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VACUUM COVPATI BLE LI NEAR MOTI ON DEVI CE 5 BACKGROUND Field
of the Invention 10 This invention relates to el ectron beam exposure
systens and nore specifically to a vacuum conpati bl e | i near notion
device for an el ectron beam exposure system 15 Description of the
Prior Art El ectron beam exposure systens, used for exanple

to pattern maskepdsméssd he sem conductor industry, I eGidinfuRoraz¥€r Y hi gh
precision |linear notion device or stage to position a working piece
relative to the 20 el ectron beam Typical requirenents for this device
or St age are strai ghVASEa GOMPATIRLE LINBARt MoTIONODEVHOED yaw of 2
arc seconds or better, and vibration |evels that are | ess than one

t housandth of a gravity (mg). Two approaches to neeting these
requirenments aL e known and 25 used. A first uses hydrostatic fluid film
bearings, a second rolling el enment bearings. Alinear fluid
bearing typically consists of a rod and a collar that can traverse a

| ong axis of the rod. Al nost frictionless notion can be obtained by
provi di ng 30 a hgekbmdnpupport fluid between the rod and collar.
Typically, pressur] as this bearing support fluid. Ar
is of course readi v et “easy to clean, both prior and after
use, and can be v'@ﬁtseeln‘é,%ﬁtépy relates to\sleghnembeanigdposure he need t o
35 collect or. reagygeéms and more spe€lfidaglpitech (afshm ompddibhg el enent

bearing (REB) _ linear motion device for an electron beam exposure
system.

15 Description of the Prioxr Art

Electron beam exposure éystems, used for example
to pattern masks for the semiconductor industry,
require a very high precision linear motion device or
stage to position a working piece relative to the

20 electron beam. Typical requirements for this device or
stage are straightness of travel in pitch, roll and yaw
of 2 arc seconds oxr better, and vibration levels that
are less than one thousandth of a gravity (m-g). Two
approcaches to meeting these requirements are known and

25 used. A first uses hydrostatic f£luid film bearings, a
second rolling element bearings.

A linear fluid bearing typically consists of a rod
and a collar-that can traverse a long axis of the rod.
Almost frictionless motion can be obtained by providing

30 a.beéring support fluid between the rod and collar.
Typically, pressurized air is used as this bearing
support fluid. Ailr is of course readily available,
easy to clean, both prior and after use, and can be
vented safely to the environment, without the need to

35 collect or recycle. '

on the other hand, a rolling element bearing (REB}
has a rolling element, typically balls or rollers, that
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has a rolling element, typically balls or rollers, that

-1- Printed from M npbsa 03/ 18/ 1999 15:08: 53 page - 3-

WD 98/ 26444 PC/ US97/ 22133
essentially replaces the fluid of the fluid bearing. This rolling

el ement requires lubrication, and while only a small anmount of

| ubricant is ”\%Sgﬁiémt he Jlubricant is a potential segiERLDis

cont am nat i on, I n at nospheric applications, for exanple optical
m crol ithography, fluid bearings or hydrostatic fluid film bearings

(HFFBs) are typi cafssptdeliyixeplages the f1yEBOL whesfiluid dehrigher cost due
primarily to proviiisigolling &lpmemsts weipirks Nubshi@tdoh hande@hing t her eof .

This 10  choice b81prd BRALT YamdUe tdx HEFB Snbeld leelSd f QhaRNCE with
regard to the trayﬂﬁ%@qtvi@rﬁagbgﬁntﬁ% wcguerréentﬁ]contamdl scussed above
In a vacuum however, espectally the nigh Vacul TE5dPPed by el ectron

beam exposur e 3syst ens ¥ 240sRheFi¢ fpp3icationg) fqr exarple opkicalse of air,
or any fluid, as wherolithodmmphyngfsuidpbedringai o hydeossacdicgfididcant|y nore
g:ffijw!tht han ?]E £ olieRbefids (REPSSN 8r8USplieali e sB8Ekeq ove:}.;o vent the

uid without a d vac OLiiV. . a result. nost
manuf acturers of e ecdtqgg%]pgtoe 3 gg@nﬁr co%ésg#g é{ﬂ/ls é:rlfsf\%utsoepfgﬁéalrngel enent

i eX . .

beari ngs. ThRPEREEERE 7Y fFBﬁ\%P“ﬂeE]F%r"r?&ﬁ&%g &h8rerLsi gAr#f cant ri sk

of cont ani natl%n. choice is pri@azihnveate HEFB' s hietteSymanfmgspadgec. , of
Haywar d, Cal with Hlegapd e HhERravied add viERRSoASHAnAkeatin beam 25
pat t erni ng systenhis%jb%eaomeon to venting the HFFB' s used invol ves
fabricating a stage aIvi ng_a chu

n a~vacuum ﬁngJ%&, especially the high wvacuum
required by electron beam exposure systems (1x10°° to

15 1x10”7 torr), the use of air, or any fluid, as the
bearing support fluid becomes significantly more
difficult than at atmospheric pressure due to the need
to vent the fluid without affecting the vacuum .
integrity. As a result, most manufacturers of electron

20 beam exposure systems use roller element bearings.
‘Thus accepting lower performance and a significant risk
‘'of contamination.

One manufacturer, Etec Systems, Inc., of Hayward,

California uses HFFB‘’s in its MEBES-4500 electron beam

25 patterning system. The solution to venting the HFFB's
used involves fabricating a stage having a chuck, or
payload, in high vacuum and a bearing portion in
atmosphere. Separation of vacuum and atmosphere is
accomplished through the use of f£lexible metal bellows.

30 A éimp}ified sectional view of this solution is shown
in FIG. 1.

As seen in FIG. 1, linear motion of chuck or

payload 20 is provided in a first axis 54 by rods 50
and collars 52, and in a second axis 44, orthogonal to

35 the first axis, by rods 40 and collars 42. Rods 40, 50
and collars 42, 52 are shown on a first side 12 of a
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payl oad, in high vacuum and a bearing portion in at nosphere.
Separation of vacuum and at nosphere is acconpl i shed t hrough the use of
flexible nmetal bellows. 30 A sinplified sectional view of this solution

I s shown in FIG 1. As seen in FIG 1, linear notion of
chuck or payload 20 is provided in a first axis 54 by rods 50 and
collars 52, r? bihsgS€CONd axis 44, orthogonal to 35 pERusodags axis, by
rods 40 and collars 42 Rods 40, 50 and collars 42, 52 are shown an a
first side 12 of a - 2-
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PCT/ US97/ 22133  pressuyacuPaytdsirizer ielshiaent onl & Wew Gdreissudd, at nospheric

plressugeloPaleoa%e%lanassﬁeowl&fl AchONE-AESSHY Geolate 5366 zo%ﬂe 14 Ff i
el emen o i a I's coupled to
Shaft 60 via 5 Sisoif) }vg%%cr?r%oﬁsc%%p&eﬁeﬁo \ﬁ%‘ﬁﬁ\"n&?l"é?u bl e bellows 37.
Shaft 60 is cdnt dﬁﬁﬁ‘éc‘,IlWﬁ’hlaﬁmf?%ﬁ"BFé”ﬁQ witRimg§lexiple bellaws BBusi ng 65.

Pl ate 70 coupl es $wifkof® i3/ contdimesi wirhin £1&biblet beldawbi 3evaes arm 24 -
passi ng through aé(hdohbué.ﬁ@; 65. K1agk $OWap14 Hah Dok aberd oubPng

Fl exi bl e bel | ows & Q@‘\( ﬁ@;fé&&“%&-ﬁ' éﬂyc?% Egl% %h{‘ﬁ‘ég}'f arossg;section with a

di aneter suffici ept I y G °nft ent of |inear
moti on required &’%F]%i’h?laﬁ?i 1% vacuum coupl ed at one end to
chanber el emdft 10 anal%?sihtlheb%'tltwﬁ dhchave ph ssgedbially cifesgential ly
circular orificescxoaetsedtion) with @ aiameterdb@fifiiceentiiPa¥ddRbel Y equal that

of bellows 37 are&gcommodate the full extent of linear motion required
along axis 44 and is vacuum coupled at one end to
chamber element 10 and at the other end to plate 70.
is Essentially circular orifices (not shown) with a
diameter approximately equal that of bellows 37 are
provided in chamber element 10 and plate 70 where
coupled to bellows 37. 1In this manner, linear motion
along axis 44 is not restricted while maintaining
20 vacuum within bellows 37 (the vacuum coupling of the
ends of flexible bellows 37 is not shown due to the
perspective view of FIG. 1). Linear motion along axis
54 is accommodated through the combression or extension
of bellows 37. '
25 Thus for an mask patterning system requiring 18
centimeters (cm) of travel in each axis, bellows 37
requires an internal diameter of 18 cm plus the size of
arm 24 and design clearances that are deemed necessary
and appropriate. Additionally, bellows 37 would have
30 to be capable of expansion and compression of in excess
of that same 18 cm. As payload 20 and arm 24 are
cantilevered f£rom shaft 60 and through plate 70, they
must be as light as possible while still having
. substantial structural strength, thus materials such as
35 beryllium are employed.
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provi ded in chanber el enent 10 and plate 70 where coupl ed to bell ows
37. In this manner, |inear notion along axis 44 is not restricted

whi | e nmai ntai ni ng 20 vacuum wi t hin bell ows 37 (the vacuum coupling of the
ends of flexible bellows 37 is not shown due to the per spective view
of FIG 1). Linear notion along axis 54 is accommodat ed through the
conpr essi on Orwg¥ddaiagi on -of bellows 37. 25 Thefrodoniznan nask
patterning systemrequiring 18 centineters (cn) of travel in each .
axi s, bellows 37 requires_an internal dianeter of 18 cm plus the_size
of arm24 and de¥Piif Eheateftgasot e WFRES14EAR i s oEesernr pnd and
appropri-ate. Addindoyades wigsheb¢rfiegmarcewodkd drerei8Chight.0 Berstapabl e of

expansi on and corgggisédrnhef ukd FXB85Fows fab¥icatbatl frodBxdfene®yy As payl oad
20 and arm 24 ar €gpyq nﬁlﬁ%gf_ye %foggrgtgpg{éSSGPFg%d Q__hr“c,n.{ggtgngte 70,

t hey must be as substanti al

t
structural stPengtl, P %es °rfr:?]é %}félqsgffcw]gge%%‘“aﬁe]?eﬁwﬁﬁnﬁ% é"YérrpI oyed.

