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CKGROUND OF THE | NVENTI ON on The i nvention rel

ate
W?&”‘ﬁ/"éi‘b@l ectric positioners, in particular tH%T’G32°°°’°°0°37

10

inventi 5 relates to rrultr-axrs pi ezoel ectric
positioners. Positioners are d4sed w dely for

. positioning of optical conponents, both in f-

production lines and in scientific experinments. Figure

Yo I n vertical section a known type

oT- @@MC positioner 2 [1, 2]. This

type of positioner is known as an i nchworm 10

PREHAOENECTRIC POSIBIINER 0 position an object in one

di mensi on. The positioner 2 is circularly symmetric

about a central axis z and conprises a noveabl e part
£G) DLOF THE INYENJION chani sm 8 and a

control l'er (not shown). The positioner allows for the

posi t | é}l[ft,ﬁ{é '}?a{ag%\@ gﬁ#ﬁd@&g& p%sfti%h@l% MEpdriicifar' the $tvention

part 6 rive mechani'sm 8
CRiREs ﬁfﬁum—h)ﬁépwme@ez:&ﬁ:l meitiobersr i ng 10, a right
pi ezoel ectric ring 12 15 and a piezoelectric spacer

1l4. The npveable part 4 conprises a shaft , whi ch an
obj ect PeBiigecTpss ps%yeﬂefrhg RPSHaTah O oPtitAl SHBPeRmIG both in

par dggﬁ a‘iﬁrﬁ’é‘mé ce drimhts. and right 12

rings. i ezoel'ectric rings 10, 12
are arranged such t hat they may be independently
dri ven Fiyurt he sclesiatiohllyeshdvws é@x partitahrsdctivana rlaotvn type of linear
radial |y  about the z-axis so as to sequentjally grip

antezeeeetsispasiionsiny éhbtle Thisr tpa of mesitisnehisdaoumeas sy mehworm

14 i y,
RpaRte ISR POAHE i Ry v cBYEnditn YRR fifoner 2 s
aRfclbAd yRhRERLANRCL & cential AYS z1dhd dotnirises himc@eible part 4, a fixed
attached "to respective left and right ends of the

p et die laedsive wedpaisey 8 #ad avnetr?lteéz(aet ghowm).cThesppgtioper; gllows for
il Xedlq}ftl]] aLL s @%P%w{eﬁ%le ﬁ%&g éé ?%&Jeﬁ?gﬂ ag&_ltg e z/8%is. The

| t g F h&rﬁsﬁ:mecoﬁﬂﬁfﬁgs zpﬁzfttpl&oefe'étrﬁbhﬂ?l(mgl 16hit pRR@stIdYric ring 12
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t and right piezoel'ectric rings 10, 12. To nove
t aed a piezoeleciric spacer 14. The moveable part 4 compnses a shaft to which an

object to be positioned may be attached. The moveable part is 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 lgrip and release the moveable part 4. The
piezoelectric spacer 14 is arranged such that it may be driven fo 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.¢. in the negative z-direction) the following sequence is

executed by the controller. Firstly, the left piezoelectric ring 10 is expanded such that
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noveabl e part 4 rightwards (i.e. in the negative
z-direction) the follow ng sequence is executgdaf¥st 2006
the controller. Firstly, the left piezoelectric ring

WO 0586 panded such that 14 August 2006 WO PCT/GB2005/000037

2005/ 067072 PCT/ GB2005/ 000037 -2 it no |l onger grips
the noveabl e part 4. Secondl y. the piezoelectric
spacer 14 is expanded by an anmount AZ such that the
left piezoelectric ring 10 noves to the left by an

fome e oy vl e S5k ol dteliont Bies 14 5

atudéd by, aﬁ%uﬁm Qrfch &ftﬁe r\/&ggggzgleﬁeﬁic' rfpg 6390425 to the left by

I's acti on, part SO noves

hﬂ ahitﬂmt A2 aby t]ﬁlngf(fq:liéﬁoel%a&ﬁ i 22 invvet @ tHendgliti bsethe same
part 6. Thirdly, the left piezoelectric ring 10 is
enlount Begasedbe moveskle part? 1srhsld Ry e ght piegoglectrigaing 12 during

e B dle Bousl BELE S povts AP Hellhn tamodiddle ffptive o
fle Eﬁec? gﬁﬂ% ’ﬂﬁ tﬁé“ﬁ: 3% eghg 19 is rElb{lédlq%ﬂd sidiethat the

pl ezoel ectric sp der uch t

aveabletpartblisapain @nppﬁd bhotd fictbélsciariags1d, 12. Fowgtily, the right
pi ezoel ectric r|ng 12 to ngctg to the left by an anpunt
L

ngelsﬁialc sing 12 43 expsndsd #t ¥ 0o loggercering the yeoveable part 4.

5Bk P i e PR 145 Rl Bt Bl g Rack By am amont 4z
AR édu@éhSth%fﬁgm fePoedcBil Bngl12Md ot SPRetleft b ah ia&;ohhmzlz and

part 6. During ?hls action, the noveabl e part IS

digeleft pimtbctrm 1idpel O fogindve tbyhmglﬁrhymntamtlﬂmm that igto say the
i's held y.the left piezqgelectric, rlnq 10.. Finally the

nwn@ eclp& lmgézlgel%aqwméo therpial posidiopgp ingHjggret mﬂl respect

SRR P} S AR YERE, Budbveafle fo 4 Be moved tpyfhe rgnt
o ARGLLI AL sinbé @20 BLIE Wy the 1éft E&Eoélébtn& Znand. Fhelly the right

piezoel ectric spacer 14 are in the same relative
pigbelecs riag Bswaicd swhgbatdt agait Epsibe srveablppat 44,
however, has been noved by a anount AZ to the right.

oA S S ool Ul .o and o

gi&ﬁ&%@ﬁésnngﬁ | & f 0RO bR 1R d E}ﬁc&ol&?@iﬁ& ﬁl ﬂﬁr §amé $elative
chieved using a simlar 'sequence in

@REIHoBS asskoveh indfiguradt ’Ihmmoaryablesanbﬁ htmwee,fhas zlmh moved by a
right piezoelectric rings are, swappe Pi ezoel ectric

AFEHTb A t908e migBh dF Srther medon iy, reaiHedyile sequenth i 1epeated such
il faﬁli %:.ﬁ@%}ﬂéﬁ%% FidMithel %%}étv@a[ras %%ﬁ%&fﬂoﬂgn 3F ' Rleable part

-fesof uti on one-
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 usefil
devices since they are able provide accurate and high-resoluiion one-dimensional

positioning and are relatively simple, compact and robust.

HOwevér, in may cases, positioning in multipie 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 paralle] positioner mechanisms.




25 positioning and are relatively sinple, conpact énd
robust. However, in may cases, positioning in puhidupl2@os
whi ch are adj ust

“ﬁﬁ 6s,m_(}le3| red and positioners abl e _
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Ml ti - axi s posi ti oner nmechani sns can be divided

‘broadly into two types; those-Baving seri al
-posi tioner nechani sns, and those having parall el

positi oner mechani sms. 14 August 2006 WD 2005/ 067072
PCT/ GB2Q0a( g&&@é’n& ﬁmﬁﬁ&h@# rf&?ﬁéetd Q8Gded RABABE HillBar x positioners.
conprise a Stacked series o near positioners.

eXgurpéample, tavbwoHdimersiaah |(21DP Byrial epdsitiongo stigh kemprise first and

e o T e
i (0 A ol A B 0o

statge ({.é..the mbheablyLH RIf ehefBist. Analbjdchd Ye ;F(ﬁit:lonéd iohjpeakd on the
to be positioned is nmounted on the output stage of
t ralte taga of das secomrbpositienen r Aeaetisly.tthe seond mesitioner operates to

Gitpitet BB R oA Al op PRI Gnb AR R s B8 tq gy g second

t R sARGE Bnd Rek hise MRS objad & dAEMEEindhSSthéErBoRCKndvm problems
carries, in the other direction. Known problens wth

s ewith Berpé sodifioneey mclude Iﬂm ¢haitheharactegistic béhavior cen bs different in the

b ff i the 10 diff t
D F R And il e g 8 it e oS pBSRoR §hihe other

' nTEuF‘fs gfdue tyﬂlﬁ'eﬂeﬁcés% Y% oaBHE of helidhPhE41GESerd th the stack.

t he the |1 near positiohers int st ack.

