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principle, a torsional actuator can be regarded as a conbi nati on of two

adj acent piezo-electric bending actuators which are interconnected and

whi ch conprise  The inventionrelates trje sorsipgalsacntescas descifipednindhe PH- t he
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in the PCT Patent Application . WD 89/ 02658, said, actuator being
bui | t upigsdlyseemed spciangnlag rear surface whose,dimengions gy ﬁeméss@ tbptlei ¢ and

pi ezo- e't@@fo@%?go@éé?&@fstﬂlﬁé—aﬁiﬁgﬁgﬁﬁgi&%&l%hfeatﬁg (!Jtélp Into operation, the sfel uat ors

is subje ai n‘con ecause t s or torques which can
be opposite toghe eipiliy decareed side is tswisted abotit dtsjongitmdinal axis shmlugh tieave a
preferred directi?n I n the plane of the layer, which preferred
di r e?i FAXBURANELS f W10 conpl i cat ed def ormations with
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few | ayers the overall quantity of material can be active,
so t hat atijacerftriezpseledinic herekimg #ctuators which are intrroenmetted aad whislpeamprise vol une
are rel %{eic%/rgliéls. strg?sliéxi occurs when one of the bending actuators is bent in an upward

direction while the other bending actuator is bent in a downward direction.

15 This basic construction is known from U.S. Patent 4,233,637 in which a
simple, cuboidal, single and dual layer bimorphous arrangement is described which can
be used as a torsional actuator as well as a bending actuator. This simple bimorphous
torsional actuator has the disadvantage that the large layer thicknesses require very high
control voltages.

20 A further actuator is described in the PCT Patent Application having the
international publication no. WO 89/02658, said actuator being built up of piezo-electric
polymer foils whose elastic and piezo-electric properties are such that their use for
actuators is subject to certain conditions, because the forces or torques which can be
generated are very small. The polymer foils also have a preferred direction in the plane

25 of the layer, which preferred direction is used to attain complicated deformations with
simple undivided electrodes. However, only a part of the material or only a few layers
of the overall quantity of material can be active, so that the forces which can be
generated at a specific volume are relatively small.
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Fobj ect of the invention to provide a torsional actuator of a
onstruction which already exhibits a | arge angle of torsion at
ntrol voltages, which can suitably be used in the field of nachine
and/or to control video heads, and which can be manufactured at |ow
Fn a BHAD@3el4tnuf act uri ng process. 2 The pl at 464181994
'onal actuator in accordance with the invention is basically

actured from alnisranldbjdet of tiieankemionpb Praovidd edonsionalcastuatorcofam diniple

ro¥ided with i nner el.ect rodes xtern ad,.cont ac t i ch control
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by smal | \anHtvelijels pambdmahefatmmﬁ airlaw cast imet simpdeamabefacusitlg procesposi ti oni ng

el enment _in the fiel ne tools or t rol.vjdeo. heads (track
fol | ow ﬁg systen). %ﬂgg%aﬁe ‘W‘{ progafer gi?gf\cr)glt“ﬁé’hlelc{)ﬁeﬁhfsg?

Appl i cat i QRcoaftd/ Wigb ek xf&&ﬁ q,gsth@ RRAradeiiting Qéatdu@s € m&ﬂﬁpc&mm him

i nvention can, for exanple enérate relatively |arge forces or torques

| n accor dahmmevhodmfanmlfaonmngaxaubtdmdmmntuawﬁ, thisobjestds athiayedsby theer or
upper outef el ectro can ?m ded in addition to the inner el ectrodes,
sai d out e~ AALETIZDg Jegutes d at a distance fromthe outer edge of
the rel evant pi ezo- Aligsitidebud EnBodimeats oF The frivestidriare HeSdritRUGh the e

advant ageously, a section is provided which extends as far as the outer
edge of0t Kdaipisezo-el ectric | ayer, where said section can brlng t hese

el ectrodes i nto contac ou her ct a ecific
manner. In accor_olani-ﬁe *gd%ﬁ%’?ﬁf”a%ﬂa‘%%é‘i‘a‘:"c"é @g%Q\ﬁxﬁxa %‘?‘3‘5 i¥hed vi a
head cont %ﬁ&iéal%hﬁﬁhf%t@reﬁ@&(ﬁﬁ @l thomodithia st dﬂbxéﬂbeelé&fis lcémﬁhc aad upteast and

whi ch enable a’contact to be established such that a twi sting of the

t or si onal previdesk with dmneu electradasangi exteanal diead gprtacts to whighreamtrof yoltages are
alter natlvs possi bl e that the outer electrodes totally cover the |ayers.
In such af % ant ageous enbodi nent, the contact surfaces can be

el ectrigally separ aBy-‘d'lrhfeCUﬂthéWadteEdt il invBstiveciossidgl asemer @‘c@éasﬁ'@&e@3§d
portion.

a multilayer actuator, the following advantages are attained: large angles of torsion can
be generated by small voltages, and the torsional actuator can be used as a positioning
element in the field of machine tools or to control video heads (track following system).
In comparison with the above-mentioned Patent Application WO-89/02658, the torsional

20 actuétor in accordance with the invention can, for example, generate relatively large
forces or torques.

