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sem conduct or processi ng devices and, nore
particularly, to a systemfor dynamcally aligning a
wafer in Z-, tip-, tilt-, and yaw (theta) axes
relative to a wafer processing device. Background
I nformati on [0002] There are various prior Z Tip Tilt
("ZTT") devices for adjusting the height and
parallelismof a sem conductor wafer in a
sem conduct or processi ng nmachi ne. ZTT devi ces
typically control positioning of Z-axis displacenent,
rotation about an X-axis, and rotation about a Y-axis
whil e the sem conductor wafer is noving in the XY
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such as an OBPECHVEN'INSRECTIORYSNPPRALESHINGlevi ce
dynam cal |y conpensates for nonfl atness of the wafer

and shoul d be stiff to provide high bandw dth
posi ti onieghnicaldiadl Typi cal ZTT devices are nounted on
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device shoul d al so accurate within a

ang¥awntiheiay axps rejative ta a waferprocassing demigehave a
sensitive and repeatable driving system Mreover, ZTT
devi ces shoul d prevent contact between the wafer and

t he proclﬁaskqngumdlhﬂtf@mat&hpul d not generate parti cles
d contam _nate the wafer, and shoul d

(008 §.°e w HENAHBNE Prior 2 R4 (ZhaNeloviaasdes srivgting the
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pos tioning 1nteg
maslmpar itTeT de\ﬂham)typgnaﬂy contrpimhjltdnrﬂng sfiZhaxds displacement, rotation

[ | -
b ok Engd Tt RR DBt & adiie I IggBE SEBRRRRuGer wafer is
moﬁﬁ@ﬁﬁ’ﬂﬁ‘é‘x\l‘f" dfrBcfiorn L?iﬂiéryo\ é@rﬁk!:bh str E?cfdés%ﬁ:qgrﬁ?ﬁﬁhghsuch as an

profile, high-mass mechani sns.

optizahinspeetian systemi IﬁhmZETtdememg/nanhmlkyaxmp@mm@s for non-
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i nspecti on/ processi ng el ements (typicall
showld be suffisiantly ligptweiait ardseempeagt tarmaintain éfa@dsnam@ pérfkmance

of thd XPR'std ! h& 273 BN Q8vice should also be accurate within a few

nanometers, be geometrically stable, and have a sensitive and repeatable driving

system. Moreover, ZTT devices should prevent contact between the wafer and the
processing system, should not generate particles that could contaminate the wafer,
and should be sufficiently reliable to maintain wafer processing throughput.

[0004] A conventional approach for providing ZTT positioning integrates two
or more separate technologies or products, such as mechanically splitting the Z-axis
(vertical) positioning and the tip and tilt positioning, an approach which typically
results in very large, high profile, high-mass mechanisms. When splitting the Z-axis
and tip/tilt positioning, the most common approach maintains a fixed wafer Z-axis
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because the vertical translation stage is typically

| ocated directly above the wafer. Al so, because the
woreawsooness of the Z-axis translation stage (BemuUsive4/022682

el enents it carries) is greater than that of a wafer
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wrtrpfh@é blér-wafet configetatiohr ect |y measure the tip and tilt
les. Alternatively, this cradle aggroac

[0006] t her SeNgsrlkepnventional Appsoaghes s rP@VQ'%¥P@@9ttEfd
t
cos A 8E e A ud B Bthe SO arpage. o
exasislg estatmhg)twelgdmmmatrrhmradlerstagesmmlg eothcidant r(biyatrana| axes
mechani c*t"gctu ator or, |linear not.,0

proviges iR rqretrcm Bt DL BOiSH lopRieEl AGhE et Surface. This
approEes Br(ﬁfkdésc@lat I%r%éfr&‘é[ﬁdt’rm%sﬁﬂdﬁhg’ﬁuﬁgll@é BUPISpRoblenatic

provi axi s rm these approaches are
becameelrlyempldys anechasnical beatiogaand evive sgraveh | hasdy highi rofile, and

co el B R DG SANR OERcpproon

mag pa! feMﬁeF ESUPIE@ 1B FhaKis Sy <ithiaY Ry albY |6RREADBNEBE XOY stage
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motordh éfhgle drive screw with a vertical guide way, or three or four small vertical

drive screws that turn synchronously to provide Z-axis movement. All these
approaches are overly tall and massive to achieve suitable dynamic performance in
high throughput applications.

[0007] Another conventional tip and tilt positioner approach employs flexure
mechanisms driven by mechanical or piezo-electric actuators connected to a support
plate that rests on a pivot point defining the center of tip and tilt rotation. In this
approach, two identical flexures spaced apart by 90 degrees and at a same radius
from the pivot point, provide rotation about one axis and translation along another

axis. The combination of rotation and translation creates the tip and tilt positioning.
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fromthe pivot point, provide rotation about one axis
and transl ation al ong anot her axis. The conbi nati on of

WO ea0aimro and translation creates the tip and PCT/US2004/022682
posi tioni ng. However, the flexures nust be conpli ant
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[0011] A common conventional theta positioner employs a mechanical rotary
stage mounted to the X-Y positioning carriage. Such a rotary stage includes a
rotating carriage supported by a worm-gear driven radial bearing set. Alternatively, a
direct-drive torque motor may drive the stage. However, the mass, height, and
inherent mechanical properties of the bearing stage compromise the X-Y stage
performance. Moreover, achieving a desired zero-dither performance for the theta
stage requires adding a brake or locking mechanism to the stage, which further

increases the mass and complexity of the positioner.



direct-drive torque notor may drive the stage.
However, the mass, height, and inherent nechani cal
w@e@pmLiues of the bearing stage conprom se thePCXUY2004/022682
stage perfornmance. Mreover, achieving a desired
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movement of the parallel stages, the dynamic response of the X-Y stage is reduced

by the flexure compliance.

Summary of the Invention

[0014] An object of the invention is, therefore, to provide a wafer positioning
stage that provides Z-axis, tip, and tilt positioning in a single mechanism that is
integrated with the X-Y carriage without compromising the dynamic performance of
the X-Y stage or related system elements.
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configuration, but because flexures are needed to
accommodate the differential novenent of the parall el

wWQr@ges94d he dynami c response of the X-Y st agePCBHUS2004/022682
reduced by the flexure conpliance. Summary of the
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cerftene and dynamic theta positioning with fine
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t hroughput, and angular rotation through the X-Y
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corhpérdate fer théhmodng ndws Pogtiionifegtbask is prdvidezsiy honicoatacting
X and Y directions, and high danping to avoid

linegr gngedleNs. cwp&ﬁd ta e\@crgy@c%ﬁplémg @,rys heymators and encoders are
RO CARLREY SRl SR 1 oS ORI RBR O cisk o

prowsiemlghlséadltm&y andacoumaayil ng |linear encoders coupl ed

h tor.. t d
100421 i 1'y i AT aengpIe BlstelclupSe fPulGole daginates Betec pmapper
plaﬁa‘ FHFHh&d %ﬁ?a@%ylbtfﬁ 4?“3‘?11&& c&%g%mc?@m SPRE 'lﬁtbi'fé&é/to the X-