Fo]i?oreaxamplleem iarlIa s@ﬁhls;mmtmhe:p dlsd Sacom'le positibrer dwaonthe load of the
positioner bears the t he, ct to he

poo;:u?q & Bepositiqned svherres i %gppp s i s fppdiand that of the
t t
B A i S RSSO s s

nodre @ehudk®. are i ncl uded. Parallel positioner
mechani sms avoi d these problens by allow ng

i ndependent ~ positioning.in each of a nunber of axes
This i sPasdlisl BoBonsy meshanisms,gvaigd theee Pfﬁgléﬁlé Mys3fowing independent

Tﬁgc{ht%éln%oﬁg'g%& ?EQI Ahfapk 0?% ! ﬁlus W t Pfég%af%sﬁtcfégglﬁng drive

e I nput stages assocl a

of mbdtenidink ffer eeh aai@ewhmh operifateoin pRtlel Grithiunet @D, The is to say
the output stages simlarly co-npunted. Parall el

potbi i stagesnassaraRied it ofytheclitfereyt ngeépé MpQdenf 3¢ co-mounted
af#lr ﬁ} © Jbﬁ}f,'%t %' SrBO8Y Lo3R5N cdS'Iparﬁlei ¥it3%i1C hechanisms are

generally preferred for accurate multi-axis positioning since they do not suffer from

the problems of serial positioner mechanisms outlined above. However, because the
drive mechanisms assoc:ated w1th each of the axes in a parallel positioner must be
able to accommodate motmn in each of the other axes, parallel posmoners can be

quite bulky and complex.
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the problenms of serial positioner nmechani snms oMtAdgiagdoos
above. However, because the drive nmechani sns
associated with each of the axes in a paralle
positioner nust be able to accommbdate notion in each
of the other axes, parallel pgsitioners can be 25
quite bul ky and conpl ex. C, August 2006 . -4

SUMM ARY OF THE OWNTI ON According to an aspect of the
invention there is provided a nulti-axis piezoelectric

SISYEMARST OFCHHE INVENTEON xed part; a noveabl e part

positionable in a plane relative to the fixed part,

th i Si . [ | ectri evi ce,

oper an ST 8 herE TP c T Ber i Biaviied e aiepiezoetecti
: X . .

BOGitbhr Sonp At p SR b imb P BRDM osfioMle in g plang pelative o

e fixadparty éhef inoresiblequatt cemprishipraqiaBRkbe detics b?érﬁﬂerig expand

sg‘g t hi _rd !o.catl ns ﬁ{é‘:h that the noveable part may be
eePRfiech; Hithip e’?hﬁl RiEeh nd e fiestt serond cand Ahird nroddasabie sclamp

I I chanisns_as .t he

ech 5 FASEL. & SRR OGRS ol s ayhe T o a
véreespondihg dirdt) sscohé asd thied tdafivnSicHREAAAL SHFVeS5IE gyart may be
conprise a piezoelectric actuator operable to apply a
B108 A Wighin ofhe eplawe blieselrsiadabttivation tofadres gofathei redeasalle clamp

i cul h | . Thi ide f
BECRERONT s She edolfbgelo BGte iieRpiiRa S antpishemhercin the
folobsilile @lanin@ hleBhariBed) 8hSBngR e %Eﬂ)eﬁ% Aot 88rable to

the accurate and hi gh resol ution posit1oni ng

apply 6i laropingi foreel toribamqvieatie paxt cllarigea drsitionOpependiching to the
i ezoel ectric device may consist of a single

ﬁlia’éezoel ectric el enent, for exanple a planar disc,

which is operable to sinmultaneously expand or contract

al ong Thikah pRivRledby £&1ati Wi 1Exis ddl - :

provi de forba sinmpl e E:alct)lgg ;si#g{l%%aﬁﬁﬁﬂ%ﬁﬂ%ﬁﬁt@g@&wnﬂ

pavalldl mechzeisnofanBawhich Béhefitd donatthy elo¥uraid @nd high resolution
i ezopl ectric deyice may conprise a plurality of

%S%WW%%WH%,PIWPIGMWSQM@M pi ezoel ectric

el ements arranged along the sides of a rectangle. In

oay o BEAHRE e Qeriféniel (e BE 2 ndlp MiBrofre clomment, for
exBmplna planarodise) QvideH RngReblOtodGhuRineously expand or contract along

multiple directions within the plane. This can provide 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 piezoeleciric 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 ai‘
corresponding ones of the four corners of the réctangle. This arrangement can allow for
fully independent posiﬁoning 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 corner pieces. The use of passive corner pieces removes
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correspondi ng ones of the four conmers of the 14 August2006
rectangle. This arrangenent can allow for 25 fully
i ndependent positioning along two orthogonal axes in

" .the plane. The four piezoelectric elenments my be

connected at their ends to forma rectangle or may be
connected to one another via-fomer Pieces. The use of

passi ve COMer pieces renpves --- - ------------ 14

August 2006 interface stresses which m ght otherw se
chewetaee stresdebaviitie zdghiesthérnsecd SRR F Mk pic£RIVARR! Aéments are
directly to one another. The piezoelectric actuators
neopnected direethi tosse angthazoel ectric el enent  nounted in

a flexure nenber and arranged such that the

pi ezo ctr.ic el ement be 5 driven to expand,in.a

i r oot P REARSIERLG Apaos. Ay G sompusg & pesbelepflic” element
CRAHSABY i} § Blekh@mhénsbel BAP Sk anzed SRAthAChe biz8elethe SlemeAt may be
substantially perpendicular to the plane and rel ease

t driven! tangzipand fin racdirection submtantialiye penatlelcton ther plone éhifsarausing the

A5 Lo S B RS0 oFBR 5 STBIR  foe

1 RIIGRe e AShFRS BotclWes A oBineAQRh GRSVl E 1R hiebtletisic actuator
p

driven to expand. This can be 10 hel pful as

pwkizh @pplits & clanipime firee wherein & selexddngiato\end fop ehichi thg clamping
characteristjcs when _driven to expand conpared to .
vigEss isnisleased wien i, piegodentiis slomentr s drixen 4 ghpand. This can be

L Lo B 002 Bl 956 haly ELABLo BUBLLAP SRR RERRL when
tdiprehité skpafiadongacsd ta &thed tek ateOdriva e chitgachDV eabl e

part relative to the fixed part along a direction
perpendi cul ar to 15 the plane while maintaining a
cl anpi Hee teJeesableTolpmping imephaniswe mey each) dythes comprise a second

r ol et sPrditBed P Oondtaid, MR Bleh 18 Getofiiladfuator to
anSvdMeSmbEMRs Bart PelRRRI th it Bked ph1e a&pﬁ%&mﬁrmmcm to

further conprise a carrier coupled to :
rhe 3nalee ahile anaiteining aaclampingefouicaJTtas eay modile dot hodegree of

per pendi cular to the ne, the carrier, having a :20
SORIRg Vit 14 THE R R dsbie: s dspdion Bsadicalp to the
Ldng 1804 : ject to b i tioned

R e S S S

positioner and so avoid possible interference between

t hem THeemowveabls payt fnay urthey comprisece carfiensmiplddandhe piezoelectric
fixings _for npunting conponents, faor exanple, ) .
sspice prd gkiengding along agirpciion perpendicular to the plane, the carrier having a

mounting face to which an object to be positioned may be attached. This can allow an

object to be positioned to be supported away from the main body of the positioner and
so avoid possible inferference 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 can

- allow 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 -




tapped holes. 25 In sone enbodi nents, the car ri4ughi®@¥006
conprise a one-axis positioner. This can allow an
object to be positioned along an axis perpendicular to

- WO 2485/067¢3e as wel | as bei ng positionabl e par 2CT&EB2045/000037
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the plane. The carrier may conprise, for -exanple, a 14
August 2006 WO 2005/067072 BCT/ GB2005/ 000037 -6
conventional inchwormtype positioner to provide a
fully piezoelectric three-axis positioner.