- 3- pressurerqinthe §xrosuis mbonbes/angd/ 498®phEred8: 53 page - 5-
WO 98/ 26444 Second, it requires that the payloadPbd/ddn871i&vehad
Wil e the design @fyst BenMER @Qsésoipruqﬁffg lzﬁﬂg we:.ghp_rtgéﬁt%gﬁ %“ ggl | ovs

performance, its go
fabricated frome r%gﬁeﬁ?riﬁ %?sregﬁéyrﬁﬁ é'ﬁi‘éﬁes tggu‘%s 28CsthE fP8ss steel, to
withstand 510 tRE BECkEWSE -t hR thiadspiroblamf fhate neswlitahde vithen mape | ow
pressure of the expobearieexdiaghessenblly sdndoshéestdffness of the

bellows material, resulting in a design with a form
factor that is approximately six times the stage travel
in each direction. 1In addition, the mass of the design
1s and ‘stiffness of the bellows require considerable force
to produce the desired motion requiring the use of
oversized force generating devices.
. An alternate solution to the massive, stiff
bellows required to sustain a one atmosphere pressure
20 differential would be desirable. Thus there exists the
need for an alternate solution to providing linear
motion to a vacuum system such as the MEBES-4500.
One such solution is proposed in U.S. Patent
No. 4,462,580 entitled “HYDRAULICALLY DRIVEN X-Y
25 STAGE”, issued July 31, 1984 to Robért J. Nielsen.
Nielsen proposed the use of o0il driven hydraulic
cylinders to drive the stage. Nielsen discloses that
the o0il containing portion of the cylinder can be
contained within an enclosure comprised in part of
30 -beilowg, and that this enclosure can be maintained at a
pressure less than atmosphere. However, Nielsen
provides that the stage is of a cantilever design at
the end of rod portion of the hydraulic cylinder. 1In
addition, while Nielsen provideas that the oil
35 containing portion is within an enclosure, the rod, as
it extends into the working chamber passes through an
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Second, it requires that the payload be cantil evered thus requiring the

use of ultra |ight weight materials I n the payl oad assenbly to reduce
the mass at the end 10 of the lever. A third problemthat results is the
mass of the bearing assenbly and the stiffness of the bel | ows
material, resulting in a design wwth a form factor that is

approxi mately 'Ws t he st-age travel i n each di oPHhqasl N
addition, the maSs of the design 15 and stiffness of the bellows require
consi derable force . to produce the desired notion requiring the use of

oversi zed force @eménatdead.ders desis known, suchAseaslls eegaire sol ution to the
massive,~. stiff lubrbeddi@nSai®@dnr efedt? coSiatifagidguatd@sphere pressure
20 differentiale g sh *a&tﬁezl,%l&r %@he- Falliife tJ}e%@? f&ié%%%.% ééiﬁ‘id need for

an alternate solution tho pr,gv | 9 [i near vacuum syst em
such as the MEBES®4BP(-ne oil contalping enchostyie t it rEPPRBHESt S n U. S.

Pat ent No. Aoxkingghamber tresyltingORAUtInCARLYADRNVEN X-Y 25  STAGE",

i ssued July 31, 1984 to Robert J. N el sen. Ni el sen proposed the use of

oi | driven hydr agy cylinders to drive the stage. N el sen discloses
t hat the oi [ conjai ni ngﬁpqor.tion of the cl)élsi nder capn, be cont ai ned

within an enclosure cONpPISEd 1 A Partisr 13 PLTe6EFY GRs® HiRPFhat this
encl osure can be "hLPR fayége dthag providescfeytie| was ofhElrig nosphere.
However, Ni el&en bearings erchias af atudn @hsilbeye akSa ofirat Cprdssheyer desi gn at

the end of rod peibhea GheciferdibdeRst idheC¥tddifiBbre | NThe 1iaddi tion, while

Ni el sen provides t the.olrl 35 confainin .ové)lon. wLthin an
encl osure, the rda, gé%.é.é?’lgei??ne??e%?cfs ilﬁt%ongﬁga{ 7 iwf]iléﬁc%élﬁﬁer passes
t hrough an such linear motion devices to provide linear motion in Pri nt ed
from M nosa 03/ 1840999 mre(08it>tpage. - 6- '
15 Thus the present invention provides an alternate

linear motion device that is.truly vacuum compatible by
incorporating the fluid bearing in a vacuum enclosure.
The vacuum enclosure maintains a second pressure
significantly less than one atmosphere but greater than

20 the first pressure, thus allowing the use of light
weight, flexible bellows materials such as
polyfluorinated hydrocarbons, polyimides and plastics
such as polyethylene polymers. i

Additionally, having the linear motion device -

25 entirely within a vacuum chamber allows for direct,
rigid attachment of a moveable payload or chuck to a
portion of the fluid bearing. . Thus the cantilever
attachment of payload employed in the prior art is not
required.

30 - The combination of light weight, f£lexible bellows
and the elimination of the requirement of a cantilever
design are factors that allow for the design of vacuum
cémpatible dual axis devices that approach the size or
form factor of dual axis devices designéd for

35 atmospheric operation only.
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Oring seal. As it is known, such seals require | ubrication and can
create contam nation due to friction with the rod. Failure of the
Oring would cause the oil containing enclosure to be exposed to the
5 working chanber resulting in contam nation. SUMVARY

The present i ' is directed to a |inear ot | OpRYInERs t hat
provides for the use of fluid 10 beari ngs within .a vacuum chanber at a
first pressure significantly | ess than one atnosphere. The linear

. nmotion devi e can be Eswadlyntkorrresent drinest mastiberdevice, saychnéli near noti on
devi ces *t 0 provi dmrbugealtsmabilityl Bo be cohplet¥lyNBétadhs&GlitORS: 2 15

Thus the present yzRYeR! I\ YALREL \HatlEFad Al CEdRCuni1e p%.h@le g™t i on device
that is truly vacuy e di d bearing in

Um compat | lgl e bg N ncoqrépﬁrﬁatl n
a vacuum encl osure. PREECTIRAT T nf ¥ LSS LT PRtEPRSUEE &8dond pressure
si gni fi cant| y3| ef@skheat (sxaing AodhAkher lsapligatdeps. than 20 the first
pressure, thus allow ng the use of I|ight wei ght, flexible bell ows

material s such amwmwf bons, pol yi m des and |
pl astics such as | yet hyl ene polyners, . . Additionally, having
the |inear notion dev#:}’ce)' é’SEQ aer?tlltf'Png yle%!a?ﬁﬁ?eg%*é%ﬁ’&ﬂ'(:%éV al l ows for
direct, ri giHtaf¥ahPEnt RATCAOR R &BF 54795 asrpbiyY cofidhet o a

portion of the f|MEBESHERAGN:NGg. Thus the cantil ever attachnment of

pa?'ﬂlj _Oadterrpl o]yefl_ in thespoi Qéfa’:lrsti_mbﬁiﬁ% cross-rseaglicrxﬁd-vi;&a . tT_he f
conbi nation of Ii i i Dke . n e eli.mnatjon o
t he requirenent ot?lqgu%g at?P'FJg eérﬁ)é 8 a(jg'g'%lg%\g}oé’l?%p (‘)’FdLgét%cgt%rgH%w for the
desi gn of vacuum®® &® 'E‘gﬁﬂ%i}‘?‘b‘? &fqbhe P&)?Pgn%le’\ﬂ"%%l‘l‘ﬁat approach the size
or formfactor ofI®udl iaxd sioplified dredgyeedtianal3Giew at nospheric
operation onhy. through a long axis of a linear motion device acdcording

to another embodiment of the present invention;

FIG. 4 is a simplified top down view of a dual
axis linear motion device according to another .
embodiment of the present invention;

20 FIG. 5 is a simplified cross sectional view of a
collar and a portion of a rod according to an
embodiment of the present invention;

FIG. 6 is a simplified cross sectional view of a
collar and a portion of a rod according to another |

25 embodiment of the present invention; and

FIG. 7 is a simplified perspective view with cut
out portions of an embodiment of the present invention.

DETAILED DESCRIPTION

30 Embodiments of the present invention will be
described with reference to the aforementioned figures.
It will be understood that these drawings are
simplified for ease of understanding and description
only. Various modifications will become apparent to

35 those skilled in the art as embodiments of the present
invention are described. All such modifications or
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PCT/ US97/ 22133 Finally the present |linear notion device, by and
through its ability to be conpletely contained within a vacuum
reduces manufacturing costs while providing enhanced performance for

el ectron beam exposure and 5 mask patterni ng and ot her applications.

BRI EF DESCRI PT{ (0 £X, THE DRAWNGS FIG . is a Sifeidhisd _
perspective view, partly - cut away, of a portion of the stage assenbly

of the 10 "MEBES-4500; FIG 2 is a sinplified cross-sectional
Vi ew ~ throughvaridtdngs atias oélw upbnetie MBACKINGEEYE GhedfLedditny  tO
an enbodi ment of §Aeer¥iBEENUnd BMEAIJHORhich these teabhfhgs3nhPed Sinplified

cross-sectional vj r.Qugh | ong. axi§ of .a |lnear tion device
alcording toh%oﬁgrt%%%gfn%% cgfgjf%ereérte%gﬁt “t \/"é‘an%n;

FIG 4 is a sinpl FPHEE 88D IRRA OF dhisoPrepedtatnventiony s | i near notion
devi ce accordisng to akefhering nowegrbFdGnent aobingls fpedsenbsi nventi on; 20
F][G 5 ijs a si gpl bédidnal OSfews Alohd RALoNG BWi8f o a 1inedxOhbafodNd a portion
of a rod accordin a ghogli resent invention;

FIG 6 is a si rrpl? ‘lhceb ,2?%sa}scc°gct | or?gf%iegé'f%?ﬁ%’& ot tceonﬁ?ené:nd a portion
of . a rod accor di MTH18RtHhECYR- eMFEUTHENL 67 THeYFRE@APeE nvention; and
FIG 7 is a sinplVithiar pevapuet Fhamhereingli showmt and ingurdepotitreens of an
enbodi nent ofia hempire a@sembIieant & oracuum encloBidelllzb) HESCREPTI ON 30

Enbodi nents of thgeg)gi?_emgo I dN4ER M VrbdeB® ing deyiESCIFERFd ¥4 th reference
a

Bt oge o ot 0N Vaclih Ghiclosure 130" {nciudSs 'd'ER1R P trbxhie' "9

bellows 132, a rigid coupling 134 and a pair of rigid
mounting plates 120. Each of the pair of flexible

15 bellows 132 is coupled at one end to one of the pair of
rigid mounting plates 120 and at another end to rigid
coupling 134. A vacuum port 110 provides a means of
evacuating enclosure 130 to a pressure below that of
atmospheric pressure. Rigid wmounting plates 120 are

20 plates specifically designed to provide vacuum closure
for ends of bellows 132, and as discussed below,
mounting of bearing rod 152. Alternately, wmounting
plates 120 are interior surfaces of the vacuum chamber
within which vacuum enclosure 130 is contained.

