- BEAM RECORDI NG APPARATUS AND BEAM ADJUSTMENT METHOD BACKGROUND OF

THE INVENTION 1. Field of the Invention The present invention relates
to an electron beamrecording 5 apparatus and the beam adj ust nent
nmet hod and, nore specifically, to an electron beamrecording
apparatus and the beam adjustnment nethod theref or that uses the
el ectron beamto manufacture a master of a high-speed-rotating
recordi ng medsgam SKESORSTRBIRED ARAGSKANDZ2BERRS GDUPEITMRNGT Mei®IOD
Rel ated Art 10 A beamrecordi ng apparatus perforns |ithography using
an expogacecreanosuweh e ahecivtaonoeam and | aser beam and is widely
used in an apparatus formanufacturing amaster of a | arge-capacity
di sk, e.g., pptigabrdiRk inckuding digital versatile disc (DVD),
Blu-ray disc, or others, and a nmagnetic recordi ng nedium such 15 as
a hard di sk. | mheyctesebeanveataodireg appatatarselacteshdtednayecor&ing
formed on the recording surface of a substrate which is to be a
mast &  fappamatubatt drihegbear i Bl rexenpkeithpddambpowereTépebifiiical ly,
recordi ng apparatus then rotates and translates the substrate 20 to
direct, &o apprloprlime bemmspetobdangt apphratesand ndiesbehmcedjuntment
relatively, the radial and tangential directions. Using a spot beam
as such, meffdodddmreator thay userarhe asepsrpohmmopmponfacdurgramaster
| atent image on the resist layer with a spiral or concentric track
r ender ed %62 bR s@Sed I tAhifec Eeeprihrg Wl kyb Sticht 25 Magnaidls disk.
beam recor di ng appar at us, h%mever rotation runout occurs depending
1

on the neéchaPeBGFiRE2PPsPEntRe RedpiRdéf rtnptor, 1

10 A beam recording apparatus performs lithography using an

exposure beam such as electron beam and laser beam, and is widely

used inanapparatus formanufacturingamaster of a large-capacity

disk, e.g., optical disk including digital versatile disc (DVD),

Blu-ray disc, or others, and a magnetic recording medium such
15 as a hard disk.

In such a beam recording apparatus, a resist layer is formed
on the recording surface of a substrate which is to be a master
for manufacturing the disks exemplified above. The beam
recording apparatus then rotates and translates the substrate

20 to direct, as appropriate, a spot beam to the recording surface
in, relatively, the radial and tangential directions. Using a
spot beam as such, the beam recording apparatus performs control
to form a latent image on the resist layer with a spiral or
concentric track rendered on the recording surface of the

25 substrate. |

Insuchabeamrecordingapparatus, however, rotationrunout

occurs depending on the mechanical precision of a transfexr motor,



a spindle notor, and others, rotating and translating the substrate,
and the rotation runout reduces the precision of track formation. It
is needed to take sonme correction for such rotation runout during

beam exposure or recording. 5 The rotation runout of a disk substrate
includes, as is well known, synchronous runout (synchronous rotation
runout) and asynchronous runout (asynchronous rotation runout). The

synchrongussgiyol h&t8E, a8 JrlNoYthELTPORVUa Hith P YARET @3B 1MWl g tHige
rotation frequency of a turntable, i.e., substrate, and the 10

asynchr ogagstrHieytans thetrsepensie Hunon tt Fedt O atthenpf E€Usess v s efack
the turntable, i.e., substrate, and occurs irregularly. About the
asynchr opgufatebat i ont Henoed de Pabetik OpenaRitir e (tliaranes &udal estation
Appl i cation Kokai No.H09-190651, page 4, FIG 1) describes the
correctipanbachiakagy beaan eeppesitee capparainitingl5 for an optica

di sk master, for exanple. The technology in Patent Document 1 is for
correcting theTheobbeatdbnasynohitonbus dbshtsohstraheuinuitfiean as is
obj ect of inproving the track pitch accuracy, i. e. , relative

posi t i onwaéékraoin wevhchdpacmst runeck § syinghiriea omepostia i o pyarcartysand
for an optical disk master. 20 Unlike the asynchronous rotation
runout, akFvhebyhnpeguckngouthel asyhdhegBouecuraeytbdnt Heungwick, i .Bhe
absol ut e accuracy, the synchronous rotation runout does not affect

t he tracRYPFb&ERNOHSCTRRRYT W A antepPREdomiEenhbdeag¥achnenism with
roundness error caused by the synchronous_rotation runout can be

fol | onedthy BobBtiPRGH YO0 BuBRERPLpriodlici ﬁgl%ﬁ%frtﬁru§ndt Ree
synchronous rotation runout has not beenIPercelved as groblen1that

muchtO as2FKBREPROFFORBES U ol 817N JaRfItHE HORe VEE, rPF@Fé psfygguency
recent %f the turntable, i.e., substrate, and occurs irregularly.

About the asynchronous rotation runout, Patent Document
1l (Japanese Patent Application Kokai No.H(09-190651, page 4, FIG.
1) describes the correction technology in an exposure apparatus

15 for anoptical diskmaster, for example. The technology in Patent
Document 1 is for correcting the problem of asynchronous rotation
runout with an object of improving the track pitch accuracy, i.e.,
relative position accuracy with adjacent tracks, in the exposure
apparatus for an optical disk master.

20 Unlike the asynchronous rotation runout, although reducing
the roundness accuracy of the track, i.e., absolute accuracy,
the synchronous rotation runout does not affect the track pitch
accuracy. With an optical disk, because the roundness error
caused by the synchronous rotation runout can be followed by a

25 tracking servo of a disk reproducing apparatus, the synchronous
rotation runout has not been perceived as a problem that much

as the agsynchronous rotationruncut. However, there is therecent



demand for creating a magnetic recording nmedi um using an el ectron
beam exposur e apparatus because of the high recording densities of a
hard di sk being the magnetic recordi ng nedium The nagnetic

recording mediumis the one called discrete track nediumor 5
patterned nmedium The hard disk is high in rotation speed at data
recording and reproduction, and the control band is narrowin a

SW ng-ar Héré,ﬁﬁﬁtfcﬁl cgga%aﬁigsﬁqlgggh#%g fé’ccEf‘v&I&é metd'i%‘fr}(%gfﬂé R e gf%n

the recording reproducing di sk mediumis thus Strict

requi r edpk9mhe hh ghed g d A U O WRARESS BECHEAIN.g P 8Bl nlkNgen 8RE1EE
exposure apparatus for manufacturing such a disk medium has to be

capabl e gt L£ARFACH1 1 beWniyeié A RERUW ALY coPRE NGNS BSY NANLORAY e tic
rotation runout but also synchronous rotation runout. 15 Patent

Docunent r@cbapaae s diainents Apid | 6aki ea1KekaiaishNe:e2@0 332 8he d PagesT
7 to 8 FIG 3) and Patent Docunent 3 (Japanese Patent Application
Kokais Nop2@@3rdeadthediage 8, FIG 6) describe the technol ogy for
correcting both asynchronous rotation runout and synchronous

rotati on runourheWahdtdiesR 0 g bdlaghoiagyetdbivon eqorali @t Beam pesotddng
is controllably corrected based on information being an earlier
nmeasur enmenti resubfluabbdah, ahd ities ploademeEnbaofl as tnamta@blien ensvheg-arm
radial direction. In the Patent Docunent 2 is, for exanple, it is
descri bedonabodt melmhandshmof ogyuser tpepkoteirng tamuk gloroveyl over the
(correcting) 25 the position to which a recording beamis irradiated
based onreRerddmputrabPireducdsg hegd.a Fheplaskneadignf f&r Ehee pEThebhAY

ref erence di spl acenent and radi al displacenent of a turntable. 3
10 required to be high in track roundness accuracy. As such, the

master exposure apparatus for manufacturing such a disk medium
has to be capable of correcting, with high accuracy, not only
asynchronous reotation runout but also synchronous rotation
runout.

15 Patent Document 2 (Japanese Patent Application Kokai
No.2003-317285, pages 7 to 8, FIG. 3) and Patent Document 3
(Japanese Patent Application Kokal No.2003-36548, page 8, FIG.
6) describe the technology for correcting both asynchronous
rotation runout and synchronous rotation runout. With the

20 technology, therecordingbeampositioniscontrollably corrected
based on information being an earlier measurement result about
the displacement of a turntable in the radial direction.

In the Patent Document 2 is, for example, it is described
about the technology for performing control over {(correcting)

25 the position te which a recording beam is irradiated based on
the computation result of a displacement difference between

reference displacement and radial displacement of a turntable.



The reference displacenent is in the radial direction and neasured
with a predeterm ned rotation speed or slower. The radial

di spl acenent is the displacenent in the radial direction neasured in
real time during beam exposure. In this nethod, 5 however, usedas a
reference is the displacenent at the lowotation speed on the
assunption that the synchronous conponent of the rotation runout is
smal | atpf pe JowIaial i aasﬁmﬁegmeﬂ@d j§§1einswr9&9§§lc‘&mg.todlgand

i ncreased In proportion to the Increase of the rotation speed.

The problemperd LSthhal grhaidihalih SYDEdE A0 USH £8APERCEE owEBNN0The
be negl ected even at | ow speed rotation, and the rotation

synchr onpyg; §npoSsNicéRe NOliNRGRSEAEDI ¥cbREheasRd HNrAHORAr &1 B8cti6n
the increase of the rotation speed. As such, with the above nethods,

there i smBasWa¥daofnkrewlilngimbe dsyialr BReUsS ekpbodtuiren runeuthid method,
conmponent observed during the rotation of capturing a reference

di splsmacensutveayefardns ant fdres dwi & theuli goracaaidionat $hpdssi bbeatidn
. order to keep up with the high recording densities of a nagnetic
recor di ngpeedi om thegassdinptiehethasckhaedynohoonopat tempedemedofinthe
rotated at high speed for data recording and 20 reproduction, there
needs t orcbatéon muoincari \ig henakynahr theud omwotrattiagrianurepaedut aad sbhe
t he synchronous rotation runout with considerably high accuracy.
That i s, syhehpreeiususorprrett iichinasehedd dopmoprogdiva heltheehbuyhase
for the synchronous rotation runout in such a magnetic disk or

ot hers, afAdthe rehketdematsibe®d®5 synchronous conponent can be

compl etely corrected thereby. Such problens and objects have not
beert® ecogni zedPeSuMIER! LETTHES FRYENPeORPhation synchronous component

cannot be neglected even at low-speed rotation, and the rotation

synchronous component is not necessarily increased in proportion

to the increase of the rotation speed. As such, with the above

methods, there is noway of knowing the synchronous rotation runout

15 component observed during the rotation of capturing a reference

displacement waveform, and thus no runout correctiocn is possible.

In order to keep up with the high recording densities of

a magnetic recording medium, e.g., discrete track medium or

patterned medium, rotated at high speed for data recording and

20 reproduction, there needs to correct not only the asynchronous

rotation runout but also the synchronous rotation runout with

considerably high accuracy. That is, the previous correction

methods do not serve well enough for the synchronous rotation

runout in such a magnetic disk or others, and no true rotation

25 synchronous component can be completely corrected thereby. Such
problems and objects have not been recognized.

