BEAM RECORDI NG APPARATUS AND BEAM ADJUSTMENT METHOD BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention relates
'0 an el ectron beamrecording 5 apparatus and the beam adj ust nent
nmet hod and, nore specifically, to an electron beamrecording
apparatus and the beam adjustnment nethod therefor that uses the
el ectron beamto manufacture a master of a high-speed-rotating
recordi ng nmedi um such as magnetic disk. 2. Description of the
Related Art 10 phabeamcbre9KE! AEp ARPAGA A BRI AT Ydiaeer g&ﬁ-ﬁoﬁ_s' ng
an exposure beam such as el ectron beam and [ aser beam and is w dely
used i n anBACREREGUNIS JROrmENuUhEetmToNg amaster of a | arge-capacity
disk, e.g., optical disk including digital versatile disc (DVD),

Bl u-ray di $c, Fdreldt logr $healidvanhagneti ¢ recordi ng nedi um such 15 as
a hard disk. In such a beamrecordi ng apparatus, a resist |ayer is
formed on the rBcopdeésgnsanvantiofn ralelbstiate elleictiondeem becarding
master _for manufacturing the disks exenplified above. The beam

recor dishg aPRAFATYRE 2RACHS Bear A& IaSEmEPAG diakanfle MOHsssPREEE Depkly
di rect, as,ap rogri?te, a spot be$n1to t he recordi&g}surface .in,
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bean1recording apparatysz howevér, rotationrunout occurs dependin
on the nechanipgalczphegos 68 ehearéiansd exrsotor, 1

10 A beam recording apparatus performs lithography using an
exposure beam such as electron beam and laser beam, and is widely
used inan apparatus formanufacturing amaster of alarge-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, aresist 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 tangéntial 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.

In suchabeamrecording apparatus, however, rotationrunount

occurs depending on the mechanical precision of a transfer 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
synchronous runout is of a runout conponent in synchronismwth the

rotation ffeguengys ofoRokUr RERAD! Sondree: +r At ng@Rdab88:19ng the
asynchronous Tunout 1s not dependent on the rotation frequency ~of

the turnt ailstdat®,, asd RSk Al @t N0 QESW SellEEIUWHY b¥eci MbE e ok
asynchronous rotation runout, Patent Docunent 1 (Japanese Patent

Appl i cat i drofekaionNo. HO QsG] tpagrebonlel ddrrddtiasest Bashthaation

correction technology in an exposure apparatus 15 for an optical

di sk nmast erundudr daxdmgl beafhexpeshnel ogyreéeoRatent Docunent 1 is for

correcting the problemof asynchronous rotation runout with an

obj ect Sof inprO&PﬁgrPﬁét%PacRU%ﬁ¥%H“%@b@@&@y?upstéﬁt? inelydese as is

position accuracy with adjacent tracks, in _the exposure apparatus

for an optea FRFER- REBLBFONIHS GANORE (HE ASARAHLROERT I tipeRt) and

runout, although reducin t he roundness accura of the track, i.e.,
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synchronous rotation runout has not been perceived as a problemthat

much 1las tdwratynoueneusondtsd inot depewientiae ek, rbbet oh FridkRency
recent 2 of the turntable, i.e., substrate, and occurs irregularly.

About the asynchronous rotation runout, Patent Document

1 (Japanese Patent Bpplication Kokai No.H09-190651, page 4, FIG.

1) describes the correction technology in an exposure apparatus

15 foranoptical 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 sexrvo of a disk reproducing apparatus, the synchronous

rotation runout has not been perceived as a probhlem that much

as the asynchronousrotationrunocut. However, there isthe recent



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

swi ng-arm control mechanismfor use to performtrack control over
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capabl e of correcting, with high accuracy, not only asynchronous
rotati on rgmeuaraudi stk Heisyeiy AAgHSE+1rdldo@ainguniifum. 1 STRak@Rnetic
Docunent 2 (Japanese Patent Application Kokai No.2003-317285, pages
7 to 8, Flfacod)diawyd nideliemt iBocumrenrined calllasa s Heatee rniraARp nieddimopr
Kokai No. 2003-36548, page 8, FIG 6) describe the technol ogy for

cor r ecbi npasdrerngsly meldiiomeus rotati on runout and synchronous
rotation runout. Wth the 20 technol ogy, the recording beam position
i s controll abl y T86r RREE eH-SHhaS Y- T it FBEARLPBIERRGh G tafd BagGarding
measurenment result about the displacenent of a turntable in the
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ref erence dlsplacenen and radi al displacenent a tur
10 required to be high in track roundness accuracy. As such, the

q

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

15 Patent Document 2 (Japanese Patent Application Xokai
No0.2003-317285, pages 7 to 8, FIG. 3) and Patent Document 3
{Japanese Patent Application Kokai No.2003-36548, page 8, FIG.
6) describe the technology for correcting both asynchronous
rotation runout and synchronous rotation runout. With the

20 technology, therecording beampositioniscontrollably 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 ig described
about the techmnology for performing contrel over {correcting)

25 the position to which a recording beam is irradiated basged 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 tinme during beam exposure. In this nethod, 5 however, used as
areference is the displacenent at the lowotation speed on the
assunption that the synchronous conponent of the rotation runout is
small at the low rotation speed, and the synchronous conponent is

| nereased L PLOPOKLLON hRobUSLACKease (Qf Lie Eghali 0B 9p8edon 10

The probl eretis i on synchr onous conponen cann

be negl ectpd LMQM i trOW $Reed tEChehbBNro@Rdi bREspOEAtLPNs1ower. The
synchronous conponent is not necessarily increased in proportion to

the increas@iefl 8Neploatantnn iSPERE. AAD IS hent 1A HeraboNe qiRIdIads,
there is no way of know ng the synchronous rotation runout 15

conponent nelzserredd icduread theerdtain@rbadm cayposureg a IefErenceethod,
di spl acenent waveform and thus no runout correction is possible. In
order bo Resevgy .Wadd ahe nefghreneedsdipdtdembicenan bt ghadgmetdt@tion
recordi ng nedium e.g., discrete track nediumor patterned nmedi um
rotated atSHficghogpées fEFUBRERCT ddtidithy sHachyonPBpr eeReRRAL Gthdbe
needs to correct not only the asynchronous rotation runout but al so
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That is, the previous %orrection .ng;hod do _not serve me%h enough
' 5 TONoONSs component 1s in easesdl TOopeortion £o) ] i I%
for the symchionous rot ekl on = itnout i suchra rmagnetic disk dye-ease

others, ang ng. rig &95%1E§Qe35 synchronous conponent can be
conpl etely correcteg'there y. Such problens and objects have not

been ngcogni zedphs WM e d&lE s MENThENodation 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 isnoway of knowing the synchronous rotation runout

153 component observed during the rotation of capturing a reference

displacement waveform, and thus no runout correction 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 synchroncous rotation runout with

considerably bigh accuracy. That is, the previous correction

methods do not serve well encugh 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 placed thereon. The el ectron beam recordi ng apparat us

includes: a digpl aﬁfg@@tqrﬂeéh%cgh%ne%ﬁ Ja?%ael IAg:ak | gasiy ;efa{aa Le.

di spl acenent 10 sensors di sposed at each ent "angle in

direction an0d1ddierdiibfimReBoraifiap@asakayltdd ol HAphbiObF correcting
cal cul ating, based on the detected displacenents by the at |east

three di spleiacesEnt asensiorshoshapetsiaien couhiespondinglise synchronous
di spl acenents of side surface of the turntable in the radial

di recti ongotatdoratriioputumdtlh ¢énsbdpuebly hidh darumanputi ng, based
on the shape data and at | east one displacenent detected by the at

| east Phree di spraxemetit ofsEhe diwenitdeatiodingsded o9 anhelegipemblean
including a rotation asynchronous conponent and a rotation
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beam reco |pg apparatus or en1tt|ng an_e e . eam t owar
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t hereon. The nmethod includes: a displacenent detecting step o
det ectbng seliseisacespotediat: aladneaserthese didierient sagl£5 dirdadioal
> of the turntable; a shape calculation unit for calculating, based
on the detected displacements by the at least three displacement
sensors, shape datacorrespondingtodisplacements 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 runocut of the turntable including a rotation
asynchronous component and a rotation synchronous component; and
a beam irradiation positicon adjustment unit for adjusting an
20 irradiation position of the electron beam hased on the rotation
runout.

