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positioners, in particular the invention 5 relates to
mul ti-axis piezoelectric posLﬁjoners. Positioners are
used widely for positioning of optical conponents,
both in production |lines and in scientific

experinents. Figure 1 schematically shows in vertica
éﬁiiﬁlﬂgﬁiﬂﬂﬁbﬂﬁgﬂgﬂlgﬁﬁ linear piezoelectric

positioner 2 [1, 2]. This type of positioner is known

%EZ@ELWO@%I@Wﬁi oner and is able to position
ar opj I mensi on. The positioner 2 is
circularly symmetric about a central axis z and
PBACKGROUNDOETHRINVENTIOMN fixed part 6, a drive
nmechani sm 8 and a controller (not shown). The

ositigner allows f th i.tionj. f. t he. bl. _
Sa?lt IA,ﬁ?ee}né(FF%l\A?eéatgsr H nggoe%i%ﬁlc 'nghglﬁ%so,tlﬁ é)a.ft}cg@a}/rgt_ﬁe 1r?vent10n

T i | ; Bohses a left piezoelectric
rxli%fr:aées%, an??% t Sﬁg%gﬁ%ﬂﬁhhi@ri ng 12 15 and a

pi ezoel ectric spacer 14. The noveable part 4 conprises )
a shafPosditionets afe wsed %ﬁpbcforthﬁ@nb@sbeM cagpopents, both in
attgched. The veabgg?gart. is.gripped by the left 10

MGt lings ang 0 SGIENUAE YRGS The pi ezoel ectric
rings 10, 12 are arranged such that they nay be
i ndep hYscREmYGERIYsHoRR BOREMRAI 8éctibh £kpawe BPE of linear

contract radially about the z-axis so as to .
siqzreidctrad bysitoep 2afid 2] eThissepe bé pasitiends|ie kpawn a, amTshworm

2R oh b LBSpre iy Bl PERSE LBHERRL IR i 2
Zci%ﬁ%%%@gn&ﬁé Lib&itth en@ht 2Rk 8708 Baipksss 4 Md98abldpart 2, a fixed

are attached to respective left and right
epats 604 drilie npickash dcand  cepaddler (dof. shawe). Pihszwsitioper pléows for

SHENERITTIE T IR AR
b@hﬁ@@%}%ﬁs aﬁﬁe‘ﬁl?gﬁs 4108 BEkottlc ria 1%3 Q%g?ﬁf%élﬁgﬁgnng 12

ek a tpiezoeleoivie adpheer plal tTheé mbygdableapats 4(dongprisenatsheft to which an

negative z-djrection) the fol|low n uence i.s
ol% ect to be positioned may be attached. lrlole mo%egbﬁg part ?s gripped by the left 10

and right 12 piezoelectric rings. The piezoelectric rings 10, 12 are arranged such that
they may be independently driven by the controller to expand and contract radially
about the z-axis so as to sequentially grip and release the moveable part 4. The
piezoelectric spacer 14 is arranged such that it may be driven to expand and contract
parallel to the z-axis. The left and right piezoelectric rings 10, 12 are fixedly attached
to respective left and right ends of the piezoelectric spacer 14. The piezoelectric

spacer is fixedly attached at its centre to the fixed part 6.

As shown in Figure 1, the moveable part 4 is held relative to the fixed part 6
by being gripped by the left and right piezoelectric rings 10, 12. To move the
moveable part 4 rightwards (i.e. in the negative z-direction) the following sequence is

executed by the controller. Firstly, the left piezoelectric ring 10 is expanded such that



executed by the controller. Firstly, the left
pi ezoelectric ring 10 i s expanded such that WO
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the noveabl e part 4. Secondly, the piezoelectric

spacer 14 is expanded by an _anmount AZ such that the

| eft piezoelectric ring 10 noves to the left by an

anmount AZ/ 2 and the right piezoelectric ring 12 noves

to the right by the same anpunt. Because the noveabl e .
panp longer mapy they moveabls gart $i Bscoaflye the @izoplgetiip spacer 14 is

Eput By o AL hes e BB SE Mot Rihe {810 fugRY e 1ot by
RAr dm&tint W /8 Aol thé g ﬁfﬁieoe@c%?@ﬁh Qb h6vésl 1d%hd Qigh$ by the same

rel axed and such that nmoveabl'e part 4 is again

girr]rilcrme Bdeyusecht nuivedde bat tis beldibyghe tight gigzodksting ting 12 during

the right piezogelectric ring 12 is.expanded such at .

ithisragtiom e moyeatle Pahd ol rocatdp &0 ch?rl?g%& by apiap Mi%?@iatwe to
| ezoel,ect.ri ' ed. . iyt

R

r}h%asiegfam & dghihGribBed By BOMDidmelebriclrafgs 10y 1A Foarthlynthe right

AZ/2 and the left piezoelectric ring 10 to nmove to

tiiezaclegiric By 4R iarmspandedznch thapak ne dongsr ghps figemoveable part 4.
i.ezpel.ectric.rings 10,.,12 r.eturn t '

BEASY s et orn e g e O b s Aoty 4 apaopnt 42

PAiL c&se?&fg‘ ﬁ@t?%z%el_@&ﬁb ﬁﬁ% 12h8 B8 h&® 1PEby arffaradunt AZ/2 and

again moved to the right y an anount AZ/ 2 since it

i the gt pichoelédnge Hag 10 o rooetethtright by myathOuntAZ/d) thyt is e say the

right 15 piezoelectric ring 12 is, relaxed . sych that,
i piezaglackricgiingss1Q, HE ragyRiadhe 9%1&% positionsPER; A E,élgure I with respect

execut.i of ~the . : ' .
FTE TRk 1 DAL OEI SR FERRnchlE phh ol e e i
PhyE#D BB GAtT AZ/2SRask islfbl@by thallefhslesretriceting 10 Finally the right
positions as shown in Flgure 1. The noveable part 4,

hiemnebciriduasg b2 ésrelasedench yhai it agaimgrips A mgvedhde partrht .

If further notion is required, the sequence is

r epeat such 20 t.hat e [ t 1.5, :

' ot v SR o G Gl g UGB SRk e gyt GERERA ana righ
agibl YRHid $inBe 19, 3D Mntiahe pREVEBEE ciphcdrnl Mvaecin thBesame relative
expansi on and contraction cycles of the left and

r pagitionsias sbewn dn Figire 1 nHee meecablpasbd. haweven s begn woved by a

FERr SO MR P AN TR TR

aﬁ]lgt e %Je?ﬁl@!pléﬁi@ig B AbRASL AGleftwaRl ABE61 bPHAeRgbveable part
and are relatively sinple, conpact and robust.

is achieved using a similar sequence but in which the expansion and contraction

cycles of the left and right piezoelectric rings are swapped.

Piezoelectric inchworm positioners of the kind shown in Figure 1 are useful
devices since they are able provide accurate and high-resolution one-dimensional

positioning and are relatively simple, compact and robust.

However, in may cases, positioning in multiplé axes is desired and positioners
which are adjustable in two-, three- or more dimensions are required. Multi-axis
positioner mechanisms can be divided broadly into two types; those having serial

positioner mechanisms, and those having parallel positioner mechanisms.



However, in may cases, positioning in multiple axes is
desired and positioners which are adjustable in two-,
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positi oner nmechani snms can be divided broadly into two
types; those having serial pgsitioner nechanisns, and
t hose having parallel positioner nechanisns. WO

2005/ 067072 PCT/ GB2005/ 000037 -3 Serial positioner

mechani sps conprise a stacked series of |inear, .. .

posi t i%fﬁlg‘f .gpsltnpj&ﬁr rg. @S CMPHSE aisf?ﬁﬁ%‘} LS o(leﬂear positioners.
| 111 ef: ri LI . .

3 S 03800 SO0 58, DR TN8 B v

adetaipixtbas ilchwohatpokitieners 0p the kihd desctibe ebotehmranigré such that the

part) of the second |inear positioner, is npuntedﬂgn
tIRButGAgS (ke she Hiserbpart) of thersgeonddineapasitipiet Is mppuniprhon the output

first: ' b it ' :
A= s e bR RO Ll PO s i on e
t figpeete bfRIRG sédoRd Pbsitprsrafesordinglymtheesectued phyitaier ioperates to
one direction while the first éposi tioner operates to

)

oo thiebirstirmae disstion whids thednel mesifererARSERlEHe TBpyehe sccond
ook S e 5 DG LG e SARENRERSL KB problems

CRah 861 Positibfierd eidiicahatBéir bigarabtéristic dahavior ¢dnecbeldifferent in the
different axes and that the behaviour of one axis can
ddifferent axespodithatdhe behavipar of peg axis 7 depend jogrrpsitipngpdhe other.

to di.fferences.inthe | oadin t knear . .. .

oBP 1 BRPFLOS o fisebharf it foallng ik HHER osiigners in gho sack.
PRSY afipdd, . inthEDSKREANPoddsiict, | tAO 8EcddFcsitioher beasd thé load of the
the object to be positioned whereas the first

pakypatito he positiamesl whareastthe Srst pesitienes bearabodf thishlead and that of the

secon osi tioper. These probl ens becones nore .
STeshRe PesiRaner s sy archles Beeomst fiose Sieaitiehn ¥ Hpis page of motion
Pataddigleqposi tioner nmechani snms avoi d these probl ens by

al  owi ng i ndependent positioning in each of a nunber

of axes. This is achieved by designing drive o
nechanPaalielfpositionetmeshiagisp jareid dhese areblems pxelpwiig independent

wi th.one another.. That s t y mthe i 08S.:. . : :
et ATV ot byl o nfY apns ARt 0N gpine diive
afrRcleRisRURE @EcISxid RchidthSpePatt Py baall@I0REh SinBiahathky That is to say
co-nounted. Parallel positioning mechani sns are

gthadnaltisjages esseciated With cacheafithe diffan¢ntiaxex pEmotion are co-mounted

posj t.i oni ng, sjnce they do not fter from..the .
o e Bt SEFS D, RoRm i RERE, 8o ibHFR dgechanisms are
abQ\ eIy HRVRUERH foPS&akES rulteaxis positioning since they do not suffer from

the problems of serial positioner mechanisms outlined above. However, because the

drive mechanisms associated with each of the axes in a parallel positioner must be
able to accommodate motion in each of the other axes, parallel positioners can be

quite bulky and complex.
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drive mechani sns associated with each of the axes in a
paral |l el positioner nust be able to accommobdate

wOorRiosoe7orn each of the other axes, parallel poRCT/GBRESH00037

can be 25 quite bulky and conplex. WD 2005/ 067072
PCT/ GB2005/ 000037 -4- SUMVARY OF THE | NVENTI ON
According to the invention thére is provided a

mul ti-axis piezoelectric positioner conprising: a

fixed part; a noveabl e part positionable in a plane
&MM_&&MMXEM Y QF FHE t, the noveabl e part
conpri si ng a pi ezoel ectric device operable to expand 5

and cg t Ltk eas W‘Pt BlenidBGid aGe BNPrdvided! o RRARAMS 3Pizoelectric

third e cl anp nec ani s operable to

%@El@i@h&ﬂdﬂm@rﬁi@ﬁ'@ fixbé pam)embl eabpepirt pasitidnableiinadlpeertelative to
at corresponding fi rst second and third |ocatio
S e om0l 26 ARG BEZOMRRATIERATPIL0 expand