SUMMARY OF THE INVENTION




An object on the invention is to provide, as an exanple, an electron
beam recordi ng apparatus that is capable of correcting not only
asynchronous rotation runout but also synchronous rotation runout

wi th considerably high accuracy. 5 An aspect of the invention is
directed to an el ectron beam recording apparatus for emtting an

el ectron beamtoward a substrate while rotating a turntable with the

substrate placgd g {eteAh e ihRGIIQh ReANL e8L4GRY ABPAA d#Snple,
i ncludes: a displacenment detection unit including at |east three

di spl aceggpli b2 roRNSO4H rdicoRAS 8¢ &pLectudichherentapapl 8 dicdrr a6t fhg
direction of the turntable; a shape calculation unit for

cal cul athpg, odhasethspichhenses egbedtdosplAgar®nt Buby d1ke adyh&@sénous
t hree di spl acenment sensors, shape data corresponding to

di spl aceppoagioh shdeusuifiate confsildea abumntrdigie davudecyr.adi al
directions; a rotation runout 15 conputing unit for conputing, based
on t e shape dahaspubfaicfl ehstinwset bsplsadénmentedetectredlbytirbe ladam
| east three displacenent sensors, rotation runout of the turntable

i ncl udi ngeaordiapi appraasyynchr boousmibtpogerdn apdeatrotabeem toward a
synchronous conponent; and a beamirradi ation position adjustnent
unit forsabdpbsetagvanlelreotapinatd dugdgittlicowidh the stbstrahebedared
based on the rotation runout. An another aspect of the invention is
di r ect edthergocgenfling ngle@brpnd behig Fereidohd r aRBarathsad-ndladeon a
beam recording apparatus for emtting an electron-beamtoward a
subst r at 81 GRilLreEePERAIGHE AL R Fﬁ%’ﬁﬂ&lﬁ‘ﬂé‘d\kﬂg{\a‘% heashdvies &1 ppheeement
t hereon. The nethod includes: a di%PIacenent deLectinggste of

dot 6 | nEeNAPE | ALERBRES A SACH GHtE Qe AN ridne BRGLeL CHEPHiap
5

of the turntable: a shape calculation unit for calculating, based
on the detected displacements by the at least three displacement
sensors, shape datacorresponding todisplacements of side surface
of the turntable in the radial directions; a rotation runout

15 computing unit for computing, based on the shape data and at least
one displacement detected by the at least three displacement
sensors, rotation runout of the turntable including a rotation
asynchronous component and a rotation synchronous component; and
a beam irradiation position adjustment unit for adjusting an

20 irradiation position of the eleciron beam based on the rotation
runout.

An another aspect of theinventionisdirectedtoacomputing
methodof arotationrunout inanelectron beamrecording apparatus
for emitting an electron beam toward a substrate while rotating

25 a turntable with the substrate placed thereon. The method
includes: a displacement detecting step of detecting

displacements in at least three different angles in radial



directions of the turntable; a shape calculating step of

cal cul ati ng, based on the detected displacenents in the at |east
three different angles, shape data corresponding to displacenents of
side surface of the turntable; and a rotation runout computing 5 step
of conputing, based on the shape data and at |east one displacenent
of the at least three different angles rotation runout of the

turntabl g; $ 06t 49689 JF T ehatl | Q- PEYCAT OROUSHaSOMRANGAL AL A EQLB! | A
synchronous conponent. An further another aspect of the invention is

di r ect edod Pou it 8n gttt Obnagh & Hd g ddie dekptbcemeheam yimgatheeast
conmputing nethod of a rotation runout. The nethod of adjusting the
el ect r ongea@viicehdaesasy beashhpadi=ald OOrPOSHb&h QDN 8djoltsi 4 0k Sdredh ©f
adjusting an irradiation position of the el ectron beam based on the
rot ati onof reidelsuribcBRIHEENPESGRL £31 TN Gn dTH BRANNCBulbGt domsuiaing
schemati c bl ock di agram showi ng the configuration of an electron
beamsr ecot elp ngfappapatuisg,n taseeeirhodi tieat sbépéhdatanweedt iadn;1dd€E &ne
is a diagram showi ng the configuration of detecting 20 and conputi ng
rot ati ondispbatemant aflj tbei adg tfleesitr rtddiest iIdrff epuegitt iargfs anotation
el ectron beam (EB) based on the conputation result; FIG 3 is a top
vi ew of mubovh thl thandurtwtedld sphadeding senstagioshoasymchieious
| ayout; FIG 4A is a diagram showi ng an exenplary radi al displacenent
25 wavef epmponentr enfedt rpgakipst SVNEGRIANGVS (@mpsmerie t ur nt abl e
FIG 4B is a diagram showi ng the radi al displacenent wavef orm being
separ at ed intoA%dﬁﬁﬁﬁéﬁf§P her aspect of the invention is directed to

10 amethod of adjusting the electron beamusing the computing method
of a rotation runcut. The method of adjusting the electron beam
includes a beam irradiation position adjusting step of adjusting

‘anirradiationpositionoftheelectronbeambasedontherotation
runout.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lisaschematicblockdiagramshowingtheconfiguration
of an electron beam recording apparatus in an embodiment of the
invention:

FIG. 2 is a diagram showing the configuration of detecting

20 and computing rotaticn runout, and adjusting the irradiation
position of an electron beam (EB)} based on the computation result;

FIG. 3 is a top view of a turn table and three displacement
gensors, showing their layout;

FIG. 4Aisadiagramshowinganexemplaryradialdisplacement

25 waveform with respect to a rotation angle (8) of the turntable;

FIG. 4dBisadiagramshowingtheradialdisplacementwaveform

being separated into components;



FIG 5 is a diagramfor illustrating the operation of a rotation
runout conputing unit being in charge of adjusting, during beam
exposure, the beamirradi ati on position based on shape waveform data
r(8; 5 FIG 6 is a schematic top view of four displacenent sensors,
showi ng their layout, i.e., a nodified exanple of the invention; and
FIG 7 is a block diagram showi ng the configuration in a case where

the beam irradpagl 08 POShlaLRgESmCOSF LT BesEPAL BRg éﬂeees§9§a£§oﬁe§ﬁla
whil e the shape waveformdata r(0) is being updated in real

during bgagnexpasku8ouk! GomPuitSng fdrg\&cfb%ﬂngsmqwa}gaﬁglr@ @f%@ﬂﬂéﬁﬂ{;
conputing the shape waveformdata r(o)using the displacenent signa
SA(O , a®BifAY beide D66 ranadhensLn 1t:mad@@muhqﬁb§lhm va¥efieamzhdbe
FIG 9 is a flowhart showi ng the procedure in which the shape

wavef or ydabaorm( @atkSreasured prior to performng recording
(exposure), then correction (adjustnment) is perforned. FIG 10 is a
fl owshart showFng. téhes ar oclesus £ ¢ tophv taw oifef csh dpeplaveienh sabhsors,
r(0) is cal cul ated when performng recording 20 (exposure) to
per f orm skakingnehebr degtoudn. 1FeG, d ioids fa.edr enkmpls cifefrael Lavéytion;
illustrating a configuration of a patterned magnetic recording disc.
FIG 12 &sda drawi ng show ng the process steps for manufacturing

nmet hod of the patterned recording mediumin which 25 an inprint nold
is used, the ihpFint hdld Heiaky dr%@iﬁ;faéfbt‘s@loé@mﬁ!sﬁh@ chafépegaitdanbéang

recordi ng apparatus of the present invention. MOXDE FOR CARRYI NG QUT
THE | NVESgpeNwhere the beam irradiation position is corrected for an

10 exposure beam while the shape waveform data r(8) is being updated
in real time during beam exposure.

FIG. 8 is a flowchart showing the procedure of computing
the shape waveformdata r(0) using the displacement signals SA(9),
SB(6), and SC(0) and stores the computed shape waveform.

15 FIG. 9 is a flowchart showing the procedure in which the
shape waveformdatar(6) is measured prior to performing recording
(exposure), then correction {(adjustment} is performed.

FIG. 10 is a flowchart showing the procedure in which the
shape waveform data r(0) is calculated when performing recording

20 (exposure) to perform real-time correction.

FIG. 11 is a drawing schematically illustrating a
configuration of a patterned magnetic recording disc.

FIG. 12 is a drawing showing the process steps for
manufacturing method of the patterned recording medium in which

25 an imprint mold is used, the imprint mold being manufactured using
the electron beam recording apparatus of the present invention.

MODE FOR CARRYING OUT THE INVENTION




In the bel ow, enbodi ment of the present invention is described in
detail by referring to the acconpanying drawings. Note that, in the
enbodi nent bel ow, any equival ent conponents share the sane reference
nuneral. 5 FIG 1 is a schematic bl ock di agram show ng the
configuration of an electron beamrecording apparatus 10 in the
enbodi nent of the present invention. The el ectron beam recording

apparatus 10 is and Ske1@s! eeinBoaappatatdss that peegahes dhymstfin f 05
manuf acturing a hard di sk using an el ectron beam 10 [Configuration

and Qper abs6nibEdFEl fcd& o BagmreFeandimy toappar atushpihgighegts@ings.
beam recordi ng apparatus 10 is configured to include a vacuum
chanber fidteatHatyeifdevheeembodehentr pALERANNE O GITvRDenandoMpoheHSs
types of circuit and control systemfor 15 drive-controlling a
substr at ehabe &hd sankr aelfiengnicee nelmeotalon  beam for exanple. The
drive device serves to drive, to place, rotate and translate, the
substi at e 15 dFipodeics & achhaataciumclkhaatean showdng thecehtyuoation
beam columm 20 is attached to the vacuum chanber 11. 20 More in
detail, theamubstiaiaten Deaforegosdfiog apdasktmasterin itheceabedimentt af
resist on the surface, and is disposed on a turntable 16. The

t ur nt abl ¢heeprssdptvénvestienat eThy alepinonebeant becavdibguapparatus
vertical axis of the main surface of the disk substrate. The spindle
nmot or 1718edves t& 8 i PEStREISGhSMPATE DT 1503 FEeates andngster for
di sposed on a transfer stage (hereinafter, referred to also as X
stage) 1B2NRRACKIEHERGe 2185TE ddFH SF Y P (FLHREFERD RRYR- 19 serving

to trans}er, i.e. ., .drive to translate 8
10 Configuration and Operation of Electren Beam recording

apparatus]

The electron beam recording apparatus 10 is configured to
include a vacuum chamber 11, a drive device, an electron beam
column 20, and various types of circuit and control system for

15 drive-contrelling a substrate 15, and controlling the electron
beam, for example. The drive device serves to drive, to place,
rotate and translate, the substrate 15 disposed in the vacuum
chamber 11, and the electron beam column 20 is attached to the
vacuum chamber 11.

20 More in detail, the substrate 15 for use for a disk master
is coated with a resist on the surface, and is disposed on a
turntable 16. The turntable 16 is driven to rotate by a spindle
motor 17 about a vertical axis of the main surface of the disk
substrate. The spindle motor 17 serves to drive the substrate

25 15 to rotate, and is disposed on a transfer stage (hereinafter,
referred to also as X stage) 18. The X stage 18 is coupled to

a transfer motor 19 serving to transfer, i.e., drive to translate



or nove, the substrate 15, and thereby, the spindle notor 17 and the
turntable 16 are allowed to nove in a predetermned direction, 1i.e.

