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WO 2005/ 081330 PCT/ GB2005/ 000320 POCSI TI ONER DEVI CE
BACKGROUND OF THE | NVENTI ON The invention relates to
wopmesedigseer s which are wi dely used for a vari eteTaiB2065/000320
applications including the positioning of optica
conmponents, .both in production Iines and in
scientific experinents. One shortcom ng of positioners
designed to provide a high degree of accuracy in
their positioning is that they are often only able
operate over a relatively limted range. For exanple,
a nunber of positioner designs enploy piezoelectric
drive 10 elenmentss in their drive mechanisns.
POSTEKONERDEVICHr i ve el enents are useful because they
are relatively robust and are able to provide
reoeatable hi.gh precision positioning. However, a 38
ACKGRAUND O THE INVENLION 1vi ght have a positi oni ng
range of only 42 m This |imted range can nean
POSiy d .
Can i FERCHRAA RO pBLEGHR: Baet e hdely G & variety of
applicitibasimchwein @ﬁkgﬁsiﬁoﬁlﬁg&iﬂ@ﬂcﬂmﬁ@m&ﬂs Mbothiig production lines
preC|S|on drive nmechanisns. US 3 902 084 [1] and US 3
aﬂg@@gﬂﬁﬁlFﬁ?Pﬁégﬁﬂwbe "i nchworm posi tioners" which
addr@rfes 51'6{:{ %’LE{ ;I%Qtfo-mﬁstfes Egd g{fro@iﬂesa llﬁ ﬁ'dte ngrf ?lccuracy

arrange el'ease 6ppo
in @hels peditiening @itﬂﬁk gf &6 cd'feh\/(ﬁﬂfi hisleBsHeras ovér h&elatwely limited
cycl | cal |y _expanded and contracted. Appropriate )
ramtl?vm exgrmpliea prusnhes| ek pesitorpri designsepmployapiszodeatrie drive

r | t.he
cIMGFER 85 e o PB0SARY R, GENEE; LBP t bocause
m@p&mmﬁdwmsma% Bble 16 PRovRRSEYEtDIPBIRY pRédlsion positioning.
contract cycles. Although positioners of this type

Hewevew o B mnhloggrplmﬁlgegwcﬂta bhhaverfegositianieg rﬁ@g@ xef only 42

e B lep e h R Bosiipteze SBHI=gAE G LA plgments
cal e racﬁéd%@ﬁﬁﬁfr apPIRiafi8fd) S'uﬁllﬁlopﬂdﬁﬁnﬁ daRSksb Qﬁﬁrother types

conprising two elenents in fricti‘onal engagenent
ofhgﬂ*premmendnwbhmchamhsmh slide relative to one anot her

Nt 18 207,088 8] B 975 80 FETRT agso8Be s Snshvare, Prsioners

wmt:h ARGt tfﬁb ﬁr&h@rﬁe 'ihé AR <§ﬂe RR PSsifibnett bhkhB & sdidBively

frictional gagenent bet wee
grip and release opposing ends of a piezoelectnc drive element as it is cyclically

expanded and contracted. Appropriate control of the piezoelectric drive element and
the piezoelectric grips at either end can canse the piezoelectric drive element to inch
its way along between the grips during successive expand and contract cycles.
Although positioners of this type allow for larger ranges of motion, they are complex
designs requiring a number of moving parts which must be separately controlled in a
carefully orchestrated manner. |
Another approach is to use a positioner comprising two elements in frictional
engagement with one another which slide relative to one another when the frictional
force between them is overcome. Motion is generated by the interplay between inertia
of one of the elements and slipping or sticking of the frictional engagement between

the elementis. Positioners of this kind are referred to as inertial positioners or slip-stick
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the el ements. Positioners of this kind are referred to
as inertial positioners or slip-stick WO 2005/081330
woO 065089005/ 000320 -2 positioners and are kn%‘&‘i‘/éﬂhoy 00320
~exanple froman article by Dieter Pohl in the journa
"Review of Scientific Instrunments” [3]. Inertial
slip-stick positioners cap be nmade with relatively
few maj or conponents. However, known inerti al
slip-stick positioners have a | ow | oad bearing

~_.capacity.,and a high degree of .5 sensitivity,to .

POSIB?‘%&]{ 5%?1 onfrey nE'!PC%%“ t %81' al533@Plfe s &GO Ie CF{niy In moy  Dieter
O v e O i Ul ]

Pohllp(i’ﬁ' fhbOfdRbR  “Revibive b Hdi if Orﬂ%ﬂ?ﬁfu [?l]h bfh bl Usifp-Sick

ever drrangenent to nmagni Yy e not1on.

- positiéhed? cil B2 7ihafld jwite selnfivedy fawnmajoaiongionants) However, dnown

. a. piezoelectric drive elepent, albeit one desjgned

inertigl siarsiel ppsitiones e i lowploat s saRecity pRd bighclegee of
1P. X | - .. hi | A d

sensivieg o BACRAdof IR POk e P RE ok B RO BBAT Tl

t he\d siveenatbreostletiorn woaldibe thruse ghleveo e$ to tohinify or
inner arng are pushedﬁart by the piezoelectric_
amplifye fsh metignan® 48, 109H17c k4le desgsiben 2 dogrbarical peplifien for a

. - ' ut er_.ar and. buekl.es . rdly, as the
pieo6 e WA BB BT B RL o b e
The GevicB &IPCHL 4 19277 BEpRYS\d gﬁﬁ of ngeldsieletk rAvingd atObpposing

the device. EP 0 510 698 | enpl oys principles

endsspfng pigroglectrin stask gucly that shepleveri 9 outer aps aredlgrongly together as
Jbuckl e springs,connected, in.series between the.levers.

theiriict SrgREbe JEROFEAPEE 5Y dne, iedRHe iR Sebi kubnasing. 'K Suckte

sprifit!Ebiitests HeRWESE theOlevid Bulek REMAAd Mikkled MBI AHIYas the lever
suitable for the reliable positioning of sanplé

arm$ arer brpught, tophther. The cotwesé motiesi of $he bngkleapring prokides the

o 15 A B R e ST B e o
02 119298 bul Ha$ 0B MRKRAPRNES cHMECRY iR Geflbf beinRBh (HRRIES. This

W Il generally be positioned differently for the sane
providgsaiios itwe simuitheeonsi dispadesisnt iontmits. Iidewtasnefhthis kid are not

S RY THE | | ON Accordjng t.o first_aspect
genciyl AaablR, 4t T oL RF PP OBIER, PHEAPRIS pRearmin s 15 because
theif® } St mAk ARSI PoSATR] . i

e r%ﬁ‘gﬂtigl Sl omt e bas?;? o g%ltl%n,pzhﬂ el BubREARbFement will
generally be different for different platform loads. This means samples having
different masses will generally be positioned differently for the same expansion of the

piezoelectric drive element.
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5 mechani sm arranged to act between the base and the
sanple platform and a plurality of |evers extending
away from each other, the |levers supporting the sanple
platform and being connected to the drive mechani sm
so that actuation of the drive mechanism is

transm tted under nechani cal advantage of the |levers
to position the sanple platform Each | ever nmay be

Eﬁﬁ@ﬁ@gié ggun&ed on a fulcrum thereby subdividing

t THEINVENTION g outer arns with the inner

arns connected to the drive nechanism and the outer

arms supporting the sanple platform and support walls

may cokeveoding do at fisst laspeet of e fihwxtibh aha@oringedvides atsitioner
formthe ful cruns. The use of levers may allow the

ﬁFBff}P&ﬁl.ngf at base gind\ s:ﬁc.gglﬁ ailatdepm mve@?gg ﬂ'ﬁ]agve it dhe base; a drive
SARABAA SO AR O BB 98 SEHIL GBS i

sdiplees pttanding away-Goiheschwitigsr, ¢ 16w bippartidpeths asmpe platform
platformon a plurality of |evers extending away from
and eﬁlﬁﬁ@ﬁ?@%ﬂfﬁ@é@? grivousehangnt shthgbacturtionafde duyecmechanism
is ' n f ppt ied t he l.ght., Of

15 SR ind O HCFRATD VY 0kt I VR 8 st

tphetfosmrBheh lesel magbe gotakblyaenint&d on B fadflint, i tBéteby Aiddividing the
se of a plurality of levers may allow the arcuate ]
MFOHEO RBETRITAUERT afis ithAbninger armes cponGaiR toithrdiive mechanism

I ' 0..Rrovij linear i.an._of
RSl SRl A8 kB bR LS b comet o
|teyerars by [flexHda@inneBonb & foeahé Adciuthsas out put

levers. This termreflects that they support the

sanpl dhsiuse b leversipy: Allow ghermotien af theedren mechguispu for example

. osi t.ioner. .Eac ever bei r ot at ab )
T Rfafih OF PR ¥ P& hnd: REvd BOBIER Before being
ifabSmitRAes taNGAnId SlatfarEFudhbindrB oy MDA 1B sABpRPlatform on
connected to the drive nechanism and the outer arns

euplelity g levess stgadingpireayt drom reash athieowa fsgable inmpingng can be

AR Sl B LRSS PRI s Y e on e
IsAmplRep| ST, o HQGIPIOWhEMHe Eﬁ%letii‘ £06atR\F-bdht@, In addition, the
simlar nmanner to one anot her en the drive 30

wee hbm phwality of deverst maly allow thehecyite naitiopy assbeibied evith erals of the
?x?d}%rdlue‘fﬁe&e\ﬁgtol b%vc%rmsbiﬁe)&t 6 T)gclavqge 2 Bndt Moton bf the sample platform.

Throughout the following, the levers will sometimes be referred to as output
levers. This term reflects that they support the sample platform, which may be
considered an output stage of the positioner,

Each lever being rotatably mounted on a fulcrum which subdivides the levers
into inner and outer arms with the inner arms being connected to the drive mechanism
and the outer arms supporting the sample platform may allow for simple lever and
drive mechanism configurations.

The drive mechanism may be arranged to act on each of the levers in the same
direction such that they move in a similar manner to one another when the drive

mechanism is actuated.
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directions. The | evers may be connected to one anot her

by a flexible hinge. The flexible 5 hinge may be a

| eaf spring connecting between the |evers, for

exanple, or the levers may be forned froma single

cross nenber. The flexible htgge bei ng provi ded by a

thi nned section of the cross nenber. Connecting the

| evers in this way may provide a restoring force as

each ofhet PRirallt@ VS fevefsemialyV 2D i u i
sonetinesbrefefred tosagﬂ?|§§§%F§ gﬁi&%@%ééﬁgﬁh&%oﬂpop“”“@
fdigatiensei r rest positions. This restoring force may

pr ovi support, force f the s e pLatform B )
Porm neRest e Pnitsad’ S arareLs hamel biage. The flexble
HikigeCrably BE l)leafl sPRHS 'i:oﬁﬁ?tiﬁ@ﬁ&nvfggn @?e?ﬁvals,efor examglg, or the levers

configuration having a | ow nunber of parts can
pray bel Edmegduim heumle ards intemben piier flexiblk hinpeybdre plovided by a

ita onstruction with the flexible 15 connections
E@Wﬂﬁi%?§9?8 @wﬁymfﬂwﬁﬂﬁﬂ sections at the junctions
bet weetynhB&idgaue 'IeﬁlerSQHthg gpagrq%%% %ﬂ\%lglr&'a r-gg}bﬁn% gﬂ'?e 2 cach of the

flexible pivot nmay provi restori orce
devesnarh pifotechabout thearfslcarmes, pometimes refarrddnorae flskibie pivets, away

uppQrt. force f.or e sanple platform The unitary
3’6}??5 3‘?% Fssh ﬁf’ﬂ&g}n%tﬂ%& Ffiﬁ&q%gafqrsﬁ @B evide @ Ryt tfgree for the
L 1GtfOYAY ! i r P
SERFEMRIARY B0 LAY UUIRES Al 0N UGB IRkl
canfst god exisy do ssemibiel epefigieatidny hfiviag ed lowauntbea g farts acan be

pi ez ff% ectric transducer may be bonded to a face of
HHE1% support wal I's which can be driven to expand, so

causi ik N&es exe ' - -

ot her ( Sr bgt W&%B@@t‘ M\?gﬁ?@fgr?a@(furngt %‘S)éd é? H%ﬁtgclﬁ?n With the flexible
ebfirmctiovebding gprdviddal bekldhadesdedonnet agih®ions Detweetaltie levers
caélse rel at.j ve novenent between the ful cruns of the

dnf punortWallsyer s. Because the sanple platformis

conne : f .. t i relatiye

rovoran et oE ARy Repit i B e £ Qlfer o Kfsg pgpoh of e

ddvetshre pivpdde spinatchsingtheubPort E5BE for thedsahilpe PAEErm.SThe unitary
allowi ng for ang:l ar positioning. The sanple platform

RERPURSHOR MY &g sHHcturdly |rabust gnd gasy tp apsembic baringia low@umber of
Lipkages which are stiff in respect of forces applied
arallel to their axes of extent.