An another aspect of the invention isdirected te acomputing
methodof arotation runout inanelectron beamrecordingapparatus
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
turntable including a rotation asynchronous conponent and a rotation

synchronoys ;ceRRBREN or ABnbUrd el 41 hes asRpE! &Ijbc‘tﬂeaﬂi@"\éené{t%ﬁe b2

directed to 10 a nmethod of adjusting the eleCtron beam using

conputi ng Jlhed ik, ddd@bhothd HBeHEted R SRR sadh Upki £9 1bRe
el ectron beam includes a beamirradi ati on position adjusting step of

adj ust i ng thar el dirfERkrantomqios) t sldpofathecekeebbnaiheamdiasadcenehlie
rotation runout. 15 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
schenat i ¢ dfl stdke gafram shohe nprniaebdenf agd eatd et il ranoet esmponing
beam recordi ng apparatus in an enbodi nent of the invention; FIG 2

i s a dPagr&®PsREWasFPféngenbr§elariokel sdapectpng apd add lesssurifag
rotation runout, and ad%usti n%Et he irradiation osition of an

el ectron FESRICEBMeBAsEd bRet AE LoRpht HiTeh FESiRTerragulss Fotatdpn
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separated into gAMPEREIHS anBther aspect of the invention is directed to
10 amethod of adjusting the electron beam using the computing method

of a rotation runout. 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. lisaschematicblockdiagramshowingthe configuration
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 rotation runout, and adjusting the irradiation
position of an electron beam (EB) based on the computation rasult:

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. 4Bisadiagramshowingtheradialdigplacementwaveform

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(B); 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 beamirradiation position is corrected for an 10 exposure beam

whi | e the shapegygyveform daf g, (R Aot aﬁhagtyﬁg%aggtﬁ&%@ﬁ{t@%f

during beam exposure. FIG 8 iI's a flowhart s rocedure o

conput i ng pdihe ivhapenvaretonfhdahg fn{B)bashdtit hth LDl ACIBsting,
signal s SX(O) ,l SB(?)), and %%(O)ganrél stores@t he corrpg%ed shape e

wavef or m dbrikgdedn éspasitoyehableashow i) dienpsacedidreba fedbhehapbe
shape waveformdata r(B) is measured prior to performng recording
(exposur emavdfeormc datecti(6h; (adj ustnment) is perforned. FIG 10 is a
fl owmchart show ng the procedure in which the shape waveform data
r(O i8 calcul a?‘g&-vﬁnéﬁ FRGFIRLITytPR VB LH gt ovD disppasemeptisgnsors,
performreal -tinme correction. FIG 11 is a draw ng_schematically

i || ust rat iSRS BRFHdRIORSn bt a FAITINES REGHRLE O BB AdiviRg tdrEe.
FIG 12 is drawi ng showi ng the process steps for manufacturing

met hod of & patterned recording nediumin which 25 an inprint nold

oot b BAGE! 7Y BELE PSR A L LIS PSP AN, NECR
THE | NVENULIY 4here 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 waveformdatar(0) using the displacement signals SA(9),
SB(0), and SC(8) and stores the computed shape waveform.

15 FIG. 9 is a flowchart showing the procedure in which the
shape waveformdata r(0) is measured prior to performing recording
(exposure), then correcticon (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 1s a drawing schematically illustrating a
configuration of a patterned magnetic recording disc.

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

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

MODE FOR CARRYING CUT 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 a disk mastering apparatus that creates a naster for

manuf act uri ng arhangdisda s NSt Bi a0 ron bea réQe[nQO LAuEaLhon g

and Operation of Electron Beam recordi ng apparatus] The el ectron

beam r ecorglisigidppaiat astdll by €0PELEMAEUd @hel BELYHBaRy VARG WHlyings .
chamber 11, a drive device, an electron beam colum 20, and vari ous

types of ®loteuithagndinobhe odmisybiem okeldby,dahyeego@nia Détt Nbr@onents
substrate 15, and controlling the electron beam for exanple. The
drive devisd@rserthes sepedrederencephameralyotate and transl ate, the
substrate 15 disposed in the vacuum chanber 11, and the el ectron
beam c8l uim 20 ?gc"at]ﬂa"c%Eah?’ﬁa'ﬁ%‘éblvﬁﬁéaﬁf%ﬁaﬁ@é’ﬁli}ﬂ theeofiigugation
detail, the subs te 1 for use for a disk master, is coated with a

resi st on Thé%s Gf% Aem Eeﬂ?zé%%%dm@ﬁré‘tutsumtja‘bIt'é‘elﬁﬂbqq”n"é“ent of
t t abl t { at t 17, abo
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motor 17 sgy V&S 4 Ogftk VRabher SYDSLERLEa sléhé EQE%EQS gn%as%er for

di sposed on a transter stage (herelna ter erred to al so
stage) 18mabh&a¥tsiragg 48nhEaCaQuUPkedsity &téﬁ@iﬁn e, 19 SerVI ng

to transfer, i. e. , drive to translate

10 [Conflguratlon and Operation of Electron Beam recording
apparatus]

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

15 drive-controlling 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 ig 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 fotate.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, i. e.
, X direction, in the plane parallel to the nmain surface of the
substrate 15. As such, an Xe 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 anount thereof, i.e., the transfer anount (or nove anount) of

the X sta n ' ang i e
Lhe X Staog AByandid sukpLastan o aukeil e LA d forhsern o4
is made oftpa €l €MTd €6 BeCh] Adwe Pt 8 moveCh a%ae%agmaﬂghtﬂr%@t Bn,
el ectrostatic chucki ng nechani sm (not shown) "for keeping hold of the

substrate il%,. ,f eraexedmidn, Wht the tdiarchyekibnge Meeh amicsAhas Sucthcd Be
substrate 15 disposed on the 15 turntable 16 is securely fixed to

t he turnt aplee shbstFTheeX15t ages E8cbar &h €% tdreiRonsacoefl §61éd G ithe0k
35A, which is a part of a laser interferoneter 35. The vacuum
chanbef 1EBtagedil$podbe ¢pandleibeteroh’ i soidtiten tyadabich 18s air
dunper (not shown), and_the vibration comng from 20 outside is
prevented from BBPn§PLPahe BT EEY Y herébftheTRestagauhs ciegslriven by a

connected with yacuum pu not shown) for evacuation of the
vacuum ch&Hee %Elg% ﬁ?ﬁﬁ%‘gﬁégvd@ﬂiﬁgfhéﬁﬁ%? ampunf, Eheregfy ine- . the
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bl anki ng el éctrode 23, an aperture 24, abeam defl ection electroée
25, aibocuss laeren2folasg ap.objective 9
The turntable 16 is made of a dielectric material, e.g.,
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 35A,
which is a part of a laser interferometer 35.
The vacuum chamber 11 is disposed via a vibration isolaticn
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) fFfor
evacuation of the vacuum chamber 11 so that the vacuum chamber
11 has a wvacuum atmosphere of a predetermined pressure.
The electron beam column 20 is provided therein with, in
25 thisorder, anelectrongun, i.e., emitter 2l 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 (KB) 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 based on a nodul ation signal comng froma blanking contro
section 31..,.hat; is, the voltage is applied between the 10 bl anking
el ectrodes so that the el ectron beam passing therethrough are

deflected to a @9@%@%@%@&9&%1@55 efe%wo%béamﬁkﬂﬁgtéétzﬁeéemma

el ectron beam not to pass through the aperture 24 so't

el ectron hgamegamabetptt b #de, ir Hxdhdlelh8ybsaga deddeClddn shown)

el ectrode 25 can performdeflection 15 control, at high speed, over

t he el ect rfioir beahibasednoof aa Goiglr atol tsiggnabmiagi Agof: r axin scdegamation
defl ection section 33. Through such deflection control, the position
of an Bl edtugbnvoddrdscnaves summity dinbé&dshewh) r edihectohverhéng ubsty ake
15. The focus lens 28 is driven based on a drive signal com ng from
a focus cOVETIES Shemoitted abeehaer tiveme| cthe 6}46@2‘&%9 slegbreds @d

to focus control. The vacuum chanber 11 is provided with_a hei ght

det ect i on PEEEEETSn OO FSr SHa-&0APTg ORETSdr QB ORE; Grrtgpiohgver the
substrate AL gh ection i1 B_i ncl udes a.position,sensqr,
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10 therethrough are deflected to a considerable degree. This
favorably stops the electron beam not to pass through the aperture