, X direction, in the plane parallel to the nmain surface of the
substrate 15. As such, an X6 stage is configured by the X 5 stage
18, the spindle notor 17, and the turntable 16. The spindle nmotor 17
and the X stage 18 are driven by a stage drive section 37, and the

drive anpunio+deneQf subs@ratkhes, tdﬂ‘%&%&e@f?”@ﬁe(éﬁlﬂ@i’@ n%rﬂblinﬁ)i &la
the X stage 18 and the rotation angle of the turntable 16, i.e., the

subst r at end Surnk LA 1 0dreda1 16wy +2 £ 104 BredBteThE nblr ¢ Al €1 6,

is made of a dielectric material, e.g., ceramc, and including an

el ectrostagic ;@Mi@@d@.dfﬁph&ﬂ*tﬁ@ pnahe shpaM)ef ofo keRPAG nhel:idratet bie
substrate 15, for exanple. Wth the chucki ng mechani smas such, the

substrat endSsebsppsed 09.thes shivrd Urdi afpl etdBel $sseeHEehMrbiaXxed tRe x
the turntable 16. The X stage 18 carries thereon a reflective mrror

35A, 5 whsthgeslia,paht ebiadlasewtiont drf,eramietidre 3o rnfteb Maclim
chanber 11 is disposed via a vibration isolation pad such as air
dunper (not shola)spiadiletihetvrbiatand thei Xgstaom 120apetdriteensby a
prevented from being transferred thereof. The vacuum chanber 11 is
connect edtagehdaivacastipmp /.nendshbandrive arraduibiegeodt, the., the
vacuum chanber 11 so that the vacuum chanber 11 has a vacuum

at mosphefeapsfarmmaistief armay preesnie. ofThbe d stagend Seadhtds xorabon
is provided therein with, in 25 this order, an electron gun, 1. e.
emitter 219LlAAE dkiet SuaRtabéstion 1 eaniths %‘é‘?ﬁﬂé?@t%glﬁ eh§ oontgolled

bl anki ng el ectrode 23, an aperture 24, abeandef |ection el ectrode
25, 1% och¥ Pefen5¥0LldRFan%bj ective 9

The turntable 16 is made 0of a dielectric material, e.q.,
ceramic, and including an electrostatic chucking mechanism (not
shown) for keeping hold of the substrate 15, for example. With
the chucking mechanism as such, the substrate 15 disposed on the

15 turntable 16 is securely fixed to the turntable 16.

The X stage 18 carries thereon a reflective mirror 354,
which is a part of a laser interferometer 35.

The vacuum chamber 11 is disposed via a vibration isolation
pad such as air dumper (not shown), and the vibration coming from

20 outside is prevented from being transferred thereof. The vacuum
chamber 11 is connected with a vacuum pump (not shown) for
evacuation of the wvacuum chamber 11 so that the vacuum chamber
11 has a vacuum atmosphere of a predetermined pressure.

The electron beam column 20 is provided therein with, in

25 thisorder, anelectrongun, i.e., emitter2l thatemitsanelectron
beam, a converging lens 22, a blanking electrode 23, an aperture

24, abeamdeflectionelectrode 25, afocus lens 27, andanobjective



| ens 28. The electron gun 21 emts an el ectron beam (EB) accel erated
by several tens of Kev, for exanple, by a cathode (not shown) for
application of a high voltage comng froman acceleration 5

hi gh-vol t age power supply (not shown). The converging |l ens 22
converges the emtted el ectron beam The bl anking el ectrode 23
perfornms OV OFF switching control (ONV OFF control) over the electron
beam basgd,on,g nodul ation signal comng froma blanking contro
section 31. That is, the voltage is applied between the 10 bl anki ng

el ectrodes 23 "éﬂetefl%tcttﬂb% §heCLr eRiksam Bﬁéét%n Bé&ﬁ %Eﬁﬁ%ﬁéﬁated
defl ected to a considerable degree. This favorably stops the

el ectr onpPeady8ph1t e RISSE LHEPUIRoL NExAREILEUrSy 24cstndldt (hd€ shown)
el ectron beam can be put in the OFF state. The beam defl ection

el ect r odeorSagpnipetionnvded | ©Thh ool 4596 00diDhg Btohi g SPeeTer SV ESn
t he el ectron beam based on a control signal comng froma beam

def | &ct i phgkec¢bileagd3powét aughp ycthoideflwal) .onThentbakerghagpbehti o0
of an electron spot beamis controlled with respect to the substrate
15. The ¢onusrgenstd8 eniittird eerchasadbeana diie ®lsingrialg ebathgofieons
a focus control 20 section 34 so that the electron beamis subjected
t o f ocuspevfibrok. ONTREFy gouitmitherbeenitdol s (PNJOFBedontite 19 height the
detection section 36 for detecting the surface height of the

substr ateléstroa heaghbadetecsn poncdwniat 368 simnaldesmangosten anb Samsong
a CCD (Charge Coupl ed Device£ or others. The light detection unit
36B recef9etErod se¢iitn eanfThahdis ortileer ¥ 14ageckptaral it hatwesnt Hee
hei ght detection section 36. The |ight beamis the one emtted from
a | ilght Bbarkéngeplafiredes ef2I3ec¥‘édgfé‘ﬁltt hENGurFRE AN t ReaFUREF AR

10 therethrough are deflected to a considerable degree. This
favorably stops the electron beamnot to pass through the aperture

24 so that the electron beam can be put in the OFF state.
The beam deflection electrode 25 can perform deflection
i5 control, at high speed, over the electron beam based on a control
signal coming from a beam deflection section 33. Through such
deflection control, the position of an electron spot beam is
controlled with respect to the substrate 15. The focus lens 28
is driven based on a drive signal coming from a focus control
20 section 34 so that the electronbeamis subjected to focus control.
The vacuum chamber 11 is provided with a height detection
section 36 for detecting the surface height of the substrate 15.
Alight detectionunit 36Bincludesapositionsensor, aCCD (Charge
CoupledDevice), orothers. Thelightdetectionunit 36Breceives
25 a 1light beam, and forwards a reception signal to the height
detection secticn 36. The light beam is the one emitted from

alight source 36A, and is reflected on the surface of the substrate
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15. Based on the reception signal, the height detection section 36
detects the surface height of the substrate 15, and generates a
detection signal representing the surface height of the substrate
15. The detection signal is then forwarded to the focus 5 control
section 34, and based on the detection signal, the focus control
section 34 perforns focus control over the electron beam The | aser
i nterferpget efa 353 BASHE @S ddie: 115 pligg@nEnthe he iXist dgeetd iobsesyedon
using a laser light comng froma light source in the |aser

i nterferparictedts thhestedsuedmentht edlichedatiiastrdfeilse,. antthgenerates
transfer (X direction) position data of the X stage 18, is then
forwar ded tdetiehe:isirageidnale regotasemi3ihg Athet atumdizcsd ghaligbt tdfe the
spindle notor 17 is also forwarded to the stage drive section 37.
More in gebatkateHs r ol dnt ed gheh s lignelludethandatvasidgrhko the focus
representing the reference rotation 15 position of the substrate 15,
and & putertspgneectior.34 r sndryasedcodéhesighea¢tionrsignal, the focus
predeterm ned rotation angle with respect to the reference rotation
posi t i onCOREBMLsIRAErT GLRGBFCTERT FRAINS CPRLEP hedr the ede@tiron Byam.
can derive the rotation angle and speed of the turntable 16, i.e.
the substrate IBe basemdndegferamates détnensaresdi: dieplssemendnthe
data based on the transfer position data fromthe X stage 18 and the
rot ati on® S§3ffal 89RFE ¥R SFind @ 1At 11Dttt waras? tiHE oS PEFGR

data to,th troller 30, Th it t ts th it
of an of 8B1 FBR. LBBETboRRPOReTAB°CaBePPa ol ABGRBL BrOA R bntF OF 3500 ta "

S O0EL RO LARLLRE 800" 101 hEr 30 e Ba0S o B SBELRR 1 T e

transter 1gr,i \JI.% t;i]én forwarded to the stage drive section 37.

A rotation signal of the spindle motor 17 is also foﬁwarded
to the stage drive section37. Moreindetail, therotationsignal
includes a data signal representing the reference rotation

15 position of the substrate 15, and a pulse signal, i.e., rotary
encoder signal, for every predefermined rotation angle with
respect to the reference rotation position. Fromsuch a rotation
signal, the stage drive section 37 can derive the rotation angle
and speed of the turntable 16, i.e., the substrate 15.

20 The stage drive section 37 generates position data based
on the transfer position data from the X stage 18 and the rotation
signal from the spindle motor 17, and forwards the position data
to the controllier 30. The position data represents the position
of an electron spot beam on the substrate. Based on a control

25 signal coming from the controller 30, the stage drive section

37 drives the spindlemotor 17 and the transfermotor 19 forrotation

or transfer drive.
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The controller 30 is provided with track pattern data and data for
recordi ng (beam exposure), i.e., recording data, RD, which are used
for discrete track nedia, patterned nedia, and others. 5 The
controller 30 sends out signals to the blanking control section 31,
t he beam defl ection section 33, and the focus control section 34,
respectively. The signals include a blanking control signal CB, a

def l ection congpglsh @&l 18P, 30NG BrbOeHEaCRIER X radt Pt adREONIA
such signal sending-out, the controller 30 10 performs control over

data recgrdhngotbeagbLARAGUL Belin éﬁ?gguré?'ﬂdﬂéﬂg)réé§§§iﬁR% &he€a, rD,
recording data RD. That is, based on the recording data , - an

el ect ronwheam &EB) ukedi roadiatedete tthekresish,| pyetedielih@edia, and
substrate 15, and a latent image is formed only to the portion

exposed behtkhe.el ectron beam so that data 15 recordi ng (beam
exposure) is perforned. The el ectron beamrecording apparatus 10 is
providded w t h Thedigplackientodeteds ban steyha®s 45 tioe bdeinddiniangohheol
di spl acenent in the radial direction of the rotating turntable 16.
More in sdetaph, 31 héheubeanbled I Hiprsbapédohi XK, andythadecusandnbnol
the 20 main surface, i.e., the main plane, the substrate is di sposed.
The turnsabltéon®4.srespeehivelrot dflee shona listmnoWwde amlankinscontngdl
t he di spl acenent detection device 41 detects the displacenent

obser vedsiianeheCEi de deifteeeion qoetrl mimmial 1B andhe fadigl control
direction. As will be described |ater, the displacenent 25 detection
devi ce 4$1p8adonft gueeP By atuFte fSitInHr 681¢I15S e e sepsspdler 30
Additionally, a measured portion is not limted to the side surface
of tHe tBPﬁ%SBF‘é fentiRd poras SR thitarading athepm (9xposure or image

rendering) based on the recording data RD. That is, based on
the recording data RD, an electron beam (EB) is irradiated to
the resist layer on the substrate 15, and a latent image is formed
only to the portion exposed to the electron beam so that data

