnetic actuators, piezoelectric actuators are more compact in size,
10 consume less power, generate less heat and have faster response times. As a
result, piezoelectric actuators are widely used in precise machinery, and optical

and biological applications.

There are three basic types of piezoelectric ceramic actuators currently available.
The first type is a single piezoelectric ceramic bar, the second type is a biomorph
15 structure composed of two piezoelectric plates, and the third type is a multilayer
piezoelectric actuator containing a plurality of piezoelectric plates. These three
types of actuators operate in different displacement modes and have different
characteristics. The first type is referred to as a “transversal mode” relative to the
d3; piezoelectric coefficient, the second type is referred to as a “bending mode”
20 relative to the d;, piezoelectric coefficient, and the third type is referred to as a

“longitudinal mode” with respect to the ds; piezoelectric coefficient.

Fabrication of the first type of actuator, the transversal mode piezoelectric
actuator, is relatively simple. Two electrodes are prepared on parallel surfaces of
the bar, perpendicular to the desired displacement direction. Then, an electric

25 field is applied to the electrodes to pole the bar to be piezoelectric responsive.



-2 - After poling, a piezoelectric actuator show ng the converse

pi ezoel ectric effect is obtained. That is, an applied electric field
results in the bar extending or contracting in a transverse direction
to the applied field, parallel to the el ectrode surface. However, at
present, the bar has a m ninmumthickness inposed by 5 limtations in
ceram cs processing technol ogy, and alsg the required strength of t he
actuator. As a result, the applied voli&ge required for this type of

actuator is very high. _ Construction of the third tyP_e of .
act uat or , Aftee pelingi & ajerogikdioachster shewingdherconversspiezppelggticretiect is

| ongi tudi na| .node, _is, nore compl.ex. Lt . .is.fqr y. | am i : y

pi ezoel ecf)s*aﬁn%‘?‘at g’t\,at Ve P8 égglﬁe%ieéﬁ%tgf’efg?lai %%&Itgt £ ﬁ%%reggtreégleh on both
surf aces. cEEhga tﬂ{gb e thsverPhrbaforPlo tHeeapglledrion, pataliabta iy erictrode

| ayers, el ng thicker than the inner piezoelectric plates to provide
the requi sadfasér eHowever, at Praseodit the bao hasr & aninimom thiekngssuinprpsest PYas

i nsul ators and are not covered by, net.al el ectrodes. The el ectraqde

provi dé&d HBEYigbiens d@lj%@ﬁtcsp‘P'@f%%/‘Bett?F%”?JPQY’e%r,‘& 50 ﬁb‘? E‘”r"r“ér&%t %r%@g‘*ﬁhé

i nter nal » AQTP rdiifite Iﬂé‘éﬁ Fehuied o @his Ay 8é bRlactuator is
arrangeneglbg\%/r&%fadr%q@is'e'\%\gdf{n éfé@%hégﬁqgﬁ eéhl nt er nal el g%rodes are each
connect ed viegy higlh. of two external el ectrodes, w th adjacent internal

el ectrodes bei ng connected to different external el ectrodes, such that
t he pol ari sation direction of each two adjacent piezoelectric plates

i's opposi t@gnstiuctiBhSofve tHifd Bbe aPRIctestos! et muttilaye pieresiectric aotuatarh
pi ezoel ectric plate extending or contracting in a direction

| ongi t udi replerating fire 2ajgpigitudinal eeads, dsfmerel complex.r deig formeskbyilaminatingent

of the, actuator . is enhanc by the nunber of, pjez e i

I niti al E?y,mf"éfblpfq,zgﬁf‘?%”%?%.% WRSTES B'SﬁE]?'ﬁg{r{Co@gt%ﬁ%é Segevcgrlroa%agzoor] ggth .

pi ezoel ectﬂr%ces. _ THEQB?Sar‘\tF!U&ﬁo?fP_p%Q&bf tHevesahtoragdtUad Protebivde 1dyershi s

met hod sti require a 25 high driving voltage, because it is difficult to

nmeke pi ezdmieg thickeplhanethetihner piezoelestiicgplatgs teopravide trearsaitedotteengthg. In

addi tion, defects such as mechani cgl cree d serjous delimtation

may exist 1N PHEeré&VPu%‘f'%?C% t?‘@ ?‘%Hat(%rﬁft(ﬂs : E'él% ors a 858/@?00\’6'@8 By’
metal electrodes. The electrodes provided between adjacent piezoelectric plates,

15 referred to as the internal electrodes, are generally arranged in an inter-digital
arrangement when viewed in cross-section. The internal electrodes are each
connected to one of two external electrodes, with adjacent internal electrodes
being connected to different external electrodes, such that the polarisation
direction of each two adjacent piezoelectric plates is opposite. In this way, an

20 applied electric field results in each piezoelectric plate extending or contracting in
a direction longitudinal to the applied electric field. As a result, the displacement

of the actuator is enhanced by the number of piezoelectric plates.

Initially, fabrication was achieved by bonding together several poled piezoelectric
plates using an epoxy. However, actuators made by this method still require a
25 high driving voltage, because it is difficult to make piezoelectric plates thin
enough by normal ceramic processing. In addition, defects such as mechanical
creep and serious delimitation may exist in the actuator due to the bond of the

epoXxy.



-3 - More recently, inproved fabrication techniques for |ongitudinal
node nonolithic mul til ayer piezoelectric actuators (LM MWA) have
beconme avail abl e, which are - based on the tape-casting nmethod and
co-firing technology for ceram cs and i nternal netal electrodes.