24 so that the electron heam can be put in the OFF state.
The beam deflection elecirode 25 can perform deflection
15 comntrel, 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 f£rom a focus control
20 section 34 so that the electron beam is 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.
Alightdetectionunit 36B includesapositionsensor, aCCD (Charge
CoupledDevice)}, crothers., Thelight detectionunit 36Breceives
25 a light beam, and forwards a reception signal to the height

detection section 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 substratel5.
The detection signal is then forwarded to the focus 5 control section
34, and based on the detection signal, the focus control section 34
perfornms focus control over the electron beam The |aser
interferonmeter 35 neasures the displacenent the X stage 18 observed

using a | aser bhghh HOFhBGddepPPidd & 98ha BOWHEhel dht AR tEASCHN section
interferoneter 35. The neasurenent result data, 10 i.e., the

transfer (3 deteetkbothe pasEhtemedaiit of tthe sbstagee 1158, ahd ddiedrates
forwarded to the stage drive section 37. A rotation signal of the

spi ndl e n@t odetFctsonl sdéghaiwaegeesentinbe Bteageuxifacee Betghbnod7.the
More in detail, the rotation signal includes a data signa

r epr esent iNPIIRE et or e ¢iedtionn 35oppsisitdercfoxyrrdathie thed omts
and a gulse signal, i.e., rotary encoder signal, for every

pr edet &r mFREETUt aﬁpsﬁgar@,ﬁeawtwserdeeﬁeW fgtereirRrEiEtle FheAITIF
iti . F h a. ti i |, th t drij i 37
Don ter | v T Tor a7 RS A E Rl Bt Con tERe SURt AR Cd SEGmop Heam.
h b . i i . iti
the substrate 134 20, Ihe %tt%%%e%h}é%eggg &uggsﬁzeggafg g?ggéﬁggh%gfﬁhﬁe

data based on the transfer position rom-t

rotation ;s.gngk ifd 9ALELGSRisAALS TRERE hilgh t2BGmiRE WabiSa t REnRAS] ddn
data to the controller 30. The position é%ta represents the position

of an el ecid aheSpelsckeamtepréhenetbstInt e ThBasedsQhefe s Ot Okl 2 Bata,
signal comng fromthe controller 30, the stage drive section 37
dri vedot hei.spi ndhe motosfé? axdiihectiansfprsindicor dd®af of tbéatigmge
or transfer drive. 11

18, is then forwarded to the stage drive section 37.

A rotation signal of the spindle motor 17 is also forwarded
to the stagedrive section 37. Moreindetail, the rotationsignal
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 predetermined retation angle with
respect to the reference rotation position. Fromsucharotation
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 controller 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

37drives 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
defl ection control signal CD, and a focus control signal CF. Through

such signal sendingzgltro1 e WEE%;LC?\;J.&%% g']'e tBGEJ%Q%]g?gg%QEEO%aQX%%d

data recordi ng eam exposure or Image rendering ont he

recordi ng gata 832 rEbakaiay beess é%&bostdl%)r,eﬁ.Qléqi,”Qegéi:&iB%@aﬁ{h, RD,

el ectron beam (EB) is irradiated to the resist layer on the

subst r at e vihi,crarteavkatiefbri abgerd e fraradBdmeanky battBENPOMdDIL, and
exposed to the electron beamso that data 15 recording (beam

exposure) aothgyexrforned. The el ectron beamrecording apparatus 10 is
provided with a displacenent detection device 41 for detecting the
di spl aéenent i Fhereontrhblen)Bp asridsnowt siapal ottt the bilankiabl@utsol
More in detail, the turntable 16 is shaped |like a cylinder, and on

the 20 maifPEifFade; thegbean JeflgriippfFetitRed Iupddr e frsugixpdaed.

The t table 16 is dri t at bout it ter_axis, and

the di spl KD ot BEPPONE (R Be FDCRAEALS THOLEIS pldeaaRe contTol
b din id of th n I in the radi a

gi ?ggrﬁoniﬁﬁé{g% ?F'gaés e%S%:EI:;I ed 12 g%:g&t %Jgg%fgjé:)ﬁ%a’lceaﬁéin é%C%tcé)&ﬁrg%

Addl £ onal 15 s o e S B e S A e PR Ten 20
of t heot urgd:eidrrsl Gonbi® 1p@kAr0B8a0hI eBcbsaingal Bdam ldkposure 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 te the portion exposed to the electron beam so that data
15 recording (beam exposure) is performed.
The electron beam recording apparatus 10 is provided with
a displacement detection device 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

12



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
rotation runout conputing unit 43. As an alternative configuration,

an anpl i fflrgr n%e#gse%@m% eﬁmg@ﬂ @e Faﬁebaoregg%nd;avatshgﬁmuon

det ecti on sighal, and thus anpli ectron

forvarded §# afe tlentBBlb! 1£ralle HabCbd2ud Oa tét rt@ﬁea&baeukaﬂgﬂfc £ the
conputing unit 43. In the rotation runout conputing unit %e

detect ed dalispl-acemit. | Bosehihasted the ﬁdﬁ’ﬁﬂﬁ@é@bﬂ%ﬂe%’ﬂé&hﬁ@%ﬁo
that 15 the rotation runout is calculated. Thus cal cul ated rotation
runout is fidrerthsuppirnegble Iheacobe nddEns3the Basethma poetibatisg ithe
runout being the calculation result, the controller 30 perforns
controb ovErsnipceremn ¢enlseati on section 33, and adjusts (corrects)
the position where the el ectron beamis irradiated. 20 Such recording
control is perfEwﬁeélﬁﬁééﬂeﬁﬁnFrﬁ?¥9%ﬁﬁﬁ<9Y thesfirphadamenhiptgntion

rotation pposition data d G Q ﬁ bove. Note that, described above
are the METRSIGhh! 1t PreSorE R SBIRGEMEREs 19 Pt b ameg o0

control S%ﬁhﬂﬂﬂ:%émp gn?e@gl fleggl%Q ﬁ%%&l 12533 ?OHE%? gﬁ?%e?@

control section hé s age 2 i ve Section o3

conponent sy 3t 4iNe £LOPLEDL L Rby b%%}:oarltd\% f@uQ@@B%&ﬂgg tﬁx ecﬁ-b ction
establ i shed so that any needed signal can be exchanged™t herebetween.
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
i5 the rotation runout is calculated. Thus calculated rotation
runout is 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 componente and the controller
30, a two-way connection is each established so 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 electron
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
configuration of detecting and conputing the rotation runout, and

adj ust i ng (g da39IAl bk orfnROS! ELABLOT, 8 RELI0R.D8am & BB, D35ed on

t he conputationresu urn T6 Tarme

(not showe eRytheMBnossface, i.e., xy-plane, and as shown in
FIG 2, is rotated about its own center axis , i. e. , z direction:

indi cated as roigt +@PRer£LRG &0 dKkSadbompind 1y WaRdhe 0§ climed now
side surface 16A of 15 the turntable 16 i's shaped |ike a cylinder.

