DESCRI PTI ON MASTER DI SK EXPCSI NG APPARATUS AND THE ADJUSTI NG METHOD
THEREFOR 5 1. Technical Field The invention relates to a master disk
exposi ng apparatus in which an irradiating position of a recording
beamwhich is irradiated onto the nmaster disk is adjusted 10 and the
/adj usting method therefor. 2. Background Art Wiat are called hard
~di sks as magnetic disk and optipgakrapskoare W dely used as
; information recording nmedia having a |arge recordi ng capacity. In
their manufacturing 15 process, an el ectron beam nmaster di sk exposing
apparatus having high recording resolution is used. The nmaster disk
exposi ng appar at us generatky hpsSK EXPOLINEtAPPAREAGS generating system
for irradiating an electron beamto a master disk; and an x-8 stage
system for 20 rotati mY CHERD INGTINGN METHODNTHEREFOR t he master
disk. By controlling the rotation (8) and horizontal novenent (x)
of sthe master disk in a state where an irradiating position (i.e.,
beam spot) of the electron beamis fixed, recording information is
concent ri dal 1Becdnigsl 480dwritten onto the 25 master disk with

respect to its rotational center Pat ent . __Japanese
Patent Appl i cation LBi%-<3¥&R 1RBK ?fiﬁesﬁﬁbalﬁng ngﬁgié?{ Ecan e,

as shown Iar]pplglgatuls( 1)11 wi’ll haen Clrradlatlng position of a recording

beam which is irradiated onto the master disk is adjusted
10 and the adjusting method therefor.

2. Background Art

What are called hard disks as magnetic disk and
optical disk are widely used as information recording media
having a large recording capacity. In their manufacturing

i5 process, an electron beam master disk exposing apparatus
having high recording resolution is used.

The master disk exposing apparatus generally bas:
an electron beam generating system for irradiating an
electron beam to a master disk; and an x-0 stage system for

20 rotating (0) and horizontally moving (x) the master disk.
By controlling the rotation (8) and horizontal movement (x)
of the master disk in a state where an irradiating position
(i.e., beam spot) of the electron beam is fixed, recording
information is concentrically or spirally written onto the

25 master disk with respect to its rotational center (see,
Patent Document 1: Japanese Patent Application Laid-open

Kokai No. HO06-131706}.



of recording four radial patterns in the radial direction froma
rotational center 0 of a master disk D, the master disk Dis rotated
every 90 and an electron beamis irradiated 5 onto the master disk D,
thereby recording the first track as shown in Fig. 1(B).
Subsequently, the nmaster disk Dis horizontally noved by a

predetermi ned di stanes, okhgpARSt 8L sk B FS o0t ahed Bgaine MYy
900, and the electron beam is irradi ated onto the naster disk D,

thereby regordipgating £0usesanthl racdk saas shawehenrdki gal HiGect Aft er
that, in a manner simlar to the above, by rotating and horizontally
movi ng t re-orast ebtditsknBlacdnter atlicat iangastiereiéskrbn beamastive
radi al patterns shown in Fig. 1(A) are forned. In the nmaster disk
exposi Ng FIRM Rtigsr st ad@etrbey 905 aouhath rieidtomn heswv.eriridfbiatdd a
case where when it is used for a long tinme, a deviation exceeding a
permi ssi omndiodive mastersdisk dh. H regpsidngafie FHreherack
apparatus due to a vibration, a_tenperature change, or theklfék,e.
Parti cul ardsy sheWe ##iK1%g 9B t-heSEBEGAHPRE LY atie ARG EFS 28 Hhove
is controlled on the assunption that an_origin .of_ a beamspot, of a
r ecor di ng HSEAGIHIEhLY BOVERAE & BHOORL B bRBO T AR ok POTRtt TS, a
position of the beam spot which is_irradi.ated.onto the ster_dijsk
when no déFtEtd orf |Ts°1£?p1iﬁq é’(?alt“oetvﬁéryel%_gctr%ﬂdb a%)eg%?ﬁrg?%gge%ﬁth
the rotational. genter25,0f dhenagsteradiol, Hal-apmmberaiherelore,