In accordance with a particular embodiment of the invention, a lower or
upper outer electrode can beT provided in addition to the inner electrodes, said outer
electrode being arranged at a distance from the outer edge of the relevant piezo-electric

25 layer. To contact said outer electrodes, advantageously, a section is provided which
extends as far as the outer edge of the piezo-electric layer, where said section can bring
these electrodes into contact, groupwise, with other electrodes in a specific manner. In’
accordance with the invention, said contacts are established via head contacts which are
laterally arranged on the torsional actuator and which enable a contact to be established

30 such that a twisting of the torsional actuator about its longitudinal axis is obtained. It is
alternatively possible that the outer electrodes totally cover the layers. In such an
advantageous embodiment, the contact surfaces can be electrically separated from the

rest of the edge by means of a recessed portion. ' - -
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Pof imaginary centre lines, the end fiaafedfiadiieh Repheiudal torsional

fF cant be divided into four quadrants o i yst em of
fates. In accordance with the invention lm rs when the
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Sur pri si ngthyrebétwebn beingesachi ¢han they trespdndetorthe voltdges adquited thyothe elevagponds
quite accurately to the experinments carried out, so that the geonetry of
the torlei oWt uator which i s cuboidal, per se, can be optimized in a
very advant ageous nmeRj il eaetesmned
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0.9. invention, it is alternatively possible to provide also the lower and upper external

-

surfaces with electrodes which activate the underlying piezo-electric ceramic layer and
which serve as an electric shield, provided that said electrodes are at the reference
25 voltage.

Surprisingly, it has been found that a theoretical calculation corresponds
quite accurately to the experiments carried out, so that the geometry of the torsional
actuator which is cuboidal, per se, can be optimized in a very advantageous manner.
For example, starting out from a predetermined charge constant, the possible angle of

30 torsion increases as the thickness or height decreases. However, infer alia, stability
limits have been defined. Surprisingly, it has been found that the ratio of the greatest
length to half the width of the torsional actuator should advantageously range between 1

and 3. If, however, on the basis of constructional data for the area where the actuator is



® to'inprove the angle of torsion byFlE‘jl he basic
Bul ar shape of the torsional actuator.

ance with a particul ar enbodi nent qf f_lar%\égitﬁﬁir is further
t
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horlzontal row. It is alternatively posSible to repéat the mask in the
verti cal dmfblcmednwlﬁdhelsrﬁgkﬁmu%tmm@rﬁwbél forrddeashkead| dogirol.y changed, for

le, b t at E fact luralit
of "t oo onal " act uat P eerie S FuishE oiARer oy ek ol RUAREN Be Shoed Pt e |
pl ace, forel@&?éﬂék@e?ﬁﬁe &Ubdst Oe@UiTRtgen sEReh @hﬁnﬂ%edxa@wtl ng lines. In this

process, the connection surfaces for the extern head contacts on the
partinglSsur f aces ar dnexperdense with the invention, a methediisr provided dhich requireuinber

ar r angemene STPRETE R e FIOF ReRe R RoSEy BRbarly soalibh slPiigion
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Al'so in thi S lﬂﬁli E%F‘ factured
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A di sadvant age of this second nask_ arrangenent, is the fact that owng to
the displ a@@fgﬁ‘i‘f layouhpre ysgd AR weeprm&mg @peratign theempgksymest bejexshangedy r ow
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C
contacts with the heaci1 contacts are est wever, the er ence
connect i onquestien issrepeast; rfor txangde athcee times in a horizontal row. It is alternatively

possible to repeat the mask in the vertical direction. The mask structure itself may be
25 slightly changed, for example, by rotation or mirroring. Following the manufacture of a

plurality of torsional actuators, the division into individual actuators can take place, for

example, by cutting along predetermined parting lines. In this process, the connection

surfaces for the external head contacts on the parting surfaces are exposed.

' In order to reduce the number of (three) time-consuming mask-exchange

30 operations of this first mask arrangement, a further embodiment of the inventive method

provides an arrangement in which only two masks are used which are employed in two

different positions each. Both positions are attained by moving the masks over half a

width dimension of the actuator after each printing operation. Also in this case, the



res two head contacts, which nust ﬁgb&@m@gg&me Afed

Fhnect ed. The invention w d in greater
Eby means of exenplary enbodinents and \I\* mﬂ; to the _
ﬁﬁﬁ%ﬁ\!\hflgs, i n which rspefst_bg{?gga ew
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el ectric contacting of an inventive tor5| onal actuator, Fi g.

4 i's a peresbeageaperation; ¥y disadvanpiagg of s $p5PRG Flaélééfrﬁﬁgﬁi‘l‘emﬁ thy fast that

i nventive rfpdes,
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act uat o5 imaskscor dance with the invention, Fig. 6 is a second

mask arr angenent for the manuf acture Qf a torsion [ nce
with the invention, PApRETY an'angeg connectign @reasie?sé‘r%gpb %\tﬁ o W, Q‘h?ﬁer 873%
actuat or inyafe rg%ﬁ‘ﬁﬁhéﬂeﬁh gw@:wrt H?erreg}t}%'dﬁﬁﬁécnon area is present twice dnd 1

shows a torsional actuator I'n accordance wth.the 1nvention having a
| engt h 11, henee ragmiénes éwlo hgad contacts) evhich rmulsasubaeqmen%be antexchnndctedss 12,
represented by 2w in,the fornul, and, a wi.dt h esented.b n the
fornul a. The centreq‘i‘g BYC"E‘H%W‘@:?F B@‘ﬂdﬂ@r? oqetﬂlﬂ {5283 855%/ "é%vmat or
10 al sqocoaMdditbRs ahd il defirtnde to 3hé AcbRphaying MedwilE e inGasERli nat es havi ng
the axes x[err], Xx[err] and x[err where " x[err] and x[err] are axes
extending in the holigohisd pcisp&euw viewaofia sdreiongl dctuator imacsordaresnwithgbe n
the vertical direction. The axis x[err] also constitutes the central
| ongi t udi MdY*®¥Pt or si onal axis 16 of the torsional actuator 10. The |argest
angl e of torsion 'nﬁ%dZise&HétﬂimoPiw@@éﬁtﬁhﬂéﬁPs bStheabRidar actudiér aleigﬁq si de
e