Al terpatjvely, the carr.i.er y _conpris ny_other. t .
eAER R DS GRE PoS i Pher o BV B b AL el elic' R8s axis
%&&?ﬁkﬂ@ﬂﬁm&&ﬁ%&ﬂﬁﬁﬁ%ﬂkﬁnﬁ@QMhﬁ%ﬁ%Mﬁ?ﬁﬂ%ﬁﬁﬁdﬁfﬂﬁ%&ﬁﬁﬁhﬂm@n
art conprises second pi ézoelectri'c device spaced
fromthe first 5 iiientioned piezoelectric device
al onglm otliere embodimprispen thireethxis pasitidner [iF aprevidgd awhereby the
adj ust abl e spacer such that .the SE_Far tion betd\é\%n the first
moveablariell SATPTISHT] 25 8RCOAY PIFROELGEI% dFYiCR HaLTL JPm gthe lirs
chap bl . - i NG L2 ; b
LR et B aoRE Sl ORI ho Mo Wl by an
bijastable spaderhechithaedhé separationdmtiwem theefipe nutntioneslr and second

the plane by changing the separation of the fi
pisaesleniael defiges @5 shangaeblpi s FRaR boipg aerscely Bk the firt

carr.ier, i s select. el d. an 0 Al [ Sheon o
Hbeﬁ{l?rbeﬁieadl a g&%dg‘%éynogi%@z%%f%g?ﬁhgﬂh e\/_lﬁ% ?é &fﬁ‘ged ih'direction
Ehdionlhs tdeZ pRhe T den@iegithé eagiratiay of tiel fitke mentioned and
ontroller configured to activate the piezqel ectric
denond piczpeleimipslewicesas the earrist Basleslively. beldsnd geleased by the first

mechani in .a.pre-dotermned sequence for
P%"}S‘Bgli“?qs W%gzﬁﬁe‘\?‘é@tﬁl &V5%Yt relative to the fixed

15 part. Alternatively, the controller may be

conf i gueeshIHORGH bMRleBc Rsiton&onbe tichide a chmoller @mfigured to
nmenbers and the rel easabl e cl anpi ng nechani sns in

retivatmihe piezoeletisio dovic or gicmhels and dhe yslsgrableelrmpingraechanisms
glg\ég?e%qeget%ggéq %I‘}%gflfvfgﬁtﬁg § .?e%%é ﬁ%%ﬁ@%%l; p%éﬁétég%?é fo the fixed
?E@ﬁgg@ﬁ]a\%l F aEHEo R NES FOComtidiRtd &6 abfieles ThapitizBelectric

lon and to show how the sarn nay be
device or members and the releasable clamping mechanisms in response to a feedback

signal when positioning the moveable part relative to the fixed pazt.
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carried into effect reference i s now made by wayAadust 2006
exanpl e to the acconpanyi-ng drawings in which: 5 -

[ schematically shows in vertical sectjon view
| wh aos CHeH2098/000037
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ne-axi s piezoelectric positioner;

schematically shows in perspective view a two-axi s

pi ezoel ectric positioner acc@fding to, a first

enbodi nent of the invention; Figure 3 schematically

shows in vertical section view the two-axis 10

%g@%@égmbwmahﬂm&s 2, Figures 4A-F

1 equence for positioning

an object carried by the positioner of Figure 2 in a

hor i zofdrad battenmelerstingimgobihe snwnticrbans fo shewdtow tie|spme may be

show ng the, stage of ,several OE t he Ozl errenis O&P t he .

pesstied Bie e Tenqe i HOVemade BY Wy b EERTPIGIP B 1ofmpanyme

s [ in Figure 4, 15 Figure 6 is a table

sgﬁﬁ%%ﬁ%%%ypshow ng the state of several of the

el ements of the positioner shown in Figure 2 during

anot heFjgeraimichemstipaip cshofvar inpoatitdl oseciman amew abjkeewni one-axis

a horizontal plane; Figure 7 schematically shows in

vRieEqelestiGRASIHOBAT vi ew a t hree- axi s pi ezoel ectric

positioner according to a second enbodi nent of the

| nvent F%ﬂie g%cﬁé&ﬁc?ﬂ hERE ']H.tﬂe&gle%t%esﬂ% #o-axis piezoeleciric

per specti ve view a -axl's picezoel ectric positionher

apestisticn Gedotding fold fixdt enbedimerrdf tief invémtiohnvent i on;

Figure 9 is a table schematically showi ng the state of

several of the elenments of the posjtioner shaown i .
ﬁ}ge ahyvo-axis

Fi gur eFigusurd nghematiselli saove dile TERICHlo SCERAT tVIEW|

ohj ect, .l-n_a.hor ] | ane; 14 August 2006 WO
23&%?%%0%99‘%3%%?%@/3&80037 -8 Figure 10 is a table
schematically-showi ng the state of several of the

el enenFipuraaf 44 Fesdhesiaticailyeshosh amreximnplei gunencd fbwrposifioning an
anot her exanpl e sequence_for positioning an object in

aobieeti capiaddly the pasdioner @ﬁ?ié']@lzo Bahorgentaltane: shows in

. perspective view a three-axis piezoelectric

Figure 5 is a table schematically showing the state of several of the elements of

the positioner shown in Figure 2 dmin’g execution of the sequence shown in F igure 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 § during an éxamplc sequence for positioning an object

in a horizontal plane;




10

15

5 positioner according to a fourth enbodi ment. of Add& 2006
invention; Figure 12 schematically shows in vertical
nviewthe three-axis i ezoel ectric positioner
W(?)?"%?-)Pﬁﬂpe 11; Figure 13 is a Itoabl e schematllg A GHCB2005/000037
showi ng t he state of several of the elements of the
positioner shown in Figure | -§- during an exanpl e
- sequence for positioning an 10 object. in a horizontal
pl ane; Figure 14 is a table schematically show ng the

state L

shown FAERY 3 Etfe siHaBEREbSinathe L0 SO HFOFfhe cloments
RIS pRftiohsr aibwiob] Bigured dingnganotlidricgamphXdegiers dor positioning
Figure 15 schematically shows in vertical section a

phebisel matharizontabalengy 15 el enent that may be used in
enbodi nents of the invention. 14 August 2006 WO

2005 Q82073 PCIL CRA0S S0005 peie IETMFD BESCRLT i

Fi gur emart cal erspective view
@o@iﬁ@ﬁér%@édrﬁﬁlgﬁ@%lfbtﬂm efbdBmehif (RORIVERIQIE N an

Obj ect, such an optical lens, in two dinmensions. hi

the orientation shown in Figure 2, the positioner 16

i s ar Faguged12 oschomatiesilyo shase I rvertipalr secinnaViexy the. three-axis
pl. an The pi.ezoelectric,positioner conprises a fixed
é)équc%@cgo ]é?fbcffg:c%lgfaﬁl’zz and three rel easable

cl anp mechani sns 28A-C. The positioner-is driven by a

cont r @ihRE 15 $s a tdH10 YetndtiSdIBNAbwRR! theaiatsshevetal 68ihk)lements
shown as an arrow 19. In this exanple, the Pontroller

icd ﬂampmztmnap shewe [y Fegmé il § dnsng ge nﬁmaplem@qme for positioning an
c ut er exanpl es, an application specific

6’3 ’6’|3rlé9n %Bgmﬁ’referred, such as a field

programebl e gate 10. array (FPGA) or an application

Speci f].jlélll’l‘: N4§05341d stinPiticAS! efstate6f RILLa] éPthe elements
acts base whi ch nay be attac ed to an optical
teftheeposhimenshesblie Fignt 12 Auingpe iesasple segiewe dorepisitioning an
device in the formof a piezoelectric disc 24 to which
Hbiest plppg a varticgbaxigand, of a nounting post 26 is

centrall y attached. The piezoelectric disc 24 is

arrangg }gzﬂﬁhcﬁli e@wsbgl G.frflxanséaﬁoﬁ hep féEcSHléc%é @famping
18 to e contract rally in an 15 xy-plane.
%ﬂ%ﬂﬁm@eme&mﬁmﬁﬂm@s of tha ippicatio®| ect r i c

element is often referred to '




exerci sing the piezoelectric element. Althoughiaigust 2006
used in this exanple, in other exanples the-

i tric disc may be pre-stressed, for e
%ﬁ%ﬂ@ia nmetal ring about its circunf erencéagﬁl&ﬁ(’&y‘m‘m
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that its relaxed in-use size is smaller than its

natural size when fully. uncofstrained. The nounting
post 26 serves to provide an upper 20 nounting face
for an object to be positioned. The nounting post 26

D PESCRAFPEIGN| S Positioner arranged to
Bﬁg@%ﬂnmgong an axi s perpendicular to the
xy-plane. In some cases the nounting post may be, .

di spenBigdre/? sd¢heanticallyesholys &t persprctiveviewi & piczoafectin positioner 16
the piezoel ectric disc 24. The three releasabl e clanp. .
R RERISBIS TPERI St P TICEACRT 1 KO GUPETGRS. B M8 (ientaton
© o P | i ' rhévePnOdtij6l iR horizontal xy- -
< a8 2 LRSI RS BB RS 18 horizontal xy
f 'Rraﬁé. T piezrleiit faiticercdmprisds 6 Gxed pat 0] snwvestdepart 22 and
the control of the controller_ 18. Thg rel easabl clg‘irlg)n g
mérbensicosable clgmpaneshanisms 2R 4 BHedIOSHABE iSRENR Y peggrotler 1
at. any of. A.. B.an [ . f 1 .