25 Bearing 150 includes a bearing rod 152 fixed at
each end to one of the pair of rigid mounting plates
120. A bearing collar 154 is disposed about rod 152
forming a uniform gap 156. Typically, a fluid film
. (not shown) is‘supplied'under pressure to £ill and

30 maintain gap 156 allowing for virtually frictionless
movement of bearing collar 154 along the long axis of

bearing rod 152. Fluid bearing 150, when supplied with
a fluid film under pressure, is often referred to as a
hydrostatic £luid film bearing (HFFB). It will be

'35 understood by one with skill in the art, that HFFB's
are commonly employed, however, other fluid bearings,
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sinplified for ease of understandi ng and description only. Various

nodi fications wll becone apparent to 35 those skilled in the art as
enbodi ments of the present i nvention are described. Al such

nodi fications or - 6- :
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PCT/ US97/ 22133 g 0amgaas VAri ations that rely upon the teachicpgsehat he
present I nvent I on, and through which these teachi ngs have

advanced the art., are considered to be within the spirit and scope of
t he present i nvenEpprexample hydros®efier flaif Falntiseartifys havangifpl i fied
cross- . secti oD@lid/if@WhAldRGe 2RO NGqRid %agfaa,érynfas Vbt on devi ce

100 according to Peé‘émdk&?%&a%lé rlet'c[lﬁr‘ =101 - lerﬁscﬂ\é%%ZﬁlSFn%S shown.

Device 100 is ful X%‘gnt al ne n-a vacuu )i shown) and
i ncl udes three 10" I n assenblies, a vacuum encl osure 130, a fluid
bearing 150 arfid a for d&Pgehtriarilvdesi@yfoecq EBER)c BRator 212 and avacuum

encl osure 130 i nckotes davpes rsiafief | 2041 bl force dediRle 8VBaek3334354 i i d

coupling 134 and g%rtoggfgd Ian h of the pair
of flexible 15 ¢ oObedridy collar g?g{ygngsg%%%ne%om e pai r of

rigid mounting pl Sfeecstrffﬁ}a‘f?d’pzp% tﬁef“é‘?‘i’d depics §rator 212¢q ueng 134. A
vacuum port 110 pRBWBIessric mauynenfprovided \rac fordengdewind cduder 238 to a
pressure bel o t hatlbfcause itatBDEDdivieaPlyeesupre tB gbrberaeiiédg pl ates 120

are 20 plates spegidd eablahadasEomad chs %feQ\ékQ@ed’QQU%Bﬁ #‘J for
ends of bel | ows 1§gar andcgflaq‘l igtyszseesulgln qn 1i ) bearl ng rod
152. Alternately, Uniei n g inear Motion dlong ¢
ong axls of rod 152. FGD 210 in FIG. 2 is commonly
referred to as a linear motor. However, a linear motor
15 is not the only type of device that is employed to
impart force to collar 154. For example, a ball screw
can be substituted for force device stator 212 and a
ball nut can be used in place of force device slider
214. Still other methods, for example hydraulic
20 cylinders, of imparting force to generate relative
motion between bearing collar 154 and bearing rod 152
may also be used and are within the scope and spirit of
the present invention.
Linear motion device 100, as described, is used,
25 e.g. to provide linear motion in applications such as
an electron beam exposure system capable of patterning
masks for the semiconductor industry and other
applications were linear travel in excess of
.approximately 7.6 cm is required. In such an
30 application, device 100 is fully contained within a
main vacuum chamber of. the system. In such systems, a
first pressure in the range of approximately 1x105 to
1x107 torr is required for the vacuum chamber, however
higher pressures, for example as high as approximately
35. 1x10"* torr, or lower pressures; for example as low as
approximately 1x10"® torr can be used. To its
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pl ates 120 are interior surfaces of the vacuum chanber Wi t hin which
vacuum encl osure 130 is contained. 25 Bearing 150 i ncludes a bearing
rod 152 fixed at each end to one of the pair of rigid nounting plates
120. A bearing collar 154 is disposed about rod 152 formng a uniform
gap 156. Typically, a fluid film (not shown) is supplied under
pressure to il efils30 mai ntain gap 156 allowi ng for yifikedblsis
frictionless . novenent -of bearing collar 154 along the I ong axis of .
bearing rod 152. Fluid bearing 150, when supplied with a fluid film
under pressure, iaiventege.r éeeicedofoinmludes, as Hydnastbaenc fluid film
bearing {(HFFB) . Idiseubsedie vaBuum @AEESSIR0T3 DY @EBuM lRcSkidde Lot he art,

that HFFB's i & gm@hy ter;pgg I arings,
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VO 98/ 26444 p ure. For examp e, enc osu;g:ﬁﬁ@sgq/22133 for
exanpl e hydr oSt atadnkpifned £E| fnRFEEFRYR S 0hEbe rrenge of apbropimatelym wher e

the liquid has a Metyrtdw yagorabove thy disst eriessuaxanphechislO[err] torr or
| ess, can al so beanner, LtSHédpresr%ure dlffe%@:géiobbeﬁéépgﬁeavatc%hﬁe devi ce
stator 212 and a, of £ n‘%@rf ll,%% ]jt? Force I der 214 is
fixed to bearing f"F 0#@4 05|t|8’F|% gt %w? el ectri cal
coupling with forrééuaéﬁ%é%'f%lt‘@r ‘“2‘?& qQuifigssmall. gn eI ectric current
provided to #0rce devike mebhitorde?df tiis redidticaute hebttwisiadtiéd cal ly
couple to force dgviggmple. ﬁﬁc’ﬂgkzgﬂ?az%ngyﬁ:efnpéﬁéhté%“éhgmhéled s
applied to BR36], Nehed Bk Awsl nilst GRhEELM phidi3e MOtion along the
differential between the vacuum chamber, at a first
pressure of, for example approximately 1x10°¢ torr, and
15 one atmosphere. This corresponds to a force in excess
of 1 Kg/cm? and is reason for the requirement found in
the MEBES-4500 for bellows fabricated from materials
such as stainless steel. On the other hand, device 100
provides vacuum enclosure 130 which can be maintained
20 at a second pressure significantly lower than one
atmosphere. Thus with enclosure 130 maintained at a
pressure of, for example 0.1 torr, the force applied by
the pressure differential is reduced to about 0.14
gm/cm?.
25 This reduction in force on the bellows allows the
selection of materials for bellows 132 that are light
in weight and highly flexible, without significant
regard for the strength needed to resist the
aforementioned large pressure differential of the prior
30 art. Thus highly flexible materials such as
polyfluorinated hydrocarbons (Teflon® FEP, Teflon® PFA
or Teflon® PTFE (Teflon is a registered trademark of
DuPont, Inc.)), polyimides (Kapton® H, Kapton® X,
Kapton® HK, Kapton® FN (Kapton is a registered
35 trademark of DuPont, Inc.)) and various plastic
materials such as polyethylene polymers are suitable.

-9-
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|l ong axis of rod 152. FGD 210 in FIG 2 is comonly referred to as a

| i near notor. However, a |linear notor 15 Is not the only type of device
that is enployed to i mpart force to collar 154. For exanple, a ball
screw can be substituted for force device stator 212 and a bal |
nut can be used in place of force device slider 214. Still ot her
met hods, for ghydraulic 20 cylinders, of inpartpagy d;
generate rel aﬁggﬁ%ﬁ noti-on between bearing collar 154 an @&arl ng rod
152 may al so be used and are within the scope and spirit of .the
present invéntion. In FIG. 3Li mesthempémaydident CaihOi: msidescribed, is
used, 25. e.g. tdevucevide, |denens ﬁFéTséﬁ)tE\ infreAPRNA Gat &R . SUS, 1%§zs h an
el ectron beam exp t tyer n| iy or e
piaiel Bl (?“ﬁg g%efs@efinﬁ “Eravel in

sem conductor ind and a cat 105

excess of #fet f%ﬁ‘a?’étr?d?gfsb%ﬁ"i‘@ f@qw hdditippaklyohcahla®n 154
appl i cation, éew%% FIGo 2 sis ghpyn @eneapaied ofii ¢dlilara 155 andmi n vacuum
chanber of the Sysduphing L BLGE BS! @Bs shown as fdouplidy €55Unf AN the range

of approxi mately éd@p@.[-._ﬁ&rhst Berves tqaxg:QJE%lteoégcﬁ e ggﬂarrﬁga{]gééghe vacuum

chanber, however N lg pressyr.es exanp
approxi mat el y 35.%° PREOFE? tﬁ?rwe r 3% SREP ﬁr‘ié’é'@ﬁ?%%ed peflexeadpfe as | ow

as appr oxi na%%le}tFR‘iQﬂ Fl}O‘!ﬁ)rllasearf‘lbeleecfor&'o device slider
- 8- 10 214 ofPFicit ediératowll a® TaiR368 FHok9 Xeki c08: Hidepa s 5. 10-
wo 98/ 26444 Fig. 4 is a s:.mpl:.f:.ed top down Pedy Y§94/ 33

advant age, device 0 di scusse vacuum
encl osure 130. Vac%i%mléng%éj%%gio f?(?vs'ce a8 acording to another

embodiment of the present invention. For ease of
illustration and explanation, only motion collars,
15 motion rods, rigid mounting plates 120 and payload 300
are shown. It will be underétood, that the embodiment
of FIG. 4 is commonly referred to as a X-Y Stage 104
and also encompasses a vacuum enclosure for each rod
152 and collar pair 154 in the manner of the embodiment
20 of FIG. 3, and a vacuum enclosure for each rod 142 and
collar 144 in the manner of FIG. 2.
Device or stage 104 includes a pair of motion rods
152 oriented in a first direction,-and a pair of motion
rods 142, oriented in a second direction, orthogonal to
25 the first direction. Each motion rod 152 is fixably
coupled to rigid mounting plates 120 at each end. Thus
a rigid, structurally sound mounting basis for device
104 is established through the mounting of rods 152.
Additionally, each motion rod 152 has a motion collar
30 156 and a motion collar 158 disposed thereon in a
manner previously described. Each motion rod 142 is
fixably coupled between either pair of collars 156 or
pair 158. Thus as pairs of collars 156, 158 move in a
first direction with respect to a rods 152, motion rods
35 142 also move in that first direction. Each motion rod
142 has a motion collar 144 disposed thereon in a