accuracy ZTT flexi I ncl
Y staget dependsoon thet appligatior.sout Toalduipplderd tteda lstag‘eofpnedgular

ff ial .. Th
alighieits 2 e Fdebaiond e Bafire Sn TR b pos R P further
mcllﬂkzllbs Gl s¥athle Havd fmits it @tréveiﬁ 2BRtcP befitf fle \Rhicd BNE ke

ft pin nmechanism and a wafer chuck. The ZTT
progessing exetent.urt her incl udes adjustable hard linits to

ooE <1 FR A SRRLVE ARl A0 RS a8 GRRR o

find ékl.i Jasﬁmﬁrﬁapeblﬁw peddurateptrave] dende, ﬂﬁglﬁ%]andwmhtmechanlcal
capability, noderate travel range, high-bandw dth
resa@@%me@g@angular dither at the desired position, Regligible influence on the X-Y
stage throughput, and angular rotation through the center of the X-Y stage. The
theta positioner is preferably integrated with the ZTT positioner.
[0019] The fine theta positioner employs an air bearing rotary stage with a
centered pivot point to allow rotation through a few degrees. The air bearing rides
on air pressure that is preloaded with a vacuum. After fine theta alignment, the
pressure is shut off, thereby vacuum clamping the fine theta mechanism to a
reference surface. The clamping provides a very stiff mechanism having minimum
size and mass. The air bearing employs three air pads with an integrated interface
for mounting the wafer chuck. The fine theta driving system employs a non-

contacting voice coil motor. The angular feedback is provided by a non-contacting,



response, zero angul ar dither at the desired position,

negligible influence on the X-Y stage throughput, and
war@adloao40 ot at i on t hrough the center of the X-PMCHUSHE4/022682

The theta positioner is preferably integrated with the
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bearing rotary stage wth a centered
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with $sferendd'® lfhleeé&'cﬁ Alvingy.i ented to focus

rotation about the pi vo poi nt, thereby avoi di ng
parasitic X-Y displacenents duri ng angul ar rotation.

The thre Xi bl% mec_ir nisns, each have a small size,
but are gﬁﬁﬁﬁ@ac—ﬁ_&ﬁ-gﬁ%@—%m di stance fromthe
[00@ !ot pOF L 1ti@ a&ﬁ@t’é’nﬂﬁsﬂé ¢lbvaX¥n A bha YR dhiBAdiment of a

several kilograns. The dynami c theta
ZTBSdbeta mmmoner of tis irventianl y frictionl ess and is clean

0GR, 17 & PlrkadS aouglE: RRREF ki BEnBS TG Bostoner

of Figt dighedinte Arjor TP positionerctempeseretgbodi nent s, whi ch
proceeds wth reference to the accorrpany| ng dra

[0024] ef DeEigr Byt BriseMetrisericiosal Yigy qfeobeyibleidisk qomgoRent of the

t f f d
2T nEON SUBUBYARIE Loat U1 oner of “this
[0025Fent i OFug KA9 28] explaieddsometit pisidriadieidw eiffexiisle @ilsk ceramic

ictorial view of the ZTT-theta positioner
plagerm'qegc mgforzand faean enpaser seasosmanent @egﬂme 4%[ frpositioner.

[0 02% agnleﬁtpfégt BACarB‘ 58 OFd AlspchYe Shiafgdd ROMYtRc Shalside sectional
wews depicting in greater detail adjustable hard Z limit components of the ZTT voice
coil motor components shown in Fig. 4.

[0027] Fig. 6 is an exploded isometric pictorial view of fine theta positioning
components shown in Fig. 1.

[0028] Fig. 7 is an exploded isometric pictorial view of dynamic theta

positioning components of this invention.

Detailed Description of Preferred Embodiments

[0029] Figs. 1 and 2 show respective side elevation and exploded views of a

preferred embodiment of a ZTT-Theta positioner 10, which is assembled between
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ZTT-theta positioner shown in Fig. 2. [0025] Fig. 4 is
an expl oded isonetric pictorial view of flexible disk,

W@ e0oanmi4pl ate, voice coil notor, and |inear ePCDUS2004/022682
scal e conponents of the ZTT-positioner. [0026] Figs.

tre3Bp R 4r RV LBob VAR IR OB HABPTRLENfio B 1A% v stage
12 haowebsZn [X-reind Y-axjsodisgutionsfrelatiee #7a flabserdacoil 6, stdhoas a granite

0 ts shown in Fig. 4. 027] Fiqg. [ n
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I S an exploded | sonetric pictorial view of dynam ¢
thet Xraixis, tith¢pitch) rohogk d 4 rabmué thes Y eefxig, fainsl rotate fyawhchuck 14 about the

o G PR T o e S ol
Y,zanJ||0ﬁﬁ@h,\ér@A§av@airéctMr@,f.err_ed enbodi ment of a
ZTT-Theta positioner 10, which is assenbl ed betweent he

[0039p of adTk-Theta pgsitionentis & ovrerefdenagsemblyeeaupying only about

o5 D RR A s b F O BT PL Bkt B R 1. v

stage A it @l&dtaballyZbhnEbRidtorpsdritraiiee (ndtGhosvryyrd fieikible cable 20.
per surface 18 of X-Y stage 12 and acts to

Thé sofile yeduies angwa tormuePy keeping e m#ssas: ipyras pegsible and
lim iha'thé a@%ﬁﬁ oﬁ’otgﬁé’ﬁgl hd@gX-axis, tilt (pitch) chuck
4¥apou e Y-

axl s, And "Fot at e (yaw) chuck 14 about
[008H} Z- axFig. 3Ahowsd figkiple diski2R tHdt aotsles gogpddeway el T-Theta

of controll ed novenent .i the X, Y, , roll, itch, . .
postipig ol By pliswingrZaxBstsgacamentararicii abf it salitions While having
. . 1 g e 0 i . a . . f.
i A 2 B85 Tt S QU rstlon byt
preférabbndivided ditolthreeXirgdssanjers12 that #lchudas apdriggs 25 and static

copnect e a ntroller (not s a flexjble .
mogig bots 28 eNddfftst Bovebieisttnus Lot R4S mopatle Bunting
poikREF0. NMIURBNGROMIS 26! MY T aROSRI&raBIy2dIPat thBidam rddidl distance

amount of rotational inertia. [0031] Fig. 3 shows a |
froml thgirptatiodakterter eftflexibie disksd2.aOgen arerpreferalpydtiangular

with i &gty eBLGR e e ARUCE FRTERuAA fifre of

secfo@24 and 28X i Bquaipithgtthe lexdid grovidess sdrhednhbient@f shspfacement
is preferably divided into three fixed sectgrs 24 that

relatiye) tadbe ragidhiah e peintsef altaghment. Static mounting points 26 are also

formed in mounting interface members 31, which are in the form of annular
segments (Fig. 4) and are fitted on the top and bottom sides of static mounting
regions 26 of fixed sectors 24 to secure them either directly or indirectly to upper
surface 18 of X-Y stage 12. Slits 32 extending radially from the center to points near
the periphery of flexible disk 22 intersect the shorter side boundaries of mounting
interface members 31. Slits 32 define boundary lines between and permit relative
movement in three axes (Z, roll, and pitch directions) of adjacent fixed sectors 24
and movable sectors 28. Mounting interface members 33 in the form of annular
segments (Fig. 4) radially extending from a common hub include apertures 34 that
are axially aligned with movable mounting points 30. Fasteners (not shown)



nmounting points 26 and three novable sectors 28 that

have novabl e nounting points 30. Munting points 26
war@sBoar e preferably all at the sane radi al POCBHUSI00€022682

fromthe rotational center of fl eX| bI e disk 22.