"ot Seighil Safey Senepankelf; 4Rfl Sl Mow 19. 1o this exemple, the
p Eﬂ‘tgﬂfe?ﬁ " kdMg corficdh géieraDh@psse compliey.dnlothet keamples,
fiExe part . a%g}%uguésl? 2006 - \% 2018‘%/ 067072 _

PG AfERAM6H 987 contollenngy be pefurcderigh ag 2/ fic)d progiggnmaple gate

B e

: %F?L%aé'enwﬁcﬂ % -l @R t¥8h GPticaPABREThé MioQEale pAIE22 comprises a

easable c mechani sm 28A to the centre of the |
piptzoeleetit rdevicedh she formanfia pirzncledtrio dife 2hto whichaseastier in the
cl anp mechani,.sm 28B.. . This fol de tion is 5 chosen
S domof SIPBRHE BEPPS SR SRS e Eygap et Nt g amanged
24 s . ' t 28t radially i
c IR RERRGH 68 urch P RGIR B el RSBt radialy in en

angtiigfe. The copdndingebremnabimgaifanmicsvelehinc dem@sAs pien referred to

described in detai]. The re|leasaple cla chani sm .
sAcitsing: hsceiecoale il SSamsmbrAILGUER 10t G 1y 158 OB e n otber

R B AP B ity PRl &y ARt a
P3{dg BBut il ErddinfeRategich itiat ik seladd ih-ase size s dniwdler thghdts natural

support and 4 on the corresponding rigid supports,
assmcivhere iy upcanspined. Theemouniens pest %bs §BVeS & Ripyide an upper

mounting face for an object to be positioned. The mounting post 26 may comprise a
one-axis positioner arranged to provide positioning along an axis perpendicular o 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 (9]
| 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.
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mechani sms. The piezoel ectric clanpi ng el ement;43d4ud 2006

attached to the gantry 34A such that is held- over t he
ezoelectrlc disc 24A in alignment with the ri

d§9 2 30A. The piezoelectric clanping eIeﬁEﬁcuﬁﬁﬁmme7

IS arr anged such that it may be driven 15 by the

controller 18 to expand and ggntract in a direction

perpendi cular to the piezoelectric disc 24. Inits

rel axed state (i.e. non- exerci sed) the piezoelectric

o pr ot 2 EREaif, 9t YoRur FRRo b hidhoteiifis Bpfptioner 16
Rh&%R Sh Taburt ©, ainaribig HefnBNtigdR’3ii§ akeh RN f?ﬂdédhlﬂane which

controller IS to contract, the clanping force at
medmaﬁﬁdughﬁhe peleaseble CMSmbblmndmraga to thetdeptr@ Of the p1ezoelectnc

B e Bl B

s%‘?asQ{) rhdre 'réagﬂ{? %ﬁow fheﬁr ?g@gggfcﬂ%! dE’sH@'zLCR(' o"i’ted In this

ient Tix1ing between t ectric cla
ekmpm tRéz&elaMblbhcﬂanprmbghaﬁﬁﬂas 2341 BeBg BSCmrbhdentlcal to one

t h 2 l e
38%%&%3 Tcardoneassble ofmeoaier erauhi Sk oo dfactibed in detail. Tho

Qel?fs%ﬁ ?ﬂfﬁ}g th hahi r??ﬁgé o %&iﬁg éﬁi}:@ggﬁ% %pﬁéa ganfry 34A and a

@h@é@lebmtdlmﬁplﬁg 3lepient 32Aemﬁahgimyuﬂperteﬂml ayEthe démly 34A ate
an internediate el ement may be shaped to provi

riached do demiised pask 3% Tﬂaetmemhecmt:s@sc %wsmgn the rigid mepport and

mat er [ ch OVI de
it o i i s SRl e R SRSt o Bh Rlhasable otamp
mechanisms.- The piezoelectric clampin elementlﬁmgiiﬁbhe%%%e %Q‘xtry 34A
20051067072 CUGBZOQSlOOOB ‘? It will be understoo
tshelt thabiyhadd lower the pésaselbtteic diserds Arir Higriment withythb eigid support

B R et SRR PR A ihend ol o i racbe cven
4 BeSCHRBRL 98\ bYoRiay) ACAAIPLE bird sk YRIERIAar to the

ps 5 noving the piezoelectric disc
pisroelettie diseirl4. niy fostela26] statetfie. pnpkeamised)l the piezoelectric
execytin t he nounting post . is

thi s exanpl e.sequen
FTRIng gle ﬁlg Hegt fdacisolze P&?Bg'@%*ﬁﬁ idasc apd sarpapyides 3 elamping force at

(SRR AN b e FROBEELR iR ERBRafSH0 & drif¥chy) fheontroller
4ghe waiitrawg| thy claiping farcelat i isrelexéedf Té pevaitgondbie clatriage to the

disc 24 and the locations A, B, C where it may be
@pq;ﬁgl@gmc clamping element or the piezoelectric disc, the releasable clamp

mechanism 28A may mclude a degree of resilience, for example, by employing a
resilient fixing between the piezoeiectric 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.




" and cen

10 In this enbodi nent these |ocation are fi xed14August2006
relative to the fixed part 20 such that notion of

es notion of the piezoelectric disc

respect to the fixed part. The locations A, B, C are
schematically shown as circled31l- A closed circle
i ndicates that rel easable clanp nechanismis
configured to clanp the piezoelectric disc at that
| ocat i
pi cooc el Be ARAZs00 B hdly (e RleR bl b pebgpioms may be
aatipbyed,reee these empleyinghydraulicympdrangnenkiagt hesadfos bibes forms of
an initial position for the piezoelectric disc 24 with
redp@et to locations A, B, C. In this exanple initia
state the piezoelectric disc is relaxed (i.e. not
expandg [

0 conilty SR SARhERLARPUIoy bis SREHR f %t% 1ehhe O steps for

BmoWingfihe pleabelagtib |dﬁ;c QH Zami et &1 :BomtiA8 PostZtb) In ﬂ%&@ plane In
are all acting to clanp the piezoelectric disc at th

cEFecuERD rthisn gxaBRlat $Q§H§1°Pe the neounting sposf ript ingived in a direction

CSQsbs B BabRiCld 5 hBeREn R cotloedlny 1Rk R0, A in o

W@'zﬁ&‘%ﬁyﬁgt ric d! sc with respect to the_ I ocat | 9#@20(%,000037

-t bRedtonZRGheA bwardsicS qzaaﬂ of$hé ?io%fe%eﬂwt scﬁeﬁﬁ?ﬁbaﬂ?r(shoﬁs a plan
by
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rel easabl e cl anp nmechani sns 2813 28C are acti
t vigwoafithe pidzerleatge disc Péraod dheoBcaitgisrA, B, {rpihary it orayde clamped.

o e i SRS 2% 0O s, oot i e 20, such tat
dirdfioh $f ﬁi&‘iﬂ@ib%lécmﬁlixs% with fh@g@et ﬁf‘ﬂle'l&aﬁb&l%eBA'@ 111&35:&% motion

t he change in circunference the piezoelectric disc
24f thiEhpiepndlédine dist witie respect Zoethe dixed parti She dscations A, B, C are

emegraity shpi .ee@iw%' %2/9 pSEe Grice B tte damp
%&Etﬁ AU e AJE %; Sq:h&t aﬁhﬁ@ié% orl. tAn open

o expangsas nmetrica Iy S uneXpand
pcmtlé imgkicaseschattthepierdetectrintisceis miet/ﬁanﬂéﬁ Aigd1 $6caBOf)and W free to
2005/ 067072 PCT/ GB2005/ 000037 -12 away from | ocation
Amonp itheFyraltpest ep S4, schematically shown in Figure
41), the piezoelectric disc remains expanded while

the re )
conf i gi&%ﬂ?ﬁ?}ﬁh %ui;[ﬁfgl TGk o?itle rp‘f&%gfctgtgc g%é fllhmth respect to
I RlcatiaB il B,aC. dﬂ]ﬂﬂﬁéﬁdﬁp‘le aftidltstatd 0@ PldzO8ledri6 s elkREl Yi.e. not

rel eased. By cl anpi ng the piezoelectric disc at
| epsnfehoreamteted ehot disawsmplgintyse sizehepd gentrasowith sespet to the

tﬁu'ee o%&xon%%' %S & lﬂnpr%fjeasaﬁale Qleam%rmecthamsms 28A, 28B, 28C are all
acting to clamp the piezoelectric disc at the comresponding locations A, B, C. This

initial position is refemed 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 piezoeleciric disc 24). In a third step S3, schematically
shown in Figure 4C, the piezoelectric disc is expénded. This is apparent in Figure 4C
from the change in circumference of the piezoelectric disc 24. The outﬁne 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
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| ocation throughout this step. In a fifth stepidfugust 2006
schematically shown in Figure 4E, the piezoelectric

disc 24 is relaxed such that it contracts to j .
Q0949P7%si ze. This is shown in Figure 4E by & ZGBZ"WGOMST
change in circunference of the piezoelectric disc. The
outline of the piezoelectrigadisc as positioned in

steps S3 and S4 is shown as a broken line for 10

conpari son. The contraction of the piezoelectric disc

whi | e cl { Jocalion C oGa }+ tra

Wkt FBRPy %, B0F AL, SAUAER bbb 9RR e 40, e
InfS:018AHE Qisc FEUERS LRVRAES whide ik r€leadablel dlardp Sieshdhish 8flocation
§6, schematically shown in Figure 4F, the releasable |

& mrepnfipobdin dawpdbspicredeiiofsranddbe r¢leassbla clamp weehagism at

SO AR ) SRTEMEHR RO, Mg
e rél%%{ 4SS Ep 128 16300 AL The 8RE rBnGES %ﬁﬁﬁﬁe{di & dHeSer other

havi ng g noved. in a difection substantially

Redatibh @lroegHouhthic stamdntai fifth stepcSh, iscinsnaticallyl siowilindFigure 4E, the
original, position of the piezoelectric,.di.sc.sh N .

spPiEctin A6 24k SRR oLk SREIER tpie Al sige 1846 hown in
o i . . e tabl .

