SPECI FI CATI ON ELECTRON BEAM LI THOGRAPHY APPARATUS AND STAGE
MECHANI SM THEREOF 5 Technical Field The present invention relates to
an el ectron beam |I|ithography apparatus and a stage nechani smthereof
that can be used in a nmastering process for a record disc mnaster or
the like. 10 Background Art In the mastering process for a master of
optical discs, pits and grooves are fornmed usually by exposing a
resist filmto a | aser beam A | aséPESE@MGAIIEMNIer (LBR) used in
this mastering process uses as its light 15 source UV (ultraviolet),
Deep-UWV (far ultraviolet) with which the beam di aneter can be
further reduced, or the |I|ike. The exposure limt of a |aser beam
that is, the HEL&EIIRONIGEAM \LISTHQGRARNY ARPARAS ANRtHIAGE MEGIANTE
light diffraction limt determ ned by the |ight 20 wavel ength and t he
nunerical aperture of an object |ens. THEREGtent years, an el ectron
beam | i t hography nmethod wused in a sem conductor process has been

i nvesti gabed Tédehnidml pliebde of formng mnute pits or grooves sized
beyond the exposure Iimt of a |aser beamto inprove the 25 record
density of optical ThéspsesBptadiopteéntgiarhi selatest iton dreaslecthogr delayn
met hod, the master production for discrete track nedia, patterned
medi a, and t heithdkgraphy/SQpasabspcaid b £8@pe mechanism thereof that

can be used in a mastering process for a record disc
master or the like.

10 Background Art

In the mastering process for a master of optical

discs, pits and grooves are formed usually by exposing a
resist film to a laser beam. A laser beam recorder
(LBR) used in this mastering process uses as its light

15 source UV (ultraviolet), Deep-UV (far ultraviolet) with
which the beam diameter can be further reduced, or the
like. The exposure limit of a laser beam, that is, the
record density of an optical disc is determined by the
light diffraction limit determined Dby the light

20 wavelength and the numerical aperture of an object lens.
In recent vyears, an electron beam lithography method
used in a semiconductor process has been investigated

for the purpose of forming minute pits or grooves sized
beyond the exposure limit of a laser beam to improve the

25 record density of optical discs. By adopting this
electron beam lithography method, the master production

for discrete track media, patterned media, and the like
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that are prom sing as future technology for high density hard disks
as well as for high density optical discs such as blue ray discs is
expected to be dealt with. FIG 1 shows the configuration of a
rotating stage- 5 type el ectron beam|ithography apparatus used in
mastering disc masters. The rotating stage-type electron beam

| i t hography 1éﬁ)aratus conpri ses an X-stage. 100, —a rotating stage 101
nmount ed on’ t he3& s3EQePIPBisinggagnfutee rGﬁFBHBﬁPSXaFOFéHgQBa

103. A disc 10 nmaster 200 is mpunted on a turn table 104 on th
rotating stadd@Tandisks: mess¥edlia® &oft hheh deasity %PEb%aJiOPH?S
driven to rotate, the X-stage 100 is noved in_a disc radial

direction (i FucRlidechien BEY A+35F ALT rexpeeied ) to (he Al hef¥ih ni ng
the positioning control of 15 the el ectron beamirradiation p05|t|on
Since being const¥@ted 59°HSCBHE|ﬁQPﬁéHUEPtéoplﬁéaF FNEHRE Sitage-
(the X-stage) and the rotating stage_(a O-sta as above, the stage
mechani smPof &¥Re el @éﬁP@ﬁoﬁeagﬁeﬂmt hééthpayaR ﬁar ARRATAL U/ yanped 10
called an X-0 stage. 20 Because p03|t|on|ng accuracg on the nanoscal e
is required RAStIRINGt adlfG stBRBLRKRd i n dNEct rEATBEARY | ISHRGG AP
apparatuses, an air spindle_ is usually used in the rotating stage
Meanwhi | e, S|¢kﬁp¥¢@neb%%mréhthﬁeﬁﬁPhﬁsaaPéﬁéﬁaét§PW§FP§e§fa@eﬁh@tage
considerably diffused 25 and attenuated in the atnosphere, the
irradi ati on plh. Rorrqirtigiecetadgebddrh meewted pa ek ukreBagand 00,

thus the entire stage is placed in a vacuum chanber 105. 2
and an electronic optical lens barrel 103. A disc

10 master 200 is mounted on a turn table 104 on the
rotating stage, and at the same time that the rotating
stage 101 is driven to rotate, the X-stage 100 is moved
in a disc radial direction (in a direction of arrow A in
FIG. 1), thereby performing the positioning control of

15 the electron beam irradiation position. Since being
constituted by a combination of a linear movement stage
(the X-stage) and the rotating stage (a 0O-stage) as
above, the stage mechanism of the electron beam
lithography apparatus is usually called an X-0 stage.

20 Because positioning accuracy on the nanoscale is
required of the rotating stage used in electron beam
lithography apparatuses, an air spindle is usually used
in the rotating stage. Meanwhile, since the electron
beam has a characteristic of being considerably diffused

25 and attenuated in’the atmosphere, the irradiation path
for the electron beam needs to be evacuated, and thus
the entire stage is placed in a vacuum chamber 105.