oA 50 BB AR Bl B Lo 2030t movavie

sec@ﬂyeblté %nfd;@@ﬂrpmteess(mmasammmt §8ppcﬁtmelhwdq ™y the
| exure provides a sane anount of t?l spl.acenen

[00325| ativ np@rplﬁge 38dB [pEe gfattly]g)rmﬁ %moﬁrl|l%t1t%hw‘_§r&SIC) ceramic
matghsltljpcpr% Hahs eré’éﬁj%ﬁ@w mﬁt‘ﬁ‘frﬂi 8, 8hd v HSFRTAI BRpARSIBA] %ctors 24

acerre are in the formof annul ar
andsEoFEiE:blé [disk 22 preaoptimizedfin tsimdamhpoﬂhom tp pmvwdeaetmgim

S B KRR e B T RO
mulHi%QSquGétFQ&&.% ti\ﬁt %fccfﬁaoﬁoe&%e]v%ral%lhtsieé’l?dlﬁxb%rhﬁ’émg bonded

om the center to points near the periphery
togethef W&hldmlublealmdbd 2ape o provistet a high daopingrfasiadéo avoid vibration

anclBiRaG b Bt AR A AT B 8 RIS e brosbby o Hovide
su1t§?l\éezf%5&fs dlé‘plbbérﬁén@(ig?subgtantlgw lowastdhan trhfolce ﬁétjwmiab/lth a

acent fixed sectors 24 and novabl e sectors

single tﬂmck digki rAlthougbdlexiie disk Zeshamatrﬁ@tlv@w@\afdl%mmﬁraent range, it

B Ly T

borkiBVaRleSsuritat] Moreovet, $leRBle fisk22risvery clean and operates without
shown) ext endi ng through apertures 24 and novabl e

lubriggfion; nlg poi nts 30 secure novabl e sectors 26 to an
er
[00?3832] P f-gé gﬁ?\&g agggT I%gl@i'ég s&é’g&gﬁmatﬁige?%tg? ?oﬁﬁq‘é‘é‘ﬁp’p@r plate 35
to X6 Stégdﬂh 1Qs’ﬁﬂmt@k?fl\( i1 Systert a}mplnysﬁnualtlplal extengiblewndehanisms,
Mmass [ Sti I
prefesaelytirepaasriIcobTHIOw BN Bk TESere S gedrredyerl
mo?&‘\’é@ P OEIgE! BNahd rertSNbcﬂ% SB e Erébﬁééﬁ%ﬁﬁ) uppdriisiate 35.

and théta directlons. | exi bl e di sk

Thepeds ao@ohtach between aymremgnetacaamm rieder ¢Q«1ls&ﬁmg§t&ﬂn9 ina
of several thin

i v gBNgGoTIes S hiRD 16 BRHTEPRT RIEgh SHATBI Ko Slage 12 AS
mdfgaFegﬂh fﬁ @Wﬂbfér%éﬁrﬂété 88 aMAtbitRcouS 3Brpas§mrdng%etﬁangular

tive force necessary to provi de

shapedtcatidet rzgmmséOdlhsfMXdﬂ@ disht22 ard mﬁi@t%t:%tapywﬁbﬁeﬁe"ablhty
o BRGNS Ao g e B hser ot
suffitisRiARege i a‘l?cim @entddt whenuthe tipraaid mbhﬁglbecaﬁelae atrhaximum. The
IS no stress in the steel and the do bles FI |p
mOblOGdE%%uSg@r@Qﬁ?ﬁS@é‘é%forl‘h%ngﬁI4@x Bt @"ed‘°§ﬁ eéfza ound and pass
throlih citb GRS AP R8s Yidk'28'to motor coils 38 provide force against

X-Y stage 12. Because flexible disk 22 does not generate significant force over its

five mm travel range, coil springs 42 efficiently reduce the electrical current required
by motor coils 38, thereby reducing temperature rise and increasing the thermal
stability of the ZTT mounting interfaces.

[0034] ZTT-Theta positioner 10 provides a £2 mm Z-axis travel range with

70 nm repeatability and a 5 ym step and settle time of 40 msec. ZTT-Theta

positioner 10 also provides +0.5 mdegree tip and tilt rotational ranges with 2 pradian

8



| ubrication. [0033] Fig. 4 shows a ZTT driving system
t hat novably coupl es upper plate 35 to X-Y stage 12.
wab@satioo ng system enpl oys nmul ti pl e ext ensi bl BCT/US2004/022682
mechani snms, preferably three voice coil notors
repiéé%biﬁ’t‘gn %If@?ﬁé’ﬁvé’&a%ﬁslﬁé nﬁé@{anﬁrﬁs frichesh sﬁEH%ﬁr@ﬂeq’iﬁear
e 12 and notor coils 38 that are aitached
malpise(of mhalrevcsee cotheradorissara ®f opattypee) art m@éﬂelmtr@rmechamsms

%ets B%qand nmotor coils 38, resulting in a direct
may B8 EMlY%Yement bet ween the noving upper plate 35
[0085] X-Y ZTFgsysition é&1§|ﬁgiiscmbﬂdeumyﬁhaee HhedfWpital encoders, each

magnets 36 and notor coils 38 pass through triangul ar

of whwbedclude@@n apdigabsensen head Mdeandha dngarsscale 48 Higndlg, optical

sy R4 fecobbies! g & mato SRR o F7H1p68 12, anc

lingatfdoatd o6 bye hdugted adjaventctooil tspeihgeleror bepér pla@®b. Linear
tilt angles are at a maxi num  The npvi nﬂ mass i s

scalgabrivveclarge ranoeef angiian tplprange thasellaws aceuied
b
RSP B NN 0y 08l ) Bl e 2

positiage af sufficieatly evelll lkevownl t© pi'osllde%ZZMtramlatj@m ezsiution of
nificant force over its five nmtravel range, coil
20:&5‘% ngs 42 efficiently reduce the electrical current
[Odﬁﬁ’g' redThy tﬁr%te%oﬁﬁ'c]oﬁs 38 ’anﬁhﬁfe%ﬁlécélég g opnted i in height-
erature rise and increasing t her ma sta
reohfcmgweczﬁesrﬁumedng upplee piade 85. Nleaic)ingrts rnltheaecesses provide