. . s L
if a deviat] on Stance Ax and Ay has occurred between an

orjgin $S£JO¢$%#%%§% of 1478 4 eEPEgi Non DeaM-aRe , a1 o Abheeal
center 2 of the master disk .Das shown in Fig. 2 (A , the
recording gimilar to the above, by rotating and horizontally moving
the master disk D and irradiating the electron beam, the
radial patterns shown in Fig. 1(A) are formed.
Tn the master disk exposing apparatus having the
15 construction, however, there is a case where when it is used
for a long time, a deviation exceeding a permission amount
occurs in an alignment among parts in the apparatus due to
a vibration, a temperature change, or the like.
Particularly, the writing of the recording state mentioned
20 above is controlled on the assumption that an origin of a
beam spot of a recording beam which is irradiated onto the
master disk (that is, a position of the beam spot which is
irradiated onto themaster diskwhennodeflection isapplied
to the electron beam) coincides with the rotational center
25 of the master disk. For example, therefore, if a deviation
of a distance Ax and Ay has occurred be'tween an origin Og

of the beam épot of the recording beamand a rotational center



position of the first track is as shown in Fig. 2(B). Although it is
intended to formthe patterns as shown in Fig. 1 (A , patterns as
showmn in Fig. 2 (C) are finally formed. 5 D sclosure of the

I nvention As a problemto be solved by the present invention, the
above problemis nentioned as an exanple. It is an object of the

| nvent i onct o, DLaul le. A0 ANRAY LS A2 DD 1Y, @asiacadingt | ng
a devi ati o Between-an ol gin of a 'beam spot of a recordi ng beam
and a ot ghlandbnl e §heol i@ MRkAoK dissls BacARCORTIIZN Lhe)above
obj ect, acCcording to the 1nvention, there is provided a nmaster disk
exposi ng aARRALAMS 1 tCQRPLhsbABedatburatablge fodt taims iy shovastier

di sk; noving 15 neans for horizontally noving the turntable in at

| east oneridi.recij ppatheamsias sadbahiingrhgany corrd findlayifrgmed .

el ectron beamtoward the turntable, thereby form ng a beam spot onto
t hg turnt ablselosddee afagther Iohvsntilmgam defl ecting neans for

defl ecting the beam and control neans for 20 controlling the noving
means, the beam irr &d apicnglemdisbe sgadediy brarresPREGTIRY iddhs,
characterized in that the control means includes initializing neans
for executtihtgakeive PAPbLEM igpeeationcd 65 $EVEP P easlt LF PRAPIGRE

novi ng neans _or the beam defl ectjng neans an% make .an orjgi jEof t he
beam 25 spdt &6 AEVEE THPENTY E”E)‘i“éjf‘?%rﬁd} S5 aPﬂeatr[ﬁ'ﬂ?%%l &t
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an irlating posiiro mast er
10 spot of a recording beam and a rotational center of a master

disk.

To accomplish the above object, according to the
invention, thereisprovidedamasterdiskexposingapparatus
comprising: a turntable for rotating a master disk: moving

15 means for horizontally moving the turntable in at least one
direction; beam irradiating means for irradiating an
electron beam toward the turntable, thereby forming a beam
spot onto the turntable or the master disk; beam deflecting
means for deflecting the beam; and control means for

20 controlling the moviné means, the beam irradiating means,
and the beam deflecting means, characterized in that the
control means includes initializing means for executing an
initial operation to drive at least either the moving means
or the beam deflecting means and make an origin of the beam

25 spot coincide with a rotational center of the turntable at
the time of activation.

According to the invention, there is provided an



di sk exposi ng apparatus conprising: a turntable for rotating a
mast er di sk; noving neans for horizontally noving the turntable in
at |l east one direction; beamirradiating neans 5 for irradiating an
el ectron beamtoward the turntable, thereby form ng a beam spot onto
the turntable or the nmaster disk; beam deflecti ng means for

deflectl ng .t he heam ntrol nean t i
means, dﬁ&éﬁllqgr?%gﬁ%‘? r%o Ans Tan SEEmgg&;m ﬁrg%tf i%éla%\aélﬁ:gg 10

characterl ze t ’ n gasls + @it he
t he novi n& Fr’e G Oorq%%gﬁ%%g%n£%gfc l'e ?{l%%h?r}eééngl%té{@lnikgkan ortllgllgtn 01[

