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1 AN APPARATUS FOR MOVING AN OBJECT IN NANOMETER AND
METHOD THEREOF FIELD OF THE INVENTION 5 The present
invention is related to the flexural positioning technology with nanometer
resolution. Moving an object in nanomieter resolution in desired direction
without any parasitic displacements. BACKGROUND OF THE
|N@E#ﬁbﬂl&r¢§&ﬁ@h%ﬂ¥%iﬁ%ﬁ DBl ANOMEJJERHARR,
tools, sensors etc., with re%@@(mér H eter resolution is a
challenging one. With the advent of the technology in various fields such

FIEE.DIOIOTAE PRVASNIamigonductor, microscopy etc., the requirement for
precise positioning with nanometer resolution is inevitable. When objects

The RreseitegvRnAoarbIREtEr farde, trererlRatid R eI aIs MR diMRs ter

resURATMNAESITAE AX QD) YR IBNRAR HREW RS RAGASTH USRS drBESSh KPS ut any
prevent the 15 objects from moving in a straight line and results in

paigaifia i RerMMNE desired targets. These also prevent the system from

BAURTROUNS ol rpge 1§ ViSRIPPON N IPRIOR -Adkene movement,
Perpendicular deflection and arcyate motion are the common errors

PoytentRugPR Say MlopdsifbirsibShrifky fraEsiGH » mMARUEESRRThdo the

nalRRESSeSodition Ok - Planglnguament. cCawhe minindzad. &Y thie@iidtogy in
two parallelograms in 20 perpendicular direction, the second error can be

Vgt cE8 S o R er 2ouPYPStan 8P HfSve RBRE At BRrpRtfiseapy  ctc.,  the

requelaatinTReraae PiRgith sthatl ialidgmviberaasutien Araustieanietion
causes objects to move in a curved path. If the actuator is placed in the

W heth 2RI 1 RES SRS AASIBL? AR RIRGHH, THE S A St s gligp acements

froliinitedetoréaearupansion lgRgkh Gl thesasitaioc Eablargefcsisplasenestent the
the 25 actuator size becomes bigger. By giyrﬂi‘[r:(ge actuatifn at the center of

ObISETS BTN et SITEHEN ARG AREFIIG ] IR ATATBBR Gisipe! targets.

Th&3eVike ptagenistiedyaethtidhergseaip extenrt ffipartdeont dnpldherdasiea: — of
isplacement of the ??:%%e can he achieved due to the amplifier lever.

~ PSS ARy Rt | 4G e i ADThE TS TRAUSMHRET Biegfgmmon errors

ocqurllelagranmiaopiRitibectar gameisplagensalvsigrachieved asrigsiedane, out
%/ste 30 becomes a ce%rally actuated gne, The invention magﬁ Py )

— qograms m

maRiBer B Y CESRE 72P6 f it s Se st BioP S8 e SR &

peﬂﬂﬁ\!d&\ftﬂﬁr thieychiaue thotsdisgcidssadratiy ibsuefuedainiigweeential — of — plane
mo%%%grglcogﬁd Perpendicular deflection are occurring in a straight line whereas the
arcuate motion causes objects to move in a curved path.

If the actuator is placed in the center of the parallelogram length, the displacement of
the stage is limited to the expansion length of the actuator. For larger displacement, the
actuator size becomes bigger. By giving actuation at the center of parallelogram length
with an amplifier lever, the arcuate motion of the moving stage is reduced to the great
extent. Apart from this, the desired displacement of the stage can be achieved due to the
amplifier lever. Thus by having an amplifier lever extending upto the center of the
parallelogram length, the larger displacement is achieved as desired and system
becomes a centrally actuated one.

The invention made by Amatucci et. al. (6,467,761) is the closest prior art of the

invention. However, they have not discussed any issue pertaining to central actuation.
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2 They attempted to suppress the arcuate motion with two inverted
parallelogram structures; not by central actuation. The paper titled
"Designing Springs for Parallel Motion" by George H. Neugebauer,
Machine Design, August 7, 1980, pp 219 - 120, indicates that actuation at
the mid way 5 along the slotted spring provides parallel motion. When

Thep HHEIRIFLI HingBRDIFRS dBRATEYRER tOtRMY Wi (E¥AtdRVSTEHy MREallelogram

strirdlrlelaeram denekmienaqsre and hence two inverted parallelograms
have been used. Advantages: The arcuate motion is still present with the

Thipapedigdsriibieeaims PreesafRinfarplishd dipacibudrerssard Rergrtyuer,
MddaRariglagrapBuareuddgimpian ¢an 10 heireducacht ALAYAdSH at the mid way

pg:%endicular deflection is permitted. This is the major advantage over
alopghe lottet! sprige 69Vids)PHRIAEEPEODE THE INVENTION The primary

wiehiegtive aldha-aresaptinvertiondstiRRrayidgNanaPostipnRmWIh P the
translational or rotational movement. 15 Yet another object of the

parglRlAgEIT St ERRFER T BA RELIGE RYPdry exid earpcingrape s been used.

Ad@@ﬂ@@@&n- Y8t anether %ﬁ@hofsthﬁlmfﬁﬁﬁehinmﬁ%iSﬂ'@éﬁ@aﬁﬁﬂaﬁIdR)@rams
center of the parallelogram Iength with amplification lever". Yet another

megRROLBE St Y AREBHRS BrAVHBIE PABpBARBHIORBY: itruRiRgHon can

be Z&iRcsaiptogidmpeaiihanathed ahject RidhRRERNTINMER RO isaf6r advantage
provide a method of minimizing the arcuate deflection by placing the

ovel Bt BlebdidP 6f e parallelogram distance. Still another objective

OBJRIErSr ege THIVENVENTPONES a method of minimizing the arcuate
deflection by avoiding the use of expensive feed back control system. 25

Thepiil mAnHEY SHj¥E PRI SO SRHE S VOIS X I 8 fgRPRRTLHpers with pure

trafRigtRPastipringithal actvatentStill another object of the invention is usage
of the arcugte deflection correction technique,in various field of

Y eh 8 Pt dia g8 RIS MetBTSEY R A MACIFRG, caused by the

arciieydsgepyophotonics, precision machining, semi conductors etc. 30
STATEMENT OF THE INVENTION The present invention rejates to an
Yeépﬂ%ﬂl s er(ﬁo\?l]a B}Eﬁ%e&tlﬂlhvfﬂg t&§ actuating at the center of the

parallelogram length with amplification lever”.