The spi ndli; dotail id tiod abinfidgguibeti on ringbbee A6t iGn egntHokhedtrby baam
notor control circuit 45 for rotation thereof. The notor control
circui b 45egparddngs appsedtos 40, efletentingi gmdl| cdmmutng rgfermitgion
signal generation unit 44, and a rotary encoder signal 20 fromthe
rotary encdd@ent4candipelusttamyg Erre bgam siparblatianpeadtienthasy depr Ghier
46 is supplied to the rotation runout conputing unit 43. The
rotation rATOUtE@IFANdoInFP 28 operat es using the rotary encoder

i | f .cl . That jis,.th tati 5 .
computi ng uni ¢ 15Cophia 8L RS R T R P TR AT B (e seting
rotati Onlja&% Sobui Sy tent &bl & J6,-HASEH, A a D8 E X ALY +nE€NGAY8. ation

si gnal .
10 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 inFIG. 2, is rotated
about itsowncenteraxis, i.e., zdirection: indicatedas rotation
center axis RA, by the spindle motor 17. A side surface 16A of

15 the turntable 16 i1s shaped like a cylinder.

The spindlemotoxr 17 rotating the turntable 16 is controlled
by a motor contrel circuit 45 for rotation thereof. The motor
control circult 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 £rom 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(e),
and the roundness error. The shape 5 waveformdata r(8) 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 the side surface of the turntable 16. The roundness error

E b t b ro, . whe
i us of the: pEipel W BPL7CHRY pHASER Sl rahendiS, obfoss
data r(6) ;%%to%l@omr@ﬁ%te%r e (ﬁlﬁ‘;}p%r(gf'e{ﬁe' élaecgg%fa@g' A the

nmet hod designed on"the principle of t hr ee- pol nt roun

neasur enentuziRhad. 16haégh§a£_tr@éaszjr&r@{]%gm%%&tﬁd EQr8L8P! Vi3S, | the
t hr ee- poi nt nethod). The details of the principle of the three-point

roundness dmgeUeretbriethed rafp, faundHe feRdRakentrPagUMile shape
"Transacti ons of Japan Society of Mechani cal Engineers C, Vol. 48,

No. 425, pmvetbim(d883-4)0) rdpesexaspkie wavdternbeliolw, rdesett bed taee
t he di spl acenent sensor 20 for use to neasure the shape wavef orndat a
r(8) , andotgdieanpogaei Bnof ofhe diwatnterrleuddut anAstisdovundnddGer2or
around the side surface 16A of the turntable 16, three displacenent

sensors 4TRPIAFENTSAN4RELRE O RETERBE Fipile E0anthaet is iBwface

devi ce 41 dis : second

di spl acerre%{ 1?Iéeer‘;‘él or's’ %:I"ﬁelsbg f |T%§tr?u61 5 G 0P8 6%&36?‘@?1%351&%5?%5@
41B, and 41C.det.ect the displacenents of the side surface
(cylindrical sur ace) 16A of 15

10 Ec(6) = r(08) - r0, where the radius of the perfect circle
is r0.

To calculate the shape waveform data x{8) and the roundness
error (Ec), there is acomputationmethod designedon theprinciple
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 (1%82-1)",
forexample. In the below, described are the displacement sensor

20 forusetomeasure the shapewaveformdatar(8), and the computation
of rotation runout.

As shown in FIG. 2, around the side surface 164 of the
turntable 16, three displacement sengors 41A, 418, and 41C each
being the displacement detection device 41 are disposed, i.e.,

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

displacements of the side surface (cylindrical surface) 183 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 42C configuring the anplifier device 42. The resulting

lified d h
AP s st O R3S Loryangs aéinén?thelﬁﬁae?ssﬁn%ﬁ b iofh 2R gty
and SC. Th&ﬂit%‘?h@%“éhéeﬁé &? 43& an%@%dﬁ%ﬁﬂt&% radi ais
ace 16A o Jb e

di spl acenents of the side sur e turnt using an
optical orné&besiddeH reBthoda o i« g{ﬁs EPT 1P £.5uki@ce 16A, and
di spl acement sensors 41A, 41B, and 41C are ‘each configured as 15
| aser i nt etieedosptiecemand havmhecpaaghl deteeidion a@cwﬁ@ﬂred:%palw as
with that of the beam exposure, e.g., detection accuracy of
sub- nasonetatial | @isplagemart | owBign&le hdaheopedcaly netehodli s @isaaesiend
a laser interferoneter is not the only possibility, and any other
met hods nESPHRONs éd-A.oft 18et BRfli 6HC arey resgieslizcdyennp20f jageovitiast
el ectrostatic_capa %my type na%bbe used for detecting the radial

de

di spl acenerft tHaL8q® Jaf’c%‘?fn f 48P e Ao LGt TP E B Fhe mupliffes

a schemati¢ to t he t nt abl Q@ and, t he, di spl acenent
se?\sors 4I prﬁ)(b Eesgﬁiglnﬂga”{ 61% L3 befats ?%Se%%r‘fﬁ@pﬁdali‘éﬁé‘ﬁt

sensor 41%&&&@9&99& n.d &rpg%t%n@ LEet 49N P%%s%' Pl RO PN ent

41B is so disposed as to forman-ang $w th respec
di spl ageneide AN Abhaiandat hgpdi gﬂbagérrent 16

The displacement sensors 414, 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 4124 is disposed in the X direction.
The displacement sensor 41B is so disposed as to form an angle

¢withrespect tothe displacement sensor 412, and the displacement
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sensor- 41C is so disposed as to forman angle (27c-t) with respect
to the displacenent sensor 41C ($,t> 0) . Wth the rotation angle 6
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
measuring cylindrical surf ace 16A for the radial displacenent. The

radial  disdl anearet i $is@nal sps Ons S5 Qm 0 hrSHO) 2600 r
10 di spl acement sensors 41A;§p4lB, and 41C resﬁ‘e%% \X/% ny“r} S{?gk PBING

f or war ded #@thbeligiRidenRoitUsOnd o AIPU, RS OINL t wAidh HEE @lgtatiBs angle
direction away fromthe sensors is positive. These radi al

di spl acenméhwithgredleg-eqce solltheclmk d ol gaoplihegd vé6b ha@ethéhggensofs1a,
pul se comng fromthe rotary encoder 46, and then to 15

di gi t al / aral%gy {DLRAFeESAPRr Sitenshape PRt e ¢yindtigalgiirédce 464 being
process of filtering or averagi ng may be perfornmed, for exanple.

FIG 4A sHbReaiicersns AA7Iahverdr ps ofenrafiaptadugsut () t hsies peaoltas
t he rot ati(%bradlgllaqie( S(%femt he turntable 16. This radial runout

wavef ormis separated-“into conponents, and the separation 20 result

L ooks like FlG 14 <5008 D% EEHOr I8 £0: 2 EOMRONENL 08SLS, i uring

radi al runout of the turnta 16 i ncludes conpo

That is, HylisaiH=0psasriddt sEAMOPER LAY ek Y1 a&GEaN I 1 6hb Y-
the rotation axis, E2 is a shape displ ggerrent (%)rﬁi)onent (E2 éx’@éﬁ(l l:

roundness @lspAlaceinted ignatbe sahape ok(@p, thes séden S WGy 18AnPkne
the turntable 16, E3 is a displacenent conponent caused by

synchiBnous sodtegteimem tr isengorandlEd iddBa  aliGph aCenerispeeNpoBRRT are

caused by asynchronous rotation runout. 17

forwarded to the rotation runout computing unit 43. Herein, the

direction away from the sensors is positive. These radial

displacement signals are subjected to sampling with a trigger

0of 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

regpect to the rotation angle (8) of the turntable 16, This radial

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 is, El1 is a displacement component caused by

eccentricity of the rotation axis, E2 is a shape displacement

component (E2Z = Ec(8): 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
synchronous with the rotation frequency, and generally changes
dependi ng on the, rotation frequenc ' Fouri er, component

o (oY, 2nd fhehape

changes). The asySchroHSET I aTT Ii(*eldhtg%% Y HpTTRER

irregul ar g o r i tatiqgn
R e e T i
comput i ng i 143 ShesSnt | t i |

ohal s SATR e beAORREL: R ANRTE Ty h e S ROLALE I seryes

runout conputheguhichbdd 1BNPULheTcpenshapE Marekordadiohard 6onWMant
the nmeasuring cylindrical surface by the three-point roundness

measur &nmentavestichods lasiedy mnchaege ddirabpdesplacembrirciaiahs ro@iedRy .
S12). Herein the shape waveform data r(8) derived by the three-point
roundness Gredbarenrst hawdhothe rynedes oy sf Fobat bonlerun2d tFoomp@rent E3
conponent, i.e., eccentricity conponent El. Therefore, the shape

maveform(ﬁﬁ%ﬁ??¥5°¥ﬁﬁﬁVéBhGéqﬂﬁiqqﬂQ&iEﬁﬁwﬁn?ﬁuﬁﬂﬁ@§§erﬁéé§ﬂﬁ€W@ﬁ§

The 'Shape SRRVSKOPIR 3% 40 ( 87 tAETFOcRE AU SRER | b St orGHinipe serporent

or ot her s Cefsdra SRE Aahelkde BbERED0S U S eRa pY ohe @8

FIG 99 deseidfBdr 8nout component not synchronous with the rotation
frequency.