U5 1 g BRELS0ag M BBl ) i ot e

Hiepaletiriof difdas potitanabinestepsaBd and @i shwwvn? B\e Grolanh line for
the piezoelectric disc 24 during . the npvenent .
sequanta. Jhe\weniractiqugat the pisropleciy dse Whdle qlpapad gplocation C

3pas it o Sl Evpitheifly B8 TR S B ARR Gk cont

ithovel dw#ds 1dcatibR C, e k&b blef S6| sulerateAIBNit®Mni i8 Figure 4F, the
configured to clanp the piezoelectric disc and as an

'reteasshlebdhmp fmedhanispisrassasinted with|leeatinns A endiip are configured to

chapi sm 25 is. rel eased. . The. state of .t he. . .
i duseppice o s SRER fhat th S 1€015mBea () hape gptions. At his
i SRL CBL Seqhd@b ik N@nip168 0fleefibidefecRicS dist Shdvingd beik a%6%kd. in a
state and"as an 'E synbol to indicate that the -
plieztiel ewhstantialdy paralle]l anliencannpetinge thestionseA @|idy(x dhg original
shows a_tabl.e ichjs simlar.to at of Figure 5 but_,
avan agtemgedleodt dift Botagt HeiSdh i bemm i Syt Figurs

YT il it tdhpdiRb4on to that seen in Figures 30
%%\H‘F engjé%ufgiﬁce Iéhovvn in Figure 6 differs fromthat
of Figure 5 in that the 14 August 2006 WD 2005/067072
PCT/ GH2£66 /510 @G3ble wich piogideeh eanvenientiway df sndicitingrihe state of
t t at S3 h t d
3;%21? rgi? %ﬁtrgleas%{)gpclamﬁ n{e% an(lesrms ?S%P-CI gndet)l(:lg %?ez’oel%guqm %isc 24 during
the movement sequence shown in Figures 4A-F. In each of the 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
piezoelectric 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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0l . In the sequence shown in Figure
pi ezoel ectric disc expands to push itself away fromA
and then 5 relaxes to pull itd8tf towards C, whereas

in the sequence of Figure 6 the. piezoelectric disc

-contracts to pull itself towards C and then relaxes to

Itoﬁféioélb&ﬁh i PEivTend8 e ntraet at ég%_d &3 %&&H&%ieﬁgﬁg, g.g%‘% different

e piezoelectric disc may pr eréntrally exp
i eetivatiop asx@unet for therrelicaenbld tlampanedhasietns iseMipldy¥ds Contraction of
ence shown in Figure 6 is

, _al thoygh _the,
Lﬁi‘iﬁ%ﬁﬁ?‘ecﬁéﬁgew i &%ﬂi‘g‘%@ myfhectabledty; 2 SCo Avmlgalis thensequence

0 . Di ‘] . dis [ ed Jhe
PR, M el LR oMo L L Gy 018 4 god them
s relixes o peH deslf iowardeCowhbreaslinDie khfheiR0sN Mipe 6ahe bl oelectric
expansi on or contraction of the piezoelectric disc.

veise iconigacte iuBikigsslidaas (& red thendelexesse pudsittelf away from A. It
sye S| e_piezoel.ect.ric disc i chosen .
T R ot P Wi o oRiBARRR i o e St wbont it
sidigled Saguemecthal 2ok, FaNIhe rdone ﬁ%m tg ;
ei ther of the sequerc;t:e_s shown | f] Fi dua?tg(s} o? ég&lﬂafng? shown in
eXigt 6 s pessihyje, dhdodtHigge &, mddilf relids o» qupansienwifithé piezoelectric
e Ig%s bbot e ex ansion and contraction of the

78 eCEPE Y 'sc to increase the distance travel ed
in a single sequence. An exanpl e sequence enpl oying
this tqebandta b vilikh fRPM j 15';&[}% i
sgguences shovmw} n Fi guﬁéﬂéﬁ %ﬁ%lcg%grgglog,g@gut ﬁ%’ﬁtsg&ences 18
S

prnigsd by thexgagaude ofthFiegpamsich arednisictips oSthe pidrdelBatric disc.
f .Eiqure 6 mssin scC{].that the controller IS .
Mt Peicntts G5B decRarird i Scitrs P SuerESSYelt oR dhampicnocloctric
s : [ [ ' t S4
o it cBbeck! QUL Aatbp UisBier gredlel Bl BBy BRI fequonce
t Heis qah dwodsine dyriepsating eithért ofthy seqienbes fHesaiifl Rgires 558 6, for
t he szirre litude of copntraction as,  of expansion~ 25
THETR %Z‘B@Prgg E%%P%ﬂ%?é%ocgﬁ?fl peausBcewhich emplevst bath sxpansion and
sisianid ak! - te. any.. | onnect i ny . .
pair of I%%ken %%@get&le%%@h%,ﬂ% %éﬂ Jf,éag%t%f g}sg ¢ %%B%ﬁ%!@o? single
nestienve. aAwngkadipld aeqrhconasplobinghase Wimefib! aRghiC 8Bmprise a
be made jn series to provide notion of the nounting

pecatspation of thpsssanangendomm iadFigare i andFigure 65lye vdth steps S5 and
t f Lt il b [ d that

S B ST B e e BERCE A St
NI cdifigdtestBe 965iadnAr o addA TRe LR dﬁbﬁgﬁﬁlsﬁeﬁtgﬁ &t Blgiife §Wirectly

all clanp locations at the end of ea
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 piezoelectric 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. Tt

. 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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--- - ----- - - ---- 14 August 2006 WO 2005/1Q653ds2 2006
PCT/ GB2005/ 000037 -14 i ndivi dual sequence. Although
limt to the range of noti

(&Eer_ﬁ i s no fundanent al ion_
WA D Dosi tioner of the kind shown in Fi gurEHGRAS/000037

provide, in general a typical device will have a
characteristic size of betweemyg.around | and 10 cm and
provide a range of notion of around 100tun to | nmm
with a resolution of around 10 to 100 mm 5 and be

i ti.Qni a_l oad of .perh round 10 N. .
FRERRNE, Seqiited. Wit ules B BincfifenBl Bl SRS siitg of motion
t¥Bich @t poEMideR of thel iAd sBERA 18 Ffurb Nec { &d i
di'sg 241_)i s lar gel y parallel to a Fpn%ﬁcﬁg@%’?@n%én%méﬁdwmﬂ
Gleviceowidl/bave a prarastarisie sige lof batveegeneurd| 1 ynd#0 exvarid provide a
par al Ifl %io tpi S&ﬁ%ﬁ]ﬁ? Thi i is because _the. direction
FFRSFOT AR O grounth I YOHTR fR Aeoh wathresplitiorhpf srgpnd 10 to 100 nm

infal =10 ni ' ' t he

PR RIS oF PRI MRS SUBR S [ 0F Because
of this, in sone enbodinents the positioner wll : _
i ncl udks aofedeaboas kin e bapieatastof FigsieS 5 andi 6 fhe net motion of the

positiagnjng, For exanpple, in one application the
F58TE i°g ¢ PHereHectpe diss 4 IiSria_rsehfslgmlthtm @rlingl dogneaiiggah and C.