Yet another objection of the invention is providing a nanopositioners by inverting the
parallelograms.

Still another object of the present invention is to provide a method of minimizing the
arcuate deflection by placing the actuator at the center of the parallelogram distance.
Still another objective of the present invention provides a method of minimizing the
arcuate deflection by avoiding the use of expensive feed back control system.

Still another object of the invention is to develop an apparatus for micropostioning the
actuator.

Still another object of the invention is usage of the arcuate deflection correction
technique in various field of astronomy, data storage, medical, metrology, micro
machining, microscopy, photonics, precision machining, semi conductors etc.
STATEMENT OF THE INVENTION

The present invention relates to an apparatus for moving an object in nanometer
resolution in desired direction without any parasitic displacement with pure

translational and rotational movements, said apparatus comprises inverted
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resolution in desired direction without any parasitic displacement with pure

translational and rotational movements, said apparatus comprises

inverted 3 parallelograms to work as fixed stage and moving stage,

flexural hinge carved at middle of theyparallelograms to connect the

stages, a piezo actuator to displace the moving stage, amplification lever
PargiliPEERte OYOBK tht HXfdafsresnangoBWlInthetaent8rBiehinge carved at

miBARbe ooy 3 JERWB S aBNES R Artugians dH'i@z@@Gﬁétfﬁr RMHRNYARE the
5 the displacement derived from the piezo to predetermined displacement

MORG S FNELNSATN dexge WBIAbIRYRSHItT IR shFafriistiparfadgoes till the
cerftansfendhpmetiopr-reriasty &nebhreiralaRls AN SiaaddermUngaplifying

object in nanometer resolution in desired direction without any parasitic

theglippacsment Witnvsdr& aantiaidifar dAdPFS s Rtb YEaRERILY gange, and

mcoHat1esl stLERBIRPERY KARRIRGD S RRISAIBY RS RamAviNgcSiad® Rlprecisely and
parallelograms, deflecting amplification lever using actuator for

confrghieRi¥ment of the moving stage, actuating both parallelograms at the

a Ranbar O Gabymp lengtiby ideileciacampliigatiomlenetant-eseingitheut any

parﬁ‘&%}éa@? Raralielograms in a%%%sﬁ'{t?&ﬁ"%% Iopdteﬂg%%aqlsr%b\% method of ehod
manu a unng an appar%ﬁus or movmg an ObjeC in nanomglter fesollutlon

conjpris&dessivind dieedtion ovicheunaimeptaastiodisitiresrmendelithtipgrmplification

leviiansiatiehatane: ratstienabnanMemMesimesaid INRINAsh MR HeRSclograms at the
Connecting fixed sttﬁ]ge and moving stage of inverted parallelograms by

cenifibails S HERUISMHhg® cAEHa: ATLIS Bthe' paTaliSgramitie the actuated
par@hnecting anlaokatoraiod, thnd stages by means of an amplification lever

a IM%IEHSH SPm%ﬁEFuQifle‘Qna%‘ﬁé%@%rgﬁ%iﬁ@ gﬂeoﬁj%mqﬁ (Ham)?neter resolution in

parallelogram 20 length for amplifying the displacement derived from the
desﬂ?‘@z@f&“ﬁ?@d‘é{t@%‘ir@d dﬁ%rﬁFéI&‘emélﬂi‘c?gﬁﬁb}Véﬁd%nﬁﬁﬁﬁﬁﬁoéal and rotational
mokrechaniaal sianelwithpthe;parallelograms to transfer the motion precisely

and.co rolfﬁl to gQbtain the a ratus. BRI DESCRIPTION )
o e S e R B R AR R R BT e aral hinge

carse i dedgyel Airaprisedigletsryes 2EoRNSGHBDABHEW D efiediffiageaby means of an
amplatallelparam\Mbe boarilatest atbesthan Aldthe:caNt@E eftke of the parallelogram

rallelo 1 length. The angular.deflection of the moving stage , ..
e P RS O P GRS RO S g pplacemen
rangdhemd toatedat thencentacadfstage patialiblogreaiiclepgths Arcuaigemdtiomotion
prelSsERTRGIEA U TBE RIS Yl ppfRaREFLECTION still exists.

BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

Figure 1 shows a Parallelogram with moving stage and fixed stage.

Figure 2 shows Deflection of a Parallelogram When actuated other than at the center of the
parallelogram length. The angular deflection of the moving stage — ARCUATE MOTION.
Figure 3 shows Deflection of the parallelogram when actuated at the center of the
parallelogram length. Arcuate motion is corrected but PERPENDICULAR
DEFLECTION still exists.

Figure 4 shows conventionallnverted Parallelogram or Compound Linear Spring:
Arcuate motion (Partly) and Perpendicular deflections have been corrected.

Figure 5 shows a nanopositioner assembly showing the various parts of the assembly
showing their positioners.

Figure 6 shows an Angular Stage.
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30 Figure 4 shows conventionallnverted Parallelogram or Compound
Linear Spring: Arcuate motion (Partly) and Perpendicular deflections have
been corrected. Figure 5 shows a nanopositioner assembly showing the
various parts of the assembly showing their positioners. Figure 6 shows
an Angular Stage. 4 Figure 7 shows design of nanopositioners has been

Figurs Joihoses desiehrid fanenatitiasrsmjubeengersashistsadindetin fiagd model.