18 which is opposit o the side face 14, and said angl e of
6 torsi onnlasS¢@‘Hwé9médb®9d€mMYeﬁ$]axpﬁXiEH@ ¥sornul a. Said angle may be a

ext enadShet ween t he it Bt (Rt donll by iy Rpdepl S 1. Tefund . 1o
repr esent egediic Mta@ﬂgldfe.ﬁ) mwhﬂquoﬂgmalzmr centre lines 19 of the

twi sted torsional actuator 10 represented by dot - dash |i nes. The angl e of
torsion 17 shown coﬂ@s‘?p@rmaermcim nagin ERtoAwayt andrpartly seqtional. vieH QheBr 10,

the di r ecti ool o Bk O ALY Lofho @HREHi Y G BfeolblegP0l ari Ly of the

el ectrodes an pi"ezo- [fayers di fferent

polarity results inFig.tMssd fusﬂniabbaﬁmdnemﬁ the gidnafactire @f @hoisionab ame
angle 17. If the torsional actuator 10 is used, for exanple, for video-head
cont r 0RO @etuatprip @cgqrdange yyith heHpYRItioBol s, the side face 14 nust be

rigidly. Fig. 6 is a second mask arrangement for the manufacture of a torsional

—)-
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actuator in accordance with the invention, and
Fig. 7 is a top view of a torsional actuator in accordance with a further
embodiment.

25 Fig. 1 shows a torsional actuator 10 in accordance with the invention
having a length 11, represented by L in the formula, a height or thickness 12,
represented by 2w in the formula, and a width 13, represented by 2W in the formula.
The centre 15 of the rear side face 14 of the torsional actuator 10 also constitutes the
origin of a cartesian system of coordinates having the axes x,, x, and x,, where x, and

30 x, are axes extending in the horizontal direction and x, is an axis extending in the
vertical direction. The axis x, also constitutes the central longitudinal or torsional axis
16 of the torsional actuator 10. The largest angle of torsion in a direction of deflection

is referenced 17 on the side 18 which is opposite to the side face 14, and said angle of



fhed in the position shown in Fig. 1. Is noted, that the reverse

g operation, i.e. the torsional act uat’!(ﬂf;Sh&tH%Bem%dacaé a positioning
pit -but, for exanple, as a torque sensor, bl e.

B ensi ons of the cuboidal torsional actu ch that said
@At or | BHPI 98-8425haped. The side face 44 is |g| y provi ded. IH)@8.1994

t og&i onal actuator is not twi sted when no voltages are applied to the

gct r odestorsidn ishepryared by Twalim mevfmh-mmesmrmgtmmhyéad afewadegressi The

ofarization of the |layers 20, the torsmrk?Lig L ‘Fé s tw sted ab ut t he

axis x| er rifaleqtoy of:the é§glcaﬂfd1>’i§1°6‘f 1% shownsin eiRegen the mr

I.e. V\/ner h | rﬁ?reé t f t he
t or si onal %;81 I?Léfﬂlll tors10nal &ctuatog 16; i n@; su?gﬁ% déﬁ héiéhe'%(tgeis
x[err] ancben{re rlim}:s 19-of tis mnkteab tdryxpnalrdcmamrﬂl()rmpmented b cdm-dash Hnest The
coating_of t ecifi olarlzdp zo-cerapm.c | ayers 20 of

t hi ckneSs WY\D OF§t %??4‘9%“ E?’E?FPP t#‘?rﬁ‘?‘ﬁﬂ%g therar REMRIRT lboig .
mul ti | ayerq;Rengh o8 m%l ORRdh sesdé calSedCpiPh 3peisst ?aaﬁw@pmwecmaesasmal in
the piezo-ceramc layers 20 indicate a possjble direction of polarfzation.

I n princi mletri¢ {ayess d]sastmatmwdﬁfmmtmobmbr@@ltem aaWIsbptpdm oppodite ect i on
of polarizagtion i,n one, or nore pof adrant s f hor i zont al
and vert | CHection irough the samg an 1% Rgﬁ%e 2 t?ctgﬁoﬁg 1} ﬁ.?egr g?fa? %at or
10 does nby GlRABEadRGHrct] 6 Mk trikid HEmAGiAE oo, 'tﬁé‘ sidB acPY iRt BOHERYE
al so changes sign. The central electrode 22, which may be divided i A two
parts &6 \msmhnﬂhyl lﬂle pomtlonehw@mzl’xg dpAtisaneted, tthat th%r@feesmowpént | aI or
ground el ect

parts and °|R8‘Fi‘g S}t‘e %1‘@8 "& gtg.a{og%er;%é%e? Eg%ogitp@geeégﬁ CL“?’I ’lr?n as seen.

in cross- %R&xhblé”as Ih@rq&i@'s&x%@fislsla[sotﬂb@sﬁl@w quadrants which are the
potential s 7 applied

to the el ectrodes 2%he dispensions ofthe ‘F‘l‘?PtﬁabFRf@Gn@[aéNa}Of 19 mespeluthat s3idand

U d d 1A I
L] ARG 012 A BSOS BT e
pol ar i 18t ingfiiwistel Sehehmorvsingedea 1éd1td-_1ihl eleztroaw Ie,wver suftableol t ages

are selected to be Uerr] = err -Uerr] —Uerr‘]m Si nce the
def or mat i ¥akagespemapp 1eﬁevé|a|sye% c pRarigaioncefcilie layesp#®i thattprsional aqteater isg and

vol t ages. U Bt k0SS &) 2 RN ACORiof 17 eisofiha B EEX (R )