The support walls providing the flexible pivot support may be configured to be

independently flexed. For example, a piezoelectric transducer may be bonded to a face
of one of support walls which can be driven to expand, so causing the support wall to
flex. Flexing one or other {or both) support walls may reduce their effective length
relative to one another. This can cause relative movement between the fulcrums of the
different levers. Because the sample platform is connected to each of the levers, this
relative movement between the fulcrums may lead to a rotation of the sample platform
with respect to the base, so allowing for angular positioning.

The sample platform may be mounted on the levers by a pair of output
linkages which are stiff in respect of forces applied parallel to their axes of extent.

This may allow motion to be reliably transferred from the levers to the sample

platform,
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This may allow notion to be reliably transferred from
the levers to the sanple platform -5- The out put

| i nkages nay be deformable in respect of forces
applied transverse to their axes of extent. This nmay
assi st the positioner to accagnodate the transverse
conponents of the arcuate notion of the | evers and so
provide the linear notion of the sanple platform

Iolt EEQQP@% glﬁpdlt é%%?éesl ;%}/ ﬂ%o&é%' na%ffe ?hrespe%{] of{ %?c a%) %Ied fransverse

evers an orm

e thdie axis @fied Rlt. tThi S 6RQTHEICEhE p bﬁﬁﬁ&r t raaébifﬁ&ﬁb@eﬁe the transverse
motion conponents. The flexible output |inkages may

FompRneHEo b rquaieanotion olthe kayiess 3pd sp provide the hngmmt@n of the

I o the Ve axis

SafibleCPAR 3ol Bl ot 2T Ralshe byt fghpees and
ttBe tlb@er@aﬁs/ok Nha QfRe thlAforthingdy b8 ProWasd &6 SetchRniodBte these
drive axis, the 10 transverse novenent being

A@@awmo@mwnﬁqnemre of the out put |inkages. This

| th to b
-{Tﬁypgr’% V%fm?riﬁ Oﬁgpﬁu ?%aga?gl &y ?}tﬁ)éﬁ' %Eﬁs?é}t%nﬁ’gwco gﬁ%p‘gsmon the

AR PR plAtRSrREpRAN I 98 BRAd v SR RUEHIFRRSIaH IS0 AR Ys &‘i’ng moved
connect ed between a common base and a conmbn sanpl e

oir % 6ff$€|1nr«ti@t1\mto\lh@iba@ invwodirastion Iwﬂmémamaesml tbitlmdnive axis, the

é@p%‘th?%q"l%te Bty e Socdp DiIERCE oot it likages. This

TRSNAMNGS B SRRy ﬁsth@rbﬁﬁidﬂ@lts' BMhd Qérﬁl%ctea- he AIRYER 2 multi-axis

i nkages may extend away fromthe | evers on the sane
Spodlaoaﬂ tHoat exaoiplashtiveh of Ithredrmrﬁmgnmﬂyamoslmﬁopoﬂioners may be

n|f| ant part of it, ocated. This
dﬁ*& s CQIRmOR Fags coIRRR GaEpledyatBriyly RrAwide a two-
l,g,;:gﬂgé aki8pdlili¥&lry 20 long output linkages in a snall
space. The use of |ong output |inkages may i nprove

t hei r ThHeexitfait| lirikpged magchidtetridosubsiaﬂﬁ@}opiralhﬂ ol mklage axis along
Er,m{ rowdefo a relatively large.  radius of
VF&?ec ﬁ’ésr{lls‘éﬁ’i%l*élagéc%??fb%“assom ated with

ei t her hteh)% s gﬁ%ﬁ Q] ég]ﬁ?rh‘ﬁ;(@f&ers% thd game 51de as that

transver se m)tlo esanp ormre atlve
tOhS)VthﬁﬂE drive anathrism o £s1gmﬁ|cintqmnrof itHBbdugeda | ar ge

radi u hé)ur)/at re rm act to reduce 25 the couplin

bet we ublingbaelk sef hisoutenidinkaassany abepdhe vee 06ffelat1vely

tl&?g wbﬁtoﬁhlﬁéest A small space. The use of long output linkages may improve
their flexibility. In addition, long output linkages may provide for a relatively large
radius of curvature for the transverse motions associated with either the arcuate
motion of the levers, or the transverse motion of the sample platform relative to the
base in a multi-axis positioner. Having a large radius of curvature may act to reduce
the coupling between the transverse and longitudinal components of the motion of the
positioner.

The positioner may further comprise biasing elements, for example springs,
e.g. helical springs, connected to each lever and arranged to resist movement of the
levers relative to the base. The biasing may act to provide an additional restoring force
for the levers as they ate moved by the drive mechanism. This may further increase

the load which the positioner can reliably support and position.
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positioner. The positioner may further conprise

bi asing el enents, for exanple springs, e.g. helica
springs, connected to each | ever and arranged to

resi st novenent of the levers relative to the base.

The biasing may act to provi dg-an additional restoring
force 30 for the levers as they are noved by the drive
mechani sm This may further increase the |oad which

the pogidi il i L] -

The postt Pangendtafiay St SrSBOn biof"HeBRildh) Blneifed to cach
ceneetotladit the Racnint bewetich & dah fdvetrblati agraLiht baye. Whischay help to
it canfgnve_[elative to the base. This may help to

pPrever ithe pesitinnet fiopnesing dampsssh iy cramilycy, beieg owstlogpedor over
by--hei : over driven by the drive
n%%ﬁ%ﬂggﬁgaﬁﬁ%ﬁégggg?gl, the geonetry of the levers

and t hl gaesil, thegeahetthioflthd heesaigl tBe dafbhOityARHE the sample
the drive_nechanismare coupled to them nay be such

t platforp and feirve mechepismmrgwourledio themameayrie shebdhasithe sample

T

aimplyésf That isao sapP thet hechahRMBAdINAGE] SMmB@YnRE] ShFdfid@kion, of the
than unity. However, in sone exanples the arrangenent

1lgveras/agsien suytbet geateihpn vnity. H dvorvier, o verge byaraplesithemangement

I n.a nt which , the driv hani sm .
238 6t T, B0 R W) Bl T b Fo Rl ot by which
N6 [eive @@dchard i rhdves aThANs tPbayt 6 nh@UBicA AGhREL, FR¥nechanical
be less than unity. This arrangenent may effectively

ceaplifgaian ¢lethexlpeans artionr mep rber lasst then wifityt Adis arrangement may

piezoelectric element. This nmay allow a sanp]e to, be .
SRR el B St siiiedin BF oG S BisGcifent. Thi
IpaprafielySh Qamplth® BOokitRABH MG dB&lalae (RREHR I Shechanism
strai n gauges for neasuring the position of the

| po@gon. There are a nunber of points at which strain

gauges. nmount ed. @gr exanpl e, strain gauges Tg%ngihe

may b
be QouphbOTHORR MY TRIuGE 0pE ot S BHER Samsh

LRRIIRBYT e 1R ' i i
el ement which m gﬁlt&g%{e;%?%hggrr?f%?n?hag%ﬂﬂ;}sgﬁ&h%auges may be

mectied.Sftar cRhinplesiyain| gaogest iney io\conplad tmthet peetsddriveemechanism.
t oghqig{lpiws tﬂ%gﬁgzggﬁegg&{%ﬁ 4p fé%e%?dg\g% g %igzgglegh%gleién?e%% w%fich might
form part of the drive mechanism. This may allow the movement of the drive
mechanism to be measured, from which the positions of the levers can be calculated.
From the positions of the levers, the position of the sample platform relative to the
base can be determined. Strain gauge output signals can also be used in a feed back
control loop to improve the positioning stability, i.e. to provide an encoder device.
The one or more strain gauges may be coupled to respective bridge measuring
circuits. For example, Wheatstone bridge measuring circuits, which are mounted on
the positioner itself. This can help to reduce effects arising from témperamre
differentials between different elements of the bridge circuitry. In some embodiments,
a strain gauge may be used in each arm of the bridge circuitry to provide increased
sensitivity.
The positioner may include a further plurality of levers extending away from

each other, the further levers being connected to the base and the drive mechanism so
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Fromthe positions of the |evers, the position of the
sanple platformrelative to the base can be

determi ned. Strain gauge output signals can al so be
used in a feed back control loop to inprove the
positioning stability, i.e. [g_provide an encoder
device. 25 The one or nore strain gauges may be
coupled to respective bridge neasuring circuits. For

anpl e, t st.one dge. nmeasuring circuits, which
éf‘( aﬁ%‘iﬁ%ﬁ‘e ‘gﬁ Yﬁ@eﬁ%@%’? Brigpnsiniticd) %P therfyrtherclgyernq gruse them
FEYUGE £ ing fromtenperature
(58{4 erenfﬁl a% e@@%ﬁl\}éfé%sédl fferent elenents of the bridge
ci r cuiBacly . furthes cleeere miyd ibee Bbtatablya nsdundddn oiaug duldBymn,b ehereby
m of the bridge circuitry to provide

LSI]?}]S él n i e:i ” gﬂ%é:é Heviers iy ipnerpwd qutssiapmay etk thaynphgmggennected
}Lér m&hb&L i&h Ta}l odt?rva?ﬁl‘? cb %@:ﬂ 18 thediRY from
each ot her evers bel connect'ed to the

base &md fdtieer devievemae bbb arthriyad Sach t’ﬁat fhh dtivaaicoRdnian agth on each
e drive nmechanismis transmtted to the further

(& Vs Rirther lexers an fhevama racior Tiis may dggedirection thich is different

FEBL AR, B B B L LM R G
i nner ”mhﬂdlghuﬁtelhe Ao 1w vz ﬂletfﬁﬁhérrlﬁﬁa"rs hiMBoGeHNSEbe @lefeﬁ'ed to as
to the drive nechanismand the outer arns connected to

fpt davcas. Tine teug wafdecty St tberase erapladr tnfwdbasgc whichamay be
tct}ganigrgaf& {Eﬁﬁ#&%&%ﬁ\gé@sﬁ .gach of the further

This nmay be a direction

V\/nl Ch Tlhs ﬁiplitf R¥&Rtmay Cgehétally kORI ohifp@t deve¥L and so provide a
mechani sm acts on the first nmentioned, or output,

|peve‘aaer Wil & lighodeereshel seuney. A will he understoed ﬂlwé\ﬂefr design and

f d
PhieroBO BF ol 16 BT e s Pty e HEoR gasspond to
\ﬂtusehemecbe)oveqaﬁﬂheeﬁqﬂtnﬂeﬂsnput stage of the

positioner. The input levers may %:neral ly mirror the
out putA paiy e)ffsmmlfdh@@gp? amydee asedp |CDnm¢Gngvth¢ tpage ti gte input

8 Fronn s Rt o o e S Shplid Bl o thie axes
opekiede bt ATRRALIONn fr@..?%é’cr SISTopHs Cpp RAY ﬁ%ﬁﬁ%ﬁ‘é theretol The input

t hose described above for the out put | evers. A pair of
linksages rmem@gg@squubw -k di.€. exteading @stay g He inpwtdevars on the

he
tsalme sﬂg as that on which the drive mechanism is located, to allow for long linkages

in a small space,

By providing a highly symmetric design such as this, movement of the drive
mechanism can be transferred to the sample platform via a combined motion of the
output and input levers. This means the output levers only need pivot by
approximately half the amount they would otherwise do if there were no input levers
to accommodate part of the motion of the drive mechanism. This may reduce residual
effects associated with the arcuate motion of the levers.