FiglipNaneMaiii ol dgigsiddrhénsows: gigection of displacement in
Y axis. Fi?ure 18 shows the fringe that represents the measurement done

Figpxgs LsL7 Shomee fersHEMS, wiiBSss@eBhition #ifess than Inn. DETAILED
FigdESRRIRH NP S EHR N VEEHRNNE i REImaR R BGRimENt akthe

present invention is an apparatus for moving an object in nanometer
fi

IntEElCERMEHHYi DR s AR Shivit AR HM)-parasitic displacement with
D AT LEDSISOR BNCl (RatINTHEOMSENBIOXN apparatus comprises

inverted 10 %arallelograms to work as fixed stage and moving stage,

ThA@KIRAI: FBROCHRAS 2 hfi RS Y AR BRI GGrAPRETTE SR R YHIE an object

in BER@Ssetar RigEABGH atordoidisRIaceribe vitt¥intaaipgerAMpldicplivBdRye with
which comes out of the actuator and goes till the center of the

PULSa ARG AL Ietitfth TIUIMAL cPE Bt Sto P A d ARRA LA e SPBPRA ARGt d
patileispiacemenbaerivetsanitiie pitd miovehedatgnineddisplacemented at

range, and 15 mechanical stage combined with the parallelograms to

Mg RE r HRePHBHEI BB By ARAC ol oHABR: h DEFArHAIE Hh SRt the

movitBesResenhhRAation Yderewhitie eppasalus ¢ MOAOENS: thetibes till the
another embadiment of the present invention wherein the parallelogram

Conige ! iE RGP AN AR ERRRTS PP SHIR R GHE MBSt BP tHE N
thepiRgantdme@ntinmiisthe-onoving sitagetof thelfitsinpaalalptiasmast amge, and
fixed, stage for the second parallelogram. In still another embodiment of
meRTHrase ﬁw%ﬂ%&ﬁwfﬁbﬁh@ﬁ?@&%ﬁﬁﬂ&& tBéFf"&%y%%\%H@OEﬂb%r%léﬁlty and
configligtap. for free movement and grounded for smooth surface. 25 In still
another mbodirge t of the f)r[%]sent invention the actuator js fabricated
n

In S%%alaélt% P P gﬂ?gited) eap%rgﬁgms_mventlon wherein the apparatus is

monolithic.

In still another embodiment of the present invention wherein the parallelogram used is
a four-bar-chain mechanism.

In still another embodiment of the present invention is the moving stage of the first
parallelogram act as a fixed stage for the second parallelogram.

In still another embodiment of the present invention wherein predetermined part of
moving stage is cut into step for free movement and grounded for smooth surface.

In still another embodiment of the present invention the actuator is fabricated separately
and assembled into apparatus.

In still another embodiment of the present invention wherein size of the actuator is
controlled with the amplification lever.

In still another embodiment of the present invention the piezo actuator acts like a
motor.

In still another embodiment of the present invention the piezo actuator is piezo

crystal(s) in a housing.
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In still another embodiment of the present invention wherein size of the
actuator is controlled with the amplification lever. In still another
embodiment of the present invention the piezo actuator acts like a 30
motor. In still another embodiment of the present invention the piezo
actuator is piezo crystal(s) in a housing. 5 In still another embodiment of

In g8 gnodhei sRadiBlsnS of AstRETBY IMGRHEM.IF dujsehos feaBaYaigran object
in [RSOIMURR RIesGH MirgsHir WideHbARYiAASHG Hsplageaaplaviient with
pure translational and rotational movements, said method comprises

puigdpsadipticabityl IRRGHRLIEMEHLVING StsedrpamRiied giamoT keeping
thedsijestipgeamplificaionaleyer sing S asaiou taraisilasmenh@binever using

moving stage, actuating both parallelograms at the center of column

actiaiefr oy HamREtsr itV IBdet aghd HpHRERehchasbeglograms at the
cefralieleaiamsith el asiraeriicectiamgniriltisnatier, esBogicnet ehdhgtuated

present invention the parallelograms used is a four- bar-chain mechanism.
parplqlogiamsABthar LR IUFHEAR of the present invention the parallelograms
In i€ IaradtabeaahntREhn sitlanotRenesnndipaentpbghaRraesants a four-
invention the moving stage of the first parallelogram acts as a fixed stage
barrghat eehdHsBhrallelogram. In still another embodiment of the present
In NERGGAheboRlifiehcomes pretaftthe chActHaigiramd gessdidthaverted to
center of the parallelogram length. In still another embodiment of the
Catka5¥ht invention the apparatus does not require any feed back control

In Syisternsthier Silinthelt esnhndimeniHf ihepieseMeimnentigndige of the first
paratus does no%re uire additional actuator%l{o counterbalance
I

a

PRI ARE BB 2b TSRS & RS8BT hREFR 51 9RE Bresent invention the

In amg&ﬁeﬁi&nel?wﬂi@ﬁ@ﬁliﬁﬁ’sﬁh@Qﬁ&mltaﬁﬁfﬂﬁb dmroiﬁh?mmh viTeg StaGe&s tout of the
redetermined.range. In still gnother embodiment of the present invention

aCt}%&%ﬁ‘@%%f#&?%?ﬁ%&Eﬁ&@%@&ﬁB o 8ving aFr)l object in

In Rananweker spssddiiaeninote pekcire GHOMYIBI e AFharPRkAGHES not require any

f ﬁi@pl%cemenll)with_ ure translati_onal_ and rotational movements, said

CehRIHEFUEIROMPITESs: Connecting fixed stage and moving stage of

In istveriadther alietodiams Ry the present invention the apparatus does not require

additional actuators to counterbalance arcuate motion.

In still another embodiment of the present invention the amplification lever amplifies
the displacement of the moving stage to predetermined range.

In still another embodiment of the present invention is a method of manufacturing an
apparatus for moving an object in nanometer resolution in desired direction without any
parasitic displacement with pure translational and rotational movements, said method
comprises; Connecting fixed stage and moving stage of inverted parallelograms by
means of flexural hinge carved at middle of the parallelograms , Connecting an actuator
and the stages by means of an amplification lever which comes out of the actuator and
goes till the center of the parallelogram length for amplifying the displacement derived
from the piezo to predetermined displacement range, and Combining a mechanical
stage with the parallelograms to transfer the motion precisely and controllably to obtain
the apparatus.