?eg@gﬁq gel qﬁl ¢ "Cn,?f#ayaa{ﬂdo'}ir&f P&%1 Yhat ﬁﬁrd releasable clamp

hlSﬁ‘B as t e plezoelectric

GRMhERisinS @é&ﬁﬂﬁjﬁﬂ sélectb@ly cheipethe itbeeabia patteolBe fixed part at
rel easabl e cl anpi ng nechani snms_each caonprise a

moezspminditer fitst, ssgeang: and @prérlamt@m suchy st heamoveaile pgrt may be

force to.th a r [

ﬁ%‘?‘ffgnﬁ’l@m 31} leaanI@r g’l %ted R?%o%pgg o%gge So?fnt(l)le releasable clamp
rfbahiégIsY ass the :p%zéélgctﬁ@ bdksAcents &k V&a@&b& g osoritiactedy wherem the
having a paral mechani sm and whi ch benefits fro

treleasabéauclampingnoiehiagismsesash \wonmprise popigres]ecirisniciptor operable to
?ﬂ%z CI@?C d}?l\f/l\/l%tfgrge it zhei,rg@vgab eI & ta'i(#n% £ ﬂﬁéétioﬂnférﬁend}gﬁ?ar to the

a% ggoel ectric el ement, for exanple a planar di sc,

Ich is operable to sinultaneously expand or contract
along multiple directions within the plane. This

pr ovi dBlis fpmv1é3SSfprrp rdatisshis simple fashrolpst pnuti-axgs Iﬁ%sitiPé‘FS/haVIHg a

:lilipé nht} i Of %gg% I@Ererﬁ;ogﬁ ai?ﬁg: %crcg:{algeie and high resolution
p;?c?s?tﬁﬁﬁ is"sb&at@Jl Wﬁﬁrlin%ar fieZocaioRitionsts. pi ez oeI ectric
enents arranged along the sides of a rectangle. In

such an exanple, a fourth rel easabl e cl anp nechani sm
may beThg rpmzpde@nw depice Heay 6omsiftey e@ga@ieep@p%{?ptnc element, for

rT<F:exca;rr]naprl]¢.le g an?u? Idlnsg SRS 8}96r5b e s tmn‘]’ﬁltaneously expand or contract along

multiple directions within the plane. This provides for a simple construction with a

relatively small number of parts.

Alternatively, the piezoglectric device may comprise a plurality of
piezoelectric elements, for example four piezoelectric elements arranged along the
sides of a rectangle. In such an example, a fourth releasable clamp mechanism may be
provided with the four releasable clamp mechanisms being arranged to act at
corresponding ones of the four corners of the rectangle. This arrangement allows for
fully independent positioning along two orthogonal axes in the plane. The four
piezoelectric elements may be connected at their ends to form a rectangle or may be

connected to one another via comer pieces. The use of passive corner pieces removes
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correspondi ng ones of the four corners of the
rectangle. This arrangenent allows for 25 fully

w0 p@épetodent positioning al ong two orthogonal BXEEBRIDS/000037

the plane. The four piezoelectric elenments may be
connected at their ends to fogma rectangle or may be
connected to one anot her via corner pieces. The use of
passi ve corner pieces renoves WO 2005/ 067072

PCT/ GB2005/ 000037 -5 interface stresses which ni ght
athifacsi steesssvwhish hight pehepise slevelep rif dhe prsraeledng clements are
connected dj.rectly tp one another. The piezoelectric
QBWﬁﬁF@ﬁgnﬁg¥g%%5%m8@WBrise a pi ezoel ectric el enent

mounted in a flexure nenber and arranged such that the

pi ezoehRChidz6elettANEMuABRY BAy Gaclr cumprised axppandettnicaclement
direction substantially parallel to the plane,, thus

causiteigintahBexuresemberandraiangesl wieh that dhe pipzoslegiicelement may be

bstantial |l y. perpendi cul . .
SRS S WSt gl 20502 e B e
8ZREMEELE! & @RtHatifR diveblicilsudRRhiigs Serpdmiiulago files plane and

en in a relaxed state and for which the clanping .
frelease ihs clepimgefdrashdihis meangemeniepwyides dok pepigfelsclic actuator

driven to expand. This can be 1Q_ hel pful - :

pYRish apRiias gﬁaﬁpm%eﬁfff WheiLp %5?3%‘6?‘.138%t§\?8§5f8rp¥“a°%‘i the clamping

@Eﬁfeaﬁ%feﬁé& GReMARNpicttdIdcRic bRnRNP M drit@TRAELShntdo This can be
en they are driven to contract. The rel easable

Hetytpl mopiceadieniic elsmesty ofian havaimproved oprsptingecheragieristies When
pi ezoel ectri.c actuator copfiqured tqo coqgperate with
td5venite eXPandicOMmpAts t%@'@ﬁ%[i}?y%feo&vﬁﬁs% C?lﬁgac' veabl e

part relative to the fixed part along a direction

per pengi £ Wliadsable dianping éagisHEithey BB fidthitr R@nfprise a second
clanping force. This provides for a degree of
peisidelcotringetuitbhiconfigueed tngeopstate Fetha reutirsh macndiopprh aguator to
di rection perpendicylar to,the | ane and r QVi .

ey expheampAbe B 0 oitbdred PG A en o e Bater g icutar t
T et GORIY In34n@i Rl B ltsidet Thish@rovides for a degree of
p‘?{éz@g\r‘eect ric rﬁagrévﬁngrgg’ aand mg%?ieggdi na al ong a directjon &
pedsitéonihg whthin the tahge pf theegctuaters cdong edirpefiamperpendiqular to the
nmount i n face_tg mhiﬁh an ob%ectfto be positioned may

bilang oviggd a supple e HIHBIIIT o be positioned to

be supported away fromthe main body of the positioner

and S‘?h@%f@vgamé’ﬁﬁ‘:t Hia? AR cbaipEBe & chelcvesupléhnthe pheoelectric

nmounting face may include _ _ _
device and extending along a direction perpendicular to the plane, the carrier having a
mounting face to which an object to be positioned may be attached. This allows an
object to be positioned to be supported away from the main body of the positioner and
so avoid possible interference between them. The mounting face may include
conventional fixings for mounting components, for example, appropriately sized and

tapped holes.

In some embodiments, the carrier may comprise a one-axis positioner. This
allows an object to be positioned along an axis perpendicular to the plane as well as

being positionable parallel to the plane. The carrier may comprise, for example, a
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conventional fixings for nounting conponents, for
exanpl e, appropriately sized and tapped holes. 25 In

W@ oo/ 0etndi ments, the carrier may conprise a POEGB00S/000037

positioner. This allows an object to be positioned
al ong an axis perpendicular tg the plane as well as
bei ng positionable parallel to the plane. The carrier
may conprise, for exanple, a WD 2005/ 067072

PCT/ GB2005/ 000037 -6 conventional, i nc rmtype . .
sosarTiond IndoN DTS THANCT o THRYgR ol P g dhgee-axis
posi.tioner.. .1 i rier i o .

TR Rt G5 b YRl DR op B & osiioner

enbodi nents, a three-axis positioner is provided

wher elpy ther enbedbhhentgasn t theseraxis pesitianerecorpdovided whereby the
pi ezoel ectric device spaced fromthe first 5 he first
eoneablsedanpi coraises t # | ScQmsl iPiEOBlEEHE deViTS SRRy from the furs

per pendi cul ar, t.o the. pl Ya:AN '
G L R
sk sBBKOBSheeDERROBLE Gler icpadtivh Gesvden thé dirgembhiéonetinend second

carrier being releasably held by the first mentioned
an'dzosbcmdd@g@éoiél dengsadleddbe cagics heing Fri?aS??lykﬁlg g the firs
nmoved in a.direction I dLC I I eact]
CRER D 20 SRR Pr ST RETRE Yo dpd T RAF OR AR A fivection

dicaie Zt@ethggﬂiﬂecbﬁ RUhess dge bdparationrdfethei rst mentioned and
sel’ectively held and rel eased by the first nentio

. : ned
asedorskwiontlqointy dulieestas ithe epaierds selectivelynigld and gelgased By the first
pi ezpel ectric sitiqner i.nclude a controller
d&ﬁ?ﬁ%&éﬁ‘;fwg‘geiemf‘g?éﬂ? ﬁ%){f)els'ez oel ectric device or
menbers and the rel easabl e cl anpi ng nmechanisns in a

pr e- detgs AiunEekis pRieasarit positiepesndy inoludg atdoatrolieramligured to
part relative to the fixed 15 part. Alternatively, the .
cantivete|thepienegjedidc deed GURAEDES ang theyrgleasapjeeclamping mechanisms

il hepicrsjedtic
P S R bbd PG o5 FS R A0SR E BhR ALt the fixed

15 \f"?ﬁ{‘ RAShhtRIN, e tRAIEDMERRY EhePadiifiguddatd vetivate e piezoelectric

xed part . 2005/ 067072 PCT/ GB2005/ 000037 -7 BRI EF
DS @RI ¢ The@hbeprarkHihe DeleawaeS [ mening msehanésms M E¥RONEM@ nigedback

ogi grt1a %vhlepl \faggll ilor?irr]lg %]edmgeeaﬁpeopvgﬁhr%ﬂti%g f e ﬁeﬂéﬁtb €



carried into effect reference is now made by way of
exanpl e to the acconpanying drawi ngs in which: 5

WOo-2@ane7012 schemati cal ly shows in vertical sectPOHGBR@#000037

10

15

20

a known one-axis piezoelectric positioner; Figure 2
schematically shows in persp@ﬁ;ive vView a two-axi s

pi ezoel ectric positioner according to a first

enbodi ment of the invention; Figure 3 schematically

shows in vertical view the two-axis 10

BR RIPTION € QRAMWENGR 2: Figures 4A-F
schematically show an exanpl e sequence for positioning

an obi ect , _ 2 . i

nor i 20 Aol rdRA e 1 ROSNENRAERcYo sHOF Ao sl may be
shewdngtd Bfeds trefeenoé isavwrmahdeoby tag of examplestoofhe dchempanying
positioner shown in Figure 2 during execution of the
seapiogem whishin in Figure 4; 15 Figure 6 is a table
schematically showing the state of several of the

el enenfiuQl 1 [hFerRARLAY WGHs SHOWGHiED B Sidv 4H/khBfin_ one-axis
anot her exanpl e sequence ftor positioning an object in
didvekieéeittpakitighane; Figure 7 schematically shows in
vertical section view a three-axis piezoelectric

posi tioner accordLn%'to a second enbodi.nent of the . lectri
i nventligwe 2 golmmptically shewe Ak PeERPFIY S HEWs? jTi0-ax1s piezoelectric
per. ' ' 13 Xl [ lhC positioner

E T S RS

Figure 9 is a table schematically showi ng the state of )
sever aligae Bheckdmatizally sfowst e pesictli ceetions hdew ithe two-axis
Figure 8 during an _exanpl e sequence for positioning an

alpzselectricPogitioden SHBHE 2pl ane; WO 2005/ 067072

PCT/ GB2005/ 000037 -8 Figure 10 is a table
sche ] 1?&1%& IAlyA-E hQtRgridd 2 Hodt §n FxaBMeERuede fdrepositioning an

el ene of the positioner shown in Figure 8 during

ashgtdn esrried dyphecposapnenciFifare 2posi origamtalgplag obj ect i n

a horizontal plane; Figure 11 schematically shows in

pers pelg’:itglur\éeS i\é 'atab1s scthréin%ﬁéﬁi? s%ogllinegzt?lee lst%get of séveral of the elements of

the positioner shown in Figure 2 during execution of the sequence shown in Figure 4;

Figure 6 is a table schematically showing the state of several of the elements of
the positioner shown in Figure 2 during another example sequence for positioning an

object in a horizontal plane;

Figure 7 schematically shows in vertical section view a three-axis piezoelectric

positioner according to a second embodiment of the invention,

Figure 8 schematically shows in perspective view a two-axis piezoelectric

positioner according to a third embodiment of the invention;

Figure 9 is a table schematically showing the state of several of the elements of
the positioner shown in Figure 8 during an example sequence for positioning an object

in a horizontal plane;