Exanpl es of this technique are described3n US 5 Patents 5,507,898 and

5, 245, 743. The fabrication process using the tape-casting nethod for
the LM MWPALS AScently, fllﬁb"(ﬁ)%' kB 406 ?&éﬁdi(ﬁlﬂé@‘f‘&elbﬁg%ﬂihaﬁﬁﬁ%eoﬁﬁﬁaliﬁaic

bi nders, plasticlzer and sol vent are mlled into"a slurry. The slurry
i s then castultifdyerpigzasectsbeetuatorsa(LHMIARE) haveobe@ome dviailable, Whiar are
drying, the green sheet is stripped and punched intq 10 approgriate Si zes.
The i nt er naPasade O Bige farg-eastingn mathad eand ooiings ipgaelody Temeeramicy,

et oA P S, BRLPAE oRe| REMIELE st Basy us

together in ere gl | e arrangenent
S agoppa@éntd6 507,899 bhd BP45)p4®ody at high tenperature, a nonolithic
body with a mul tilayer structure is achieved. Two external el ectrodes

are connected to the 15 interdigital internal electrodes in an alternating

manner. TheTROYblicationeproeess Uisitlg the tapi-BAsHRITRRStAbTEr tHE e M-MNRAS! &5

then ready for testing. Recent references about nodified structures
for pi ezoel fellowsc Rierarleciris papydeas edth someiargahie tindérenwplagtipapeand solvent =+
Chen Liang et al ,, Smart Mater,  Struct., vol .5, . 171-186, 1996; 20 .
Sei go Hayashie Mils N0 gy FrAssIumy b then <3t Bhlona Gosm Shedban a rurining ;
Pilgrims. caler . Fe I i v 05- 094 hed *i

Mar ut ake anﬁyﬁlégl@éukéﬁgﬁpcﬁgh?f Clﬁgp@%e%ﬁg%-e,e%vgl %‘ﬁ)p&%{ %?ESE-U%KZ:S%, intd
1995; 10 approBebty $iz€s. The iBteanal elvbiredes St then phfiied@®n &ie BRAace b HTe

5 - Q ngéenEtshgtlat'.’ Tlrzlgrscraogerleg(r:\tsrrimecesfs \C\C/)i![h' elle6c(%r’od%g'SI%YI_a?r’r?iEéte%igggd pressed
together into a body, where the interdigital internal electrode arrangement is

adopted. After cofiring the body at high temperature, a monolithic body with a

multilayer structure is achieved. Two external electrodes are connected to the

15 interdigital internal electrodes in an alternating manner. The body is then poled at

high temperature. The LM-MMPA is then ready for testing.

Recent references about modified structures for piezoelectric actuators appeared

in the following papers:

Chen Liang et al., Smart Mater.Struct., vol.5, pp. 171-186, 1996;

20 e Seigo Hayashi, Jpn. J. Appl. Phys., vol.30, pp. 2285-2288, 1991;

o Pilgrim.S. W et al., Ferroelectrics vol. 160, 305-316, 1994;

e M. Marutake and M. Yokosuka, Jpn. J. Appl. Phys., vol 34 pp. 5284-5287,
1995;

e Robert G. L., Smart. Mater. Struct. Vol.6, R1PR42, 1997;

25 o XuQ.C. et al., Ferroelectrics Vol. 160, pp.337-346, 1994.



-4 - Not wi t hst andi ng t he above advancenents in manufacturing
processors for LM MWPA, transversal node piezoelectric actuators still
utilise a single piezoelectric ° bar, and hence still require a high
driving voltage. If the bar thickness is reduced to decrease the
driving voltage, the strength and driving.force of the actuator is 5 also
reduced. An object of this invention is to provide a transversal nbde

pi ezoel ectiC - ol , d t f. g th t rcome
o at 1 casho R e P B RIS 0 Bhea SRR AR ol e B e
SUMVARY  ORvITA#EA | fNNEIrE modé@ piddbeadsiAc dafsfon $till aiReas BRRile pleobicttric
I nvention, there is provided a transversal node pi ezoelectric actuator,

conpri si ngearaapdhedicet stillgequig e Rigbfdriying: veltags:. r if ¢he bar thickass!is aedueribd i n

a lam nated panner to define body, hayi ng,.end surfaces nd. upper .and
over sur rScdEcteare die vtk valia. doe Sernit and Ay miioroseof B agialbt
| ayers gndyef rédpgeaieper surface and | ower surface of the body; adjacent 15

el ectrodes arranged to produce an electric field therebetween; a protective
| ayer provi ded on at |east one end of the body; and a | ayer of elastic

- . _ |
materia EAHEthgér‘ég of thlsqméﬂl%nqgﬁ%rrqg alotggrisrvs%'r'éo laHggée qub@?ectﬂ‘?@é(ctuator

Pr ef er abl are an even nunbe I ez ectric material.
Pr ef er abl yand ai mhettmydeof prddugingzivel earhej o owdreoimel oraklehst redtliceribe effects

el ectrostrictive 20 material, Preferably, said piezoelectric

mat eri al i &f GetshertcppNpgdescrinedraqye. Preferably, said el ectrodes
are fornmed from Ag- Pd- Au or Ag-Pd for the pi ezoel ectric materials

PZN- PZ- PT and PBNN, respectively. Preferably, said el ectrodes

provi ded on the upper and | cSEIMMARYAOESTIHE INWENHON 25 are formed from Ag.

10 In accordance with one aspect of this invention, there is provided a transversal
mode piezoelectric actuator, comprising: a plurality of layers of piezoelectric
material arranged in a laminated manner to define a body having end surfaces
and upper and lower surfaces; an electrode provided between each pair of
adjacent layers and on the upper surface and lower surface of the body; adjacent

156 electrodes arranged to produce an electric field therebetween; a protective layer
provided on at least one end of the body; and a layer of elastic material provided

on the upper and lower surfaces of the body.

Preferably, there are an even number of layers of piezoelectric material.

Preferably, said layers of piezoelectric material are formed from an electrostrictive

20 material.

Preferably, said piezoelectric material is either PZN-PZ-PT or PBNN.

Preferably, said electrodes are formed from Ag-Pd-Au or Ag-Pd for the
piezoelectric materials PZN-PZ-PT and PBNN, respectively.

Preferably, said electrodes provided on the upper and lower surfaces of the body

25 are formed from Ag.



