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PCSI TI ONER DEVI CE BACKGROUNDQFTHE | NVENTI ON The
invention relates to positioners which are w dely used
wo or0sasna0 i ety of applications including the PCT/GB2005/000320
positioning of optical conponents, both in production
lines and in scientific experinments. 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
exanpl e, a nunber of positioner designs enploy
pi ezoel ectric drive elenments in their drive
mechani snms. Pi ezoel ectric drive elenents are useful
POROIONER DEYIGEe rel atively robust and are able to
prOV|de repeatable hi gh precision positioning.
f %) | ectric stack m ght have .a
; ; mm This |imted range
can nean p05|t|oners enploylng pi ezoel ectric drive
el eneRy veRibiPR1ABPER pbiifidher WhidFRiy wiRly GRul féﬁ% variety of
Simlar problens can arise with other types of high
amleanos\s ercluting thermsitimningmd optityg cemporerdg dofiin praducisndines

an%d 4 4 des cr be "i nchworm positioners” which
HF@%@l‘h’gmﬁFﬁﬂ em These are one-axis positioners
ar r angeehorRomBl L& posh! dﬁeﬁrde@igaémmrﬁbﬁaéa I@élpﬁ’égré@of%@tiracy

of a piezoelectric drive elerrent as it is cyclical
inethgiapdsitioning i drat rtlmyt ad. ofmpmn@pablatoeemtmoveml a mﬂattvhb' limited

i ezoel ectri.c dri el enment...and electr ) . .
ros, TR AR BEPE o BRYLONY e b ey (pocfpetrie drive
elEhETE RN (Hef dﬁkfehme&xfanm piabdefAat \&?%8 eléﬁ@engsr h@%s@ﬁh‘l ibB&huse

successi ve expand and contract cycles. hough

thpysietrelatienl g rablust dndsire gipe tcapﬂoawefrcneatabtegagh p@nge:m pm%monmg

rmtlon he are.co Iex U|r|n a nunb
Hﬁwmﬁga 3 P e O R AR P o el ats 4 iy 42
ﬁam Y Auyed%ﬁ%@égr{ Aksg HQP&%ES erﬁgrawr?;g iSRRIeR v él&nents
use a positioner conpr S|ng t wo ts in frictional
canrigdgpneiitalior maoy epplivatibees: Swhilatpreblee carehddel with bther types

one anot her, when hhe frictional
of hlgh precision drive mechanisms.

US 3 902 084 [1] and US 3 902 085 [2] describe “inchworm positioners”

which address this problem. These are one-axis positioners arranged to selectively
grip and release opposing ends of a piezoelectric drive element as it is cyclically
expanded and contracted. Appropriate control of the piezoelectric drive element and
the piezoelectric grips at either end can cause 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 elements. Positioners of this kind are referred to as inertial positioners or slip-stick
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force between themis overcone. Mdttion is generated by
the interplay between inertia of one of the el enents
w@eahs38813ppi ng or sticking of the frictional enPEEBRIVS/000320
between the el enments. Positioners of this kind are
referred to as inertial positioners or
slip-stickpositioners and a2e known for exanple from
an article by Dieter Pohl in the journal "Review of
Scientific Instrunments” [3]. Inertial slip-stick
poRRdhdrs ONEHdS % RifowiRd goi teQarﬁ?leat fr¥8l yaﬁe%ﬁabofby Dieter
conponents. wever, known i1nertial slip-stick
Pghdsiint then gmrmzﬂaVRewaeWomf | Szachtifiea InsbrgmeapaciXy Isertala slip-stick

hi gh degree of sensitivity to orientation, unlike th
PoSHGRers d88 chs Brede m&lhmﬁﬁw%ww ITBHGE SOMBRASHS. dHoMFYChoknown

| ot
oA SRR By 3000, LY SRy CHAEEEBhy hioh dere o
sedgitivity toesieatariog,haitike e abopt désceibed mchwom pzsmd)ms ric

drive e| enent, aI beit one designed primarily
dot -AakeRatiyq pelatiomaauld beie iRgi ke ro@ﬂ%}lﬁeﬁzntﬂi’g@?amfy or

r yPfoohi v t
L U5 BoF 1210 999 151 BS R B CRGR cor «
plez,diehbtrﬁrdfﬁ/e ale@ndit Qi]ﬂgﬂiltt orfcageighet pramatilyefor dmtnnemx@lrmﬁer heads.

are pushe anrt % t he piezgel ect I‘I‘E el enen
W%‘%ﬁﬁ HUORT L emplays g RadnAEBinged de \FEuopREd at opposing

55 0B et g, g S e

thbit Ghdlef afips afegplmhed( Iaﬁﬁs b§1 hbe pfb&é&léctﬂtltelﬂﬂrtenofexpd]ﬂlng A buckle
device. EP 0 510 698 npl oys principl es S|cﬁ1 ?
sprlns@n@qctsmthera 119’21?‘7“ Ebetlteh 450 gprl BHeiPe ouisrHy o ‘the Tever
e I S
ot 0 BhUEnL Sk Blek ST SHUGRA shclfom S RleZouckl rBHloERs the
usehil sulpunef the Gevicd. E{PGNSI(BGQ&/[&} einiphdys @rlhonplds Rimilaltod dalse of JP

ositioning of sanple platfornms. This is because the| r
ok bHFAd, breithas éWﬁd%\gElet PEREDH FOECied 10 iserie hasweembg lpyras.  This
! t
oYL KONl o BEREAL Lgh, SAEE S plind are no

getefall@rsehibledsser wiibble gesigioalngyofbenyis Iplatfmlnmsl ThlS 1s because
differently for the sanme expansi on of the
their spiwag saiuFq wakes themdirenssior vieyaiimmmend dheitprckliggmeneggnt will

gé%&%ﬂ& dlBJ] thtfe(ferﬂ Fdrr Qe n%lgtf&im tlgfds' RO ThERs tﬁﬁ{g?es' fiaving
prov

I oner conprisin a base an
dipfesf mamme g&l@allﬁﬁ@poﬁtﬁmb@ dtfftﬁerb@&fer thee szlme\eapansmn of the

piezoelectric drive element.
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mechani sm arranged to act between the base and the
sanple platform and a plurality of |evers extending
w@ag/08136Mm each other, the | evers supporting tPer/caapE©00320
pl atform and bei ng connected to the drive nechani sm so
that actuation of the drive nmechanismis transmtted
under nechani cal advantage -8 the | evers to position
the sanple platform The use of levers allows the
notion of the drive nechanism for exanple the
Smﬁpblcaﬂmm\ymﬁgg of a piezoelectric el enent,
~TO DE anptiftred pefor ing transmtted to the sanple
platform Furthernore, by nounting the sanple platform

on a plurality of |evers extendin from.each ...
ot hehSCoiBg 16,2 b @nesch @fdhn TBYenER (BYE S PEAS) & positioner
t r r [
col R o b BT BR nd B el M6 oty o drive
m&ﬂmmism arsanged &t &t befwfeen elnd bzfse ahd tlm‘jmnpl@platfbhn; amglen pltirality

a plurality of levers allows the arcuate, notions
of ¥t PRFRdNGANRY éRBheash qther: thedpVary SAIPOriREtS spplseplatform
}p‘na .
o Ut e U6y E et A TP M8 B ficF (B0 Epchanism
is St@mshnmts ubderr ebetanidl Tadva’ttﬁageubb whe llerxeey $o pbkition t the Bample
reflects that they support the sanple platform which
Plﬁ‘ﬁ‘?}'ﬂbe consi dered an out put stage of the positioner.
Eac r
subd st ot iRy Bl L Ao B SR eBhidil AP LATER the
exphssiom e icontrakioh edfngy plezoelecitie celémerith & d:be | aneplified seforenbeing
and the outer arrrs supporting the sanp @lﬁatform

trapgmittesd todhgs sampple plagigrm. Futherigrsegd mr}%ﬂ% &AMBks platform on
gg{gm@%fﬁ QR Sextd AR %a | ot «J1al:h tbghe?p Qrﬁgdl?txﬁ&n;t]iﬁgt can be
con gura |on alr e OSSIb exa , the

achirivpd e/hﬁrihalts freuimm nol tatgie foremcipplied by ﬂ&ywhghtfbfaesample on the
coupled to the output arns, the relative_|locations

sapypls platform) fop egar%ré% ghgfentha @amﬁl@ I5dQqatedi @&P%&&h@%@on the
usghe %ia\é&t%‘?ﬁ%&é amdWY ¢ z{té‘%%% %%ts%%taté?f;wﬁﬁcéacﬁfof the

vers'in e Ssane rec I ONn SucC nove
individnableners a6 beresinsined © moeida mmbafmuﬁmmftth@sedmplu 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 can be 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.

This allows for simple lever and drive mechanism configurations. However, it
will be appreciated that other configuration are possible. For example, the sample
platform and drive mechanism may both be coupled to the output arms, the relative
locations of their couplings determining the mechanical advantage.