. ioner axis .travel ran W t h
nigR OSSR T5B S Poana TRo P L e AR S P ) P eAcsprate and
flatbbdiRe of £1d céRhie rRARHEI Sroeesdds @kﬁlﬁwg%mérctﬂéteo\%!ﬁ Upper plate
ndegree tip and tilt rotational ranges wth
35 aurdheranelugea the necessanaintenface fov srguntisgtamair bearlng rotary stage

ana%-cl Eﬁ?{) dpng%ﬁ%ﬁ%rHq{)fxg@gfeg?é\ieélﬁgfo%kﬁ‘gj%nﬁféngﬁb%ﬁal(tl%ta alignment

mdbh@ﬁ@ﬂis&mbt afe dBSHVRIdSNEN reEf¥rdheeaoTHigy, &8, [Wblal&”BS also
EOSI ion sensing is provided by three |inear optical

qitionabiterfagesfar meuntiag @awn&ﬁlaapwmapn@@hsmcessaw for
paﬁféﬁ%r 4&}{‘3(‘ ro%g'ié%%? Zhrrr%ﬁﬁt Ee‘i‘graéé: hﬁrr?é% XD‘P)%tr‘rﬁ@llnted Qnupper

SENSOr
plat® 3610 ¥cdomagiatd Hnteﬁemmeteebasectxpéspoéﬁmarr@ nmeasm Ments

dj t _t il i 42 |ate 35. Li
[00373] o5 4Bi0%av8 and &3 sEON5eceveRomellic and Bidg astipRghviews of
a Z’J‘bklg‘i‘ﬁo@é?ﬁ%ﬁtaé u%aglesﬁ’éraqmﬁ\"ec%@%e t@(?;"r%ggﬁ%}?ﬂ%ﬂtléﬁe ZTT-Theta

and t es are naxi nmum
posmoner 10 preferably employs three hard limit mechanisms 50, each of which is

integrated with the supports for motor magnets 36 and motor coils 38. A static fork
52 is mounted on a motor coil support 54, and a moving fork 56 is mounted on a
motor magnet support 58, which is attached to upper surface 18 of X-Y stage 12.
The guideway of moving fork 56 is a pneumatic jack 60 that includes a clamping
capability. A spring 62 preloads moving fork 56 to provide Z-axis downward
displacement bias. Motor magnets 36 and motor coils 38 provide the driving motive
force for adjusting the position of moving fork 56.

[0038] During the adjustment process, moving fork 56 is unclamped and

driven upward by pneumatic jack 60 against the urging of spring 62. Meanwhile, the

9



positions are sufficiently well known to provide a

Z-axis translation resolution of 20 nm [0036] The
W booso1oywd or coils 38 and |inear scal es 46 ar ePODURL004022682

i n hei ghtreduci ng recesses fornmed in upper plate 35.
ZTYeEGHtdIler htRBG rfiotoR cbil38 2HEASR LMY 85 10 the commanded

stiffness nmounting surfaces. e unti ng surfaces are
uppks bardelimit catovhiel @oaitidnfrhaving éarke 6 are ddrapeé bgrprneumatic jack

[ f, ' I 35. | I
SO et B B0 o bR e R 21 mor
col® BB anadtsPas AiclateE AR b adsdafd a6y A&:béﬂﬁng’ig,dz-%xl(f éi&;el!%'c@n}ent can be
mechani sm for wafer |eveling on chuck” 14 and optiona
vephelpse 0 thenuppar hasd himil. srtard: |inait mechadissts 50 ede equally spaced

t ] - 8. te 3 | so i.ncl.ydes . .
anbft i enkRe bt 21 TMels erSRRbe RIS afip aBefeR of fich B 3uffcienty
closerpane Wafen@iarRtar th dvoid Pandd 6fes intHeSpreBERESSFAS and tilt

Finally, reference mrrors may be nounted on upper
anglest e 35 to accomodate interferoneter-based X-Y )
i tioni j n show
0P et a0 - TR ARERE 10/ RUoBa | Ees Frlh SR IR theta
poditiaresmeankanients. adj ust abl e hard |imt mechani sm 50 of

GRek : - o ’ |
A R R RV -
Tek B AT AR ARLEPRTSH S RE VTR LOEo FRRESS 3 Averl i
steebtisks @né bondeg todetbdr, witindoablessided tdpe fo frovide arhight danping

i BB AR o RE Sk S, S8 b ins e

effiEiant a8 chH@plingdif the 7228 @i8Bfidie | ack 60 that includes a
anpi ng_capability. A spring 62 prel oads noving fork

C
[008d]t o pr blexidde Riskd Binchutesdheedarss 33 endnallbargulatpspaced

i ' he dri, .
an BB R8s o TRe i nenl BECER A B PhE\ iy Repels
froffits p&YFEry Prsdsngizbh Qiradi fofh HRMNbir PEATRS fogidPiorTacticlss
56 is undanped and driven upward by Eneunatlc ack 60

moygEnens of aifdadr it agoss aseferagee® surfaea Adiemkeddederpper plate 35.

. j | I L G..
Wi et STRES 70 v 7t DRSS 3Bl v
pregsard bias thaMs Isﬂglﬁtgl less Htarpthe sil prazedrdyrediing ¢ bif Hedfing.

60. The ulpper hard Iinmt positioning is very precise .
Whesndhesdr presauis isyaterrvptach il va@um piessaie dopynates and clamps air

i . I _ e . .

paq 715 8fdhdd S oy JORE M 1 Qo et e ot
positioning argled Therair beadhgs iatemscdifirilbute te dmprdvedsedigisitity, and the

high damping factor of flexible disk 72 avoids vibrations, reduces parasitic forces on

air pads 74, and improves fine theta positioning bandwidth.

[0042] A ball bearing 78 fitted into a pedestal mounted on upper plate 35 rides
in a centered pivot point 80 fitted in a hub 81 of flexible disk 72 that defines the
center of theta rotation. The three air pads 74 are affixed and thereby linked to ball
bearing 78 by flexible disk 72. Alternatively, air pads 74 may include ports for both
the pressurized air and vacuum pressure, or some combination of permanent-
magnets, electro-magnets, and springs may provide suitable attracting and/or

repulsing forces.
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about the periphery of ZTT- Theta positioner 10, the

di anmeter of which is sufficiently close to the wafer
walec@swimro t o avoid Z-axis offsets in the presePCBUST004/022682

tip and tilt angles. [0039] ZTT- Theta positioner 10

[00‘1@1 Ihgﬂ f"sme ¥i g 6&%?56’5 virlbe%)%g%g \}b‘?(%é‘cé’ipﬁ'lottérqﬂﬁf includes a

mommllaﬁlthat @atd:échehh wtbmmlrctﬂome ¢fraa1t padmm ded aamotor magnet 84

thet heatiaceddioY a6 Teviim AT S6REI PRVLRE ok MOtor coll 52

proﬁﬁé%esgjfﬁﬁgﬂtﬁf%ug‘fg? lﬂw%ﬁhﬁ%‘l EroW @%Qi%f&% doft rﬁbt%\" Fhedoice coil

anpi ng exl bl e 72 provid
moddri rfrbweles non- ¢drE|eaot|nnglraamUri\keebaweeneam pads?ﬁaad X-Y stage 12.