-10-
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I's maintained at.a second pressure, different fromthe first pressure.
For exanple, enclosure 130 is 5 maintained at a pressure in the range of
approxi mately 10 torr to just above the first pressure. In this
manner, the pressure differential between the vacuum chanmber and the
Interior of enclosure 130, and the resulting force is made quite

smal | . 10 magni t ude of this reduction is best :ﬁéﬁ}% by
exanple. In a_v[‘)’?lg%irzﬁért system such as the MEBES- gigf t he beI | ows -
must withstand a pressure . differential between the vacuum chanber, at

a first " pressemreerob;efmusexa@ﬁ@iaqurm pat eilabl | upled cd orr, and 15
one atnosphere. p&yToaa0Bb€SPaRUs, traydch@I10 Egheeggcfgg_@ linear©Of 1 Kg/cn2 and

is reason for the Lng:H,g gr’rgm EQH he BES- 4500 for bell ows
fabricated from rrat ri.al ° r{gg csi l?f'icr? 8s% rge?h t he ot her hand,

devi ce 100 pfd :n‘éfg %H’bﬁifni“%ﬁ’cﬁ’b?ﬁr@lfgﬁsv&ﬁscﬁ‘néaqfﬁeoé”-h%l ntai ned 20
at a second pressHeresitghP fidentFy damkéned wdaghorte relatitendégdeer e. Thus
wi th encl osure 13fotmimbai qieidass pa4 w1thpd‘éé§>&U£e;d)frod£01!4ze.X&”D| e 0.1 torr,

the force applied b wi r 1 about
the gﬁ?c'n{e Y. 15 wii NOPLEIHRM| (st Egsfio%t%;@% HI6EaH k8 abou

hi's
al l ows the gf‘%ﬁﬁﬁe ROMRLing: 'é?l“&’ltép?o? 8F|HWS’ 380 iHELY Sfiged ght
in weight and hi gﬁPy“qunéXF%lFé-atﬁPt%t(Fﬁgﬁl)f i cBhmis payloaded@® disf or t he
strength needed t oot esinsilévered and afibretidi cansshi by gechpressur e

differential of tpgniiniedbretd strﬁééure 1hus1isgbtaa f | o 'Mﬂtmer' al's SUCh as
pol yfl uorinated h ﬁj.l C%%QP{'EL (sTe{__ on (;__rrl_'P FEP, Tef Itoﬂeben]ef %
Teflon[err] PTFE i 619 ST Al a Y gTS CSF E TS g Rt 1656 Hh PERE, Inc )),
pol yi m des (Kapt onf@#meight WSH‘[“&‘I"P /€ payloak A90enekimipatien REpt on[ err|
FN (Kapton is a ree staatétedy designareaklyfre@udanthis negp)remshtvari ous
plastic TEt eahdla215uW6 headeipat 4ol Y| Sia cRal YoE o Ui t abl e.
-9- economibil HHdALpMm M nosa 03/ 18/ 1999 15:08: 53 page -11-
Another benefit of linear motion device or stage
104 is a reduction in form factor or size. As .
previously discussed, the MEBES-4500 requires a form
20 factor of six times linear travel in each direction.
On the other hand, linear motion device 104 through the
use of light weight, highly flexible bellows reduces
that form factor to four times linear travel, or less,
in each direction. Thus the form factor of stage 104
25 approaches that of the three times linear travel in
each direction found in optical microlithography
systems that operate at atmospheric pressure.
Additionally, the light weight and flexibility of the
bellows materials reduces the amount of force required
30 -to'prOQuce the desired motion. Both of these benefits
greatly enhance overall performance with regard to
travel requirements and provide for meeting industry
needs well into the future.
Turning now to FIGs. 5 and 6, two alternate
35 embodiments of collars according to the present
invention are shown. In FIG. 5, bearing collar 410 is

-11-
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In FIG 3, another enbodinent, |inear notion device 102, of the
present invention is shown. Bell ows 132 of FIG 2 is. showmm in FIG 3
as conpressed bel |l ows 136 and extended bellows 138. Additionally,
collar 154 5 of FIG 2 is shown as a pair of collars 155 and coupl ing
134 of FIG Zd@a%ﬁmwm as coupling 135 where coupl i gearukeiRaBer ves to
coupl e each of co pair -155 to one another as well as couple
conpressed bel |l ows 136 to extended bellows 138. Finally, force device

slider 10 "214 dispeded aboer Shaninazopai 0 Ebrhidiendemincgapldxbars 215.
5' g. 4 |1 S4a Si rrp!éu {:éﬁitiohoaf Ciﬁ‘@ﬂlb’l@%e@ﬁ.oﬁs dyal coupledﬁéé Srlel Q&«tftrtormt ' ;—‘m
evi ce accor gi n e ent invention.
??% cfr g{\]%ln%r (1ao mquange E aqotimer teD

For ease of a nat1 on, i"6h “@ot | ars, 15

notion rods, ri gf‘&lg%lﬁ‘l‘?f“i“ﬁb"‘-’plpaf‘%% ‘I‘?G ﬁ’i‘&?"ﬁa?‘l”a"a’d@SW““‘“ are shown. It
wi || be underst osdsledvae ¢6@ eRbeill imdet 420 isfpdeiGiorded stcommonly referred

to as a X-Y Stageppfékimatelpnd nalpeiineonRalsess ‘éﬁﬁuﬁn&ﬂﬁi&fure.for pach
 od 152 and (GO /s1al fusk542s Thd Be MBRNC g flcikie QHROYLERS i

FIG 3, and a vacuum enc&o ure for eac 144 in the

manner of FI G 23:8¢ coupie %Prﬁ%s‘ﬁlz??a%aeg POF I EPO RS aa%%?rr of notion
r ods 152 or eeft edti Wibl fHer ypdenateed| et gawl spupoe r4%Sf iAot i on r ods
142, orientetb i npasseicmed ik reeckncte locatimdgnprefexaBby at he first

divection = Each\iRbdiriedaguts. 11048k ths euppfldPLShdsdubigld! mounting

pl ates 120 at each e str I sound m)untl ng
basi s for device? td?oﬁx?gplgs? 51 | s%gbf’( WBU?# ‘Pr%’(f‘r\"? rods 152.
Addi tional |y, ea®RPHRYISR PhFoliar HHS and#a%A%R ol [Far tizd 156 and a rmotion

col lar 158 di sposedodivemeoof iRIGa 5, gasmauprdiedr ewiongh| yukdegesi bed. Each
notion rod 14 '%scaies fghisabiyaeoaﬁsedlbe&mmlﬂtqherw@dr of col lars 156

i roction i th r SEEROAE SR AP Rl Qb opdld BRG], 20 o'

direction with respec

that first direcEVBFNateEaRRIARFRPOFEY 0dE 2150 yaed (Fas VantdthigndRD| | ar 144
di sposed t hereon tpnatmosphere to provide for movement of collai)410

over rod 400.

20 In FIG. 6, an alternate embodiment for venting is
depicted. Thus, bearing collar 510 is disposed about
bearing rod 500 to form uniform gap 5i5. A portion of
flexible bellows 550 coupled at one end to a rigid
coupling (not shown) and at another end to a rigid

25 mounting plate (not shown} are shown to form vacuum
enclosure 560. Fluid inlet 520 is positioned at
approximately a midpoint of collar 510 and is coupled
to flexible tube 525 at one end. Flexible tube 525 is
also coupled to pressurized gas source 590 at another

30 end. A pair of first venting ports 530 are positicned
on either side of inlet 520 and a pair of second
venting ports 540 are positioned between each first
port 530 and end 512 of collar 510. Second ports 540
are coupled to differential vacuum source 580 through

35 flexible vacuum tubing 535. First ports 530 are
coupled to atmosphere through flexible tubing 545.