2
US01-09055pct HEXTFA b (sG)



US01- 09055pct 5C T 1Z I' (SG Hence, conventionally, an air spindle
contained in a sealed vacuumcontainer with the rotation shaft to
which a shaft seal for vacuum using magnetic fluid, differential
exhaust, or the like, is applied has been 5 used as the rotating
stage. Further, in order to renove vibrations occurring in the
apparatus, the entire apparatus is nounted on a vibration-free deck
106. I n or derHeRCPrak CMVERE 1OVt e@Bperif e SHIHE GeRLAAPEHanbRr 2
measures of sonme kind are needed which_ 10 introduces high pressure
air for an aifedkedi WgCUMeEPRFRIRPENULENT ShengpPbrtdrny hadiy tonahich
| i ke from outside of the vacuum chanber into the air spindle and .
whi ch exhaust® aiShafded FRathe HRBri VGFA™ of UEABIv adlagRe bHam &luiss

this neans, conventionally, a flexible pipe_15 such as a bellows or a
f1exi bl e tubedHacerertiasegxhapste, oF n@‘éet hékeot dtS mpPRILRRE hgs been
nount ed on the X-stage t he pi pe connecting to the air spindle
deforms iR régdnde FbetﬁetRSWBEEﬁFaﬁﬁ-thEuXIQ?Ege?nTH§deaé¢@r#§WQM¢
of the pipe during the novenent of the X 20 stage may hinder the feed
operation of YHeratienge, OFRUSTiRAevdm i ighi ghPPakeEUFat ethe entire
positioning control. Jpn. Appl. Phys. Vol. 40 (2001) PP. 1653-1660
(Non- patent 3RPaFHee 15 meurtedecen sa pyhhyt her hbeeandeek al®@tal lic
flexible tube 107 leading fromthe side of the rotating 25 stage
upper portion to alBulotfesd b9 make athemadiandeindlg |operate pén the

shaped like a "U" turned on its side as shown in FIG 2. In this
case, the fl eka¢yumt ghampgy. measures of some kind are needed which

10 introduces high pressure air for an air bearing,
electric signals for motor drive, and the 1l1like from
outside of the vacuum chamber into the air spindle and
which exhausts air used in the bearing out of the wvacuum
chamber. As this means, conventionally, a flexible pipe

15 such as a bellows or a flexible tube has been used.
Here, since the rotating stage is mounted on the X-stage,
the pipe connecting to the air spindle deforms in
response to the movement of the X-stage. The
deformation of the pipe during the movement of the X-

20 stage may hinder the feed operation of the X-stage, thus
preventing highly accurate positioning control. Jpn.
Appl. Phys. Vol. 40 (2001) PP. 1653-1660 (Non-patent
reference 1) discloses a piping method where a metallic
flexible tube 107 leading from the side of the rotating

25 stage upper portion to a bulkhead of the wvacuum chamber
is laid to be shaped like a "U" turned on its side as
shown in FIG. 2. In this case, the flexible tube 107
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3 USO01- 09055pct ~CT7 F (SG responds to the stroke of the X-stage with
the deformation as showmn in FIG 3. In the case of this
configuration, a support nenber to support the weight of the
flexible tube is needed, and the bottom of the 5 vacuum chanber or
the Iike actually takes on that role. Wen view ng the actual
novenent m croscopically, as _the tube noves deformng, friction
occurs bet vveelFP"iH’fénd%up%Brt thenbeFt¥e¥R bBEt ofhst thesvBRRunVekBnbdhe
or the like)_and the flexible tube, which causes frictional 10 .
resi stance arffPFRFIAELQR bASt i DHID r éBuIETGrg Bn a IMetPRas@Se Phethis
novenent accuracy, of the X-stage. Further, since a high pressure air
suppl yi ng t ubeeR 9u¥¢ﬁé%%ar¢nﬁ?PR%¥BrmﬁFP9Fn§°féBHBPrEiﬁg§,W§ﬁ@hﬁh8f
| i ke are together passed through its inside, a flexible tube 15 of a

relatively | afRpe dilerdide (&8Penchsornepdeder 3 thRerPar bt 45 RES
been used conventionally. Thus, the | oad on the X-stage due to the
flexural $tifye@agm chavbef REs theerd ik ARBIdtln BHREPRaSB thath&ole.
movenment accuracy of the X-stage. |f a differential exhaust seal 20
that is full yheRhcohewtRgi shadaptealt BOVRPLBEe MLRE OSCOPALRIAYac &Fr 48\
of the spindle notor, the nunber of tubes is further increased,

whi ch makes tHE@bowevegr oifledormdng .serfhat ieanoprres Jpatwagpl . the
Phys. Vol . 43 (2004) PP. 25 5068-5073 (Non-patent reference 2) and
Japanese Pat e3HPPph| nembesn (thed boidempafl ke i vacwem ghambeg7 exg the

like) and the flexible tube, which causes frictional

10 resistance and minute vibrations, resulting in a

decrease 1in the movement accuracy of the X-stage.

Further, since a high pressure air supplying tube for

the bearing, motor driving feeder 1lines, and the like

are together passed through its inside, a flexible tube

15 of a relatively large diameter (an inch or greater in

inner diameter) has been used conventionally. Thus, the

load on the X-stage due to the flexural stiffness

thereof has been a cause of a decrease in the movement

accuracy of the X-stage. If a differential exhaust seal

20 that is fully noncontact 1is adopted to improve the

rotation accuracy of the spindle motor, the number of

tubes 1is further increased, which makes the above
problem more serious.

Meanwhile, Jpn. Appl. Phys. Vol. 43 (2004) PP.

25 5068-5073 (Non-patent reference 2) and Japanese Patent

Application Laid-Open Publication No. 2003-287146

(Reference 1) disclose an apparatus equipped with a
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(Reference 1) disclose an apparatus equipped with a 4

US01- 09055pct ~CT7 F' (SG bellows elastic in the X-direction.