The exact expression of the novelty of the invention is, “actuating at the center of the

parallelogram length with amplification lever”. The concept we patent here is the
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means of flexural hinge carved at middle of the parallelograms ,

Connecting an actuator and the stages by means of an amplification lever

which comes out of the actuator and goes till the center of the

parallelogram length for amplifying the displacement derived from the

piezo to predetermined displacement range, and Combining a mechanical
designspd feitinh fsE'pURRIRICGFRRATY BatrertderaTatielapreeiddr) apwplification
levepntrollably to obtain the apparatus. The exact expression of the novelty

of the invention is, "actuating at the center of theﬁgarallelogram length

AcGATHIBENHCATD MR dEate FROESA B Mrd patetpstre RItA%S design of

centpgl-asteatiambrtsprendagy €1 iRyesRd parallelogm withy appplification
lever. According to theory the arcuate motion can be determined as

folloWdre &k atensibrbiiie piellehgren colvmpineteq. (1) 5 where L =

length of thg-pasalielegmmfRYIHMN length a = height of actuation t =
thickness of the flexure b = inter-column length x = displacement 10

When the Heightbrastehilh Hetsfne halve the length of the

parallelograye: jpeighbimetiength @ = L/2 Thus the arcuate motion
becomes zero theoretically. Figure 4 shows conventional Inverted

Parallelogrdm S1PIBFRPSHhd Linear Spring: 15 Arcuate motion (Partly)
and Rexpensdickdasidelieatens fia e heed sareated]dncavofasiopatiBilgeram

an inverted parallelogram to reduce the perpendicular deflection - for a
lined*SERGEI8YET &Y parallelogram Yé%equired. If we want angular
displacement, inverted parallelogram can be removed. So inverted
parallglo ram is not concerned one for us. In an angular stage only one

parallBI5grsATR HSSOWRA BRAPMEAFEA 1S58 Rigure 6), force is

Figapplamh dactuateah@bihelcestied ohthrdparalielog@mppngthiusiag Siheng:
amplification lever, It has not been implemented in the monolithic stages

Arf&%@ﬁ?ﬂ“%@’r YB&FQ?E%B?H%‘H%&?@%CB?% %Vcﬁwt?ﬁFé&Wfﬁ%

In g@siEeRN\(eRiily monslihiel siaghsoamalhicaiiandeve e disathfateflection —
displacement a

L A -
inverted parallelogram can be removed. So inverted parallelogram is not concerned
one for us. In an angular stage only one parallelogram is used with amplification lever,
Figure 6), force is applied (actuated) at the center of the parallelogram length using
the amplification lever. 1t has not been implemented in the monolithic stages (even in
inverted parallelogram) because of the complexity of the designs. Also in monolithic
stages, amplification levers are used for displacement amplifications only. By moving
and positioning at appropriate location the amplification — lever can be used to
actuate at the center of the parallelogram length as shown in the following figure.

The parallelogram used is a basically a four — bar — chain mechanism. The
nanopositioner has a couple of parallelograms inverted to each other. A parallelogram
in a nanopositioner consists of a fixed stage and moving stage. The moving and the
fixed stages are connected by means of flexural columns to form a parallelogram
monolithically. One end of the parallelogram is at the stationary part and the other end
— moving stage — can be moved freely. The objects are kept over the moving stage.

The next parallelogram comes out of the moving stage of the first parallelogram. The
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25 actuate at the center of the parallelogram length as shown in the
following figure. The parallelogram used is a basically a four - bar - chain
mechanism. The nanopositioner has a couple of parallelograms inverted
to each other. A parallelogram in a ngnopositioner consists of a fixed
stage and moving stage. The moving and the fixed stages are connected

moyingheHpgCorfielifaliEdiutid K agidm a g5at afel sy raKF dosAshofRhidhmy second
pal@N@deho the RaralRiaerRBVeat thestationasy: RpRBchibe other end -

maoving stage - can be moved freely. The objects are kept over the moyjngll ]
TheSgxurainingscpaicdislotiamiddines Gt wr e FVing BpAdior theyfirst This
priR@alalogipiRd Thené MBRYpGiStaae f hefitstRalalieingrBR ALK FB@ment at

fixed stage for the second parallelogram. This arrangement gives a good
they dpligas Gapadifetfconde mesliriaginte TarveRe at tHBSitR if réduce the

arcaatb et dyian Anplifiale-Jpiems Ahise Riingipleritarpligahneigh.
nanopositioner in order to achieve the linear displacement at 5 the

Wi iy 28 b FIRATSSCh e BRI o gFash. PieiorRs BrlaiRmiRerdralnsement

andNBe JtRVAE Matigisdtegivatethnayems BidheruadipiRidhe aRluhtation
length. When the actuator expands to actuate the stage, the lever

poigt deiarmsnd;iapiupsinthis siagg Mol dhitariRrilaih Betligiggram to

moReinildie flaxurahdingaialotne attatipnparinhtaioeanshadbaias te each
staqé? at the center. This causes both parallelo%ram to 10 move along with

paglielogiam ot oPge B S8R IBEHA LR ARHBR b e e s ihp RRIRERIgREHRS are
perpléitcwiih thedineamdisphacsmentiSingedontieibe papdalogamaia® provide

perpendicular to each other, the perpendicular deflection gets cancelled

line S BASSTIE ind §F AR BT UYEMARPE s WHIEPAPIRS A GHEFI RiRA
thef@EppsclicelvMedipathagt) thayesgastivalivavingtRiagointhisiscdusio/them the
.actuation point located away from the 15 middle of the parallelogram .
i o G e IR LS DS T 1 il by
melgnes thalasnplifies e isplacamsiatcthenaravniecmat onoisoie tdueethdodhe the
gregreat extent. The arcuate deflection is minimized by placing the actuation

?f&ht at the center. This is achieved with either by placing the

Thacitsatoe dsekaieeitetiniistitpihelZonmnmipdifietisved. flacingihet the center.
actuat%{}.att e center limits the dislg)la ement of the sﬁlge. Hence by using
& d

Thisn 5 iiRefGer "l elhdn: &4 RREERIHEF TaAl SEHFE Qhnising” the
amipi@ecsteal RCivAiiothdcnader podsilentdmliamplifie dopiaesnmuiit of the stage.

He?égrst? gap%%rsgglgegr%}ohr}%flﬁgvgp,dd%%?a%etzlrllllet:pr? cg]ﬁ (jel%nq];;)ﬂ]f?eg %%‘!L%lg %’ilac{%t the same
time central actuation is made possible. An amplifier comes out of the actuator (piezo)
house and goes till the middle of the parallelogram length.

The main advantage of difference between the actuator placing the centre of the
parallelogram length and usage of the amplifier lever is that the desired amount of
displacement can be obtained with the same actuator.