-12-
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PCT/ US97/ 22133 manner previously described and is fixably coupled to
payl oad 300. Thus, payl oad 300 can effect |inear notion in two

ort hogonal directions through the relative linear notion of collars
156 and 158 with 5 respect to rods 152 conbined with the relative |linear
notion of collars 4 wth respect to rods 142. poridsoitkiss be
under st ood t haY® ad 300 through its fi xabl e coupling to notion.
collar 144, is rigidly fixed to mounting plates 120 (FIG 3). Thus

payl oad 300-is 10Flexidiectuhinge§2? aardahth \Habeatirorobinaddobywigiich a
cantil evered struflaii®dleSvaduuii tabiad, 588 Rddbhhaily referreli &€ soveral |

system perfornancgeMQesuéa b@ﬂ@él fasf 59@sk111e&11&hew1mtkﬁw§tguctIon of
payl oad 300, eli

cant |Iev esi r.egt reduces this
ot ot 15 | SHEFRRRERRLLBPRS PERACHIS S01tdSsRtP e TR
econoni cal matSeri algas supplied thypughdplefefepi is O’P—nF?%é%“ﬁbﬁton devi ce or
st age 104 i scan nredobt erarlosnrd @ao.f act or or size. As previously

flirsculssed thﬁ g/EBESE i@OQtrféthﬁ& HFFRF N 2R fadACheed Ofn 8l ¥a£1erzgs Ilnea(r)
avel 1 n eac irecti r notion device 104
PES Purahttmn g‘{ﬁe%e r%lconf’l?glxbllﬁ I ee%e

t hrough the V5D | L ows reduces
that form factor ?'bbcrddﬂ‘ﬁnﬁ rﬁafstPF r%%?rsef‘F a’xfﬁ’lentb?nl edlese alterpatesch
direction. Thues tbenfigumatiersomrhet aamhdeed 04tR5the dipelwsives t hat of the
three times |ineaprédeieel ]hék:e:.n ar€aidamed rec be oW thaunchd mpapit o@a

m crolithography g S t

Addi tionally, the® ‘F%' %\f Eﬁ @,g 191912%?{:)&1& # Hﬁ'{é ° H[)e I ovvs

materi al s reduces®? (5‘Fef%r]c°é" Y BRRA Péés%"bre f‘%u’rﬁir 88ute the desired
nmotion. Both of bh%@g)enmqnts fluid, greeeniicuratinge BRalr amPlger f or mance

wWith regard ts aiftdrvigl véngr eseilgaratibnar ave drefned taepei Ng | ndustry
within the scope and spirit of the present invention.
Referring now to FIG. 7, a simplified perspective
view, with cut-out portions, of an embodiment of the
present invention within an electron beam mask
20 patterning system is shown. Payload or chuck 700 is
shown contained within vacuum chamber 800 fixably
coupled to first pair of linear motion devices 710.
Motion devices 710 are oriented in a first direction
and wholly contained within first pair of vacuum
25 enclosures 715. _
First motion devices 710 are fixably coupled to
gsecond pair of linear wotion devices 720, oriented in a .
second direction orthogonal to the first direction. '
Second motion devices 720 are wholly contained within
30 -pair of second vacuum enclosures 725. Thus linear
motion in two orthogonal axes is provided for chuck 700
within vacuum chamber 800.
. As described with respect to FIG. 4, second pair
of linear motion devices 720 are fixably mounted
35 through rigid mounting plates 730 at ends of second
vacuum enclosures 725 .to vacuum chamber 800 providing

-13-
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needs well into the future. Turning nowto FIGs. 5 and 6, two
alternate 35 enbodi nents of collars according to the present
i nvention are showmn. In FIG 5, bearing collar 410 is

-11- - Printed from M nosa 03/18/1999 15: 08: 53 page - 13-
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di sposed about I,ng rod 400 form ng uni formgap 415. PCT'UF_AVZﬂSHt I on of
flexible bell QV\“}SB)% coupl ed at one end to a rigid coupling . (not
shown) and at another end to a rigid nmounting plate (not shown)

form ng vacuum 5 foremctigéidr est4Ble mdtdngidgic Eird2(ais POIiheaned at

appr oxi mat el yda nhdﬁﬂiiﬂtdeﬂ.gg|'ﬂ1@raﬂd@>a§!ﬂ&c} 57060Upﬂ'l'|ﬁ1gdmountilh§ &4 exi blje tube

425 at one end. Flgyidlf U S0bS Rl ed t ressurized gas
PRALLE oHU06 000 000 pofl AT Sl ARy

source 490 at anotfher er]_éa. Ié e un i gés source 490
is 10 positi onedSFtF™h FEBIRIEE A5 Ib¥ dfeprehigrest to Providerpspheri ¢
pressure. Tubes 4285nhBpAsd eerieymaaseuri zed gas, for exanple air, to
fill gap 415 and mai ntwcaua chambesepmEy dbi Ovacahit68!daknd1fiaed rod 400. In

t he enbodi ma%ﬁ:e@éu:%" %\r@gmaﬁgﬂﬁpgbﬁﬁﬂ@‘%?b’% gggvgﬂnd'%im%S escapes

gap 415 at ends 4 §5C’f chl;ll:ar 410 m(%o ng osur acuum punp
(not shown) used t8°° T I8V FUMhFECRME VBSHID FE608YRLE, Ty (728d%%D vent this
gas t o at nosfHaFERted BP dihedeerend poRIuniet thfousyl vaguum O over rod
400. 20 10 | ncBuflings 250 da gacatre penb oxisneNthds0h vYédided]g i S

depi cted. Thus, begeifGecakffurentOal s adi $AASSHs P Ullscussea,Pear i Ng rod 500
to formuniform gggtggégd;A‘fﬁgélrgguégd differential then allows the
use of lighter, more flexible bellows materials and
when combined with the rigid fixed mounting within
15 vacuum chamber 800, also results in a smaller form
factor for the overall design.

Thus a new, vacuum compatible linear motion device
has been disclosed. The new linear motion device
provides for a rigid mounting of a payload, for example

20. to form an X-Y¥ motion stage, while entirely contained
within a vacuum chamber thus eliminating the need for
designs incorporating cantilevers. The new device _
additionally provides for use of hydrostatic fluid film
bearings within vacuum enclosures that are maintained

25 at a pressure between atmosphere and the pressure of
the vacuum chamber. This feature allows for the use of
iightweight, flexible bellows materials thus reducing
the mass of designs as compared to the prior art where
relatively inflexible materials, such as stainless

30 stéel,~are required. This reduction in mass, due in
part to the bellows, makes possible stage designs that
have a reduced form factor or size than currently
required. Thus form factors approaching those of
atmospheric designs are possible. Finally, all of the

35 aforementioned improvements combine to result in

-14-
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flexi ble bell ows 550 coupled at one end to arigid coupling (not
shown) and at another end to a rigid 25 nmounti ng plate (not shown) are

shown to form vacuum encl osure 560. Fluid inlet 520 is positioned at
approximately a m dpoint of collar 510 and is coupl ed to flexible tube
525 at one end. Flexible tube 525 is al so coupled to pressurized gas
source 590 at 30 end. A pair of first ventin o321 330 are
posi ti oned o on elther side of inlet 520 and a pair of second

venting ports 540 are positioned between each first port 530 and end

512 of colldr 510.9rsaetndedured 50 to mangfactewepiimidet olsh f f erenti al vacuum
source 580 t hroughprd¥ididd €xtr bdrhaviaed parfobhdi@e535. First ports 530 are
coupl ed to at nosphere through flexible tubing 545.

-12- Printed from M nosa 03/18/ 1999 15:08: 53 page -14-
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Fl exi bl e tubi ng 525 and 545 taken in conbination with fl exi bl e vacuum
tubing 535 is coomonly referred as a service | oop. Thus, as one
skilled in the art knows, a differentially vented bearing collar is
provi ded where 5 a gas supplied through-inlet 520 is vented before it

can reach encl osure 560. As it is knowmn, HFFB' s are fabricated in
a variety of configurations; these are conpatible with :
enbodi nents of the present invention. These alternate 10 configurations
when conbined with the disclosure presented herein are deenmed to be
within the spirit and scope of the present invention. For exanple, an
HFFB configured to use a | ow vapor pressure liquid as a

-15-
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beari ng support fluid, or configurations that enploy 15 di.f
configurations are deened to be within the scope and spl mllwml‘/mn"m”“l

present invention. Referring nowto FIG 7, a sinpl

per spective view, wWith cut-out portions, of an enbodi nent of the
present invention within an el ectron beam mask 20 patterning systemis
shown. — Payl oag,odnegddUck 700 i-s shown cont ai ned W t Bfusbasdsm chanber
800 fixably coupled to first pair of |inear notion devices 710.

Moti on devices 710 are oriented in a first direction and whol ly
contai ned wi't hi n €LAEMS pair of vacuum 25 encl osures 715. First
noti on devi ces 71fe afQikk xably coupled to second pair of linear notion
devices 720, oriented in a second direction orthogonal to the first
direction. Second notion devices 720 are whol |y contained within 30
pai r of second vacuum lencldH3Errym cogpatipke lipezr motion geviem in two

ort hogonal axés isomgrdeined for chuck 700 wi t hi n 'vacuum chanber 800.
As described with respect d bl chanbgs ot Babtaining Plesbbpear mt i on
devices 720 are flxab BT [ g mount1n fates 730 at
ends of second un1en§g%§%?%§ ?ggquSJQEhuﬁ?%ﬁﬁﬂg B provi di ng

- 13- Pr3 &8t f?ldﬁdl\kwgoéa“&aé’/lxgwpﬂsdosow page - 15-
WO 98/ 26444 inside surface of said vacuum JPETPeISHhe2@lBdBaid for a

rigid, stablaomountingieét filuia Peringl hdd RRAAxis orid@iddOAndgvi ces 710 and
payload 700. Thus nDqukggcgEectuxlpayload or chuck 700 does not require a

cantil ever
a first enclosure, wherein said first

enclosure encloses said £luid bearing and is
within the vacuum chamber, such that a second
15 pressure substantially less than one atmosphere
and greater than the first pressure is maintained
within said first enclosure; and
a payload within said vacuum chamber wherein
said payload is fixably coupled to said first
20 fluid bearing whereby linear motion is provided
for said payload.

2. The vacuum compatible linear motion device of
Claim 1 wherein said payload has a range of linear
25 motion in said first direction of at least
approximetely 7.6 om.

3. The wvacuum compatible linear motion device of
.Claim 2 wherein said payload is free to move linearly
30 in said first direction with straightness of travel in
pitch, roll and yaw of less than approximately 2
arc-seconds and vibration of less than 1/1000 gravity.