Refigtilif i o ased By Mikingatoe S bEeRpab T oll 2, il Mbtor magnet
84 %Uﬁiéié?ﬁl}ﬂar@@%@/oﬁpééﬁtal%ﬁmﬂé’r@tl@ﬁﬁ@&ﬁata Ehsleeiﬁdnébflrrﬁ?ﬁd‘

arminclfudés an air pad 74, which expels fromits

[0044] i pher |§m§rtb§m¢sfmn teiedbagk fsoprmvmdaby a petary agcoder that

k885 b8ed BT 63T REGIER o iRt AR 35 hcer sl

88 W4thé mausited engRasd bf 86€ of Giripads MacThandiantencbdehprovides
provi des an offsetting vacuum pressure bias that is

diregtiagigulay infesmation of theeflrsﬁ thefa anglgr Enqosler segletdizemploys a
ReR%ﬂEW%co%?gué&g% S SRS é.,rﬁdfa%edi‘r pa&@%g@%ss +3

vacaum pressur anps - al
degreterof rotations f ace 76, thereby locking in the currently

(0048 | ngsFinedbeiome AT O oA Gncnduar damping canapilty
Dubﬁ@ an pgﬁr%ﬂﬂﬁ At ftﬁétaﬁrbééfrlnpl|§?Pé§s‘€ln§é§‘én&%hé‘r‘é%dﬁ\erefore no

rons, ~reduces parasit orces on air pads 74,
friction to ippedes sensitivehataurpiesingubar displaaententt Whenoibe2arget

angiipEPosigh s BRchedcbeiat predseds it BvalopBs die datlum to clamp
alrIp'aHEWf tbrfe%rBHéé 8ikrfaded TEXTRE B 1gﬂ'l ;§|k3|cYa?d sk virliuRESNsures a stiff

he center of theta rotation. hree air pads 74
ancstabig thete@nglajredatyedb%-m siRgel 120 Ehuarlng ¢Jaenping the cpptroller

serhipamis oL Sros SRR eorf el fiREN: Aol At lgming,
theP3e198 W lsQipefi\@G&o%f’f’ﬁhé’t@tdu@l@n@ﬂowﬂhfm[?ﬁnhmlmil%2 thereby
el ectro-magnets, and sprin ovi de suitable

elrratntatlaghaagganqva@pnrtggusuraq efraa b{"t)@43] The fine
[00}4%@t a dr Eébl’?%f SN PR AR HAYP iR IR F iR mBBhfifg It&face 90

| udes
composed of a cone and a ball that decouple theta stresses from chuck 14. Chuck

14 is rigidly affixed to air pads 74 by screws.

[0047] Fig. 7 shows a dynamic theta positioner 100 of this invention that
includes three static bases 102 mounted at 120-degree intervals on a reference
surface, such as X-Y stage 12. Dynamic theta positioner 100 further includes three
movable bases 104 that are interconnected to static bases 102 by flexures 106.
Flexures 106 provide decoupling between static and movable bases 102 and 104,
which are linked together by piezo actuators 108. Movable bases 104 are coupled to
static points 26 of flexible disk 22 (Fig. 3). When optionally installed, dynamic theta
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notor coil 82 that is attached outboard of one of air

pads 74 and a notor magnet 84 that is attached to X-Y
web@ge1@2 The maxi mum radial position of notoPCTUB1008@22682

provides sufficient torque for the small, |ow nmass

po¥fibR&r 60 terltRdre ﬁgng@%s‘é‘i’){ SRd ?r?érbfdretr@bla@égmdé’ﬁ%blaencgsk

non-cont acti ng I've between
mountingtinigefate 31%ovablnl Figy4i s i ncreased by nmking the

b 82 d t,.84
1@l i e R PTEaRion o 56 SeaotREBF RS itband movable bases
108 g | cﬁréc@edTPe?ﬂléﬂth@d/arcﬂ 8Qémhlerbl fﬂﬁvdt i 1F3IQ)Sth§at ﬁfbwdes

f eedback is grow a rotary encoder that includes
aceuwratpthetarotation wtheat Xh\épawltmﬂnapledemﬁnt( Fexurepe1Q@are

onfiieeBloltEeRS gt ihesS i} B elBRR HE PaRirer peyeen
adpieent afied of mtermreeomnaé ot iRterEdmfecté@ baatiat@ses 162CaftPMmovable
scal e 88 eaglgo ys a Reni shaw encoder supporting | ess

basem 04 iave suifigientliisarge to esevide high sliffness i thregraxdss tipg and tilt
dlré&f Oﬂ\ g&e%r?% gfsﬂggb{r‘ﬁ{eaa ﬁ’% rbll'éao ) for%fe@?%xt?@nﬁgﬁffunctlons

ang u g angul ar~a

sud:Hnas ﬂTT lﬁaertha;tg aad @heﬁﬁbhaklﬁdpmnﬂebﬂim‘ﬂanl 14 for assisting wafer
therefore friction to inpede a sen3|t|v§meaccurate

loagingl PR EniEk pfa bk BIRMEGbRNTG 4 ifesieteaith ire iatamosfioner 70
iy SR PRAhae el Ll 3840 Sy il L1 S frcy
thrdtgh holgls 1h8einaziliclf14t (frig.\2)c Wiftrpipnmackesanismst 14 proavidks vacuum

sugp§ e 10 ST A FrEp! H8YS/dor tahylit Sapaa Ky moving wafers o

an&how Bhidck MCNI Qitl‘i‘ertlﬁfe‘@ﬁéteﬁ'fhﬂ&mtar@'?ﬁb@nte&féb%ﬂ/e dynamic theta
cl anping, the servo I oop is opened to elimnate

pos;ltmm@“n‘tOG tcmmsuﬂe oueperrdhinamic theta glignmest.eby

t { L h
oG85 1+ bR R RLTRE b B CoBREMS: Biselient i Soryepnd and
rev@rﬁldﬁéctlmimﬁhélﬁ HyBteresiaC Pigkd seHBRsTsd Oefln@uéé’ l’\ﬂe%h ed position
bal | that decouple theta stresses from chuck

sensprs 40 proyiide goelratecdigplaserentpwitbogtariland hwsxt@reqmow]

o,/ AR RPN 4955 Bt

meaisuficd0wvfe aigninehtdvidng Xyrdisplaeément) o8 beyirbaided tguam
Dynam ¢ theta positioner 100 furt

X-Y stage 12. he
inteHRromeder hawiag r@f@(ﬁmeemw%%gnme@ Rlesedp ghuck 14 or 6 wafer. In
oithSH&HeFRARRE Ufamit Fled pEsifidvérs1 0 grodies! FRan&e rdf2fion of the

wafer to within 0.5 pradian across an angular travel of £10 pradians.

[0051] Referring again to Fig. 2, shown are the spatial relationships among
various components of the ZTT positioner, fine theta positioner 70, and dynamic
theta positioner 100 of this invention.

[0052] Skilled workers will recognize that portions of this invention may be
implemented differently from the implementations described above for preferred
embodiments.