-5 - Preferably, the electrodes are provided in an interdigital
arrangenent with adj acent el ectrodes extending to opposing ends of the
body. Preferably, the el ectrodes at each end are connected to a
comon el ectri cal potential . 5 Preferably, electrodes on the upper
and | ower surfaces of the body are connected to el ectrodes at one end
of the body. More preferably, said one erd corresponds with the
di spl acenent surface of the actuator. Preferably, said protective
| ayer is fdimetatablyonthe eleyitcbdest are ghrovidede iprai einddstiigital arrawemnentgmdth
material is ceram cs terial. 10 Preferably, protective layer is
provi ded or?‘ﬁ%?%t&'ﬁfér stgxderdng to opposmg@ngpé}félbqespdg.ai d layer of elastic
material is formed on all surfaces of the body ot her than the ends
t her eof . Preferably, said |layer of elastic material is formed from
an i nsul at ifffgferably; ithe  eleCtrodes pt sraghadng areganngcied ite anwosman electsicali con
rubber that cjtént? lid at roomtenperature. 15 In accordance with a
further asrf)ec ol this invention, there is provided a nethod for
produci ng a transversal node piezoelectric actuator, conprising the steps
of : roduci a plurality of layers of pjezqelectric mater; al
ond pr ovi difrgrerabl, Sfeciiodts Bafthe e he 1w SufackaSliRe ek arkyonnecied
arrangi ng [ | ma ; ; C
layers to ]ﬁgrérinetgﬁ)%%?ﬁ %%‘%h%‘g‘ég?é By BRRSEE prefefibly, said one®d EbREsSctdL
with the displacement surface of the actuator.

Preferably, said protective layer is formed from a rigid material. More preferably,

said rigid material is a ceramics material.
10 Preferably, a protective layer is provided on both ends of the body.

Preferably, said layer of elastic material is formed on all surfaces of the body

other than the ends thereof.
Preferably, said layer of elastic material is formed from an insulating material.
Preferably, said elastic material is silicon rubber that is solid at room temperature.

15 In accordance with a further aspect of this invention, there is provided a method

for producing a transversal mode piezoelectric actuator, comprising the steps of:

producing a plurality of layers of piezoelectric material and providing an

electrode on one surface of each layer;
arranging said layers in a laminated manner;
20 cofiring said layers to form a monolithic body;

providing electrodes on the upper and lower surfaces of the body;



provrdrng el ectrodes on the upper and | ower surfaces of the body;

-6 - providing a |l ayer of elastic material on the upper and

| ower surfaces of the body to cover the el ectrodes;

providing a protective |layer on the ends of the body. Preferably,
the plurality of |layers are produced using a tape-casting process. 5
Preferably, said step of arranging the qurality of |ayers of piezoelectric
mat eri al i ncludes the step of providing a | ayer of piezoelectric

material W t hoyodmig §qd;rérct§f elastrc REHA od thFEUé)[Pp%C’?)(?Q p)éuFfQEeéJBPFHe and

| ower surfaces of the body do not have reon during the
step of cof|r|rﬁpdytocoverﬂmeéhm&bdg& before cofiring, sald | am nated | ayers
are cut into appropriate sizes at 10 a tenperature of 50-100[err] C.
Preferably, said |layers of material are formed from PZN PZ- PT and said

el ectrodes are providih afpréective Riyer saitle $haB odthebbdy.i ng being perforned at
a tenperature of substantially 1270[err]C Alternatively, said
| ayers of material are forned from PBNN, and said el ectrodes 15 are forned

of Ag-Pd apgfei fﬁﬁ@BlLﬁéIlt?(bff'la{ye'r‘Qarépﬂﬁfufc@firﬂ%ﬂ\gaé tdpd-SHRPhIdcRs O]

substantially 1140[err]C Preferably, sai'd step of providing

el ectrodes on upper and Iomer surfaces of the body includes the steps
of providi pgram LA ghRP I ibi N9
at 650[err]C. b@g Pr eft’sera %i,%q e s}‘i%reepairli)!I i ‘6‘?Ia er% oefl % (Ztgrepﬂat{enélr

I ncl udes tihelusiesphebtqp ofvpraviding a layer of prezoelectrrc material wrthout an electrode
provided thereon, whereby the upper and lower surfaces of the body do not have

electrodes thereon during the step of cofiring.

Preferably, before cofiring, said laminated layers are cut into appropriate sizes at
10 atemperature of 50-100° C.

Preferably, said layers of material are formed from PZN-PZ-PT and said
electrodes are formed of Ag-Pd-Au, said step of cofiring being performed at a

temperature of substantially 1270°C.

Alternatively, said layers of material are formed from PBNN, and said electrodes
15 are formed of Ag-Pd and said step of cofiring is performed at a temperature of
substantially 1140°C.

Preferably, said step of providing electrodes on upper and lower surfaces of the
body includes the steps of providing an Ag paste on said upper and lower
surfaces and firing at 650°C.

20 Preferably, the step of providing electrodes further includes the step of providing

Ag paste on the ends of the body to form external electrodes upon firing.

Preferably, the electrodes on the upper and lower surfaces are connected to the

external electrode on one end of the body.



Ag paste on the ends of the body to form external electrodes upon firing.
Preferably, the el ectrodes on the upper and | ower surfaces are connected to

t he .external electrode on one end of the body.

-7 - Preferably, the electrodes are arranged in an inter-digital form
wi t h adj acent el ectrodes extending to opposite ends of the body.
Preferably, said nethod further includqg,ghe step of poling said body,
conpri si ng the steps of connecting the el ectrodes on the upper and

| ower surface and the 5 external electrode connected therewith tq the
earth of drreégrabtly ithgl eleslipdes agadgarangedimat ingr-oigitabdamEp. Wiheadigcent

el ectrode élg?the %%og)gghbmggﬁitgﬁg)gsngfenagi tﬁé 8§ﬂri cal sour ce.

Pr ef er abl y; occurs-arter ¥ step of providing the
protective | ayer and the |layer of elastic nmaterial. 10 Preferably,

(e 5 bR W10 S 6505 O By B 5. B

Pref er abl yineedigpé 't ddninekling th@ i dt@desSont! $1%< ui[pgepla%e:o%r RiueRes! At e
mat eri al . BRI EF DESCRI PTI ON OF THE DRAW NGS

The i nvE@ntéxdarnal ldledirodie sonndmded Whetewitf tor heceartl afran etddtirindl mpuiceavands,
i n which: 15 _Fiqure S cross-section view of a prior,_art .
| ongi t udi n%ﬂnqﬁ‘}él@g%ﬁo‘l’tl‘l‘?ﬁieé emal efﬁ?frpﬁ?at?eweppgi'g\é? é)d'{??‘i‘tco%lﬁ?'ﬁla?lgﬁncéhd

Figure 2 ig&,fc&ross-section view of a transversal node nonolithic
mul til ayer )

Preferably, the step of poling occurs after the step of providing the protective

layer and the layer of elastic material.