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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mechani smis actuated.-AThe plurality of |evers may
conprise two | evers extending in opposing directions.

wab@slgner s may be connected to one anot her byPEI/GB2005/000320

fl exi bl e hinge. The flexible hinge my be a |eaf
spring connecting between the | evers, for exanple, or
the levers may be fornmed frem a single cross nenber.
The fl exi bl e hinge being provided by a thinned section
of the cross nmenber. Connecting the levers in this way

pr oviTHe plerali§s bPrevds Ry @omprisadWoOlevél Cedt@YBAS iRl Sposing
pi vot ed about their fulcrunms, sonetinmes referred to as

diections| e pi vots, away from't heir rest p03| ti ons Thi s

restofi force rOV|de a suppott for r

ot BetsBRFDe BeiRR 50t RESher P& bl wihdf pectenivle
hinlg® Sfay BRIWDRES sptinkt donabding! ewéeabue 1lev%f’sd & SRAndple, or the levers

assenbl e configuration having a | ow number of part

n@arbetferrm%fromeajsms@w@&stmmmrs Theaflepibleukiege being prov1ded by a
éi ort|n he | evers at their fulcruns, the
rsgcboé] gﬁcﬁ“fﬁﬁe@ ®t o the support walls by
fl eXCBh&cﬁﬁ?Wlév@ﬁSmpﬂhﬁngy Peovidd 4 WsEdrinEsropk ssheach of the

allow themto pivot. Furthernore, each lever and its
leygppim plvmﬂlabmiyh@e fuérumsj scmnanmsrrsﬁenad tao anflesible pivees, away

t b i ded by t
L ZPIPRG AT GHEE BEP RN oA BT Sreh fr the sample
pRHBRRA! By ikt th@"l@v%rskfr@ﬂ Odindib %fﬁsp hfénﬂiei’ Qf stRICRAIALDbASt and

further restoring force as each of l'evers are
egslyvo assemblesonfiguratien h:gvmmelcam pwober df @aﬁeCMe proeided.

sanp | at f gL m Teunlt ructi o
S r L SuRat iae et e g By pESRELE Sfinciling Jhi devers gy, their
IR tHef leP&E theing! BShrbiRR th th&‘@'ub?orp ik d:iynﬂeyhﬁf‘e connections
flexible pi vot support may be configured to be
piovitipe Heeldryms Ivebt@d allcﬁm rth@natrmlmt Hulplueemoed ead:hr lever and its

tra sd e ed to fac upport
S oo B oY n s iy The, JoTii chgeBRts being
plwmea ? tmﬁbéd sIe@tuBﬂsea?f the iRt dRY pORR R Eheq&J;b% ax(c%up?&tt Walls.
| s reduces the|r effective length ative
t o oTﬂhISdmd hé rﬂexfbﬂﬂ plvoaprcrmiczset foathat restorimgvioneenss each of the

le?fg}s\oa?e plvoteg SO 1ncreasmg t?le support force for the sample platform. The unitary

construction is structurally robust and easy to assemble having a low number of parts.

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 reduces 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 leads 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 allows motion to be reliably transferred from the levers to the sample platform.
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different |evers. Because the sanple platformis

connected to each of the levers, this relative
wOorpoenersso bet ween the ful cruns | eads to a rot apCDGBRG05/000320

the sample platformw th respect to the base, so

allowi ng for angul ar positioning. The sanple platform

may be nounted on the | ever$ by a pair of output

| i nkages which are stiff in respect of forces applied

parallel to their axes of extent. This allows notion

to bﬁlero%'tﬁu@ Bh¥a rge% R &rd%ﬂab%treﬁ)ehﬁdﬁfo&eﬁ QppIRQ transverse

sanpl e platfor SThe out put |inkages may be
to dbéin aresh bE ektent. cBpe @ssids thico posdongy gbi asdommadsteeths grangverse

their of extent s, assists the.po ioner 1o
CoMBEBA LT StorerRo AL e E5R a5 B PV i G hpsicB o the
a&pw ;ﬂﬁtféﬁn. tI_F %tﬁei?\éﬁz{é RBfefmBiMRIHgY Betlin! thd) s%umﬁkages and

of the sanple platform [n other cases, resilient
therdenetrs ragd/ob ethmmpﬂeh elaforpumali bﬁ(@g;eudah dot dveomewdnts these

and/or the sa | atform may be provided to
tfa&é%?ﬁfﬁﬁ%‘?‘bcqra&@ngr ansverse notion conponents. The

fle I n]ﬁﬁ:gg% t {0

rel |X1ba |§e’%§§?? ?tg l e sgn%i"gp \gléa? f8 %lﬁ%ﬁégairoal&q{abiyogosmon the
sadiplaqﬂat&nnspareﬂﬁno ilfe drive axisppvem if ket s‘ampln platfem lsg)emg/mdved

is offset relative tQ the bas a directjo

ch
Or 1% okfses felgidyeste the bpsgdn @rdigpetiop wai fchi t1f g af‘?"&ﬁgg\}g rﬂ%ee‘li]“"e axis, the
f r
R bR SRRy A O O, S0BSIAL: T
alloevs co muatbee cbfi the ppositidnets tnba ennineétedxin spapaldsl t inoaemulti-axis

For exarrple two or three orthogonal ly nounted,
PNt Jinkr SXoARRJe, bV it EE RTHSBPYR B MloUE R RS gy be
coftnéctdH Rtwe E@mﬂloﬁtbfagkr e?fﬁdt cdh%h $8mf §1et1ﬂ§lﬁfrmt @ $26vidE hwo-
posi t| oner. e output i nkages may extend

orshibe-tgistpositibyerparal I el to a drive axis al ong V\,hi ch the
drive mechanj,sm sup Ili&pgn ctuatjon force.
&

out pthe PHARagRERY pnialtynpapilel v Ve srlons
wﬁi@ﬁrﬁle%r% nehhiigh s ?Eﬁ)ﬁ@g lafy Iactlﬁgl?odjfo‘ré’ee mechani sm or a
gnificant part o t, 1s located. This
" d O UkHel cugpih amkégasfmamtmitmay from tlaglesera lonalis saniesids es that

of relatively | on
on which the drive rzechan %m or a significant part of it, is located.

This “doubling-back” of the output linkages allows the use of relatively long
output linkages in a small space. The use of long output linkages improves their
flexibility. In addition, long output linkages 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 acts 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 acts to provide an additional restoring force for
the levers as they are moved by the drive mechanism. This further increases the load

which the positioner can reliably support and position.
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out put linkages in a small space. The use of |ong
out put |inkages inproves their flexibility. In
w@awsnsse) | ong out put |inkages provide for a PCT/GB2005/000320
relatively large radius of curvature for the
transverse notions associated wth either the arcuate
notion of the levers, or thé transverse notion of the
sanple platformrelative to the base in a nmultiaxis
positioner. Having a |large radius of curvature acts to
redygr pdigidner Rldy it WE@Prisd 8 §t6ﬁ‘ﬁﬁ¥ﬁ£1ﬁﬁn afdfnected to each
| ongi tudi nal conponents of "the notion of the
leveo o tlingih ¢lre. anibwant fyswhicbnie camayoveuelahize te dimpbiasse This helps to

ondlsh oSSRt el GTRM SoTBghE by Bl el or over
dn%ﬁﬁb%&he’@%%aﬂgmt he levers relative to the base.
The

lasing acts to provide an additional restoring
f or de geoeral, llee fepnmaty afSthe Hewersaamd ﬂmvledattwlstahwmkrh the sample

PIISEST 4T5hiBF 4 ecRnieh e GO ooEin B OF St e sample
IR IBRE D t)ﬁﬁl\e/ zg%ﬂh{tg% atér® é:?‘&m@mﬁttﬁﬁfﬂvl'ﬁ?ﬁ RN me%hanlsm

connecte er to Imt the amount by whic
maes CEIat 1o we sayetha tmechartical tadeariage or Titichartied] psaplidication, of the
posi ti gner from bei ng, danaged, Ilor exa

prevent th ar}P
leysy’ saépﬂrgweﬁ BF BEsatFE hag gy e HOBPYSFelf 190e Hraimgples,fhe arrarigement
willee @ik $8 sa!ng)lg ?ﬁ%ﬁh mdvas bg%ﬁ duh Rtg? [HAR ahS¥&S uﬁxt 89 hich
anmpl e p at

the Tocati whi ch the ormand t
thel dtivee nieeltdndsm arovas. eFhao lqotloeq;iytthue tdeelnanmm hdvantags uahmedtmnical

t he, sanpl e, pl atf or m noves n reater. than an
GRS o teR it WAR I v_ggnty pganggment
ef%?%ﬁl? geeﬂ?-ﬁmﬂlt i xtpﬁgéfﬁtgbla&ﬁﬂra%om%@liefiégecmc element. This

cat i on, ver's action e greater
allblvaa sampteyto beipositiened rhoresmmateigahm te drive nschanigm peedtision.

w |l _be such the sa | at f orm nbves by an. anount
| essThenBRSIURNeE RN {nC nE‘W T RY e fitfaife 8 Rr dpgasuring the

po@?ﬁ\é Sf. the ?évefss TTh SRY al ﬁgfcd?%ﬂvhft?lat AN Age %al%ef may be

an| ca catl on, ever's actio
m(bxmtd:cb For tehanplansttayn gaindes may bengeupded toetht gatts ‘dﬂlvgl mechanism.
gear s-down t he expansion or ontractlegn of th

Foa.eé%lagleeeley ingaydteciaaded torfhessidg plopgiezo elepignpghich might
B AR B Pyt T
to Hermeasurpdy lom v‘)vhrchrtha§>umtmgs bhEhe 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 temperature
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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position of the |levers. There are a nunber of points

at which strain gauges may be nounted. For exanpl e,
W@ pooaiosi3gauges may be coupled to the parts driRE€I/GB2005/000320

mechani sm For exanple, they may be bonded to the side

of a piezoelectric elenment which mght form part of

the drive nechanism This aldows the novenent of the

drive nechanismto be neasured, from which the

positions of the |l evers can be cal culated. Fromthe

Lo i i, I

BPERARADS Bl 413 AREE S 1 R e Heolch BT e them
toShowd witlyaesgect ovtheltasesi gnal s can al so be used in a feed

back _control |oop to inprove the positioning
st abFRehy yfurthere leviep Ay bejerotatabdy chquntedeon c@ . fubprame nthereby

sﬁdli\gg'hg s fufthfy 18349 B0 rﬁ?ﬁsér 86&9%3{1 with eﬁ‘;igr?ega'éﬁég connected

e~ measuring circui or exanpl e,
tothé dgee meetsnisnngndihe Ouiek SxmyMunabcted ® thobaeed on t he
positioner itself. This can help to reduce effects
ar i stpgyfurthgricverspaydie aranged sush diat itha drivseneghapism acts on each