However, the spring force of the bellows and the sliding frictional
resi stance of a gui ding nechani sm provided to prevent the bell ows
from buckling cause a decrease in the 5 novenent accuracy of the
X-stage. Disclosure of _the_ Invention h‘lj;echni_cal Probl ens] The .
present i nveR$blP¥RsehaBbifnili &Reofk-AAEZeshdPR - pHEBPYRT - af@CafPring
object thereof is to provide a stage 10 nmechani sm capabl e of nore

hi ghly accur di¥r§osi PEonithf cohetbPWdy PEGucite t nelidiRtentiicidogal
the X-stage due  to the rotating stage piping, and an el ectron beam
l'i t hogr aphy appakskaRCceq@fppRd IHidH "G BecharbsRe PALVHERT  FSoPFEVERT
for solving the problens] 15 According to the present_invention,
there is prdfiRledel k% e mﬁarﬁ%ﬁ%ﬂ%h GBS | bs BGFERARS ordithg the
mechani smincluding a rotating stage having a turn table, and a

| i near novenEfVeieRke 2CETAreY \%%‘%/exti’n’éag? otating stage for

posi tioning; a vacuum chanber housing 20 the positioning mechani sm
and at |east DECIosure)|f HheelRVEREKRNt he outside of the vacuum
chanber and the inside of the positioning nechani smconmuni cate. The
vacuum chanberTegxnicabRrobemel t hat spreads underneath the
under si de of the positioning nechanism and the pipe 25 leads froma
surface of the posTR¢opreageRrbchalpBhion was made in view of the above

problem, and an object thereof is to provide a stage

10 mechanism capable of more highly accurate positioning
control by reducing the movement load on the X—stage due
to the rotating stage piping, and an electron beam
lithography apparatus equipped with this stage mechanism.

[Solution for solving the problems]

15 According to the present invention, there is
provided a stage mechanism which comprises a positioning
mechanism including a rotating stage having a turn table,
and a linear movement stage to linearly move the
rotating stage for positioning; a vacuum chamber housing

20 the positioning mechanism; and at least one flexible
pipe to make the outside of the wvacuum chamber and the
inside of the positioning mechanism communicate. The
vacuum chamber has a lower space that spreads underneath
the underside of the positioning mechanism, and the pipe

25 leads from a surface of the positioning mechanism
through the lower space to an inside wall of the wvacuum
chamber.
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t hrough the | ower space to an inside wall of the vacuum chanber. 5
US01- 09055pct 1CTZ F (SG According to the present invention, there
Is provided an el ectron beam | ithography apparatus which conprises
a positioning nechanismincluding a rotating stage having a turn
table, and a linear novenent stage 5 to linearly nove the rotating
stage for positioning, an electron beamirradiati ng neans to .
irradiate an el ect®@POTr@¢Edg ofiPto Fh§ sPFREIEE ndBVeRBELGR t h&here 1is
rotating stage to _formrecord marks; a vacuum chanber housing the
posi ti oni ng rEeEHI’d) athdeieckeqst Reamf ldthooraphye 2BPaYAFHake WHER
outsi de of the vacuum chanber and the inside of the positionin )
mechani sm corPRMPERERS PhePRLUieRirMamBehaRadsMy Inetdidhice ¢ ting
spreads underneath the underside of the positioning nechanism and
the pipe |ea¥tage ohr¥isgr fackuen tABlpesi@fidord nfiheeRafPypment stage
through the | ower space to an inside wall of the vacuum chanber.

Bri ef Desé&ri pk? ohineaDliwimeys Mihg motablng t peagenfpyupasiddoping: an
conventional electron beamlithography apparatus; 20 FIG 2 shows a
pi pi ng net hocelectpen chagmnirsadiaténgcmeanspéamirmaddgitepidp electron
apparatus; FIG 3 shows the novenent of a pipe of the conventional

el ectron bearbP¢amhegkapaydippgamaser mpgntedsRawdhehaot@tingusd@aen to

of a rotating stage
form record marks; a vacuum chamber housing the

positioning mechanism; and at least one flexible pipe to

10 make the outside of the vacuum chamber and the inside of
the positioning mechanism communicate. The wvacuum
chamber has a lower space that spreads underneath the
underside of the positioning mechanism, and the pipe
leads from a surface of the positioning mechanism

15 through the lower space to an inside wall of the wvacuum
chamber.

Brief Description of Drawings

FIG. 1 shows the configuration of a conventional
electron beam lithography apparatus;
20 FIG. 2 shows a piping method in the conventional
electron beam lithography apparatus;
FIG. 3 shows the movement of a pipe of the
conventional electron beam lithography apparatus;
FIG. 4 shows the configuration of a rotating stage
25 in an embodiment of the present invention;
FIG. 5 shows the configuration of an electron beam
lithography apparatus that is an embodiment of the
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25 in an enbodi ment of the present invention; FIG 5 shows the
configuration of an electron beam 1|ithography apparatus that is an
enbodi nent of the 6 US01-09055pct~Cr7~ f' (SG present invention;

FIG 6 shows the novenent of a pipe of the electron beamlithography
apparatus that is an enbodi nent of the present invention; 5 FIG 7
shows the configuration of an electron beam |ithography apparatus
that is an endoFeRhtiRYeREEC  hresent invention; and FIG 8 shows the
configuration of an el ectron beam 1ithograph apggratus that is

anot her enbodi mentFH%- tﬁeShﬁYﬁsnggeﬂPV?ﬂgBﬁt P%n ERGI &fatthign ejectron
Ref erence Nuneral s> Rotating stage 5 Turn table 13 Housin

Vacuunlbulkhé%ﬁmnlklig°ﬁF@RPBI PPak tu§5t¢§§ﬂé¥sI?%ee@BOEF@EPgOHFCthe

optical lens barrel 40 X-stage 20 50 Vacuum chanber 50a Upper region
(Upper space)PT&RRRtolRYeREYPBN (Lower space) Al -A5 Feedt hrough

5 FIG. 7 shows the configuration of an electron beam
lithography apparatus that is an embodiment of the
present invention; and

FIG. 8 shows the configuration of an electron beam

lithography apparatus that is another embodiment of the
10 present invention.