the beam sp e,ﬁ%'zma %‘i‘tf Wil R 53 of GledONRr Heeaten tefi hedvimrt ablee is

executed at the tine activation. Brief Description of Drawi ngs 15

Fig. 1 illystiraifs anRittNedbewf aaraastien; el ionadhachnpatdarans
are formed when an electron beamis irradiated onto the master disk

i ngthe cage whene @miOkigidh eifectfanmesott cowinticitthes twirntable,
rotational center of a turntable are showmn. 20 Fig. 2 illustrates a
pl an vi ewwferdisy fashengd bkammpathpoliopsia evnstabileratbefeFar when
the electron beam is irradiated onto the master disk in the case
wher e t he dicrki giteanf delid clvddmas peeniss fasviaftactine Fhe Poamt i Hithl
center of the turntable are shown. 25 Fig. 3 1 illustrates bl ock
di agr am ofcontrmst areand ﬁ@re%ﬁ’é‘éﬁrﬁd-léﬁ@aﬁ%ﬁugo‘éﬁegr’a?ﬁﬁs e%‘?‘l eam

enbodi nrent of the invention. 4_Fi 4 illustrates a perspective view
of a mast egfrradiating means, and tl‘ge beam é’letllectlng ean£

10 characterized in that an initial operation to drive at least
either the moving means or the beam deflecting means and
make an origin of the beam spot coincide with a rotational
center of the turntable is executedat the time of activation.

Brief Description of Drawings

i5 Fig. 1 illustrates a plan view of a master disk
on which patterns are formed when an electron beam is
jrradiated onto the master disk in the case where an origin
of a beam spot coincides with a rotational center of a
turntable are shown.

20 Fig. 2 illustrates a plan view of the master disk
on which patterns which are formed when the electron beam
is irradiated onto the master disk in the case where the
originofthebeamspotisdeviatedfromtherotationalcenter
of the turntable are shown.

25 Fig. 3 1 illustrates a block diagram of a master
disk exposing apparatus according to an embodiment of the

invention.



di sk having a mark. Fig. 5 illustrates a flowhart for an irradiating
position adjusting routine according to the first enbodi nent 5 of

the invention. Fig. 6 illustrates a detailed flowhart for the
irradiating position adjusting routine according to the first
enbodi nent of the invention. Fig. 7 illustrates graphs showing tine

changes 10 in appl egd. V@E&i&%%rb@eé% ¥edbhaeki o8 Akl 85Ya Akeeki on
which are applied to"a beam defl ect or upoh scanning. Fig. 8

illustratgssg gdhaghamal Ratke case where a |locus of a scanning beam
which is obtained by the applied voltages in Fig. 7 is shown on a
scanni ng coordi nat ersysteallkbtkFages @ flbushaat €oraadiiagrdiaitinghe
case where a position of the mark is shown on the scanning

coor di nat sossysbemdcapcoridigigot bindeceprdingiootherBhrsfemblpdiment

invention. Fig. 10 illustrates a detailed flowhart for an

i rbadi ati ng posi tihyenddiensti ng routine according to the 20 second
enbodi nent of the invention. Fig. 11 illustrates _a diagramin the
case where the posFﬂBon50¥l%P%EF§?Q%E%ﬁﬁﬁﬁléﬁdaféﬁﬁﬁagﬁb:%H% enate

system according to the second enbodi.nent of .the |nve§;|on FE%
st

i 11 ust r at éSTRHPEAOFa PO S O%n 3PS 628 7§V T35 Cp SR "Rdj Tt

routine acgor the th| embodi nent _ of the i nventi on. Flg 13
iIIustrat%&Iﬁ d@&goléﬁﬁﬂ ji%? nve”% “ar ki ng routine according

to the third enbodlgqgﬁ iniﬁﬁstrates graphs showing time changes

10 in applied voltages in an x direction and a y direction which
are applied to a beam deflector upon scanning.

" Fig. 8 illustrates a diagram in the case where

a locus of a scanning beam which is obtained by the applied

voltages in Fig. 7 is shown on a scanning coordinate system.

15 Fig. 9 illustrates a diagram in the case where

a position of the mark is shown on the scanning coordinate

systenLaECording to the first embodiment of the invention.