5 positioner according to a fourth enbodi nent of the
i nvention; Figure 12 schematically shows in vertica

w@ewbian7yi ew t he three-axis piezoel ectric poRCT/GBRES/000037
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of Figure 11; Figure 13 is a table schematically
showing the state of several of the elenents of the
positi oner shown in Figure 11 during an exanple
sequence for positioning an 10 object in a horizontal
pl ane; Figure 14 is a table schenaticallyﬁghow

th
st at e Iiguselieis altalle sehranadralhpoying ey ST REHne clemens
B’ggﬁ‘%q}’%ﬁﬁl 5! gﬁgwng %n ggﬁg? gﬁgngéﬁﬁﬁ%&&ﬁﬂﬂé E&ﬁlelg(%r dfor positioning

] vertical “axis;
Findibj &t #ba B6esRdliplae] y shows in vertical section a

pi ezoel ectric clanping 15 elenent that nay be used in
enbodi nents of the invention. WO 2005/Q6707% . )
PCT/ GEdigns/ Hosdematicaly sheya|lh perspesitn) PIT chtisgifis piszoelectric
schematical |y sho ' | j i A,

RaToBPLEEpidng U ookl POOERSEL bV B el

obj ect, such an optical lens, in tw dinensions. In

t he orfFigiteatinoBchephimioally shéwguine v2stichheseptimi tiemethel Ghree-axis
Is arranged to nove an object in a horizontal Xxy 5
mieznslectirepgsitionsepeligried 1posi t i oner conprises a fixed

part 20, a noveable part 22 and three rel easable

cl anmp pechan - il j Il nts
cont T ol et hB P hen  RPAR PR it e Pl Dl clemme
SHOHB pasitidNerddhoom ibFighs 1l hdwsingxanglaepld beguenanfor pbsigioning an
is an appropriately configured general purpose

conpuitie p horiromelidinesxanpl es, an application specific
controller may be preferred, such as a field

progra bl at 0 . ar, [ i

peat {1 B4 5 Eul seRhh Al RN pR iRt gt (the clemens
agt e pRSitRnBRSRHWHinCRighteY! 1béurkigt actethitle sequengt for glositioning an
tabl e. The noveabl e part 22 conprises a piezoelectric
deljeaaling & vestiead eiisofnda pi ezoel ectric disc 24 to which

a carrier in the formof a nounting post 26 is

centrall t . ' (=Toh B [ j : :
ar r anghpirE s rveppicHlS, BhRE AR Rekcd St a MelcBlecyic clamping
18ictenekpemey Badsdddn eindedinteael aflthy invantéon. 15 xy- pl ane.

The expandi ng or contracting of a piezoelectric

element is often referred to




exercising the piezoelectric element. Al though not
used in this exanple, in other exanples the

w@r@zoeloertri c di sc may be pre-stressed, for eraEnpB200BY00037
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nmounting a netal ring about its circunference such
that its relaxed in-use size 4s smaller than its

natural size when fully unconstrained. The nounti ng
post 26 serves to provide an upper 20 nounting face

for an object to be positioned. The nounting post 26
BETAUED '&&SQRIBE&&M s positioner arranged to

prov:de positioning along an axis perpendicular to the
Xy-p 1e. . Y i . tas . "

& speragie aeRAGRRR Sl 18 ERUSL A3 RE Ml LR positoner 16
tfbﬁ?]&tﬁﬁﬁ’@é g6 bbjet, di&t a2 dptickh éenshinetsvor dieeasiabs.dndhappentation
mechani sms 28A-C are di sposed at the vertjces. of an
eshoivh an Bigare 2rthe pesitiongid 6dsAIangeH &IMOFe 3R Gjegbinpghorizontal xy-

sel ectjve. cl N . ' ' ;

A L AT ol SoPRFAAS B8 L 2 Bl o 2
tihRe $QBishle cOimp R chaisnild e C. TBe pdditonee ediwdnl tey xéenmpller 18
nmechani sms  28A-C are arranged such that when cla

athromgly aofigna] pRihavay ssherapticaHE shewn apenaFew 19. In thlsn&%gnple, the

pi ezoel ectric di 24 ich.i ' i
et aseit ninhara ol RLERLREpieSd SIREEL o oty gramols
L@éﬁ?li%{&- srgx@ﬁa QBRHOIGF Oed RRGFEBARB¢IDADH BEld praframmable gate

_ e 3 schematically shows in vertical sectjon the
pire(EP6a) or en ppglication specife: integeaigd ¢hip ErgiéreThe fixgpart 20 acts

section yiew of. Figure is t.a ' - .
e BB B0 Rt B R Ao
Zlﬁlézc;eféc&ﬁed&ffw renRf foth R fieaRlRaid tisc 2dit6owRiéh andhrrier in the
then through the rel easabl e cl anp nechani sm 28B, Thi s

f forsled asparriting post 25 isivesteailysitached: Bherpiegoglentds fige 2 dyarranged

how t he pi | : . . oW
csnish e Deei it e Ernsfliera g RARREH S dohubl gl in an
a%}ga_ 1a9§.nﬂt$‘:@3¢paﬁ(ﬂng RE cotfRtiRe bf #pikzOslkdtrit elepdmaly éften referred to
C aPrp mechanrsm 2

A is described in detail. The
r eteecising | the piemoplenteichelemenh 2dthouginpet vessl in higjegample, in other
support 30A, a gantry 34A . and a i el ectri .
CPaRIsghe lsrariEeige Alsc ) T ATelpbdnt P30k % Ry miopating  metl
98R Eyqu%%cﬁ'&ﬁ'gﬁegerﬁgsﬁ&hﬁgt i Oreldred -y kiRt tsmdller (hBe its natural
piezoelectric disc 24 rests on the rigid support and
05izé Wheaofuilg spronktrainedi dhd BappiogtEPsh§owsreasele povide an upper

each of the other rel easable cli hani Th _
PEHBRAE R & 1 BTG DEIRSHEANCE R HOURRg Hhsh26 iy ggmprise o

930 E¥s %élﬁ‘tioner arranged to provide positioning along an axis perpendicular to the
xy-plane. In some cases the mounting post may be dispensed with and the object
placed directly onto the piezoelectric disc 24. The three releasable clamp mechanisms
28A-C are disposed at the vertices of an equilateral triangle and configured to provide
selective clamping of the piezoelectric disc 24 at first (A), second (B) and third (C)
locations under the control of the controller 18. The releasable clamp mechanisms
28A-C are arranged such that when clamped at any of A, B and or C, the part of the
piezoelectric disc 24 which is being clamped is prevented from moving in the xy-

plane relative to the fixed part.



such that is held over the piezoelectric disc 24A in
alignment with the rigid support 30A. The

w@e@zoeioertri c cl anpi ng el enent 32A i s arr angeplCBEGBR005/000037
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that it may be driven 15 by the controller 18 to

expand and contract in a dleﬁ}lOﬂ per pendi cul ar to

the piezoelectric disc 24. its relaxed state (i.

non- exerci sed) the piezoelectric clanping el enent

contacts the piezoelectric disc and so provides a

cl anpi Figurect schemeticallyshewoin vertioah éwtlpn $PigZQsiaciidg psitioner 16

cIa ele 32A..is driv toI
B, AR 2R ot 52y 1, GO e v
Hfa%yc%r’thmﬁgﬁ ﬂi&leféa%lﬁa&@mb nddignidl 2BiACHABE e@ﬁtfd @f the piezoelectric
anpi ng el ement or the piezoelectric disc,

rdasfe% and theolthnopgh tmcrnlansabln clanp mhamsm 28B. Ehuefgld@é section is

Fhey bt ot ey B0 Ry e SRR R A R rb§2hg. 1m i
aGniphe GeNfelcdsablAclardd lRHAsTh 28RS T8I 13@ReE i8HM0AL to one

in Figure 2 the piezoelectric clanpin eI enment 32A
dainoémrl andc onlyarlessetfle @anop ombdenisinc 28As¢s 2ascribad onhdetail. The

TG REE Er e RN W
%i@%e‘?&tnd hipFRIBhen BTN A8 B0 S0RIrINMEHEFB4A are

a reduced contfact area wth the disc
f ditackell for thenfixedphe rQJOaIThwpmhelpcrtnv |dd;es’&41 ms.ts easth@ rlgld support and

o1 cOB oA PO bEREYE BT B3 004 BB P S TpEasable clamp
% haRRniNG8E %ﬁ&@&eétﬁ@tcldﬁﬂiﬁg Qlchfht B?A%%ﬁ@clh%d% 3RP gantry 34A

ani sns may be enployed, e.g. those enploying
hgmthahdttl is hn’elam&:r tlmmazrwﬂectnmélam g4 Arinaligemeftowits thf rigid support

act uai&;mé Fi %E}Tecsglgggglgf Qn?gl%t:“l a.IS Ir%ra{s]geglwﬂg )ggg”@.‘/%g driven
Sﬁf (ﬂi]g %oﬁ@t?lﬁ:r hgnes e'}(P md's xﬁ&tc'oﬂﬁ’aoqq {2 2fdectith E)Qﬂoeﬁdlcular to the

- pl ane. execut I s exanpl e sequenc
npivpddlevtripalidc 24. Mwvied relaxal diatedi.¢. onon-sxmrsntsai)t tlel Ipiezoelectric

parallel to an i magi hary |ine cqQnnec atlonsA
Ao Rlement congee 4kt PlsRORISHS KE SURAY rcm FfcHagpmg force at

%@atfdngﬂr FhefAnd 8@& S%@é gﬁgﬁ&@t}”@nt@ﬂ RMriveh Y t%é controller

e pi ezoelectri catirons A, B,
W teecanitraciptheldarpiagfede at]A i$ rel¢dseds Tenfredkntpossitilodamage to the

| ocation are fixed relative to the fixed part 20 such

tpiggoelectric clamping element or the piezoelectric disc, the releasable clamp
mechanism 28A may include a degree of resilience, for example, by employing a
resilient fixing between the piezoelectric clamping element 32A and the gantry 34A.
Although in the positioner shown in Figure 2 the piezoelectric clamping element 32A
directly contacts the piezoelectric disc 24, in other examples an intermediate element
which is fixed to the piezoeleciric clamping element may be employed. Such an
intermediate element may be shaped to provide a reduced contact area with the disc

and may be formed from a material which provides increased friction between the

releasable clamp mechanism and the disc.



noti on of the piezoelectric disc with respect to the
| ocations A, B, Cindicates notion of the

w@r@zneloertric disc with respect to the fixed par/GB2008800037
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| ocations A, B, C are schematically shown as circles.
A closed circle indicates th rel easabl e cl anp
mechani smis configured to clanp the piezoelectric
disc at that |ocation. An open 15 circle indicates
that the ﬁl ezoelectric disc is not clanped at that

| ocat ilbwill dhedurdsrstoaskthaiomany wiher deleasableyclpmg n@eChﬂﬂgmﬁ anay be
ruROBHE o oPl e BlayRRI e iiont HheBigBACHIGE! bt fiper forms of

exaEire initial state the p| ezoeI ectric disc is

rel axed (i.e. not expanded or contracted about its

normal in-use size), and centred with respect to the

20 t hriggutes ch-Fosehemati@]ly Ghowhene exasaplattiea sequepce of steps for

h 28 h
JPaU el R R EE s 7 el dp ity 8?1%3{“%33 PB3AR Bl plane.
Bxebutinbtifis &biniplélsep@ps,! &R nfoubBhergRE ik Omasedtif pa Sdirection

of the sequence. In a second step schemati cal | é
sﬂmbmnmailprgaﬂd BN irheginsrg divel eonedtingdiosations Agnd C and in a

and,C ( r.el asabl | a
S5iscR88 el L IRTRIS ot of HE BRARS -5, B EZERE o plan
&ﬁe&z Rithe FleafMEdGe HRE 98 ahd @B lbaaaloab o7 @I@%efeqt #Ha§be clamped.
24). Tn athird step S3, schematicall’'y shown in
Flinguhrseemqulmat Hicew trekibart piectixkdstelativeeteptndied prni 20 isuch that
are in. Fi ure om t he change, .in . .