<Explanation of Reference Numerals)>

1 Rotating stage

5 Turn table

13 Housing
15 14 Vacuum bulkhead

16-19 Flexible tube

25 Feeder line

30 Electronic optical lens barrel

40 X-stage
20 50 Vacuum chamber

50a Upper region (Upper space)

50b Lower region (Lower space)

Al-A5 Feedthrough

B1-B5 Feedthrough

25 Detailed Description of the Invention

Embodiments of the present invention will Dbe
described with reference to the drawings. The same
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B1l- B5 Feedt hrough 25 Detailed Description of the Invention

Enbodi ments of the present invention will be described with
reference to the drawi ngs. The sane 7 US01l-09055pct Y X b (SG
reference nunerals are used to denote substantially the sane or

equi val ent constituents or parts throughout the figures cited bel ow
FIG 4 is a cross-sectional view of a rotatin 5 stage 1 using_an
air spindl e tFRECTINGH BHBSHRHENATEF Usatk Eﬁ‘eg%?t? n§§ﬁ?it8ﬁ.t1?3n1éfstthe
plates 3, 4 and a turn table 5 are connected to a rotation shaft 2
of the rotat§#P sPhgeIN1VaAGNtHEOR TG TR bt 2K | RgTE8cthsRUIROUL the
journal bearing 6 and thrust bearings 7 are placed to 10 face the
rotation shaffTPUEsR ¢heed Pes?¥Wpl ates 3, 4 via minute spaces
respectively. Wien conpressed air is supplied into a bearing inlet

8, the conpressed Bi¢- dond§ odt FoSRAAESLI i NgeyarPE & dedating
journal bearing 5 and thrust bearings 6 via a supply passageway 15
9. The roPat i®fA%halt USiney #keafihr BR1PILR e8h3t 4syran smppéinedtppt
this conpressed air in a noncontact way. Under the thrust plate 4,
there are prdh®leBrasshaf tinMeniiqiked %brtlﬁ‘é PIedEison3 sh4f tamd aAd tagn
AC servo notor 11 supplying driving force to the shaft 10 in a
noncont act 20takle A rareakeRrneeerd t He@ r 8t a9t Lomaf shiaf thr dved edhe
t hrough sealing by differentially exhausting a plurality of

noncont act sdz@taling optage prowndedhafeaackormt perotating section. A

journal bearing 6 and thrust bearings 7 are placed to
10 face the rotation shaft 2 and the thrust plates 3, 4 via
minute spaces respectively. When compressed air is
supplied into a bearing inlet 8, the compressed air
comes out of nozzles forming parts of the Jjournal
bearing 5 and thrust bearings 6 via a supply passageway
15 9. The rotation shaft 2 and the thrust plates 3, 4 are
supported by this compressed air in a noncontact way.
Under the thrust plate 4, there are provided a shaft 10
linked to the rotation shaft 2 and an AC servo motor 11
supplying driving force to the shaft 10 in a noncontact
20 way. Air leakage from the rotation shaft is prevented
through sealing by differentially exhausting a plurality
of noncontact seal portions 20 provided adjacent the
shaft. As such, the rotating section of the rotating
stage 1 is supported in a completely noncontact way with
25  respect to the fixed section, and hence frictional
resistance associated with rotation is suppressed to be
small, realizing ultra-highly accurate rotation control.
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shaft. As such, the rotating section of the rotating stage 1 is
supported in a conpletely noncontact way with 25 respect to the fixed
section, and hence frictional resistance associated with rotation is
suppressed to be small, realizing ultra-highly accurate rotation
control. 8 US01-09055pct 5t7. h (SG O the above constituents of
the air spindle, the ones other than the turn table 5 are housed in
an airtight way i9f atheusibayelcongkeltitebts kAEadder2dr esPhafils. the
separating the inside and outside of a vacuum5 chanber in an_
airti ght way,oRfRl tHdeht dheRg §hageturns thlkged i ARGr dPRESeHhe in an
vacuum bul kheads 14, that is, in the vacuum at nosphere inside the
vacuum chanbe#irhght VR¥t ifthet ehPesiR@pdgher VAP shirbkkrad@mr 44orre
t he vacuum bul kheads 14 and inside the housing 13. 10 Feedt hroughs
Al to AS are Y@b\s dEERATAtHO Y aébem 1 B8 dpe 19utgider eft H oygiFeum
Bl to BS are provided on the bottom of the housing 13 of the ]
rotating §tagéambermhinf apdedrddghtt save 204 nikgerotabipdssbadfi deds
inward and outward of a bul khead, and its airtightness is 15 secured
so that air dvkacet ipwarkd mH the vaswwm kwbepeads hAdughthafe is., in
| i nkage. Piping and wiring over inward and outward of the vacuum

bul kheads 14 &he vhgphen@imaspliere htreideedbhlr oiagizam Nghanhers he Note
supply of conpressed air to the air spindle, the exhaust of air 20
fromthe air gphdtkeranist ptmoapheyiof paepgure| egtwprd pdwdhet yacham

AC servo notor 11 are inplenmented via the
bulkheads 14 and inside the housing 13.

10 Feedthroughs Al to A5 are provided on the wvacuum
bulkheads 14, and feedthroughs Bl to B5 are provided on
the bottom of the housing 13 of the rotating stage 1.
The feedthrough forms a linkage of pipes or wires inward
and outward of a bulkhead, and its airtightness is
15 secured so that air does not 1leak into the wvacuum
chamber through the linkage. Piping and wiring over
inward and outward of the vacuum bulkheads 14 are
implemented via these feedthroughs. Namely, the supply
of compressed air to the air spindle, the exhaust of air
20 from the air spindle, and the supply of drive electric
power to the AC servo motor 11 are implemented wvia the
feedthroughs. An air supply pipe 15 1is connected
between the bearing inlet 8 and the feedthrough Bl. A
small-diameter flexible tube 16 of, e.g., 1/2 inch or
25 less in outer diameter that is made of metal such as
stainless is connected between the feedthrough Bl and
the feedthrough Al. By this piping, compressed air can

9
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feedt hroughs. An air supply pipe 15 is connected between the bearing
inlet 8 and the feedthrough B1. A small-dianeter flexible tube 16
of, e.g., 1/2 inch or 25 less in outer dianeter that is made of netal
such as stainless is connected between the feedthrough Bl and the
feedt hrough Al. By this piping, conpressed air can 9 US01-09055pct