4. The vacuum compatible linear motion device of
35 Claim 1 wherein -said first fluid bearing is a
hydrostatic f£luid f£ilm bearing comprising:

-16-
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desi gn and enhanced stability is achieved to provide 5 enh

per f or mance. Vacuum chanber 800 is evacuated to the IWHHIH“IHHI""""
pressure through vacuum coupling 760 to vacuum punp . FHrst and

second vacuum encl osures 715, 725 are evacuated to the second pressure

t hrough vacuum 10 couplings 750 to vacuum punp 755. Thus a reduced

pressure diff s, as previously discussed, is POIENoNREhs Thi s

reduced differenfial then allows the use of lighter, nore flexible.

bel l ows materials and when conbined with the rigid fixed nounting

within 15 vacuum chanber 80Grstlswl fégablys coupkeds ral s£id acum factor

for the-overall desi grthamber; Thus a new, vacuum conpatible Iinear

mtion device | has beep diselgsed, JiBoE diREa mRLLeD device

provides for a rigid rmua# cgq%g Y forman XY
noti on stage, while efffife ’SF% Eofi? qfixably, roypledate saddnpaender t hus
elimnating tife need Mdrrein sagdsfigss collenppratideg tinear] soeicm The new
devi ce addi ti onalallpngrune dessd @ireceicnl whyilespadd Gof kalid film
bearings within vacuurﬁlggglmurgﬁdthat are maintained 25 at a pressure
bet ween at nosphere and thea ressure of 1 <Edvacu chanber. This
feature allows for the use O g q"?ﬁﬂf'fmﬁ k', SPERT b(?tB‘é‘FrI‘cﬁﬁ& material s
t hus reduci ng thélﬁﬁ§§q}ﬂ38§}dgﬁ§l‘ésf1€6ﬁp’a?ded to the prior art where
rel ativel y i ol exi bl e materials, such as stainless 30 steel, are

required. - This reducts,on jxe Wa&Sum %ﬁpaame 1idht m&ﬂanhae@f‘éé Qes, makes

possi bl e stage deéiél%ﬂnsé Q%rem sa{&iﬁc ucf‘uzq:h or%mz%:tcl%gée I o3l Z€ t han

currently ors ap roachln
at nospheric desi gg&d FPEOPO s whensin prid fétFFt cmd; ecamsl endg &renent i oned
i nprovenent s conbfixakly ceuplled ¢ said vacuum chamber. - 14-
Printed fromyg nosa 03/18/ 1999 15:08: 53 page - 16-
6. The vacuum compatible linear motion device of

Claim 1 wherein said first enclosure is comprised of a

bellows fabricated from a flexible polyfluorinated

hydrocarbon material or a flexible polyimide material.

20
7. The wvacuum compatible linear motion device of
Claim 1 wherein said first enclosure is comprised of a
bellows fabricated from a flexible‘polyethylene
material.
25

8. The vacuum compatible linear motion device of
Claim 4 further comprising a force generating device
coupled to said first fluid bearing wherein said force
generating device provides force for moving said first
30 coilar,with regpect to said first rod.

9. The vacuum compatible linear motion device of
Claim 8 wherein said force generating device is

enclosed within said first enclosure.
35
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greatly reduced cost to manufacture while al so proSiC-(Ij-{ Eﬁmﬂﬁﬂﬂgwumm“'

per f or mance.

WO 98126444 PCT/US97/22133
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15

20

25

30

35

10. The vacuum compatible linear motion device of
Claim 9 wherein said force generating device is a
linear motor.

11. The vacuum compatible linear motion device of
Claim 4 wherein said bearing support fluid is comprised
of air.

12. The vacuum compatible linear motion device of
Claim 4 wherein said bearing support fluid is a liquid’
having a vapor pressure below approximately 1x10°* torr.

13. The vacuum compatible linear motion device of
Claim 4 wherein said bearing support fluid is supplied
to said first collar through flexible tubing coupled to
said first collar. -

14. The vacuum compatible linear motion deQice of
Claim 13 wherein said bearing support fluid is vented
within said first enclosure.

1S. The vacuum compatible linear motion device of
Claim 4 said first collar further comprising:

a fluid supply portion disposed at a midpoint
of said first collar;

a first pair of venting portions disposed
symmetrically about said fluid supply portion;

a second pair of venting portions disposed
symmetrically about said first pair of venting
portions; and

a service loop comprising flexible tube
connections to said fluid supply portion and said
first and second pair of venting portions, wherein
said first venting portion is coupled to a. vacuum
source having a pressure greater than said second
pressure and less than atmospheric pressure and

-18-
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W claim 1. A vacuum conpatible |inear notion dewvi ce

conpri si ng: a vacuum chanber for sustaining a first

pressure substantially | ess than one atnosphere; . a first
fluid bearing {ipsgfthas coupled to an i nsi de sur fpppRshuiai d vacuum
chanber wherein saird 10 - first -fluid bearing has an axis oriented in
a ' flrst direction;

said second venting portion is coupled to
atmospheric pressure, and wherein said bearing
support fluid is vented through said first and
second venting portions.

5
16. The vacuum compatible linear motion device of
Claim 1 further comprising: .
a first vacuum pumping device for maintaining
said vacuum chamber at the first pressure; and
10 a second vacuum pumping device for
maintaining said first enclosure at the second
pressure.

17. The vacuum compatible linear motion device of
15 Claim 1 further comprising:

' a second fluid bearing oriented in a second
direction orthogonal to said first direction,
wherein said second fluid bearing is fixably
coupled to said first fluid bearing and wherein

20 - said payload’s fixable coupling to said first
fluid bearing is through said second fluid
bearing, whereby linear motion is provided for
said payload in said second direction; and

a second enclosure wherein said vacuum

25 enclosure encloses said second £luid bearing and
maintains a second pressure substantially less
than atmospheric pressure and higher than the
first pressure.

30 18. The vacuum compatible linear motion device of
Claim 17 wherein said payload has a range of linear
motion in said first and second directions of at least
approximately 7.6 cm with straightness of travel in
pitch, roll and yaw of less than approximately 2 arc

35 second and vibration of less than 1/1000 gravity.

-19~

Printed from Mimosa 03/18/1999 15:08:53 page -21-



a first enclosure, wherein said first : encl osure encl
fluid bearing and is within the vacuum chanber suci']ilimlﬂm " "Ill " [“'
second 15 pressure substantially | ess than one

and greater than the first pressure is maintained within said
first enclosure; and a payload within said vacuum chanber
wherein yd payload is fixably coupled to sai gy

fluid bearing, \Mqlere y linear notion is provided or sal d payl oad.
2. The vacuum conpati bl e linear notion device of Claim1l1l wherein
sai d payl oad has a rah@e Ghe| vamam @2&mpatible drinear saitdohidesticdi s2Cti on of
at | east. apEneX et &lhgrdid sﬁmi fJ.rst enclosurs- and IH@aV&QAHH‘ conpati bl e

| i near notion devén%‘iog\ire are (Q, r1kéa L traﬁiagltlo‘%' dﬁ{h)ilc(a)g f’?&\r,%ﬁ to nove
pi¢

l'inearly 30 i al Nness in

aid firs
pitch, roll and b éygﬁéﬂflﬁﬁb?%ﬂyﬁﬁ?%arﬁmﬂ materlé?c‘?%éconds and
vibration of Fes@otlbraﬁl@ﬂ meoeriplavity. 4. The vacuum .
conpati ble linear notion device of 35 Claim1l wherein said first fluid

bearing is a hyds@st &k CuddutndebddatiBea § i
- 16- Claim 1$rwlhre]§:g:9n fsra?. rrg?:sgnf;lolzigzga%gg sigd%gzcgg page -18-
enclosure are comprised of a bellows fabricated from a

10 polyethylene material.

21. The vacuum compatible linear motion device of
Claim 17 further comprising: .
' a first force generating device for providing
15 force for moving said first collar; and
a second force generating device for
providing force for moving said second collar;
wherein said first force generating device is
enclosed within said first enclosure and said
20 second force generating device is enclosed within
said second enclosure. '

22. The vacuum compatible linear motion device of
Claim 21 wherein said first and second force generating
25 devices are linear motorxs.

23. The vacuum compatible linear motion device of
Claim 17 wherein said first fluid bearing is a_
hydrostatic fluid film bearing comprising:
30 . a first rod coupled to said vacuum chamber;

a first collar disposed about a portion of
said first rod wherein said first collar provides
linear motion along the first direction with
respect to said first rod; and '

35 said second fluid bearing is a hydrostatic’
fluid film bearing comprising:

-20~
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[err] a first rod fixably coupled to said vac

chanber ;- a first collar disposed about a porti H‘Ml"lﬂ ll!!’ |L||I " |“|
said first rod and fixably coupled to said payload 5 s *

first collar provides |inear notion along the first direction with
respect to said first rod; and a bearing support
fluid di sposed“}aWn said - first collar and saipgyhkdsdias 0d. 10

5. The vacuum conpati bl e I-inear notion device of Claim4 wherein said
first rod further conprises first and second ends wherein said first
and second €énds are fi xabl y» eseuphddotiocaqilddveas watid chiagger . 15

6. The -vacuum conpati bl e kbneas; notion device of Claim1l wherein said
first enclosure is conprised of, fabri L& fromaerX|bIe
pol yf | uori nat ed hydr ocar bon. gec%tﬁ te%%ué)y\sdlfs]pose‘ﬁ Qct:ol 4 PR gt eri al .

20 7. The vacuunPEo?‘ﬁiﬁ‘t FBFend Fﬁ@a"fhel’FSf“T‘o??léeW%‘E‘doF°llar Caim1-
wherein said f¥rst encl osuptetiglegohindagendovionalong lrbk| sawnfiabri cat ed from

a flexible polyethylene dif@dtabhaduth?%spect to said sdééhd/@egum conpatible
| inear notion device of an&jvﬁie %’ihhSéco%‘& ifér”gsaflx%%grge”erat' ng

devi ce coupled to said firs bear ere| n sai

generating device provides ?%?]t?él FBr aH'S\/P ‘*¥9rst 30 collar with
respect to said first rod. a bearing supmiwt Fawididiepegrst bbtwedn near
noti on devi cel®f Cl ai snd vﬂieseiafbls.airdarfd)rsaedgﬁﬁer:afdmgndevi ceis
enclosed within said fi rstbemée&suaf‘d séeond collar and said seco

-17- Pri Q&gckefs%g werIgsa 03/ 18/ 1999 15: 08: 53 page - 19-

whereby the fixable coupling of said
payload to said first fluid bearing is
15 through said second fluid.bearing.