Uerr]. wherex =1. As nentioned in the opening paragraph, known
bi mor phous tor si onal act uators haye the disadvantage that their control

vol tages are very hFigh2d88 qressispetiqnal yiew of tbe t@ﬂﬁ%"@ﬁh@é‘éatms&(? shewgmin Big.

vol t ag Sonal P cunvent ed
by t heZomAtThaPlS SRERAR byicaes iPand %, Tl gRARKRD, S5 £ Bindih W}
accor dancehown, . 4. lthe coatingtofteotspecificaiyl palarizedtpiezolérathizslagars 129 dfthe

monol i t hi ¢ bl ock of
thickness t. The transition from this bimorphous bending element to a multilayer

bending element will be explained hereinbelow. The arrows 21 in the piezo-ceramic
layers 20 indicate a possible direction of polarization. In principle, it is alternatively

25 possible to select an opposite direction of polarization in one or more of the quadrants
formed by the centre lines 19, 39. The behaviour of the torsional actuator 10 does not
change when along with the polarization the applied voltage also changes sign. The
central electrode 22 which may be divided into two parts or which may be in one piece,
represents the reference electrode. The other electrodes 23, however, are divided in two

30 and hence do not electrically project above the axis x,. The voltages in the four
quadrants or the potentials applied to the electrodes 23 are referenced Uy, U,, U, and U,
and determine the deformation of the torsional actuator.

A twisting in accordance with the invention takes place when, at specific
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contact 30,aceordanskekith ticinpéntivs tamstomelcactantorl () dasicallyn ts&tnoaghﬂmtbloslané

I NCi | i to th ht .hal f of the diff t th
Pead oo a BHez s ctsamic pitmertis e alerBo 22 Andch3. Jbolh ol labl & "
contact 32 wafpis B8 coRibAGRE Y cdrii@1 WeREbeehinsT is 23tablished via head contacts 30

Fig. 4 is a perspective and partly cut-away view of the internal
const ruct i ¢¢34f(saenkigt 4).si onal actuator 10 in accordance with the invention.

The five head contacts 30.up t 4.are ¢ earl I si bl e: tact
corresponds to the r%&%ﬁ?{?ﬁ“éﬁ%ﬁﬁ‘%%‘ﬁb%ﬁ ﬂiq%e_aﬁlcogﬁats;%gg) %‘gEY é‘&a"ggfi n
Fig. 3. Thq digaemenit %Qéss-%éctfoﬁﬂl ﬁé@rtsfSa lage of ¥ brsRas! ddheitéd 10 ihacchfisice
contact 32 represents voltage Uerr] e head contact 33 represents t he

vol t age 1) avith Figad. Emchmlanp ts mﬂe@hy thepaxes &nfird kh el hedpiezayeleciris rcqarr;nrhe
Fj 4
Shows. severer ) ol EptePtAbd B maBRlid ik ahdshe et (8L Rkl DoTarficns e TC, |

possi bl e t gepieentearty dickf sl Iithdiitisrottethe ifite elecabded 2D aas 28 Otheacdisimal 0 t he
head contact 30 are not divided in the mddle since this IS not required

for their RGHAYT 1P FGMPYINGS Qich elecirqdshdft vieh arepmaected fohtherhead glsetrogds)
of the actygt gh Iife '%Q&ﬁ(ﬁe%% 48 atéaeco‘aﬁ?&%&@‘&:t@%acgéne od@?3@"Phd fhobhe | over

hal f of sai tuato are connec contact 34 or 33. It

is furtper e&&&mdzz anmzﬂ:slﬂ)wxﬂnt thatleft agifiof Fig. Bnafehwnhected) ndewed frotrothiehe

rel evant head contacts, the_el ectrodes 22 and 23 are not _| ed outwards.
bottom to the top of the Figure, in the following manner: electrode 23 is connected to

¢

head contact 33, electrode 22 is connected to head contact 30, electrode 23 is connected
to head contact 33, electrode 22 is connected to head contact 30, electrode 23 is
connected to head contact 33, electrode 22 is connected to head contact 30, electrode 23

25 is connected to head contact 32, electrode 22 is connected to head contact 30, electrode
23 is connected to head contact 32, electrode 22 is connected to head contact 30, and
electrode 23 is connected to head contact 32. The same principle applies to the right
half of Fig. 3, with this difference that the head contact 33 must be replaced by the
head contact 34 and the head contact 32 must be replaced by the head contact 31.

30 Fig. 4 is a perspective and partly cut-away view of the internal
construction of the torsional actuator 10 in accordance with the invention. The five head
contacts 30 up to 34 are clearly visible; head contact 30 corresponds to the reference

electrode 22 in Fig. 1 and head contact 30 in Fig. 3. The head contact 31 represents the
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The s

boun “faces of the torsional actuator 10 t Has BeemReplbclo not conpri se
addi t el ectrodes 24, as shown in Fig. , the top
cerarffc |l ayer or bottom ceramc |ayer 20 do te to the

n ef ¥EBDt93-HBwvever, the torsion ef f&ct can be enhanced by6mgowgdi ng
addi i onal electrodes 24, both at the top and the bottom whi ch
el ect r odesvodtage 1, the headneathct B2t reprekents thedvaltage Bt thethead conthet Itcrepresendsact

S0t £i ot xatirke O ad e Bead comact 33 st e orage £ Mhe boFublon of 10
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ratio, d[ qbf thelrSfubbforEha MR divided findh bleBroded 23MMItRE h?ﬂ»erélﬂﬁ' o€l @€ fabtuator