A:3CT7. i' (SG be supplied to the air spindl e fromoutward of the
vacuum bul khe?fis suppRdiiies ngiont Ehai RLE hSTdagilee &rom, eULWRFA e the

vacuum chanber. Further, feeder |ines 25 are connected respectively
bet ween the AR o kiptigheads 5 khd T f aiickyine2 Bivd agksen of
the feedthrough B2 and the feedthrough A2. E%\gthi s means, drive
electric poWedCywn sipplthed VaFude Famkex o Brhay.  f8aient wargs &P
t he vacuum bul kheads 14 with maintaining the degree of vacuumin the
vacuum chanbedre \gpresetedaregpertivedly aheteeen| ERpppPE sgBEFo1Moger 11
e.g., 1/2 inch or less is connected between the feedthrough B3 and
the feedtArowdfd Abe HeediRrowgihsB2pand obetweeBorifresfeqgdhirough B2
supplied to the vacuum bearings 5, 6 is exhausted outward of the
vacuum bul kheaft theyifeadihrough bh2- t uB¥ Thisydpeams { yeri¥e, edaedFdc
pi pes 23, 24 are connected respectively between bearing outlets 21,
22 and t he fazeitew obghsBRPligg, tendhaal( -skEvet BPLtor et il bifaomy ipadwagd
19 of, e.g., 1/2 inch or Iess are connected respectively between the
f eedt hrough BAf BBeanvdauva fatkheadghlAd widh myintainimg pthenglegiiee
whi ch has flowed into the noncontact seal
of wvacuum in the vacuum chamber. Moreover, a small-
10 diameter flexible tube 17 of, e.g., 1l/2 inch or less is
connected between the feedthrough B3 and the feedthrough
A3. By this means, part of the compressed air supplied
to the wvacuum bearings 5, 6 is exhausted outward of the
vacuum bulkheads 14 via the flexible tube 17. Yet
15 further, exhaust pipes 23, 24 are connected respectively
between bearing outlets 21, 22 and the feedthrough B4,
B5, and small-diameter flexible tubes 18, 19 of, e.g.,
1/2 inch or less are connected respectively between the
feedthrough B4, B5 and the feedthrough A4, A5. By this
20 piping, air which has flowed into the noncontact seal
portions 20 can be differentially exhausted outward of
the vacuum bulkheads 14.
Each of the flexible tubes 16 to 19 and the feeder
line 25 connecting the feedthroughs Bl to B5 provided on
25 the bottom of the housing 13 and the feedthroughs Al to
A5 provided on the wvacuum bulkheads 14, is laid hanging

down in the middle part to be shaped substantially like
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portions 20 can be differentially exhausted outward of the vacuum
bul kheads 14. Each of the flexible tubes 16 to 19 and the feeder

line 25 connecting the feedthroughs Bl to B5 provided on 25 the
bottom of the housing 13 and the feedthroughs Al to A5 provided on

t he vacuum bul kheads 14, is laid hanging down in the mddle part to
be shaped substantially |ike 10 US01-09055pct ~C7 ~  (SG a "U' as
shown in FIGa4."Uss &@gchsheynt Wi stfd§e AechadiSsnSHERer dihg the t §&age
present invention, the pipes_ and wires for air supply to and exhaust
from the air MeFharRiEn aAECPBERIRBWEL AEiRTL ISR elBVarbieRdi HhauRAPPS
5 provided without the use of parts such as bellows or ui di ng tubes
used in conveitq oWaregppERTat 8d&s. SURREY 5tehARe t aBheBRt| oM | bAe oflr
an el ectron beam |ithography apparatus provided with the above
rotating st aﬁﬁifld%ﬁ:céﬂgi r%# oPever pfeseding; ifiherston. apg Agdividually
el ectronic optical lens barrel 30 conprises an electron gun 31, a
condenser 5| efgr@zided pmifkiond cthet usee 3B, Pagtsapenelyr @s3gbeplows or
defl ector 35, a focus lens 36, an object Ilens 37, and the |iKke.

El ectrons emduiding oiibeR ugedcin opeyieniziongk LPREREHEL L0 t he
center of the 15 bl anking el ectrode by the condenser |lens 32 to nake
a cross-over poi rRIGthenspays ttheopnfiigurgisiqnref 3anggdectgen beam
defl ector 35, and are converged onto a record nmaster by the object

| ens 37. The dlthegwaphiragpberabiis Rrevidgd dwikhcttihey ahevel aotadding

beam wi t h t he bl anki ng
stage 1 according to the present invention. An

10 electronic optical lens barrel 30 comprises an electron
gun 31, a condenser lens 32, a blanking electrode 33, an
aperture 34, a deflector 35, a focus lens 36, an object
lens 37, and the 1like. Electrons emitted from the
electron gun 31 are converged to the center of the

15 Dblanking electrode by the condenser lens 32 to make a
cross-over point, then pass through the aperture 34 and
the deflector 35, and are converged onto a record master
by the object lens 37. The electron beam is modulated
by deflecting the electron beam with the blanking

20 electrode and blocking it with the aperture.

A vacuum chamber 50 housing an X-stage 40 and the
rotating stage 1 in an airtight way is provided with a
trench-1like space that spreads underneath the bottom of
the X-stage 40. The upper portion of the rotating stage

25 including the X-stage 40 and the turn table 5 is housed
in a space 50a (hereinafter called a first region) above
the trench-like space. Meanwhile, the lower portion of
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20 el ectrode and blocking it with the aperture. A vacuum chanber 50
housi ng an X-stage 40 and the rotating stage 1 in an airtight way is
provided with a trench-like space that spreads underneath the bottom
of the X-stage 40. The upper portion of the rotating stage 25
including the X-stage 40 and the turn table 5 is housed in a space
50a (hereinafter called a first region) above the trench-Iike space.
Meanwhi | e, tHeh¢ ofiREapbRei stage and UdeA - BYDSSpdors@in 55umedy t he and
rotating stage and the pipes for air suppIX to and exhaust fromthe
air spindl e #®%ha@Ft pdikam f &b nglirt hepéhdlar eapfackeri Pawpr feeding
trench-1i ke space 50b (hereinafter called a second region). As shown
in FIG 5 5, there§eit haten Planest al 1ni r &b orFlTQPCF*}'G:l%B? ofPafe S0Db
second region 50b can be set to be snaller than the width of the
first regi on BRreinafier spadledoassamondatreqiqn)- t S sthewe an #Hé-
X-stage 40 in novenent. The X-stage conprises a feed screw 41