10 Preferably, the step of providing the layer of elastic material comprises providing

said layer on all surfaces other than the ends of the body.

Preferably, electrostrictive material is used in place of piezoelectric material.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the following drawings, in which:

15 Figure 1 is a cross-section view of a prior art longitudinal mode monolithic

multilayer piezoelectric actuator; and

Figure 2 is a cross-section view of a transversal mode monolithic multilayer

piezoelectric actuator in accordance with the present invention.
DETAILED DESCRIPTION OF THE DRAWINGS

20 Figure 1 shows a longitudinal mode monolithic multilayer piezoelectric actuator
(LM-MMPA).



pi ezoel ectric actuator in accordance with the present invention.

DETAI LED DESCRI PTION OF THE DRAWNGS 20 Figure 1 shows a | ongitudinal
node nonolithic nultilayer piezoelectric actuator (LM MVPA) .

-8 - The piezoelectric actuator 10 of the prior art conprises

pi ezoel ectric layers 12 arranged in a |l am nated manner wth internal

el ectrodes 14 provi ded bet ween adj aceht pi ezoel ectric layers 12. The

pi ezoel ectric |layers 12 are provided bet ween inactive |ayers 16A and
16B. The i nble¢ ipiezdedgatris abidatand 016Btrer eribr artetampristy pidrociectoorpayssd 12 t h
the piezoelectric layers 12. The inactjve |ayers 16A and 16B %o not
contribut e 2GARIRE N ShiafpBated mAnnaiavill (ntgreR! algctrades dfePQvigad, betwegmer ¢
to protect e I rg,12 . - The, A [ 16A
and 168 ar P OgRPHaPRARIANE WS 327 TP e RIReRrc M7 e, pRXREcu

ceram cs. betweebXirgictioé |18y@et 16Aemdl§8Band hk8 hattiee aparisdeBlA adndAGR arasle
of the piezoelectric 10 layers 12. The internal electrodes 14 are arranged
in an i nPerredptyehaihiciaeerapaegd with thepigzoelectitlayee Ag Theilpactivg) layenst 16A

el ectrodes 14 oy Si ext r 1 nd
To8 i n an afedrRE fnsehaRrEU R AREAReRemany e Rhufur 18908 8l e
over the exitraa pritest thedsleidhedtfie 14 %8s 12oPRAANMEHY. The inactléaByérd 16A
electric field is applied to the piezoelectric layers 12 via the el ectrodes
15 18A, 18andri6Biare tgpicallypformed feamrEarcinsakaéing 1 2ardumeteatial suclcsacesamissi n a

| ongi tudi nal direction relative to the electric field as shown by the arrow
"A. The total displacenent of the actuator 10 is enhanced by the
nunber of pEgteoedleelecirodes 18A aneri8Blare provided @erechldige of liee piczeddatdtri c

actuator 10 is positioned with the inactive |ayer 16B 20 gg)_n,nect ed to a
fixed suPfa@em12nnheiniemal glectiodesnissere arraaged Jn a5f intey igital maRBek A% e

I 16A b ' : | \Sai I ol
tierd is aporoun T aE chaRos SHFERNaBUR, B6Eradsd 14, ReinBRERr SR R bhodsing..

24 is bxteghdlusleoipdbdes dBAPAREASB @l ah ialterbatind mdnneed Aninadstinylayehe
pi ezoel ectric | ayers 12 and the inactive |layers 16A and 16B are forned

usi ng the taBA-arEs?0Mis fnsmeddVves the exigsaalalerttpdehd§a and 18B, respectively.

When an electric field is applied to the piezoelectric layers 12 via the electrodes
16 18A, 18B and 14, each piezoelectric layer 12 extends or contracts in a
longitudinal direction relative to the electric field as shown by the arrow ‘A’. The
total displacement of the actuator 10 is enhanced by the number of piezoelectric

layers 12.

Generally, the piezoelectric actuator 10 is positioned with the inactive layer 16B
20 connected to a fixed surface 22, whereupon the outermost surface 24 of the
inactive layer 16A becomes the displacement surface. That is, when an electric
field is applied to the piezoelectric layers 12, the displacement surface 24 is
longitudinally displaced relative to the fixed surface 22. The piezoelectric layers
12 and the inactive layers 16A and 16B are formed using the tape-casting method

25 as described above.

In this regard, it is to be noted that even if the inactive layers 16A and 16B are
formed from material which may be piezoelectric if subject to a poling process,

such layers 16A and 16B still do not contribute to the displacement of the



In this regard, it is to be noted that even if the inactive |layers 16A and
16B are formed frommaterial which may be piezoelectric if subject to
a poling process, such layers 16A and 16B still do not contribute to

t he di splacenment of the

-9 - di spl acenent surface 24 since el ectrodes are not provided on each
surface of the i nactive layers 16A agd 16B. Accordingly, applying an
electric field via the external electrodes 18A and 18B does not apply

lectric. fiel i : |
Secor di ngl JsRECEMaBsREReh A singe SRREOLYS arE KB BrotRebl cBefsufio of the
I n practi cpactite Iapast HBA hayer6B.16AcendirndhB applyingrianaklegtrfcofisted viay the

| am nati ng several layers of material wthout the el ectrodes connected
thereto. externathelestrodes méfA apd 16B feeematcapnly ah&lectia fialdaeoss thee

o ems FREEE B e ARRE AR RABROR By HaBaBC BB i
arrangeg i gﬁ%iﬁmraﬁﬁsmg, An internal el ectrode 34 is provided

bet ween ea pair of jacent piezoelectric |layers 32. The
pi ezoel ectric |layers 32 define a body 36 having ends 38A and 38B and upper

d | : - 40 i vel ; | hQd
34 ar o ar IO S ARVERYRIIBR T 168, are ypiccl SORTERNY) LPelng S:

ext endi ng kevéreisRes oBhatad wibut theaslegirb@ssednhmertatinereto. An ext er nal
el ectrode 42A and 42B is provided at each of the ends 38A and 38B

respectively. The external electrodes 42A and 42B el ectrically connect the

i nternal ehpetdRESSIMEht OF HRNIVEALGP id SOVt FPRAIrEVE TRE editfbdrenBRlates to
Further, el ectrodes 44A and 44B are provi ded on the upper and | ower

surfaces 2@ trangversad reEe mespéthic valllayahpiezioetactrici @stupier AhM-MMEA) 80 n
de, 42A, The el eét r.odes ,44A

el ectrical contact ith.the external electr d
ona 4ai 0y GOMBI R Pigzablectic, Byera Be AN BRIGITN SATHITEE MRy, A e e
arrangenen €q) I i agﬂ;&%' i | r4ml
el ectr odesteé(%trgg%a%% 2% ?{rg\ﬁ{jﬁg %@%?ﬁ%@gﬁﬂk%n 4 éﬁl ﬂwi%érleeétﬂg rlléﬁygécrt§ e;,(rjgat o]
t he ext er nahegbiezdelocteic4aydrs 32 define a body 36 having ends 38A and 38B and upper

and lower surfaces 40A and 40B respectively.

The internal electrodes 34 are arranged in an inter-digital manner with adjacent
15 electrodes 34 extending to the ends 38A and 38B in an alternating manner. An
external electrode 42A and 42B is provided at each of the ends 38A and 38B
respectively. The external electrodes 42A and 42B electrically connect the

internal electrodes 34 extending to the respective end 38A or 38B.

Further, electrodes 44A and 44B are provided on the upper and lower surfaces
20 40A and 40B, respectively. The electrodes 44A and 44B are in electrical contact
with the external electrode 42A. The electrodes 44A and 44B are formed in a
consistent manner with the inter-digital arrangement of the internal electrodes 34.
Accordingly, the internal electrodes 34 adjacent to the elecirodes 44A and 44B

are connected to the external electrode 42B.

25 Conveniently, an electric field can be applied to the actuator 30 via the external
electrode 42B and any one of the electrodes 44A or 44B or the external electrode
42A.



25 Conveniently, an electric field can be applied to the actuator 30 via

t he external el ectrode 42B and any one of the el ectrodes 44A or 44B or
t he external el ectrode 42A.

- 10 - Each end 38A and 38B is covered by a protective |ayer 46 forned
from hard, ceramics material. Each protective |layer 46 covers the
correspondi ng external el ectrode 42AMm+ 42B. The protective |ayers 46
are attached to the el ectrode 42A and 42B by an epoxy. 5 The upper

and | over gyfacks S@Aaﬁg%é@% 2oPefR By &l prdtbbtiva 18len st forhiye frofB hard,

The elastic layer 48 Is forned froma relatively soft, insulating materi al
and cover s ceramils| mekdrial naf achu pfatestivenfayenelthoaers shaotoreespengding gxiereal
protective | ayers -46.

Th f | asti 48 i
t r ansver se SRGMdeLARRF 48P t-HéeeBgﬁgdo .I%pﬂ'% atqc)ﬁ{tgé%rq 19 egélg%%ﬁ?%e 42A

mat eri al &?% t the |l ayers 48, transverse expansion 10 and
contracti\gﬁe{ngf gyt?g‘dé)) %g'woul d be opposed by the rigid structure of the

| ayers 48. As a result, the actuator 30 exhibits greater displacenent in

t he rangsverse direction f : paoaler] own
infi gur% gl,[]we ”pp?rh%n(ﬁfoﬁq%rc?q%%lga%/@taﬂg 4&@’% %@eﬁa@g@ﬁféﬁat t aig%géli %@'a
fixed surfagf efdstic layeMasisoered fiermParalatiesly soitl frsaatinl mbterial ahd covers

| ayer 46 at the end ¥8A 15 becones the displacenent surface. Thi s

ar r angenentali axtpenal sudaces of the bodyddGineherusuied Rvdhe paotestye layersbSor a

uni pol ar AC voltage is applied to the actuator 30. In this
arrangenent, the ground signal fromthe electric source is connect ed
to the el ecTheodes of4A slasticlaperds pehuite rnpsyarse clisplacardent afzheksidys36. In

the positive voltage fromthe signal spurce i onnec to the external
el ectrode 20@pntegsg, iT pidichmataaainuere Y3rd 19olomm; ®8ﬁ§$$r§a%§ggrwge§gn el arb

bei i _ O s i
R

t he act uat or escri tged as’b
powder are layefs #8t @ ai relith)thei adtogtopi 3 exhibitsr gregiedapiacanéntain the
organi c vehicle and are then tape-casted into green sheets. After drying,
the 25 gr cleansyesee dirgetiorpihasrbat phikM-MMRAnlu e’BP@‘é'@%erBfShQWﬁ‘r'BJ‘rgiug? g
sizes. An int er.nal eGir LS [ d..o0 fac hegt s.
The rect angmealpr%}legg\é% Ia%r g'gr ggﬁn%neﬁgmﬁﬁr‘%|gdgg%§ﬁ%§é§>e§nﬁ>é eeétdm\;ﬁct%h§8f an
el ectrode pyhBfRboPNthd DuUseHMcesurface of Sh@lcfmﬁttioé lagpr 4Bhet |thei ead e3BA

Y

sheets are then pressed into a conpacted bo ) .

15 becomes the displacement surface. This arrangement is particularly
advantageous where a positive DC or a unipolar AC voltage is applied to the
actuator 30. In this arrangement, the ground signal from the electric source is
connected to the electrodes 44A and 44B and the external electrodes 42, whilst
the positive voltage from the signal source is connected to the external electrode

20 42B. In this manner, the positive voltages are confined to being close to the fixed

surface 50.