The highly symmetric design may additionally reduce the number of different
component parts of the positioner, so providing for more simple manufacture.

According to a second aspect of the invention there is provided a multi-axis

positioner comprising a first positioner of the above
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| evers, the input |inkages being stiff in respect of
forces applied parallel to their axes of extent but
defornable in respect of forces applied transverse
thereto. The input |inkages may agai n be

doubl ed- back, i.e. extending away fromthe input

| evers on the 20 sane side asgihat on which the drive
mechanismis located, to allow for long |linkages in a
spml | . space. By .providing a highly synmetric design
RHEReEI0DH PsirsTFestoR g2 $5andPPYEONGrt HAMPBANCHETBE along a
t f {Q: S t = '

SRR, St o e e e oS, BbiBa? TohilEHlne pgtween a
cotnmuin basw enda oothnonasetiplei platforby 25 approxi mately hal f
t he angunt they would otherwise do if there were no i

i nput i axpssposationsr By darthss comprise a ghirdbpesifipnet agopeding to

l i .Thi A resi du .ef f t.s. . .

U5 S BB AR ol eh Ry 2B, BlociBh e i, girction
thiegyly §itfeyomoabrihe fites bgh sedndadieictiony) athe Vthire GissRioh&e connecting

unber of different conponent parts of the

§ETen Shfesommen Baseand ithgeamppor saepls phasfosmpanuf act ur e.

30 Acgor.i.n 0 CQFL f.the |inwenti her

s pr g ¥aboa BpdBSARE pBSIERE, Bivile I pEHRL RGOS Fay be
forsddedolasiing ames siefdephes aberé@lond -WakbleGie deg@b@nsf fleedom are not
first direction and a second positioner of the above
apquinsdafesien gy e nsevded Fogiexdmplenthe third pesitiensr migkt not provide

T e e

axi s-positioner nay further conprise a third
positioner according to 5 the first aspect of the
invention aligned along a third direction, the third
direction being different to the first and second
directions, the third positioner connecting between
t he common base and the common sanple platform In
this way, a nulti-axis positioner having a parall el

~mechani sm may be provided having up to six degrees of

freedom Where six degrees of freedomare not 10
requi red, fewer may be provided. For exanple, the
third positioner mght not provide for rotation of
the sanple platform such that a five-axis positioner
i's provided. WO 2005/081330 PCT/ GB2005/ 000320
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-9 BRI EF DESCRI PTI ON OF THE DRAW NGS For a better

under st andi ng of the invention and to show how t he
WwWOogenmshi® be carried into effect reference i SPODGBIOER000320

by way of exanple to the acconpanying 5 drawings in

whi ch: Figure 1 schematically shows a front view of a

one-axi s positioner accordi.pag to a first enbodi nent

of the invention; Figure 2 schematically shows an end

view of the positioner shown in Figure 1; Figure 3

G j i VVJI.I@ f the positioner
lj@mﬁYO ﬁ chematically shows a
perspective view of the positioner shown in Figure 1;
Figure 5 schematically shows a flexible |inkage of the
posFes »heitersmderatanding of dhe invention gug o ghosg | {ENe Tpay be
si.tioner

B FAEGALE A8l B SERT . A

dradisbsfih @kifiéh: 7 schematically shows an expl oded
perspective view of a base and a sanple platformfor

t heFigugd disckrmatichidyshows Eiftpnt iy of @ one-azBPEItEvesagrording
PCT/ GB20Q5/ 000320. -10- DETAI LED DESCRI PTI ON Fi gur es
to 3 firsh ETRR00en 0L B mvaniion;

_ al |y show respective front,
endg; g%!r@g s&%ati@ﬁl}sﬂr%%' Ahend H¥® of ftheapdéﬁﬁahér‘ 364 if Figure 1;
according to a first embodi ment of the invention. 5
TheFigusé 8 ischemnati2allysshowsor sie diew offthe positiener ehawn i Figure 1;
t hr ee- di nensi onal . Cartesi an co ordi nate_system and .
¢ or Figuct, ArsChemplically Shows 2 hesspective vigw, of e BesUseRshown in
Flg?lEbOYm in Figure 1. It wll be appreciated, however,
at’ the positioner can be equally be used in other
or i Figume iSosthematienllyrsiwotvsva dlexifle Finfagecofl thespdsiticmer shown in

,along a y-axis, the end view of Figure 2 is taken
ﬂ‘g a z-axis and the side view of Figure 3 is taken

al ORgn A0 6¥sciindtically shows a perspective view of a three-axis positioner

according to a second embodiment of the invention; and
Figure 7 schematically shows an exploded perspective view of a base and a

sample platform for the positioner shown in Figure 6.
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10 A legend in each figure indicates the Cartesian

pl ane of the figure. The positioner 2 is a one-axis
woO psiogizsner for noving a sanple platform (or ptat/@BE005/000320

stage) 6 relative to a base (or input stage) 4 al ong

the z-axis. (The sanple platform6 is not shown in

Figures 2 or 4 and the basgg4 is also not shown in

Figure 4). The positioner in this exanple has a

characteristic size of around 55 mmin the x 15 and

' i out 15 mn in the y-direction.

lﬂgﬁé&%@@ﬁéEsﬂiggiﬁgﬁgd the design is inherently

scal eabl e so these di nmensions could be nuch smaller or

larger if desired. In fact, the design could be
usdfigires di 2a riand ¢ ethernatimaiy Fhnive Espeyive effoft)/EB) side and

nano-technol oqy .envi ronnment, i npl nted j.n . .
PErSPETH O Bh %ﬁﬂ_{lg??fﬁ) §°q9§$1ﬁ§'{@@?#§t tabetipreigyt thergvention.
ThePRSHAdRN S isCRRRIBSE Vit FRERNBOY a BIRCimelhsiBRAC Chftosian co-

stalrnless steel, 20 a piezoelectric elenent 8, a palr
ordighteisypremn dridexintd suchi askgges a2 lowet refenne thd aderithormshown in

. body_21 to the pase. .4, a pair of output flexible )
Figte Kgwll begippregialcd hawevery aﬁﬁ grerposionghbean beequaliyhe used in
. 7 . g | .
ot RGOS 11 ychParBRRS Pl s 3L A LA viw o
Figure @2 elken tlong aed-suieaind the sds cleenaditigat 13)is tdked il it Aox-axis.
as .a stack, hut it will be_ understood _that a tube or
A legepd i gagh figpre ipdisatss thedartesian plarernf thefigwal d be used.

a ' AGt . riven screw,

2l oo SocfiheP 2 8 YA RLis RRLAT 1 fblihED: ShEY e cor

tpifi staey 6CRLSIVE U6 td b iBQUTPStAde® st Along ithe Blaxed. 1
Ouprirnérfb??y7 to V\hi_cha‘thgaoimﬁput fl eg??bl e Inflgnkages 2;(’5[%34sgmpe
platfogre s etsbawa ig Figuresd s dh andr ibe Saseedriionls® npbshgve fn Figure

. . f i_hl ' 6. .28. tt d. Th
o). TREpEIE i B i b R UGS G8stR il & Shif 35 Gl G -
and @RHreafiois @i Byud 19 Bin A ttle FUifLGOM HEWRREH is\Wkddihd Yesign is
20. The input cross nenber 7 has a cut-out inits

- inhexesbt scplgatde so these digngnsians|cenldths mpeh smadler or lafpérsif desired. In

pr,ovi.des for,an inpyt. flexure hinge whi ch VWO
fact R 2, BB er ot e B el et UEMS) or
nan6iQhBolBY eV irbiainédtemplbmeh@d CiRNidnBcondiior UnRiekiakk! 888g etch
menber 9 has a similar cut-out inits |ower face.

techipplogy pFlas/pasisipneveoraprisss tapnainfiody oreentier Adenatie oftstaihless steel,
.al | .t he output crqss_ne r. to flex af its centre.

a il i lEmPI IS Bipat R TeR g g vt e aetus e main

bod§iZ1sh tﬁé‘p 9?@342 QphiSEPERDLL YRkibR HflagdO28ME LdifhebfiRY the main

1
and out pu ,
body 21 to the sample platform 4, load springs 38, 40 and mounting spigots 42, 44,

46, 48 for the load springs. The piezoelectric element 8 is schematically illustrated as
a stack, but it will be understood that a tube or other form of piezoelectric element
could be used. Other kinds of actuator, such as a driven screw, may also be used.

In this example, the main body 21 is of unitary -construction and comprises an
input cross member 7 to which the input flexible linkages 22, 24 are attached and an
output cross member 9 to which the output flexible linkages 26, 28 are attached. The
input and output cross members 7, 9 are separated from one another by first and
second support walls 18, 20. The input cross member 7 has a cut-out in its upper face

running parallel to the y-axis. This provides for an input flexure hinge 23 which
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5 cross nenbers 7, 9 conprise thinned sections of the
mai n body 21 extend along the y- direction so as to
WOHEHP8830 especti ve flexure pivots 11, 13, 15, PCT/GRA0SI000320

act as fulcruns. The conbination of flexure hinges

23, 19 in the cross nenbers 7, 9 and the flexure

pivots 11, 13, 15, 17 provide for four levers 10, 12,

14, 16. The input cross 10 nmenber 7 is divided by its

flexure hinge 23 into a first input Iever 10 and a
alléf? BbnbBPitbsd f¥GIbel & Mt B TLSREE! THE oﬁ%@ ciss hiltGaber 9 has a

flexible pivots 11, 13 providing fulcru for each of
sinhiler cutput inl s/ veer fabe Thit provides desamentpet flexurs hiligei Wewhich

by its flexure hin 19 into,a first_ output |ever 10
allgivy the upyh &r%attaﬂgg?fetveﬂexlét i Pﬁmrees%c?(?wcw?wm the

T i =] ' i€l I :

respive ey o 1k Bt Bhl sddmd SpBAE Nl 19, 20 468 WiEinhBtand cutput
cras themtieps 7, ¢ enmapidset thinned sevtidas of the meaipibedp2l egtend along the y-
_element 8 forma_first _ opposing_ pair, of input and,
dirgefiqn 60 |85y Brovide 1esperiveellenyge iphyale 1dnd 3o’ Whichyact as
ﬁﬂkﬁnﬁ$e ot her side of the piezoelectric element 8 form

a second opposing pair of input and output |evers 12,

16. ThecloriigionlOf fiddire hihged 3] 59 Sl sroskethelbeist B 9 and the
respective flexible pivot 11, 13, 15, 17 into an
flexpreepiveisrhlardd, a8 bl pewide for fawdeverad0, d2mi4.0t6.(The input cross

| _ ; o
b 30 8 E BRt W  BaBRted O, A Speona
infitBvea 1 2 witkORepdeaive Snéf of ttheflb-avRgivax i e povilliig\ldths for

away fromthe flexure hinges. The piezoelectric ]
each ehthatinpntdgeasy dehenuins eross Beenihep Giis ditddeslby its flexue inge 19

infiEH REY yfous do 2T 0' FioB0 Sebhe PRfpub Ty 7 i, peSpRRRE fomes of the
fleR B8 PBREs $9, PP pic¥idiN® AflérugRCkof SR @fcﬂapdiu@[iﬂ.ﬂ 16V8s. ZAcR¥1idingly,
when driven by an appropriate drive signal. The

theiinpte eind cqutpet levensetatongasideanf theppiezeslectrdjedgraent & frem a first

i nput .cross nenber, 7. and ut put .end adj gcent .t he
orghbppaE PEEPeREn arot 18V M Rk Bk o€ gl B V6rs o the
othA3d0bf iHepiRLOAQRHE Clehicht 8! RARMY s&0AAbppb&ing AR F input and

menbers 7, % are arranged such that the croSs nenbers
ooty léveex 122t16. Fach léverkirie, hinkfels swbdivuded 180itimespegtivg flexible

chi eved

.the piezpelectric elepent. This can b f
piuglabipitd, iy Tels 80 PE A ki Rtch Aumr LS Hypex Zims ot he levers
ar& ﬁ{?;s@ﬁﬁn@é)&é’ncﬁh% ﬁﬁ@ﬂdlg‘fffdh ey gh%@td@ﬂ:@&s @k fleRe hinges.

cross WO 2005/ 081330 PCT/ GB2005/ 000320
The outer arms are those parts of the levers extending outwardly away from the
flexure hinges.