T .

phsidifeotion dfomatiomias! 4l tsallosiden@hcet b S iGiBRE HBtEA of the
18 maééd,rl ve the positioner using conventional
fraergpleetric: dish padyile snagpitudemaf 1§ sxpanbion|andlotr conitaotienl Because of

f 3one. fi . e other. r.e ner.al f eedhack ]
AR B b 88 3B R ReflfnG crrbak e R o assis
Rt positighiny EFdrexhmplel X6 i ﬁi%d;; i o ;
par a?net er V\%I ch é{epgr?ds oﬁet eﬁcr%%??t ¢ d%g}oi?%rem,,ht be used in 2
reysteaios apaming afioptivad fibre withranbthen bompateatysutinas another optical
vrti%]a %fzction iezoelectric positioner 36 20 .
Cordi ™t d °%s BYtrHaf tPOgHtIopseto; 3, absofulm position, the

G et 16030 iyl Akl bl

 indeximniziei thel light cheplehfem ped @bente theustheraMore Thaselly, feedback

par Es AN understoad fromthe cqQrrespondi ng parts

b
SRochEigmf oad pe I Refitioning the moyerbleipat relsfer thdhe fixed part
o Do . i © e
Py rRR e B0 AL

mechani sms. The 25 section view of Figure 7 is taken
in a figuted-gwhanstically slowsinsienidal sedtiontsibzdelechicptsRioner 36

according to a second embodiment of the invention. Parts of the positioner 36 which
are similar to parts of the positioner of the first embodiment are identified by the same

reference numerals. These parts will be understood from the comresponding 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




and whi ch passes through one rel easabl e clanp 14 August 2006
“mechani sm 38A to the centre of the piezoelectric disc

en t hrough anot her rel easabl e clanmp '
W?Eﬁgal}?mbﬁt his exanpl e, the rel easabl e cl anp nﬁﬁgﬁl@%{%mﬂ

38A, 3813 (and a farther one not shown) are identical
to one another and only rel eag&bl e cl anp nechani sm 38A

-is 30 described in detail. In place of the rigid

support 30A of the releasable clamp - -- -------

ﬁe%am smogéxAyé?%éﬁ é}ggggur eljggﬂ %argéfpeasgg‘iz‘ ?SA of Figure 7

MR s SRR sofpoli d0Aeonto veliit aypiezoetdogicd él%mé@tAfLZA is
onto which a piezoel ectric support el enent Ais

- Trneemainder ptithe releaseble ¢ féwn@nt%aw similar to and will
|
BR3P Y i AL 03 i 50

rr%@'ﬁgiré 9, 3BA plez6tlebtri@ Wafpott eltMentdBX of h@sidel Gush BRP Iitt may be

~element 42A is arranged such that it may be driven

t deivemhy ithe ¢asirolier 1&toesupand anthebnirash incadirgotion, perpendlcular to the

- ditection %’Eﬁﬁ%gndl cular to the piezoelectric disc 24.
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ARISGRFIERHIC rted by the positioner 36 of Figure 7
may be noved wwthin a  plane in the sane manner as

descri bafloghs e ﬁcﬁfedtﬁye:hé pbﬁﬁom@djﬂﬁg\ke 7%5& B8 rdo¥b& within a

10 notion the piezoel éctric support elenents
apboeiintthel sae mapagrhasodestithedrabbea forithe ﬂrstaembodment During this

SRR oGl i R GRS B b o
a%nsﬂwﬁle PhARTDER Rl ﬁasgllvgr@h&% §lsHER gbbs%uéﬁ $ORL & however the

wi th "each of the releasabl e clanp nmechani sns can

- cpiazpeledtic\sapyorti elemsamty and dhes piepoeledtriovelanitieg elements associated

pi e oelec ric disc, 2 Thi s, can be achi eved while
mi i each .0 eafeleﬁsaﬁﬂlﬁ HBWFWW%@%H%%W@@W%‘O raise or

;
1365 FE SO BTN Bhlys I i i

C gmrce adat ﬂhﬁ picdotieotict dis. FHoe bﬂﬁhﬁet by @xpAlifiy) 810 of the piezoelectric
el enents by the sane anpunt pi ezoel ectric disc is

r aeppeat elgmapts bymemmglt ﬂhmdwontachng@lk@f the tpmoelﬁctne clampmg

R STRbe Ry B i vy Papianetis Liep i ieonoy ARbe postoner of
C?Egui'@?tthé}%ré Frodidbd Fcfr%ﬂtloﬁrh?o%gq e Eréﬁlsrﬁlv?éﬁﬁsbihechggy—plane By

mechani sm'. a degree o t can also
i applmgcxhﬁ'eremf expangensammivort @ntvictionk tto differemtasier ofl theareleasable

degree of f|exure may be incorporated into. the
r ElaEpsBrhanism, gsiegtpe of tilt can also be introduced. 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 confroller 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 comer pieces 64A-D which are

connected by four piezoelectric positioning elements 66A-D. A mounting post 68 is




mechani sns to accommpdate the tilt while maintgi fidg 2806
clanmping force. Figure 8 schematically shows in

: ive view a piezoel ectric positioner 56 _
woﬁz@@%&ﬁ&%g to a third enbodi ment of the. inveRCT§E2005)20037
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pi ezoel ectric positioner 25 conprises a fixed part
60, a noveable part 62 and fqgr rel easable clanp
nmechani sms 63A-D. The positioner is driven by a
control l-er 58 through a signal pathway schematically

S0 5P 0BG i R s

| X apinengehwichexdplh e b aidep SlcABP BTy e controller 18 to expand

pi ezoel ectric_device in the formof four passive coner
né eonjraph Along ik leisthasceas30 ivarase or decrbaseftheiseparation of the corner
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ontral ler 18 to expan and contract along its length
yaxsol s opuing Rﬂs?é@ SFTESle Rrodde ap ypRarivebntingties on which

i [ i1 .i.8.at+ac - .
S8 ict 8 S Raknblnl b4 lfed RS iRy gmg et
@B AV rre dispusedunlthy comefsoges fﬂgﬂare And ichafigi?ad fo Plovide selective
rel easabl e cl anp nmechani sns 6613, 66D are arranged

Sterpinger! the comer Ricessi 64 AaRdt gomesponding Sirst (88./5ec680(BYy third (C)
. h -axis, T ' 8

24 BRI wldhr diciopkol i e cGiFall’ 38, Eidh BB solcasabte

eljgchedRnisH3N-DI FTESE®/iskemDiAeetd vhlEsrd Qi rstood from the

rel easabl e cl anp mechani sms  63A-D are di spose
sderselfe plamp srpgharaston of dlom firgy et dimenrafiihe einsedtiont Clanping

1 | anpi ng..of the c r_piece 4A-D at correspondi ng
Pt R S g ee & TR sePon ceabodingnt iy learpe e
| ocati ons under the control of the controller 58. Each

of t hpigup) 9a5ahhile sEOVRR ﬁ@@ﬁ%ﬁéﬁ%&ﬁ%&h@fﬁ{eﬁ&ﬂﬂ ecHanisms

is simlar to and will DbBe understood from
b3Adhond|the downpiernstiokiv positiafing lefenfentss 66 A attiving nin @fample

blipted ‘GO RN R N BUPRBR PRy AREBe he Sed PG actimstion

. g . | f |
PSR- AR, Mt Pl i s o

BiguiesiSamidieg el enents 66A-D during an exanpl e sequence
for noving the nounting post 68 relative to the fixed

art 60 .in irection . .\ _
P ]?1 step ST, the plezoeﬁ:ctnc positioner 36 is in an initial state with all four

clamp mechanisms 63A-D holding their respective comer 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 ftheir
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 remaing expanded while the releasable

clamp mechanisms at locations C and D are configured to clamp their respective -

~ comer pieces and the releasable clamp mechanisms at locations A and B subsequently




parallel to the y-axis. This table is sinmlar I@Aangzooé
wi || be understood fromthe tables of - Figures

W 20680d7825t ep SI, the piezoelectric positi 0”%@%&;}12@0:/000037

1n an |n|t|al state with all four clanp nechanis

- 63A-D holding their respective coner pieces 64A- D at
respective locations A 13, €7and D and all four

pi ezoel ectric positioning elenents 66A-D are rel axed.
In step S2, the conmer pieces 64C, 64D are rel eased at

Cratble® thistep- S5, BleqisAblettricGioRiiR in$d %6 SHC B8 Pelaxed such

. are activated by the controller 58 to renove their 25
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the rel easabl e clanp nechanisns at |ocations C and D

acan berexeguiektp move hmpountng pp%éaﬁe@iﬁfﬁws Boeat@ngan AY. Smaller

P iRk B, bl A 8B 350 Birtnfind TR FRAOGHL Bohonipg etements by 2
2@9&6&%&%@%&&1@8&&9@&9 QRBE S3hAd J44raRS Suehde s‘hb% in Figure

the piezoelectric positioning el enents 66A, 66
a|9e Ir wilhbe apprecihted tthaitmohey parali¢lrtacthe teaxishednr bé rachle‘eﬂd using a
size, In step S6, the rel easabl e cl anp nechani sns
aSUBUHSPPPES | four | ocations A-D are confi gured to
clanp their respective coner pieces 64A-D. At this
stage tphe,s§qaueaHIs §hcﬁﬁHE'tEé Sate TS8P Uhe TBuPOgkp Glechanisms
havi ng 5 bei ng noved by an anount AY in a direction
p&3al-Dednd thet foer picacslecirid/gositiohing séeenic 66 A-I3 aduring an example

i Rl B s
CAPBN R A GARLETLrCon08ld! A RHBIEY. yits s

t goveddh eﬂ&ectmhqmal]lemol-'arglmagma%r line conhédtinp detween Iocatlons B and
aprec:latedthat notion _parallel to the x-axis can

i hjetbless sgniler to ndsywil papndsederd Gem thy Biles Oiﬁlguge 5 6and 9

| neaaﬁﬁi‘ﬁﬁ‘;ﬁ%‘ﬁen%é%%d%@*e?ﬁ%ﬁ?%ﬁfhp?fezBEFef:? P

positioning el enments 66A-D during an exanpl e sequence
for moldgupheheoamdinty gfoskpaafion ehll/orv eoriteactiog bf xBél pair of

part 60 in a directjon
piezoelectric posﬂmmng elements 668, 66D aligned with the x-axis and the pair 664,
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 piezoeleciric 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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‘which is not parallel to either the x- or Y- aXEBA gl 2006
this exanple the nounting post is 15 noved in a

wélbdoSsé7oon parallel to an imaginary |ine conneﬁfrhag 005/000037
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etween | ocations B and 'D. This table is si
and w Il be understood fromthe tables of Figure 5, 6

-and 9 and will not be descrilBed fin-ther in detail.