ofjl:%ffgﬁﬁeﬂtl \?eksefﬁetﬂ{e Safb diB&idy &ﬂg‘%ggyt b€ Y ditkdion BRRRTE different
e omen?s, a Straln gauge may used In eaCn armao
td thet ibwitdgethe idfiee et arin pEte vh de: fildCmeasedd sansitbitMebets.
The positioner may include a further_lpl urality of
| ev ejfaroegh% dh%fg)léwa%fth%ﬁar@@e IeversHeil sqnpptinpasrhenisferred to as
o BN A AL PR3P U8 L i g e

cdrisRiefad dntigplittstagt b€ tHelokitidher. evers to cause themto
nove wWith respect to the base. Each further |ever may

be rbhaingt lpvers garasallomivor the eniph levers aad o Pupidde, apsitioner
wIEtH% Hiéi{a Erl%g e Afes\gﬁlrn?et . @tgvi;l%qféldgg%oa %aﬁ rtheaﬁﬁ%l\rl]\ﬂdmtd{qcﬁ)éa%ction

nner connecte rrve nmechani sm

o teeinpar MBesomagdhelddé @ huitbdvasiefealliie HliichhedsrrdspyRY $o those
be arranged such that the drive nechani smacts on

d%g%?ﬁdoﬁboﬂﬁ@f ke ewpwt IPesfers in the same direction. This
may ellazﬁr gt Eﬁl‘ 'lﬁﬂagn#@glclﬁ 'b% u[qg% ff?ljl’ ?(;S}{neértgn ; ﬁl%t base t%hg ri]nput

t he drive nechanis 0] oned, Or

le®ets it inpue Viak Sges DoIn@UEIROMt resgeet dfofok@wiapplied pealidl td BRir axes
levers w |l sonetimes be referred to as input |evers.
ofrpxtent kit refermabler i fespact ohdgreasy applisdpirangverse thasetpadhe input

lim‘gg}m@Xgaﬁﬁ be doubled-back, i.e. extending away from the input levers on the
same side 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 reduces residual
effects associated with the arcuate motion of the levers.

The h‘ighly symmetric design additionally reduces 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 according to the first aspect of the invention
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consi dered an input stage of the positioner. The input
| evers generally mrror the output |evers and so
wWEe@sosis3@a positioner with a high degree of syPEEGBR005/000320

1t will be understood that the design and construction

of the input |levers may include a nunber of features

whi ch correspond to those dgscri bed above for the

output levers. A pair of input |inkages nay be used

for connecting the base to the input |evers, the input

1 ! n . b _
AT 4 A o 530S s
the ésveation aflighed casngpphdcend,t didfesantr diredtivar eho.firSthend second

i nput |inkages may agai n be_ doubl ed-back, i.e.
POBIPRATE FORICENRE DFLWEPR 2 FRIMMAP hiAse 30d < comypoR $anpie pidtie Bre

as that,an a%yé&#ati r glra& V& HEF €8 *isc‘é'% trird RERIRGr adcBrding to

al | ow for lIon i nkages’in a smafl space.” By providin
the? ikt Glopact DY HhHe ikveatice aligiedsalong asthirti directiow, et nhirdidirection

the drive mechani smcan be transferred to the sanple
bejsigadiffsrant 9 dhe fshBnh serondt dissstions. tthe tiigd Positiaper conpGeELing

sl805 e B R b TR 0750,

do ith thieway,WerBulficaxid positib®y etiavirigo a anedlEiatdedhanisr may be
of the notion of the drive mechanism This reduces
prevideciavingerp éx i3 degtres phfteerlom.t Wheméitdeareseofiirerion asp not

he .l .. the hi.gh [ | Q0 Lt ;
requlfe BURF R Rl 861 o PRI, e R ARLEEE W@t Provice

foPREdtioh @ Biie saipleplarfblin, ROcH Miat AivE-asis PFpsidonarighreeidede.
According to a second aspect of the invention there is
provided a nulti-axis positioner conprising a first
positioner according to the first aspect of the
i nventionaligned along a first direction and a second
positioner according to the first aspect of the
invention aligned along a second, different,
direction, the first and second positioners connecting
bet ween a common base and a conmon sanple platform
The nmulti axis-positioner may further conprise a third
positioner according to the first aspect of the
invention aligned along a third direction, the third
di rection

==
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being different to the first and second directions,
the third positioner connecting between the common
wha®e/osa3so t he common sanple platform |In this RHGBa005/000320
mul ti-axis positioner having a parallel nmechani sm may
be provi ded having up to six degrees of freedom Were
si x degrees of freedom are.got required, fewer may be
provi ded. For exanple, the third positioner m ght not
prOV|de for rotation of the sanple platform such that
3 S ded. BRI EF DESCRI PTI ON
trer st andi ng of the
invention and to ShOM/hOM/the same nmay be carried into
effect reference is now nade by way of exanple to the
ac c dtas arbgttergundessidndipg erthmvt@ntlommgimeshgzwémmtsa@a|mzyy be
view.of a on |t|o er n
ca i Pt iAo po f e BY e N s Ty, G5tk Behying
dr&f g8t which! y shows an end V|em10f t he positioner
shown in Flgure 1, Figure 3 schematically shows a side
vi ewigretlhsshematicailysbews B dvamt iviewrpf & o8e-axis pogitioaeaccording

nat.i er spective view of the
toﬁgg @Fm¥ﬁ6§ﬂwlﬂwﬁP§Bre 1, Figure 5 schemtically
shovigiare 2! sepdRAtR ally MeAEanndl iy B fHetpoSifiBherSAGWA in Rigure 1;
Figure 1; Figure 6 schematically shows a perspective

VI evFlglﬂreé schemaasically shqyvessa sidoniew afdbopasitinger shownsiadigite L;
f t
o CnanarEchiymeonl RV Ponae L Aspiisger oy in

q;and a sanple platformfor the positioner shown in
gure 6. DETAI LED DESCRI PTION Figures 1, 2, 3 and 4
schdfigre cabthgmateallyr dwwesca iflesible inkageeafcthe giogisioerdshown in
fﬁg ipectlve views of a positioner 2 according to a
irst enbodi nent of the invention. The positioner 2 is
desqribie s WHethatiedIRr SIFE 4 GeRspbdtiv@eyibly NGNS 8@ kxis positioner
Cartesian co ordinate systemand terns such as upper
acaordingdpersesonflembodindng obthednyeationrandhown i n

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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Figure 1. It will be appreciated, however, that the
positi oner can be equally be used in other

w®@ei08/081380 ons. The front view of Figure 1 is tB&BEGB2005/000320
along a y-axis, the end view of Figure 2 is taken
along a z-axis and the side view of Figure 3 is taken
al ong an x-axis. A | egend itmm-each figure indicates the
Cartesian plane of the figure. The positioner 2 is a
one-axi s positioner for noving a sanple platform (or

DRYARKE EgékI@Tiﬁ tive to a base (or input stage) 4
—gﬁoﬂg—%ﬂ- » he sanple platform6 is not shown
in Figures 2 or 4 and the base 4 is also not shown in
Figure 4). The positiaoner in this exanple has a
chartiEwes {152 & Snd.eh SRICaIGGHEY SEPWTFIIRCH YR (0BRend, side and
[
peﬁg)gét \%c\hé\%] 3t QBQSlﬁgrgf:lﬂtzhé!c%aeSI %ﬁ) ell g?slt )éﬁle oﬁ?x?e{n't 3F the invention.
THRCpdstiades 25R ddiesieddivingteaetce CtoUA dmbedima{slcsﬁaldaabsm co-
|larger if desired. In fact, the design coul d be useful
ordmateaswﬁmr @detle%% sushes Hapecand @y@ wms)orl@fltaﬂon shown in

ar(ﬁ]fi ¢ gtslg (r:bt %g%{rgfagerd B{?&JER‘Se;}{ thhtr%? ?ﬁ?? % be equa]lhl be used in

ot Rt UriehQfi6hs. ThEWFOnd efe“ﬂoﬁlﬁFﬂr Qoﬂyamlm{g a?jzraﬁﬁdﬁle@‘nd view of
stainless steel, a piezoelectric el enent 8, pair of

Flgwp ths faken ialome aj7z-anisacsthe sidesdiew oR Rigdtq his t@h@l a’ramg]an X-axis.

toth t= f1 exible
A PR ek 05 ARG no BBl BlanP HF ™, 01 B,
sanpl‘& pdsidrer M id,a bixagkis @bblﬂlﬁer%r rﬂ&uf@d pla¢form (or
spigots 42, 44, 46, 48 for the |oad springs.

he
outpus Ataged 6t ielative lte raebﬁse 8or dnput Istagel f+ den sy the) 7-xisr GEhegsample

pifTordh 8300k spPYhi i BT+ B SAERRE Moy e 8 Figure

4)Orhe poditidtids 1@&1@&4&&@@1’1& S Ettlacheristic @iz \OE Arc M S, mirBi the x-
al so be used. In this exanple, the main body 21 is of

andmdlmcyoms&abg@& 150nmalndh¢; yiestions Homeverpiitis poted ge design is

B

fa@y i Besigre ¥bthd el mseﬁﬂqeﬁ a2ficre8leafrémedhaniehie slstehl @MEMS) or
i nput and out put cross nmenbers 7, 9 are separated from

nappadechnelogs renwyommergt lnmiﬁngréefb AEl ssmesducion materias usipg etch

roqloedt b By e EF AR eg o Rl Podt befiShs & Cghof fRIp proct
a piezdelditic éllaﬁeswse aljaliast ﬁ&t\@tyxmhhmgés bhexd d‘dmbctﬁfgCtﬁé main

member to flex at its centre. The out put cross nenber
bogly[2dstosthe base 4, a pair of output flexible linkages 26, 28 connecting the main

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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simlar cut-out inits |ower face. This provides for
an output flexure hinge 19 which allows the output
wee@ssssenber to flex at its centre. The conneRCT/GB2005/000320

bet ween the respective ends of the first and second
support walls 18, 20 and the input and output cross
menbers 7, 9 conprise thinaad sections of the main

body 21 extend along the ydirection so as to provide
respective flexure pivots 11, 13, 15, 17 which act as