The materials such as Phosphor bronze or stainless steels can be used as raw materials
for nanopositioners. For free movement of the moving stage, some portion of the stage
is cut into step using milling machine and ground for smooth surface. Using wirecut
EDM parallelogram structures are carved out with 5-micron tolerance. The actuator is
fabricated separately and assembled with nanopositioner. This entire set up is tested

using an interferometry kit for its performance.
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The main advantage of difference between the actuator placing the centre

of the 25 parallelogram length and usage of the amplifier lever is that the

desired amount of displacement can be obtained with the same actuator.

The materials such as Phosphor bronge or stainless steels can be used

as raw materials _for nanopositioners. For free movement of the moving
In stefges SHmEBBHRMUGHIE e geORsEiRtAL st8PUSIng HilfiRpndetnEcturing
proeBsk & QHROANBBI AP sy RGen Wsied wingieut AR KM aaraliglggi@ontrolled

structures are carved out with 5-micron tolerance. The actuator is ]
cleptrfidifchasgp PN iigd IS8R WAFSHSRBIRSSIERIA T2 1318 B debiicated
usiHP I8desteslNSIRgAN iﬂ%@ﬁﬁ{ﬁ@ew&ﬂlfﬁfoﬁwﬁﬁomwﬁhgsé NiRHRER&hring

manufacturing and construction, various traditional manufacturing
techpdassUsifiROrihlA o shapYiFigS seRPeRffhdoamPRliFatian ML and
NERtmRNegkselectric discharge machining is involved. These components

can also be fabricated usi&g novel bulk micro machining,

Hopf P Rsrang (0 Shig s RIS GRS tR IS iESpBISHIE 1 the

ext@ﬂmﬁtmﬂs@ft{wapqwgmﬁ@ﬁgr application in MEMS and NEMS devices.
However, according to the FEM simulations, the arcuate motion was

The prsaeptiere PR RS LUt e rare b EbsTertishlishuaenis contapery! the
othReIostlitadiiictia atRa-pf kT QpiieH aligryme miss ro séayyang iCoddh oie kv afer

sort of interferometry kits, scanning probe microscopy, semiconductor
defelrdPspetBerinition Yo Al FIRTBE SHEINh SRtCHRTRPEraphy process, post
fabigklithegiaphyacasss pestriairication spalitydnspestig, @bsyaessiohing,
.sub - 130 nm design rules, tqol positioning, .micro-machining,

Mgt QrMatS AN LR INRIG SY L PITEIEHEPRNSBHARY alternatives to reduce

Thebglininaiadhecsieuattite Wi aigattaR) 4@ eMisleieauaterbalancing
actuator b) to i,r%‘fgecf)irﬁgaoratEt e feedback O?ﬁstems with control algorithm c)
to provite PAVAIR [EYTHRBAHIHEP SR 8t e platform Providing
courgerbalanse @att ibedbaitasysismmywiiinewass theoeasinof the

systems. The last alternative that uses parallelogram either side is bulky

R e et i

Priprigsentooneepiltnesmdt feqbiekasysenpensivmbeaedbatk costtidl the systems.
TYSIEme. By, ingarating the pueried paralielograms, perpepdicular, . o,y of
plane due to the constraints at either side.
The present concept does not require any expensive feedback control systems. By
integrating the inverted parallelograms, perpendicular deflection is eliminated.
Actuating at the center of the parallelogram length will not only enhance the linearity
but also eliminate the arcuate motion.
An apparatus of the invention may comprises the following blocks.
1. Piezo crystal/crystals in a housing (collectively called a piezo actuator):
Piezo actuator acts like a motor to displace the moving stage. The piezo has
a characteristic to expand in size when applied with voltage.
2. Amplification lever: It amplifies the displacement obtained from piezo into
the required factor.
3. Mechanical stage for minimizing parasitic errors: This is mechanical stage

shown in the figure
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Actuating at the center of the parallelogram length will not only enhance
the linearity but also eliminate the arcuate motion. 25 An apparatus of the
invention may comprises the following blocks. 1. Piezo crystal/crystals in a
housing (collectively called a piezo acfuator): Piezo actuator acts like a
motor to displace the moving stage. The piezo has a characteristic to

expdhd T ¥Residh ppIRadRine Vidg dhe PEADH ARSI TEfepover supply is
amplifieﬁaﬂ%ﬁscelaﬁﬁmeet@gqﬁﬂ@%@ma@i%&imgt PeAbexegiised

factor. 3. Mechanical stage for minimizing parasitic errors: This is

The, pigraniratdbggdasHowrririsaienglirkeormephinerisad gRAte g hsastsrigtics,

hotQiHRenRie%t BGHIBING O MEaRQWEhSY BRIOIRITRYWIT théR RN VO tPe fiBAcation
the piezo such that piezo expands. The piezo housing has to be designed

is derniningsBrdadiarchiipsdrsbpinustdikpduidlingnihasing mnsLdiibne The

asse1abRyial anchnigiRad KesI wamAan: inTakeafIde faRricationaRiic Aone dnging
standard machining techniques like milling, shaping and drilling. The

highsedyiBigH ORI RAYRIRER Shanually. Thereafter, it is tested and
Thealiapatachtisindeeig s endi inaiferopacty eruipmpantatbheraaRiticpianissible

lever is designed based on the amplification required, permissible stress

strefis st oM N BRPS ST B rRAs RS- Hibiication of dhs fsver js carried

ouCAiidagh arelutepedhovire Baligtelpsdim BisFR@EE machining) EDM. The
mechanical stage is used to transfer the mation precise and conrollably

The pea i T b b O PR DRSS BERF 1 dethf TR TR ABE s

fors@Ctionenive Stagelfias beed Ruapsivielfctelaesignepresing the mevelthe stage
c%ncept of central actuation and cog;gining it with inverted pa?rjﬁllelogram
hago°GeR TSI Syt FANG R 5 Bt f@}s@rf&%?anfc@%s%@g getuepn and

coaBlaik} ThevpaweistpRparvRieRied0 REIaHOYERSE SURMIGSASE better
%E)andard ff-the shelf cogponents. The important issues while selecting
pe Wfﬁ% QUipARAELEMNity of output, noise, resolution and output

Thewsark: Sl naivag ehenpindziogihe. aravadedsfirstion Ndieird off-the shelf

nanopositigner comprises the following steps. 1. The actuator.deflects
‘lI‘JH t’:lg}el i@@ertgnt 1ssues Wﬁﬂe se ectﬂl% t epr?ght power suppiy 1S sta%?ltlty of

CORRO BT
output, noise, resolution and output current.
The method of minimizing the arcuate deflection in the nanopositioner comprises the
following steps.