Klerr]/(I-Klerr]), wherein Klerr] is theg(gl.anar coug mg .
9  coef f @reponnepted do e héad ontapt 3 hor 32 iand inc the Iowen balfiiof seid ipgtuataartBevf thi s

expression. At _a eci fic.chajge,on t. r . . e, L7 . will

i ncrease WY ﬁ°‘H’§8ﬁ¢§§%?’??gf‘%aﬂi°8R{?g‘s%‘,f°’ ﬁ%\ﬁ\%%ﬁ%%@&l ggéc% k?aé’\é%ﬁ?& ogi cal
limts as fyh thedsciRedtan ©ahe sdledaint héad cnacts) theeledtedden 22nind 23CHOUIRdE ledA
greaterlength L/W> 1 is advantageous, but if L/W> 3 a saturation of the
angl e &9 w©8t%ards occurs. If, however, L is linited and the width Wcan be

freely sel eoted. g2k, S69nhG Bl lpRARROT5E e/ B

approximately 0.09. 'S atop vie I mént of
the torsi %ﬁixdiﬁ%tata& of the tdfsical kdtgator 10 shwws infiPigl 4 dwot @neprize additiongg dt h
13 of 2 Wand the side 18 . having a maximumw dth 13! of 2W. W is
sel ect ed elscedes3dgas shomm inFigs 3. Canseguenthy thedep epramis 8yer91 bottomdf o
t or si onal cé%ﬁﬁ ' | I lL.sigmgly i been
found that by gie ef:% |8r(118§ saﬁ{tfcgygégﬂgﬁg{gl Mﬁgés}gﬂg%?%ﬁ'%Hr%‘)e?’rr%fgé%{/rg%n : fats
conpar 8 tan bbenkanstédbppyoviding addjtibaal ebrsedesf 24, Itotiphiathe top and shpcbbtions,si onal
actuator 10Q, can be obtai ned. Cal cul ati gns_and experi nents show t hat the
angl e of FOIdH eCofes are ode Grapeiebis e Teph FoRtactatde T D Tuad eRact 10 15,3

sel ected LR Jotntil, Aiesk DB eltrodes 24 provide an additional shield.

In the case of a torsional actuator 10 whose geometry corresponds to that

shown in Fig. 1 or Fig. 4, it has surprisingly been found in experiments that the
20 following formula for calculating the angle of torsion 17 corresponds very accurately to

reality. The angle of torsion 17, i.e. Tw,, can be written as follows:

(1+0)-d,, - Wiw-L> U
1+(1+0)-K28L.W?+2-(1-0).L7 w

Tw =?_-
8

r

wherein U/w represents the field strength, ¢ is the Poisson ratio, d;, is the charge

25 constant of the material and K* = K ¥(1-K.?), wherein K, is the planar coupling
coefficient. A geometrical optimization can be obtained by means of this expression. At
a specific charge constant d;,, the angle 17 will increase with decreasing thickness;
however, in this respect technological limits as well as mechanical stability are to be
taken into account. A great length L/W > 1 is advantageous, but if L/'W > 3 a

30 saturation of the angle of torsion occurs. If, however, L is limited and the width W can



‘a "ectrodes 22 and 23 are provided in thr pl anar,

hence require three dlfferent sks to
i sh §’§HS 20 th the head contacts 30 to 34 gra

“a first mask arrangenent conprising.,th Es dlffere creen- pri nt| ng
_' 25 26 mi‘?’e‘nﬁl ¢ angle d Wngak be dparinized o3, chopsing f?ntéﬁ actuat or 10

3 quEﬁE gmtop to bottom: mask 27, mask 26, mask 27, mask

26, mask 2 mas lg and finally mask 25, for the inner electrodes 22 and
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process. As shown in Fig. 5 to 27 are arranged side by side
and are equaeftuaton lﬁhaprapcmmyzsﬁapadnﬁurpmmglym hag beem tovind thatdyr seddcting @i vi ded

ot oh bort FERCIOR bEse 3 Feldier JRpRREmETS A6 CORREEAdP SRRk P ar ble ©
10 correspemst pg tmge&fa%&m abiBatéP 16 Nednl b Sbtﬁiﬁthﬂl:ﬁl){n&i%rﬁiﬂCé)@GrmHﬁ&k 26

conpri ses an undi vided section for the electrode 22 havi ng, .. 5, a
central poshowhattthe angls o€ tatsionl dfroan bdSpcressed Dy mpproxomateht %%u \ghms“f’
connect head cgntact 0. Mask 27 again conprises divided

secti onl&f §¢ c‘ftﬁ%tt%gﬁé‘f’%&é AIES AT ch conprise, in the bottomleft and

bottom right porti 0nBéleFlagies&Iptﬁnﬁ@gweﬁrofwaemmt@bbessb fohsinggiTpmgt | on
W th t he head contacts 33 and 34. shown in Fig. 5, the mask structure

i s repeat edxqmneefacmmwfetbeutm@a@rﬁcn@mrzl&at al row. O course, a repetition

al tornati vel ) possi b g itFlg i ettt HpArodES 225 73 A€ R B e

struct ure, diffdreplamk embbuuﬁe@tsadndqmnoe rétuire Ghies ghfféxan@scsednslﬁmmtmaskp tecess
st ep, the Juxtlaﬁosed torsional actuators 10 are separated, for exanple, by
is

cut t i nglil evaplishecoptactsivithy the-head goptasts 3Ade3fnes 28. Said partl ng lines 28
do not extend as Tag 3% Q?a%r?ﬁn&ﬁ.‘?ﬁfrx AYEHRACSordisie diee ST sbilen