2l he Fhur 108 RIRLORAG kiU CehfEF T QlaiRo& Ipertber has o
sichBar .ot vits Bovic@Taded This grusdes &6 anltpik lexife hifiae 19 which
|

i nput cross nmenber 7 is vided by its flexure hinge
allows jthe uipuf icrass meipher tplexratyits egidrea The conaectigpy petween the

| ever | |V 0 fexi o]
BBl s M, T REF st PPl A e B v
cros8 Wiinsbersd NE edthitite tRinASEseBOIST tBe irRirdbodydH exisndialshg the y-
flexure hinge 19 into a first output lever 10 and a
dirgeid@rh do cast ipupravideeresneetixg tflexpess pots Vb bdheldd.ot7 tuch act as
fu{cl exsi ble pivots 15, 17 providing ful crums for each of

%% ut put | evers. Accordingly, the input and out put

| everte dombingich sfeflddurd hidged 23,081 RCthE ictose |mdRttrs 8, § @hdthe
a first opposi E%ufalr of Input and output |evers 10,

flexgrenpivpts tlhd3i 7 piedidg foptaur|lexess 30+t B2.t14e 16+ Hee inppgeross

f . pi. | ic el 8 f : d '
mfiber DR bty i EREE 72 ol B (FRE R RBTRH 1 oona
inpd levkf 12 Wth Rsfedhiok vied o t)ildxitsle bRORELL, it Y @rdviding Bllerums for

pivot 11, 13, 15, 17 into an inner armand an outer
eagh pf thEheput deteers. Ihawutput elees mepdes9 i divided by ifsdlexyre hinge 19

. extendi ng | nwar fromt flexiblepivots towards

oy BRF oBheh RARE J0dnd SRR b PR Bl it of he

fldkitfe RVGRY §5,ex HOdidNE RIINRE dbryead Y the BifphitIevérs eXedordingly,
hi nges. The piezoel ectric el enent 8 extends between

the frput mpdtoudpid levarpie ooe ckle ofeilp ariezoplecgicaglemens 8 form a first

iti . b s 18..20. Th
orRbe bREEE inpet RSl T Bk slele tgut SanlilR ipvars o the
otk Nide26t tiRl SiBfbelddfiZeldnbst MG drde¥6tll Bpodihg pair of input and
appropriate drive signal. The piezoel ectric el enent

oubpak levers HhUb. Bpch lsw¢ralden2, 14hd 6iispihdivided by its respective flexible
pivot 11, 13, 15, 17 into an inner arm and an outer arm. The inner arms of the levers
are those parts extending inwardly from the flexible pivots towards the flexure hinges.
The outer arms are those parts of the levers extending outwardly away from the
flexure hinges.

The piezoelectric 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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cross nmenber 7 and an out put end adjacent the output

cross nmenber 8. The interfaces between the ends of the
w@r@zogi3ectri c el enent 8 and the cross nenber SPAT/GB2@5000320

arranged such that the cross nenbers may flex at their

fl exure hinges w thout damagi ng the piezoelectric

el ement. This can be achi evierd, for exanple, by

enpl oyi ng a bearing pad having a limted contact area

aligned with the flexure hinges of the crossnenbers.

i e . 8 ' ' i.qght .
i PROBLARIAS: 8L bR OGN b BN g o
whictitoie t@ bé placed | EHREIIézo B ctrib SRmiend id inbertddn® thdedsiszed gap
gap by first forcing the outer arnms of opposing pairs
bbffgith%fql% (the guter qimp Rt opppeing padgeeth e, InpHt ond qwipy levers

r , 4 | VOf. Ir .
opSfier, TR Surupd foveh i1 18 By e LB epmegive fgure
piga® 1i1n13) 150l TBudhbapine zaeines tvhich tht predledtfic Bichieadlisi fited is
.increased, and the piezoelectric element can be )
incregteds @nd tha criezaelecHice glsvieBt cag deeinspitadt Pace thep piggeelectric

f.orc i to 1. f.the levers i
e 1 9 . BB e Fnd BBl g e
thd N@hihe 6B aﬁé&ﬁ?isgw ad-hdopt itsoumREsedi Eonffpufitione MoSfver, it is

fromdoing so fully by the additional |ength of the
prgy sk et doibg 6p drkinby tinadsiconsliength pé st pigeaslestia Hlement.

| | t der_ conpr ion. This pre-stressi .
5 SRR B AAERb RGBT RO P el AT P Wsing
ofahé@piRrededédtsé tlefmenBisnprovedits opkia@idchatacidistics) a8 MWEl kSown.

bonded to each: side of the piezoelectric elenent.
Thr ed spintgasgsisrendedigegelssidoef the piczoglgeiriec glenpat. Sdwee of the

i.n Ei 1 train i onfigqured to
sl BB Por 2908 SR O IR ¥ T ERT A gt B sonfigured o
mBasBZOBk A6 fret Of @kFiRidh of cohtkactioh lof R FRRFR&tRd B8mbMAS. It will
t he expansi on or contraction of the piezoelectric

beeppagointed thap thedexpansiem e eanragiomel detmiezosteecticrelemenyd could
o B B e TR o B BB e s
S0l W s e, e, FRa ue o bR v
seppitikifges 22 used to connect the input cross nember 7
e N T
2BHRWRo tbnrieOhE Snfut cross member 7 to the base 4. The other flexure linkages
24, 26, 28 are identical in structure to the flexure linkage 22 shown in Figure 5,
although 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 mounting 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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al t hough are differently installed in the positioner

2. The linkage is rigid in respect of forces applied
wW@b@agsidse axi s of extent, but flexible in resperGBG05/000320

transversely applied forces. It will be appreciated

that in some single axis enbodi nents of the invention,

the flexible |linkages 22, 24, 26, 28 could be repl aced

with rigid |linkages which are not defornable in

respect of transversely applied forces. However,

e r [

s B 3 S B 988
WI&anh@ﬁloaﬂﬁig JowdliLgoaiEs i ldhgaanduhd tental Bodyds atauad 25 .mm

The flexure |inkage 22 contains a rigid central body

lonesT\hp trAuSic MigNis | Taeei vRslniIto @ereatlﬂatbﬁ eanira oy aé\#dthwnaummg

oL A BFrA T G R 8 P ooy o

thel Iﬁ&mtmgtde%t aeBAndund 18 G ledd expost indtle msawntsidegm@ﬂehble
_are e of 3 mmdi aneter stainless steel rod. The
linkdge)22thae ap everab fengtr of araund 3T mm. Recass thq wctigpsplomusic wire

arevc\rdgﬁflygl-pl;rgﬁ%lgﬁﬂ%] gl 1?833]#?55% has £ #R}%l}?lﬁgﬂ]lengﬁgdﬂgfjsﬁ#%%ss but

is fr&CB R An K ParROEr8S dirdttioh eLl‘i‘aﬁﬁgeB @E tHioRindanefurther described in
mounti ng dowel such that approximately 10 mmis |eft

EPé)(?ﬁ?S%ﬁi l6bt ween the central body and t he nounting

i uds e hel Bd il By’ R RlGRE 22 B iy e

oﬁﬁ@ﬁ‘é?dz ﬁ&hrmt tRe Frusepd i iisle poitmsePls maﬂye cireetedrRar the
relatively short, the flexible |inkage has a

edgeofdhe oeﬂezam ghinpuirigyerd@: Hhe liskage thencaxtands sybstantially perallel
o el P PRSI e R Bogh b R0 Rl e e

opP&itERNed LY 10, qwrlehélﬂexlmétgorﬁbrem I Whidhnﬂha@ﬁbu%ﬁng dlowel is
|nstalled in the positioner 2 such that the free-end

attéidhesti paisses pibravigh e Gubties tuishiagl| 34 boHireeviplt fvgr lthdheowbber

oL 8 RaL e TR S PR 255 e 108, L, PR B

its %fsﬂiﬁexéeﬁb/ Bt At trah§RrgeBioltBls aRBIX deBrdo@if ﬂgmgin‘gﬁ@ sfbided by
bet ween t he opposi ng lever arns 10, 14. The flexible

thqonfObeIobuShmgt andvthisdte RShf@ rnmmt\nh@ugmlmmsesn dhe pesideper. With

h b
g Rigt EPeRubBh GlosEs  Pep 2B o §6ea
behd A B Dugsht 1¥ed 14. 0% hme@BInEd iaBo, Eerf6é u@@nmhawheﬂl Figore 4.

However, as can be seen from Figure 1, the mounting dowel 60 is received into an

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

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, because of their flexibility to

transverse forces, the parts of the outer arms of the input levers to which the input
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its axis of extent, but not transversely to this axis.
A degree of danping is provided by the rubber bushing
w@r@sngizzo hel ps to reduce vibrational noi se i nP€T&B2005/000320

positioner. Wth the positioner 2 in the orientation
shown in Figure 4, the nounting dowel 60 is |ocated
beneath the output |ever 14iAs nentioned above, the

base 4 is not shown in Figure 4. However, as can be

seen from Fi gure 1, the nounting dowel 60 is received

I nt.0 ag openi t he b se, where

forable SR Gt B EORE PR SR ERRiae. © WEbEpRERceted
thhd % BbBod MR be lahﬁ‘u%l%ﬁﬁ tké xk-sad(f‘ﬂ-ﬁllah&drebﬁbcﬁvég Nt %r ease of

ashi on, connecting between the i nput |ever
expldrption, Itbm}eare dléscnhﬂtibpﬁ@simgnmmwﬁihgm largdsb ewmmmht n g

§|6m '}- : murﬁegﬂ%%gnlfqgef laagé 51{% ﬁ\!c} g;ﬁ%ﬁ%@sm{l%fashmn to
thEQﬁftJ\&' e :ﬁnk§ “%@g@ﬁt Sgt %th& h8s R8Rhectifz REHRRSS e input

two i np | ' nkages. BecauSe the input

leﬁzélexnhby eoxinemkﬁhg emtpmut dae\densntpl thedamplel platforgi. dhat iseto psay,tthe free

of the oute of the i | evers t é\@
endqf}%bh RS0l T vcagend TaME Ainkeessras Skt tnaled gear the