1. The actuator deflects the amplifier lever.

2. The amplifier actuates both the parallelograms at the center of the column

length.
3. Thus, deflects both the parallelograms in a desired direction.
4. The couple introduced during the actuation at the center of the column length

almost eliminates the arcuate motion.

Applications of the invention

S1 | SEGMENT PURPOSE

Microwave Antenna Alignment

1 | AEROSPACE Fast Laser Beam Steering/Alignment

Resolution Enhancement, Image Stabilization

2 | ASTRONOMY Beam Steering/Alignment




2. The amplifier actuates b

oth the parallelograms at the center of the

column length. 3. Thus, deflects both the parallelograms in a desired

direction. 25 4. The couple

introduced during the actuation at the center of

the column length almost eliminates tloe arcuate motion. Applications of

the invention SI SEGMENT PURPOSFE Microwave Antenna Alignmpm 1

Tezert B
ive %eecoarYégry ﬁllrnr%/s |ar11 Rlsztarlgﬁgmical

Aotlhintare | Aoy Do~ Cinlvlignatinns (N DA

[ SeingtStadiNratiorP Segonemnteditiriocar Actuators

ing/Writing Throughg
Stee*lglé/Stabilization Eleg
gﬁﬁfm&@éﬁular

L Seh G MERL Ly (SRR, T DVD
uviesibangement Cell Tracking Laser Beam

amBly oloo ane on 2 _1\/ ) A

Si Féing Srger Gratin

Rotation for (Dental) Imagi
Intefferometry (Non-Conta

T RO TR Re F gV e LIgT

Ct Measurement) Precision Linear Positioning

for $urface Analysis, 5 MH

HTIROUCIEY VidioncBystems, etc.

Cell Tracking

Laser Beam Steering/Stabilization

Electro-Physiology, Cell Penetration

4 | MEDICAL

Patch Clamp/Intra-Cellular Recording

Screening

Surgery

Grating Rotation for (Dental) Imaging

Scanning Interferometry
White-Light Interferometry (Non-Contact
Measurement)

5 | METROLOGY

Precision Linear Positioning for Surface Analysis,

Vision Systems, etc.

Surface Scanning

Contacting Surface Profilometry

Autofocus Systems

Ellipsometry

MICRO
MACHINING

Precision Positioning (Linear & Rotation) of

Components

Precision Actuation

Micro-Grippers

Micro-Embossing




Surface Scanning Contacting Surface Profilometry Autofocus Systems
Ellipsometry 6 MICRO Precision Positioning (Linear & Rotation) of
MACHINING Components Precision Actuation Micro-Grippers

Micro-Embossing 11 Micro-Assembly Micro-Handling Systems Scanning

ermqr‘nn\/ (QN()M AFEM_F- Rpam\ 7Z MICROSCOPY | ong-Range

Posjtioning (short range) 6@15&& [ MEMS Alignment, Fiber
Aliahment, Fiber Optics Teassting Fiber Allcmment Switching 8

Scannlng ‘Confocal Micro ]Mbyfs-ﬁrﬁ?ﬂ@‘lﬂlzssmonmg (long range) Sample

PHQTONICS Fiber SplicingSeien@tretchiNgdviedopation REDOMGS
Alighment (long range) B aﬁnBAél ment, Beam Switching

con{dICHQ

acturin %%Mwi&%&WING Turning

Sample Positioning (long range)

Sample Positioning (short range)

AFM,

Outjof-Roundness TurningyBoring/Grinding of Optics, Bearings, Pistons,
Shafts. Wear Com Sensatl ph.ofGCRistin$wingels PRECISION 9 Aspheric

Photonics Packaging, MEMS Alignment,
Alignment, Fiber Optics Testing

Fiber

Fiber Alignment Switching

& | PHOTONICS Fiber Splicing

Fiber Stretching Modulation

Photonics Alignment (long range)

Beam Alignment, Beam Switching

Turning

Out-of-Roundness ~ Turning/Boring/Grinding  of
Optics, Bearings, Pistons, Shalfts.
Wear Compensation of Grinding Wheels
PRECISION - , .
9 Aspheric contact Lens, Manufacturing, Diamond
MACHINING

Focus/Beam Control for Laser Welding/Cutting

Vibration Cancellation

10 | SEMICONDUCTOR
Alignment, Lithography

CD Measurement, Mask Alignment Objective

Interferometry

Wire Bonding

Sub-nm Measurements

Lens Testing

Long-Range Nano-Alignment

Beam Scanning & Alignment, Optical

Correction

Path
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Focus/Beam Control for Laser Welding/Cutting Vibration Cancellation 10
SEMICONDUCTOR CD Measurement, Mask Alignment Objective
Alignment, Lithography Interferometry Wire Bonding Sub-nm
Measurements Lens Testing Long-Range Nano-Alignment Beam
Scanning & Alignment Ontical Path Correction 12 Active Vibration