e piszofe i dis uBoEpReCt 1o B IGHOBA, By indicates motion
0 i oSht i
sd*‘e%’é AR, B SAREISFANG i BRef PpfioThi (0360 A, B, C are
cehpasticaily. shidven @x pnamiaasom closet ecipple zndicaes that vhlemsable clamp

while jt is c tAc uses it 30 expan )

Bgeheaish e Bt sleap i Q&gﬂ@sﬁnﬁéﬁ% S0 froption,qpn open

'&fclé:]?ﬁ{cta\.ees R ?hc'e oé?@o%@.@éfc%{ A€ ot Siﬁit@&%ggﬂ and 38 free to

away fromlocatl ourth ste

sabenatthe alpyanehown in Fi gure 4D, the pi ezoel ectric

di sc remai ns expanded while the rel easabl e cl anp

mechanism at, location., Cis.configured o cl th

pi ezoel 8Bt ‘ff% shvecandptiial prsttion éggmlezoefeaﬁ% it spect to
[ I

boatlols & 2T BHOSEAMAS bl SE4EAE Bl Bt AR ORI (L. mot

tdxpandesingr contrhatedbban itd, nohhai idihse srze)‘[amdszenﬂreﬂ'nwa‘.ﬂ rmpect to the
one or ot her I ocation ghout this step

fthreenlogatigns o, Bs G digte as elﬁewqmﬁc‘rhamsgﬁr%%éfﬂﬁ HSC are all

acting to clamp the piezoelectric disc at the corresponding locations A, B, C. This

initial position is referred to as step S1 of the sequence. In a second step S2,
schematically shown in Figure 4B, the piezoelectric disc 24 is released at B and C (i.e.
releasable clamp mechanisms 28B, 28C are activated by the controller 18 to remove
their clamping force from the piezoelectric disc 24). In a third step S3, schematically
shown in Figure 4C, the piezoelectric disc is expanded. This is apparent in Figure 4C
from the change in circumference of the piezoelectric disc 24. The outline of the
piezoelectric disc as positioned in steps S1 and S2 is shown as a broken line for
comparison. The expansion of the piezoelectric disc while it is clamped at A causes it

to expand asymmetrically about its unexpanded position such that its centre moves



pi ezoel ectric disc 24 is relaxed such that it
contracts to its initial size. This is shown in

wo-e@ane70dE by the change in circunference of tPEI/GB2005/000037
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pi ezoel ectric disc. The outline of the piezoelectric

di sc as positioned in steps and S4 is shown as a

broken line for 10 conpari son.“ The contracti on of the

pi ezoel ectric disc while clanped at |ocation C causes

it to contract asymetrically fromits expanded

posiyt from lgeationt Aaﬁl ptfeurgie atiep 54, relcaraticalba shiewn de Figue 4D, the
C. In a sixth step S6 hemat, cal | in Figure .
FeopirRt TP e BingRl VHae Hit Rlenbr B4R aechaffiprat ocation
| @5 dn@iBrel t6BRnp BE BiceOdEdHs HRE 2h® theGeREFALI@amp mechanism at
pi ezoel ectric disc such that the disc is clanped at _
dbtationr Sesubsegatitihleased. tBy slamping thgepieneleseripidise et ilgeation C

onplete, .th i.ezoel ectric disc having.bein ved.
e Tefebg oIS OBeR AT 4 DAY STy GRSy 4 Sie or other
CBENRA thiddch AR Akik 3125, 1) Aifth Step 5P EscBEMEIidH Ay shB@A A Fire 4E, the
of the piezoelectritc disc shown in Figure 4A is
submeicircaliso24isoviaxédsubh that & contFacistodtsanislad size.i Thas sshown in

RS RY e oineSartR or H R S5 Fhepugine of e
L;?]@zd'eﬁalcﬁ'fbs 8L &s Yo nbE G ahs B hﬁﬁpsgz i#RFowh&s a broken line for

ezoelectric di'sc 24 during the novenent sequence
sdvmvparison. FTigucasradter-of the piardelevtric dsc swigps clghpsé at tibmation C

state . of the rel easabl e.cl.anp. nechani sns .at th )
351 1 oiTast ARGIBCTICAL AR 146 CIpAnAsd Pos{inm SHel fhat its centre
t i . i i R
Clggfges%wég Yh&k oﬁfﬁ:.qa%aé@hﬁ_sgé?gseq? g%ﬁgﬁgﬁh&n in Figure 4F, the

lgured to clanp the pi and as "an
" 1@leasapidd olamipf mitiainispayr dssocibted with bestadiseAcddn@ are configured to

mechani sm 25 is. rel eased. The state of the . )
pilasp dreguezaelechicy SCQ%]_-IC}?éhag s Hscis cgamped a oliifyiee lqgations. At this

i cate b a7 o . ST _
Sl Bt S BbofiE e pfin, S5 in
pdiggctien sabstitiatly Sgaraliel ianling conypating dostiahe A RnduC.eThe original
shows a table which is simlar_ to that of Fi_gLire 5 but _.

virfistionpd g pipeasleciic ¢ipg ehomayin Figuse A dn seepratisallyshopg,n Figure

aghl evi -S1 .l Lon to that seen in Figures 30
4@%5.3%26@%%%@8@@%%' in Figure 6 differs fromthat

of Figure 5 in that the WO 2005/ 067072

PCT/ GB2ig¥s/ D3GDGBle whidh prevides|asinyerdenti way oBindicatigmthestate of

confract at step S3, rather than to expand, and, a_, )
deach of tharelegeabls glampgnechanisng ¢S Ady ap éhernip@s?&mcedlsc 24 during

Ctlhél 'ﬂpo‘)gﬁl%ﬁﬁégqﬁgﬁbei SRR %Yg%jes AR HREIh YT B steps S1-S6, the state

of the releasable clamp mechanisms at the locations A, B and C is shown as an ‘X’
symbol if that particular releasable clamp mechanism is configured to clamp the
piezoelectrié disc and as an ‘O’ symbol if that particular releasable clamp mechanism
is released. The state of the piezoelectric disc 24 is shown as a ‘-’ symbol to indicate
that the piezoelectric disc is in a relaxed state and as an ‘E’ symbol to indicate that the

piezoelectric disc is in an expanded state.

Figure 6 shows a table which is similar to that of Figure 5 but which describes
an alternative sequence of steps for achieving a similar motion to that seen in Figures

4A-F. The sequence shown in Figure 6 differs from that of Figure 5 in that the
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t he piezoelectric disc 24 is indicated in the table by
a "C" synbol. In the sequence shown in Figure 5, the

w@e@zoeloertri c di sc expands to push itsel f awaRCT/GBR00A000037

and then 5 relaxes to pull itself towards C, whereas
in the sequence of Figure 6 t pi ezoel ectric disc
contracts to pull itself towards C and then relaxes to
push itself away fromA. It wll be appreciated that

the piezoelectric disc may preferential |y expand about
i Rigzoelestripdise idaiven fogomiractyah siep Sdnrathee thante expasidsand a different

r | tho h e nee sho Ln Figure S .
09, AR SRRy DRl ES IR, Cfppction of
athe tpieoplcezioalifC24 iscindibdtedi i GhéBabldBy R ‘@l esynashl. e sequence
anount, by which the piezoelectric disc is noved during
sienga digime 8sthe piezgeleedripidiss xpinds e pushyitietfiateaydfom Heand then

SABREE LA, e AR 3 e € s
SHEC EsifttavRItY piRVRel b RUETORIIaREN tdaxed kS ﬁuélf‘it@licz_{'{&%):ﬁ‘om ATt

direction by distances greater than is possible in _
swilybe apprgaiatedethat] theThiezoedertrih disdanay pyefereptéadlyi enpand about its

ei t he f ot sequences own. i n Fi gures r 6, for )
el oo ol B B R, T iDin e Sithed B iienle shown in
SFRRYE isORIsSibRX Ba OF PibAdd, whRANERE! &0 BxhsibR®F the piezoelectri
pi €zoel g?%arsi c agﬁg&c to 1ncrease tlﬁe di st aér%%csel trave‘f glgzoe eetric
i isamgy hgpeefersdquence. An exanpl e sequence enpl oyi ng

this technique m ght conprise a concatenation of the
sequenges sho in.Figure 5 and Eigure 6 ut wit .
teps e aioingy ahich HpierirPats Gl Gput deingRuah ssauences s
f defdihdfih UyEthE mHoBFhdih (RS Bxgaldibn bb 8ot RRESPbE & t%)iéz%el_ectric disc.
configures the positioner to adopt the state shown iIn
MuliipB3sesfucicy wae b edequget Inyserias te suerstvely myvs teppiSdoelectric

. Fi 5. De i ng. th [ l.ectr| i of
Ciee i o5 GPERIG B st Wabjon it 56 ppiots B & St sequence.
U1s SMBe ABRE bl YeRafhg CARLT FChE @%%ﬁces%o%gﬁrﬁ%\%@s 5%t 6, for

The piezoelectric disC can be no In directio

subripkentor iyl gxepating & enodifecapaquebdenehichremgroysnbothrexpansion and

air of the locatigns. A .. B and C. D fferent anounts, of .

FORiasHon.Ph 5 Bieraliitt ditel® BerieRedle disfgce iBelodan o single
[ j [ i, OR,: Of ' .

e ity R T

tooavattnatibn ol hepequdnicenghownl ih Figdrk 15 dnd Fagipe 6cb@tveith steps S5 and

[ ener,al en executin Itiple sequences |t w |l

0t 58 i e Slomh S om B sprecs e ettt g gqntrollr
gl conities RS BhdiRdler 8 addif RO SRl shSREn step S3 of Figure 6 directly
after executing step S4 of Figure 5. Depending on the piezoelectric poling of the

piezoelectric disc, it may not be possible to use the same amplitude of contraction as

of expansion.