: Q—Qm? ayge

441% err I%g)%kb ? %5 ?%Séeéturvgﬁ(g%gé%g ethf or Mlerev?ﬁ:ﬂpgrgt gﬁ%flmkages
thch exantl enbstantinllgfpatdile] ito thet z-larsdpwatds impitdbvarhd0, 12. For the

i,nputflexible |ink s attach nm noved in e, Xx-
orgrfatincRhpwatn Eesre Fithgmonnileg %\ﬁ%/lé o et bl inkages are
1000k ‘39 W th{e uﬁ’)ﬁb@%&? 3be13. Ay Fmgfe 1885y 1SR BESwn in Figure 4.

respec 1vely, ease Ol x anation, they are
Hdesedr| hecdarblye tdea febm eﬁgureri dfe mbenting atmgss!s of dmrmﬂplﬁrﬂemble

The output flexible |jnkages 26, 28 are instal i n
lipkepgsy @Feaforeiypdinta ODPBISRS o theosarpple inksfarmy Whstey %‘/ are held in
pitawkages 22, 24, but, rather than connecting the base

0 the input |evers, they connect the output levers to

t he aacqmbmghl diefsample glagorm § it suppayted tdlatier toghehabe along the

fl exible portiong of the o% ut flexible |ipka gqeysz ﬁ
ZRxisedd {he i esibls inkagehw npget iHE the g be ich in

v

o AR SR 3R e oy et Bkl Shn chmpet it (8 base. The
SZmpDel Iﬂaﬂf@mﬁﬂﬁeds mpmovleemeuhe xl(hndli dlrEcclronB hE thlS is not desired,

orlentation shown in ure 4, the nounting dowels of
sumpertgElRstother é’k@cﬁ?gecqull‘iwg%bséé are | ocated above the

| Npuf| %‘ﬁé%lgialﬂ'% %‘tge oliBftaf G RhGW R LA FH AL £ 1d %, BR weight of a

shown
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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However, as can be seen from Figure 1, the nounting
dowel s of the output flexible Iinkages are received
WO 2a06/08138Ni Ngs i n the sanpl e pl atform where t hrgT/&B2005/000320
held in place. Accordingly, the sanple platform®6 is
supported relative to the base along the z-axis via
the output flexible |inkaged5which connect it to the
mai n body 21 which in turn is supported by the input
flexi ble |linkages which connect it to the base. The
apRBH RclP bpddsRigPatrSof i KR ah® olipUEleldts tdSro¥ide@nditional support for
y-directions. 1f this is not desired, support rails or
thet $aenpld phatforg bwcnffedtlbdy inscrehsingothe aigidityi maoniodyi 21. tOme of the

G458 BrBOGHR P8 ok Ybisss B el opisd to one
pﬁée ou}%a?r b @ mrfdt&@pﬁtn&;@rg e sRTek 8tk @daﬁos'pﬁhg 48)i9Bbunted

put ffexure |'inkages 26, 28 so as to ac
odvsmianpair ofspiges 661 48 camestedfto theeotbert (ppmSIIng\parrsoflixiput and

ouitp e 55 Foy ik iRl P GBI R 58 el BRER Reoiahathich 50

5§|c§1¥Hé%eh'u'i‘Fg%e% 22a2ﬂd424 so as to act upwardly on the
outer arnms of the input |levers 10, 12. The net effect

of tMAhs imcﬁvldhdtpams mﬁsprggtspmnnsct@f t0| wppa‘smgrpalrsu of ﬂmzter arms are

] eyer re ur apar,t s.resi sted
st PG RHED S et o) ey Eiopg AL Tach 36 HEoean prgween the input

a{xﬁ éﬁ(:ph@fé@@r Qnst PBwklEX H{e?aﬂ‘s Y)@%?lgé!é dolndt et Mh@ggsmoner s

esi stance to conpression of the piezoelectri
netuesleot redt, cﬁnﬁgurain@a(;lea twith neelfive signablapplied tbhibe piezoelectric
the flexure

L th
i QIS RRPigk a® pHpe oy ti‘ﬂcsa@q%agﬂff”&m@rﬂeémﬂ? -agd-a-half
?1{1:@ tﬁe@r QlpRteA e BP BT BAhOGFA U Bithe FoARbAG A TRisSallows

sprlngs 8, are use hese connect between
tlteh posmMre:r ao mDveIf 1te arafgeopp cmswdgfrpdy,r butf piovjzies powdction against

ut levers to provide add|t| ort for .the
SG3BI o STRRHP BC-Sri BB RO 3 (oLl s Hie prigaiie st

y the r t n
Al%bﬂau%@)g tspﬁS%Fs Oft tdi€ nhRRshiSH kt@?§ A8 abnEt Bthd?N stop

a pal ts 42, 44 respectively connected to one
copfimsativys paé possible, nqhutlglantdlsoam;vemeﬂtemecrmmm tHed stophevith the

ot her éeoad sprl 40 [ unt ed on a gimlar pair of
Sglﬁptggf‘ ty4xgarg,1_ﬂ§ o a1 f198WISE RS posi ng pair of

| gpgt , 8 3%@@%%1 f%lxit;hgg églple\ll\g}atfylﬁ fﬁﬂk@%é nfvEd 6! desired
position along the z-direction by driving the piezoelectric element 8 to expand or
contract. In its natural 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 upwardly 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 AzP*. 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 causes the sample platform

6, and hence the sample supported on it, to move upwardly away from the base 4.
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52 can be seen in Figures 2 and 4. The individua

pairs of spigots connected to opposing pairs of |ever
wW@rens/08x380 si zed such that between them they exP€ndB2005/000320

across nuch of the gap between the input and out put

| ever arnms. However, the pairs of spigots do not neet.

In the positioner's natural,igor rest, configuration

(i.e. with no drive signal applied to the :

pi ezoel ectric elenment), the spigots are separated by a

di st %@ﬁl%u%mfi‘ﬂe ln'foti%ﬂ%fjiﬂenﬁﬁiﬁli uag rl@ﬁe?r%gin@'ﬂa tudtd T Sthe plane

their expected range of trave uri ng normal use of

comeinjigstht izeixéy o2the Pidzoclatiriowterhdie, the Symireaes modos oY efe input

its range of travel freely, but provides protection

28¢, AU lsvere AR cpdses | thaj ﬁ%@ﬁt linkag ctoe Bnovp Hightly gdiagepally.

{hi S I h ' St : C i ..t he

ALORtY & B8 38l BafBf Wiy T FB8lipn A GROAE Befliyd B cach

oftiep ploagniid gdiredtioanthednputp@d Sutpue flekibllighkagts alSo move inwardly
conveni ent to conbine the stops with the spigot.
togyards (herpigzgelestristaiaanent vy q ypeungfBecgusese the synmewy of the

p?%iﬁgﬁ%l ABonA %%g'c}n? r}u}ulﬁg IRYER %YE g%lz@eéﬁrg af tﬁe 9@1%;’(% ?@Eegment,

esired’p I on arong Frectio

thidBeibleZ0fkhgat 61 onekRIERITLthS ple2o€l¥RED Elddhiert Afdved@ivardlf by an
its natural configuration (i.e. no drive signal )
agopnt whirh dhequab and peppsite s Bebpf thetflpxitde hipkegeatonghe other side.
iLion. | -direct i ls s leferred to .
SRR P BTl ke T lhIE Rl 2 B St it e

1€ theiadé. MEeesma8l fr@lsO@Ersé enctioas 6ARR XIBIE tinkags ardBdcoaimkstiated

by the Iegend in Fi %re 1. To nove the sanple upwardly

byi their fleriblea gpitigns.) Aceerdinglys that samile patfenny nmotiond s argely
' ly £r I S . 1S | ] ed t he

S50, BT SPOAERY Eohhus P M RBBR oL o e

mityveAMBn BERHE buter Pins JitBe BRANG Whichfthd Senile PEARIMGE Bpported.
el ement acts on the inner arns of the input and out put

The yamplelafprinihierefore neavesin adivectisn Wy ds lagzohaparellefto the z-

' I r § qught et her
< RErbfib B B YR 5 DRl RBBHBRD e amoun
b?i Wit thé3piavslectfit didiBerdr dxpagRad tHef mettitidical RHvMIAJRUSS the
| exi bl e i nkages, this causes the sanple platform®,

leyiges- Hehihe ckampleaopitioner showintia Figwes 1 to 3.0herslfectivevenath pf the
KT RSoRIPE i SN b PR b0 e i
at which the piezoelectric element 8 acts on them) is one-third of the effective length
of the outer of the levers (i.e. the distance between 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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containing the z-axis of the piezoelectric elenent,
the symmetric notion of the input and output |ever
waeovs/ogaeses the flexible |inkage to nove sli ghtT/GB2005/000320

di agonal Il y. Accordingly, as the sanple platform

raises, in addition to noving relative to each other

al ong the z-direction, the dipput and output flexible

| i nkages al so nove inwardly towards the piezoelectric

el ement by a small anpbunt. Because of the symetry of

Ny - P i hrough.t he .

cleRR of i Hita RR0Kl, JehrePTREah WP BHelitedifig i IR posicion

of tikagede phtfonie sicteatef withenoecinaht Agilve infechh@ERN FofB¥Enple,
i nwardly by an anount which is equal and opposite to

duy ey elegtronicencisednithy drive vignad applisd to e iedeslecicgiement.