The piezoeleciric element 8 extends between the input and output cross
members 7, 9 and is positioned between the support walls 18, 20. The piezoelectric
element is arranged so as to expand and contract along the z-axis when driven by an
appropriate drive signal. The piezoelectric element has an input end adjacent the input
cross member 7 and an output end adjacent the output cross member 8. The interfaces
between the ends of the piezoelectric element 8 and the cross members 7, 9 are
arranged such that the cross members may flex at their flexure hinges without

damaging the piezoelectric element. This can be achieved, for example, by employing

a bearing pad having a limited contact area aligned with the flexure hinges of the cross
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-12 menbers. The piezoelectric elenent 8 is
di mensi oned slightly I onger than the gap into which

WO 20054081330 be pl aced. The pi ezoel ectric el ementPGTEGB2005/000320

inserted into this undersized gap by first forcing

the outer arms of opposing pairs of the input and

out put | evers together. Th2s causes the |evers 10,

12, 14, 16 to pivot about their respective flexure 5

pivots 11, 13, 15, 17 such that the gap into which the

i itr A [, f4 ased :

morBh S TSl Tefont 1 cibRohdH g RARTAREY ol e £einio
whigh #do@) Be placed. ’Hie@imblebﬁucl dleé®Ge insefted (06 Ofls ARMIrsieH gap

to the outer arms of the levers is renoved so that
by firsb fReqing bheputerasmstef epposiigapeipy of tthe nputr sk eutput levers

d
oeffify TR A e RAR D 12 PR bR DU RAERE ure
pivets €DETE, 15197 ThétSthanel 288 irth Wlﬁé@ﬁﬁ%l@ﬁeléeﬁi@él@lﬂ@n{}tls fitted is

kept under conpression. This pre-stressing
mcrmdoenééhcumeme&m elemonb\cas be Snispledatlneg the piezoelectric

rain

cleniiR 0 laces e ouelielfa e g2 Sene ot ﬁaeée@r% Sved'so that
the mﬁebafy bﬁ@mE@t fRradtH GBS uaRtfbsserP *&onﬁ .tfgswé\?e?!‘ it is

in Figure 1 ach strain gauge 1s confi
preventedufremt deing egrfelly b th pd{hﬂonfﬂ length aoft tha qjiemaleahc teflegment.

|ezoel ctrlc t 8. . 15 be apprecj at ed
Thig o5 EfF ?';[Pmi%‘btrfﬁﬁ%e& Ffler sommessigue 15is| e skresing
of ti§d ﬁ@ﬁi&ec&j@ Ql'éhﬁnt ﬁ?prﬂ%sﬂéroz)graﬁﬁk REaQERALHR! 5s WeladdGim.

configurations. For exanpl e, onPy one strafn ~gauge

m ghstriie gasgelis beaded ereachsille bptie pitzalstjnelg@sntc B iree of the

rovi de oV, d s nsitivity. Figure 5.is a schematic
strajfy, gIUgesy r% SerRdn gy d- f}hﬁtf?fm &a9gs i configured to
S r

o 10 R g ORI 8O B R i
be apPreeiated tmbtliecalpansios br ueittictioh of ttﬁ\a&pfelz@eietftﬁc kleRieAO8 could

22 shown in Figure,5, althqugh are differently
be mpeaspEnd wHing r?ﬂ?EH'egt"ﬁHS Baugsrropfigiratings. F%k%i@@lnlﬁs qnlyioge istrain

r I I it of _extent

s SREHL 1 et ASeRBE hEfiol 38l wufll' S e Mhiproved
sendigvites. It wi |l be appreciated that i n soms single

axi.s embodi ments of the invention, 25 the flexible

| i fligfes 182 schomatigserosseseslion Weweok ans efdbeii mnut ﬂemblg.lmkages

22 (s ARG Sl EL TR . SRR B o
24, Qs; DReire ibaltival if kexduieetol ihekeo@se Qﬂ‘mchgbeztlgﬁewﬁhﬁvmgh& 5,

ure 5 allow for a positioner which
althoug are differently installed in the positioner 2. The linkage is rigid in respect of

forces applied along its axis of extent, but flexible in respect of transversely applied
forces. It will be appreciated that in some single axis embodiments of the invention,

the flexible linkages 22, 24, 26, 28 could be replaced with rigid linkages which are not

“deformable in respect of transversely applied forces. However, as will be seen further

below, flexible linkages of the kind shown in Figure 5 allow for a positioner which
can be easily integrated into a multi-axis positioner. The flexure linkage 22 contains a
rigid central body 58 with a monnting dowel 60 attached to one end by a flexible
portion 62. A similar flexible portion 64 extends from the other end of the central

body but terminates freely. The central body and mounting dowel are made of 3 mm
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can be easily integrated into a nulti-axis positioner.
The flexure linkage 22 contains a rigid central body
WOER0M#%1B30a nounti ng dowel 60 attached to one eRETHIB2§05/000320
flexible 30 portion 62. A simlar flexible portion 64
extends fromthe other end of the central body but
termnates freely. The ceniBal body and nounting dowel
are made of 3 mm WD 2005/ 081330 PCT/ GB2005/ 000320 -13
di anmeter stainless steel rod. The flexible portions
f diahieee
dinihr FRffosd sichl AFE, T8 TRMle BUTichg o e O, B MWalribr music
w:ra%rrdoﬂﬂmglmmcﬂ sngoundh g mimstmng anidr the centrad bedy/scrowmid25 mm

bores in the central body and the nounti doywel such
longnBhe amﬁv-‘owrﬁaﬁ éﬁsﬁﬂ«m e jborgseiny th@)&ﬁ&?@d&%b't %ﬁﬁlﬁi Founting

dov?eei réflﬁl?kh g%roﬁf ;ﬂla v, Lf?nﬁ? Eé;fre'fﬂ; (P%Q het@) ?n egi:@?ﬁrai-%o&?‘and

the |n|1cﬁiﬁﬁﬂg dd@ehasi abusd &5 arh it fpidposdd au theruthérSiderThe flexible
Because the sections of nusic wire are_relatively
linksige 22 has aroveralk fasigth of #Rled S h aynaBecaps the secfions Qﬁ music wire
f
e R TR o Dbl DR e b Sl b Bt o

is fhedlth MRK il @ROFING G sd ﬂiredﬂBnOLﬂ&Zg&ﬁﬂf thi6 kindl&e Asrtigadebeibed in
seen fromFigure 4, input flexible |inkage 22 is
EPOfX/40G1d6)-i n the positioner 2 such that the free-end

fle bIe ortio is fixedl y-conne

cclghs g o Ry g 4 b SRR EERTRESs lfied in he
podifisier Qxéu%ﬁ‘iﬁatstﬁb Ficandafléble oribie b4 i ﬂxédlg cbnﬁéﬁt@d near the

towards out put |ever 14, the central body 58 bein

edgti cﬁrﬁbsewtctmm\efenpuﬁeverokﬂa dbp hgkag@vtb@n extemdsngbstanti allel

e A A e e g e S
op@éﬁ%’kyéreéfﬁfs 104 14.T0Re FERIDES porliba '62% vaﬁclﬂ tHeOMBuhtiey dowel is

'exi bl e |'i nkage 22 to slide freely in a
attabheéqmsm theough | 2 frultker busbingx 34 infthexxugnet levart 14 othe rubber

trans% sel R t%’ﬁﬁ’i‘? 18’6@(‘?|2%gtgé;ﬁa ?r%?lg,?”gldagcq@pamuclto

its %ﬂ%@@xr.\éhp 'baE ﬁcﬁmﬁhsﬂéﬂeﬁ% td thisl s, RO8E FréOHdampiiig iy 4p:bbﬁed by

positioner 2 in the orientation shown in Figure 4,
thenmbbtn lmghﬂxngld t63 hedpd wemdeck Phrdtonekbvdisy haeﬂ)omopmoner With

thql E?PVS#}(@EF%H‘Q&W%EHE{%JI@&EE (g\gr?y ot he ase 4 1 s gB%X\ﬂ)cated
be{I%?ngl% %v@P!‘@'A@FEﬁhﬁ dﬁe%%bvsc{hé BigR 48&@ nopﬂﬁzl%rf‘ﬂl FiBure 4.
e ase

erelt i's l'ace, for exanple
Hogtaver) gis @an bei saen fronb Figure 1, the mounting dowel 60 is recelved into an

opening in the base where it is held in place, for example by gluing or using grub

SCIEWS.

The other flexible input linkage 24 is installed in a similar fashion, connecting
between the input lever 12 and output lever 14, and passing through rubber bushing
36. The mounting dowel of flexible linkage 24 is similarly attached to the base 4.
Accordingly, the positioner 2 is supported with respect to the base 4 by the two input
flexible linkages. Because the input flexible linkages are longitudinally rigid, the parts
of the outer arms of the input levers to which the input flexible linkages attach are
fixed relative to the base along the z-direction. However, becaunse of their flexibility to

transverse forces, the parts of the outer arms of the input levers to which the input
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screws. The other flexible input |linkage 24 is
installed in a simlar fashion, connecting 25 between

WO 20080818ut | ever 12 and out put | ever 14, and pEEBGRING/000320
t hrough rubber bushing 36. The nounting dowel of
flexible linkage 24 is simlarly attached to the base
4. Accordingly, the posithigener 2 is supported with
respect to the base 4 by the two input flexible
| i nkages. Because the input flexible Iinkages are

s R L) Bt B85 b gl
that@hisaabticH ®ilPBe hicuef mahatdy dnd 9z plRed fri‘&?eétmnglb&lh for ease of

z-direction. However, because 0Of "thel lexibility to
explanatisy dreyend descabed b thepdiraction bf their laxgesircomporentt t he

[ t | o which ] t 2005/ 081330 .
LE%’#W&Y}%%%@M‘&'«&@?F %%rg pesalledi g"_é@"ﬁ’c"”ila%!’i‘ﬂﬁ‘ag?ﬂk}@n fo
o AP SIS D s SRR Ui Cchatibds, B8 bas 19 o inpu

levetz,-thaneboneetntha vagput ésrectd thelspmplauplatforme@hat iofio say, the free
expl anation, they are described by the_direction of

endt fexible poptinst ofcbgsatH: flexthle lnkagtr afe Bxedly conpesfesgeear the

2 8 ' i 0 I i A aghi A
edg§ O (5P ok P BEHPLorE Gbs AF S8 ol Tyeh 1P A, fifkcages
therf GRIRAS shbidari a8y Brsld Qo tthe ziaaBUlowardy Bipait 14vaay 1601 &6l the

the output levers to the sanple platform That is to

orieptarionsheva inBiguend, the maustiag dewels o shaputphefleriblgdinkages are

tocdpd Hae fug inpiERTEr 30712 IO BREEHE S B FRY i Tisife 4.
HoWe%e! & e, bel&ben Thsin IFigleB 0E She hldRALISX HORAISHOGE aﬁ&rdzumﬂeﬁble

paral lel to the z-axis towards input |evers 10,
linkiges atgeddvest indn tapenisgs dhdhe sample; platferm where thayuareibedd in
1 dowel s of the output flexible |linkages are | ocated
PlaChove the input |evers 10, 12. The sanple platform6

i's Réﬂqrtﬁﬁgwptﬂerbaﬁip%%ﬁtfénn dﬁ\éﬁyllf‘drted%la@i% t& EheSIRRE along the
fromFi guré 1, thée nounting dowels of the output
z-axXik oid the eutput fllesibpdslinkages sduthenhneett ib tofhennaigdody 2 hehich in

| | at f wh t, . hel.d .i | .15
carhd, SHRRPHE Y Rl (b ikhegeyveiiot Sapfish i logthe base. The
Sarxﬁﬁg itk R £BE (P 38Kt £-Nfhd -diebBod. ar LIRS 19 WoPUEsired,