Fig. 10 illustrates a detailed flowchart for an
irradiating position adjusting routine according to the

20 second embodiment of the invention.

Fig. 11 illustrates a diagram in the case where
the position of a mark is shown on a scanning coordinate
systmﬁaccordinng)thesecondembodimentcnftheinvention.

Fig. 12illustratesaflowchartforanirradiating

25 positionadjustingroutineaccordingtothethirdembodiment
of the invention.

Fig. 13 illustrates a detailed flowchart for a



invention. Fig. 14 illustrates a schematic plan view of a hard disk.
5 Fig. 15 illustrates a schematic diagramof a nano-inprinting
apparatus. Fig. 16 illustrates a diagramfor describing steps of
manuf acturing the hard disk by using a nold formed by using the
mast er di sk exposi ng apparatus of the invention. 10 Description of
Ref erence QPQEﬁglfoéggne Q@é&f&iﬁgs$oeﬁﬂ?%ﬂﬂﬁf@@ﬁ@ﬁﬁﬂﬁ%ntzgg the

El ectron %ean1g nerating system El ectron beam col unm 202.

El ectron bgaghsoynce 15 203. . Condenser |ens 204.. Beam modul at or
205.. Aperture 206.. Beam deflector 207.. Objective lens 20 300..
Vacuum chanber systghy.304. i1Vastbatehaaberha®Ptic Tulrart abilesr 0303. .
Spindle notor 304.. Moving stage 25 305.. Feed notor 306.. Screw
mechani snhadQ7disRefl ecting mrror 6 308.. Laser distance neasuring

system
5 Fig. 15 illustrates a schematic diagram of a
nano-imprinting apparatus.
Fig. l6 illustrates adiagramfordescribingsteps

of manufacturing the hard disk by using a mold formed by

using the master disk exposing apparatus of the invention.

10 Description of Reference Numerals
100.. master disk exposing apparatus
200.. Electron beam generating system
201L.. Electron beam column
202.. Electron beam source

15 203.. Condenser lens
204.. Beam modulator
205.. Aperture
206.. Beam deflector
207.. Objective lens

20 300.. Vacuum chamber system
301.. Vacuum chamber

302.. Turntable
303.. Spindle motor

304.. Moving stage

25 305.. Feed motor
306.. Screw mechanism
307.. Reflecting mirror



309.. Fixed stage 310.. Mark detector 410.. Spindle notor control
circuit 5 420.. Feed notor control circuit 430.. Irradiating
position adjusting circuit 440.. Recording signal generating circuit
450.. Detection signal processing circuit 501.. CPU 10 502.. RAM
503.., ROM 720.. Hard disk 800.. Thermal nano-inprinting apparatus
D . mastenogi sk A5 M. VBt knBeshedbges fgrsgatani ng Qut the Invention
A master di'sk exposing apparatus according to an enbodi nent of the
inventionaygl | beigdegscethgd hereinbelow. A master disk exposing
apparatus 100 according 20 to an enbodi nent of the invention is shown
in Fig. 3310The maskeaedbskoexposi ng apparatus 100 is constructed by
an el ectron beam generating system 200 and a vacuum chanber system
300. In theoel.ecepbndbeampyenecantngl sysceat200, an el ectron beam
generated froman el ectron beam 25 source 202 is converged by a
coBdenser 4k2&ns 2P8ednudotent consrabeahTABatl at or 204. In the beam
modul at or 204, whether or not the electron beam progresses
dommstreaﬁﬂﬂnonléﬁra¢ié§éﬂﬂu9@52©5°PsaééHFF&PEeHlEEEg%ding to a
recordi ng signal . . . . .
440.. Recording signal generating circuit

450.. Detection signal processing circuilt
501.. CPU

10 502.. RAM
503.., ROM

720.. Hard disk

800.. Thermal nano-imprinting apparatus
D.. master disk
15 M.. Mark

Best Mode for Carrying Out the Invention

A master disk exposing apparatus according to an
embodiment of the invention will be described hereinbelow.
A master disk exposing apparatus 100 according
20 t+o an embodiment of the invention is shown in Fig. 3.
The master disk exposing apparatus 100 is
constructed by an electron beam generating system 200 and
avacuumchamber system 300. Intheelectronbeamgenerating
systanZOO,anelectronbemngeneratedfrmnanelectronbeam
25 source 202 is converged by a condenser lens 203 and sent
to a beam modulator 204. In the beam modulator 204, whether

or not the electron beam progresses downstream from an



which is transmtted froma recording signal generating circuit 440.
The el ectron beam whi ch has passed through the aperture 205 is sent
to a beam defl ector 206 constructed 5 by an x-deflecting coil (not
shown) and a y-deflecting coil (not shown). The irradiating position
is corrected here on the basis of an adjustnent signal which is sent