[0053] It will be obvious to those having skill in the art that many changes may
be made to the details of the above-described embodiments without departing from
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Fl exures 106 provi de decoupling between static and

novabl e bases 102 and 104, which are |inked together
whyoosioewao act uat ors 108. Movabl e bases 104 ar ePCDURL084022682

to static points 26 of flexible disk 22 (Fig. 3). Wen
theahd&ahd Priheipledl drafe nﬂbérhﬁah c m@egc%ge%ftth@ '?r%f]en%f%ﬂ should,

renders unnecessary and therefore replaces
thqrﬁ@fem%dgt%WIH%levmthﬁtf@lq\lﬂngclﬁlmshom in Fig. 4.
[0048] The orientation of the decoupling between
static and novabl e bases 102 and 104 is directed
radially toward a centered pivot point 110 that
provi des accurate theta rotation without X-Y parasitic
di spl acenent. Flexures 106 are optimzed to ensure
high stiffness in the X-Y directions. The spaci ngs
bet ween adj acent ones of the three pairs of
i nterconnected static bases 102 and novabl e bases 104
are sufficiently large to provide high stiffness in
the Z-axis, tip, and tilt directions. The spacings
al so provide a free area 112 for integrating other
functions, such as ZTT, fine theta, and an optiona
[ift pin mechanism 114 for assisting wafer |oading on
chuck 14. Lift pin mechanism 114 integrates with fine
theta positioner 70 (Fig. 6) and includes three
tubul ar vacuum supply lines 116 that extend upwardly
t hrough holes 118 in chuck 14 (Fig. 2). Lift pin
mechani sm 114 provi des vacuum supply lines 116 with
about 6 mm of travel for vacuum gripping and novi ng
wafers to and from chuck 14. Al other integrated
functions are nounted above dynami c theta positioner
100 to ensure proper dynam c theta alignnment. [0049]
Pi ezo actuators 108 are prel oaded for displacenent in
forward and reverse direction w thout hysteresis.
Pi ezo actuators 108 include integrated position
sensors to provide accurate displacenents w thout
drift and hysteresis. [0050] Angul ar position feedback
may be provided by the optical systemthat measures
waf er alignment during XY displacenment, or be provided
by an interferonmeter having reference mrrors nounted
close to chuck 14 or the wafer. In either alternative,
dynam c theta positioner 100 provides dynam c rotation
of the wafer to within 0.5 nradi an across an angul ar
travel of 10 nradians. [0051] Referring again to Fig.
2, shown are the spatial relationships anong vari ous
conmponents of the ZTT positioner, fine theta
positioner 70, and dynamc
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theta positioner 100 of this invention. [0052] Skilled
workers will recognize that portions of this invention
woreysloeompl enented differently fromthe PCT/US2004/022682
i npl enent ati ons descri bed above for preferred _
enbyds Opgikg. [0053] It will be obvious to those having

skill in the art that rrany changes may be rrade to t he
det gi | §
dep gr t/féﬂ@hfrrre(gjﬁltu BH rI y| 88%}&{"&9% |<§@Hé?n st comprising:

i nvermomble "étages«zpmableffot mcs/em’emlm directiomelaidng multiple axes;
t herefore, bedtermn y. the foll ow ng

ol aPrRSSraraivaY ?Eon')ﬁfﬁﬁ% Pégepm%mouayﬂaﬁheck to support it;
Speg{udle IHH%?:; d |$|9I'a89m'éﬁ? H@%héﬂ?sg&?%ﬁg{qllﬁggﬁg lp?atg%’ #% frovable

stage opera or novenent In
stagel thqdire?eawmlacﬁrperattmedpm’nmhs vmht;aattpspmﬁdeaiparo atdifferent

55 TR hebe BTG o e CHbl B
cha’ﬁg@@ﬂs%rﬁ:b@% thd §9add PeMechithl NG RIR bt %‘!h%rﬁate at the

mutual |y spaced apart at different | ocafions
diffefrptdogmtionseand he novabl e stage and the plate and

e SR ot oy CORAR R SIS 1 e PP ARG tage S04 the piate

thel flexdisle enembenbeiag frhtidrbtehstrimRy mﬂ;ﬁﬁi@éké/sebﬁ/mﬁﬁBH 2fRHGAotion
to.the novabl e stage and the plate, the flexib

comppligyin H@ieﬁgﬂlfﬁ@ﬁnbaxe,%ﬂ%mpaometbe|fI|¢thﬂﬁ genaberdn cﬁeSponse to linear

t b cA%88 of
csfREbRO e 03, SRS b g B ey A Pratonal
mostesentottiendmolrhen h@odntimg&lhu@kwtmﬁmf@@bxw ehadtidATompliance.

allowi ng Iinear and rotational novement of the

speci men nmounting chuck in the three axes of notion

| T . i iLi I all .
cF o, Thepectmer PESfGRp FEkRARNh of B 113 AMERHRe Hoxivle
memier is dwmteduﬁtmera glupsé cultiple sectibng corfihured for relative
' the first secure o the

| at t ro
ol BblFe PR secSa o 5brhabl dcteed 18 ehnd arovp
sediréd & the: |§fée speci men positioning mechani smof claim
, in mhlch the flexible nenber is generally in the

shape of a disk and in which the two groups of

mul cl.ude nber s r

reribel PSPPSRI PO S B PR es of P n 8o foxible
membeb & Gerdrally i Biehgiaperst 2odisk Bﬁdgﬁ Wllﬁt?n the two groups of multiple
sections include members arranged so that a member of one of the groups is

positioned between members of the other one of the groups.

4. The specimen positioning mechanism of claim 3, in which the flexible
member has a center and a periphery, and in which adjacent pairs of the members
of the groups are separated by a slit radially extending from the center to a location
near the periphery of the flexible member.

5. The specimen positioning mechanism of claim 4, in which the first group is

secured to the movable stage at first attachment points and the second group is
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4. The speci nmen positioning nechanismof claim3, in
whi ch the flexible nenber has a center and a

w@esosphwry, and in which adjacent pairs of thePOEIRINE022682
of .the groups are separated by a slit radially

seewredrtditing pfate bé@oﬁcﬁﬁﬁ@éhrh@itapdim‘éaﬂieoﬁisﬂ% sbB6nd attachment
periphery of the flexible nmenb 5 speci nen