24. The vacuum compatible linear motion device of
Claim 23 wherein said first fluid bearing, said second
fluid bearing and said payload comprise a stage having
20 a form factor of no more than approximately 3 times
linear travel in the first and second directions.

25. The vacuum compatible linear motion device of
Claim 23 wherein said bearing support fluid is
25 comprised of a gas or a liquid having a vapor pressure
below approximately 1x10™ torr.

26. The vacuum compatible linear motion device of
.Claim 23 wherein said bearing support fluid is supplied
30 to said first and second collars through flexible
tubing coupled to said first and second collars
respectively and wherein said bearing support fluid is
vented within said first and second enclosures
respectively.
35

-21~-
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10. The vacuum conpati bl e |inear notion device of Caim gmm | I ‘ ” Il

force generating device is a | i near notor. 5 usim
conpati ble |inear notion device of Claim4 wherein said beari ng
support fluid is conprised of air. 12. The vacuum

conpatible li 'W&Wi on- devi ce of 10 Cl ai m 4 wherei n p@inshoRdssi NO
support fluid.rs aliquid - havi ng a vapor pressure bel ow approxi mately
| xI O[err] torr. 13. The vacuum conpati bl e |inear notion device
of C ai'm 4 wher eifil- sdih¢ Macwimgospaiidle fineiad motismppevied 46 to said

first collar throcgiinf kexiddct 6fihdaig €otHt fdtdbcond csidiadsf fUzshesol | ar.
14. The vacuum coshgiriBh &y J I near notion device of Claim 13 wherein
sai d bearing support fluid i thin said first enclosure.

15. The vacuum conpatibl e % fﬁgg‘? WP}Brfwd'év}?Ee‘i’ﬁP“ed AtCRMIAPRIBE  d fir st
collar furthef conpri 8Engpid each collar; 3 f|uid supply portion disposed

at a midpoint 25 ofa fairgt foaist of oleha@ing portions disposed first pair
of venting portions deppfe@dcally about &Wiﬁidpghﬁ% 1,°DQuE A d fluid
supply portion; ortions di sposed

{:or?d paJ.r of Qr%lfnl Hbg P rtlonsgdgﬁ%

symetrical |y about said 3 °§ of “'ve ons; and
a service | oop conpri S¥YWReTRigR! é‘bPHbesald first pagpmfevenwing to said fluid
supply porti 38 and sabpdrtions; and

a service loop comprising flexible tube
connections to said fluid supply portion and said
first and second pair of venting portions, wherein
said first venting portion is coupled to a vacuum

1s source having a pressure greater than said second
pressure and less than atmbspheric pressure and
said second venting portion is coupled to
atmospheric pressure, and wherein said bearing
support fluid is vented through said first and
20 second venting portions.

28. A dual axis linear motion device contained
within a wvacuum chambef comprisingl
a first bearing rod oriented with a long axis

25 in a first direction wherein said first bearing
rod is fixably coupled to more than one surface of
gsaid vacuum chamber; _

a first bearing collar movably coupled to
said first bearing rod;

30 . a second bearing rod oriented with a long
axis in a second direction, wherein the second
direction is perpendicular to the first direction;

a second bearing'collar movably coupled to
said second bearing rod and fixably coupled to

35 said first bearing rod;

.22~
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first and second pair of venting portions, wherein e _
venting portion is coupled to a vacuum 35 sour ce havi naT“ Hdmi H‘llll”“l
no s w

greater than said second pressure and | ess than atnospheric s
pressure and . -18-

Printed from M nosa 03/18/ 1999 15: 08: 53 page - 20- [err]

said second v ' ortion is coupled to at m)sp@ﬁl? b essure,
and wherein s&%%‘e‘{?i ng - support fluid is vented t %gﬁ said
first and = _ second venting portions. 16. The vacuum
conpati bl e I'i near notion dewdaydoad fixably aionpled ot beid Gawpei Si ng:

a first -vacuum punpi ngedeinds @ol 04x mai nt ai ni ng sai d vacuum chamber

at the first pressure; and?qu_ id di cond .vacuu ugpi ng devi ce for
mai ntai ning sai d first encloaure JtsPtoﬁgds%ctglg tail Elrsrppgg sure.

sure a o
17. The vacuum conpat i¥6Fg¢ %?éﬁfn?rtﬁql&ﬂrﬂéﬁic%a’tﬁ £igst @ngi gege™ur t her
conprising: 5 bearing yodenespegtivddaari ng oriented in a second
direction orthogonal to sairlappasdtud E6Etgr@Riding said £1M3@Lei n said second

fluid bearing is fixably 5 girst efAUdBLED dﬁ%ﬁ@cﬂ aggﬁétsgfilfiu.hgﬁsl%eari ng and
[ |

wherein 20 ~ said a\r/l oad'oé fl %bl gmcoug I to said i ir
fluid bearing is throﬁ%ﬁ Y9 & e%rb% 1Rty coupled to said first
bearing collar and said second bearing collar;

10 a second enclosure disposed about said second
bearing rod and fixably coupled to said second
bearing collar and to a ground portion within said
vacuum chamber;

a first force generating device wherein said

15 first force generating device provides force for
linear motion of said first bearing collar with
respect to said first bearing rod; _ _

a second force generating device wherein said
second force generating device provides force for

20 linear motion of said second bearing collar with
respect to said second bearing rod; _

a first vacuum pump for maintaining said
vacuum chamber at a first preésure less than
approximately 1x10° torr; and

25 a second vacuum pump for maintaining said
first and second enclosures at a second pressure
of less than approximately 10 torr;

said payload being free to move linearly in

. said first direction and/or said second direction

30 . with straightness of travel in pitch, roll and yaw

of less than approximately 2 arc second and
" vibration of less than 1/1000 gravity.

29. The dual axis linear motion device contained
35 within a wvacuum chamber of Claim 28 wherein said first
force generating device is enclosed within said first

-23-
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g:?(rji ggé:o\rll\ge(rj?lr)gc!t : (r)ura]?r a%t ron I's provi deg fsg(r:ond encl osﬁ?lad mﬂMimﬂlll " I“l

vacuum 25 encl osure encl oses said second fluid beari

mai nt ai ns a second pressure substantially |ess than at nospheri c
pressure and hi gher than the first pressure. 30 18. The
vacuum conpatify PWear mot i on device of Gl ai m 17 waeppémial d payl oad
has a range of [inear motion in said first and second directions of at
| east approximately 7.6 cmw th straightness of travel in pitch,
roll and yaw of | easléfiae apPreatkdnBésdng 2oL gdRerst@ngngewid yibration of

| ess than 1/ 1000 -19-

Printed fromM noggai(l)%%él%lwit%b% s?%do%ecggdp%%cm—sgf [err] WO

08/ 26444 PCT/ US97/ 22133 19.

The vacuum conpat i bl e 39-nedke Myelodxiedineanfmotion Gexiine konrhinel n sai d
first enclosur®e amdtsin i secnund chambeN@FOSLE i 2B CwiBRA | Se8d @first bel | ows

fabricated from agng sddoayi p),leceoggﬂ 1Lé£‘1hb”@éxﬁ‘ie9y£¥e°‘i§f€¥{‘ meLgsial or a 5

polyi mi de material . The vacuum conpati i near notion
devi ce of G aim17 wherein said first enclosure and said second
encl osure are conpri sett-of Tae tf’é‘lap-oﬁ'aélﬁf dbpepmegier slevice contained

within a vacuum chamber of Claim 28 wherein said fluid
10 is comprised of air.

32. The dual axis linear motion device contained
within a vacuum chamber of claim 28 wherein said
apparatus for providing said fluid comprises vacuum

15 compatible flexible tubing.

33. The dual axis linear motion device contained
within a vacuum chamber of Claim 28 wherein said fluid
disposed between said first and second collars and said

20 first and second rods respectively is vented within
said first and second enclosure respectively.

34, The dual axis linear motion device contained
within a vacuum chamber of Claim 28 having a form
25 factor of no more than approximately 3 times linear
travel in the first and second directions.

35. An electron beam exposure system comprising:
a vacuum chamber for performing electron beam
30 exposure at a first vacuum less than approximately
1x10°% torr;
a first linear motion device rigidly mounted
within said vacuum chamber and oriented having a
long axis in a first direction, wherein said first
35 linear motion device further comprises a first
hydrostatic fluid f£ilm bearing contained within a

-24-
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i 0n Gevice or - daim iz rurcner comprising o (TR

force generating device for providing 15 force for noving Sali

collar; and a second force generating device for

providing force for noving said second coll ar; wherein said
first force ge‘%;@&%g device 4s - encl osed W t hi peG@igthafds! St

encl osure and sai - second force generating device I's encl osed

Wi t hin ' sai d second encl osure. 22. The vacuum conpat i ble
| i near notion devi ce diirst emtlgpnr® foxhevstiaingag ch fskrsid aadusecond force
generati-ng 25 devi ceaeasecmamapprémﬁwly 10 torr; 23. The vacuum
conpatible linear notion dgvé&%nefllfnearQB&J.%lZe er ?l:@ab%.g' d%%; Tyt fluid

bearing is a hydr statl uj earin a
first rod coupled to g"al ‘if{h‘f mot fon device Wlthlé? fridt coll ar

di sposed about® a port iVGFUBR Chamber andsareermesishav:@a ahlema axssiig first

col lar provides a sebombaiiraeticdnoftiygnhbed itheteidiskection with
respect to said first ch.QgcthHj aﬁereln said secéﬁrﬁ d;3ecPnbelibyi d bearing is a
hydrostati c' 1gedf ¥‘ bearin n‘g nfgg 3
- 20- Brrhted TTom VPRbSE G3P18 fosd 588183 page - 22-
[err] fluid film bearlng contained within a second

10 enclosure for sustaining a second vacuum less than

approximately 10 torr; and
a payload fixably coupled to said second linear
motion device whereby dual axis linear motion for said
payload is provided.
15
36. The electron beam éxposure system of Claim 35
wherein said payload has a range of linear motion in
both the first and second direction of at least 5.6 cm
and wherein the range of linear motion has a
20 straightness of travel in pitch, roll and yaw of less
than approximately 2 arc sec and vibration of less than
1/1000 gravity.