Al t hough the anpunts of expansion and/or contraction
of the pair of piezoelectric positioning elenents

66B, GG&ra 11 GRS Midally ShGwX i ¥érSpiide W8y Rahee B8R piesRlcctric
66C aligned with the y-axis coul'd be the sanme to
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I Xxed part about an axis perpendicular to thée

piezptiasteic payitibeerdd hicomerisdsya fevedapatt 129, 4 hwvedfle part 122 and three
pi.ezoel ectric ppsitioning elenments, 66A:D by djfferent

arieasable. clarap aeshepiemel dP§AG. rEwspasgioone ipfidvesehe e ppigoller 118

AT, ™ _. . ! e
PiA3he 81 BARHRD S, Idboh B0k} Blowa119, M fvcable part
j100 RenRricey Rl uppacHierRiech HAE104edd a Towrfdi@wedlettric ring 126.
joints may, for exarrgl e, conprise pin joints

ddeta ginee (Are enareledt by Hhreeppiezasbictiin rspacep odlemessi 4GA-C. The
PRk §s 194 35 b2 ublife 8l P2, 5Bty v
299k WRtréPeP1 1¥0:6QABattA{d @R HHR3 G ark i}g? afe. the piezoelectric

If
schematically shows in perspective view a three-axis
shaszn elementsi I6ApCgire pxvanged sa¢h thet theysndyi o drivendy the controller

Lect in three dinensigns. In the orientation shown

A8 &5 sxbhd, S5 Gortab Brefi)ia, he zeis S6at 4 gecionts eRapgresse the
i BCHet rdi s X Yir d/xor, ; .

SRR et S0 pieRNIBkic g, 3081207 S Y RAlRA Biezoclectric

nenimtiogpabt B 7apasesTtheoughphe ppedings in thepomi plezorbacirclfings 124,
ises a fjxed (t 120 noveabl e part 122 and .

ﬁﬁ%@ Rieraslesits o i O LA AaRFSS1 98 APRSr Diffgeleciric momnting

[ r r r

O3 A RER AR d Yfr o AefOf Bling il ol P “These two

Ppheodtestdabh@intiag tpostl d2mensire 86edtedUppsther by a centrally located

pi ezoel ectric ring, 124 and a | ower piezoelectric ring

fixmg 14 dde wpeigandalosves phrapeledtc pyounting @opl elgwents are pganged

BB DTt ATl 1 Wt
icoieRe REligdIly dn i xy-Flane. 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
amomnt SE such that they are friction gripped within the opening of their respective
piezoelectric ring. The thres 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 posiﬁoned generally in-line with the




wtalsde7ehe arranged such that they may be driyeq

by the controller 118 to expand and contract rﬁﬂ&?'&&mm
in an xy-plane. The piezoelectric spacer elenent

the controller 118 to expand and contract paralf§¥m$%mmn7
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separation between the piezoel®ctric rings 124, 126. A
cylindrical piezoelectric 15 nounting post 127 passes

t hrough the openings in the two piezoelectric rings
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ing:@
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. located fixing 144 allo for relatjve
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t hat

ntertace. I n normal use,

i Selvetle cREtp BeiHnisheesAL 1 28Rd 28€ s ideutital hgonromither and only

el enents are appropriately expanded by .an 25 anount 8B
sudeaselat clampy BeChAFiETCI2BA d¥ ic&ﬁ@gb% there dhe @E@@ﬁﬁbﬁ@ clamp
of their_ r ecl| LEZQOGGL L | j : :

- aeigpp a2 R IR ek en A RFESR 95, Abferboiltirc BUEHRE BEmeyt 1524, 2
Veidid §ppoR 1504 6 pisdoeledkrictsipurptiemantd] 5200 fThg wigkbsubport 150A
provi de sel ective clanping of the noveable part 122

atand fhesganirp)l 344 @votthche) todheifixadipagt 126) The mevpaviepagh e rests on

the control .of the,con er.118. Th '

D eve AP AR, 15 i S i B et support
r iﬁ@A.lgge dndotib&rit Q;‘Iﬁﬁpiﬁ?@ﬁn@ﬁt 14790 iPueichd €7 @Rl @6iry i3dA such
ring 126. "The piezoel'ectric spacer elements 146A-C )
aneat pokéld ioverihe grpperredoplectiicl ringel 24 aftthe moveable part 122 in vertical

Pclizmenouth OB FEOASe SRR SR Y e pieqgelgirc slamping

o

when a clanping force is applied by the
r tjedadepbhdently dripemrby teriontrsllet 28\ tCexparid wad eopirachparalied yo the z-

be otherw se positioned. Figure 12 schematicgll ho
bR RIS 0 PGS A BTEPE LRIt S Aesoniict the upper

p.iezoelech'ic ring 124 of the moveable part 122 and so provides a clamping force at

' rl iéﬁ&e%iggfﬁ'aﬂh ¢nd %ﬁﬁwl@cu@é suppBrt RIGERR RS hrirped isiri]tﬂlsthat they may

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

1 18 to coﬁtract,' 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 npper piezoelectric ting 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 releasa
cl anp nmechani sm 128B. The rel easabl e clanp nechani sns
128A, 128B, 128C are identicad-to one another and only
rel easabl e cl anp nmechani sm 128A i s descri bed here. The
rel easabl e clanp 10 nmechani sm 128A conprises a gantry
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Z’i:usatxlble is fimilat & andiwill be miatsood Heonp tezgdbeefFigwe 5, 6, 9 and 10.
clanmping eleneirt 132A contacts the
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e Rndh e SBR A o Picbelpt R B opodfBRRGITAD, 142 e

&P PO hb@fial dpbfhtihg secer@ptsth heegpamded 8g afscmtbe @ippéd by the
I's released. Al though the releasable clanp nmechani sm

pReocleetrigringndedl 126 apply a cl amping force between
the upper face of the upper piezoelectric ring 124 and

| f f |
126, Aeirecrre e EinTe 13 Flrelotar BRib LS bl gl fp Figure
Tshen&'dljﬁka@egok@zzﬁ&}eemer hoveie paft ab2Rngureroddl lé‘nnﬂbﬂ Imanner.

be appreciated that the rel easable cla rrec ani sms
M8ardinglptthe opérsiéonabsequenses forche oaledsable is hahisips 128A-C

3 e Gavapos of Righuk 13 SreauaN S tis SARe e oMb Figites 4 fd 5 and
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state o of the three rel easabl e,
ireBipars $3rand HANsHOwntit Eignppsiis thatithe opper qmdémeﬂ péezoelectric rings

124, 126 dth
rl I”E ng26 are expandet? For contl?ac’yed? simultaneously in steps 83 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 coniraction of the piezoeleetn'c 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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142 during an exanpl e sequence xy- for novi ngslt4ﬁgé‘gh3t2006
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sequence broadly corresponding to that of Figure 6)
the upper and | ower piezoelectric, nmunti

el enenféepcinobBigugs drepresnoay ta gnitilial skt Sﬁfé\g %sf:itéoner 116. The
p})ﬁaége 130 CE: rcia(l:npril;gnqumen% ?32:&—'8 LRChE %iezgiéleé%qg Eﬁatcetzéi%ents 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 piezoelsciric ﬁngs 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
Vpiezoelectric spacer elements 146A-C are ex;i‘anded 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 piezoeleciric ring 124 relative
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Figure 15 schematically shows in vertical section a piezoelectric 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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upper piezoelectric ring 124 rel ative 14 August 2006
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Fi.gure 1 hemat i cal | 0 in,vertical section a
pi@f@%i?ﬁﬁ%%ﬁﬂxplﬁ%ﬁgﬂfsci%sﬁt?' ‘may be used

as an alternative to the piezoelectric clanping

el ementy will be appreciated that devices of the kind shown in Figure 15 may 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.