accordance with the T'RvéntrI on connectlons e oute ead

contacts Sﬁrxhﬁng%m@ltsez.‘ﬁmaﬁﬂcw m axntzbtaﬂmasiesequtﬂmetfoe the nnesﬁmnall antamtos J10af
shown in FLg. I n order t %cg nuf ring costs
of the thr&&- d’iWPB‘tdé?ﬁ fm@@éﬂ@e»zm&ﬁa ma% Y MRS s t y

of cont | nugky 26 '&ﬁ&‘ﬂnﬁﬂy 732163 thd ieher Blectrbded 2 ﬁ%le%(;alf 3&{&9 @fécHB&é% 4

arrangenen whi chon erent nas are required. The
masks, 2thi mpmmdadrmagadlsnbaprddocahbjhmmeofﬂmkmskaEJ g. 5 are shifted in

the direction of th arow over half the dt h t he act uator g the
hori zontal parti ngellnth a(fw(gpglpgoce%psyo s\ﬁ‘ﬁg’i"eﬁné W“E%W@‘gp&? masks
are used. Mask23526, 25, 26, 25, ..., mask 25, mask 26, mask 27, mask 26, ..., mask 27. The

masks must be exchanged after each printing process. As shown in Fig. 5, the masks 25

J descrl ption is given of a particul ary,process pfhOirphd®! i fying the
Fure of the torsional actuator 10. Eﬂ mﬁll n Fig. 4, the

to 27 are arranged side by side and are equal in shape. Mask 25 comprises two

25 rectangular centrally divided electrode sections 23, each having a lateral connection
portion in Fig. 5, which portion, for simplicity, bears the same reference numeral as the
corresponding head contact to which it is eventually connected. Mask 26 comprises an
undivided section for the electrode 22 having, in Fig. S, a central portion which extends
downwards, which portion establishes the connection with the head contact 30. Mask 27

30 again comprises divided sections for the electrodes 23 which comprise, in the bottom
left and bottom right portion of Fig. 5, a portion which establishes the connection with
the head contacts 33 and 34. As shown in Fig. 5, the mask structure is repeated three

times in each horizontal row. Of course, a repetition of an equally shaped mask
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by the arrow oW 1 | iting process, the actuators are separated

al ong the parting |i ieordss to réduce echeemanmifactaring costn of sher theseedifferent madkn?s
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Fig. 6 a part e wd acenent” cannot be us As nmenti oned
above, the requiesd) &heanaske, cwhich araaeaiged medt tnedcheotisarikeriarfigr 5 asresshifvad ini n

Fig. 5, with this.difference that re are t connective areas, 30 i ch
regui re t wibfhEHECHBRIfBE 2Tl Véﬁh%étﬂe ngeq‘ r‘??&‘"c%‘ﬁ?é%’t dgng %T?eh%rb’tffﬂ@me of
t he masks : : ; : 'riiﬁérkco’}%gufé‘at ' : 5,

di spl aced; (i%gtg%e%‘?,ehﬁot iléégﬁng)g{e%(?%s 5, displ a%lsegﬁ%@ﬁgéanasg ?553 not
di spl aced, ovagpkiséba baises?f) baving twamelectd@ie swofaced foleackedetuatas kalgcsaidieleptiradeed;
..., M 6 i spl aced. Th it i s pbvious.that an, excghan of ,mask 35
o maonS sanies SRR R e by s of R FoRi b Slerty ot B A

The charact@pippiséCar SidbtrddRhal, wiich isrdtﬁﬁ%w'rgmglcﬁfecf&hssalm €8, éﬁfa whRnalagwe

description, inthe Figs. 1 to 7 and in ains, may either individually

or in any conhictionisurfadse Bysmeving she pasting dineein the aliteationoof thecarmasy ifoan
enbodi ment Séle%&roag %2'00\B3 ah rt]:'procluced. This is shown in the upper half of Fig. 6. The

shape of the other electrode 36 is very similar to that of the mask 35, a connecting

20 element, in a different position as compared to mask 35, interconnecting two halves of
electrode surface, and a connecting portion, which is differently situated as compared to
mask 35, being provided at the electrode half which does not have a lower connecting
portion at mask 35,.said connecting portion being downwardly directed in Fig. 6. As in
Fig. 5, the connecting portions bear the same reference numerals as the head contacts

25 30 to 34.

The displacement must be carried out after each printing process and, as
mentioned above, amounts to half the width of the torsional actuator 10 in the direction
indicated by the arrow A. Following the printing process, the actuators are separated
along the parting lines 28, the relevant connecting surfaces protruding automatically, as

30 in the case of the masks of Fig. 5, so that the head contacts 30 to 34 can be established
immediately. A disadvantage of this second mask arrangement is that on the left-hand
side or right-hand side in Fig. 6 a part of the width of the displacement cannot be used.

As mentioned above, the external connections are formed in the same manner as shown



4 CLAI V5 1. Atorsional actuator of
F'y rectangul ar cross- section transverse to a longitudinal axis
said trans- verse cross-section having horizontal and vertical

- | i nes which define first and second quadrants above the
ntal FifhlRl 4o ne and respectively 9 the right and left of