I bl'e 11 nkages which connect it to the main body 21
suppbit cdilsion otheapracingseoubdbe vskdby t he i nput flexible

l'i nkages ich .copnect jt to,the base. The .
orga pomwﬁoner in tge orientation shown maFciguresq to 4, the weight of a

sample on the sample platform applies a load force which is transmitted from the
sample platform 6 along the output flexure linkages 26, 28 so as to act downwardly on
the outer arms of the output levers 14, 16. The reaction force supporting the weight of
the sample is transmitted from the base 4 along the input flexure linkages 22, 24 so as
to act upwardly on the outer arms of the input levers 10, 12. The net effect of this is
that opposing pairs of input and output levers are urged apart. This motion is resisted
by the resilience of the flexure hinges 17 and 19, the resilience of the flexure pivots
11, 13, 15, 17 and the resistance to compression of the piezoelectric element 8. To
increase the useful load that the positioner can support without damaging the flexure
hinges, flexure pivot or the piezoelectric element 8 and to provide a positive force

against displacements, load springs 38, 40 are used. These connect between the outer
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Sanple platformis free to nove in the x- and
y-directions. If this is not desired, support rails
woQoosasinEse braci ng coul d be used. 20 For a posi PCDMIB200¥000320
the orientation shown in Figures 1 to 4, the weight of
“aTsanpl e on the sanple platformapplies a | oad force -
which is transmtted fromth® sanple platform6 al ong
the out put flexure |inkages 26, 28 so as to act
downwardly on the outer arns of the output |evers 14,
omef . !
kS of AR, By Pl of Ry D ORph Rcrs R pHRAR Rt onal Apport for
thé sampleeplhtiforkm by sfi2etively imveamghictrigidicy mapwhodly 21.00ne of the
the outer arns of the inpp | ever #) 12.. The net
logd sRaines 18 ¥ ppQunited o ﬁaimrd%ip%s%‘%a EeSpACHivRRy fonBfFRted to one

: 14T A i i S. j st
o patr HThPuroll A TVRRRL0) 14 e oFREIOR! digkRR) & fifhnted
ofl &Siniiaepadr off spigues 46,648 cannetiedtits the dthed 8ppaking fdalr ahithput and
the resistance to conpressjon of the piezoelectric .
ouspeyars &2, ¥ Thespiestssare hrld ingalacs bY seav fiies iy of which 50,

- 5%)9 iﬁés@@xﬂnﬁ@ﬂr&%ﬁﬁ% wi t hout damagi ng the flexure 30
'nges,

exare pivot or the piezoelectric elenment 8

and Tk piddditad paik 08 ispige dodhedted &@appsing pairs of lever arms are
di splacenents, |oad springs 38, 40 are used. These .
sizashwveb tthafdiofwesn thea 1bay extepdagyes nuwhadghe gap between the input

[ 005/ 0003 - f ' ' f.. )
RSN gt Ry Coraydy 4 s oy R BERARLRS, BEUE spjeoncr's
ndt@fal, drhests %Hﬁﬁ%lrﬁﬂiﬁi {ies. wilty nefdriet siwedl Vapph&d ﬁ)’i&idﬁgefzcg&}ecn'ic

rigidity main body 21. One of th f_oad springs 3
clement).cthie spigatspue sepsrated by erdistagce that is appesimatelyyone-and-a-half

tifig et cxgeti§d Fhir of BRREL 0o Folmi g B e ARl Biitis atlows
ﬂlg?%@itﬁin& lt@rcavet fits Ghngdiof Qkavel Bree BB taP PRGGEQIpicReciion against

er opposing pair of input and “output levers 12,
atlefnptd ve sigpifienty axecedeathis 1angp ke dlais byoudd causefthg ispigots to meet.

t wo .of . whi.ch 50 52 can be.seen in Figures 2 and
ASHEIPRN) L APESE A O PRaReac SRS Pho s oI stop
coiguBatidhs | BY PosHBIEB LS i isZ EshveHieh: thabmbBReVAS tddiewith the

they extend across much of the gap between the input
spigotafafetyunprging atherthay 30% ardoviaprse possibleai rs of

spi gqts dao not t. ILn the positioner's natural,  or .

oSt n SREGRPR G o (el Riasborty B /R B b e i egpsined
pbQidl 10RbeHhRel-8kidibh bytlRPRB the filiReRBIIOSMBAES to expand or

separated by a distance that |Is  approxi mately
camterchnd- #s hekdral configuration (i.e. no drive signal applied) the positioner
supports the sample at a position zo along the z-direction, this is referred to as its
natural position or rest position. The z co-ordinate is taken to increase npwardly as
indicated by the legend in Figure 1. To move the sample upwardly (i.e. increasing z)
from its natural position, a drive signal from a controller (not shown) is applied to the
piezoelectric element such that it is driven to expand by an amount Az, The
expansion of the piezoelectric element acts on the inner arms of the input and output
levers such that the outer arms of opposing pairs of the input and output levers are
brought together as the levers pivot about their respective flexible pivots. Because of
the arrangement of input and output flexible linkages, this canses the sample platform

6, and hence the sample supported on it, to move upwardly away from the base 4.
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times their expected range of travel during normal use
of the positioner 2. This allows the positioner to

WO 10508138 S range of travel freely, but providegr/GB2005/000320

protection against 15 attenpts to significantly exceed
this range as this would cause the spigots to neet.
Accordingly, the spigots acjg.as mechani cal stops or
abutments. Other stop configurations are possible,
though it is convenient to conbine the stops with the

565 Bftopustt 552 el b Bt ity v . T Rty i ghe plane
corfBMinRhBRVAS 60he piddklcefic ABmBRAS el %Iﬁétﬁ]@ 911&%?1 %f the input

z-direction by driving the piezoelectric elene
anceoptpvd lever aung caeses the flesiblealinkade e@nhowuslphtdn diagonally.

e PP S AR s o
othés AlbhSehd ABiredtidnS tHeSin{n?tf drld’ @.ﬂgﬁtcﬂeﬁ?olé i %%i‘taﬁ’sroaxlnfw inwardly
positfon or rest position. z Co-ordinate 1's taken

towtands therphareeleopicalathgntdsy a smalil amioent. Bycduge of @gegydureiry of the
' ve the sanmple war dl y i nCreasing—"

Fl_gur e,1l. To m ] ug t(/i . €., )
posjiionss appy,@ yE-Piangrupaing $Bequghdhe centey ol thespigreslectrie elegnent,

L0k er ) nql i o) .
theBRER kheds it o0 Q) of e WPl Rt bR move inwgrdly by an
ambyntawhishisiequabibed dpgositexoansgic@nhofletibR 1pARZOLOHE M bifer side,
el enment acts on the inner arnms of “the input and out put

Begange p§ thiys @R rehrnsyase suation i frassferediogbe sagplealatforot relative

' I I r br. ht. t oget her as
o GRS A0 e RIS e BB SR oot
by phuiet HexiBRC pusionel ABQoidielr KRN GEMBR! pRkforMPwotRAdis largely

out put flexible |inkages, this causes the sanple
degeupletlofrpin ghe hpdzantslc eompenesnsif emstipip aissesdiatedh oft thet arcuate

d he b 4. WD 2005/ 081330
molRi e iBRE Pt 858 of 8 Bl of §iSettibe ¥Gmplsoleom s supported.
Thé Bathile PraforireMelefdte Moves iRaGliRtBod WhidhGis ﬂhgglr% paallel to the -

containing the z-axis of the piezoelectric nt,
axig.nEhesyraernt by ovineh ihersampla pletform Gmmovends deteymined by ¢ie amount
ar uses t.he .fl exi ble |inkage.tpo nove slightl
by e SB BiFzotiAfet e hghy oresdds e s rectpicg f e of the
leveRi B6SthelcRaRfld JosRIdnEOSHIN PORiERIA NS, 1R GRE
evaI ong tﬁg z-gi rﬂggti gn, Sthe [ nplﬁeand out%ut “nglzég{gg%fme

inner mresigheleversitbaéhé distandé Petweontheitstlextisle pivextn sddthielbeation
el epent b mal | anmpynt. Because of the sy ry. of

ot GG T ot SoTRRe 4 A ) GRE) P ST O B GHe A length

of BRbhRr Af thB9eRrE 108! @Edikian&d B88B/bn their flexible pivots and the

flexible linkages). This means that as the piezoelectric element expands by an amount

Az", the sample platform is raised by an amount Az® = 3Az". Accordingly, the
overall range of motion provided by the positioner is three times that of the
piezoelectric element 8 itself. Because of the symmetry of the positioner, this
amplification is achieved while maintaining a substantially linear motion of the
sample platform parallel to the drive axis of the piezoelectric element. It will be
appreciated that other ampliﬁcations' can be achieved by changing the ratio of the
effective lengths of the inner and outer arms of the levers. It is even possible to
provide a mechanical advantage of less than unity. Although this reduces the overall

range of motion for the positioner, it effectively gears-down the expansion or
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the flexible Iinkages on one side of the piezoelectric
el ement nove inwardly by an anount which is equal and
WOgBHI338 to that of the flexible |inkages on ®G3/(G26e5/000320
side. 10 Because of this, no net transverse notion it
transferred to the sanple platformrelative. to the
base. The small| transverse 418ti ons of the flexible
| i nkages are accommodated by their flexible portions.
Accordingly, the sanple platformnotion is largely
con@actitd §idné pRPobRe AN LA hisCAAMRRLIY Rd8fe FRE! Athe position
associ ated Of the arcuate novenent of the outer ar
ofdhe shwpleeplatfarm mssdviaidd with masepinethp | datvieamsthamism, For example,

suppprted. 15 The s l e platformtherefore noves in a
g BleeroRic BAEAR fle Ve iedAl peRtiadita the piezorleqtric glement.