The piezoeleciric disc can be moved in directions substantially parallel to any
line connecting any pair of the locations A, B and C. Different amounts of motion
along different ones of these directions can be made in series to provide motion of the

mounting post 26 to a desired position within the range of travel of the positioner. It

. will be appreciated that in general when executing multiple sequences it will not be

necessary to clamp the piezoelectric disc at all clamp locations at the end of each
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wo b@soeroge of notion which a positioner of theCRGBE005/000037
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shown in Figure 1 can provide, in general a typical

device wll have a char acterlgil c size of between

around 1 and 10 cm and provid range of notion of

around 100mto 1nmwith a resolution of around 10 to

100 rim 5 and be capable of positioning a | oad of

p@ﬁmcb@l seqngnee. Ydthmuginghaneisenp Abwlameniah hnhétosélquengﬁesf motion

qur es 5 an not f the ntre of
Sy ALbGTichef B o b S5vpRizige citpmvid 1t gefral o typica
| dgveCRINBS&Tel Nehafachefbtic size STHRAPEen d&r@ﬁ‘nd"? th@n O"Unll |an@ Qtovide a
generally be exactly parallel to this line. This is
resgauslemotibe ofl arognd i 6®umfto rhotoh evithhasesalusion lolf around 10 to 100 nm

dependen t he |n|t osjtion of_ the 10

rﬂ“@i’&éﬂ%@ﬁ? F’Ep‘&ﬁ“%“%?ﬂ OFﬂQ?P{%F MRS eEndotO Nt s expansi on

and/ or contraction. Because of this, in sone

enbodi ABRbeed! HBvEORI the BGentls! bt F%ﬁfegcbee?d baad kﬁ@f Krotion of the

mechanismto assist W th positioffi ng or exanple, in

matramﬁ Ithe gidzoeletttie dposl4 1sola@ely1p@’aﬂelue altine cbn[neatlng A and C.
al j cal re with anoth

i%ﬁ??%%fr? ¢ © mqHo V%}Q%aﬁg?q% IYd?&qxe Y parpligldo t ﬁll% éfrlilwals because
GRS edlré'cﬁbﬁ‘ e5f L@Bn didsest ntrﬁle dgﬁ’éid@h%p I%f\}eltht@ h@ﬂla@bﬁ& i€ of the

position, the 15 contr oI
gusz’delaotriar diss amg tlreanargmmlde) nﬁllts fegpwdisamkaﬂdﬁﬂlmhﬁuabnt Because of

ximze the |jght coupled fromone fibre to the . )
et g ebediiients e PasimsBERI Mekid reedhacls Bokanism to assist

{758 SR, ESAIL1E D EORLBOR ST by U
tatystemoforr taligningfantdpéicaitfitealwith prtiier coipunent, 7such as another optical
p((,Fcherratl cally shows in vertical section a

g0l 8l # Cajodttheiothan ditsot thy BRSANGT Y aﬂoabaolgt@cmﬁauon the
%gh Vﬁn&& g nqé ihGe ﬁ{gsﬁﬁ leHogg é?xﬁfenﬁ&al ROtk ko[i]?c'hmques o

g Si'm I ar osi tTroner
trhchlfmzeStheehlgm cionpled feore dnd Gﬂﬁrb ftb @hle b}he& hBlo$@ @enerally, feedback
reference nuneral s. These parts wi |l be understood

FReARARISES oA e Iseh drrpstioning the mqmbkumﬁtre@mem ﬂmﬁxed part
I
S0P SEEN R DL, LIRS A G8S

of its rel easabl e cl anp nechanlsns The 25 section

vi ew dfigiiedUscherhaticallyakews iim varticall stéetio b dizowlBtigid positioner 36
simlar to that_ of Figure 3 and which passes through
Geeorimedasatseend praberimentefithe invegion. P artk of thmpgsitiasfer 36 which

taf€similar to parts of the positioner of the first embodiment are identified by the same
reference numerals. These parts will be understood from the corresponding parts of
the first embodiment and are not described here further. The positioner of Figure 7
differs from that of Figure 2 in the design of its releasable clamp mechanisms. The
section view of Figure 7 is taken in a folded-plane which is similar to that of Figure 3
and which passes through one releasable clamp mechanism 38A to the centre of the
piezoelectric disc 24 and then through another releasable clamp mechanism 38B. In
this example, the releasable clamp mechanisms 38A, 38B (and a further one not
shown) are identical to one another and only releasable clamp mechanism 38A is

described in detail. In place of the rigid support 30A of the releasable clamp
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pi ezoel ectric disc 24 and then through anot her
rel easabl e cl anp nmechanism 38B. In this exanple, the

wo edosasmit e cl anp nmechani sns 38A, 38B (and a fRCT/B8R005/000037

one not shown) are identical to one another and only
rel easabl e cl anp nmechani sm 3 ﬁ is 30 described in
detail. In place of the rigid-“Support 30A of the

rel easabl e cl anp WO 2005/ 067072 PCT/ GB2005/ 000037 - 15

mechani sm 28A seen in Figure 3, the rel easable clanm
mecdhanissn? B Acot inFFiguree3, the ealsisalyle clani gleqh@mqmdﬁﬁ ai0Pigure 7

ont qQ which i ezoel ectric port el enment

Y g SRR dser OB YRR, S PlerORBRE yupRpyt ement 424 is
'RGRAR. SRe38Mainderdfthd ﬁ[eaﬁ?}l@aﬂﬁn?ﬂnﬁéchaﬂ@m@"fkﬂeﬁ %Ir@i@ﬂ' to and will
fromthe corresponding parts of the rel easable ¢
rimcﬂumermdzﬁmnahoﬁoﬁeayunchng parthef theezbed;abm clampsmmhamsm 28A
e ke e S RS A s, B, S B By e
ddr[\%ﬁ Hgocﬁe BSARARH18 Y 3kpdn@ ahBRonPa 23R E! &I%Eﬁéﬁpéiiga’fdﬁﬁar to the
An obj éct supported by the positioner 36 of F re 7
nagzoskechrmwdist M.t hin a plane in the sanme manner as
descri bed above for the first enbodinent. During this

10 notjon.the piezoelegtric.su t .el enepts

25001 AR B FIpPEaEE S fiet s UPESE hf FUERER dugey be moved within a
fBi&KkaHl' SRR MRAdhePas AbdtBbe M Aol 80 HRE RGN ]bﬁnng this
reached, however, the piezoelectric support elenents

anotigrh ehqo pmzodb@nc rsuppart abgpiants essenmteds withseach atfethe releasable

W.t h eam aof the rel easable cl . chani sns ¢ be
AR SrERFRy FRAID A6 C5PE 8 d5rired Bion e od, Towever, the

%@z%‘éﬁ:l:ﬁ’fctﬁ ﬂgoijc' Si6méfts ahl! he oBRcRIEIGH V‘@'e}n@nts associated

I ntal ni ng clanmping 15 torce on the pl ectric
divile eachaof the eelqaisahle blmr@xpaﬂldmmgs ahl b@éo—bperatlvely driven to raise or

pi ezoel ectri por.t enments by an, appunt _Ah. and
dBWF’f Rlﬁ@eﬁqcrmo i5¢ fd ﬁ?léfe% Baekicyed PaHpimintaining a clamping

t
LRI P RRIBATPIbIE ), SERSHGGT 1 e i

psuppeérd e'&:nfems b @mothtoAly alid) Cortrading aH o il bw@ﬁelécﬂné BRimping
xy-plane. By applying different expansions and/or
cemerie by Hressams amaung rtmlem«;éagtrm disris rm;fs@bs &bl ‘Eheopositioner of

[ .t
TP 7 TRERRS: By dOEhG int wobk e £R0s s SRYdS in dhe rogplane. By
?Iyﬁﬁg @iffekdrRestpensiohY aB@ot REMFRADAS BAdiffkéht 10ABs of the releasable
rel easabl e cl anping nechani sns to accommodate the

tdlamp whechanismi ndegres ahtilh can alsp badntfasiuced. If large amounts of tilt are

desired, a degree of flexure may be incorporated into the releasable clamping

mechanisms to accommodate the tilt while maintaining a clamping force.

Figure 8 schematically shows in perspective view a piezoelectric positioner 56
according to a third embodiment of the invention. The piezoelectric positioner
comprises a fixed part 60, a moveable part 62 and four releasable clamp mechanisms
63A-D. The positioner is driven by a controller 58 through a signal pathway
schematically shown as an arrow 59. The fixed part 60 forms a base which may be
attached to an optical table, for example. The moveable part 62 comprises a
piezoelectric device in the form of four passive corner pieces 64A-D which are

connected by four piezoelectric positioning elements 66A-D. A mounting post 68 is
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positioner 25 conprises a fixed part 60, a noveable

part 62 and four rel easable ckgnp mechani snms 63A- D

The positioner is driven by a*controller 58 through a
signal pathway schematically shown as an arrow 59.

The fixed part 60 forns a base which may be attached

t #taghedoistane A thestsireer Hienes 64@nPhepieaiaiecinmy pedifiaingeleméats 66A-

' [ | ectric devi jnt f f
CHIB 50 ST B G EE R b o
0 LA g 40 SRR 06 g e come

- pigcestto adtieldittio atanhedf Thepicomevtic positimsn®dlemetsec6A-D may be
i ezoel ectri osi tioni.ng el enepts 66A- D are arranged

Sdrevenandidvally Bederen &@@W&Oﬂﬁ%@ﬁ)%gﬂ@ﬁéﬁeﬁamsms 66B, 66D

CaBlaf@hdRpatdiel & BXRANGs aft¥s&BRM pAE b6 A 669 ra]&eg %&tngg@bﬁauel to

so as to increase or decrease the separa

cbe ryeaxis. Jihe semmtiog phétod8 servedsgo atdvaddhaduppEh enounting face on which
pi ezpel ectryic pasitioning el ements 66A-D may be 5 _
Gy SR Toubs PatPIST By (gBetidh v it Sleqsaple Qgmp mechanisms
r ¥ | i . .
TP R GoReRal OGRS BT © St B1A ol OB de, selective

parallel to the x-axis an
aelampipe of iy @drhe pitces GHAED wt eotiresporktieg fivst (A), dgcdqds®)Sthird (C)

o1 kiBErth B e ORE B a9 T heRrolieh 88 1Agh of the eleasable
r 8B SR EiSHha BRANS GSRaRhRER isg?rﬁ% t%ﬁ% Ség\ijlf’o%:ﬁ{’de%o&d“ﬁom the

corngrs o?ﬂla squar e and”confi1gure
sreleagzbiey elairp oicehmisngs of thehfirse @hibedindin® afsthé4Avdatiah. Clamping
correspondji ng first second (B), third (C and

! A,
fIBEFRAisS it ge those (09 SECad embeiment msp alggde used.

controller 58. Each of the releasable clanmp

mechang; = ' ' i 7] L] .

nder St 05§ Fome SOIE 10l & Feh 3 Y (AR b pmdFanisms

t63A-Di misd theenfoondi piesvkleofrict pesitioniey bleatentsCoGAND ring an example

mechani sms simlar to those of the second enbodi ment =

ESUSRCE donyBOYiEg dhe meupting pest 63 relative terfhe xpd e §0ting direction
ch: .G hani 6 D _and

SHEURL B eSS T o PSR B B M o

dtigureg5 and 6xanpl e sequence for noving the nounting

post 68 relative to the fixed part 60 in a direction

parallel to_ the y-axis. This table is simlar to and
will JB %%i, t?lgd)aezpplgﬁtinﬂ@stt@gpre% &F in an initial state with all four

clamp mechanisms 63A-D holding their respective corner pieces 64A-D at respective
locations A, B, C and D and all four piezoelectric positioning elements 66A-D are
relaxed. In step S2, the comer pieces 64C, 64D are released at C and D (i.e. releasable
clamp mechanisms 63C, 63D are activated by the controller 58 to remove their
clamping force from their corner pieces). In step S3 the piezoelectric positioning
elements 66A, 66C which are aligned with the y-axis are expanded by an amount AY.
This moves the mounting post 68 by a corresponding amount. In step S4, the
piezoelectric positioning elements 66A, 66C remains expanded while the releasable
clamp mechanisms at locations C and D are configured to clamp their respective

corner pieces and the releasable clamp mechanisms at locations A and B subsequently



Figures 5 and 6. 20 In step Si, the piezoelectric
positioner 36 is in an initial state with all four

web@spsetoerhani sms 63A-D hol di ng their respect i PET/GBRIVSN00037
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pi eces 64A-D at respective locations A, B, Cand D
and all four piezoelectric p9157i tioning elenents 66A-D
are relaxed. In step S2, the ‘corner pieces 64C, 64D
are released at Cand D (i.e. releasable clanp
mechani sms 63C, 63D are activated by the controller 58

trolepssdolnesteth 89 .rthe piegoaieqtiipposidenies plementsiidy 06brarerelaxed such
] | S3. t.h i : S -
IhnERY st SR, sbisc FieBiidy fs PR mechanisms

HsSocPAR A efbuP Yoo AUDt ar®Yeonfigliled W@D¥ESpt their REIHCHiNg corner
post 68 by a corresponding anmount. In step $4