ext endi ng5i n 5&0thedWﬂé@h|dﬂibﬁiagﬁﬁﬂrgf(ﬂiaﬁpééppoﬁwliEIQhe5)igﬁréhe
a shaft 42 linked to an end of the feed screw 41, a notor

provi ded out s$ekonte regd@dm 2hbmean sbet ek i e the sg\ﬁéfltemztlﬁ@ the
rotate, a fermale screw 45 that mates with the feed screw 41, a stage
portion 44 fiwkdth oof hehasfivah| segéprwd28, hnll asbadeeds toi gegure at
the bottomof the first region 50a and connected to the other end of
the feed screleadt tWerstihekeneHrthd Xssttageyetl imanoverghcrew 41 is

rotated at the same position via the
The X-stage comprises a feed screw 41 extending in

10 a direction of arrow A (X-direction) in the figure, a
shaft 42 linked to an end of the feed screw 41, a motor
43 provided outside the wvacuum chamber 50 to drive the
shaft 42 to rotate, a female screw 45 that mates with
the feed screw 41, a stage portion 44 fixed to the
15 female screw 45, and a base 46 fixed to the bottom of
the first region 50a and connected to the other end of
the feed screw 41. When the motor 43 is driven, the
feed screw 41 is rotated at the same position wvia the
shaft 42, and thereby the female screw 45 and the stage
20 portion 44 move in the X-direction. A through hole is
made in the stage portion 44, and the rotating stage 1
is inserted into the through hole. The rotating stage 1
is fixed at its flange 80 to and supported by the stage
40, the flange 80 being formed protruding from the
25 periphery of the rotating stage 1. By this means, the
rotating stage 1 can move in the X-direction as the X-
stage 40 moves. A disc master 200 is mounted on the
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shaft 42, and thereby the female screw 45 and the stage 20 portion 44
nove in the X-direction. A through hole is nade in the stage portion
44, and the rotating stage 1 is inserted into the through hole. The
rotating stage 1 is fixed at its flange 80 to and supported by the
stage 40, the flange 80 being forned protruding fromthe 25
periphery of the rotating stage 1. By this neans, the rotating stage
1 can nove int4fe teklecetPBnthe rREaking: g§a920 ABdedt AhG S@Meaddde
200 is nounted on the 12 USO01-09055pct~C7/~ } (SG turn table 5 on

t he rotating Btalgethangokating sdaget ilherotaas + hehe oKabtagestgaores
rotates, the X-stage 40 noves in a disc radial direction (a ]
di rection of ¥trawdiscm r@EiglsiirgsdicRer@ydinechbant odni dFSonhr 0
of the 5 electron beamirradiation position is perforned. The
rotating stadel@. i $Irournéd therebhatthehe Pogidiondaet i eanthetedtt the
passed through the X-stage 40 is in the second region 50b. Thus, the
fl exi bl e Bubesle®tron IweamnbrradidebeRrreshelion s tRRYEArNed : he
housi ng bottomof 10 the rotating stage 1 are laid in the second
region. The feedtTheougptaiingosp@geescitbmgunabedesuch phaki dbg diower
the side walls of the second region 50b, and between these and the

f eedt hr oughs WBirtiwmBsthevetfepassethdhriotugdi tdrcbottsinas 4helisotiat ithg
stage, the flexible tubes 15 16 to 19 and the feeder line 25 are
connect ed t o smcorshapedionbsitint i aThys| i kdea flexidhesdupegesi@nto 19

wires hang down in mdair in such a way as not to touch a side
and the feeder line 25 attached to the housing bottom of

10 the rotating stage 1 are laid in the second region. The
feedthroughs Al to A5 described above are provided on
the side walls of the second region 50b, and between
these and the feedthroughs Bl to B5 provided on the
housing bottom of the rotating stage, the flexible tubes

15 16 to 19 and the feeder line 25 are connected to be
shaped substantially 1like a "U". These pipes and wires
hang down in midair in such a way as not to touch a side
or bottom on the inside of the vacuum chamber during the
movement of the X-stage 40.

20 Where a vibration-free deck is wused +to remove
vibrations occurring in the apparatus, a through hole is
formed in the vibration-free deck 90, and the second
region 50b is passed through this through hole, and the
bottom of the first region 50a is mounted on the

25 vibration-free deck 90, thereby securing stability.

The movement of the flexible tubes 16 to 19 when
the X-stage 40 moves in the X-direction will Dbe
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or bottomon the inside of the vacuum chanber during the novenent of
the X-stage 40. 20 Where a vibration-free deck is used to renove

vi brations occurring in the apparatus, a through hole is forned in
the vibration-free deck 90, and the second region 50b is passed

t hrough this through hole, and the bottomof the first region 50a is
mounted on the 25 vibration-free deck 90, thereby securing
stability. Thiecsmvidmeht with herdferemte ttubesFI®G. t 619 wWhewch t loE the
X-stage 40 noves in the X-direction will be 13 USO01l-09055pct X7~ F
(SG descri befilexilhle efterberscehogBl Glown Bach tdfe t mhéddiikexpaite tudede
hangs down in the mddle part to be shaped like a "U in between the
housi ng bott mhaged hkikeowat Uy &m agetwadnt lthevadmnsnngl kdietom 14£ the
inside the 5 second region 50b of the vacuum chanber as descri bed
above. In thimotdtaimy stagee dhdt ade 40anoums bhulkHead- 1di racgide, the
the rotating stage 1 noves in the X-direction. The flexible tube
responds 50 tdecomdemegtionf 50k Xf sthge ncwimnghagbets asadidescafibed
curvature as shown in 10 FIG 6. Because each of the flexible tubes
hangs down iabowelai rin ntlsichsttatey as tloé Xostageh4Ohmovasuim the X-
bul khead 14 of the vacuum chanber during the novenent of the

X- st age, nonldinesctibisf uthancetatithgastégecli movies iael ithienat-@dretfibs.
to the flexural rigidity of the flexible tube, conplex conputation

i s needed becmuserfaektidllley tiige Sh@pponds to the movement of the X-

stage by changing its radius of curvature as shown in

10 FIG. 6. Because each of the flexible tubes hangs down
in midair in such a way as not to touch the wvacuum
bulkhead 14 of the vacuum chamber during the movement of
the X-stage, nonlinear disturbance such as friction is
eliminated.