The R I j .

dot orey MEpIp Yl ibeSHot P RAREPAORR (3 & RERL RO BY et expanding
the| emnlechicpalketsenang theesamsibavanchd mshednbage toFatibdts natural

| evers. For the exanple positioner_shown in Figures |
pasgiog by pentpacting the pigzaelgetric sfempent Itjip possiblents @pve e sample

i athe i . g_ i X
dqsEleRly froft e bl BhARGERY BliVRE G BREphelib @ siorfint p ontract
fremdmentuil eaifioaicn elowdver, andvéhpledoddécttib @l&hdi GHill WRnerally
Ien%érg of the outer of the levers (i.e. the distance
alloyy jeiop lpagey Fangecsdi eirangipn dhan inwill fer contegetipheFor example, a
] | S . . the piezoelectric s,
pigtARTE ottt B g 3 Richlif b AB1c DA RGASER 7 Flge which is only
10% adrf @y OF S dxPaffin Mingd) AuFBHIMigINGRe SadPl™s natural position will
Accor di ngil y, the overall range of notion provided by
typisally be pelecierbio ¢ayrashprdta henator mhan the fowess pRsition the sample will

iezoel ectric elenent 8 itself. Because of the
bégg?ﬁﬁg?ci@ag@?he positioner, this anplification is
achi en@ thsiiitanBoiPheti @bl bNthe JamplRSHlatéind bhy bk icARAated form the

motion of the sanple platformparallel to the drive
paesionens knnwnpgesponed éx thei drivel ssgnahtapplied tei thie fiezoelectric element.

reci.ated that., other amplifications can be achi eved
ARBRAGEHE e eRENpR, PRk soipr J5 kit AgpRoo e of the
posHHN. TRICreibR' thd ilpa&f oft 4§ IbEY Krir dfifs iS gy g&i%io er response,

possible to 30 provide a néchani cal advantage o ITess
anchean @lsd by usgd ik quiphdbatls sigealuwesssish positienall dtabilisatige using a

or the positioner, it effectively

of ion f
feﬁ‘é‘%f‘rcngﬁ%%m t he expansion or WO 2005/ 081330

PCT/ €R2005409 $32Rurcrkht SRt dRG 60

pi ezoel gct ric el elr]rlgnt. Thi's can h{éq g{et %tperﬁ%cﬁ?ggeﬁ %%%’e?'r%’ 29
monntefi¢o fegiicdoslectrof elemens@ pitputs fai Grese asimgiaat@dindicate the

Wit h POi se jn the drive nec&ani_sm For exanpl e, .
degree of expansion or contraction of the piezoelectric element 8. From this, the

positions of the levers can be determined, and hence the position of the sample
platform with respect to the base calculated. In one example, the strain gauges are
incorporated into Wheatstone bridge measurement circuitry mounted locally at the
positioner. This reduces effects associated with, for example, thermal variations which
might otherwise arise between different elements of the Wheatstone bridge.

In other examples, a more direct measure of the position of the sample
platform relative to the base can be provided. For example, by having a linear
displacement transducer arranged to measure the overlap of neighbouring pairs of the

input and output flexible linkages. In other cases, other feedback mechanisms may be
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due to electronic noise in the drive signal applied to
the piezoelectric elenent. The sanple can be noved
WO 95080880 al ong the z-direction by further exparai/GB2005000320
the piezoelectric el énent or the sanple can be noved
back towards its natural position by contracting the
pi ezoel ectric element. It ijg_possible to nove the
sanple downwardly fromits natural position by
driving the piezoelectric elenent to contract from

i t { ur al fi tiop. . Ho i B
usey Zopovadnale  exemate dprived isgeliw Hich, dertnd 9 s pgsition of o
sarlphs S KNS, QIoreLRaNe Aottt SEN SPEE o) enen

i ghwill ppiappteciatdbthatineny othencunfigatations bf posiaige amcskible.
is on 10% or ,so of its expansion range. Accordingly

Fory qrampley3 single xis posttionss that 4y ngf 1o be inggrnosated inge a multi-axis

t oh O ! tha .| L
posREEE Gt Ffig) KERPA et iraofthe BERDIS ks ik honnccting
thei maihaddyneodse pasi did samplet flatfsranpinesyvhatdses, nalide bdafings or

cal culated formthe_ 15 positioner's known response to

resifigt Byshy@ogntifgs) cold becamplayadhat bothAbe base pnd samplgeplatform

- r j i j i bl ovi.de...a..sensor for.
ficifgy ff ARbinbldhte by ednsBEASS pitiiBnd BysBliglt iR uR SRR flion of
thelth@r bieaaimNt any long termdrifts in the positioner

response, and can al so be used as a feed-back signal

to hest exsorples, dheninpyt eobs meabenmaydiernplid sutle duib aicdoes not

| oop.. . T, Qsiti @n_ neasusenent C fromthe
flex, BREls i deatPuRS Bt By SRYY Foce @ o oBF Rae. B'bich Bases the
expRh§16POf #é biezoslearieHlerBent QitPWhallY bAMhE RERS 2k fthe output
gau&gs indicate the degree of expansion or : :

levess fiheredieingin@inpuh teverspZHhds eonfigucatminaapsds tBe neuoting dowels of
th si.tians of the | evers can be deterni ned, and

ey ok RO B, Py, 5 it et e, ffopay otton. The

tradsQ8RE Ghotidh tOHRAPEASE AGabAkAh hif i©MBaRX 3BhBnodalR by the

strain gauges are 25 incorporated intd- \Weatstone
flexibitighy of e Slexibhe hinkagesc of byythendlemitalityl of &iel moahtitgsein cases

ositigner. This reduces effects associated with, for
Whgt%\%b‘ig&atgﬁﬁmse ariations which might otherw se
ar i pRe RehyeeudidriaveR! ihe!ifpR Y &g?ﬁthﬁemﬁaﬁrﬁéag&e?oubling-
bri dge. I n other exanples, a nore rect neasuré o
backhom gesinoilen thrbughn thespospioner pliard miativebt hg \limkhges ttGde used

. base_can b r.ovi ded.. For exa , .by having a linear
in Sl SH1CRe S HPITER 4 DEHOLLY B e ko8Bt e progides for a
relfNEly APeradlfd PRRQAUMVARS BRbEiSteA whl®any transverse motions. This

reduces the coupling between the transverse and longitudinal motions of the

positioner. However, in some embodiments the flexible linkages may not double back
throngh the positioner, but may instead extend directly away from it. This effectively
reverses the direction of motion such that expansion of the piezoelectric -element
causes the sample platform to move in the opposite direction to that described above.
It will be appreciated that in some examples the output levers, and input levers
where present, could be separate elements connected, for example by a leaf spring
acting as a flexure hinge, and need not be formed from a single cross member having
a cut out to define a flexure hinge. In other examples, the output levers could be

separate from one another with no flexure hinge or other direct link between them. In
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I nput and out put flexible Iinkages. In other cases,

WOot her feedback nechani sns nmay be WO 2005/ 081330

05/ 000320 -18 used, for exanpl e exteFhE{GR005/006320
deri ved signals which depend on the position of a
sanpl e. For exanple, a reflection or interferonetric
optical encoder. It will bel8ppreciated that many
ot her configurations of positioner are possible. For
exanpl e, a single axis positioner that is not to be

thE AR [@H%grihgé of e Witld ol i FigurB0$ kd 4 @Aehe ngdtbdeplace the
enpl o ' | rnkages in place of the flexible

raeonl : :o? the Gevibledingss (i clmduneiocsf moviing oad sopont ad 3
| . |
re3QERE Fafteh A Il astifest e G50 RS a&Ponfl SpBSak WIS L3 arbes, means,

cdiA® Be 76U EARBIAEHB 16VebPEMrectllyth PRSitoA BREISTPHAS Bn@hdt in such
transverse notions associated with the arcuate notion

cz;s&s. the | ever outer arms. 10 I'n ot her exanpl es, the
£ 1 ol i %o PR SpBiegaesh et et Kishd O erBte pipighe bR used as

AAQURE GhLthel10verb. For Q&ﬁﬁp}e‘, ih 8 ERaBRE Shih BoesSiR 3RIAR a unitary
of the piezoelectric element acts wholly on the 1nner

naimbody, supporowaPshavihg ae keifetedgesewhieshrsit moVignposes in the levers

| eyers Thi s, confjguration causes the nounting dowel s
“W%et“ﬁ mrﬁweﬁﬂ%ﬁg%{"gﬂw‘?’ikages to have an arcuate,

rat her i : itﬁ : Ny r ti
o i 300 Brociis! ARk piEAGICchc RS ey BB coffgured
sush thhethef dxéx bbile pigzadedifie ekelhext bbaf is nitagpedlel ao thxy drive axis

the flexibility Qf the nmountings in cases where ridi .
ajong hiel itayupplcethe apfiatigny ofdkvre dorces 1§¢ravsaﬁg>1w§e piﬁ;eglecmc

oRRA i) Sk 2 e B Al W o i S0 O mechanical
dtivé kaiyesonfiguiel waster (B8 motich sovad to suppbean ddtastion force along a

improves the flexibility of the |inkages and al so
dg¥edri8es for a relatively large radius of curvature

he. CBuEr ot h Al b ABSYERAC S LbOT poFlicher FAF Hsifoning

sﬁﬁ%ﬁe%ﬁﬁt‘f@iﬂ rdigtivepipsd basenséng awaical z-akiy. $OWH] be understood this
enbodi ments the flexible |inkages may not doubl e back
pericslag [pricptatign 45 artagy, andythe aras of hhe pesitiesar«eg be arranged to

P PRl e 0 o SISt RS RERER. ntua
“RpBideRIREET ¢dhfiRUENRAS. References made above to upper, lower, upwardly,
downwardly, and so forth, relaie bn]y to a positioner in the orientation shown in
Figures I to 4.

Figure 6 schematically shows a perspective view of a positioner 102 according
to a second embodiment of the invention. As before, the positioner 102 will be
described with reference to a three-dimensional Cartesian co-ordinate system. A
legend in the figure indicates the direction of the Cartesian co-ordinates.

The positioner 102 is a three-axis parallel positioner for moving a sample
platform (or output stage) 106 relative to a base (or input stage) 104 along the x- y-
and z-axes. The outer geometry of the positioner in this example is generally cuboid

with a characteristic size of around 55 mm.
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causes the sanple platformto nove in the opposite
direction to that described above. It wll be
WO 29pP&3Pht ed that in sone exanpl es the out put RGHEB05/000320
and i nput |evers where present, could be separate
el ements connected, for exanple by a leaf spring
acting as a flexure hinge,-28ad need not be formed from
a single cross nmenber having 30 a cut out to define a
fl exure hinge. In other exanples, the output |evers

cou %uﬁ? separat: M '

hi nig; or 70%%;&%%1{ C%Hqﬁgn %g?&v\;gg% %@%“%ﬂ@ df The sample
platiofh /108 L3d0bHETINGBTHO DaOOBR rises thretfass famged td Gath three-

springs of the kind shown in Figures 1 to 4 can be

 facesseip euber Ap) xctace 440 liy ean ByrRlangyankzfage ¥lRdies i an xz-plane

LN | . I he fu | .0 f. providi | 0a URpOor.t.
andh 958 L1E iep R plihile” T8 sl by Pl PBbhsey three
face£&Pdhed UP FOh (hiBd-Lfoes Bf a Chb aghRaARSing ﬁpﬂyﬁa&qm?ﬁlg in an
to hold the levers correctly in position relative to

xy-plaseaatorkrécei 132dyiog in 8n saplase apd ajz-facel 36 Ibeg in a yz-plane. In

RS PR 104 S o7 Pl &, W AR ok R e

104 %R B ARedM o 608 ST BuPSleWdBirPcofddear y  mai n body,
support walls having an knife edges which sit in

V- gAscanshe seenHeothdugwre 6, vy thivec-axie posiiopen V02 eomprses three
flexible pivots. 10 It will further be reci at ed
ong-15e mgp HsBeteccctipeting bt alPige Seospreobcial adiydpetween the
saﬂaﬁ@%lﬁt&ﬁnﬁi@@mﬂf theMRsd | 62 AHeEE tHrbS ofid-8558 :E)E:)?]iﬁfm?&k bird &h x-axis

ot parallel to the drive axis along wh
positipplri 35 4 lyeaxas positiowar, 2yorndiai z-axisf prsittoneF @z, Eealipifethese is

sy B0 FeR o e oL RS AR R e G e
shbbal }ngfg‘h?ésnl 98" é&éﬁfﬁaﬁ R %ﬁ‘é anfll D phRor s 3R §fferently

suppl y an actuation force a a “15 drive axils.
oripgited.i ousl y noted, the above has descri bed a positioner

for positioning a apple platformrelative tQ a base’
7B T pcamnged b

al ong® &-¥Ef PORIPIL- }ssz}nqnge _ "S%d{}ﬁ%é?@tﬂ%fﬁl_e! fp &he x-axis
o oy P05 oHU Kk T o e e
plaploaiaf Themioahtihg dewtls forihe haawe flekihbgliakyres es theadaxis positioner

di rection,_including 20 "up-side-down" configurations.
2 Rl BT arl e Aboivetacs 14k he hasaeFhesa dagelhl 7o held in place
by respective grub screws 90, 92. The mounting dowels for the ontpui flexible
linkages of the x-axis positioner er are similarly fixed into holes {not visible) in the
yz-face 124 of the sample platform. Accordingly, when the x-axis positioner is driven
as deseribed above for the positioner 2 shown in Figures 1 to 5, the sample platform
106 is moved relative to the base 104 along the x-direction.