The fabricating process of the actuator 30 is described as below: slurries of
piezoelectric powder are at first obtained by mixing piezoelectric powders with an
organic vehicle and are then tape-casted into green sheets. After drying, the
25 green sheets are punched into rectangular pieces of appropriate sizes. An
internal electrode is printed on one surface of the sheets. The rectangular pieces
are then laminated and a green sheet without an electrode printed on its surfaces

is placed on top. The laminated sheets are then pressed into a compacted body



under a high pressure, whereupon a nmultilayer body with an even nunber of

| ayers i s obtained. The thickness of each layer is the sane, and the
internal electrodes are arranged inan interdigital form On the
surface of the top and bottom |l ayer, which face to 5 the outside of the
actuator, netal electrodes are prepared. A |layer of elastic, i nsul ating
material is then forned on the netal el_egtrodes, which should not

hi nder the transversal novenent of the TM MWPA. The ends of the body

are then covered by a hard material , such ceram.cs..0 C

prot ect i ve“f‘a%ra. R%@I PitrStie WIPEUPRPe? rgaﬁlf;ayleg bg)c i \'/t}e‘darl‘)yevceg]nhléc |errlgOft he
10 externqaéye(f.% fepaffedt2A and 42B to the earth and the positive voltage of
a poling el ectric source, respectively. Al of the layers, including
the top and bottom | ayers are then piezoelectric response. In the

racti cal rd I i I i I b
e She T GANEHor BELH et IncBiing B0 o SetiRomEdanaBsy, O

be 15 dempmanripterdigital forr@n s sudatd ef the &ip apddatfonplamrewbitr face to
actuators and the LM MWA: the soft and hard |pi ezoel ect]ri c r?at erj[_al
chosen & et Czitsidg Naf2the) actpgtor, metapelsgirpdessrg. PIEPAIES A IR0t elastic

(PZN- PZ-PT.__with OVSKi t -
(Ba0. 65Pp0. migln N&%gégﬁ% "&%} 11’8'%{{%%&89‘% ﬁﬁ%qvﬁ'?%trqduensgs‘{‘"é'r?hs?%%"élg not
struct ur e) hinder thé SERRIEIEE Mbvemdrt ofttisd TVEKMMIBAL enper at ure of about

1270[err] C and 1140[err]C, 20 respectively. The slurry of
pi ezoel ectric powders with the organic vehicle is in the weight ratio (

the solid Cﬁé‘@h&é/of%g@%b éfgt}héh%vgﬁstgﬂ@g% RErBMiatdfl 28uctt Be derhdideaio

el ectrode adopted i s Ag- Au an g-Pd paste for fornmer and latter
mat eri al , raz$peqirotedtiye layer. Poliantrecmedtilayetybddy istachiemad by canneeiing Heur e

range of 50-100[err] C under, a 25 essure twe 20- 5 nd Ag paste is
used aslQ heexdsangt ﬁlﬁCtré’Hﬁc‘lg%éééa‘}ﬁ to the Péﬁﬁiarnéﬁ{hﬂ p%@%?’ Pﬁ@? 6’9€e?°|ﬂ9
external el getitiodice, respectively. All of the layers, including the top and bottom layers

are then piezoelectric response.

In the practical fabrication, both a soft and a hard piezoelectric material may be
used. The transversal displacement properties of the present TM-MMPA will be
15 demonstrated by comparison to the first type of piezoelectric actuators and the
LM-MMPA: the soft and hard piezoelectric material chosen are Pb(Zn;3Nby3)o 25.
0.30270.35.040 03003503 (PZN-PZ-PT  with  Perovskite  structure) and
(Bag 65Pbo 35)4.5(Nag gslio 12)1.oNDb10030 (PBNN with Tungsten Bronze structure),
respectively, with a sintering temperature of about 1270°C and 1140°C,

20 respectively.

The slurry of piezoelectric powders with the organic vehicle is in the weight ratio (
the solid ceramics/ organic vehicle) between 65-80 : 35-20, the internal electrode
adopted is Ag-Pd-Au and Ag-Pd paste for former and latter material, respectively.
A compacted body is obtained in a temperature range of 50-100°C under a
25 pressure between 20-50MP, and Ag paste is used as the external electrode and

is fired at 650°C to get Ag external electrodes.



- 12- The size of the PZN-PZ-PT TM MVWPA used in the exanple is as

fol l ows: the length is 8.5mm the active area is 2.1 x 1.5mm the | ayer
thi ckness is about 0. 105mm and so piezoelectric |layers are used. The
size and | ayer thickness of t he PZN-PZ-PT LM MWPA are the sanme as these

of the PZN PZ- PT TM MWPA, 5 respectlveI% but only 16 active piezoelectric
| ayers are able to be accommobdat ed thi S Si ze because of the presence

of the inactive layers. The size of the f e of the N-PZ PT
pi ezoel ectric Dae S@@théh@PZ%PchBTérMAMEAt%ﬁd I@fth¢raxamplem

plezoelect I c . bar .thick 1,S ( l.ect

per pendi cu 9”} & #h%[lhggg %‘ftplgc"f]re@n 21 % {%ﬂ{?ﬁ ﬁ‘%{) a%&'ﬁ tﬁ&ERIRFS 's about
pi ezoel ect §i1@56fH2BHE So bl@QoélbéﬁlcOIEyéFseaﬁBh@éJ NFidVE&eused layer thitkhéss of
exanple is: the length is 12nm the active area is 2.0x

tT E' ckness the azuu?zwmmmMaAcarenbemmmasdhew ek the BZNrﬁng}BJM MMéAw

e size a t f, th PBNN LM MVPA

of PEANS oSPRERNER, Bl IB Sve Pty 1AV Hi bt b BepaTEnied o
be accomogajs %si‘z’% bbBaiidy 8f ﬁﬂezﬁreéerh%esdfzt%eoif\a&m fdyepd. Th@sizef oPﬁié'\'ﬂrst

pi ezoel ectric bar actuator 1s sanme as that ‘of TM MVWPA
pi ezoel ect type bfithé RZNREPTi pie2oblectricebec tactutdsr is the sanfeads &taé Of T™M-

di

Dot b act uaMMBATCIE (PBHABRICARAT IS8 ol EOT c electiodk aIEe, Fhe
transversa Ais 2[err]3 tinmes |arger than 20
that of th Wgﬂﬁr‘th%%hgggmrmm the LM MVWPA have the sane