15 As to the flexural rigidity of the flexible tube,
complex computation is needed because actually the shape
of corrugation needs to be taken into account, but if
simply modeled on the assumption that conditions do not
change, it can be regarded as the flexural rigidity of a

20 circular pipe. That is, since being proportional to the
second moment of area, the flexural rigidity is
proportional to the inner diameter cubed for circular
pipes of the same wall thickness. In contrast, in the
case where multiple pipes of the same inner diameter are

25 arranged in parallel, the second moment of area 1is
proportional to the number of the pipes. Therefore,
instead of using a flexible tube of a large inner
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of corrugation needs to be taken into account, but if sinply nodel ed
on the assunption that conditions do not change, it can be regarded
as the flexural rigidity of a 20 circular pipe. That is, since being
proportional to the second nonent of area, the flexural rigidity is
proportional to the inner dianmeter cubed for circular pipes of the
sanme wall thickness. In contrast, in the case where multiple pipes
of the sane idiaiethmngs ethat em@bt bpIangepes ncaar akkehd theosgbond as
nonent of area is proportional to the nunber of the pipes.

Therefore, iiist eedvenhtisnad aapperablees pbacafordlilay geoi nites pirésent
USO1- 09055pct iZtr 4 . b (SG dianeter so that nultiple pipes can
extend t hr ougdmhbddiasent NtEONPEPesOHalr Aiparaipislss, amd cexaugtt antihéor
present enbodi nent the pipes for air supply and exhaust and for

power feedi nparer | Fdiedisigal hyeprivd teriwdl Thapreadded pspe tismtof each
smal | inner dianeter, thereby reducing the flexural rigidity of the

pi pe. By thi pifanss bhea mmeANENind&ndiDdndher X- shégebgamebiacing the
reduced, achieving highly accurate positioning control. Depending on
the lengths amkinesd Bl raldi@itynt etvakBe 19ipé. t heBpi pesis t heeddsexi hhe
tubes hunging down in the mddle part to be shaped |ike a "U" may be

in contact widverRacth 0b8&r onvhikd Rapsagef datt ivaredasedl aBehieving
resulting in a decrease in the novenent accuracy of the X-stage 40.

In order to mMeyen} ddtSratd pdsdesdnald ecdibtddipf clanpers 91 to
clanp tubes so as to be apart from

Depending on the lengths and installation intervals

10 of the pipes, the flexible tubes hunging down in the
middle part to be shaped like a "U" may be in contact
with each other, which causes frictional resistance,
resulting in a decrease in the movement accuracy of the
X-stage 40. In order to prevent this, it is desirable

15 that clampers 91 to clamp tubes so as to be apart from
each other be provided at appropriate places as shown in
FIG. 7. Also, a vibration occurring in the U-shaped
pipe is expected to be damped by providing this clamper.
Although a stainless-made flexible tube usually used as

20 a metallic flexible tube for wvacuum, alone is not good
at damping, by clamping multiple flexible tubes,
vibration energy is dispersed, and thus resonance can be
suppressed to be small. Note that covering a metallic
flexible tube with a flexible braid (braided wire) or

25 the like is expected to produce the effect of damping
vibration. Further, pipes connecting feedthroughs may

be, for example, resin-made tubes outgassing little in a
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each other be provided at appropriate places as shown in FIG 7.

Al so, a vibration occurring in the U shaped pipe is expected to be
danped by providing this clanper. Although a stainless-mde flexible
tube usually used as 20 a netallic flexible tube for vacuum alone is
not good at danping, by clanping nultiple flexible tubes, wvibration
energy is dispersed, and thus resonance can be suppressed to be

smal | . Not e twaduumoyaidthpeainetBinited fiemdtal Tidef Vextible fiubddl e
braid (braided wire) or 25 the like is expected to produce the effect
of danping vibratAthoddh t ber thei pa®veonsmisdd haedeedthe odgled thmypughs
be, for exanple, resin-mde tubes outgassing little in a 15

USO1- 09055pctarCTprbvidsd omcu bottdei f | thet atbusinget aBl ief the
flexible tubes. Although in the above enbodi nent, the feedthroughs
are provi ded sstdtndotscagof 1he hoetsi bgidg oflimheedr otati mpistagehe
1, not being limted to this, the 5 feedthroughs Bl to B5 nmay be

provi ded en tfwedthvdugditst iBIN @b tBS mdle ol t peovatali ngnstidge lower
| ocated in the second region 50b of the vacuum chanber, and between

these and thgdeedihropgtise /5186 66 phevidedtongt Beageatouatbdl Kheate
14, the flexible tubes 16 to 19 and the 10 feeder line 25 may be

connect ed hangddghdlowdgiidnt hsob Mol enpartaduunde champed , s udsd ablitkly
like a "U'. Also in this case, each of the U shaped pipes is laid so

as not to toudsd @nde BhebaidedBiroddifs | A3i deo Ofad hgrov@a@e@mon the
chanmber 50 during the novenent of the X-stage 40.

vacuum bulkheads 14, the flexible tubes 16 to 19 and the

10 feeder line 25 may be connected hanging down in the
middle part to be shaped substantially like a "U". Also

in this case, each of the U-shaped pipes 1is laid so as

not to touch a side or bottom on the inside of the
vacuum chamber 50 during the movement of the X-stage 40.