,. the )
miezs SdeDr A this stage dhe srguenasnis rompbsa, the sOUNEREPASE 68 having

b nered & aran e AY B fresTon Bl f B R Puftole sequences
r SR ARCL ¥fited Yo GREVEEHe %@%ﬁ%ﬁjﬂ%t ts)g %igtﬁlc@??xféé{%ﬁ&?m . Smaller

mechanrsns at | ocations bsequen

201690 426 1A 2eRCHhictRR 60 Bk PAINTY the-pidzoekcrspubitidning tlements by a
S5, the piezoelectric Ppsi tioning el enments 66A, nc)}616C —
aosrepRangingly smalier ameant imEgpsehendet of e tegpencespwva n Figure

i . S C 3 c i . .
S 38l bR, P SRR 6 LATR AR Byt uing o
Cdi@iler dcqércer espective corner pieces 64A-D. At this
stage the sequence is conplete, the nounting post 68

havi ng_5 bei ng noved by, an_anount AY_in i rection .
par al Ig]é‘lgu’teolq e (ablg,shewing fhe;state of g/fhetf: §(}°‘€ argp mechanisms

SHEEPL 4 e Y b g il 35215 S o ol

evepadide for mbeingitee feuritlg pest PO Sthiinnionfe dixedpatt KOy aadirection

cor r espondi ngll snal l er amount in _steps S3 and S4 of, .

t Which d¢y nefpasa lﬂ{é«mﬂheﬁ the gupPey-ages. |Ip ths exargple the mounting post is
i at : ' ly: X = aXi

SBRFCH SRy SRS b Qob L B s B

tBbTks $AWisEmilieroHnd tviillife wdefitodl fidie tHeotdbles bARzure 5, 6 and 9
mechani sms  63A-D and the four piezoelectric

passti willonet g descaihedhfusthepim dotailir i ng an exanpl e  sequence

for noving the nounting post 68 relative to the fixed

o1t her Athdidh 8¢ SR, of ibfidh IBIBTERBlioh Tt the, pair of

PsisZoeleetric positioning elements 66B, 66D aligned with the x-axis and the pair 66A,
66C aligned with the y-axis could be the same to provide a motion step at 45° to the
x- and y- axes, they may also be different to provide a motion step in an arbitrary

direction in the xy-plane.

A degree of angular motion of the moveable part relative to the fixed part
about an axis perpendicular to the xy-plane may be achieved by expanding the
piezoelectric positioning elements 66A-D by different amounts. To avoid unduly
stressing the piezoelectric positioning elements during this action, a flexure joint
where each piezoelectric positioning element joins a corner piece may be included.
The flexure joints may, for example, comprise pin joints configured such that the

piezoelectric positioning elements can rotate in the xy-plane about the pin joint.
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15 noved in a direction parallel to an imaginary |ine
connecting between |ocations B and D. This table is

waRowsler072 0 and will be understood fromthe taktBeBF05/000037

Figure 5, 6 and 9 and will not be described further

in detail. Al though the anDu of expansi on and/ or
contraction of the pair 91 ezoel ectric positioning

el enents 66B, 66D ali gned with the x-axis and the pair

66A, 20 66C aligned with the y-axis could be the sane

to prdiigee 1d sebematicadly shows inl Benspective view aribirep=axiscpigzoelectric

anstioBey 1 §7 parites 8 SPket 4R Hpn e oAy E B RO shown
eiﬁ‘ 9’%@5 1 00hé 95‘31ﬁ’$nefr hes oMeablEtoRAb e dEbEIbER aherikfiRal xy-plane
fixed part about an axis perpendi cul ar 'to the

»apdfok aabengrayveriéah erixey wd:ucbyls epqqmdmugartth ethe d®@rizontal plane. The

| ect t ff
Rigares e R oBra oty ¢ B0 b {6 pebale pef £8 bmd three
RERLLb LG 1 %@dﬁ%ﬂf‘s&s q‘ZBAQQ TH odGdnep s dfivéd 63‘ Wl &ntroller 118

j ol nt each piezoel ectric positioning elenent
jthiongh & mguah gathpiayceheraatichBy ishovudedn arphe119. fhermoveable part

e%a?%%m”ri%s slcHPPeh RN FBE Jer ot # 0SKBsPierasislip ring 126

Cc n -
jOI HROP iy %oé%%%%ﬂ?%?p%?%@é%% Aflc e tiisaﬁlfﬁtgsugdé%tf The

yitwektirzatings IM0N26 bre Juengqesich \tlmt\th@v\may bhiimizpandestly driven
pi ezoel ect

116 f
O e controllon o Wpinend Paheortrnt eiellyen angs s Dhopiszoctectri
aﬁagegj 1o 1&&145@% Q@%hrah Cuct Kot 'tﬁe@%ﬁ?or Vb bWP{eecontroller

I'n a orlzonta xy-pl ane al ong
VIdI8t foCcedpard axd omtradt paradlep &r fengdaxialsar ast © thase or decrease the

hori zontal plane. The 5 pi.ezoel ectri |t|o 116
cEPgRligR ey iy pigreclaciic BB\l 25 pérfy ipdrica npiezoelectric

UG Fing 27 JeeE R AR 4t o ofPBelsry ries 124

SlIZQUEhe piizbslegtris afvemntihg padt 1127 ebmmsammper pmmoe:léc@mc mounting
The npveabl e part = 122 conprises an .up
Mot elemeat 14 ami ﬁglowzmplﬁﬁeplept%mmbne 26%,1‘1 dementcl42 Jhese two

i;%&oelelﬂfc ﬁoﬁ{xﬂ%a@s{&%@f#ﬁg Qttfet%nngct&b “cc%tffé!r %%,o; Ic&ﬁfa'ilklclocated

acer enen 0 pi ézoe

12dng 126. 'Bh@up;ﬁd?faﬁiquwéruﬁlbzdd[&tnd meyintify pbst elements are arranged
i ndependently driven %kthe controller 118 to expand.
gpep

ateh dbait they tmay & aingd naly sejuen ndhe paatroller 18 to expand and
pc'o%%racet r?i&lafly n an xy-plane. The centrally located fixing 144 allows for relative

expansion/contraction between the upper and lower piezoelectric mounting post
elements 140, 142 without unduly stressing their interface. In normal use, that is when
not being repositioned, the mounting post elements are appropriately expanded by an
amount SE such that they are friction gripped within the opening of their respective
piezoelectric ring. The three releasable clamp mechanisms 128A-C are disposed at the
vertices of an equilateral triangle and configured to provide selective clamping of the
moveable part 122 at first (A), second (B) and third (C) locations under the control of
the controller 118. The clamping acts between the upper face of the upper
piezoelectric ring 124 and the lower face of the lower piezoelectric ring 126. The

piezoelectric spacer elements 146A-C are positioned generally in-line with the



spacer el enents 146A-C are arranged such that they may
be driven by the controller 118 to expand and

W@ emsnemr2 paral l el to the z-axis so as to i ncrREBEEBRI05/000037

10

15

20

25

decrease the separation between the piezoelectric

rings 124, 126. A cylindrical,,pi ezoel ectric 15

nmount i ng post 127 passes thrd gh the openings in the

two piezoelectric rings 124, 126. The piezoelectric

mounting post 127 conprises an upf[)er pi ezoel ectric .

rebaiing thcatiost AeBefientredure passibla flezwes ofpthe pirgoeleetiic gings 124,

mount i ng post.el ement 142 . These fwo I.ez0el et rj }

Tt mitenc: ageing Bifns apied B MRasi B O ErRIEhishs 1280C.
Ly EGhefWidd MitkAdd. The upper and | over

gf‘;e%e ’éce r@g}aﬁrmun?i r}g Igg;ét el enents are arranged 20

such that they may be independently driven by the | .
cont r dligwee 128schemaliqalipidhewsin vesHealaeetiqmtieanespe]ehtrigrpositioner

- pl .. T trall . ted fixi 4
GRS B eSS ToL IS A3 B e
lvﬂ?ﬁﬁ gtgés%g gﬁ%oﬁgﬁ the r&L4sab1e NGarRP Shech@hieME M A 14 Ghe Léitre of the
W t ho u

un y-stressing their interface. In nornal
useveableapart 422nd theotthivegnghe egdeashbleorienip mphanism 128B. The

FRlepisblTAGRD MAENSUERS LHat 1200y | ARe P fertioB IS g ppefes and only
V}d;efegéaﬂl]% I']:?afﬁ eﬁie@l%rn%tmt MBIA 1eABREbLY CherRl CBRE!BRAJabIe clamp
ring. et

ee rel easabl e clanp nechani sns 128A-C are
dhsqhasieth EISA bemprises bigestsy b34/8m moadelestria elhmpingaiggnent 1324, a
and configured to provide.sel ectiye cl ' of. t.he

rogid auRoroEA anbo eeesIocdic RRpO SIARGR 108 e peport 150A
( G ‘Lé P55 AU t Q¥ 126."EneRB¥daBld faFt 122 rest
1%.th%‘%%h I anf?T %g%g%‘{ﬂsg&gdéﬁ%eﬂé{ghp he upper f acé1 oflﬁtﬁhe_ s on
Upp @lez3élegtiie z0sporrtleinentr i5Ad. Wiidh am thrp hemounied ohdberigid support
the | ower piezoelectric ring 1 The i ezoelectric
sh¥erThs| @ﬁ@ﬂ@%ﬁ@ﬂm&n&%ﬂg@gﬁg?é‘n@&t@%g § gantry 34A such
| ] ' B%éD 122 ertical
cﬁ%gérrlﬁ rl]l%lgd%‘%)eg 5%%1@?;@@&?39%%&%@% gggelg%/g %@s? bal e Tlexure ° lf;a
oflignhRnpwethotk gritAoklectricrayppdi? 4lemeh? 6 Sdh e ha pidzaelpétrig clamping
force is applied by the rel easabl e c|] anp nech

clamert, 132Pooms, e PIemoelFoinPBROTo R REIFT 88 R8RS Bl hat they may
P e R e Yot | Lo/ G g AR ORAIRE o the 2

Thas. 98 Gisi refaxv¥d eweothe pigoelectdid clangink elenient 432A contacts the upper
f ol ded-pl ane which passes thr oui;h the rel e(?sabl e .
chismelessiheng af PEde meveahle pashi 74 apd sg Repvides a clamping force at

location A. When the piezoelectric clamping element 132A is driven by the controller

118 to contract, the clamping force at A is released.

Although the releasable clamp mechanism 128A is arranged to apply a
clamping force between the upper face of the upper piezoelectric ring 124 and the
lower face of the lower piezoelectric ring 126, rather than between the upper and
lower faces of the single piezoelectric disc 24 of Figure 7, it will be appreciated that
the releasable clamp mechanisms 128A is otherwise able to function in the generally

same manner as the releasable clamp mechanisms 38A-C of Figure 7.
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noveabl e part 122 and then through the rel easabl e
cl anp nmechani sm 128B. The rel easabl e clanp nechani sns

wa2®5067028B, 128C are identical to one anot herP@ENGBRIVSH00037

rel easabl e clanp mechani sm 128A i s descri bed here. The

rel easabl e clanp 10 nechanisg 128A conprises a gantry

134A, a piezoelectric clanpi‘g‘elenent 132A, a rigid

support 150A and a piezoel ectric support el ement 152A

The rigid support 150A and the gantry 134A are

at t acéglrt d3tike thblechopang theatate Diicacto ot Hist Gurgparcleagabie clamp
rests on the piezoel ectric suppori el enent,,15 whj gh
PeCRRRIAS 428t BB 19vgi Iﬁg@ﬁkﬁ‘s’ﬂ“ngfsl& e ?%1%11& {0 upper
| Lok Ro e R i192 AhtiAe e dxdiplt B

ARG Lo HR e PO R gl 0 130 8 Jpper Hfpll Seuence
rfblemgei&llgahd Ii_)iezdeild@gic]ﬁéumfngtpmt retitive tpthetfixed paitd 20 in an xy-

vertical _alignment with the piezoel ectric support

aleweihe PiZRCIStHE SEAROFLEFBETH | 102 4r B RFZOEiPERE Pages slements

¢ . _ . . _ e
JaeA" ¢ R ol Wbk IPRRnLE BREMIRE Buif ekARpR D equance the
GoeRbirRr matiBingposk p2Nds Anted ontrdicttipasaistatially patagel to an

t- axis. Inits relaxed state the piezoglectric
dmagivanglies eprnsetingslomationstAend ¢ e %ﬁéﬁf%‘m from A towards C.