15 recording (beam exposure) 1is performed.
The electron beam recording apparatus 10 is provided with
a displacement detectiondevice 41 for detecting the displacement
in the radial direction of the rotating turntable 16. More in
detail, the turntable 16 is shaped like a cylinder, and on the
20 main surface, i.e., the main plane, the substrate is disposed.
The turntable 16 is driven to rotate about its own center axis,
and the displacement detection device 41 detects the displacement
observed in the side surface of the turntable 16 in the radial
direction. As will be described later, the displacement
25 detection device 41 is configured by at least three displacement
sensors. Additionally, a measured portion is not limited to the

side surface of the turntable 16. The portion which is rotated
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in one piece with the turntable 16 can be regarded as a portion of
the turntable 16 and can be used for the neasurenent of the

di spl acenent. For exanple, the side surface of the rotating shaft
for the turntable 16 can be used as the nmeasured portion by the 5
di spl acenent sensor. The di splacenment detected by the displacenent
detection device 41, i. e. , detected displacenent, is forwarded to

a rotatigp oh ENL - £ QP I Wah %1 %6 aﬁ%@{ﬁ%&éﬁ’fed as a ?(())rtion

configuration, an anplifier device 42 maybe pro or use

anpl i fy bhetdet e6+h0Ap18 350884, cANGhd it AMRIY fhedndakackh@R tSbgndhe
may be forwarded from the anplifier device 42 to the rotation runout

conputi ngikBibcehdntl.n Fhe x@ificONKeBOUE LAMUHd 88 thRl to B idd8haft
detected displacenent is subjected to a predetern ned conputation so

that 15fblethotadiwbabl8old d&n &2 aubat 6. tid s LAl kad load ifel aki eRe
runout is then supplied to the controller 30. Based on the rotation
runowt bdisglthkemeatcueatscan result, the controller 30 perforns
control over the beam defl ection section 33, and adjusts (corrects)
t he position whibkeedfihplaeceoentndbéamtes byrabdeafitdplaBefanh detecdiag
control is perfornmed based on the transfer position data and the

rot at i ondpudrcei on tlata. dedoydiretid abplacendot e itshddrwaeded itbedrabateon
are the main signal lines for the conponents, i.e., the blanking
control gegpugncgmputhagheaat 42f | ot imonadsernonil¥®, cohfiporasion, an
control section 34, and the stage 25 drive section 37. Between these
conponenfBPAAd leFaletite 6P Mey Pe3proyifed fnansohneapilddy thedehection

est abl i shed so that any needed signal can be exchanged therebetween.
13 10 signal, and thus amplified detection signal may be forwarded from

the amplifier device 42 to the rotation runout computing unit

43,
In the rotation runout computing unit 43, the detected
displacement is subjected to a predetermined computation so that
15 the rotation runout is calculated. Thus calculated rotation
runout 1is then supplied to the controller 30. Based on the
rotation runout being the calculation result, the controller 30
performs control over the beam deflection section 33, and adjusts
(corrects) the position where the electron beam is irradiated.
20 Such recording control is performed based on the transfer
position data and the rotation position data described above.
Note that, described above are the main signal lines for the
components, i.e., the blanking control section 31, the beam
deflection section 33, the focus control section 34, and the stage
25 drive section 37. Between these components and the controller
30, a two-way connection is each established s¢ that any needed

signal can be exchanged therebetween.
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[ Cal cul ati on of Roundness Error, and Detection and Conputation of
Rotati on Runout] By referring to the acconpanyi ng draw ngs, descri bed
now in detail is the configuration and operation of the el ectron
beam 5 recording apparatus 10, detecting and conmputing the rotation
runout, and adjusting the beamirradi ati on position based on the
resulting rotation runout. FIG 2 is a diagramshow ng the

Configurg&%%euﬁgtﬁgbesflﬁ@hnéHEE§QﬂBH£}”%n ﬁeEQE%Eb%naEFW%y$% ufifion

adj ustin e irradiation 10 position of electron beam ased on
t he corrpgfagbgatg_gﬁuhhnoﬁtiq turntable 16 carries the substrate 15
(not shown) on the main surface, i. e. , xy-plane, and as shown in

FIG 2, is rotgiegerabpihgits 1 aeBRYarPiing drawdngs, Zd@b&%%bannow
indicated as rotation center axis RA by the spindle not or )

side suriaceilbA 8k tHé doe ilghiitalirean8 drfe s aiadolr Kee @1@36tlﬁaﬁhenseam
The spindle notor 17 rotating the turntable 16 is controlled by a

not or5 copéeokdehyCuppadativer 100t ddter ey eofd ddeuPing tEONtéDation
circuit 45 operates based on a reference signal froma reference
si gnal geasoati omdirdjudtimndha bedatiy reddeddonspgaak 120 baoad bhethe
rotary encoder 46. The rotary encoder signal fromthe rotary encoder
46 1 s suppbudlling thé¢atdoat rmmouwinout conputing unit 43. The
rotation runout conputing unit 43 operates using the rotary encoder
signal as a reFé&Eentéscaotlagrimashoyinghthe gteatfiigruradsiouwdudetecting
conputing unit 43 operates at the timng with reference to the -
rot at i onapAgtenwit e thgr rebdt toneuwimddd andtati sty thentodadiation
signal. 14
glO position of electron beam (EB) based on the computation result.
The turntable 16 carries the substrate 15 (not shown) on
themain surface, i.e., xy-plane, and as shown in FIG. 2, is rotated
about itsowncenteraxis, i.e., zdirection;: indicatedasrotation
center axis RA, by the spindle motor 17. A side surface 16A of
15 the turntable 16 is shaped like a cylinder.
The spindlemotor 17 rotating the turntable 16 is controlled
by a motor control circuit 45 for rotation thereof. The motor
control circuit 45 operates based on a reference signal from a
reference signal generation unit 44, and a rotary encoder signal
20 from the rotary encoder 46, The rotary encoder signal from the
rotary encoder 46 is supplied to the rotation runout computing
unit 43.
The rotation runout computing unit 43 operates using the
rotary encoder signal as a reference clock. That is, therotation
25 runout computing unit 43 operates at the timing with reference

to the rotation angle of the turntable 16 based on the rotary

encoder signal.
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First of all, the rotation runout conputing unit 43 previously

cal cul ates the shape of the side surface of the turntable 16 being a
measuring cylindrical surface, i.e., the shape waveformdata r(0),
and the roundness error. The shape 5 waveformdata r(O represents
the waveformwi th respect to the rotation angle 0 of the turntable
16, and the roundness error represents an error froma perfect

circle for th i f f bl T adne Qrr
erpide YHface, Qnd heotLriLa I%n})(qrdl') gslpggegﬂgrgﬁltlﬁ% 2%

(Ec) can be represented as below. 10 Ec(0) =

radi us 0%ré@§o@§i§e@hﬂﬂd13ﬁésiﬁhéoshI eCCUl esiHE ShARe MRVSE oL
data r(0) and the roundness error (Ec) , there is a conmputation

net hod destgpgdienithBephbngi PbesuPing &PLERAPOLAL EQHPHBESSi.e., the
measur enent nmethod. (hereinafter, 15 also referred to sinply as

t hr ee- posRhpaeR R ormhaadat 2i(bs, Obnat BRePEblaEALE sOE LIRS .t NFRE- PRAHE
roundness neasurenent nethod are found in Non-Patent Docunent

" Tr ansackaesoth dapanr- GOrimiprefin e ahanivedle faial RESHS resp¥ek. t48the
No. 425, pp. 115 (1982-1)", for exanple. In the bel ow, described are

t he di sptacetenh sagser 020ff bhe UsErh DaBEaSUE € 4HE& BHEPLoWRIREOE N2 HRdA
r (0) , and the conputation of rotation runout. As shown in FIG 2,
around thepzedentar fnceriGh Ofom e penffantalliecl® folr tbedssfbasentate
sensors 41A, 41B, and 41C each being the displacenent detection

devi ce 49f &he Hinspbabde 16 e. ThEbroindnesserormls (&nd ¢dn be represented
di spl acenent sensors. These first to third displacenent sensors 41A,
41B, and2g1eedeY¥ect the displacements of the side surface

(cylindrical surface) 16A of 15
10 Ec(8) = r(8) - r0, where the radius of the perfect circle

is rQ.

To calculate the shape waveform data r{8) and the roundness
error (Ec}), thereis acomputationmethoddesignedon the principle
of a three-point roundness measurement method. (hereinafter,

15 also referred to simply as three-point method}. The details of
the principle of the three-point roundness measurement method
are found in Non-Patent Document "Transactions of Japan Society
of Mechanical Engineers C, Vol. 48, No. 425, pp. 115 (1982-1)",
for example. In the below, described are the displacement sensoxr

20 foruse tomeasure the shapewaveformdatar(0), and the computation
of rotation runout.

As shown in FIG. 2, around the side surface 16A of the
turntable 16, three displacement sensors 41A, 418, and 41C each
being the displacement detection device 41 are disposed, i.e.,

25 first, second, and third displacement sensors. These first to
third displacement sensors 41A, 41B, and 41C detect the

displacements of the side surface (cylindrical surface) 16A of
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the rotating turntable, i.e., the displacenents of the rotating
turntable in the radial direction. The side surface 16A is
hereinafter referred to sinply as cylindrical surface 16A, and the
di spl acenent in the radial direction is referred to also as 5 radi al
di spl acenent. Signals detected by the displacenent sensors 41A, 41B,
and 41C are respectively anplified by first to third anplifiers 42A
42B, and r lifie v, 4 Lt] :
s g gna?{ ﬂl{ﬁ}ééﬁd@”& Eheqﬁé,a?facgmegpg J£EHe %antlng

aer|Ier dto the rofatTton ranout conpu

uni t 43 %ﬁrfﬂta‘éhet C:lnt higd digplacgmenbs b, degget ig es's%laéaﬁ:e%ls s
and SC. The displacenment sensors 41A, 41B, and 41C detect the ra af'

di spl acepBpbsnafFcbhersedersurfgcei s R:%Q.J.tnldfﬂtc%_ %ugsfia% 28a, and
optical or electrical method, and others. For exanple,

di spl acegrat 3s6ps8EsménA i e aadi41Careceash QQrEéigé!d‘z%jd ap 4258 as
| aser interferoneter, and have enough detection accuracy conpared

W thg hatadﬁ_atihei:mﬂm(ee@msw e, segflalsdeleddiad apguUray doéplacement

sub-nanoneter, i.e., 1 nmor |lower. Such an optical nethod as using
a | aser sahebker anetenliBs aatl the ankyrposstbilely, aaplifasy biyheirst
nmet hods may be used for detection, e.g. , displacenent 20 gage of an

el ectr ostat ticic@apag iyt igpe 478y, BEByusandf4aC deingdtigurgng heeradbal fier
di spl acenent based on a change of electrostatic capacity. FIG 3 is

a schematlevitept¥i eWhsf releltangt atw bidbedrd grird s dirspf aicemeded to the
sensors 41A, 41B, and 41C, showing their layout. 25 The displ acenment
sensor 4IAathgighsposedt igenet uabndtt4des Thestiwpitadededi spbasement
41B is so disposed as to forman angle wth respect to the

di spiGceRefiecsérgorignalsaid + BB diagsl &enment 16

The displacement sensors 41A, 41B, and 41C detect the radial
displacements of the side surface 16A of the turntable using an
optical or electrical method, and others. For example, the
displacement sensors 41A, 41B, and 41C are each configured as

15 a laser interferometer, and have enough detection accuracy
compared with that of the beam exposure, e.g., detection accuracy
of sub-nanometer, i.e., 1 nm or lower. Such an optical method
as using a laser interferometer is not the only possibility, and
any other methods may be used for detection, e.g., displacement

20 gage of an electrostatic capacity type may be used for detecting
the radial displacement based on a change of electrostatic
capacity.

FIG. 3 is a schematic top view of the turntable 16 and the
displacement sensors 41A, 41B, and 41C, showing their layout.