15 As obvious from the above description, in the stage
mechanism and the electron beam 1lithography apparatus
according to the present invention, the wvacuum chamber

has the trench-like space that spreads underneath the X-
stage, and the pipes and wires connected between the

20 rotating stage and the vacuum bulkheads are laid in this
space. These pipes and wires are laid so as to deform

in response to the movement of the X-stage without
touching an inside wall of the wvacuum chamber in this
space, and hence frictional resistance and wvibration

25 during the movement of the X-stage can be greatly
reduced. Therefore, the positioning control of a disc
master can be executed more highly accurately, and thus
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15 As obvious fromthe above description, in the stage nechani sm and
the el ectron beamlithography apparatus according to the present
i nvention, the vacuum chanber has the trench-Ilike space that spreads
underneath the X- stage, and the pipes and wires connected between
the 20 rotating stage and the vacuum bul kheads are laid in this
space. These pipes and wires are laid so as to deform in response to
t he novenent mindte Xitsagaivwiabieutfor obtphngeasiitysimecoawdingf cahebe
vacuum chanber in this space, and hence frictional resistance and
vi brati on 25 fhumed). t h8ynovereiding fhexXbitagmbzen OE gresmayl inner
reduced. Therefore, the positioning control of a disc mnmaster can be
execut ed nor ediampgiter aasurtdiede/, papdst mespeld iVell 09085ptduad&lry ( SEGhe
mnute pits suitable for high density recording can be forned. By
provi di ng fl emovdneeritubdsadl ensrild Krstagedicaret be afuttiese medesed.
respectively individually, the novenent |oad on the X-stage can be
further reducatttiefurvdedusdethesappacagppacahubeczontid goaell guthdut
wi t hout parts such as bellows or guiding tubes used in conventional
appar at uses, pgute | osuenst aand e lows el babi Igutiiagn beslsedi eusdd 1in
USOL- 09055pct ~CT7 }' (SG Cdains 1. A stage nechani sm which
conpri ses a pasitémtlidital Nneabparatussel, udivwra rbbat | P st agandavihigh
a turn table,

reliability can be achieved.
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and a linear novenent stage to linearly nove said 5 rotating stage
for positioning; a vacuum chanber housing said positioning
mechani sm and at | east one flexible pipe to make the outside of
sai d vacuum chanber and the inside of said positioning nechanism
communi cate, wherein: 10 said vacuum chanber has a | ower space that
spreads underneath the underside of said positioning nechanism and
said pipe |leads froma surface of sai dCpasimnsi oning nechani smthrough
said | oner space to an inside wall of 15 said vacuum chanber. 2. A
st age nechanikm & cotthgy meaiaiisr, wibisshei cawm™ sqs p@ haogd tdonming
in the mddle part without touching an inside wall of said vacuum
chanber in samebhHawviesm spackudidg A sohgtingchbtagenmhavivgdanduro dladilen.
1 or 2, wherein 20 one end of said pipe is coupled to the underside
of said posidandniang Inecdeani smvehent stsigmearedimanilsimesgodyr dimoyet o sady
of claims 1 to 3, wherein one end of said pipe is coupled to a side
surface ob sarcktginind i sbagg frechpnsimiofdbng: A yhesgemneblambegmhousing
according to any of clainms 1 to 4, which has a plurality of said
pi pes, furthesaidnpbisiitigniagc|meqieantismel amd sat d leigsds oene afliexilbde
apart from 18 USO1l-09055pct ~C7 Z b (SG each other. 6. A stage
mechani sm acquigh ngo t makey the @uwrisiriel dfb £9id vacuum chamber and the
inside of said ©positioning mechanism communicate,
wherein:

10 said vacuum chamber has a lower space that spreads
underneath the underside of said positioning mechanism,
and

said pipe leads from a surface of said positioning
mechanism through said lower space to an inside wall of

15 said vacuum chamber.

2. A stage mechanism according to claim 1, wherein said
pipe hangs down in the middle part without touching an
inside wall of said vacuum chamber in said lower space.

3. A stage mechanism according to claim 1 or 2, wherein

20 one end of said pipe is coupled to the underside of said
positioning mechanism.

4, A stage mechanism according to any of claims 1 to 3,
wherein one end of said pipe is coupled to a side
surface of said positioning mechanism.

25 5. A stage mechanism according to any of claims 1 to 4,
which has a plurality of said pipes, further comprising

a clamper to clamp said pipes so as to be apart from
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wherein: said |linear novenent stage has a through hole, and 5 said
rotating stage is inserted into said through hole. 7. An electron
beam | i t hography apparatus which conprises a positioning nechani sm
including a rotating stage having a turn table, and a |inear
novenent stage 10 to linearly nove said rotating stage for
positioning; an electron beamirradiating neans to irradi ate an
el ectron besaadntetkeri sc naster nounted on said rotating stage to
formrecord marks; a vacuum chanber housing said positioning
mechani sm arfd- a& ftage wachAndgmblagcer@ddndo tos anikeof helaimsi detef S,
sai d vacuum chanber and the inside of said positioning mechani sm
comuni cat e, WheWresim: sai d vacuum chanber has a | ower space that
spreads underneath the underside of said positioning nechanism and
20 said pi pe | eadssd¥dminear freaeeendnisasthgodias oni iyrowsie ek mand
t hrough said | ower space to an inside wall of said vacuum chanber.
19 USOL- 69055pct a@ﬂ?‘rqiapipgqﬁtage is inserted into said through
hole.
7. An electron beam lithography apparatus which
comprises a positioning mechanism including a rotating
stage having a turn table, and a linear movement stage
10 to linearly move said rotating stage for positioning; an
electron beam irradiating means to irradiate an electron
beam onto a disc master mounted on said rotating stage
to form record marks; a vacuum chamber housing said
positioning mechanism; and at least one flexible pipe to
15 make the outside of said vacuum chamber and the inside
of said positioning mechanism communicate, wherein:
said wvacuum chamber has a lower space that spreads
underneath the underside of said positioning mechanism,
and
20 said pipe leads from a surface of said positioning

mechanism through said lower space to an inside wall of

sajid wvacuum chamber.
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