32A shown in Figure. 3. The piezoelectric cla
el enent 160 con%rises a 25 pPezoeIectric stacﬁafg%mﬂzmm
wopmasd7omed within a flexure structure 164. | 1pciigB$2005/000037
exanple, the flexure structure conprises a pair of
relatively stiff connecting anms 166 which are
connected at their ends by fT€xure parts 168. The
flexure structure 164 may be a wunitary or a conponent
structure. The piezoelectric stack 162 i s nounted
IREFERENCES flexure parts 168 and arranged such .t hat
it may be driven by a controller, e.g. the 30

controller 1 own.in Figure 2, to expand and :
dbht ré&3i9ﬂ2§8‘ﬁﬁlﬁ@eﬂ&@sm§qﬂemr8ﬁc-h4 August- 2006 WD
2005/ 067072 PCT/ GB2005/ 000037 -23- horizontal (for the

i entrad | '%%#1ﬁﬂﬁﬁ the piezoelectric
E?Lckt%%agﬁégggpggl r|zontg%?$T¥fie connecti ng beans
~ 166 are brought together due to the flexure of the
flexure parts 168. Simlarly, as the piezoelectric
stack 162 contracts, the connecting beans nove apart
from one another. Accordingly, the piezoelectric 5
- clanping el enent 160 can be configured to apply a
vertical clanping force between a gantry and a
pi ezoel ectric disc (e.g. the gantry 34A and
pi ezoel ectric disc 24 shown in Figure 3 where the-
pi ezoel ectric clanping el ement 160 repl aces that shown
in Figure 3) when in a relaxed state, and to rel ease
this force when the piezoelectric stack 162 is driven
to expand. 10 By using the arrangenent shown in Figure
15, the piezoelectric clanping elenent 160 can apply
a clanmping force when relaxed (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
t he 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 showmn in Figure 15, the
mechani cal anplification is close to unity.
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with the releasable clanping nechanisns, for exanple,
the piezoel ectric support eleg%nt 42A shown in Figure
7 and/or the piezoelectric sp el ements 146A shown
in Figure 12 my conprise simlar devices. 25 --
----------- ---- ---------- 14 August 2006 WO
2&dsABMB072 PCT/ GB2005/ 000037 - 24- REFERENCE [1] US 3 -
902 084 (Burlelgh Instrunents Inc.) [2] US 3 902 085
url ei nst.r unent,s - - - ---- 14 August
306 RS BRG Stk Sodionse rommREE 25, QLA NG 1.

A mul ti-axis piezoelectric positioner conprising: a

~fixed part; am}g,gﬁble part positionable in a plane
i X

relative to the ed part, the 5 noveable part
conprising a piezoelectric device operable to expand
and cont r ac® moyaahlerparhposiiciable iarudple Bﬂia,meeto dhel fixad part, the

l.easabl e. cI arrp nec S era
s HE B B A hiE Rl s Joice PRstenle th) Gxoanand contract
amgﬁﬂ@%daﬂg first, second and third |ocations
such thaf the noveabl e part may be noved within the
pl ane by 10 sel ected activation of ones of the
reI easabl e &irgly apcqmdchﬂahlthm@ rakasable plaespo@heehinibgs operable to

" SeEabi Su8 IR mryerie Ra e 3t Pat ahpresponding first, second
Plfd AGtE fehfidns Ak @ﬁa‘? rth@ﬁ%@ﬁﬂl@ ph® RPhY ndvEd IR Ghe plane by

force to the noveable
selected activation of ones of the releasable clamp mechanisms as the piezoelectric

device is expanded or contracted, wherein the releasable 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 piezoeleciric positioner according to claim 1, wherein the

piezoelectric device consists of a single piezoeleciric 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 piezoeleciric 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 comer-pieces at the comers of the rectangle.




part al ohg a direction perpendicular to the pl . 2.
A nulti-axis piezoelectric positioner accordi n?§W§2°°6
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of a single piezoelectric elenent. 3. A nulti-axis

pi ezoel ectric positioner according to clairn 1,

wherein the piezoelectric dedbre conprises a

plurality of piezoelectric elenments. 4. A nulti-axis

pi ezoel ectric positioner according to claim1, wherein

the pitemmiti-exisrpiezodiecirivepwitionel saording o Phgzae! GOhE ipteceding
elements arranged to formthe sides 20 of a -

r elatngvkeren the pigreslect actpiess orch ceommprisg o ipigzeplesiric element

a i . Y a fourth

- ERRhE A o bt o ST IR B e pftep Bl eyt may be
t BHivéh Rnekpgaadrihhy direltionsabdtatiallppardlRE bAMS Phnd Bus causing the
arranged to act at correspondi ng ones of the four .

c 8eers mepanhies do peiatragh il @ dirgebion substangially perpendicular to the plane and
pi ezoe ric itioner according to claim4 or claim

5

ec
re ‘T’aﬁ?h’?e (01 5 MY ng comner-pieces at the coners of
the rectangle. 14 August 2006 WD 2005/067072

PE.T/ CBAORNl@8 Pezodfeciri. pokitidr! Accoidife b 849 Un G th€ preceding
positioner according to any one of the” precedi ng

ctlaimms , whimsheithe trglsagnble; climping irgechetisms oeacheaginprise a further
conpri,se.a piezoelectrig, el enen unted in a, flexure .
BIRRRIST aBhbl? Sotifed X popopia B i SR anptioned Diczbelectric
eh@uRO sdBY REmoYs R0t QbRRAN e 0 ?l?]ar fikkd 8551 along haedirection

substantially parallel to t'he plane, us causi ng
Spéipendimudante rfweplatewbidemeattining a alattipisg fores .
substantially perpendicular to the plane and rel ease
tge cl [ f.orce. A nulti-axis piezoelectric

Y

si ¢ 1 o ItERgE Kiogletelo ARHOR t5eoLBRg ft EBEANRT the preceding
CHIRNS  widtBe ik #ﬁe&lﬂg ‘f]ﬁﬁta*ﬁhrﬁlefl s ' S8ipled to the

each Conprise a pi ezoel ectri c actua or
cpintdetpotrind dévice and extahdingvalohg tahdirdotios perpentticaa€do the plane, the
pi ezoel ectric 10, %(:'égat or, SO as .to npve the noveabl e

pEReT ey i) aBoyRying face fovdchyarabient énbe posiionsdmaybe attached.

pei pendi cul ar to the plane while naintaining a
Lo RO S PR\ L . virin e
moveable part comprises a second piezoelectric device 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
piezoelectric 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 piezoeleciric
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.




cl ai ms, wherein the noveable part further conpyjses ;

carrier coupled to the piezoelectric device a%i ugméhxm
wRXiegeé79te al ong a direction perpendicul ar to tegq/GB2005/000037

pl ane, the 15 carrier having a nounting face to which

an object to be positioned nmay Ze attached. 10. A

mul ti-axis piezoelectric posif? ner according to claim

9, wherein the nobveable part conprises a second .

pi ezoel ectric device spaced fromthe first nmentioned

pi dZoel dempyli-ayis\pizoclecaiegpasititnere sedopding do pendinouifahe preceding

to 1 he e an. adj ustabl e acer, such that .t he ) )
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dewiayesbls pait relatiste to thenfiedipertnroved in-a direction

perpendi cular to the plane by changing the separation

of .t he fjirst .menti.oned and cond piezoelectric
5 dedPres A PR HAo5IEoTiS ROSHHOBES 96803 ng tol 2K e of the preceding

I ebRARE Fulber! ddenpsingla dﬁﬁbﬂ&%ﬂﬁ%@d 16 GG the piezoelectric device
pi ezoel'ectric devices. 25 11. A ti-axis

pi' end teareleasablpdsinpingmeschamiems it rgposedd ai feedhackvbignslitd position
the carri conpr.i ses. a_ong-axi s positioner such that

t hglengYffaS[?r?aﬁtfre_ ¥e iedhsfixstpatace nmay be positi oned

al ong an axis perpendicular to the plane. 14 August

2006 WD 2005/ 067072 ‘PCT/ GB2005/ 000037 -27- 12. A

mul ti-axis piezoelectric positioner according to any

one of the preceding clains, flirther conprising a
controller configured to activate the piezoelectric

device and the releasable clanp nmechanisns in a
pre-determ ned sequence to position the noveable part
relative to the fixed part. 5 13. A multi-axis

pi'ezoel ectric positioner according to any one of the
preceding clainms, flirther conprising a controller
configured to activate the piezoelectric device and

the rel easabl e cl anpi ng nechani sns in response to a
feedback signal to position the noveabl e part

relative to the fixed part.