25 The displacement sensor 414 is disposed in the X direction.
The displacement sensor 41B is so disposed as to form an angle

pwithrespect to the displacement sensor 41A, and the displacement
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sensor 41C is so disposed as to forman angle (23t-t) with respect

to the displacenent sensor 41C ($,t > 0) . Wth the rotation angle O
with reference to the direction of the displacenent sensor 41A i.

e. , X- direction, the shape of the cylindrical surface 16A being 5 a
measur enent target can be represented as r(O using a polar

coordi nate system The spindle notor 17 is rotated to neasure the

nMeasur i ngeneylri aUC Ak oSAL$966ed 6y ol tbhR dradhat el SpLAL BN redPEect
radi al di splacement signals SA(O, SB(O, and SC(O comng fromfthe
10 di spl acerrentiiselacemedtAseddGr A (@ 1G> oespaatihvehy rotfsfion angle
forwarded to the rotation runout conputing unit 43. Herein, the

di r ect i of vevidy rEfemenie senderdirscpdshtdiveéheTheseldachaht sensor 414,
di spl acenent signals are subjected to sanpling with a trigger of

pul se co#t fig - ¥ofirhetionarshegbsgeroishe myd itnderiqal $8rface 16A being
digital/analog (D)A) conversion. At this tine, if required, a

procéss af meppugeipagtoitazgetagengbrayebsepentedned, ri(6) eranpl e. polar
FI G 4A shows an exenplary waveform of radial runout with respect to
the rotafPBRIZAGLE EFFT6M the turntable 16. This radial runout
waveformis separ ated into congonent s, and the separation 20 result

| ooks |ike FI GREBSPERGHF MR Wab ek brims Tt 2t eokfoeRE WsEstRe Mpasuring
0 oyl oo e LuEniatls Je LaE s compenenis o © ot €5,
F oundneot8PIBF S TERES 6 I o Kkibpe R (0. (18 P b ated | BA0D ! the
Syndit onansbEatlnebt | SadedhSPuRtCIEMe, COROPE L IR i ave

caused b¥o§§¥9@@ﬁ°@9"ﬁler PEﬁékggnrf{ﬂp&ﬁt coilnz)uting unit 43. Herein, the

direction away from the sensors is positive. These radial
displacement signals are subjected to sampling with a trigger

of pulse coming from the rotary encoder 46, and then to

15 digital/analog (D/A) conversion. At this time, if required, a
process of filtering or averaging may be performed, for example.
FIG. 4A shows an exemplary waveform of radial runout with

respect totherotationangle (8) of the turntable 16. Thisradial
runout waveform is separated into components, and the separation

20 result looks like FIG. 4B, showing waveforms on a component basis.
The radial runout of the turntable 16 includes components of EI

to E4. That 1is, El1 is a displacement component caused by
eccentricity of the rotation axis, E2 is a shape displacement
component (E2 = Ec(0}: roundness error) caused by the shape of

25 the side surface 16A of the turntable 16, E3 is a displacement
component caused by synchronous rotation runout, and E4 is a

displacement component caused by asynchronous rotation runout.
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The di spl acenment conponent El by eccentricity and the shape

di spl acenent conponent E2 are those caused by the roundness error
and the attachnent eccentricity, which are originally observed in
the turntable 16. The conponents El and E2 each have a constant 5
wavef orm showi ng no change irrespective of the rotation frequency.
On the other hand, the synchronous rotation runout conponent E3 is

synchr onous w il !die AL LEARURIGY.70d SRNS(ALl L EPARESS.e snape

dependi ng on the rot requen ourler conp

changes) g; s h 18 -ARURENESRPYSe £ O &R A0, t@llé@%uéaﬁgﬁﬁﬁjﬁze e F4 ¥t sl 8rror

irregul ar runout conponent not synchronous wt e rotation

frequencynaAensNovhdiimd e ddehadd: ©f, FiecBarherigiakh 99 (%HQQH?@&

conmputing unit 43 fetches, in advance,” the radial displacengen

signal s SAtAe +SBhEhp18NG SCrRk &&ﬁ%ﬂuéﬁé p1lhen gt Qéﬁéia%l)_@o%}:ant
e 0

runout conputing unit 43 conputes t shape waveform data r(

t he reaswai-BgoedHHiGaho sHhhaes de I 1FL8f RBleMo tBUMNEESquency .
measur enent net hod based on the radial displacenent signhals (step

S12). Heorithé herishapandgyeher sysleliponi 66} fleravesh hyuddie: cbhbeeepe nt
roundness neasurenent nethod includes no first-order 20 Fouri er
conponents symehraooentvi ithithe contpohentt dedquelher ebndgendriad IsShapenges
waveform data r(O) derived by the three-point roundness neasurenent
met hod i §epshdiogl yns Féekineg,attive rfowgudressy ef & oz . , ibwefbem &ofithnent
The shape waveformdata r(O derived as such is stored in 25 a
menory sabhngssRAM Phevi sizeichnondies roe batoon rumoent companary: E4nis 48
or others (step S13). By referring to FIG 5 and the flowhart of
Fl Gl(& derepgupad rpgout component not synchronous with the rotation
frequency.
As shown in the flowchart of FIG. 8, the rotation runout

computing unit 43 feitches, in advance, the radial displacement
signals SA(0), SB(0), and SC(8) (step S11). Then, the rotation
15 runout computing unit 43 computes the shape waveform data r(8)
of the measuring cylindrical surface by the three-point roundness
measurement method based on the radial displacement signals
(step S12). Herein the shape waveform data r(0)} derived by the
three-point roundness measurement method includes no first-order
20 Fourier component, i1.e., eccentricity component E1. Therefore,
the shape waveform data r(08) derived by the three-point roundness
measurement method is, strictly speaking, the roundness error
waveform Ec{(8).
The shape waveform data r(0) derived as such is stored in
25 a memory such as RAM provided in the rotation runout computing
unit 43 or others (step S13).

By referring to FIG. 5 and the £flowchart of FIG.9, described
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next is a case where the rotation runout conmputing unit 43 adjusts
the beamirradiation position based on the shape waveformdata r(0)
already stored in the nenory at the tine of beam exposure. Stated in
anot her way, description will be made in a case where 5 the shape
waveformdata r(0) is neasured prior to perform ng beam exposure
(drawi ng), then correction (adjustnent) is perforned. The shape

wavef or r@lgg{ %.J;Q@as!eswﬁégéq_ql | 901????&2'%{104%8%%3%%?% l{rgzﬁ.g%l:.?yoée?djiilsts

runout conputing unit reaas ou

rotary epgg éar? iOJ%lﬁAéiéEi) s FOL A % o théoaﬁgpér%&%fgruﬁ%ta

rotation angle ei'ng the current angle (step 5

nmeasur e r.adi i n i rept, di S
SA0) . - S B P E LT R R oy A g Sl BB e L ALEIERL
41A, 41Bg+abdad € Lyt faeisBgcrapRlichl §d1byné head@dmld & 8h8e4dfere
42B, and 42C) (step S22), and 15 the current displacenents are

suppls ediha 4 bR £b@n difta SYBY I £8 tfa e dTPE1 S PARS pWREBLRR MyUSE &n
r(0), r(0-4) l‘ﬁ‘dde r(0+i) I]ﬂstorééd%l{ir)l t he r?enorey ?R%M 48pare read “out

based onekpescuer eMtawang) € {Hn sireRct2dn (addusttpRnitedikopdheormed.
subtractor 49 provided in the rotation runout conmputing unit 43.

Then, the shapenyayiehes w2 tieim d{€) (@ )Subt caeted fhom héRoLYr (RAlL)
di spl acenents SA(0), SB(0), SC(O in the subtractor 49. The rotation
runout cédputThgromiat 43 goesut owgtt ingonpidtatd oradscduiashe rotation
subtraction using the high-speed processing neans, e.g., DSP
(Digital abgyipal 6 Pridcessorptasy sucbdet hel @bal ptfatano mhieunot b g s d.emg
unit 43 calculates, in real time at high speed, the waveform data,

t hatlO s ¢6r(Ri. 2ot atherataioian arglpe &hdbei®p fbe diherent angle (step

t wo-di nensi onal rotation runout conponent 19
521, FIG.9). The measurement radial displacement data, that is,

current displacements SA(0) ,. SB{0), and SC(8)are fetched from
the displacement sensors 414, 41B, and 41C {(or after being
amplified by the amplifiers 423, 42B, and 42C) (step 522}, and
15 the current displacements are supplied in real time to the
subtractor 49. The shape waveform data r(0), r(06-¢) and r(0+t)
stored in the memory (RAM)} 48 are read out based on the current
angle (8) (step S23), and supplied to the subtractor 49 provided
in the rotation runout computingunit 43. Then, the shape waveform
20 data r{(0) is subtracted from the current displacements SA(H),

SB(B8), SC(B) in the subtractor 49.

The rotation runout computing unit 43 geces tThrough
computation such as subtraction using the high-speed processing
means, e.g., DSP (Digital Signal Processor). As such, the

25 rotation runout computing unit 43 calculates, in real time at
high speed, the waveform data, that is current rotation runout

x(0) and y(8) for the two-dimensional rotation runcut component
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inthe X and Y directions (step S24). The waveformdata x(O and
y(O are represented as below. x(0) =r(O + SA(6) y(0) = [{SB(0O)r(O
- t) } cosi - {SB(O +i(Otti) } costl /sin (0+-C) 5 The waveform
data x(O and y(0) derived as such is supplied to the controller 30.
Based on the waveformdata (rotation runout data) x(0) andy(O

cal cul ated as such, the controller 30 perforns control over the beam
deflectigﬂ %E%tkogn§3 gnd a%Lusts corrgﬁGS) in real

i h
neEigh 1 eifle; ERustall) 8d%a % (0)

i rradi at 'on "position St RS TSI EE réﬁ P§ péd

is, by c o] t i cradiatl Shil of the exposure beam i. e.
, electrgﬁabggﬁg Eggegeg%e%%%E%Fb%%tﬁgﬁgﬁhnout signal, the recording
position is acggg§igg£¥e)cgr§§@gpd. This enables to i nplenent the
beam exposure to a concentric circle with satisfactory roundness

accuracy and aylp)sbifal(Pattel ) &8s+ LQB,I(8h | UeNELr 10f c8¥PENAnqUYs )
and asynchronous "rotation runout "of the spindle notor 17 wth |ess

tracks runout  @Ad J4ACKoPh et V2L 6 ptdmRNy (Welkdivd & aded€eiinedubhatiea
the correction control is continued, tge procedure steps are

r epeat edtofttantshepo$2é (Xt .ep BE2&M. o2 @hNatzerd fatm aakt heaid it ain Fhgout
rotation runout in one direction can be perforned. In this case, it

I s advantagequs(fpanthe 0)cealealbeed3dy andht hhd bkgtroinee 3INgerforms

controller 30 can be operated wunder |ower |oad of computation for

t he sinpkphitedlcorvect ithe bfam eleiE el igor secttiiom 083t heardunadtjushs

x-direction can be 25 perforned. In the exanple, the current

di spl acefenrr8AEE) dmdeahsimer teatiwaddfdrimrdaraitip@)obfthehelectron

current angle (0) are read out fromthe displacenment sensor and the

menok®y 4Beamed FEOt i(\Bdlgp S3) - That is, by changing the irradiating
position of the exposure beam, i.e., electron beam, based on the
rotation runout signal, the recording position is accordingly
corrected. This enables to implement the beam exposure to a
concentric circle with satisfactory roundness accuracy and a

15 spiral patternfreefrominfluence of synchronous and asynchronous
rotation runout of the spindle motor 17 with less track runout
and track pitch wvariation. When it is determined that the
correction control is continued, the procedure steps are repeated
from step 821 (step S526).