Pcal cent e?—gl {dr%e and third and fourtg quadrants bel ow tr%é 081943
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Pt i cal cent ine;, said or conp 1es o |'east
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potential electrodes el.ectrodes, n rrupted
at said veRRicxehange of é‘?as |3§etjg? mask 36 m%%b%é’aﬂ?df‘?}‘rtrﬂnf:%slﬂ 8‘&“9 s of
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cause sai d o el ectr la ce.t b of said
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el ectrical contact th each of the control electrodes in said
first quad- rant, a second head contact being nounted on a |eft

si de face said actuator and maki ng el ecthlﬁﬁmetfﬁ@B&ea(ﬁfepgge%

each of the control electrodes in said second qua third
head contact being nounted on a front face of J’H{’éator to the
| eft of said |ongitudinal axis and maki ng eI ec ntact with

each of the control el cctrodes in said third quadrant, a fourth
head cont act




v R -
mounted on the front face of said actuator to the ri ght of -

| ongi tudi nal axis and nmaking el ectri cal contact with each of N
» control electrodes in said fourth quadrant, and a fifth head )
it act bei ng nount ed on the front face of said actuator and
i ng BHPCc93-14al contact wikh each of said referenck.ptugi al
‘ect rodes,; _ 13 said fifth head contact
bi ng fQOlaimstppl yi ng reference————potential to cach of the reference
otential electro mai ni ng head contacts being for supplying
control vol tagm"m’W!@ﬁﬂlEu |uralities to the control el ectrodes
whi ch, as seen as sal SIp - on, are on opposite sides of said
vertical center-line. .2. Atorsional actuator as clainmed in claim1l,

further conprising a pair of outer el ectrodes respectively extending over
external surfaces of the first and |ast of said piezeo- electric |ayers,
each of said outer electrodes being in elec- trical contact with said fifth
head contact so aStorfloRs aBkiRidr i0f dndrdBilEd pievblelech cbrificowRiofiqs pot enti al .
3. Atorsional actuator as clained in claim2, wherein each of said outer
el ect r carangeds@ ap toforny & multdayes spuemrs eompiisig flestrades which arecsitvatedaces for

contactjn ' i f,.t ead cont : ' L_a A laimed in
vl it s Blefreld Inela kR iy ising beld COptall MAPR ki HANE el Ahe™ RO 11 o
Wi dt h tougside/aidwhich séﬁiedo%ﬁgﬂyfcbﬁﬁolt Voliagé® thateleatrofies, e chseghe to the

wi dt h ranges between 1 and 3. 5. Atorsional actuator as clained in claim

1, havisswater|taagleast be twisted pbat isdpngituding] axisopharaienized inghatdhend a width

transv [ IS C raiio, of I t width is
appr ox%@ﬁgﬁ% @29,%3 gﬂ)vﬁ%c?éé]ﬁ%a%{i?% t%p‘fc(l)l r@%l%rn%*% ?%hagta %%% fgﬁ ms@?d act uat or
i's max iea'Fe"se@E the parallél piegs-tletwic laydrsi20)| said eldcabdacbeiny terriptdd aloagi ng a
rectangul ar base, a,back face and a front face; the back face being rigidly
fixed ithe Jopgitediay axis d6) and FOEDUHRE FORRSHERE S‘i%&f HGhigRPER Of si onal twi st

! RO syl PSS St % IR v 0

10 where they are provided with lateral head contacts (30 to 34) in such a manner that,

with respect to the centre lines (19, 39) of the end face (18) the first adjoining electrode
in the first and fourth or in the second and third quadrant is at a positive potential,
while the other electrodes are at a negative potential with respect to a reference voltage
of a central electrode (22), when the adjoining layers (20) are orthogonally and

15 unidirectionally polarized with respect to electrode (22).

2. A torsional actuator as claimed in Claim 1, characterized in that both the
upper and lower surfaces (37, 38) bounding the torsional actuator each comprise a
further electrode (24), which electrodes like the central electrode and alternate
electrodes (22) which are directed towards the surfaces (37, 38), are interconnected via

20 the head contact (30} and to which electrodes a control voltage U, is applied which
serves as the reference voltage.

3. A torsional actuator as claimed in Claim 2, characterized in that the
electrodes (22, 24) which are connected to the head contact (30), are electrically
interconnected in the direction of the longitudinal axis (16).

25 4. A torsional actuator as claimed in Claim 3, characterized in that the outer
electrodes (24) entirely cover the piezo-electric layers (20) and comprise projecting edge
portions forming connective surfaces, so that they can be contacted along with the inner
electrodes (22) via the head contact (30). |
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ful tilayer structure conprising el ectrodes situated at |east cggt%ﬁan t he
fayers ead tontadiddl swAdhy fosicagh aeadaant dnfercopnechnthe remaming. electEodss 23} om t he

out si de and whi ch,serve t p ont ages to the electrodes to
cause t B4 &P “tsrvé’gég?soﬁbeﬁzt'\?\ﬁs%d a%%?ﬂe#@e%bngi tudi nal axi s,
charactgrized i n Ahotsiéhabhttogtbi by clafmelineaty- quei oft the preveding Clabps, 26, 27; 35,
36) for the.different electrodes (22, 23, 24 re.arr ed next.to each

ot her5 ochamsetrizeshisrthat the ratig, af ﬁ}eel%g}hééﬁstpa@ifyﬁﬁé’%‘ ﬂ’fésgggmﬂ aéﬁ’@ﬁlﬁsl y

bui l din | ' f ily2a plurality of actuators (10),
and thag’}#%gl%fg?éé@a{&x}afiﬁ%ﬁ%ﬁ”a gl)ngﬁd;%'eci fic parting lines (28), the
actuatorps (10) t hastopsicralactdatbrediaimed in ayhorei of the @recedingElaings,sur f aces
for the head contacts (30 tq 34). to. be i ded.. 10. A hod of
anuf ac CORmAEHERIR 4t e deteibiaed fengel (LY 4Bt imurgyangle, oforsion (7 %
char act eg] ' { GeIRN13) Bf REblokii&eRf0.bhr ee