As shown in the flowchart of PIG. 8, the rotation runout

computing unit 43 fetches, in advance, the radial displacement

signals SA(0), SB(B), 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{8) derived by the
three-point roundness measurement method includes no first-order
20 Fouriex component, i.e., eccentricity component E1. Therefore,
the shape waveform data r(0) derived by the three-point roundness
measurement method 1s, strictly speaking, the roundness error
waveform Ec(8).
The shape waveform data r(8) derived as such is stored in
25 a memory such as RAM provided in the rotation runout computing
unit 43 or others (step 813).

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(O
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
Waveformdata r(O is stored in a menory (RAM 48. The rotation
runout co ng _unit the rotat
orary encli L8rgihds WHebiiiRe Y wtp BRESb Fonr s s Aoy Tsushe
rotation ahgl gebl)s lglewga g,ws 2Rbn 0L Ea (H Hedehapll By Hor B8 en
acene

measur enent ra ata curre ISP acenen

SA(O), SB( 5_1£I ?Qr,g, 5 o C r

41A, 41B, Ig)r?a e or%ﬁ%ré Eefﬁfg ae%%f %ggugé Sﬂgh“% ggnp%FE?I& %%z'fg’i?‘

428, and 42GQredsifpid)er #ag, @émﬁwd@mm BelRceiBAl 8§ K where
supplied in real time to the subtractor 49. The shape waveform data
r(0), 5(0-the shfhé (Aveicpbrmsdaied () ishfeaRifsy ptRAMtABedf 6rtieag berh
based on the current angle (0) (step S23), and supplied to the

subt r act orexa®sprey | deawing) { HaenocarFert temd@d jostpentigl simer£43med .

Then, the shape waveform 20 data r(0) is subtracted fromthe current

di spl acements SAhe)shamp(pvefsgmeyiata THe) sibtstaredr ing%e @O RAMON
utation such as

Subt act 'd o Pﬂa‘%”ohts O Rt FPATLLEF ML rbhREadg it Cpgpotation
Digital h .25 t t t
i 0 43 ARt 8L U okp CEF R O GhORBRL: ThE GG ST n TR

t hat !L§ CUfe ?}?fi Gl cﬁt)at 1':19@ Irolﬁ'a@ﬂm r%g g@? t)(a(f.gpg fcﬂé cglﬂg'ent angle (step
t wo- di mensi onal rot'ation runout co
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 412, 41B, and 41C {or after being
amplified by the amplifiers 423, 42B, and 42C) {step S22)}. and
15 the current displacements are supplied in real time fto the
subtractor 49. The shape waveform data r(0), r(6-¢) and r(8+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 runcut computingunit 43. Then, the shape waveform
20 data r(6) is subtracted from the current displacements SA(0),
SB(B), SC(8) in the subtractor 49.

The rotation runout computing unit 43 goes through
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 waveform data x(0) and
y(0) are represented as below. x(0) =r(0) + SA(0) y(0) _ [{SB(0O)r(O
- $) } costi - {58(0) +i(0+-u)} cosh] /sin (0+-C) 5 The waveform
data x(0) and y(0) derived as such is supplied to the controller 30.
Based on the waveformdata (rotation runout data) x(0) and y(0)

cal cul ated as such, the controller 30 perforns control over the beam
defl ection section 33, and adjusts (corrects) in real tinme the
irradiation pqsition of the electron 10 beam (EB) (step 525). That
is, by chatfyi txhémidrrYaE}ilﬁ?P?ibonﬁoE?W%rﬁ%?)th?%@xﬁégﬁférﬂeg‘ﬁ’fai’?@)
, el ectronalpgan@)b%sredr%nrt rs\en [ tggi_rﬁn runout signal, the recording
posi tion i T AccordiPAg ¥ PESPFREESd™S TRPE %habl es to i npl ement t he
beam exposure tq, #) gogqut;i%(céi)rcl e with satisfactory roundness
accuracy and a 1é spiral pattern'free frominfluence of synchronous

and asynchronous,(gnal a5 yiumoub) Pledshe. s81 Al £<OL-ON dds¥d VQihﬁgfc)

track runout and track pitch variation. Wen it |s@eterm ned t

the carrectionenvaedsdsn aatti0lEdantRe 0r @EEE® aSt @PSh akSsupplied
repeated fromstep 521 (step S26). 20 Note that correction of the
rotation rimbbe coptgndlgrridct i Basedan Hee pavébenmdathn tdtiat ioassnautt
i s advantageous for the controller 30 and the |ike, since the

cont rol | erdag cahd bandpeitat eal culterd howarch, otk obntoablenBo@efiyrns
the sinplified correctiqgn. For exanple, correction of_the runout in

x-directi PP he P8 pdPor PR ARELRELERBMASE t 4 2rr 8RE adjusts
o P ool SR PR - LTS SPLELEEMATR SO of chi et
48, r?c%peq;ééﬁ?l()@B) 2(%tep 825). 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 patternfreefrominfiuence 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 8521 (step S26).

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 like, since the controller 30 can be operated
under lower load of computation for the simplified correction.
For example, correction of the runout in =x-direction can be

25 performed. In the example, the current displacement SA{(0) and
the current waveform data r(0) of the current angle (0) are read

out from the displacement sensor and the memory 48, respectively,

20



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(B). 5 The waveformdata x(O and y(B) includes no radi al

di spl acenent conponent of the shape waveform i.e., E2 = Ec(O in
FIG 4, and represents the rotation asynchronous and synchronous
components of the true rotation runout, i.e., El, E3, and E4 of FIG
4. That is, as descri bed above, in the previous 10 t echnol ogy, at the

time of catt uFRAG e r BT e~ aFbt 3R e AP tuahiefor-m TR uS BBt uriad

referenceﬁglsplacene Eﬁﬁif%%g}%%id#P%%ﬁghp%bthe synchronougch beam
rotation 58ﬁﬁgne t PR - e
SRR R S T

when the substrate I1s actu eam exposure
di fference 3o @ct.ed. The true rotation frequency conponent
cannot be thus conpletely corrected. As to the synchronous rotation

runout 5 the firah=0rgere£OMPORARL IF() CAsE WBhe SuERfd ﬁentl%ralai
observed is proportional to the square of the rotation speed. The

conponent did lafcesecandonpdrendrohitglee shabewsa o onpld .Caked- qhﬂmge
related to the resonance frequency of a rotation system As such, the
rotation syncHEGrous. cargoresRrésenict fibeesseltrd tiompr eggnthooadbust and
the rotation speed, and even if it is corrected in proportion to the

rotation SPESRTODRES GeBPPBANEF nehr B IS o FeSAEAPCERRREL . 25. e BI,
COTD! ot 1 %R ERESE phB I SRR p bk Ll S PRESLOLE L2
the %E) technology. at the time of capturing the reference displacement
waveform, thus captured reference displacement waveform ig
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 freguency component cannot be thus completely corrected.
As to the synchroncus rotation runcut, 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. As such, the
rotation synchronous component is not necessarily proportional
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, howevexr, 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 i s performedwhil e 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
being corrected in real tine with considerably high accuracy.
Mor eover, THaEtigiraripaut vdudlypthedtiur cadirhgon fynshaseousvedrnpanent
conponent or the radial djsplacenent. conponents (El, E3, and E4)
sonet i mes Eﬂﬁﬁ&?ﬁ'nc3§§aﬁ?t?ﬂﬂéﬁbésﬁﬂéhrPBOPﬁé”Eﬁﬁﬁ@@hSPHSBEa?%ﬁRR?GntS
us enV|r

t at h terf
amhodi mon(29 (ERERLY VB O AR EP AR S THe 1 IVAAoR PEIP L% (P

be ad i lLect
ggzm Se?albt]f@xﬁdd‘{]c%ccehu?agyec%ere%‘g%%%nﬁgea?ﬁy %8 %iﬂt exposuarséa
with the finsad 15:9&1@%5:965&98%.@ p@rf&med%if\e cﬁéxgiggraﬁta%tta% %&&'éﬂ ed,