PO%%b@inerﬁub@tarﬁ@ﬂmnymie‘éanfcfmnrihaceniermﬁthmﬂemuefmember
group is secured to the novabl e stage at first
attachnment points and the second group issecured to

t he6plTdieespiciraen PagitidhingCRBERANINPI dTtdtaint heinfvi/i‘iiéiﬁ ti#d fhovable
second attachment points being substantia

staggus gretahie forpayermentalpng X- (ﬁndt‘ﬁ-@xﬁse&n®ire%h@hﬂbe flegible
I
mefAseri R B edibidre irafa ZEE8 B R pf R Tiafet "l ong
X- and Y-axes, and in which the erX| bl e nenber is
t al Z- d [ d tc
ek Rk BB ot S Shor e
lindar diéblé\&rﬁan%%hé’ﬁig{rﬁ%élh sgén@x%sﬂ%'i‘ﬁ%ﬁi}dﬁ%ﬂ%%hﬁ@

i ncl udes an extensi ani sm secur ed ween t

befwpeaithe rsovajie staget ared thlegplate in sanomeurntadtingy rietgtionship.
rel ati onship. 8. The speci nen positioni ng nmechani sm of
claim1, in which at |east one of the |inear

di S@I arﬁ@r@@bim Pasitis At MEEHEHISM B Tt 1 Sk W b i%%@{ one of

The speci men positioning necharis
thedmeaﬁ diﬁiﬁiamnierré nae@ianiyns icludase shortstroke .imeaunimora
voi ce coil notor. 10. The specinen positioning
mechani smof claim?7, further including a spring that

ext@nThelspbvieesn positioming PhectEndds o8/ iPWHiéh the short stroke
ensate for its noving mass. 11. The speci nen

iine@égﬁ)q topinchiglaser veiRe el 10WN.ai m 7, in which the
flexible nenber i ncl udes cutout regions through which
t he extensi bl e nechani sns pass to prevent physical
contGcThesspecitien positiokihg nmauhaaism d2clalh e, Wﬂiﬁﬂuding a

E&Qtf‘ﬁsm mf)R/?mS of claiml1, in which one of the
Spr ghe ﬁﬂ? 8 BevaRleistroeiand the plateiia eempensae for its
molihg§assdli spl acement of the linear displacenment

mechani snms, and further conprising an angul ar
positioning mechani sm operatively coupled to the plate

an eci.nen nounti.ng chuck.to

o35 oS B R MBELARE o ebiss o G2 B Bbrvercoe
mefbee fHdes®Butout regions through which the extensible mechanisms pass to
prevent physical contact with the fiexible member.

12. The specimen processing mechanism of claim 1, in which one of the
motion compliant axes of motion defines a direction of linear displacement of the
linear displacement mechanisms, and further comprising an angular positioning
mechanism operatively coupled to the plate and the specimen mounting chuck to
impart angular displacement of the specimen mounting chuck about the direction of

linear displacement.

13. The specimen positioning mechanism of claim 12, in which:
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i near displacenent. 13. The speci nen positioning

mechani sm of claim 12, in which:the plate includes
wordosioplogo r ef er ence surfaces; the angul ar posiPCDOB2VG4/022682

mechanismis rotatably nounted to the plate, the

angtulh@ﬁlag?ﬁﬂicﬂd REIFTRCRASCREL isifhbgd-ng mul tiple arms

to eac which is nounted a fluid pad; and the
mul thepBgURRBOsilieRINgimectfanism ds tbtatally moLptexbiaciae plate, the

anBBRf popfiO e pRERA P RGl Bondh ng i e b Ehaichis grountes
a fhuid padesnd o form flui d bearing pressure surfaces; and

further conprising: a drive device operatively coupled
to %h?e"'%h‘lﬁﬁlw 8rmp exfandiig figmnanchangWatly spacrchapait abouta central

polfort SNl SpBlAN ol BB s R S8R
sufaessiorfermdluichbesringplasdarepgwfadese and negative fluid

pressyre regions, .15. The speci men positioning
rrecﬁﬂaiﬁé'med’fcoém%%‘ﬁ‘&& in which the fluid bearing

pr eg e o%%éea&?e?aﬁ\mg Bbagied 1538 Tangﬁla} ﬁrggittigﬁjfggﬁﬁ?@ianism to

| east one of air pressure, vacuum press

rotatebhyamove it retediyado ithe plpell si on, and spring tension.
16. The speci nmen positioning nechanismof claim12, in
whi ch the angul ar positioni ng nechani smincl udes a

f | exd biraedipekinhén qsgitiéaﬁn@%ééﬂéln?srh%\f%ra?mofs, Tididhe fluid
bonded together. 17. The“speci nen positioning

bearnchplissseosurtacgsindgde ipositive @ndtriegative fiaideressare regions.
i ncl udes an el ectronmechani cal device that includes a
magnet and a coil secured to different ones of the

angth.alhp@petingsn pesifi®HRg MhEdRaATN P 812 VAR i whidOfe fluid
18. The specipen positioni ng mechanismof claim17, in

begHiapressid ecs i taces e hiasesapaitor iogethetIhycaideastaricosf air

ProgRire, s fim bteselih, RGA eI A PR BT Ehsoring
tensiool udes a chuck nounting interface for the specinen

nmounti ng chuck to decoupl e angul ar positioning
stresses fromit.

16. The specimen positioning mechanism of claim 12, in which the angular
positioning mechanism includes a flexible disk formed by multiple layers of material

bonded together.

17. The specimen positioning mechanism of claim 13, in which the drive
device includes an electromechanical device that includes a magnet and a coil
secured to different ones of the angular positioning mechanism and the movable

stage.

18. The specimen positioning mechanism of claim 17, in which the

electromechanical device includes a voice coil motor.
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20. The speci nmen positioning mechani smof claim12,

further conprising a rotary encoder that provides
war@dloao4posi tion feedback, the rotary encoderPCT/US2004/022682

including an optical sensor and an encoder scale

assqei atteds s i i whi

posi tioni ng&g@ﬁgrﬁ%ﬁn@% '?%??r’u%%%'@@ﬁ%%ﬂh@ﬁ%e angular
posiyeningenepirnismdnclngdesracthack smowttingl interfate fonthahépetimen

elj ion conpl i ant es of, notiqn defines a
B ior R 57 Sbblp R0l RosfERhetrRes fror i
di spl acenent nechani sm and further conprising: a
dynam c_positioni ng nmechani smincluding first and

secdfd Theswasinen pesitiopingamechanismmfplaich 12, further comprising a

i , ngd the flexible i .
oty et Bt prbiAB BN BMef R TRG 18Rhacke the it Shpadsr including
antopticél sesisonadd secerubdensealpeiskosiated With WRfdrent &héY bBie angular

venent to them and t hereby angul ar di spl acenent of
pogﬁ%“@ﬂé’@‘??ﬁ?ﬁ“%lﬁﬂdithg repNANe 8189&t t he direction of
i near displacenent. 22. The speci nen positioning
mechani smof claim 21, in which: the first base
por 21.ohersplecitesn pusitioping methsmlis ofetdimat li which one of the

aced-apart static _base_conpopents that are nounted
m@ﬁﬂ@ﬁ@@%{)&%ﬁ 9‘{ mgéon gdefinesa direstipr ob breanstisplneement of the

ok h r y flexible
Iméﬂ%é&@&rﬁ@n‘?ﬂﬁ?@ﬁérﬁsh, ahd %@ﬁ%?

mbers to different ones o '~ base
conpdeamic pesitiofing mexhanismirelsdipg divstdinagsddord base portions

ongigYlh SOuREL BoRsDRefiar feioatle Rlade snclidssidle member; and
Dt & Afive mddhanieiy abkratReRASuphdtfitd the ik dé{ﬁd Q@%{f@“!&%ésaeporﬁons

links each associated pai'r of static and nova
to inpapioetative mevemepat to tham ard titerety engdardisptzzewe of the

spegifibh i b SR AR RC BB ot MRt dRRlagemarg
mul tiple notion constrained sections and nultiple

rmts'%zon conpl i ant sections, and in which the novable
bas<?-c bip SREFMENPesitiening srechenise ofielaina 2 1c imwhichi ned

i L L e —

basemscahpanertta deatave madureed ¢ theomenable s'tﬁ?@l,i drirthieCdcond base
a plate operatively connected to

po ‘lJ'gn H%:#Cﬁﬁsﬁﬁé(ﬂ% ;ﬂ@’ﬂ?éﬂ attgchenh by fiexible mambergite different ones
of the B8 BHsBRIGASERMts, TRE HRRILRTehES 'GvibG Rk Xplify between

the novabl e
associated pairs of the static and movable base components along the multiple axes
of motion of the movable stage; and ”
the drive mechanism links each associated pair of static and movable base

components to impart the relative movement between them.