20 Note that correction of the rotation runout in one direction
can be performed. In this case, it is advantageous for the
controller 30 and the 1ike, since the controller 30 can be operated
under lower load of computation for the simplified correction.
For example, correction of the runout in z-direction can be

25 performed. In the example, the current displacement SA(8) and

the current waveform data r(8) of the current angle (0) are read

out £rom the displacement sensor and the memory 48, respectively,
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so that the current rotation runout (i.e., the runout in
x-direction) x(O can be cal cul ated. Accordingly, the beam

defl ection correction is perfornmed based on the current rotation
runout x(6). 5 The waveformdata x(O and y(O includes no radial
di spl acenent conponent of the shape waveform i.e., E2 = Ec(0) in
FIG 4, and represents the rotation asynchronous and synchronous

conponents f t.he true rotatlon runout i nd E4 of FIG
4. That TS, élsatdegcrl 5o SBbv e OtR LERE pFY ?%Eus(i‘o téchﬁ%‘?o&&moﬁt t hd

f t th di f t d
Fef er ence. o1 SpPECehdn: Xy f%%%ﬁ?%sg?ﬁ FIRTRG { RECePARedoust e bedn
ot at I ony . BogUL GATHSNENL - oy ffarm%tﬁghge%ﬁ coliBns oration

synchronous rotation runout comnmponent IS s consi dere
when t he ﬁHQﬁ%rQE is actually rotated 15 during bean1exposure and a
difference 1's co cted. The true rotation frequency conponent

canngt be thuspLOMRl &It Yt ORGRG! ed( 5 ) A% %Q)SH}%H Otf‘ééi%l

runout, the first-order conponent In a case ere sone cent er

obser Veddiéglﬂ&@ﬁ@htt' Qaﬁboﬁenkhgfsﬁk'é@agé] e WG A1) QN épe%‘% ES (0)
conponent second-order or higher shows sone conplicated change

rel ated 19 tiesresonaneda freguessytof end otdttaan oy shefhcAsoddel, ihe
rotation synchronous conponent is not necessarily proportional to

t he rot atynohspaeds abaipexentsf oft the €oteegbedtionprapotti on.et o £he
rotation speed, the rotation synchronous conponent cannot 25 be
conpl et eEy, cord BeteeRIFIGN 4.he Taatold ment e bomeved abiotvel,Sipads previous
conpletely <correct not only the rotation asynchronous conponent of
thel®21 technology, at the time of capturing the reference displacement
waveform, thus captured reference displacement waveform is
including the synchronous rotation runout component at rotation
with low speed. The synchronous rotation runout component is
thus considered negligible when the substrate is actually rotated
15 during beam exposure, and a difference is corrected. The true
rotation frequency component cannot be thus completely corrected.
As to the synchronous rotation runout, the first-order
component in a case where some off center is observed is
proportional to the square of the rotation speed. The component
20 of second-order or higher shows some complicated change related
to the resonance frequency of a rotation system. Asg such, the
rotation synchronous compeonent is not necessarily propeortional
to the rotation speed, and even if it is corrected in proportion
to the rotation speed, the rotation synchronous component cannot
25 be completely corrected.

In the embodiment, however, it is possible to completely

correct not only the rotation asynchronous component of the
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rotation runout but also the true rotation synchronous conponent
thereof. The rotation asynchronous and synchronous conponents are
actual Iy changed depending on the rotation speed of the turntable
16, i.e., the substrate 15. Accordingly, in a case 5 where beam
exposure is performed while changing the rotation speed, e.g., beam
exposure with CLV (Constant Line Velocity), the electron beam (EB)
can be adjusted by irradiation position while the rotation runout is
bei ng cofP&atéari frreal Mthelsp e EBHS| TRrabl 9~ RYGFREcee Ecyomponent
Mor eover, the rotatjon runout not 1Q incl uding the shage wavef or m

conponent8FePhe r S0P aFO R EHP R AV WD SYPRRTONRYS GARPERFItS
S0 T, $ho Sant hanke e 1o L1 chanie, S OB,
oo o bR e SUET fuetangR 11 LEE ki gn AL 0
o th & nerreyed < SEPERAEL PO fhea AR it dd Sup i VailiPgpLea.
i gh- acot ey, THET: FrBaraFs oSS oY Ofchfetaht (Rl YIRS LR S e

the embodh BRRLoniSEn A | BE S BAGRIRN HRCNSAls: Alfbn LR ANG £ARR: 10

havi ng t he measurenent sensitivity o -hanoneter.” "An adj ust nen

mechani sgnEeyRe: 20dhd | engldut p:{QVib@%@JZ?OV@QJ:HéEEQQ #herpasi i witn
(height) of the displacenent sensors 41A to 41C to prevent an error

to the atbaghaeRablel 8RYhOAcENLaEPNSUSredvEr, PR TRAIMHIVIERMINBSIOALL
of the radial displacenent. For exanple, the height adjustnent

mechemi sAnadjushsy tHe spapelwrsfdrecompehneht, or ehetrmidiispl ageaBBhent
sensors 41A to 41C in such a manner that the 22
components (E1, E3, and E4) sometimes shows incessant change due
to the change of apparatus state such as apparatus environment
or interference. Intheembodiment, irrespective of sucha change,
the irradiation position can be adjusted for the electron beam

15 in real time with considerably high accuracy. Therefore, even
with the 1light exposure with the fixed rotation speed, e.g., with
CAV (Constant Angular Velocity), it is possible to adjust, in
real time with considerably high accuracy, the irradiation
position of the electron beam.

20 In the embodiment, used are the displacement sensors 4134
to 41C each having the measurement sensitivity of sub-nanometer.
Anadjustmentmechanismmaybe additionallyprovidedforadjusting
the position (height) of the displacement sensors 41A to 41C to
prevent an error to the attachment height of the sensors, i.e.,

25 measurement height of the radial displacement. For example, the

height adjustment mechanism adjusts the position, i.e., height,

of the displacement sensors 41A to 41C in such a manner that the
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error of the shape waveformdata r (O falls within a predeterm ned
range when the controller 30 acquires the shape waveformdata r(8).
The di spl acenent sensors are not restrictive to the 5 disposition
direction of FIG 3, and nay be disposed in any directions. Herein,
sonme conbi nations of the relative angles 4 andti of the displacenent
sensors 41A to 41C may cause conputation divergence, and generate
Fouri er serpeyfohpaiansvavefavaidattd 2(0} daldetetthon.a ptedstéhubned
desirable to place the displacenment 10 sensors at a relative angle
that al | 5#B98eYRERi BRCoFORELPILERT 3BnpoABAYESupheoshaphevaveferm wba
a diskmaster is exposed to the beam the track roundness error is
actuallyréefected dom nantly, by the rotation runout conponent in
the X direction, i.e., the radial direction of the 15 turntable 16,

ie. substrat@h%s dﬂa%alatcr?éﬂqfr%ngﬁeﬁoaﬁemoﬁoeyf r%%rﬂs%%g‘ée ko j ghe

Lo afC | RLERRSK AP e i e o (4 TG FhoBhel %”Si”ﬁsspsc?%esq%%a“%ﬁv
go throu hrco Ilcat Q sg?graotlon LD, hf X d|r %% _ i f
| eadi ng t'0 gﬁvaﬁpgges of S5 mpP PTG R0 ﬁ%nﬁoﬁg balp b%%s%n%}es

il epl nochaha et Eh hsn a%%%é{a%' o RasOrs %S%Ei"%mmw SR
di sposedy a?t ggng gs} ghgga&g@o&g%g%m@t §n€&${$twallame

di rection ment sensor respec e renuml ni ng

two 25 SEBJ?Ocﬁét@E@lSﬁCh fi sposedi Alied I%%g_eeteagiéeg PReC fP#iQééx{?éht

di ver gence in a range up to any neede rs o ourirer wt
di spliacegBRLorBagY amelt aMitl anidirea Rl M1 TBRINath t ML oS USH FéSrier

components up to higher order.

Whenadiskmasteris expoéed to the beam, the track roundness
error is actually affected, dominantly, by the rotation runout
component in the X direction, i.e., the radial direction of the

15 turntable 16, i.e., substrate 15, and the transfer direction of
the stage. It is thus desirable to dispose one of the three
displacement sensors 41A to 41C in the X direction. If this is
the case, there is no need to go through complicated subtraction
in the X direction, thereby leading to advantages of simplifying

20 the computation process at the time of correction.

Alternatively, asshowninFIG. 6, fourdisplacement sensors
41A to 41D may be used, and two of these may be disposed in the
X direction (the displacement sensor 41A) and Y direction (the
displacement sensor 41D}, respectively. The remaining two

25 sensors are each disposed at an angle causing no computation
divergence in a range up to any needed orders of Fourier with

displacement measurement with a three-point method. With such
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a disposition, the real-tinme conmputation during beam exposure can be
sinplified, and the speed therefor can be increased. In the

above- descri bed enbodi nent, exenplified is the case of adjusting the
irradiation position of the exposure beamusing 5 the rotation
runout waveform data x(0) and y(0) derived fromthe shape waveform
data r(O stored in the nenory (RAM 48. Alternatively, the shape

V"avefor”hnﬁisg&‘i Leyl, aéﬁg bBaf eglmb! E‘Bnilﬁu%%l&ﬁe hEEﬁﬁ Bbh@Nexposure

pOSItIOI’] my usted I'n real tine ape wavert orm

data r( O);aﬁugbnglﬁ%qa&q'eraq EheARRX %&@%tg%’régof readigl i ﬂgc%ggsed.

el ectron beamto the substrate is calcula Using the resulting
shape wavef or mdatia, Eﬁ@)re tbe c&%@w Sftod GNRME + , WaeE AN At s X <aBd

y(O is calculated in real time, for adjusting the irradiation

posi ti oncefad fies el £§tuHaNibeamiakliGn J8s sho¥8 F thewehduMbeRam using
performng real-tinme 15 correction. The current angle (0) is read

out fy omthBersehed ¥n AAdEH AR £oxhPRa®3 L) (e y Ia@lac?r b ¢e Ay 2GRAPRLS
SA(0), SB(0), and SC(0)are fetched fromt di spl acenent sensors

41A, 41Bgnapd wdtefstep 34 r(Bhenstdhea shapetnaveiaidtgat@ai)0) 48
calculated (step S33). 20 The current rotation runout x(0) and y(O0)

are cal chllabedathyefllye tind shiape wanefit roamyubé g Ldwi ta #431 {8 trefa 1S84he ,
The controller 30 adjusts beam def |ection based on the rotation
runout 2(0)tlaad yE@igisiep pS35kive pay iy mddjealted e wxrl édmieon. That
When it is determned that the correction control is 25 continued,

t he procédurthastsbppearavetpentied o r ) shepngldedstepng $¥&pm Skpbiure)
alternatively, the shape waveformdata r(0) may be 24

10 of irradiating the electron beam to the substrate is calculated.
Using the resulting shape waveform data r{(0), the rotation runout
waveform data x(0) and y(0) is calculated in real time, for
adjusting the irradiation position of the electron beam.

FIG. 10 shows a flowchart when performing real-time

15 correction. The current angle (8) is read out from the rotary
encoder 46 (step S31). The current displacements SA(6), SB(8)},
and SC{8)are fetched from the displacement sensors 41A, 41B, and
41C (step S32). Then, the shape waveform data r{0) is calculated
{step 533).

20 The current rotation runout x(8) and v(8) are calculated
by the rotation runout computing unit 43 (step S34). The
controller 30 adjusts beamdeflection based on the rotation runout
%x(0) and v(0) (step S$35) to perform real-time correction.

When it is determined that the correction control is

25 continued, the procedure steps are repeated from step S31 (step

536).