Velocity), it is possible to adjust, in real tinme Wth considerab

hi gh accuragqy., ttheamr eagbati@®nwipRsclivon cohsthe teliaGl ariRRAMy )20 ’dH‘é
t he enbodi nent, used are the displacenent sensors 41A to 41C each

havi ng t healmﬂmmebeam Emstbn \bidd #d9fis sed-byanorefifditioApoadirids whimnt
mechani sm maybe additional |y providedforadjusting the position

(hei ght) ofhe hsotaspbacammeutsaisobslAd AcogratCetio impr evaht tameerwidih
to the attachment hei ght of the sensors, i.e., 25 neasurenent height
of the racﬁoé’rSJd?%r(ﬂté'é’eﬁéHP a@a%raé;éaﬂpﬁerepﬁér herg e t@dilgst maneut not

mecha |sn1ad us t he sition hel ht, f the displ acenment

senso Q APRFFH F%e g@ﬁ%¥%ﬁ%ﬁ%ﬁ“q oﬁgheradlaléESPlacement
compeonents (EI1, E3, and E4) sometimes shows incessant change due
to the change of apparatus state such as apparatus environment
orinterference. 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 light 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 41A
to 41C each having the measurement sensitivity of sub-nanometer.
Anadjustmentmechanismmay be 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 sensoxrs 412 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(6).
The di spl acenent sensors are not restrictive to the 5 disposition
direction of FIG 3, and nay be disposed in any directions. Herein,
some conbi nations of the relative angles 4> and t of the

di spl acenent sensors 41A to 41C nmay cause conputation divergence,
and generate Fourier series conponents not available for detection.
It is thusmest sAkbe dltagd asgeecfiem dagsplHOMEIL1sLQ1 8BNS A Srafetermined
relative angle that allows detection of Fourier conponents up to

hi gher or dEngaNEeta thesRonhse bier 3 &) gsssddeso threshenm vahef drmaciata
roundness error is actually affected, dom nantly, by the rotation

r unout cdﬁﬁﬁnent in the X direction, i.e., the radial direction of
the 15 turntabl% ?ﬁlﬁ sub trate 15, and the transfer direction
of the stage. 4 cc?éréan abT B I Hi EpGs @ Gne BF LT HE 1R eBO the

di spl agen‘edltsp%%rl%q_ ?J.téec%l%glcolfn rIIt&e )§ d| ctl Onl}be{];azzs{%’l%ﬁldsﬁﬁlt tgr%é’

case, there T's no nee hrough conﬁllca

X directi gfyrddiariy, 'ﬁéﬁéﬂg tébr@éﬂ\@aiﬁgl%scl%ssggpkhéyf@ﬂa AP aafshf‘gles

conputation process at the time of correction ternati v

shown in R4ag ochaty dﬂéﬁﬂ@&%’fﬁf@eﬁ@%@ﬁi!& ¢ E\aﬁjc?t\%gyccﬂ&)d{%%q_’on

and two of these may be disposed in the irectio
dlsplacenmhwemgmnmezﬂﬂdgandrﬁtdmmamﬁemmdﬁﬂuscdm§@h@@ﬁﬁaatdﬁ&§@®1e
41D), respectively. The remaining two 25 sensors are each di sposed at
an angl e d@sidegeaticonpulatisohudi desiprick: ite plrapgehaplixplavenent
needed orders of Fourier with displacenment neasurenent with a

t hr ee-lBoi FeNFOSodt W slafidFe gngle that allows detection of Fourier

components up to higher order.

When adiskmasteris 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 1s 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, as showninFIG. 6, four displacement 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 senscrs 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
simplified, 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 waveformdata x(8) and y(O derived fromthe shape waveform
data r(8) stored in the nenory (RAM 48. Alternatively, the shape
waveform may be calculated in real tinme, and the irradiation
position q9¥rbe adj,usted.in real time. That he_shage wavef or m

data r(O UGS TS i ﬁée(%%%_ %%Jb SR igh %‘PFéBﬁa PRy THReSUTe
el ectron heaimid 4 Sin 2t $n6alouLat el bl NGl e, raRUILING
ataT(0 0 and

shape waveformd , the rotati runou wavefor m data X

y(O is calcul atigdihd ab8%k-bBBrihoE enddiadRbhRY d:lndirieadical 4
posi tion of the electfbn beam ﬁTG. fo shows agflomété?tqﬁﬂﬁigﬂecase

per form ngpf edhjubitiRg thie Coraechtodn pbae tedhl&Nthangtso {e b8ahBing
out fromthe rotary encoder 46 (step S31). The current displacenents

SA(0), 5SB(f)e roandiSe(B)narewhetebed daiemki b i pl asermntveefsonh he
41A, 41B, and 41C (step S32) . Then, the shape waveformdata r(0) is
cal cul at edshgmss epa888prm2@aifze c(® ) esttoretiationthenautmosO) (RAM) v (43).
are calculated by the rotation runout conputing unit 43 (step S34).

The cont rotYSMmadtadiusta® BEARP ATVt WY Based B ated Foranidrine,
Whon i t 1 SHEFRF A TAIAER RESEbIPROETORe SR U8 SR Gee nu et
e e 5 R SR B B0 T 54 Eaa Ek Sid e

10 of irradiating the electron beam to the substrate is calculated.
Using the resulting shape waveform data x{6), the rotation runout
waveform data x(8) and y(0) is calculated in real time, for
adjusting the irradiation position of the electron beam.

FIG. 10 shows a fFflowchart 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{f8)are fetched from the displacement sensors 41A, 41B, and
41C (step 5§32). Then, the shape waveform data r{0) is calculated
(step 833).

20 The current rotation runout x(8) and v{0) are calculated
by the rotation runout computing unit 43 (step S534). The
controller 30 adjusts beam deflectionbased on the rotation runout
x(0) and y(6) (step S35) 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

836).

Still alternatively, the shape waveform data r(08) 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. As an exanple, the
novi ng average conputation is perforned for the shape waveform data

r(O for a pIuraIitgH%f rotations, and using the resulting shape
wavef or m dRCetedieh ki pbe iReerHiI AT 1§ OpIPFretBHage D Fred HiRe -

48 | dat ed iate. F le, th _
ver g v A LS ARG LRCG 0 paPE A TSt ¢ 51 A PR e o5h GRBRRILRG

h h h d i i d f
Fotati on. RCRBMASH Y CHBdiate tBeStRBRY tRATRIO ARE O Ur That
15 uses th& AVeLANSy 5@3%};\[@%%&@, A ekS- 4 s tRdatad e & sg}'ax}éfag,ai{lg

during beam exposure to calculate the rotation runout waveform

X(O apd Wioesantd asids t5e r anyl hvteQabh%gC%dc@lslsaglg 3dctWbhhs0
r n

the configuration of updating the shape waveform data (O

real tine @fa3eeithd SEaHEH AT POSH Hh0A rGON ERHIMNLEOMY0l AbaYIdiGmple,
little error can be perfornmed, even if the shape waveform of the
measur i ng dreossviseravenapgd cohputat hvablseeatfowmesioher thasgepeaco@torng
to tenperature change, for exanple. Accordingly, long-tine

hi gh- accurdad@ bBélintpespierativecdy dphgttans bean®Bspaf theretksillligng
present invention can be applied to high recording-densi{g recordi ng
medi um or HEPE mag@,fo\r@r da %np?%‘? shape waveform data r(8) for storage