Beca his,..no n tran [ se ign it .
Cr andPeshopterst eaRoliL OB SVRE Bk Z2ktoedy fppp expanding
theasRzoelétris hdrherlt r AN EEHEpIERah S nfvell ack| ©%iakistits natural
I i nkages are accommobdat ed by their flexible portions.

pagten 8y sgnijactingdhe gisgpelegsriaelesrant.nlbtis passibie ltamypsieythe sample
decoupl ed fr.omthe. hori zont al. .conponent f. tio

ARSI b iR 8L PRAGERY, B uRE ThE B Roeie b, FRineRl tgpcontract

ek it BathRY ebsiQRatdl. Hovieer, aaiainepiBldidclidlement will generally

supported. The sanple pl_atf’ormth.erefore moves in a
alow dor iadarashiratgei &f ¢xpagsiby thar #| Wil farcconbrecticax iFor eXhmple, a

t .by, which.t anpl tf 6 [ o
Bt By € PR ENBRAD B iR o ot SREE S el yhigh s only
169£6EES of%RadkPanssdl rhidiR. NREHAN LR thaA MAPEBIRardal HB&ition will

| evers. For the exanple positioner shown in Figures 1

typically be seleeted txeartasporshigtitte abor neas the)leavestpositianf the kample will
bI evers, . =y the di stance between their flexible
Bf%fg " Phe | ocation at which the pi ezoel ectric

el emFRg ifktzAednS o pdseh of the QAAplelAtebrRf cd® &fifBRED Y&m the
| ength of the outer of the levers (i.e. the distance

pouitiones’s knwinrrespoasd kst depirivetsignahapplied tb|thx plsizeelectric element.

[ nk s). .This .means that as the_piezpelectric
AUEBRBYEY cit da RSt Qoo At Sesps for MEKEg i Fisatirepey of the
pbsitibi RS rddicdNcha TRPRGt JPZap lg?ndg'-’@%nﬂzdrifﬁcﬁoﬂhg!pBQilti}zSnertx_Qﬁonse,

overal | range of notion provided by the positioner is
apdheare alsp rhesisethap aofeed-heckprignaldb enssisti posétianab stabidisation using a
f.. Because of the symetry of the positioner,

f‘%ehﬁ%lka{?r?ﬁ'i fication is achieved while maintaining a
substragipbgitiby rhdaB@RmeiPhiatofde £H8 the strain gauges 29a, 29b, 29¢
mounted to the piezoelectric element 8. Outputs from these strain gauges indicate the
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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sanple platformparallel to the drive axis of the
pi ezoel ectric elenent. It will be appreciated that

w@rdvsnssapl i ficati ons can be achi eved by changP@mGBh@s5/000320

ratio of the effective lengths of the inner and outer
arms of the levers. It is even possible to provide a
nmechani cal advant age of IeQ?&Ihan unity. Although this
reduces the overall range of notion for the
positioner, it effectively gears-down the expansion
orcontraction of t oel ectric .element. Thi
ufRey P SRR, @étqmqlgfeii e, RETD ST B, e ¢ g%r?ﬁﬁ‘élon of a
s, 3% B AReC Rbeghiol dfin@Rbtetdk dfiRafcerTeChani sm
exanp ue el ectronic noise Iint drive
si gnhiwikipp Iapp:dcm&dtthﬁ DN 20ledr eonﬁgm'ataimmﬁpbsnﬂﬂm are possible.
sanpl e_can _be noved further alon??%he z-direction by

For gxample. @xingleianiy ROSEIOpPtIBkiStA 19 O° dicorpatated AN pelti-axis
|

p ymglgﬁtc‘égl?tﬁ%lﬁ?ﬁgﬂg%gges if r??f t *;ﬂr;cgﬂ}lé'ﬁﬂlkagggﬁr coffkcting

theomainbbwlyt o thevieast hadssanplle pthbfmmhdlsyc}f cames, $lide bearings or

nat ural position by dr|V|n t he electric el enent
resiielobshampuntings, opld hf'a@gw yed &ﬁﬁpgu&*st hage anfisapls, plagorm

ﬁg n%? b ﬂcgﬁmﬂ%dggete{ny%aﬁgm t}%rls as%féﬁcﬁ#‘/ 4 tﬁé Mﬁ\étg RHotidn of
afger range of expansi on than
theQéMer actet ains. For exanpl e, a pi ezoel ectric el enent

m ght thl cal I){ be able to contract over ran

whi ch
is o tl}?ffmP‘Etscr%%@ﬁﬁ%b%ﬁn?‘ya%@llmbg}éqtﬂbhgﬁs not
ﬂ&p @q%t%dsfoﬂ% 2 po% gﬁ) ?§ ltl%lﬁﬂ’ Mnhéctdd/ b%:, ﬁ?wg}{?. ?ﬁ ngé%h cases the

corr e-"at or nea

emﬁslbn of thd) piesastipdteic elenmenbacts exfivllyesh the iagapirmsTdfethe output
I nst ant aneous position of the sanple platformcan he
leyans §theretheing v IpEhleversk (Thisseafigwralion Gispeihip spvmting dpwgls of

thgl éu‘éﬁ%sﬁl&{"&k 1ARBECR hfle! Z}‘gﬁﬁh?téoﬁitﬁ&ttgbr? d?iégl@r‘ﬁnofngp. The

ively, Tt is possl r'ovi

trﬁi&}l'((éﬂs@ motioRasompoint asfocided Pirhi ﬂhisois aghii ac¢omiiodsed bg the
rrgact of any Ionigtermdrlfts i.n the pagsitioner
flexiBibiey, 6B they Hgxiblen linkages.nyr b & ﬂgmhlhrtsé@& the, apougtiggsyin cases

Wﬁigre??g‘l‘d,ﬁﬁkaggﬂr‘e' g&gl stabilisation using a feedback

osItion nmeasurenment may come fromthe
st r aThe gatigemedPaf hatihg (RO mpuoand edtpuo flekidle linkages doubling-

%&%@eﬁ%{%gfﬁggﬁgxe p%mu%erpallowsfnralgtqufetl)r) (leosneg l?ntkrages to be used
in a small space. This improves the flexibility of the linkages and also provides for a
relatively large radius of curvature associated with 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
through 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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degree of expansion or contraction of the
pi ezoel ectric elenment 8. Fromthis, the positions of
wo b@slognser s can be determ ned, and hence the pPGI/GBRIV5/000320
of the sanple platformw th respect to the base
calcul ated. In one exanple, the strain gauges are
i ncorporated into Weat st ongobri dge neasur enent
circuitry nounted locally at the positioner. This
reduces effects associated with, for exanple, therma

e whi oh m.ah her wi .
ot bbL IR E B (RO PR B B P L e i e e
FRACHORAIRG of EhdMEADRI Hifsds (MB.ake fenctibn tof@repadinkilem _ﬁfé)pbhemd a
sanple platformrelative to the base can be provided

restoringxiongsd.eA link briweergthe fiishanth sagpa sappewevells, or other means,
transducer arranged to neasur.e the overlap. of .
ciuld BT Jo P st eatEeomy 4T postfiar Selethit orons,amggr in such
chdddkages. I n other cases, other feedback nechani sns

may beused, for exanple externally derived signals
whi cHt whelsd borappresiatesksitni ethenkinds ohfiprure phvrt meightpe esed as

reflection or interferonetric optical encoder.. It .
fiermEE BielPush SR RERLe ey orHaY ety g ARt Inghg® gronitary
RA% bbdRRBppcH @aHQﬁﬂiﬁ% @n kb6 cB82AWPhih sR i W GRvéXinSthe levers

positioner that is not to be incorporated into a

ma)l kiej usedk iosprpwiie tthaoflexiblepovdtsl enpl oy rigid |i nkages in

pl ace of . .the flexible.lin es fo onnect i t he ma
Pody 1t 31 et am el B Rl TR g Eontured
sith fft RRAMINGS tHY pikasdcifNtlcRisitdHUR tHoR ParalieltdthB irive axis
enpl oyed at both ?he base and sanpl eipl atform fixings .
alangawkiocmitosippbesathy achumtion.corshivepforom dFonssamplet dig piezdelectric
he arcuate notion of the |lever outer arms..ln qgther .
clepaprb Y Do AnRY e B Bt 2ihag opg TEfion e Rechanica
difvetatd cAFRSrddokadsie®¥hi@ Mibtion doniti8 AdppIQ raiBacRAkibn Pbrce Along a
Is rigidly connected to, the base. In Such cases the
deivparisi on of the piezoelectric elenent acts wholly on

the inner ar of, out | ever.s .(t her.e bei na. .
 mpurdy B5ResTy sk B Ak B han TR B85 Fnd Rt PP rgrine o
Sgﬁl?ﬁ' a@brnt RBaRI BUL bide @XdY £ veriBKBL8Es R WIAVR @lerstood this
arcuate, rather than diagonal, notion. The transverse
padicubn crienfatineris adubanyi andettie wixishof thiespdsgiomgnican be arranged to
accomuodat e t he flexibilit f the flexible . . .
RSB QRS gle BYHORE LR BHIe e Bng AEY fSRY Aggionyncluding
“@BIRR-down” configurations. References made above to upper, lower, upwardly,
downwardly, and so forth, relate only to a positioner in the orientation shown in
Figures 1 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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where rigid |inkages are used. The arrangenent of

havi ng the i nput and output flexible |inkages
walowblosrsgback on one anot her through the posit PONEB2005/000320

allows relatively long |inkages to be used in a small

space. This inproves the flexibility of the Iinkages

and al so provides for a relapively large radi us of

curvature associated with any transverse notions. This

reduces the coupling between the transverse and

| ongi.t udi nal . f th L L .
someFifod, ebrmationy Pouki B SR PERoocT¥RUR aguBs sampte
pheekn 106 U bdAsHQ0ROPhd bsBVompRides Hde Fa06d Bashged t8Mem three-

directly away fromit. This effectively reverses the
fages efta cwhe. 4 xypfacoh 1@ liehintangy-RIApn A8 ixarfaesf 1 X2hkes in an xz-plane