23. The specimen positioning mechanism of claim 21, in which the flexible
member is divided into multiple motion constrained sections and multiple motion
compliant sections, and in which the movable base components are coupled to the

motion constrained sections of the flexible member,
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stage, the linear displacenent mechani sns positioned

in a space between the novabl e stage and the plate and
wa@omsnoidh@bl e to change di stances in the spacePOPUSINE$H022682

t he novabl e stage and the pl ate a fl exible nmenber

opepat | ; L
PSP WG SO TGN g, comorsn
t hr adnavaiie stagenoperapledoe mevewrnt fin dizéctives alongy miﬂﬁpleraxes

recR A REeraNAY Feest 9 SperBE mip Al oRuek insupport
i neltisle inbacdispRtemeht hehbhRAR céijp‘flﬁgaﬁﬁ@!‘dié to the movable

nmechani snms allow ng |inear and rotation
stagget f@p@@mmmﬁmemignechmsma plolsélonbdeleaespasedo‘etween the

moffBble a8 A8 plase A1 BRIk 36 chaRbp cfilaficks indbe space
bebv\rwn ﬂliennmblélsttq;dléht!:thd;ﬂatdmaft angul ar di spl acement
of t eci nren nounting chuck about the direction of

| i n@ PX S plesparaperaipely qernegied farthe movaklesidgryand the plate,
Q'n%?‘nﬁér Lidb Métbn b%}pw"érﬁr?n Elf]'gefalé(% Eﬁot%%n%%e of which

IVI ed into ?mo groups
defiyasf & gireetibrf off lineal aisplacematerof tive lindwr displate@entmechanisms,
nmpvabl e st?ge and t he second %rou

and i i €fblbgnemBep Ruesponss [inda sienineamposiof lonlthear
dlsﬁE@B#{é'n§Pﬁé2fhaﬁ|sﬁﬁ I?o@wn Wn&Qﬂ é@?&ﬁ%&#aﬂ’fﬁmﬂye‘?ﬂ%‘?bﬁgﬁecimen

generally in the ape a di
moynting shatk nmtheutbrree a;@stofcrnetlomcd)m;ibanw‘raads arranged

be: L aho ReRBEREoRRo REhsih SpRebtbieh: sRinPa e Bite and the

spetirfe PESUMTRY dMkth ApAA aMBGRA ﬁméﬁ%f%ggﬁeblﬂren mounting
whi ch the novabl e stage i s operable for novene a

chugk aheyt thexglisectionrnf lineandisplacement. exi bl e nenber is
notion conpliant along a Z-axis and roll and pitch
axes. 28. The speci nen positioning nechanismof claim

24,25.nThéisphi a¥itidriieg Mateahisth 8PLIARR PN which the flexible

chanl sns incl es an extensi bl e nechani sm secur ed
meg’@?\'}v@e vided 'ﬂﬁ%&@l @oyps gé muigple sectiong eonfigused for relative

molGRER e ST RS HARRIIS e ARvalABGANTTPe sreond grave

secured todthe platet | pl e ref erence surfaces t he angul ar
positioning mechanismis rotatably nounted to the

plate, the
26. The specimen positioning mechanism of claim 25, in which the flexible

member is generally in the shape of a disk and in which the two groups of multiple
sections include members arranged so that a member of one of the groups is

positioned between members of the other one of the groups.
27. The specimen positioning mechanism of claim 24, in which the movable

stage is operable for movement along X- and Y-axes, and in which the flexible
member is motion compliant along a Z-axis and roll and pitch axes.
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angul ar positioning mechani smincluding nultiple arns

to each of which is nounted a fluid pad; and the
wordosioplogo ar ns ext endi ng from and angul arly spRCEUS2004/022682

apart about a central portion, the multiple arns

spabial ' R aWs [N} I

O 28506 Poe Al BlonBL AR s AT 2 inhEUEh SHER of the
Iinéandnbplacem&pt ichgnismsintiuded eni extemgisleahbuitd nismaeeuest

to the angul ar positioni n mschanlsmto rotatably nove

befwearpihermokabls stade Brdlie Plgts INThBOBERUARKH [Riaiansbit.ng

mechani sm of claim 24, i n whi ch the angul ar

positioni ng mechani smincludes a flexible disk forned

by 88l i hel spdcaplem posttionmgemeaharismdsf clding?4 Hawhid:.

The s elc osi tianin rrechanl mof claim24, in
E}?DIP CRM Igg‘et fqrenge ﬁ\é&ﬁ‘é@ﬁ 'sm i ncl udes a
C hu% é'fﬁ’gm ﬁ&ﬂléﬁlﬁé fnﬁ’é&afn%rm fshl%t%ﬁg‘ rﬂBUnfE&i%ttPQ%Iate the

chuck to decoupl e angul ar positioning stresses
angtlar QQSItlcrnlegsrpemamﬁnpmludlng ulfplesarvrioseacsf ofovbicnis mounted

r r conprising: a dynam c positioning
aﬂﬁ@cﬂ%&{' including first and second base portions

opetty muRipe SAHP eREENdMg FreRRaRE érYgllIé(rly §bé’cé33¥|§§’ﬁt @bout a central
stage and the fl exible nmenber; drive nmechani sm

podivey te multiple atips spatiallytaligned rw;th @ﬁaraxﬁ@ma ozﬁéis%reference
t toth
surﬁ’%&éé ;)farrh (flu éléd‘ﬁ sc{)ﬁ %%lr%e sUfpgcRent Lo them an

erepy angul a e speci men nounting
chughkd &lnther dohepriiiect i on of |inear displ acement.
a drive device operatively coupled to the angular positioning mechanism to

rotatably move it relative to the plate.

30. The specimen positioning mechanism of claim 24, in which the angular
positioning mechanism includes a flexible disk formed by multiple layers of material

bonded together.

31. The specimen positioning mechanism of claim 24, in which the angular
positioning mechanism includes a chuck mounting interface for the specimen

mounting chuck to decouple angular positioning stresses from it.

- 32. The specimen positioning mechanism of claim 24, further comprising:
a dynamic positioning mechanism including first and second base portions
operatively coupled to, respectively, the movable stage and the flexible member; and
a drive mechanism operatively coupled to the first and second base portions
to impart relative movement to them and thereby angular displacement of the
specimen mounting chuck about the direction of linear displacement.
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