10 into the memory (RAM) 48 is updated as appropriate. For example,
the averaging processing section 50 pexrforms contrel in such a

manner that the shape waveform data r(0) 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(0), and forwards the result to the controller

30.
With the configuration of updating the shape waveform data
20 r(8) 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-accurac-:y beam exposure or recording can be
25 performed. |
The present invention can be applied to 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 hi gher track roundness Ieads to an inproved S/IN (signal to noise

ratio) in roductlon A description will be nade for a high-density
magnet i ¢ cijcf’p FeST Brage MEGHITR WaRGrAeraPedas W EF SSPoRP tions,

di h .
doscr i pt P oHSeT %%‘%%énar%ﬁl%ﬁ L b e B R 4 e Ay p para
shape as s%aﬂybfng/*% sf@mal*r]}f' Gadid ARt éﬁegoaﬁaﬁeeéécfzuaes e,

recording dis 60, Which 1s call"ed as a pattern medi um i nc
servo pat trﬂérﬂlfé’&d&@d | 0Befdranty 2 spakkes a@gvemf;arﬂ% POFEd YbfAng

Note that dot patterns or dots are illustrated only in inner radius
portios asl thist eracRidhtiss POV ittiefolicks dbee1ly Jdda £bt oplOVENEldisc
the dot patterns are illustrated nerely schematically in FIG 11 and

t he dot pats ephiseEdet dorumedreverdiie/ mynadaciifebeéad Eoradiehaoll AGc,
the disc. Additionally, the servo pattern portions 61 are exenplary
i |l ustrat edl digcFrEying 2 jdgheretseek ropmdness pords o aglivpheved (vt
those illustrated can be forned. Additionall an enl arged vi ew of
par t 62A<ﬁS¥QR?Hd¥thP§@kra§&Pﬂl6H BEPng%F 08| |ustrated in FI'G

11. On the data.track .2 f t ,
substancee(o? %&t@%%SF pg&?& géggs Po?ﬁ%ﬁ gﬁn%ﬁ?g%ht r?%éﬁkﬁﬁ%?%ﬁﬁ%

63 ar goarlr élcgo%q{itlfrﬂ q‘l?&ll’llyfac%?e%. %rye Jnoré?e%&c{ne%eaang ea}:rordlng

pattern whic
apparatus according to the present invention. A description will

bemade taking apatternedmediumhavinga diéc shape as an example.
As shown in FIG. 11, a patterned magnetic recording disc
60, which is called as a patternedmedium, 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 dise¢ 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. Additicnally, 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 624 of the data track
portion 62 is also illustrated in FIG. 11. On the data track
25 portion 62, a seguence of magnetic substance (or material) dots
63 is J"Eormed, in which the magnetic dots 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 nedi-um can be adopted. The new servo
pattern portion nay have a pattern shape and arrangenent different
from t hoseegiretshetsurddmns handodmat inediuroratld Jhtephtiorrimddrmation,
recordi ng nmediumincluding, for exanple, the patterned magnetic
recor di ngagids@ édrecahape mrahtfuktEPReEBHiraditii f (HeFedamdngg the
material (e.g.. magnetic material) u%&%%é t he resi st mask as an

et chi ng nddke-Ffhare@gtderpakt sding FIRP heR reR iy the track,
di d i.ng_the above-d i bed 15 el ect
ecor i g ILARAREEARD BECRHE HECRERE S RER Tt L isnava, T2 EF fegbrdgng.
Lo s . . : \ ©
breferghie 1o ohprey Sevnofoll Nnd! ikl baLNSpob 0l 5 Wt M stk o

the patternged JBGNRlEN S ALNg9rBRALHM: dReeGHd dilur s Wbt sePOWpRR tern
made, with reference to FIG 12, 20 for manufacturing nethod of the

patt er ned pyER@AShI wh i@l 0 HGimiRA H6F lanpadi sih g MBaten d=al 66 adopted.
referred to as a nold) manufactured using the above-described

el ectron Imamresc arativg mpipiagat usorision sedly asawea anpricherhi shegeaphi
nold (hereinafter, sinply referred to as an inprint nold) 70. 25

Speci f i calarnrangeaepatdidiiraentetoerithgsaef the gyrrgntierd apse medibnd
i s advantageous for ultra-fine pattern corresponding to the surface
densi 1§ exceedi Afe50F teFpSd EpreedintgRefiumincluding, for example, the

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 isnothighwhenusing
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
mediumin which amaster (also, referred to as amold) manufactured
using the above-described electron beam recording apparatus is
used as an imprint Lithography mold (hereinafter, simply referred

to as an imprint meld) 70.
25 Specifically, the patterned recording medium using the
imprintmoldisadvantageocus 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 |ayer 74 are fornmed in this order on a base substrate 71
for recording mediumwhich is nade of Si wafer or reinforced gl ass
and the | PRELITNG arddo AT ESRR 1Y B1gh SUripsemRP B Hepdste LAGPPs.
magnetic nmateri al I for_exanpl e sputtering nethod, \Wen

TR act uPRG SP9EHLT CAl TRadift FESTPLEor BT HES MUY LPfomP LEdrErg
aver, antentariearare Rt of rlreR Rttty ZRCON AP TRE s

| ayer, an®interie e |layer " and a

st acked i @ﬂihlﬂ«%leﬁ%i_qj%g- ﬂa’it@&%e@t@cmﬁd ar)(@cii\{n??féévirﬁ%”%gtrcaé{éo%gﬁg

recordi ng | ayer ., magnetic material” | ayer

| ayer 43 igensiRge oef apb%x@maaai?,lT@blégﬁrﬁ@Atﬁé r¥nuladdddedni UM
formed by a sputtering nethod, for exanple. On the netal mask | ayer

73, a resist | ageshoednthersmpl ast, & resordtiagf Daped by, 4 cewxampke,
20 a spin-coat nethod, as the inprint material |ayer 74. The inprint
nol d 70 i s.axerandechdsan hintphein tt held marbientiadul dpee THaaT e opintest imntiis
projections thereof is opposed to the inprint material |ayer 74
(FIG 12, oSHER- 2} 2 Pese, sthetrape it feat serarding @ediam whieht i ngde
as to have 25 fluidity as needed, After that, the inprint nold 70 is
pressed &t FRESF rﬁﬁ%ﬁ%n’ﬁ%’f%?fi glapgysd vhe (g¥ep. Jfhe FrepRéingieyer

step, 15 he 7'2rr}?é if%%:mrggil "gy Zigapiossitcgkgnmé)g[r];egircorrr?atégial 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 laver 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-ccoatmethod, 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-1).