FEE RO e ST Ay T ST
R0 Sandell t¥drn BReARRELEH AERR, A4 hhving AARySI@&PI(EN/ing in an

the output levers, and input [ evers where present,
xg<ldng, &exzfHoarla dying ensmsplooh awta pofaced24dyiagin e ypplage. In

bR B St b i RSB AR B P vos
19@%}&1&&&&%% EndUddRr bl hrOhbiGh cBX@PP! es, the out put

evers coul d be separate from one another with no
f | exWsecahni egeeen riram Fégurel 6y thet thtderdkipposidener t1A pomprises three

| nt h, Ci , | oad. [ f. the ki h [
or e S HARER b BEctoR T DAL eh e BRONT ok bteen e
s%xH@l%{]ﬂélﬂﬁH 106 &fd hB®add B4 Th&sethRERe akisSositidBers are an x-axis
uhction of providing |load support and a restoring
pbsitiomer. 254 d yralxisoposibarr t2yeankdi a gtaxas gositiowsrd2a UEasbraf these is
wall's, or other neaps, could be used.to h th
SOy Lo 85 Patieley T A STE NN Reflh PORITRs! ongesaiifichgove and
' i t oihob i kAt
OB 8 U 08 88 CRIPBRL R Rl o ey
oribstetlevers. For exanple, in an exanple which does not

i ncl itar i n._body, lIs h -
i 1 4P o™ bt s argtgp TR iR BE e woais
a?& cHRRBIRREQV IS ZIM& 14836 (L BaRi MRE he yhifadd 134 of the sample

urther be appreci’ated that piezoelectric el enent may
phefocanThg moeadtisgidbwelk &ir thhmpakflexible linkeggsi of zlek-@stsiHositioner

2§| f?trlrr?trc])tholletsS%, f78|i1? tl{]eo)tlz-gger ?H oell thte %ager.] q"hgsrel dowelS aré held in place

by respective grub screws 90, 92. The mounting dowels for the output flexible

linkages of the x-axis positioner 2x 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 described 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
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along which it supplies the actuation, or drive,
force. For exanple, the piezoelectric elenent may be
w@eeodfgesao t o0 expand and contract al ong one di rBCT/GBR005/000320
and a nechanical drive train configured transfer this
notion so as to supply an actuation force along a
drive axis. As previously ngfed, the above has
descri bed a positioner for positioning a sanple
platformrelative to a base along a vertical z-axis.
t. W l| be understoqd thi,s par.ticular. orientation. i
olaftpi Arcprainal, hbes e e pRARAE S R Edivpu® Biotrm 106
isAh6RAGER1VO 1A bhdelibat ldgreBliGH.form rel ative to
lstarﬁe base 1aI ong anyeog)esa:“?leggﬁg?regt ilon, i n¢l udi ng
" up- Thele-atpdsitbanef 2gus atranged . wike fite rdeive exisnpatalled bo Ve z-axis
to upper, lower, u rdly, d war dl.y, and. so, forth,
b€ PETs epees the Bidice: ol T BERer e AV dedeok 0ot sample
pla&oﬁh.gme?ﬁo&nﬁrgﬂlcfb%éf AR RpSCAGTBILIInRhEed FMWE afis positioner
perspective Vi of a positioner 102 according to a
2% €ic anol heleb Gubit viviblepin thé &yifaeehliOi afrthe Baseb€ho mepntidgedowels for
positiaoper,. 102 will be described with reference to )
et ore gkaes o e SR ROSTIGR Hragte Tiydiaim hoies &, 82 in
e;gﬁﬂ- ' fd I%H,Fﬁ - A cedrdidy dbEachk QxR pdslifoner 2z i
t tegtl3 g%bégﬁlgrsg?l#gﬁe%g ecgorsdlgt 3({)’ner 10% IS apdS ner =z 18
dtiherg ehevsamplaphikfosh HBsist momed rélativemby iting bases &dvblakong the z-
platform (or output stage) 106 relative to a base (or
dirggfion. st age) 104 al ong the x- yand z-axes. The outer
geo 08 th@%Edxid Podiftdrre Qirlven ¢t d
gengEﬁfﬁW@H{%gﬁ%Rwﬁ{ r?lng char %terllﬁgtﬁgg?iezévg? around  %°
po&ticanttiei ginpde Flagdfoime abing adll thyeestimosomsn Bezpise dedx-, y- and z-axis
perspective view of the sanple platfqQrm 106 an ase
paglionerh aghemDIoy fliitle dinkpgeBof seaisciing ARgegn ttge gaﬁenﬁmd the

Sl . P i
SLHERARED, e Sl At 36 L oepe AR peconmau
mytioh aibenglehdh lof else dtheaxer 4 bhansnef headyngiindaptoathftodastribed in

simlarly conprises three faces arranged to form
K EY-9%ces of a cube, agai n having an xy-face 120

RARN T bR Sxis PBsiiGndr AL Snofind ol 21038 L
7+ SR & LA Gy By6ncsE Shckeril gt & haWome copgoes
tleessninlestcpnd sipportewal kOB, 2D @an be mddegulfficiéntlyt thin thanthky may
pl at form 106 and,bass .. ) i i '
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.



104 are located near to one another but are not in
contact. As can be seen fromFigure 6, the three-axis
w@oasHsBaer 102 conprises three one-axis posit PONEB2005/000320

connecting in parallel along three orthogonal axes
bet ween the sanple platform 106 and the base 104.
These three one-axis positiopgers are an x-axis
positioner 2x, a y-axis positioner 2y and a z-axis
positioner 2z. Each of these is simlar, to and

ip the sane way as, the positioner 2
@ﬁmmve and shown in Figures 1 to 5, except
that the x-axis and y-axis positioners are differently
oriented. The x-axis positioner 2x is arranged with
il s dU$ 3902084 (Barleikh &istrumentsdncy axi s and connects

t t -face, 114 of the base and the yz-face
[254m§ﬁ§?ﬁ%ﬁéééﬁﬁgﬁﬁg%ﬁﬁgFﬁ¥m? Jounting dowel s for

e i Yk bligw ok BkK; v aX] SePOSH 4
R P ol of SR BurkibEnd 381 345050 411550
[Bhse . JPTReEI®2@9WNEE Gorp) hel d i n pl ace by respective

ub , .. The nounting dowels for the output
[gfexﬁﬁfégwsﬁggé@§86$nﬁhe X-axi s positioner 2x are

i mi | [ ' alel (not visible) in the
[§£-f5%26?329§f6¥ﬁ@%g§%332&%|atforn1 Accordi ngly, when
the x-axis positioner is driven as descri bed above for
the positioner 2 shown in Figures 1 to 5, the sanple
platform 106 is noved relative to the base 104 al ong
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 sanple platform The nounting
dowel s for the input flexible Iinkages 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 nmounting dowels for the output flexible
I i nkages of the y-axis positioner 2y are simlarly
fixed into holes 84, 86 in the xz-face 122 of the
sanmpl epl atform Accordingly, 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
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and connects between the xy-face 110 of the base and
the xy-face 120 of the sanple platform The nounting

walewsios13sor the input flexible |inkages of theP@FaB2®5/000320

positioner 2z fit into holes (not visible) in the
xy-face 110 of the base. The nounting dowels for the
out put flexible |inkages of jfie z-axis positioner 2z
are fixed into holes 80, 82 in the xy-face 120 of the
sanple platform Accordingly, when the z-axis
my_oner 2z is driven, the sanple platform 106 is
telative to the base 104 al ong the zdirection.
Accordingly, the x-, y- and z-axis positioners may be
driven to nove and so position the sanple platform
lal ongA pbsitiphereemgiisidgt i ons. Because the x-, y- and
z-axis $osi%i onerspfa h enpl oy, flexible |inkages for
connet? 4R 4nd asHpels rgqaeveailg relalvetothe Basst at f or m

the pogilidd &E@r{aiisﬁ?a%lﬁfg@& ?djaé’ﬁ'ibteg}r&ﬂ‘me aégﬁsanaftﬁe @‘em“ﬁe ;»%tform;

accommodat e noti on al ong each the other axes |
amdnner broadly simlar to that described in EP 0 937

961. Reltur.ni ng to the gne axis positioner 2 shown in .

Fi guriePyralityoklskers exiandipg awey drom sach ofhd. te deyiees supporting the
SHPROPILFN hid pBng 20 B |t

FHBROP IR a8 Bing COnEERaE AR HEMELET ] Ml fhfion of e
drive rhechasisineis edhnsmitted vadstunéciahicahmdvahiage af thedbadrs td-position
Lﬁxa | e i ezoel ectric el enent bonded to an outer

S 8ANRIP PO t he support walls may be driven to

expand so flexing the support wall. One or nore strain
gauges nay al so be nounted on the support wall to
Yreas Uk positienategeadingfio tlaim Uy, evhefeiexachdetdrés sqmisly tmounted on

1 on one side has the effect of bringing together

% THCTBY SRsrey prhdividing jthe lversnipte, it and Opst frmh wiltthe inner
atind @ofifec® {LiHeNGE ! S

B PP e e toi? RRP UL LB i SRS, BB e
platformng t he support walls in this way can all ow

angul ar positioning of the sanple platformshown in
Figures 1 to 4 about the y-axis. Enploying simlar
jJreans, f Rk ' : | Sotalb: t o
b oa psiropSnuRantie (SURARE $E JtcRFEE g HEChanisim s
agiangeaatiosicpasiheilorey in fbddanteNiettipd.] US 3 902 084

(Burleigh Instrunents Inc.)