L T oGS s, 0

RiS7ARk et hidticharmid e Blcameat TRISAA ilantificd igna BPET kgmbol and
controller 118 to contract, the clanping force at A

iindicateewbenitheAipperaugtovprepiezetesyisynauntingRoshelemanis 419, 142 are

128A .i s arr.anged.to ply a.. i orc e
ihdhels ePr e g e e apbe: <SP oo AR e R REbYTiBaed by the
tf;]gzoe?e'étﬂcqyﬁgrs 1baceeof the | ower piezoelectric ring
26, rather than between the upper and | ower faces of
the single piezoelectric disc 24 of Figure 7, it wll .
be appFlecieguenteshewn in Rigure] beersaspends| cemslyniedhalsheyrg in Figure

128A i her,w i AN .
SBnntees 4t Tes b hSupPl brd i S tHERE s manner.
ofxcé:o‘r&iﬁg? the OpEFatiORA/s0QEA ¢ BETHGBRASHIDNNDE mechafisms 128A-C

Figure I's a table showing the state of each of the
tinrtbesayebmasdiigre | 3 nprresperdtorihg sequensyshowniin d'ighspsed and 5 and

0 YR e BT hEr TR g rae s Pk Trelfftnce shown
Lo i%g%ilg Gnd thLXREWPA fr BigaS & /hat ftRe uppRY ki@ 10w piezoelectric rings

pl ezoel ectric nounting post 127 relative to the fixed
pH4, 12@ @rei axpamied (or contracted) simultaneously in steps S3 and S4 of Figure 13,

whereas in the embodiment of Figure 5 there is only one piezoelectric disc 24 to be
exercised. To prevent the mounting post 127 dropping through the openings in the
piezoelectric rings 124, 126 when they are expanded, the upper and lower
piezoelectric mounting post elements are also expanded in steps S3 and S4 of Figure
13 to maintain their friction grip. In variants of the sequence shown in Figure 13
which employ contraction of the piezoelectric rings 124, 126 (for example in a
sequence broadly corresponding to that of Figure 6) the upper and lower piezoelectric
mounting post elements can be appropriately contracted when the piezoelectric rings

are contracted:
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5 plane. The piezoelectric support elenments 152A-C and
pi ezoel ectric spacer elenents 146A-C remain passive

walenosngrorhi s notion. I n executing this exanpl ePGEGB20V5/000037

the piezoelectric nounting post 127 is noved in a
direction substantially parallel to an imaginary line
connecting locations A and Cc?nd in a direction fromA
towards C. This table is simlar to and will be
understood fromthe tables of Figure 5 6, 9 and 10. ]
10 Howégee ,14ais addblei showiing tlat etates of reethu@édhe Thieg piezoelectric
identified b " W ol and . indicates. whe h
pRIn S oBte 20 B DT Bk I ORI e GLeDaTts JAA<C and the
idBelbOifit mARKTE! polPEleAlehii i 42! a1 durihg @ 1
éf’?%rh%‘fdil"g‘f?gé’ﬁé e%ll sobansl,&t olﬁgé)ogri@%%egﬂby the Hrg L example
Reqeaed fttidving iho piezdddctrid AGuniihe pew d0@ ndativstiowee fixed part 120
Figure 13 corresponds closely to that shown in, Figure .
is a5 dygefiosy pamatlels to ghenppgis rﬁlﬂ%éﬁﬁlf’éﬁﬁ%ﬁ» tth‘igbreF %’lszoelecmc
) |, 1 : : [ ot d
S Bl [ IRCRE sl EREAEF aEiing IR L AR and so
ionlyt Aesiagiguesiamnofs fctudeé ih3theotabks prird sime tiidrue for the three
sequence, shown in Figures 4 and 5,anq will no

b
Dctericntls MACE FGMoRer T4OME. HHlicn Pse PH ErtE g plMdg and the
t he sequen o) ' i . hat .
PR S e, FU S P A e,
ek B@RingOthlP 4xarhple SigBerds Prhe dsidzdetsctriomicuathgdost 127 is moved

simul taneously 1n steps S3 and S4 of Figure 13,
wlosmaaeds by athemewtakh. Tdis table isisiuilas tg thetables of Figyrg 5, 6, 9 and

e piezoelectric dji.sc 24 be XEr Ci NrLeV.e
S, 78 it o5 el en BT S 1l ¥ i e 14
tREws PAELEARE 08 e PizokieBER cladfiping dfenydneybstdt@yr @laked, contracted or
expanded, the upper and | ower piezoelectric nount“gg ate of
state o

paptndedefbistis imrenteissio thr parige tables whichshag ths fingldo

Fj gure 13 to intain their friction,.grip. 4n

b i e P e Eaties 6§ RGP gr FIGPLY e i e state of the

Q.%ZE%P@E%F&% | @nfhg t S18mPBISZ ARiLGE I béeatideN e kebasabO clamp

(for exanple in a 'sequence broadly corresponding to

trhedhanismBi P8reCayrovide aumpeistean getticeleslappmgodrascern the moveable

mount i ng post el enents can be appropriately contracted

v@l?@rpaftﬁgmb‘ig Py dhesseapsnce shoga %g@reglélm racted. WO

2005/ 067072 PCT/ GB2005/ 000037 -21 Figure 14 is a

Toiagl ge|§tglg"tS‘1 N HiflRe 34 3bBePbn@doharOhittd 8tatd\f28e positioner 116. The
z ric

piezoelectric clamping elements 132A-C and the piezoelectric spacer elements 146A-

C are all relaxed. The upper and lower piezoelectric mounting post elements 140, 142
are slightly expanded so as to provide a friction-grip fit within the respective openings
in the piezoelectric rings 124, 126, as described above. In step S2, the upper
piezoelectric mounting post element 140 is contracted such that the mounting post
127 formed of the upper and lower piezoelectric mounting post elements is supported
only by the lower piezoelectric ring 126. In step S3, the piezoelectric clamping
elements 132A-C are all contracted by an amount AZ while at the same time the
piezoelectric spacer elements 146A-C are expanded by the same amount. This has the
effect of maintaining a vertical clamping force which prevents motion of the

moveable part 122 in the xy-plane but raises the upper piezoelectric ring 124 relative



cl anpi ng el ements 132A-C, the three piezoelectric
spacer elenents 146A-C and the upper and | ower

w@r@zoeloert ri ¢ nounting post el enents 142, 140rCIGBRE5/000037
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an exanpl e sequence for noving the piezoelectric

nmounting post 127 rel ative tgzthe fixed part 120 5 in

a direction parallel to the Z¥axis. During this

notion, the three piezoelectric clanping elenents

132A-C are all activated according to the sane . i

$& gHeciesd @and1 2(oby emlkagnoantshfhdgnestepobrthe upperrpasgtegtrichmounting

the table., K The sane is true for e.thre . . pe s
pogtzementt isi T forite F@P@HF&‘PE‘[‘%{@ “gatS jgh that it is again friction
1829 I . é&,%é ihgbmai S5 ehe Rbw&aakAfkdctrfe mountin

%EB %f%§g%@%%ﬁigﬂ%§% - cpé%ain passive during this s

posaaet 14D ideommerd sidipthatthe neatipg pod d§dénuew shgported only
pi ezoel ectric pounting post 127 ‘%s noved do.vvmivar ds

b
é)!y thergnper pigzoekusitic xingled.ia stepyd é:pe ﬁ).bezpﬁlgctpﬁﬂ:' . PIgg Hements
@:?g}igxﬁ fa%g Re gezgéel trid th ge%ég'%ﬁtsaléﬁpﬂbl a6 B! t@rl‘tgeir relaxed

rence ween es Is that Figure

ShOMS Thizehastiad effedt of hewgingzhe hppdrrhiezoeleatrivi nig E4erebativs to the
as either relaxed, contracted or 6 .expanded, This i§ in
dovetl st 1200bY e amennt AZ whilsl mainiinipg asyesieal glamping force on the

functj onal te,of 15.,the r a I l; a

P it g 2o et Ba e oy ouFLE B, Ff MR ERERTB I upper
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nhewiotating paxt 42 iealso losrerddclyt actmenntdy’ deingsthisoperation. In step

npveabl e 122 rt .throughout the se ce sho in. .
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pindzd eheesqnénce s Pacaoutingrest 127146 AcerCrmve davnwiess dy @@ amount
The upfer and | ower piezoelectri
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A8 6idk Aestgabange of ModntsSH willlt dpppeiaterihermaheocther equences
nmounting post element 140 is contracted such that the

nmey bé eEequtsst, fasexampld oravhisve an uUpE aith pIOtioRNFqUENEss may also be

pi ezoel ectri c. ntin ost_ el N .
g Bhehs oD RS BRE. Pl 6 B o7 R BLE B sopor
t femPhts zACt RRbihhiforC kA PRdvigE af!iabRAded HBgé-df mbHomIger sequence
contracted by an anmount AZ while at the sanme tine the

pexezaidect ri ¢ spacer el ements 146A-C are expanded by
the same anount. This has the effect of maintaining a

verti Clé’ilgmgeI ?g.%bggngtgaﬁf s ovivsF Iiqn Qf%ﬁ%ﬁpgéctigﬁtd Bﬂezgéleg'tﬁg clamping
element 160 that may be used as an alternative to the piezoelectric clamping element
32A shown in Figure 3. The piezoelectric clamping element 160 comprises a
piezoelectric stack 162 positioned within a flexure structure 164. In this example, the
flexure structure comprises a pair of relatively stiff connecting beams 166 which are
connected at their ends by flexure parts 168. The flexure structure 164 may be a
unitary or a component structure. The piezoelectric stack 162 is mounted between the
flexure parts 168 and arranged such that it may be driven by a controller, e.g. the

controller 18 shown in Figure 2, to expand and contract in a direction which is
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anmount AZ. In step S4, the upper piezoelectric
nmounting post elenent is regérned toits slightly
expanded state such that it S again friction gripped
by the upper piezoelectric ring. In step S5, the |ower

pi ezoel ectric nmounting post-elenment 142 is contracted
docizonthlatfor He erbentationgshowa in1Bguies1 Novikssilp puszoglecisis siack 162

5Db e upper. pi,.ezoelectric rin 2
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i e g B toRrieapae Tese WAL T guteqel e sack 162 s
p%gﬁ lsC nmounting post elenment 142 is returned to
its gﬁ%’gﬁ%;ﬂ} expanded state such that it is again
gripped by the | ower piezoelectric rin%. This is the .
end of By heingethoemmamgerbet showmt im§igvos 151 e piegodledric clamping
nmove downwar ds by an arm;%nt 13 AZ 1v\,hi I(e t he Qvt her Iy is needed)
colmpeRico0< 2R Pl & laARIE deror MdeR Toli s (Sp PRASIET SHEYY

. anthis gaeneies Bk slbideRicqi stack is driven to
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péxpéhd €whichds generaliy gero Bifioan et eontraction for megoelectric stacks).

appreci ated t hat ny ot her_ sequences. ,nay. be .