di ffere‘r:?g){agrrrgegkdstq(%ﬁ?%f%%%?g%ﬁ{r?dﬁ%%rﬁr%ri sesnabplfu?iz’ilolilg 8 each of said
mask$0 @&nd i n each tprsional agugoneeelgimédnin Cleim Je shamaeteripeds in thatit, nask (26),

k (25), mask (26), K (25), .,.. 5) e k. (26 k (27),
Tk ( 26pinpriscs 2 TrsUREYBY pareavEA RIS T ROV Mg * Bridislos. wni th
di vi ) . . o . ¢
(a7, S Bied Dt et B e, ST

posi ti oifEdt). front connecting surface (30) and mask (27) conprising
| ect whi ch . divid b ' ' [:S5.4 16 ft th
G vi si of-al ong.t 8 BEeh R ALY shiffed G SHralilized BbalPEme” S5 L

on the At 6{&9%@&6@& BiseCACWhithahé laegks. widthl 113’ is twice the natiichwidtiof |
manufacturing a torsional actuator as clained in laim11l,  characterized
i n that (18)sen dnteasa o the anghe ehrtarsion 1B af| appraximately,ds %iis oblained #asks (35,
gG)Si, dzalﬁgm?’%ség tgrarraccntgggnlﬁgljtba%grrprl sing a plurality of said masks arranged in

10. A torsional actuator as claimed in Claim 9, characterized in that the

torsional or longitudinal axis (16) can be additionally influenced at voltages U, = U,
20 and U; = U, by bending.
11. A method of manufacturing the torsional actuator as claimed in Claim 1,
wherein monolithic piezo-electric ceramic is arranged so as to form a multilayer
structure comprising electrodes situated at least between the layers and further
comprising head contacts which are accessible from the outside and which serve to
25 apply control voltages to the electrodes to cause the electrode to be twisted about its
Jongitudinal axis, characterized in that a plurality of screen-printing masks (25, 26, 27,
35, 36) for the different electrodes (22, 23, 24) are arranged next to each other or
above each other and are successively used for simultaneously building up a plurality of
layers (20) in a plurality of actuators (10), and that, as a result of division along specific
30 parting lines (28), the actuators (10) thus produced immediately exhibit the connecting
surfaces for the head contacts (30 to 34) to be provided.
12. A method of manufacturing the torsional actuator as claimed in Claim 11,

characterized in that a first mask arrangement is built up of three different masks (25,



sid [ each rintin rocess each mask bei ng displaced over
a wi dt+h (13) o (u Hﬂﬂim S a reshd She@HasWHeCReplabg €l ectrodes
(2223, 24) are pro di vi si o t| ng |ines

( 25E- 12. A met hod of manuf act uri n !mmw gﬂm ctuator as

cl Fmed i PHPH3M423,  characterized inl#hat on nge 3P18al9%n i's

cargri ed out in which mask (35) is exchanged for mask (36), the prlntlng
seduence B& R4 anbcaraprisswiarpjuralitysef ¢agh)of said masks spndaiperach paksking Pageess, in

glssm( 35 dﬁ“&%g‘k%‘%ﬁ’gésé‘d&%%a@%?‘(@gf %?‘gz@g%é’g&r@@ q?%geaﬁ)dt d.“gg?;a@d sk

(36) di spharRqA26), mdsRIE7), Hask ¢26)P|. ac fidsk &) is used mask (%ywnkpﬁbusg‘
manuf acturing a torsional actuator as cl ai ned Claimil4 characterized

in that tslecadss, wiuch arivided by éhq)mslmfamlra@n& 46) erd iterahiconseetingo o f or

h hakf ¢ 0 d
connect ng et 4S8 47} ek B BipbE R sCuinIE AR ol W SRR ¥ P
t he act uatpositi¢idd) fromp conreeting st&fdtal(BO)r‘mdl maska(20p nomptising etegtrbdesewhith .are
A nmet hod of .panufacturing_ a_torsignal actuator as clained in daim 1%

char act er APdded by thedongigdingl axis (36) ando AFPT YedidisaAons By MEingting (45), 2
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surfaces are I nter ia’a con ng el enment Is offset with
respect t&3ihe nmaskA(mé&hod afithanufatinaing ai torsidral hemgpor asl claahedinr €timali,of the
actuat of (30eetis eer, elect rode hal w0 LSRRSCSr & dBRlead SRk, 2

36), said mask arrangement comprising a plurality of said masks arranged in a side by

side relationship, in each printing process each mask being displaced over a half width

(13) of the actuator, as a result of which the electrodes (22, 23, 24) are produced after

the division along the parting lines (28). .

‘15 14, A method of manufacturing a torsional actuator as claimed in Claim 13,
characterized in that one mask-exchange operation is carried out in which mask (35) is
exchanged for mask (36), the printing sequence being the following: mask (35) not
displaced, mask (35) displaced, mask (35) not displaced, mask (35) displaced, ... mask
(35) not displaced, mask (35) displaced, mask (36) not displaced, mask (36) displaced,

20 ... mask (36) displaced.

15. A method of manufacturing a torsional actuator as claimed in Claim 14,
characterized in that the mask (35) comprises a base having two electrode surfaces for ~
each half actuator (10), said electrode surfaces being interconnected via a connecting
element and said mask having, in the longitudinal direction of the actuator (10), an

25 electrode half having a connecting surface.

16. A method of manufacturing a torsional actuator as claimed in Claim 15,
characterized in that the mask (36) comprises a base (29) having two electrode surfaces
for each half of the actuator (10), which electrode surfaces are interconnected via a
connecting element which is offset with respect to the mask (35), and in that, in the

30 longitudinal direction of the actuator (10), the other electrode half with respect to mask

(35) has a displaced connecting surface.
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