N

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 plurality 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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[2] US 3 902 085 (Burleigh Instrunments Inc.) [3]

D eter Pohl, "Review of Scientific Instrunments", vol.
w®3005/0813301- 57 (1986). [4] JP 02 119277 (NEC Cor@I/BR®F/000320

EP O 5 10 698 (NEC Corp.) [6] EP O 937 961 (Melles

Giot Ltd.)CLAIMS 1. A positioner conprising: a base

and a sanple platformnoveablhe relative to the base; a

drive mechani sm arranged to act between the base and

the sanmple platform and a plurality of |evers

extendi ng away from each other, the |evers supporting

the sanple platformand bei ng connected to the drive

8mechanipssitisert deadrdig! teadnyost elhirhe &1 7, ViarthBiC baibiising Support

transm tted under nmechanical advantage of the levers

wadls gt connest tortbe lexers by flskible epnmections Ao fusl the Hreums.

according to claiml, wherein each lever is rotatably

nmounted on a ful crum thereby subdividing the | evers

9i Nt 0 A péoketioren decdrdiftg tcA¢1aEm Wi WwhedehfedchN&Ver ahd®s support wall are

connected to the drive nmechanismand the outer arns

of ypiba toongjruckien.sthenblexibld eanneetian Being\ppawyidedi byne thinned junction

according to claiml1 or 2, wherein the drive nechani sm

S?@“ETranged to act on the levers in the sane

direction. 4. A positioner according any of clains 1

to 3, wherein the drive nechani sm conprises a

10i ez delpesitiohar asicendingt to Buy Af pdaiinsi e, ahesginithe) felorums are

R ablefid ™ coflor S0 P Sl bRt sl hea wie

répeash e whise.ections to each other. 6. A positioner
according to any of claims 1 to 5, further conprising
a flexible hinge interconnecting at | east sone of the

lll.e Ve%’positioner according to any of claims 1 to 10, wherein the sample plétform

is mounted on the levers by a pair of output linkages which are stiff in respect of

forces applied along their 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
elements 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.
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7. A positioner according to claim®6, wherein the

| evers are fornmed froma single cross nenber, the
wo b@gioki3ao hi nge bei ng provided by a thinned sepCT/GB2@65/000320

the cross nenber.8. A positioner according to any of

claims 2 to 7, further conprising support walls that

connect to the levers by fl-25% ble connections to form

the fulcruns. 9. A positioner according to claimS8,

wherein each | ever and its support wall are of unitary

ONSHI YGCL:J: i [ bed n ' o
G0N EA BOGr, heGanH) S, SEONER g 6 il ofiising 2
macieaicdl s@ptoonadtyedofo elchilewer 2o tlmid themmeowitrbyt Which it can move

ful cruns are noveable relative to one anot her such
refatiye t@ e bespl e platform may be rotated with respect

to the base. 11. A positioner according to any of

claims 1 to 10, wherein the sanple platformis nounted
1N t Aepdsitidics doyordingator af oputapmit I tnkagedewii cle atehanical

stiff 1n_ respect of forces applied_along their axes of
advaptage of the leveryands 10 BAS thy Samplei Myfars by 2 ¢mqunt which is more

th@/ﬁ%ee&gvérn&t%ﬂ@gﬁitv%inméﬂgﬁg.m_are def ornabl e i n respect

orces app ransverse to their axes of extent.
13. A positioner according to claim11l or 12, wherein

t he out put |inkages extend away fromthe | evers on th

1&aneAs poritienst ixeardisg \whawh of k&1 k& B aRTImIPS _mechaenical
o4 35358 s ok R bRERCERRIC Mok b Bl B s s

that s MBLémddt bf prrdaive ehechaniemdr i ve axi s al ong which the
drive mechani sm supplies an actuation force. 15. A
positioner according to any of clains 1 to 14, further

GO RS SELPBSE SRR PRSP ! Pt oSty e o

mioge §then Pases fortneauritgoie @osilonsasttthe femgrsf or ce when the
| evers are noved. 16. A positioner according to any of
claims 1 to 15, further conprising a nmechanical stop

Zfl“}.?nggﬁ;gore%g{/c}élgr ScacSHinllge %eélaiWIé,ime'ieiB B S HholdYse &lﬁges 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, each further lever being rotatably mounted
on a 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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relative to the base. 17. A positioner according to
any of clains 1 to 16, wherein the nechani cal
wa@oawassge of the |evers acts to nove the sanpP@&r/GB2005/000320
pl atform by an anobunt which is nore than the novenent
of the drive mechanism 18. A positioner according to
any of clains 1 to 16, wher€6n the mechani cal
advant age of the levers acts to nove the sanple
pl atform by an anpbunt which is | ess than the novenent
29f 1 D\ep&'itidﬁ%r E&%ﬁﬁﬁ%%ﬂ}lgf cLANRCSI td 2N &he ARCOhiicRshidR being
any of clains 1 to 18, turther conprising one or nore
agangeidrio getiopeabe furthenteassrin agliretigonpebich iiodiffersnt tdthat in which it
| evers. _.20. A. positioner according to claim19,
a\?&ﬁ@f‘é‘?%ﬁ‘is?@e’btﬁg‘eaﬂevﬁﬁﬁ'e strain gauges are coupled to
respective bridge neasuring circuits nounted on the
positioner. 21. A positioner according to any of
261 ai o pdsitiane? Qccordinp rto sy @f zldims Hew 24, waetl of yheofurther levers
| ever,s extendi ng away from each other, the further
biag @Hignadayitya CoFTRRRERE PRF PiHAC Y &eRfignehieversi ve
mechani sm so that actuation of the drive nmechanismis
transmtted to the further levers to cause themto
26DV e Avpbdiitiores pecdrding tohanybefs elain?® 21 Aoi2fs ithe dimetter levers being
according to clajm?21,  each further |ever being
C?Wﬁ?ﬁkﬁ?&?‘%@ﬁ?éﬁ"@i@ Binge| crum t her eby subdi vi di ng
the further levers into inner and outer arns with the
i nner arnms connected to the drive nmechani smand the
20ut eA positbonepaucestiggitot abaitd 26, deeein #ig. fuAhgdsvdrs eredormed from
according to ,claim21 or 22, the drive mechani sm being
ASiNgm g memRet thiledbly hipee bring pravided hyey @1anedrseptien of the
pLection. 24. A positioner according to any of
cgﬁgﬁeﬂ{bﬁ to 23, the drive nechani sm being arranged to
act on the further levers in a direction which is
different .to that .in which it acts on the first .
Zfent iFoPRSFIGNEY aGcording fo anyRisSIimsrer OZc/CWheR frpendens 9p cim 8,

o) 4 A 8 O A AR o

torte tsiyppretiwhidsigyr Bexible 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
connected 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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26. A positioner according to any of clains 21 to 25,

the further |evers being connected together by a
wo b@gioki3go hi nge. 27. A positioner according toPCI/&Br005/000320

26, wherein the further levers are fornmed froma

single cross nenber, the flexible hinge being provided

by a thinned section of the2@ross nenber. 28. A

positioner according to any of clains 22 to 27 when

dependent on claim8, the support walls al so

supporting the further |evers, the further |evers

bei ng connected to the support walls by flexible
38onnacpositivmef accopdiay itelichgmtIieof B2,cwhersin tBO inphit linkages extend

posi ti oner, accordlng to claim 28, whereip each further

awéjo Epmqthg ingus 1 SR the\same sg}eeasd}xatm WB‘FB the drive mechanism is
kgg@ﬁtructlon the flexible connection being provided

y a thinned section at their junction. 30. A

positioner according to claim 28 or 29, mherein the

first nentioned, |evers, the sup Eort wal | s and
3fur t WePositiapsr aceprding o amy phelpimbAL e dé WB?remstile mput linkages

e&%@? éﬁb%&?lﬁdﬁ?éﬁ%]ﬁél 09 a 1y @9¥is Hon! vk BR lé(]jdr{‘% xﬁ%célaglgrélesupphes

fever §M57°6 onnec
alYictaatpa foreef | nput |inkages which are stiff in respect
of forces applied along their axes of extent. 32. A
positioner according to claim 31, wherein the input

%l nk%g ri%r Qﬁ ?&IHE% ?mﬂr '3¥ %ii‘??%ﬁ t(g §4f %ﬁ’ﬁl%? ?@gﬁélﬁg biasing

ransv rse el r-axes ner

cRaratsdidh@edtod eb aath Idrtier 13%r mden@anped ho negiplutnovement of the
| i nkages extend away fromthe input |evers on the sane
f@tlm; Ietsre Feliverio W baserand sor prouice kTS (0o s g further
1e rsﬁé&%@%&l oner according to any of clains 31 to 33,
erein € input |inkages extend substantially
parallel to a drive axis al ong which the drive
nmechani sm suppl i es_an actuation force. A
3Bosi A @ﬁ@fl%‘@c@cmw {® agyyoloflaimsiistp 135t durther comprising a

o HIEH SFRIRRbSIAPPLER ! B0 TP NRSRASH 49 PRGH it can

Ver and arrange reS|s novenen
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.
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further levers relative to the base and so provide a

restoring force when the further |evers are noved. 36.
wo@sssBoner according to any of clains 21 toPGBEGB2005/000320

further conprising a nmechanical stop connected to each

further lever to limt the anount by which it can nove

relative to the base. 37. A28esitioner according to

any of clainms 21 to 36, further conprising one or nore

strain gauges for neasuring the positions of the

further levers. 38. A positioner according to claim

37, wherein the one or nore strain gauges are coupl ed

4lo r &spalbii-axie pbsiticuser aceerdingito glaph 38w 49, frpihat esmmisitighe third

asitioner..39. A nmulii-axis,_positioner cqonpri.sing a )
ePEFobr 3 ing fo S clabmd 1S 38 Bgredialiie fotdrdifestige the third
bt Be iRl Ofigfefent | tb Sthe OfifsE Ghnll OfcBit dreS®SRNdhe third positioner
positioner according to any of clains 1 to 38 a |g&%é
cahrpgtingbetweemthe cdiriniar ease andiihe @ominem, satrpée platfstm.and
second positioners connecting between a common base

and a common sanple platform 40. A nulti-axis

0Si tA - j 2 3 eLeLn: ' e ntiam
B ok oA AR TRRMOR ARQRU ) o WP WAL BB bl thotion i
ogthegcamally heranged with respect toeat ileasparsi dfitinfirst acseoomt digections.
claim39 or 40, further conprising a third positioner
according to any of clainms 1 to 38 aligned along a
third direction, the third direction being different
to the first and second directions, the third

posi ti oner connecting between the common base and the
common sanple platform 42. A nmulti-axis positioner
according to claim4l, wherein the third direction is
orthogonal ly arranged with respect to at |east one of
the first or second directions.