Then, the imprint material layer 74 is heated go 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 isrenovedby, forexanple, 5 an ashing nethod. The netal mask | ayer
73 is subject to patterning processing using the renmained inprint
material as a patterning mnmask. Then, the recording |ayer (i.e.,
magnetic material layer) 72 is subject to patterning processing, for

exanpl e, a.gr Xmﬁi‘ﬁmz %t&i%g.e%gggg k%#;h?%gﬂx_tfm‘g %h%eégﬁgef@ to%l %:g@s'? létnc‘t

| ayer 73 as a patterning pit epr €ss

portions) fdrdelil@GOLE Rael a¥pEide mbOEMRE Pyrdde; patterning
processing are buried by non-magnetic material and the surface

thereof is flatraeednndicelshie ipHeeassmagsribhe reaktigrngd st ruet Wwie
is formed wherein the 15 recording material (i.e., magnetic material)
i s separ atped thynshef theaimpainenatemab g liager(7ITEPeSHovdddiyt iforaldayple ,
protection film 76 is fornmed on the surface to conplete the

pat t er Red dezdtdingethedi ufhemerbuptbdadyabiiel$ aubdeat fto mrtterning
hi gh-density recording 20 nmedium such as a discrete track nedi um and
a patt er néF IFEFSAMI BEAP B et AFAdReetBYiRG iy 4@ laBs v Ridderiniag

beam r ecor di aratus of the esent, invention. 29 What _i s
claimed | 4ok RS e Rt o7 g Bopah APt FOPSERTLRE frgvaR)
bt L e T R SR S U
processing, using the patternedmetal mask layer 73 as a patterning
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 therecf is £flattened. With the
processings, the patterned structure is Fformed 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 pregent invention.
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a di splacenent detection unit including at |east three displacenent
sensors di sposed at each different angle in a radial direction of
the turntable; a shape calculation unit for calculating in real tine,
based on the detected di splacenents by the at |east three

di spl acenent sensors, shape data corresponding to displacenents of
side surface of the turntable in the radial directions when

perform ng el ectron beamrecording; a rotation runout conputing unit
for conpu%hﬁﬁ if Féalmedih®: based on the shape data and at |east one
di spl acenent getected Eéﬁthe at | east three displacenent sensors,.

rotation runout of “FhE FGFhPBbPEANEPGEFAG E PEPAEREHSadPRCIFBGEST an
Conponente?@gtgoégﬁ%E%PnE8¥Q%§;%{ﬁ%ﬁb%@ﬂﬂﬂgeﬂkigg’%§t£€¥ﬁ'P%téﬁﬁ%%é%1e

roundness €error shapé © e srde surface of e

and a beagy thr adh @t i Qi AQSIdd 0B1@dLYSTERDL I T hQr ﬁgb8§&iﬂg_ %gbaratus
irradiation position of the electron beam based on the rotatio

runout. Z2cohpeighiggtron beam recordi ng apparatus according to claim

1 wherein the shape cal culation unit cal cul ates the shape data based

on a three-poi at dimpldnessermeadateaentn metdiad. i8013dirdde a@l etésot three
beam recordi ng apparatus according to claim1l, wherein the turntable
is pl aceddéﬁpgagelag@t; anrhsgrs | dasposn@ oft t hecht diestradiy eengle in a
di spl acenent. sensors is dispaosed in the transfer direction of the
stage. 4. TFH&24| SEFPON PRrah ridtdridt iy 3diar at us according to

a shape calculation unit for calculating in real time,
based on the detected displacements by the at least three
displacement sensors, shape data corresponding to displacements
of side surface of the turntable in the radial directions when
performing electron beam recording;

a rotation runout computing unit for computing in real
time, 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 by subtracting
only a roundness error of the shape of the sgide surface of the
turntable; and

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

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.
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claim 3, wherein the displacenent detection unit includes four

di spl acenent sensors, and one of the four displacenent sensors is
disposed in a direction orthogonal to the displacenent sensor

di sposed in the transfer direction. 5. The el ectron beam recording
apparatus according to claim1l1, further conprising a nenory for
storing the shape data, wherein the rotation runout conputing unit
conputes the rotation runout based on the shape data stored in the
menory. 6. The3el ecThen diearnroecopeing ragpadangs ageoradiusgy &ocomdyng to
one of claims 1 to 5, further conprising an averagi ng processing
section f6r2aVerlagi MEIHE shBpe tugatabby rict aplared hent @ neted¥e f apdgat
plurality_of tines g@er in the rotation runou uting unit

conput es” LFgSFot GBF orPE r Uttt PasdG3Sih tﬁ@rﬁﬁeréb%g % atSgnsprs  is
The eIect&ggﬁgggg1{gcgﬁgi{§hgg) f%ﬁ,%¥ﬁﬁ29¥%%ﬂghg0 20y one of claims
ur

l1to6, f er conprising a shape data update sectron for updati ng

the shape datay 8. fneomUdigneLa] Obca:hohg! iRLMA LBcahany to

el ectron beamrecordi ng apparatus for emtting an el ectron beam 31

toward a subskratewmdidenrotating a turntable with the substrate

pl aced thereon, the nethod conprising: a displacenent detecting step

of detecting dtkel dtepbatsmenin ddtéeaixsin tlnige thdfwleentfangldEspglacement

radial directions of the turntable; a shape calculating step of

cal cul at i agnfargeaknd e of the four displacement sensors is disposed
in a direction orthogenal to the displacement sensor disposed
in the transfer direction.

5. The electron beam recording apparatus according to
claim 1, further comprising a memory for storing the shape data,
wherein the rotation runout computing unit computes the
rotation runout based on the shape data stored in the mewmory.

5. The electron beam recording apparatus according to
any one of claims 1 to 5, further comprising

an averaging processing section for averaging the shape
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.

7. The electron beam recording apparatus according to
any one of claims 1 to 6, further comprising

a shape data update section for updating the shape data.

8. A computing method of a rotation runout in an

electron beam recording apparatus for emitting an electron beam
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based on the detected displacenents in the at | east three different
angl es, shape data corresponding to displacenents of side surface of
the turntable; and a rotation runout conputing step of conputing in

real tinme, based on the shape data and at | east one displacenent of
the at l|east three different angles rotation runout of the turntable
including a rotation asynchronous conponent and a rotation

synchronous conponent by subtracting only a roundness error of the
shape of theastideasushbgeratet heghtilent abkeriflg The nethedbaecomdichg the
to claim8, wherein the shape cal culating step cal cul ates the shape
dat a basedubshrate¢ hpbecpdi iteranmdridss mataodr epmptrigetdod. 10. The

met hod according to claim8, wherein the turntable is placed on a
stage, and at RedStreREeHENthdaficctiagststen eefl diderecéangaryiygslgogments
the transfer direction of the stage. 11. The met hqgd_acgording to

clai m 10, *#hé eilﬁaétdit%“ﬁlegc&%éﬁterﬁgFeéFﬁﬁﬁsstl&pr act §1F86Fl%ns of the
displacenga%g aﬁf the directions different fromeach other, and one

of the four |sp?acenents is a displacenent in a direction

orthogonal  to,thg ddanshertudht 8RLi Ate32042. JIN&, TR 2GCOrdiNg thiQe
claim8, further conprising a storing step of storing the shape

data, whepgiadt henrehat | g8cestE@UId] Welid@tst epn CaiRUt 88 theast three
rotation runout based on the shape data stored in the storing step.

13. The méihbddraccoadghgst osaapeodetafl ccraierpo8dingl2p dwrlherments of
conprising an averagi ng processing step of averaging
glide surface of the turntable; and
a rotation runout computing step of computing in real time,
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
synchreonous component by subtracting only a roundness error of
the shape of the side surface of the turntable.

9. The method according to claim 8, wherein

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

10. The method according to c¢laim 8, wherein the
turntable is placed on a stage, and at least ocne of the at
least three different angles is the transfer direction of the
stage.

11. The method according to claim 10, wherein

a displacement detecting step detects four displacements
in the directions different from each other, and one of the

four displacements is a displacement in a direction orthogonal

to the transfer direction.
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the shape data by rotating the turntable for a plurality of tines,
wherein the rotation runout conmputing step conputes the rotation

runout based on the averaged shape data. 14. The nethod according to
any one of claims 8 to 13, further conprising a shape data update

step of updating the shape data. 15. A nethod of adjusting the

el ectron beamusing the nethod according to any one of clains 8 to

14, wherein, a beamirradiation position adjusting step of adjusting

an irradiati oh2posTheonebhodhacebedirdntbear based berthey rovariisning a

runout .

33

storing step of storing the shape data, wherein the rotation
runout computing step computes the rotation runout based on the
shape data stored in the storing step.

13. The method according to any one of claims 8 to 12,
further comprising an averaging processing step of averaging
the shape data by rotating the turntable for a plurality of
times, wherein

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

14. The method according to any one of claims 8 to 13,
further comprising a shape data update step of updating the
shape data.

15. A method of adjusting the electron beam using the
method according to any one of claims 8 to 14, wherein,

a beam irradiation position adjusting step of adjusting an
irradiation position of the electron beam based on the rotation

runout.
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