aﬁplie? electric field or voltage, and reaches a conparable displacenment to
that o r e _of u . t t tSbqt ype
of act Jé)t or haEBF E’bmggegrﬁglegmﬁ ﬁ?%%@%;gﬁ?s%%f #(\aﬂhgl\@ é]\lw}ﬁMrr@gﬂnﬁsAtu t he
appl i ed vold{ age Rhnidle id:Mhe lengthiVéPAomen, Sthenadtiveadvehayisl 2.088. (InlnantﬁéWéyevf

the first type of actuator (in the present 25 case the appl i ed_vol t ages
for the PZMiBRhe%E andb@BI\INWMTWPan@ﬁbeabmher of piezpglechiiedlayersisof 8¢ Wg

vol tage appli ed rst t S vel
Ther ef or e, St4fe? ’E)cg ?h ?‘kfﬂ%élﬁytﬂg @%’W‘M&"Wg { %?%%r?ss tlhgagiolf.Pr%ﬂN
transversakyy MMPWqQ?géﬁlggchWBEIyw4 BleEQ@%Etrerbyéﬁgcd(% bagrzohthddated
exi sting transver sal activators.
15 in this size; the size of the first type of PBNN piezoelectric bar actuator is the
same as that of TM-MMPA, the piezoelectric bar thickness is 2.0mm (electrodes

surface are perpendicular to thickness direction).

The results show that for both actuators made from soft and hard piezoelectric
materials, the transversal displacement of the TM-MMPA is 2~3 times larger than

20 that of the LM-MMPA when the TM-MMPA and the LM-MMPA have the same
applied electric field or voltage, and reaches a comparable displacement to that of
the first type of actuator when the TM-MMPA and the first type of actuator have
the same applied electric field, which means that the applied voltage of the TM-
MMPA is significantly lower than that of the first type of actuator (in the present

25 case the applied voltages for the PZN-PN-PT and PBNN TM-MMPA are about
1/14 and 1/12 of the voltage applied to the first type actuator, respectively).

Therefore, the present TM-MMPA is suitable for applications requiring transversal
mode displacement with lower driving voltages than existing transversal mode bar

activators.



- 13- CLAI M5 1. A transversal
node pi ezoel ectric actuator, conprising: a plurality of |ayers of

pi ezoel ectric material arranged in a |am nated manner to define a body
havi ng end surfaces and upper and | ower surfaces; an el ectrode provided 5
bet ween each pair of adjacent |ayers and on the upper surface and | ower
surface of the body; adjacent el ectrodest&rranged to produce an electric

field t her ebet ween; a protective | ayer provided on at |east one end
of the body; and a | ayer of elGsAlMS material provided on the upper
and | ower surfaces of t he body. 10 2. An actuator as clainmed in
claim1, wherein the electrodes are provided in an I nterdigital
arrangenent, wit h_adj I : ' | of
the body " 1- A FaSh R haRliah - SRS HeB AR S A0 B ERY o fayers of

el ectrodes at |&RHc amaterial arrangéPmegtighinaied wammen tel defind @albody
potenti al . 5 4. An actuator as clainmed in claim2, wherein electr oges
on the upper davingwed surfaces and wppge @ndofowareswiRfesadd elegHage ovige

el ectrodes at ,one end of the hody. 5, An a [ |
cl ai m 4,2 wher @W?ﬁpoe%p@ﬁcf’t*c%%?‘é%rﬂ}olﬁagrwmnqrhg%éj%tp%r %ﬁg#gp&[@gy&n&
surface of the aglalfdhe body; adjabentBledfbdéd afraf§eé t@pfdlidenar keidomid field
wherein said protective layér I's formed 20 froma rigid material .

7. An act uat orthershetweendai protdclivenl8yempravided eaial leagl enenenel phiheg body;
cerami cs

terial ) 8 An. t | ai ' '
wherei n a protad a\rﬁgygébgglqsgcrmgtﬁr@ggrquhgg on the 3@%$h§iﬁgw%¢s%%de§0#y'
the body.

10 2. An actuator as claimed in claim 1, wherein the electrodes are provided in an
interdigital arrangement with adjacent electrodes extending to opposing ends
of the body.

3. An actuator as claimed in claim 2, wherein the electrodes at each end are

connected to a common electrical potential.

15 4. An actuator as claimed in claim 2, wherein electrodes on the upper and lower

surfaces of the body are connected to electrodes at one end of the body.

5. An actuator as claimed in claim 4, wherein said one end corresponds with the

displacement surface of the actuator.

6. An actuator as claimed in claim 1, wherein said protective layer is formed

20 from a rigid material.

7. An actuator as claimed in claim 6, wherein said rigid material is a ceramics

material.

8. An actuator as claimed in claim 1, wherein a protective layer is provided on
both ends of the body.

gy



- 14 - 9. An actuator as clainmed in claim1, wherein said | ayer of
elastic material is formed on all surfaces of the body other than

t he ends thereof. 10. An actuator as clainmed in claim1, wherein said
| ayer of elastic material is formed froman insulating material .

5 11. An actuator as clained in clai mi wherein there are an even nunber
of | ayers of piezoelectric nat ZFl'al. 12. An actuator as
clainmed in claim1l, wherein said | ayers of piezoelectric ] mat eri al
are formed-f rdmagtiaipeasrdaimedin giinmal ewharein said layerof alastie nyaiepal is

clainmed in claim?il, rein sai lLezoel.ect.ri teril | Sceither 10
oo e P or TBRRRE o HIPS S ALA IR PRSI bAf I KBRS theredty 13, wherein
said electrodes are forned from Ag- Pd- Au or Ag-Pd for the

pi ezoel ectrjic, material s PZN PZ- PT

- d PBNN, . ] i.vely. . ..
5 A act it AR BlRtp AsamEd iy AIT Tohbeein sald dowredt peatis matsvebisy on

the 15 PREH R dnanEIafiNgG fafssai0f the body are formed from Ag.

16. A method tor producing a transversal node piezoel ectric actuator,
conpri sing the steps of: producing a plurality
of layefs of Rheﬂﬁétﬁ?téé EP%ESriha&aﬁM,%%ﬂe% Here are an_even numbBél of

el ectrode on one Surtace of each |ayer; arrangi ng sard
layers in a |jayeradigsler®elbetic material. cofiring said |ayers to
forma nonolithic body; provi di ng el ectrodes on the upper

and | ower surfaces of the body;
12. An actuator as claimed in claim 1, wherein said layers of piezoelectric

material are formed from an electrostrictive material.