Still alternatively, the shape waveform data r(6) may be
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updated while the shape waveformis being calculated in real tine.
That is, as shown in FIG 7, for exanple, a shape waveform conputing
section 43A may cal cul ate the shape waveformdata r(O in real tine
duri ng beam exposure, and forwards the result to an averaging 5
processi ng section 50. The averagi ng processing section 50 updates

t he shape waveformdata r (0) as appropriate. an exanple, the
f d f th f dat
"(0) for gaars ?3\%”% ﬁ#a SRSt a?sﬁ‘?%bn@%@ic@?at?’%xe TSRS

ou kOl O eg@yef o B dlal g pEo) ! &ségwg%f%rﬁ\@érep&@mg

menory ( isTup as approprla FSr 5 ek

averagin oces sect. rfor cont rol nne
t hat thesq% Jéllp%nmg%‘g%r NEre E(”f)s%) i Stof éaggaivsefl?ﬁ ate F(SP real

rotation, ; As QWY b@aﬁlegpo%ufeheaﬁatf%ymwmtr <GRARLLS B4, ék?éiaéﬁg

15 uses the average shape waveform data r(0) updat tinme

durirg EXBOAHN §el? 16al o3y at el'ﬂebea{réké.%;iﬂa b%%!é%s%\ée‘cs%érﬂlélﬁtﬁo
x(O) and y(0), and forwards the result to the controller

the confugisabsamlndipdahlascthaatapes paYebonBalt e . ZOA%%Q?ekélnple

real time as such, recording-position correction control having

little efhe mo&qmda@v@@@@ E:Efﬁ‘n%ut%‘t@.@d is bBershapa sy eheshapd wiHerorm
measuri ng cross section of e turntabl e shows some change according

to tenpeaatdre @Nagea Hohrexatpl &F AN W) Yana LeRbyt tAB resulting
hi gh- accuracy beam exposure or recording can be 25 perfornmed. The

present &nypatwate€apmbaaappl tRE ERapbOhaveecendingade(s) t For e€06HaHY
medi um or hard di sk, for exanple, 25
10 into the memory (RAM) 48 is updated as appropriate. For example,
the averaging processing section 50 performs control in such a
manner that the shape waveform data r(8) in storage is updated
for every rotation.
As shown in FIG. 5, the rotation runout computing unit 43
15 uses the average shape waveform data r(8) updated in real time
during beam exposure to calculate the rotation runout waveform
data x(8) and y(9), and forwards the result to the controller
30.
With the configuration of updating the shape waveform data
20 r{0) in real time as such, recording-position correction control
having little error can be performed, even if the shape waveform
of the measuring cross section of the turntable shows some change
according to temperature change, for example. Accordingly,
long-time high—accura&y beam exposure or recording can be
25 performed.
The present invention can be applied fto high

recording-density recording medium or hard disk, for example,
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di screte track nedium or patterned nmedium In such applications, the
rotation runout can be corrected and recording nediumor hard disk
havi ng a recording track with high roundness can be manufactured.
Generally, since a servo nechanismcorresponding 5 to the

tracki ng-servo technol ogy usually used for optical disc is not used
for the recording/reproduci ng head for the hard disc, a disc having

a higherdtrack roundqgs% E?%Pérto n...nm ov guglﬁ: % qg - Lse
ratio) in reproaué?l R‘&bscrﬁb ion mn %?gﬁ % n%??y

magnet i ¢, 10 §e60r ol 9% nBed! um, @e”B{:ﬁ%HEeseJ%%’d 20 BLBGH %H%‘Ef&ﬁ‘or hard

recordlng appar at us accordln CRVEntT on

desor bt iguidy e gdf%é&%amgat%%t:ﬁr@fgh%q M hahadeBsdicth be

shape as an exa own 1 n” Fl a patt ned magnet |

recor di “ﬁaﬁh%ﬁct@@ed"\h' 6Bnb%atall edi fse 8 ?@H@En@%ﬂa&’i%%v&rkggwﬂﬁns
servo pattern 15 portion 61 and a patterned data track portion 62

“bteEihatodﬁﬁep@éé@ﬁﬁ@gﬂéeﬂﬁbStéﬁﬁhéi$%§tdéﬁé¥h§ﬂﬂééd.&o&nﬁﬁglbéd'&§sc
portion and outer radius portion of the disc in FIG wever,

the dot jpaidenrsqasSr Itth.lelJﬁéea&aﬂnﬁ%@byoaﬁb@ﬂ?tﬁ@@d e Ph&Hardld: 38d
the dot patterns are fornmed over the entire effective radius of 20

the di sca ddditnonald \a hlik@eseryacRatbeninpssti@nss 6o alne impxerpdasyN
illustrated in FIG 11, and the servo pattern portion 61 other than
those il [usgnatledocanibe frartied. iAddidprardaddysomn enl arged vi ew of
part 62A of the data track. portion 62 is also illustrated in FIG
11. On the data tieackip25opomtiildn b2 magies eque e éhriogh ndgnet ty magnetic
substance (or material) dots 63 is forned, in which the nagnetic dots
63 drle areapyédngcowcdmm icattfacThee@ hyeahorded tarareciesmyulracording
pattern which 26
apparatus accoxrding to the present invention. A description will
bemade taking a patternedmediumhavinga diéc shape as an example.
As shown in FIG. 11, a patterned magnetic recording disc
60, whichis called as apatterned medium, includes a servo pattern
15 portion 61 and a patterned data track portion 62. Note that dot
patterns or dots are illustrated only in inner radius portion
and outer radius portion of the disc in FIG. 11. However, the
dot patterns are illustrated merely schematically in FIG. 11 and
the dot patterns are formed over the entire effective radius of
20 the disc. Additionally, the servo pattern portions 61 are
exemplary illustrated in FIG. 11, and the servo pattern portion
61 other than those illustrated can be formed.
Additionally, an enlarged view of part 622 of the data track
portion 62 is alsco illustrated in FIG. 11. On the data track
25 portion 62, a sequence of magnetic substance (or material) dots

63 is formed, in which the magnetic dets 63 are arranged

concentrically. There are formed a rectangular pattern which
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represents address information or track detection information, and a
| i ne-shape pattern for extraction of clock timng, the |ine-shape
pattern extending in the direction crossing the track. A swing arm
head 64 is used for data witing and data recording. 5 Here, although
the servo pattern portion 61 is shown to have arrangenents as a
current hard di sc nedium anew servo pattern portion which is

optim zed for a patterned nedium can be adopted. . The new servo

pat t er n FRPEEHPR FREHEAS S FHATERT I9PE Bhack 4% teobhen L i ¥ teihn -
Fomtfobe o Lhe Cuon hin s MOLum 40 ToG BaLST 1
oo 5, can B moul gty by b L N
(r ecor diharn S BEnT s oty BhePan obiEh st il §E°MH B regongung.

recordi ng appag gs.é{tﬁggggagﬁgR%ekpﬁﬁgé{ggrn V&L 6B Deei Ben to

manufacturing efficiency I's 1 g n usin this method, 1t Is

pr ef erabﬂlgvégr%gﬁ'ﬁ%e%siég)ag!afrﬂén @BDY ¢ miRtihad éﬂeﬁ%%% %Héh%

t he patterned nmagneti ¢ recordi ng medi um Description w now

made, wi %&E%ﬁ&&ﬁ% iQ @ﬁmﬂ@ed_f%@ 5 Ya RN ACHEE L 08 SEH B@da@c;;f)’éé@.

patterned magnetic recording nediumin which a master (also, re

erred torgs ReWPl:DryB 86t Hh efor¥sbRd e meadﬁa@zpcbmd M0 rong
beam recordi ng apparatus is wused as an inprint |ithography nold

(herei nafrighgenbfipldh A @di€dromotdss @B £l the citrrebtd)ar®di2% medium.
Specifically, the patterned recording nediumusing the inprint nold

i s advant ageoushé perft térideat £eberpahyeiadnm iespaddingy £d0 etdampder,f cloe

density exceedi ng 500 Gopsi (Ghits/inch2), 27
patterned magnetic recording disc 60, can be manufactured by
etching the recording material (e.g., magnetic material) using
the resist mask as an etching mask, the resist mask being formed
by the drawing (recording) and exposure using the above-described
15 electron beam recording apparatus of the present invention.
However, since the manufacturing efficiendy isnot highwhenusing
this method, it is preferable to employ an imprint lithography
method in manufacturing the patterned magnetic recording medium.
Description will now be made, with reference to FIG. 12,
20 for manufacturing method of the patterned magnetic recording
medium in which amaster {also, referred to as amold) manufactured
using the above-described electron beam recording apparatus 1s
used as an imprint lithography mold (hereinafter, simply referred

to as an imprint mold) 70.

25 Specifically, the patterned recording medium using the
imprintmold is advantageous forultra-finepatterncorresponding

to the surface density exceeding 500 Gbpsi(Gbits/inch?),
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particularly, for extrenely high surface density of 1 to 10 Tbpsi.
More specifically, for exanple, using an inprint nold having a
pattern of pit intervals of approximtely 25 nn(nanoneter), a
hi gh-density patterned recordi ng nedium having a recording 5 density
of approximately 1 Tbpsi can be nmanufactured. As shown in FIG 12, a
recording layer 72, a netal mask layer 73 and an inprint nold
material layer 74 are forned in this. _order base suhstrate 71

} TaPEA et R or Lad

for reco®dF hiCHEATF b¥y iIRTFFFEeRGHE R gpr or E®d g Rt -
and the |ike. The, eco glng$layer 10 72 is. forneq b posh%vﬁg
magnet i ¢ \WRE eFRET T %??1{: Yto °’éxeaﬁﬁ5‘|‘ € EPH & i H‘B hod 'ﬁmg a
nanufacturkggrg vgrtlgal 9€ L Of ordlqgagg?%ugg ﬁmfm£§8$% ng

| ayer 7% ure erTal

as"a's ed st nagnet i

| t t |, |

BERCIT T I LR ARELE REVELD s BhtRLee
d T I k

| ayer 7o eBLEY ok pPopofiathry, b Gl “ﬁ%ﬂﬁéﬁ‘%@ﬁ. )

formed by a sputigsRoiAeFRQY, 1£OraeféEPfélnghléﬁgr”?§a|amﬁé%aiaﬁ§£k
73, a resist layer of thermoplasfic resin is forhed by, for exanple,

20 a spi Na¢Qat7MBhAcER BfpANe heRG Aht8RE 8L BlyvdAyar a¥d. £higed AR M s
nold 70 is” arranged such that the inprint surface having pits and

proj ecti @pget-heh ephdse appesed ko7l heot Eddtd IRy aldd@lunl apalch 14 made
(FIG 12, STEP-1). Then, the inprint material |ayer 74 is heated so

as to haye si2haféyict tyinsoneeded.af bana dhatikehe THPHeriormind; 78yés

pressed onto the inprint material layer 74 (STEP-2). In the next
st ep,0 t heziipEominedobd depdssi tiakemaghke tfilconat@8ial using, for example,
a sputtering method. When manufacturing a vertical magnetic
recording medium, the recording layer 72 has a stacked structure
in which a soft magnetic material layer, an intermediate layer
and a ferromagnetic material layer is stacked in this order.
15 The metal mask layer 73 is formed on the recording layer
(i.e., magnetic material layer) 72. The metal mask layer 73 is
made of, for example, Ta (tantalum)} or Ti (titanium) formed by
a sputtering method, for example. On the metal mask layer 73,
a resist layer of thermoplastic resin is formed by, for example,
20 aspin-ccatmethod, as the imprint material layer 74. The imprint
mold 70 is arranged such that the imprint surface having pits
and projections thereof is opposed to the imprint material layer

74 (FIG. 12, STEP-1j}.

Then, the imprint material layer 74 is heated so as to have
25 fluidity as needed. After that, the imprint mold 70 is pressed

onto the imprint material layer 74 (STEP-2).

In the next step, the imprint mold 70 is taken off from
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the inmprint material layer 74 to inprint the pattern of pits and
projections of the inprint nold 70 (STEP-3). The unnecessary inprint
material remaining in the pit portions of the inprint material |ayer
74 is renoved by, for exanple, 5 an ashingnmethod. The netal mask

| ayer 73 is subject to patterning processing using the renmai ned
inprint material as a patterning mask. Then, the recording |ayer
(i.e., nagaeinEriet efdidriayebyer/24i o SuRiracit tRePRit €6 HF pits and
processing, for exanple, a dry etching processing, using the

patter negrogtatibask olfaype 1dpasna pailerr NGTEO- psk (STEP-4). The
pits (depressed portions) in the recording layer 72 forned by the
patterning protessungeakssshiry edngrnyimonmatgheal cremmtiaing iandcHdepit
surface thereof is flattened. Wth the processings, the patterned

st r uct ur poks16nEmeEdt i émpirint: vex teir iradcbage n | 4ned eematved bye . fomagaeble,
material) is separated by the non-nmagnetic material (STEP-5).