The y-axis positioner 2y is arranged with its drive axis parallel to the y-axis
and connects between the xz-face 112 of the base and the xz-face 122 of the sample
platform. The mounting dowels for the input flexible linkages of the y-axis positioner
2y fit into holes 72, 74 in the xz-face 112 of the base. These dowels are again held by
grub screws. The mounting dowels for the output flexible linkages of the y-axis

positioner 2y are similarly fixed into holes 84, 86 in the xz-face 122 of the sample



2T

10

15

20

25

downwardly, and so forth, relate only to a positioner

' ientation shown in Figures 1 to 4. Figure 6
st%hr‘%é@rg’??([:al |y shows a perspective view of a p&’ﬁt’@%%?@?’“““m

102 according to a second enbodi nent of the

i nvention. As before, the positioner 102 wll be 25

described with reference toZ2d-three-di mensi onal

Cartesian co-ordinate system A legend in the figure

i ndicates the direction of the Cartesian co-ordinates.
plafern 0%¢dordifigly, Hhén itife R akil PRBIIAESIsRRVahL) Gk sﬁﬂ’l?let 1!619!!61‘111 106
_for nmoving a sanple platform (or output stage) 106
ismegvedirglativetodthp hesse (dralongpilie ysdizgstpn.104 al ong t he x-

Vi <M GARCBonoeiin draf PRI P Soen w0 parsie] & e’ axis

arfd \GHTREES bkeSfder (AL £9- [0S 0
PCT/ GB2005/ 000320%-?2%{6 B gur ee%ﬁfﬁdﬁgﬁ:g’afgﬁééqgﬁ%\%s%eaﬁm"b

platfpimdehe pewntprerdiweds fardébe diput Aexiblenimbagepbiithe araxid Pdsitioner
apd. base, 104. Th ase conpri ree faces arranged

24 ol il s v Gle L8 G S T8t 110 o pes Yoo ruerninghopups for

tHRbuirt Hled e mage;-éf%@zlakf% %%sf?@oﬁgf‘ 22%:8<ﬁ5ééﬁp IS o %0282 in

yz-face 114 li1es in a yz-pla e sanp orm
theixy-faee 130 obthersample platferen.SAdardinglyy whagtd 1-axib positioner 2z is
three-faces of  a cube, again having an xy-face 120
dgiyans dhe sagple Rlatrmgni06 1, meyed Jelative 10| e thpse 1 04nalong the z-

di}%cﬁ%_ane and a yz-face 124 lying in a yz-plane. In
the assenbl ed positioner 102 shown in Figure 6, the

sanphecqidaigiyrthe XQ6y-and bade podifidnas endyosatigtep®Raiol® and so
one another but are pot in contact. As can be seen .
DASIAR e gamplesplattamn elmgclbiber Sgadtions Racanoibe sy adsz-axis
AL one-axi i1} rs..C [ [ | 1 el
pogiicifers RUCRSDRY AesROS HrhRRR Ry QA s Verk P o bas8 and the

sqphysie fpbatford) GheapokitihiRrdasecidRd. withessh ilis af: 18 téakSommodate
positioners are an_x-axis positioner 2x, a y-axis

mgien pjangegack pf dhgjother axesiin appaprar bieadly similas éo that described in
E?Ia% simlar, to and operates in the sane way as,
he "positi oner 2 descri bed above and shown in Figures

1 t ORBturkiNg @Pthd bad akib Poxitionés2 aRswY iR Fign® 25 irf kAAE eRamples
are differently 15 oriented. The x-axi s positioner 2x

thedfirgk anghggeendinport; walls 18, 20panshepmndy sufficiently Hn thaithey may
be flexed outwardly or inwardly. This can be achieved using a suitably mounted
actuator. For example a piezoelectric element bonded to an outer face of one of the
support walls may be driven to expand so flexing the support wall. One or more strain
gauges may also be mounted on the support wall to measure the degree of flexure.
.Flexing the support wall on one side has the effect of bringing together the opposing
pair of input and output levers on that side so as to increase the separation between the
base and the sample platform on the same side. Accordingly, flexing the support walls
.in this way can allow angular positioning of the sample platform shown in Figures 1
to 4 about the y-axis. Employing similar means for flexing the support walls in each

of the three positioners shown in Figure 6 provides for a six-axis positioner.



and connects between the yz-face 114 of the base and
h -face 124 of the sanple platform The nountin
wo %98&%%@3% or the input flexible |inkages of the"qﬂﬁﬁ?@g’ooonﬁ
positioner 2x fit into holes 76, 78 in the yz-face
114 of the base. These dowels are held in place 20 by
respective grub screws 90, -92- The nounting dowels for
the output flexible |I|inkages of the x-axis positioner
2x are simlarly fixed into holes (not visible) in the
ng%ﬂhggﬂjgg4 of the sanple platform Accordingly, when
the X-axrs positioner is driven as described above
for the positioner 2 shown in Figures 1 to 5, the

106 i d relati to the b 104
07RO s BB arstodtindng S axi s posi 1 oner 2y 13
[2]2F F ¥ O0RRK (Bﬁﬁelg%'h;lsﬁ"uﬂféh?s masal lel to the y-axis

and connects betwe he xz-face 112 of the base and
[3} he Dietef Rokl, TRévied of Seieatifip hstruploats Ovdl) 53 SHBHTL b8,
1dOMﬁ%5 hgr gge nput flexible |inkages of the y-axis
Ma‘pos Varidd2 NECICorago hol es 72, 74 in the xz-face
112 Eﬁﬁs dowel s are again held by grub
Iskcrgﬁg?g¥§ggﬁggﬁging gomels for the output flexible
[6]l | NERGES3DO61 [MeNesaGiis: 13Q.)p0si tioner 2y are simlarly
fixed into holes 84, 86 in the xz-face 122 of the
sanmpl e WD 2005/ 081330 PCT/ GB2005/ 000320 -21 platform
Accordi ngly, when the y-axis positioner is driven, the
sanple platform 106 is noved relative to the base 104
along the y-direction. The z-axis positioner 2z is
arranged with its drive axis parallel to the z-axis
and connects between the xy-face 110 of the base and
the xy-face 120 of the sanple 5 platform The
mounti ng dowels for the input flexible Iinkages of the
z-axis positioner 2z fit into holes (not visible) in
the xy-face 110 of the base. The nounting dowels for
the output flexible |linkages of the z-axis positioner
2z are fixed into holes 80, 82 in the xy-face 120 of
the sanple platform Accordingly, when the z-axis
positioner 2z is driven, the sanple platform 106 is
noved relative to the base 104 along the z- 10
direction. Accordingly, the x-, y- and z-axis
positioners may be driven to nove and so position the
sanple platformalong all three directions. Because
the x-, y- and z-axis
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p03|t|oners each enploy flexible |inkages for
connecting between the base and the sanple platforn]
the positioners associated with each axis are able to
accommopdat e 15 notion al ong each of the other axes in
a manner broadly simlar to that described in EP O
937 961. Returning to the one axis positioner 2 shown
in Figure 2, in sone exanplegél the first and second
support walls 18, 20 can be frade sufficiently thin
that they may be flexed outwardly or inwardly. This

Cep. chi eved using a suitably nounted 20 actuator.
= A . , :

| e a piezoelectric el enent bonded to an outer
face of one of the support walls may be driven to
expand so flexing the support wall. One or nore strain
ghugegﬁﬂﬁyﬂ@MSQNanﬂngJnted on the support wall to

nmeasur e f flexure, . Flexing the support
wal | oaﬁb%ggndg %@pﬁea@atfq@ 1Bpyeable relptivertp %@ﬁﬁ#@e St og gt her
t he Opmlﬁ'eﬁﬂech&ﬂédi aﬁ%ngeﬁ%'ﬁct%ﬂve%ﬂttm%é ?Xv\(g %Song atform;

S|ge S0 as to increase the separation
e and the sanple platform on t he sane side.

| h -
ponOr A Mkallty 1&g BRRE Vo i ol dhedeysrashimrting the
stople plztfnﬁnmﬂeﬁmg coﬁﬂbcldedél@ %tdrtvla?nééhﬁﬁé 0 ’ﬁiﬂ?'a&%th& of the

sjmlar_ neans for flexing the support wa I'n éeac

VE bR IEsmitied andersinesianical advatage df the everdes position

iR sath positioner. WO 2005/081330
PCT/ CéﬁéO%S 303 -22- REFERENCES [1] US 3 902 084

(Burleigh instruments Inc. ) [2] US 3 902 085
Instruments Inc.) 5 [3] Dieter Pohl, "Review

B ri h.
O G Rtone" 4oReime fe HIBGR L, Yherainzath Ieveisia spatblyamimen on

EP 0,510 698
%ﬁ.ﬂp&lﬂn Qﬁm%%%gﬁ%i\(lmﬁgéﬁ@ {elt\%ﬁ)sllht%]x r gnd, g )arm(sﬁw:t the inner

ermy Rygmected to the drive mechanism and the outer arms supporting the sample
platform.

3. A positioner according to claim 1 or 2, wherein the drive mechanism is

arranged to act on the levers in the same direction.

4. A positioner according any of claims 1 to 3, wherein the drive mechanism

comprises a piezoelectric element,

5. A positioner according to any of claims 1 to 4, wherein the pluratity of levers

comprises at least one pair of levers that extend in opposite directions to each other.

6. A positioner according to any of claims 1 to 5, further comprising a flexible

hinge interconnecting at least some of the levers,

7. A positioner according to claim 6, wherein the levers are formed from a single

cross member, the flexible hinge being provided by a thinned section of the cross

member.
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1. A conprising: positioner a base and a sanple

pl at f orm noveable relative to the base; 5 a drive

nmechani sm arranged to act between the base and the

sanple platform and a plurality of |evers extending

away from each other, the | evers supporting the

sanpl e platform and bei ng connected to the drive

mechani sm so that actuation 9%4 the drive mechanismis

transmitted under nechani cal “advantage of the |evers

to position 10 the sanple platform 2. A positioner

according to claiml1l, wherein each lever is rotatably

nounted on a fulcrum thereby subdividing the |evers

| 8O | ANgssitder 9 b€ =1 T

co ect eg(st 0 theé&ﬁleéﬁﬁgjngﬁ Plsm a%c}E tn?ﬁeﬁl%ﬁ?e@n%'ﬁ’é‘g support
& that epgneqtgo thedgiees bylfexiiilatdmedtionsto Ak ful KRAS,

accordl ng to claim1 or 2, wherein the drive nechani sm

is arranged to act on the levers in the sane

dPr ect Agusitidferbhcedtd @b I whGER

1 to .3, wherein theﬁlgrl vleag?rgc am@rf%ag%r‘rlglp%dog Sélppor{mali are

pPEUYErEeqnsiructionetherflexitde connpaisintticingeprovided bylianBinh€ junction

agaetigf, clainms 1 to 4, wherein the plurality of levers

conprises at |least one pair of levers that extend in

opposite directions to each other. 25 6. A positioner

a rdj to any of clains 1 to 5, further conprising
aﬁ? éﬁ?’él °H?fné‘é‘°¥qﬁ*!%t‘=%6%heﬁplangs attol Bawhersinnhe cflilchung are
| yedable rélatits ROGE érggfe? G aL.m6, wherein
the levers are ?'})rme rsgt'?ln ggtg‘?ﬁgﬁ“gﬁ ?h)“t%’i"@s@ ed with
t§¢apert tothedage.ni nge bei ng provi ded by a thinned section

of the cross nmenber. -24- 8. A positioner according
to any of clainms 2 to 7, further conprisi ng support

Vil | s A paditigifen E&ﬁi‘dlﬁ?ﬁ)te Q‘S{ 4f%Ya%£§ 1 l? ! § erslgstpia sqypple platform

connections to form crumns
de mu&'ieﬁgmt hedevernbga mﬁtewfeouapmaﬁikageavamc@% 5B in respect of

%ﬁg@iﬂph@@zlong{h%u axes of extent.