Cancellation Vertical WafgrAxsaieiofibigticn fgrRebféoPositioning Results

and|Discussions: The desingﬁ-eHeg%vefa«eﬁeﬁ-has-beeﬁ-mpfedeeed-as—
afie tuned model as shovhFHEIGUVELS" HRRU4e R Gisplacement of the

stage was designed to be [S0JpCrameifokinoass (Shown with arrow in
drawing) 5 When the need for precise displacement in nanometer level

monolithic construction is essential. The design to achieve both as

RelicARS BAURSIBAUENANG N ASRIITH VG HRYE RIS BERIGINEIR SATRIE Sine

both the requirements. Merely actuating the monolithic stage at the center

tun@é_é@qd@! %5}@% i&ﬁ@w %&b@ﬁm@m@&eﬁmm ﬁ%ﬁé@et@veﬂiﬁﬂﬁa@d to
be BUSREHRRAICHA SRRYR CAMRARURF W SSRGSy Stem or inverted
parallelogram has been used and actuation was done right middle on the
WhendheagsdritremeriamdislpgemgielihiiasgapisthaRicmandgitic construction is
essERBP ENDUMEAR deflRciopsiAnaluaieathemedelsh@s AEaRd SREQHNESH we
on ANSYS 8.0 to simulate and compare with theoretical results. The
havg psgsentakagrmsatis iRt dbe Jemicanestshe direction of 15
M&EE?'%%EH&H& M uiBotitAN StapdationsithagPerRORRRNEH thatdhRsue of
RED regions are exactly in the X axis unlike the other parts of monolithic
peigshsioHahdsiastiare On reggients eHenpiaietiie artredselasanotion, compound
spriefI QPASH ABHNAVEEd HRAIB 8% HanBhdd Fo iiflicRie 2 Hae X RH O TN AUABISight

regions. The associated figures 8-12 shows the step by
middle on the inverted parallelogram in order to eliminate both ARCUATE &

PERPENDICULAR deflections.

Analysis: The model has been reproduced on ANSYS 8.0 to simulate and compare
with theoretical results. The arrow marked in the figures 8-12 indicates the direction of
displacement in X axis. From simulations it has been observed that the RED regions
are exactly in the X axis unlike the other parts of monolithic components. The RED
region is the place meant for precise nanopositioning in X (single) axis. BLUE
indicates the fixed or immovable regions. The associated figures 8-12 shows the step by
step displacement from which one can understand the region which is shown using
arrow, changes its color gradually i.e. no more than one color will be present in that
region at any point of time.

The simulation results observed in y direction shows that the region shown with arrow
does not move in perpendicular direction as shown in figures 13-17. At any point of
time, the color remains the same i.e green.

If the inverted parallelogram and actuation at the middle were not achieved, the
following errors are to be found. The (closer to theoretical) arcuate deflection for the
nanopositioner was estimated to be 4.6 micro rad (0.00026°) over the range of 5 micron
and 9 micro rad (0.00052 °) for 100 micron displacement. The perpendicular deflection

was determined to be approximately 1% of the total range i.e 75nm. These errors were
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step displacement from which one can understand the region which is

shown using 20 arrow, changes its color gradually i.e. no more than one

color will be present in that region at any point of time. The simulation

results observed in y direction shows tRat the region shown with arrow

_does not move in perpendicular direction as shown in figures 13-17. At
eligialsdinbyr GRS ISABEoRSr raRMinRethecadifk ivai§rebs. seefifiratiopariel the
na@@lﬁ@%%ﬂaﬁ%mﬂ@t Anedie were not achieved, the

following errors are to be found. The (closer to theoretical) arcuate
AXd8lection for the ﬁ%nopositioner was estimated to be 4.6 micro rad

FOR®R026) over thejiange ofiggmicron and 9gypo rad (0.089%30x0s 100
micron displacement. The perpendicular deflection was determined to be

DISPhA Vhos btihe totRit5ye i.e 75nmh AT EOMbord were 13 K8
eliminated by redesigning as mentioned earjier with theespecifications of
the nanopositioners (mechanical guide) given below. CIS FnC 111 Kg

5050 25 I'14Q1EN 18®ni~zpn'Lc~ MNGTH 28 mm

X(®véE) mm LENGT. $ mm --ppp ---- -~ - (lever 5 mm | 0.UMI TAINLESS
LNGIH Il mm MA11 L STEAL HICK (HEIGHT) 111 mm RESf~I>UTIi N 1

COLEMMNm 1)TIl 2.$ mm t 0.6 mm LEVER HICVA 11.5 rinttcRE¥gure

LENGhaws the fringggthat repgsents the measiKameningong yathil.aser
THICKNESS

(HEIGHT) 10 mm

RESOLUTION 1 nm R 1 mm
WIDTH 2.6 mm t 0.6 mm
LEVER

THICKNESS 0.5 mm t<R <5t

Figure 18 shows the fringe that represents the measurement done with Laser
Interferometry whose resolution is less than Inm. The fringes came closer which shows
the presence of arcuate motion upto 0.08 — 0.09 micro rad over the range of 100 micron
displacement. The same set up was used for measuring perpendicular motion during
which the fringes were moving little upto 20nm over the range of 100 micron
displacement.

With these improved designs, the arcuate deflection was determined to be between 0.08
— 0.09 micro radians whereas the perpendicular deflection was 20 nm over the range of
100 micron in open loop condition. The deviation of results from the expected “zero”
errors are due to manufacturing tolerances between 1 — 5 microns. The system was
tested using Interferometry at Indian Institute of Technology, Madras, Chennai and
with Atomic Force Microscopy (Vicco Inc.) at Jawaharlal Nehru Center for Advanced

Science and Research, Bangalore, India.

Advantages of the Invention

e The expensive feedback systems, complex algorithm can be avoided.



5 Interferometry whose resolution is less than Inn. The fringes came
closer which shows the presence of arcuate motion upto 0.08 - 0.09
micro rad over the range of 100 micron displacement. The same set up
was used for measuring perpendiculargmotion during which the fringes
were moving little upto 20nm over the range of 100 micron displacement.
10 Withthdda figapligatinaecsgiet ¢ Aecokitingdflection was determined to
be betwpend.084i8,09 /DGR Fadianmuhpiiaas. i BRIRROMCHAN is needed.
deflection was 20 nm over the range of 100 micron in open loop
condition. ecdd\ilatiariwatoesuitbdromtthBedxpibtenpliées errors are
due to mandfacturing tolerances between 1 - 5 microns,. The system was
tested Lomg TSR B A DUt B Semaens? LN AR
Chennai anudsswithrélsimityrsamggaviicroscopy (Vicco Inc.) at Jawaharlal
Nehru Center for Advanced Science and Research, Bangalore, India.
Advantages of the Invention 0 The expensive feedback systems, complex
algorithm can be avoided. 14 Perfect linear movement can be obtained.
No additional actuator to counterbalance the arcuate motion is needed.
Size of the actuator can be controlled with amplifier. Entire systems forms
a monolithic structure and hence manufacturing 5 process is relatively
simple. 15 I claim 1. An apparatus for moving an object in nanometer
resolution in desired direction without any parasitic displacement with
pure translational and rotational movements, said apparatus comprises
inverted parallelograms to work as fixed 5 stage and moving stage,
flexural hinge carved at middle of the parallelograms to connect the
stages to transfer the motion precisely and controllably, a piezo actuator
to displace the moving stage, and amplification lever which comes out of
the actuator and goes till the center of the parallelogram length to connect
the actuator and the stages for amplifying the displacement derived from
the piezo 10 to predetermined displacement range. 2. The apparatus as
claimed in claim 1, wherein the apparatus is monolithic.
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3. The apparatus as claimed in claim 1, wherein the parallelogram used is
a four- bar-chain mechanism. 4. The apparatus as claimed in claim 1,
wherein the moving stage of the first 15 parallelogram act as a fixed
stage for the second parallelogram. 51 The apparatus as claimed in claim
1, wherein predetermined part of moving stage is cut into step for free