Addi t3 onahlaghiagmetiked: orifie haetaltask ITayeed 3ors shbjsokftaceatberning
conpl ete the patterned recording nedium As described above in

detai |, Brafghsdeasisingetioe dienpined fetiuinsoeicasiad dissgreteteratikg
medi um and a patterned nedium can be manufactured by using the
above- deBéfkped'prAmtbechrarhgingpmaran (s - 6f - ttRIDR e me tiegviadt 1aver)
29 Wat is clained is: 1. An electron beamrecordi ng apparatus for
eni tting’afs erRILFHT DRAKT BBNARE P AFHITE oF RRiS%A it R g Yae tching
turntable with the substrate placed thereon, the recording a€

t
conpr | i REPCS 8 18s i SEhERT PRGEECHEGIGHA T MR AK| gy’ A0S ICRat e TR ERO

¢HpERd
10 mask (STEP-4).

The pits (depressed portions) in the recording layer 72
formed by the patterning processing are buried by non-magnetic
material and the surface thereof 1is flattened. With the
processings, the patterned structure is formed wherein the

15 recordingmaterial (i.e., magnetic material) is separated by the
non-magneticmaterial (STEP-5). Additionally, aprotectionfilm
76 is formed on the surface to complete the patterned recording
medium.

As described above in detail, a high-density recording

20 medium such as a discrete track medium and a patterned medium
can be manufactured by using the above-described beam recording

apparatus of the present invention.
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di spl acenent sensors di sposed at each different angle in a radi al
direction of the turntable; a shape calculation unit for cal cul ating,
based on the detected displacenents by the at |east three

di spl acenent sensors, 10 shape data corresponding to displacenents
of side surface of the turntable in the radial directions; a
rotation runout conputing unit for computing, based on the shape
data and_at | east_one gis | acenent detected by the at |east three

di spl aceht LBnSLPE™®Fotdfi on runout of the turntable 15 including a
rotation asyngpro ous ;conponent, and aorgpation Ségchrgngus tting an
conponent; and a BEamrrAdraPeSR p8SPECSRYAPREIRERE TRF(FHEEINg @
adj usti ng) o 30, Lf RAdLALEORROS N O d R §LECLLOD beam Based, on |,
rotation " TFunout. . e electron beam recordi ng apparat us

accormrghégubgk§5q351g$E5€hQrEBﬁ,ﬁm%¥%é@4&fﬁghh§%r%@ﬂgéﬁﬂéﬁ%%%%f:

t he shapé data based ™ on a three-point roundnes asur ement

3. The electrop @fﬁ?%é?%ﬁ%ﬁ%”Eeﬂge%ﬁéhuﬁn %an'%gﬁﬁﬂb é¥5£éé§{nﬂhﬁﬁf

wherein the turnta aced on a stage, an east one of t

at | eastgihpee-dhspt acai®Ms 4¢0p0Leal 5t dheRAPetedfent RaghkansheFagial
direction of the stage. 30 4. The el ectron beam recordi ng appar at us

accordi ngs +&ct €bal Ar3thvhenennabhe .di spl acenent detection unit
i ncl udes four displacenment sensors, and one of the four displacenent

sensors is di sposgspe Schncaldthieat ugh torbRogenaull=a ithe, dsddRcRiEte
sensor di sposed
detecteddisplacemenisby theat least threedisplacement sensors,
10 shape data corresponding to displacements of side surface of the
turntable in the radial directions;

a rotation runout ceomputing unit for computing, based on
the shape data and at least one displacement detected by the at
least threedisplacement sensors, rotationrunout of the turntable

15 including a rotation asynchronous component and a rotation
synchronous component; and

a beam irradiation position adjustment unit for adjusting
an irradiation position of the electron beam based on the rotation
runout.

20 2. The electron beam recording apparatus according to
claim 1, wherein

the shape calculation unit calculates the shape data based
on a three-point roundness measurement method.

3. The electron beam recording apparatus according to

25 claim 1, wherein the turntable is placed on a stage, and at least
one of the at least three displacement sensors is disposed in

the transfer direction of the stage.
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in the transfer direction. 5. The el ectron beam recordi ng apparat us
according to claiml1, further conprising a nmenory for storing the
shape data, wherein the rotation runout conputing unit conputes the
rotation 10 runout based on the shape data stored in the nenory. 6.
The el ectron beam recordi ng device according to claim 5, wherein the
rotation runout conputing unit conputes the rotation runout based on

the shape data cal cul ated prior_to perform.n 15 el ectron beam
recording on the SERSLPEEETTOR PRATOIECOFO e ARRARAA HiF SPRART L5

accordiq? to 5Ia%g1l .wherein the shape cal culation unit cal cul ates,
in real $1HE" fhe"§hSPE data when the substrate is recorded using

the eleCtr0n1b§§”Hﬁ%$§aA %ﬁﬁpgd%g%é%ggﬂlﬁﬁ.of%cfg Jtd N &fét%%?%?%%t

conput es, in rea? ero Ion runou ased on the'cC

shape daé%ng? s 1hEn8! GELT QP Pﬁé”%é&foéﬁgﬁﬂaégﬁéﬁétQén@8£9r9£”§iéﬁosed
Ut he g pro

I
claim1, f conprisSing an averagin cessing section for

aver@g!ngnt edfPéB@io 5099ﬁ39?%ai°£3t£ﬂ9 &f§%igééﬁéﬁkesé9§of d%sposad

plurality of tines, erein e rotation runout conputing un

conmput es; fhepLotabheRer HAQWLA83ed on the averaged shape data. 31 9.
The el ectron beam recordi ng apparatus according to any one of clains

1 to 8, furthes coppei 8i88tdoahaRaml3 2 RAME SR+ DS OcdPa@th§Ito
the shape data. 10. A conputing nethod of a rotation runout in an

tel eC£ (r]I ONc1aikeaMeaaMatH BempRRaRAGUS o BiFblr S8oanglacd KR pReasta,
o wherein the rotation runout computing unit computes the rotation
i0 runout based on the shape data stored in the memory.
6. The electron beam recording device according to claim
5, wherein
the rotation runout computing unit computes the rotation
runout based on the shape data calculated prior to performing
15 electron beam recording on the substrate.
7. The electron beam recording apparatus according to
claim 1, wherein |
the shape calculation unit calculates, in real time, the
shape data when the substrate is recorded using the electron beam,
20 and the rotation runcut computing unit computes, in real time,
the rotation runout based on the calculated shape data.
8. The electron beam recording apparatus according to
claim 1, further comprising
an averaging processing section for averaging the shape
25 data by rotating the turntable for a plurality of times, wherein
the rotation runout computing unit computes the rotation

runout based on the averaged shape data.

31



a substrate while rotating a turntable with the substrate placed

t hereon, the nethod conprising: a displacenent detecting step of
detecting displacenents in at |east three different angles in radial
directions of the 10 turntable; a shape cal culating step of

cal cul ating, based on the detected displacenents in the at |east
three different angles, shape data corresponding to displacenents of
side surface of the turntable; and 15 a rotation runout cquutln

step of conput?ng, "HAS C&E""tﬂ%a@ﬁaﬁ‘fé’ oY BRBAP HPERTCYRGI NI toany
di spl acenent gf &he at ; Er §¥ﬁd|fferent:§ﬁgles rotation runout
of the t8Pft8bI & Pﬁ@ﬁu&l . gf “on SR dtdus conmponent and a

rotation synchro ous one t LT o4 ;accQ d|n
10, wherein thé 3haEPs %%1 cut al‘tn% Ss CJetplOcnalqe‘(:;c‘)u ares tlﬁlg ape BFagag

based on a thig 6&&1nﬁﬂ9ﬂﬁﬁ§ﬁ gﬁurnéqﬁfigt{gﬂlngo §Zinlyp ?E&ngn

according to cFa|n1 Wher &i'n Iace

and géfn 9@80%41 ﬁgba!xﬁ@ﬁts %gkesﬂsﬂ&ﬁﬁﬁegh ezécgegheéeaa Ic!%rd

transfer Irection o st age e net according to clarm

12, wher gid);1% O 5Ps T8RN0 H8 SR D uTheR A §ELA ’Jt?é'%u%'s%@a@:%e??%éd
32 in the directions different fromeach other, and one of the Tour

di spl acegBRt&ohS 2ndi SRHACRIMYmpP A4 rection orthogonal to the
transfer direction. 14. The method according to claim10, further

forp{! Sln Ng 5 a &19p188esitep MEtSEOIhHGHdIe oFhapeedatiag AMEpLLBehbRES
e in at least three different angles in radial directions of the
10 turntable;

a shape calculating step of calculating, based on the
detected displacements in the at least three different angles,
shape data corresponding to displacements of side surface of the
turntable; and

15 a rotation runout computing step of computing, based on
the shape data and at least one displacement of the at least three
different angles rotation runout of the turntable including a
rotation asynchronous component and a rotation synchronous
component.

20 11. The method according to claim 10, wherein

the shape calculating step calculates the shape data based
on a three-point roundness measurement method.

12. The method according to claim 10, wherein the turntable
isplacedonastage, andat least one of the at least threedifferent

25 angles is the transfer direction of the stage.

1i3. The method according to claim 12, wherein

a displacement detecting step detects four displacements
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runout conputing step conmputes the rotation runout based on the
shape data stored in the storing step. 15. The nethod according to
claim 10, wherein the rotation runout conputing step conputes the
rotation runout based on the 10 shape data calculated prior to
perform ng el ectron beamrecording on the substrate. 16. The net hod
according to claim 10, wherein the shape calculating step cal cul at es,

inreal tinme, the shape data when the sub e IS recorde in
e ohectP ome adrectiat, AL FRe  FOLatt Oh Seib ot REsm AR s oy Ehe Four
conputes,.in.re tation, rungu bas d on t e cal Iatgg

itllen da?aspﬁcer?ﬁﬁcﬁ&%@a%ﬁ%@?ﬁefﬁawo DB PEaELof ha o dihal 8l £

an avera ﬁsQrOC8§§E %ep of averaging the shape data by rotating
the turnta ura i'ty of tinmes, wherein 20 the rotation

runout CO”pUt'fga tﬁﬂiggﬂgﬁkpﬁcEﬁggﬁﬂécor aﬂﬂHQ%Uth§§ﬁ c§b$§$?sing

aver aged shape g to dlaim1i

conpry si ggst@ﬁﬁ %‘;ﬁt@f update S her %ag@daytag &ﬂerémﬁpehga«}@ta@%on

Anet hodo adjust e electron beamusing the method 25 according
to any Oﬂﬁngﬁt%&hﬁ@tiﬁ?t&céﬁcomt@wtha P&t L6 adh Al i ©HARRY bhOPhe

adjusting step of ‘adjusting ™ an irradiation position of the electron
beam basgda.ga HA®ar Qtdtle@N 1 n33 HURAWin3f step.

15. The method according to claim 10, wherein the rotation
runout computing step computes the rotation runout based on the

10 shape data calculated prior to performing electron beam recording
con the substrate.

16. The method according to claim 10, wherein

the shape calculating step calculates, in real time, the
shape data when the substrate is recorded using the electron beam,

15 and the rotation runout computing step computes, in real time,
the rotation runout based on the calculated shape data.

17. The method according to claim 10, further comprising
an averaging processing step of averaging the shape data by
rotating the turntable for a plurality of times, wherein

20 the rotation runout computing step computes the rotation
runout based on the averaged shape data.

18. The method according to claim 10, further comprising
a shape data update step of updating the shape data.

19. Amethodofadjustingtheelectronbeamusingthemethod

25 according to any one of claims 10 to 18, wherein,
a beam irradiation position adjusting step of adjusting

an irradiation position of the electron beambased on the rotation
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runout.
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