12. A positioner according to claim 11, wherein the output linkages are

deformable in respect of forces applied transverse to their axes of extent.

13. . A positioner according to claim 11 or 12, wherein the output linkages extend

away from the levers on the same side as that on which the drive mechanism is
located.

14. A positioner according to any of claims 11 to 13, wherein the output linkages

extend substantially parallel to a drive axis along which the drive mechanism supplies
an actuation force,

15. A positioner according to any of claims 1 to 14, further comprising biasing
clements connected to each lever and arranged to resist movement of the levers

relative to the base and so provide a restoring force when the levers are moved.



of unitary construction, the flexible connection being
provided by a thinned junction section. 10. A
positioner according to any of clains 2 to 9, wherein
the fulcruns are 10 noveable relative to one anot her
such that the sanple platformnmy be rotated with
respect to the base. 11. A positioner according to any
of clains | to 10, wherein t sanple platform is
nounted on the levers by a p& T of output |inkages
which are stiff in respect of 15 forces applied al ong
tqgir %ées.qf extent. 12. A positioner according to
cl'& m {1 POSHERE sccodimgotar gux ofi ¢lkimged tr &5, Gefher nadpssing a

| PhecRAR&E ktonf S qgal' ransverse to . thejr axes
of extent. 01 ﬁ% pos| Feggre{ro @%@&ﬁ%?‘ﬁﬁ"’%@yﬁ Fhnitiepn move
ofelative tofhert@ssm t he out put |inkages extend away from

the I evers on the sane side as that on which the drive
mechanismis |ocated. 14. A positioner according to

any. of ACh&itidner dedoRli rei . utput . | i nkages ;
25 ext en%@subgt ant | al ;t/o }%@fé}?l%ﬁpg go ggﬂ yhersy @‘%a‘PB‘ilPﬁmcal
V\Hv@ﬂtagﬁ ef e leversraststamow mwmbleqﬂatfm %Mduﬁf‘wﬁich is more

f osjtioner according to any of clains |
'tgﬁfi%cr%%‘;?@g&c SHTYIPEI2HMsi ng el enents connect ed
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to each | ever and arranged to resist novenent of the
levers, 30 relative to the base and so provide a
r 65t orp Rpsitionetcacspiding: teeae vt chims 4 WOYS dwherda- thd Gnechanical

b i o any of ¢l ai 1 to 15, further
%t?éshin ﬁ%thg%gne %ﬁ%g? %:“éﬂ"e @%go‘ﬁmé’ é%“?sf@bbx #n amewnt vl is less
tthan theimoveelmentarfthadriveyneshirGdéni t can nove relative to

the base. 5 17. A positioner according to any of
claims | to 16, wherein the nechanical advantage of

tiwe | T+ ; I latform by an .
anount et dcl AR YF ah Of AT Y Refi Rfher maniog one or

(FRQIR 415018 igAuge8 formqeirtg thepasithms of the@/efs0 any of clains
1 to 16, wherein the nmechanical 10 advantage of the
| evers acts to nove the sanple platform by an anount

\20i ch A poditssr according to claim 19, wherein the one or more strain gauges are

coupled to respective bridge measuring circuits mounted on the positioner.

21. A positioner according to any of claims 1 to 20, comprising a further plurality
of levers extending away from each other, the further levers being connected to the
base and the drive mechanism so that actuation of the drive mechanism is transmitted

to the further levers to cause them to move with respect to the base.

22. A positioner according to claim 21 » €ach further lever being rotatably mounted
ona fulcrum, thereby subdividing the further levers into inner and outer arms with the

inner arms connected to the drive mechanism and the outer arms connected to the
base. |

23. A positioner according to claim 21 or 22, the drive mechanism being arranged
to act on each of the further levers in the same direction.
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than the novenent of the drive nechanism 19. A
positioner according to any of clains 1 to 18, further
conprising one or nore strain gauges for neasuring
the positions of the levers. 15 20. A positioner
according to claim19, wherein the one or nore strain
gauges are coupled to respective bridge neasuring
circuits nmounted on the positioner. 21. A positioner
according to any of clains |-360 20, conprising a
further plurality 20 of |evers extending away from
eg&h other, the further |evers being connected to the
b#de addPasHiongr aoperdingclozmy ofickins Rhto 23;thadiianmedhahism being

dr, ' j ransmtted .to jhe fyrther |evers
to ca%egg&F ﬁgkrh oﬁl?ftg%féc\’/ﬁrﬁwarcg?ﬁ%@lw ghqugffgrgggp thep in which it
p asts oh tecirstananiodédigvére, Cl ai m 21, each further |ever

bei ng rotatably nounted 25 on a fulcrum thereby
subdi viding the further levers into inner and outer

meehant choeiir 1RO Ty W & (b 24 et the fuher Tovers

2%¢ingalgei withrerorespondisig dge bOthe it Meatol 1&2rs. t he
drive nmechani sm being arranged 30 to act on each of

the further levers in the sane direction. -26- 24. A

POsI ti ANGYsi | ai 0 23, the .
drive rrenlg(%g%iﬁgl?nﬁ%gfmﬁng &a%%?}gélgﬁésobgi? %éhh’tehénpﬂ'r {l‘;ﬁ%? being
| enmeeted tpgether hyocfléxible hingeh is different to that in

which it acts on the first nentioned levers. 5 25. A
positi oner according to any of clains 21 to 24, each

p7.t heAfydsit ' ' '
0P7.t heAfpasitibmr abc%Y(ﬁ%léto Q&S Whle&ﬂietﬂg \ﬁderg@,{ %\\/r%rls gre fggl_ledﬁ{'mm

correspondi ng one of "the first nmen
pdSmaleshus mgberdhe Jexibledriygedieiny mbvided by & ahidfied $ddon of the
f%gm%%egvers bei ng connected together by a flexible

hi nge. 27. A positioner according to claim 26,

wherein the further levers are formed from a single
CL PSS mher, the flexible hinge being provided by a
t #fi- nnefdl PRYLPRep According ko anyrefstaime 3D ey 27 when dependent on claim 8,

the support walls also supporting the further levers, the further levers being connected

to the support walls by flexible connections for providing the fulcrums.

29. A positioner according to claim 28, wherein each further lever and its support

wall are of unitary construction, the flexible connection being provided by a thinned
section at their junction.

30. A positioner according to claim 28 or 29, wherein the first mentioned, levers,

the support walls and the further levers are of unitary construction,

31. A positioner according to any of claims 21 to 30, wherein the further levers are

connccted to the base by a pair of input linkages which are stiff in respect of forces
applied along their axes of extent.

32. A positioner according to claim 31, wherein the input linkages are deformable

in respect of forces applied transverse to their axes of extent.
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15 28. A positioner according to any of clains 22 to

27 when dependent on claim8, the support walls also
supporting the further |evers, the further |evers

bei ng connected to the support walls by flexible
connections for providing the fulcruns. 29. A

positioner according to claim28, wherein each further

| ever and its support 20 wal]_are of unitary
construction, the flexible cohfrecti on bei ng provi ded

by a thinned section at their junction. 30. A

positi oner according to claim28 or 29, wherein the

first nentioned, |evers, the support walls and the

fugg herp |l itaryw,congtructjon. 25 31. A
oot | on ook Bt nfhe 15 aBh p B3, sl B gt Tmkages exend
whesvayi from He ifiputtévers drethe sameside aé?@zﬁﬂ?rﬁvﬁi@? ?ﬁl: R nt?&ﬁﬁ'[ism is
bWo%ﬂ&ﬁir of input Iinkages which are sti I n respect

0 oftes applied along their axes of extent. 30 32.

A positioner according to claim31, wherein the input

l'i nkages are deformable in respect of forces applied

s bt e afofendes 1 51 Riiy e py ks
i %3%?%‘& ?‘?"%ﬁ"gﬁé %‘WEEEH’ a driye axis alpng wich thedrive mechanisamsupplies
t e astasonstofle, as t hat on which the drive nechanismis

| ocated. 5 34. A positioner according to any of clains

31 to 33, wherein the input |inkages extend

Sughst ant | aldel to- a.drive_axis along which the
d?ive %e 2‘&“&‘?@%@‘8&% tgany of "[ft‘l’%%fit%%ffaftb@. copprigiBg biwsing
pemensnmnnateidotodet fifha@évaf afdl & .

fur hei co\r}pellrai,si ng bi asi ng (gl %%eﬁ@g%dzon%ng%fsg%ﬁvgm?gcﬁ the
f GHhE fevErs Felativmte the basryend sooprowidk st restoregTRinée Whort he further
f vk Qre héYQrs relative to-the base and so provide a
restoring force when the further |evers are noved. 15
36. A positioner according to any of clainms 21 to 35,
farthep co risi&% ? mechani cal stop connected to

e3¢ farRYTEIongT: gesdrding 19 oy afhelaimsohito B35, viithdr édmpeRaing a
mechanical stop connected to each further lever to limit the amount by which it can
move relative to the base.

- 37. A positioner according to any of claims 21 to 36, further comprising one or

more strain gauges for measuring the positions of the further levers.

38. A positioner according to claim 37, wherein the one or more strain gauges are

coupled to respective bridge measuring circuits mounted on the positioner,

39. A multi-axis positioner comprising a first positioner according to any of
claims 1 to 38 aligned along a first direction and a second positioner according to any
of claims 1 to 38 aligned along a second, different, direction, the first and second

positioners connecting between a common base and a common sample platform

40. A multi-axis positioner according to claim 39, wherein the first direction and

the second direction are orthogonal to one another.



10

15

nove relative to the base. 37. A positioner according
to any of clains 21 to 36, further conprising one or
20 nore strain gauges for measuring the positions of
the further levers. 38. A positioner according to
claim 37, wherein the one or nore strain gauges are
coupl ed to respective bridge neasuring circuits
nount ed on the positioner. 25.39. A nulti-axis
positioner conprising a firs 8p05|t|oner according to
any of clains | to 38 aligned along a first direction
and a second positioner according to any of clains |
to 38 aligned along a second, different, direction,

t fi nnect.i betmeen a
L8, ASRIBA SRR ORUbA S SEODRE B SERER e

: rrmsumonas(a@ophng tianpef claitol & I8klighed Aivhgh Alsd MEEHG, The third

?e f|r .dir é; t he second direction are
'f?%’ﬁ% ng g i%ﬁ@t oA dirst and secpnd d\remons; thexithird positioner
Dbt oA McloRindrhad HdThEGrhod imiid bt &

conprising a third positioner accor ?RP?B

clalns | to 38 allgned along a third dlrectlon the-

hrd dlrgctlon E|ng di ffereg§‘to the first and L
seconcxA AR s fpsttiope Ing tp s4im; G é‘m“-'@"bthﬁfrtb@ dirgetion is

- betbwgemilyeraf AW R§wet B AFehd 5nCSHFHPD Rr gdl{egtlons

platform 42." A nulti-axis positioner accor in
claim4l, wherein the third dlrectlon is orthogonally

agy an to at st one,of the first or
secon g& gf’%ﬂelé:l{& 31?1%?&%“5'4@? heﬂ” ¢ idg3robed with refereneg to Figures
abtolfesfthenebmpenyilgsdawings MAth reference to Figures

to 5 of the acconpanying drawi ngs. 44. A nulti-axis
positioner substantially as hereinbefore described

\(/juﬂta\r/]m :fgg:ﬁﬂt? 2868 poliffortd: HWshinBarf) ast S A EITRAIY L A0 with reference
to Figure 6 of the accompanying drawings.