37. The electron beam exposure system of Claim 35
25 wherein the first and second fluid bearing are
differentially vented.

38. The electron beam exposure system of Claim 35
wherein the first and second linear motion devices are
30 entirely contained within said wvacuum chamber.

39. The electron beam exposure system of Claim 35
said first and second enclosures further comprising a

bellows portion.
35

-25-
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\z;\oszg{)ﬁgllfgd coupled to said first PC-(I:-{)IUISng/22133“IIlII““I!!lI““(LHLI"l!ll

a second col | ar di sposed about a portion of said*second r®
wherein said second collar 5 provi des linear notion along the
second : direction with respect to said second rod,

and wherein sajdsaeqnd collar- is fixably PoBkRshiio sai d -
payl oad; and . a bearing support fluid disposed between 10
said first collar and said first rod and bet ween said second

collar and said second40. The electron pgam expestre/@lygtem of Claim 39

wher eby -t he fi xabl ehexmipl 5oy tleliaisl portion comprisespayéeiddet 0 said first
fluid bearing i s 151yfivorinated REOHHI B8 | wj d .hearing.

24. The vacuum co ég\f}fil'ouli el i rieegr.mfmti orﬁﬁ%\%agggg o H(éi(all%?ng% wherein said
first fluid beari 28 LGS EESFAI2 - fluid bearing and said payl oad
conprise a stade having 20 a formfactor of no nore than approxi mately 3
times | i near travel4li.n Thee eflectstonabdam asposurt g8téMRE. Claim 39 25.

The vacuum conpat i bhérdinnNsa{d WRLLOKs FRYE£h Cbmprisdd aidkidieherein said
beari ng support fl/\;% ey tane qr%gg%éte’d of a gas or a liquid having a vapor
a X el'y

pressure bel o pr oxi mat [err] torr. 26. The vacuum
conpatible linear notion device of Claim 23 wherein said bearing
support fluid 0 suppl 48d 3the edestah beam texpnseuse eyatent @f| aisint BBOUgh
flexible t ubi WigereaupsLLh tFarsei Xinkht Shordd &8ARRY s0ld 38kSond

respectively and WIZEnSeidh BEHE GndUBRY ballild clorice 2 Elged W LN N
said first and second enc gsures respectively. ]
-21- having a form factor of no more thar approximately 3

times linear travel in the first and second directions.

-26~
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908/ 26444 PCT/ US97/ 22133 27.
The vacuum conpati bl e |inear notion device of Claim 23, each of said
first and second collars further conpri si ng: a fluid
supply portion disposed at a midpoint 5 of said each coll ar;
a first pair ofyoeghdsiand portlons di sposed Sy Mretpcip@ddrhatsabout sai d
~fluid supply portion; a second pair of venting portions
di sposed ) synnetrlcally about said first pair of venting 10
portions; and a service M®p conprising flexible tube
connecti-ons to said fluid supply portion and said first and second
pair of venting portions, wherein . said first venting portion is
coupled to a vacuum 15 sourcge having a pressure greater than said
second pressure and | ess |t han at nospheric pressure and
sai d second venting portion is coupled to at nospheric pressure,
and wherein said bearing Isuppor t f|UId is vented through said
first and 20 second ventinglportloﬁ§ 28. A dual axis
| i near notion device contained wi t hi @ /vacuum chanber conpri si ng:
a first bearing rod oriented wth | ong ax{s 25 ina first direction
wherein said first bearing & r efl |srf|xgbly coupled to nore than one
surface of said vy umehf c? a first bearing
col l ar novably coupl ed Q fJ g rod; 30 a
second bearing rod orighted wf(h o] ! axfs in a second
di rection, wherein thgfsecond - di tionyi g perpendicular to the
.first direction;
e
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a second bearing collar novably coupled to sai d second beari ng rod

and fixably coupled to 35 said first bearing rod,

-22- Printed from M nosa 03/18/ 1999 15:08: 53 page - 24-
[err] WD 98/ 26444 PCT/ US97/ 22133

a payload fixably coupled to said first bearing coll ar;

a fluid di sposg mﬁﬁhween said-first and secondp@gmﬁnﬁgncollars
and said first an econd -5 beari ng rods respectively; .
an apparatus, for providing said fluid; a first enclosure
di sposed about said first < beaﬁﬂhg rod and fixably coupled to said
first -. bearing coll T'and sai d second bearing collar; 10

a second encl ospredisposedabout sai d second hpnrlnn r and
fixably coupled to said s¢60nd bearing collar and to a gfound
portion within paid vacuum chanber; a firsgy force

generating device
provi des force for
respect to said fi
devi ce wherein sa
for 20 | i near
respect to saigg s
mai nt ai ni ng s&kd

I ng device

| i near {notion d first beagkng collar with
beari ng rfod; a secon orce generating

sgcond force denerjating devi provi des force
ion &f spaid second bearijng collar w
nd bearTng |rod; aufirst~vacuum punp for

rein said 15 flﬂ?t QOrce gene
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vacuum chanber at a first pressure |ess than appr oxi mat el y
1[err]10[err] torr; and 25 a second vacuum punp for maintaining
sai d first and second encl osures at a second pressure

of | ess than approximately 10 torr; sai d payl oad being free
to nmove linearly in said first direction and/or said second
direction 30 WO gth strai ghtness of travel in pitCh,PéghﬁwﬁﬂQ yaw

of |l ess than appfoximtely -2 arc second-and vibration of |ess than
1/1000 gravity. 29. The dual axis linear notion device contained
35 within a vacuum chanber of C ai m 28/6wherein said first force
generati-ng device is encl@ed within said first

-23- Pyﬁhted fromM nosa 03/18/1999 15:08: 53 page - 25-

WO 98/ 26444 - RCH-US9-H22133 ,

encl osure and saild secoﬁh force generating device is ehcl osed within
sai d second encl 0. The dual axis line notion device
contained 5 wthig a vacuum chajrber of |C aijm 28 where\n said first

and second force enerating flevifes are |lindar notors.
dual axis linear i on devi ge cpnt ai ned W thin g
G aim 28 wherein said fluyid

31. The
vacuum chanber of
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10 is conprised of air. 32. The dual axis linear notion

devi ce cont ai ned W thin a vacuum chanber of claim28 wherein said
apparatus for providing said fluid conprises vacuum 15 conpatible flexible
t ubi ng. 33. The dual axis lLinear notion device contained

Wi thin a vacuum chanber of Claim 28 wherein said fluid di sposed

bet ween sai d figsdspnayd second collars and said 20 first : rods
respectively is vented w thin said first and second enclosure
respectively. : 34. The dual axis linear notion device contained
wi thin a vacuum chamber of Caim 28 haviél§ a form 25 factor of no nore than
approxiimately 3 tinmes |inear travel in the first and second
directions. 35—An—electran heam exposure system conpri sing:

a vacuun1cha¢Eer for perfornming el ectron beam 30 exposure at a first
vacuum | ess an_approxinately 1lerr]10[err] torr; \

a first linear nptidn device rigidly nounted e~ W t hijn \sai d vacuum
chanber and orignteq having a |l ong axis ¥n a fyrst] diy.ection
wherein said firpt 35 o | inear rotion device furNNher cdnprgses a first

hydrostatic fluid fijl m ring cogtained within a
- 24- ' Printed fr M nosa 03/18/ 1999 15/N08:|53 page - 26-
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first enclosure for sustaining a second vacuum | ess t han
approximately 10 torr; a second linear notion device fixably
coupl ed to said first linear notion device within said 5

vacuum chanber and oriented having-a long axis in a second
direction orthgaglakgt 0 the first di rection, wpegpsdsifsi d second
| i near notion devi ce further conprises a second hydrostatic

fluid fil mbearing contained within a second 10 encl osure for

sustai ning & second vacuum | ess than 6 approximately 10 torr; “and
a payload fixably coupled to said secong | i near motign devi ce wher eby

dual axis linear notion for said p_.%l oad i Sp e 15 36.
The el ectron beam exposure system of C §_m 35 2 @il eihn said payl oad has
a range of linear notion i 8 both t figz‘{ ST o nd direction of at
least 7.6 cm and \Ahere"f’rl\\ he range 1 Briea Bt+on has a 20
strai ghtness of tragel 1n pifch, foll and[yaw]pT TgFS T han
approximately 2 arc 'eg-exgd i bration of |less|fhan 1/ ]lo gravity.
37. The el ectron beam expopsuyre_syst em of |¢l ai if 35 wherleiq the first
and second fluid be&inp ar ifferdmtiallly vianted. 38.
The el ectron beam expospre pslyst emgfl_Q ailin 35 \@erein thp first and
second |inear notiordeyic are B entjfre con ned Wit hgn said vacuum
chanber. 39| Thel el ec —pedm exppsur g syst gm |of 8 m 35
said first and seco ehcl osures tprther |¢oBpd] singd a b lEBB portion.
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PCT/ US97/ 22133 40. The el ectron beam exposure system of C aim
39 wherein said bellows portion conprises flexible

pol yfl uori nated hydrocarbon material or flexible polyi mi de material .
5 41. The el ectron beam exposure system of C aim 39 wherein
said bellows p ' conprises-flexible pol yet hyl en | al . 10
42. The el ect_rg{())tr? éggm exposure systemof Caim39 . \%ﬁgﬁ@#@ai d first
| i near notion device, said second | i near notion device and said '
payl oad conprise a stage having a formfactor of no nore than

approxi nately 3 times linear travef6 in the first and second

di recti ons.
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(57) Abstract

A vacuum compatible linear motion device having a fluid bearing is contained within a vacuum chamber having a working pressure
of significantly less than one atmosphere, The fluid bearing is contained within a vacuum enclosure within the vacoum chamber and is
maintained at a pressure higher than that of the vacuum chamber but less than one atmosphere, thus esentially isolating the fluid bearing. A
movesble payload is coupled to the linear motion device such that linear motion in the direction of the long axis of the device Is provided
to the moveable payload,
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