eﬁ& ArEgeeat esg;g@yereygsegcthp &gaﬂ&n 85\% ﬁleﬁ%etl?cé%c_ stack 162 so
Sﬁ‘ﬂf f %??aﬁ?&ﬁ %J/eétgs Becor®@PhqY 86 (i fiGhure RELSIR 164 in a direction
contractton and/or expansion of the piezoelectric )

spérpaidiculst 1ol temritzpelentrivostiknanpansion ¢i.prveviieh imFigure 15). This

i ncreased range of nption r.seguence..execution. .
e ene henemte Moty AR R R S8 e getieved by
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WA eI Oy, L PSR pAR0 AR AR 3 hon
elrerBide 15368 redthuticalranfplificatborSis cldse tpumiaoel ectri c
cl anpi ng el ement 160 conprises a 25 piezoelectric

|Stnaf Ei é%}@gq%fépt@;e%{]q%% tvl\lﬁatt crl]e!vri]ceg oi" Ithee ind sl?c}vgry 1Cnt l&ﬁﬁggre]l%dfrhay equally

be used in place of other ones of the piezoelectric elements associated with the

releasable clamping mechanisms, for example, the piezoelectric support element 42A
shown in Figure 7 and/or the piezoelectric spacer elements 146A shown in Figure 12

may comprise similar devices.



flexure structure conprises a pair of relatively stiff

connecting beans 166 which are connected at their
wepas/ o071 | exure parts 168. The fl exure structPCBEGBSHS/000037

may be a unitary or a conponent structure. The

pi ezoel ectric stack 162 is ted between the

flexure parts 168 and arrang€d such that it may be

driven by a controller, e.g. the 30 controller 18

shown in Figure 2, to expand and contract in a

REEFERENCESi ch i s WD 2005/ 067072 PCT/ GB2005/ 000037

-23 horizontal (for the orientation shown in Figure

. [ L e ' t 2 expands
ﬁiaizﬁﬁﬁ§Eﬁ??kgﬁ§&%%§%é%@?ﬁﬁﬁﬁggé 166 are brought
together due to the flexure of the flexure parts 168.
S[i%[]ﬁ | ak B, 902985 lBuitigh det@atenisdng) ack 162 contracts,
the connecting beans nove apart from one anot her.
Accordingly, the piezoelectric 5 clanping el enent 160
can be configured to apply a vertical clanping force
between a gantry and a piezoelectric disc (e.g. the
gantry 34A and piezoelectric disc 24 shown in Figure
3 where the piezoelectric clanping el enent 160
repl aces that shown in Figure 3) when in a rel axed
state, and to release this force when the
pi ezoel ectric stack 162 is driven to expand. 10 By
usi ng the arrangenent shown in Figure 15, the
pi ezoel ectric clanmping elenent 160 can apply a
cl anmping force when rel axed (so no power supply is
needed) and also functions to release this force when
the piezoelectric stack is driven to expand (which is
generally nore efficient than contraction for
pi ezoel ectric stacks). The arrangenent essentially
reverses the operation of the piezoelectric stack 162
so 15 that its expansion creates a contraction of the
flexure structure 164 in a direction perpendicular to
the piezoelectric stack expansion (i.e. vertical in
Figure 15). This direction is the clanping direction.
Mechani cal anplification may be achi eved by
appropriate selection of shape for the flexure parts.
Wth sem -circular parts, as shown in Figure 15, the
nmechani cal anplification is close to unity. 20 It wl|
be appreciated that devices of the kind shown in
Figure 15 may equally be used in place of other ones
of the piezoelectric elenents associated with the



rel easabl e cl anpi ng nechani sns, for exanple, the
pi ezoel ectric support elenent 42A shown in Figure 7
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Figure 12 nmay conprise simlar devices. 25 WD
2005/ 067072 PCT/ GB2005/ 000037, - 24- REFERENCES [1] US
3 902 084 (Burleigh Instrunen%% Inc.) [2] US 3 902
085 (Burleigh Instrunments Inc.) W 2005/ 067072
PCT/ GB2005/ 000037 -25- CLAIMS 1. A nulti-axis

ctric positioner conprising: a fixed part; a
noveabl e part positionable in a plane relative to the

ol e oo 2y bpior el ARSRIoBE orBRleh“and Cont r act

within the plane; and first, second and third

rel easabl e sliaappargchani sns operable to selectively
clanp the aneabIe part to the fixed part at
correspondi n second and third I ocations suc

that the mo¥ F@ﬁﬁ@ﬁlﬁ negiiopbledn @ planer selative e thy ﬁ?ﬁ%d part, the
t I,V f

E%ﬁg@n%b% kﬁrg nc:%glrpgﬁﬁl ?ﬁé&g?lgéztggﬂgegf &o Cﬁe'?ag)(le%/ € %ﬁﬁﬂﬂi find contract

ewjphindbélplane;cmdt r act ed, wherein the rel easabl e

cl anpi ng nechani sns each conprise a piezoelectric

actuator operable to appl.y a cla forcetothe
noveabl e pHish $C6R aélddml@ctr"?l n@@ hanigms (qperable to

PlefRGvel clt 015“1‘11[;5 e V\gér?%@ﬁl eﬁiéd fi%rp e E(gljre%pgﬁc%mg first, second

accordi hg alm1, erernt pl ezoer ec

cendi thirddoctions sudif that engbeeablepae hegtbd moetldaﬁ&tm:l thg. plane by
axl s pl zoel ectric pOSI tioner accaordi ng t

cqng LﬁdlaCt%Té‘?IéP Fongseot the aslsesabler dlamp desehamisws 9p the; pigzgelectric

PAVER! ik T p@ldeR o 2ORRH, Whefthi MR Yefeasable clamping mechanisms each

comprise a piezoelectric actuator operable to apply a clamping force to the moveable

part along a direction perpendicular to the plane.

2. A multi-axis piezoelectric positioner according to claim 1, wherein the

piezoelectric device consists of a single piezoelectric element.

3. A multi-axis piezoelectric positioner according to claim 1, wherein the

piezoelectric device comprises a plurality of piezoelectric elements.

4. A multi-axis piezoelectric positioner according to claim 1, wherein the
piezoelectric device comprises four piezoelectric elements arranged to form the sides

of a rectangle.

5. A multi-axis piezoelectric positioner according to claim 4, further comprising
a fourth releasable clamp mechanism, wherein the first, second, third and fourth
releasable clamp mechanisms are arranged to act at corresponding ones of the four

corners of the rectangle.

6. A multi-axis piezoelectric positioner according to claim 4 or claim 5, further

comprising corner-pieces at the corners of the rectangle.



4. A multi-axis piezoelectric positioner according to
claim1l, wherein the piezoelectric device conprises

wo oaos/ogiogzoel ectric el enents arranged to for mPOEGBR@S500037
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20 of a rectangle. 5. A nmulti-axis piezoelectric

posi tioner according to claiqb , further conprising a
fourth rel easabl e cl anp nechanirsm wherein the first,
second, third and fourth releasable clanp nechani snms

are arranged to act at correspondi ng_ones of the four )
cdr ner & ofulti{exisr rigzogipgitie. postiner Acoiding tg,any one of the preceding
pi ezoel ectri c..posi tj : j t [ . i

5 el woreint Sopiebtg e, ARGRoR! BRn, Corfibierh bilockebletement
t Ry uheatia AG KurdieR085MA G ZdRGTh BRR (H254i8LR(3Fic eldfient may be
7. A multi-axis piezoelectric positioner according to
audyiveméo ekpandeinpz direationcsubsipriially, paipital dp ihe plane, thus causing the

piezoel ectric actuators .each conpri.se. a piezoe [ C

CiE SRt ie saiar 2 § AEE0e SRR R AR tiCplane and
t bakast e AhepRRIBLLr i c el ement may be driven to

expand I n a direction substantially parallel to the

pl ane, thus causing the 5 flexure nmenber to contract i

i 8. a dik sotliigrisspibzaciastricapsjtionst seerifliag| taranyoorenef the preceding

pl ane an r.el gase.t he.cl i.ng force. 8 A | -.ax

DreliBer Stertt Boorseony GBuPE: hEbERtl, Bl o' & furtner

ﬁg)?é‘z@gb&ﬁc dehtdFoonABReeitd chbferite viias tel frst htfifiomdd piezoelectric
chani snms each conprise a further piezoelectric

a@tivatooso @s i impyedte myveddp et relatiie o thidixedrpart along a direction
ment i oﬁﬁledlﬁgilf oelectri.c 10 tact uat gr_so a8 to nove the

e EEBiguIaE o (hF Blag WS pptytainig 3 dmBthe s ong 4

direction perpendicular to the plane while

mayi Nt ai Niphdtidxs pieRddMtdOpéstiordr abeditiing todafiySone of the preceding
pi ezoel ectric positioner according to any one of the

prebdmeli mderain athersmovigpbleeipartt fisthan \ceatprisep ar carrigy taeupled to the

conprises. a carrier coupled to the .piezoel ectri

GRSy et e i i, B ik BEBFAERNRC R g ptane, te
t QatrREhiNiAB 8 mduRfind Pace 6 WhRh ARRBjdRBtoPb I PY4MHONBE nfag® attfiched.
whi ch an object to be positioned may be attached. 10.

A nulti-axis piezoelectric positioner according to _
cll@i m & mhkiraiin nitroclentige potikonsaraccesing ite edaim Shewherein the

pln%v%gtl)lg(:%)arft Ccocrlr?ﬁ/ﬁs%s? & ps%goen% E){e%crpelgagcf(llerv%e spaced from the first

mentioned piezoelectric device along a direction perpendicular to the plane by an
adjustable spacer such that the separation between the first mentioned and second
piezoeleciric devices is changeable, the carrier being held by the first mentioned and
second piezoelectric devices such that it may be moved in a direction perpendicular to
the plane by changing the separation of the first mentioned and second piezoelectric
devices as the carrier is selectively held and released by the first mentioned and

second piezoelectric devices.

11. A multi-axis piezoelectric positioner according to claim 9, wherein the carrier
comprises a one-axis positioner such that the position of the mounting face may be

positioned along an axis perpendicular to the plane.



menti oned pi ezoel ectric device along a direction
perpendi cular to the plane by an adjustable spacer

wa@o@hk/0610ar t he separati on between the first nePtT/GBe@s5/000037

and second 20 piezoel ectric devices is changeable, the
carrier being held by the firgf; mentioned and second
pi ezoel ectric devices such that it may be noved in a
direction perpendicular to the plane by changi ng the
sggarat'on f the.firs%.nenLLoned and. second

p

7 0el & RIS BIFPRIROtTiG PPHEOREE AopQidingstos e eng PEIe preceding
h @l HfmaNEhr ket ity a bORrdiief 86 (g d A& ic devi
piez%%1ectric evﬁ%%%. 2% fl.]k %tl-agfg%thEEQ&gngCvawe
piand db¢ ecltasablepdainp invsrhanisme ar di prg-detenaireid nse§uensh es gokition the
the carrier, canprises a, one-axis positioner such that
tﬁléo‘f?gélletﬂagﬁelafl‘q%)Wéﬁﬁgﬁ?ﬁ PAY face may be positioned
al ong an axis perpendicular to the plane. WO _
2485/ 06y GfdiR&d H m&&pggﬁﬁm&r %Ec&%iné%"}d{ bﬁ«?éf Ehe preceding
pi ezoel ectric poSitioner according to any one of the
preéumd, fugthextamprising acortteler condidusédy atieatstthoblegdelectric device
conﬁi&*ggd tq activate the, piezoelectric device . and .
t RBd 1R eeleasile TSEIHRISMSHE TPIPORST0ea Hedback signal to position
S RRLIEIRS Eabi P RO diive abl e part relative to
t he fixeéﬁp%rt. 5 1%?&%$ﬁﬁﬁ?%&axis pi ezoel ectric
positioner according to any one of the preceding
clainms, further conprising a controller configured to
activate the piezoelectric device and the rel easable
cl anpi ng nmechani sns in response to a feedback signa

to position the noveable part relative to the fixed
part.