13. An actuator as claimed in claim 1, wherein said piezoelectric material is either
10 PZN-PZ-PT or PBNN.

14. An actuator as claimed in claim 13, wherein said electrodes are formed from
Ag-Pd-Au or Ag-Pd for the piezoelectric materials PZN-PZ-PT and PBNN,

respectively.

15. An actuator as claimed in claim 1, wherein said electrodes provided on the

15 upper and lower surfaces of the body are formed from Ag.

16. A method for producing a transversal mode piezoelectric actuator, comprising

the steps of:

producing a plurality of layers of piezoelectric material and providing

an electrode on one surface of each layer;
20 arranging said layers in a laminated manner;
cofiring said layers to form a monolithic body;

providing electrodes on the upper and lower surfaces of the body;

U0



- 15- providing a |layer of elastic material on the upper
and | ower surfaces of the body to cover the el ectrodes;
providing a protective |layer on the ends of the body. 17. A method as
claimed in claim116, wherein the plurality of layers are produced 5

usi ng a tape-casting process. 18. A method as clained in claiml16,
wherein said step of arranging the pluralli&y of layers of

pi ezoel ectric material includes the step of providing a | ayer of

pi ezoel ectric nat eri{)&bvid\hb@lafyeﬁbféla@ﬂtIhﬁaieri@lrcﬁrvﬂ’fbadppbérw@mwemfmfabgstdﬂe _
upper and | ower surfaces of the body do not have el ectrodes thereon during

10 the step of &k8 bpdntp cover the electrofesit hod as claimed in claim 16,
wherein before cofiring, said | am nated | ayers are cut into
appropriate sizes at a tenperature of 50-100[err] C 20. A nmethod as

clai med in cl ai m 16 prewidingi nprdéctiviedagesontherands obithedvady. or ned

from PZN- PZ- PT and said el ectrodes are fornmed of Ag-Pd-Au, said step of 15
cofiring being perforned at a tenperature of substantially 1270[err]C.

21. A met hod7a# mietihaodkds iciaimedi imclfim v8\exieereirsthiedplueslity of alyersmber piduaed

f or med from PBNN, and said el ectrodes are fornmed of Ag-Pd and said
step of ° using,? taRergastinGRIOCEF$ed at a tenperature of substantially
1140[err] C 22. A nmethod as clained in claim 16, wherein said step
of providing el ectrodes 20 on upper and | ower surfaces of the body

i ncl udes t hd8stfemetbed psslaimetginagiaim 16, whereig sgith stepoel arsanping pee phuality

| ower surfaces d firing at 650[err]C. . . A nethod as_cl ajned in
ol m 16, wher Srevars of BsZbel By Matsipldnelupps dbe SeBTor BiovRig AL 1aTRY o
i ncludes the st qHledhiehdidha] AdtHRRE 4h VedtitRicCPANI®d therdbAdYwhdteby the
formexternal electrodes upon firing.

upper and lower surfaces of the body do not have electrodes thereon during

10 the step of cofiring.

19. A method as claimed in claim 16, wherein before cofiring, said laminated

layers are cut into appropriate sizes at a temperature of 50-100° C.

20. A method as claimed in claim 16, wherein said layers of material are formed
from PZN-PZ-PT and said electrodes are formed of Ag-Pd-Au, said step of

15 cofiring being performed at a temperature of substantially 1270°C.

21. A method as claimed in claim 16, wherein said layers of material are formed
from PBNN, and said electrodes are formed of Ag-Pd and said step of

cofiring is performed at a temperature of substantially 1140°C.

22. A method as claimed in claim 16, wherein said step of providing electrodes
20 on upper and lower surfaces of the body includes the steps of providing an

Ag paste on said upper and lower surfaces and firing at 650°C.

23. A method as claimed in claim 16, wherein the step of providing electrodes

further includes the step of providing Ag paste on the ends of the body to

NGy

form external electrodes upon firing.



- 16- 24. A nmethod as clained in claim23, wherein the el ectrodes on
t he upper and | ower surfaces are connected to the external

el ectrode on one end of the body. 25. A nmethod as clained in
claim 16, wherein the electrodes are arranged in an 5 i nterdigital
form wth adjacent el ectrodes extending to opposite ends of the

body. 26. A nmethod as clainmed in claim24, wherein said nethod
further includes the step of poling said body, conprising the
steps of connecting the el ectrodes -16-o0n the upper and | ower surface
and the external electrode connected 10 therewith to the earth of an

el ectri cal %QPW%etﬁcgt? a%oélgﬁg%d M clilR 24 Rferein the elec%ﬁ%i’&a{e%rﬂéogﬁgépgﬁdt 0

t he positive output sal ectrical source.

claimed in clalow@tsurdbegsiare tchenstieg tf theokkiegnalcelecodd taar ohbeend of the
step of providing the protective |layer and the |ayer of elastic material.
28. A method a®%8¥aimed in claim16, wherein the step of providing the

| ayer of 15 el astic material conprises providing said |ayer on all
surfaces other than the _ ends of the body. 29. A nethod as
cl ai med in PaiArimedhodvesralaimesl inceleisa (16, wheveinrthe el¢etrodes arecarranged in an

place of 5! ezo%t%%igrﬂtézl frcg‘rartn?{/\}it%l adjacent electrodes extending to opposite ends of the
body.

26. A method as claimed in claim 24, wherein said method further includes the
step of poling said body, comprising the steps of connecting the electrodes
on the upper and lower surface and the external electrode connected

10 therewith to the earth of an electrical source, and connecting the other

external electrode to the positive output of said electrical source.

27. A method as claimed in claim 26, wherein the step of poling occurs after the

step of providing the protective layer and the layer of elastic material.

28. A method as claimed in claim 16, wherein the step of providing the layer of
15 elastic material comprises providing said layer on all surfaces other than the

ends of the body.

29. A method as claimed in claim 16, wherein electrostrictive material is used in

place of piezoelectric material.

I