I cligvement and grounded for smooth surface. 6. The apparatus as claimed

L in c|§1ﬁqaymiﬁa}%ﬁ9&wa&a%m%ﬁd@&@%@ﬁéﬁéﬁ%ﬁ%%@%ﬁ%ﬂemﬂ
into apRBIAtUS2Qdradifie aNRREREISAS Glaimashie claimidyMaereid SteRatbnal
the actuator is controlled with the amplification lever. 8. The apparatus as
c|aimwwr&ﬁn81£%mm%e%%%ea%%emﬂ&é%%&fe Yorhas fixed
appaatesAs BleHMed i 6!aBx dra IR ERIRARR PiR 2RI &HWIBIANdSHRIEABI 08Pams to
crystal(s) in a housing. 10. A method for moving an object in nanometer

g ! . )
resofQiigRchthe SReFditR ik Tiths UnaHY b aFssit vidpacentaliplin a piezo

purextiRRgiatio aRi MEEHRNA BRYe MRAtanFAH NeSHaehvePMRIERESomes out
steps of; i. keeping the object over a moving stage of paraIIeI%a{ams, 30 ii.

defl&tthg HMBHRCaRO 8y EH IBmEracLRt Rt AR thEplagamdpgftconnect the

moviehstad eaditRCiu TR M pafAliel ogr amplatdhrmeniaref 6IMRe piezo
length by deflected amplification lever, and 16 iv. moving the actuated

paralfeRSgiaianed dhnlacPBMrBEI¥E 1. The method as claimed in claim

2. 11, whergipaiheipasaligipgmmsiunad svadrik-thakshatuRGhanshid 2.
The method as claimed in ¢claim 11, wherein the parallelograms are_ .

3 invertBf IBPEULR RGNS P Ald Reth B SIS BISHHBA M CRFFAT HSfh&ridour-
the mavingistagemahthe first parallelogram act as a fixed stage for the
secaond parallelogram. 14. The method as claimed in claim 11, Whergir}l

the first

4 the dMpIfRRAES eSOt B e "aEtbEiol aRdg6HS HF tH Ul e
parapglggrigraenghas a fixed stage for the second parallelogram.

5. The apparatus as claimed in claim 1, wherein predetermined part of moving
stage is cut into step for free movement and grounded for smooth surface.

6. The apparatus as claimed in claim 1, wherein the actuator is fabricated
separately and assembled into apparatus.

7. The apparatus as claimed in claim 1, wherein size of the actuator is controlled

with the amplification lever.

8. The apparatus as claimed in claim 1, wherein the piezo actuator acts like a
motor.
9. The apparatus as claimed in claim 1, wherein the piezo actuator is piezo

crystal(s) in a housing.

10. A method for moving an object in nanometer resolution in desired direction
without any parasitic displacement with pure translational and rotational
movements, said method comprises steps of;

i.  keeping the object over a moving stage of parallelograms,
ii.  deflecting amplification lever using actuator for displacement of the
moving stage,
iii.  actuating both parallelograms at the center of column length by

deflected amplification lever, and
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10 15. The method as claimed in claim 11, wherein the apparatus does
not require any feed back control systems. 16. The method as claimed in
claim 11, wherein the apparatus does not require additional actuators to
counterbalance arcuate motion. 17. Tt method as claimed in claim 10,
wherein the amplification lever amplifies 15 the displacement of the

moviny stagetingrdgaeHirhaaHgle ciamninr s distifacturing an

11 2PParRiUsdAoMaYingiaR @hieahimh NANWASISH IRSPMUABIIEABNEE is a four-
direction without any parasitic displacement with pure translational and

rotaff8FaNABVRTRRHE S aid method comprises; i. Connecting fixed stage

12 and MmRviRgIsiage efinvelteddparalialognamsbinc2hmeansailaxddverted to
hinge carved at middle of the parallelograms, ii. Connecting an actuator

and $RENRHFES by means of an amplification lever which comes out of the

13 actuatey asheaestidlihacemesiafine 1 paRERIROMEA AeRGH foragenpliffedfirst

the displacement derived_from the ﬁ}i{ezo to predetermined displacement

rangealiElogsam e Ating Lsiec e oy R fleeFRallelograms
140 tramsfendhR dneticnipieriseMArd conietiailytie QipiidiecoRRAratHSef the

actuator and goes till the center of the parallelogram length.

15. The method as claimed in claim 11, wherein the apparatus does not require any
feed back control systems.

16. The method as claimed in claim 11, wherein the apparatus does not require
additional actuators to counterbalance arcuate motion.

17.  The method as claimed in claim 10, wherein the amplification lever amplifies
the displacement of the moving stage to predetermined range.

18. A method of manufacturing an apparatus for moving an object in nanometer
resolution in desired direction without any parasitic displacement with pure
translational and rotational movements, said method comprises;

i.  Connecting fixed stage and moving stage of inverted parallelograms by
means of flexural hinge carved at middle of the parallelograms ,

ii.  Connecting an actuator and the stages by means of an amplification
lever which comes out of the actuator and goes till the center of the
parallelogram length for amplifying the displacement derived from the
piezo to predetermined displacement range, and

iii.  Combining a mechanical stage with the parallelograms to transfer the

motion precisely and controllably to obtain the apparatus.