Si gnal 1 o B HNERE) DA Sean I TRECEAyPd: VL8 T ore OO AR

scanin e X- irections, will

be describ er, 'qg{{ : 4] I t-dI Mt i J=Adi R Y 1394 ti on
adj usting “%lquréélluthed 4 e"Jomﬁ%%(%e%%nﬁggfrl ect orlrrZ%GS.l%'he el ect ronq%ieam

emtted f rc‘l?éxﬁecbbﬁ%ﬂ ¢at! 86505 2A6LEAMCHRYER USs | P S Db} IeEd U yIe
| ens 207 and a eamspot is fornmed onto the naster disk D. The

conponent 4k ghesenke 1fs thasdleebrobeboade generat 20g Syst e 09I ar e
enclosed in an el ectron beam colum 201 and nounted on a vacuum

chayrber 3G athe- @ £TécomdeamnlsonotesiZB)) thé a goddédsert ingnsoRD3,

t he beam nodul ator 204, the aperture 205, the objective |ens 207,
and the reoardigtgpwsi gnalfh20igeadiating pPedbirn44s eoFresheddie®et he
beamirradiating means of the invention. The beam defl ector 206 and
the irradimttibegbpsdist pBremdjdustsitigndi Fégnelagolel i S5etdTrem the
beam defl ecting nmeans of the invention. In the vacuum chanber system
300, the @z@t@c?i@twg pos e i eyiag chickihy Gppar gﬁ‘ifs ot ¢
shown) or the like on a turntable,302 so that [ Qt at Lonal er of
the nast erSCf SEMBof AEiWEsTWPERSHOPELATEhAR Cehcer %%r‘?ﬁgjc‘gl%'

turptable 8 302 %! HLOLA) S 308d Shd Al ©4 P 8o SIS APLRE

irradiating position adjusting circuit 430 to the beam
deflector 206. The electron beam emitted from the beam
deflector 206 is convefged in an objective lens 207 and a
beam spot is formed onto the master disk D. The component
15 elements of the electron beam generating system 200 are
enclosed in an electron beam column 201 and mounted on a

vacuum chamber 301. The electron beam source 202, the
condenser lens 203, the beam modulator 204, the aperture

205, the objective lens 207, and the recording signal
20 generating circuit 440 correspond to the beam irradiating
means of the invention. The beam deflector 206 and the
irradiating position adjusting circuit 430 correspond to

the beam deflecting means of the invention.

In the vacuum chamber system 300, the master disk
25 D is held by a chucking apparatus (not shown) or the like
on a turntable 302 so that a rotational center of the master

disk D coincides with a rotational center of the turntable



The spindle notor 303 is provided with a rotary encoder (not shown)
to control its rotation with high precision. A rotational angle
signal generated fromthe rotary encoder 5 is processed by a spindle
notor control circuit 410. The spindle notor 303 is provided on a
novi ng stage 304. The noving stage 304 is slidably nmounted on a

fixed stagg,309rnhanetscdnrd o caupbedtyiitdy a fpedamptmst3HBdAr ough
a screw nechanism 306. The noving stage 304 is, consequently, 10

reci procatrgd & fdee herticzont ali sdbrecidea wixhda rediargngnbydea (mat@t i on
of the feed notor 305. The noving stage 304, feed notor 305 , and
screw neckapwan 306 coortredpdnd tre taiMiarg wirbbald ghn prieslisdwent i 8n. A
reflecting mrror 307 is fixed to an edge portion of the noving

st age 304 roAdticomaldppgdncel dBa hedengd g S FFoent BOSr¢ saxy ratHerder
arranged at a position to face the reflecting mrror 307. A |aser
bedm for AEaBUPCR§SSA HY st skl Gt S1O3Ed COPSMPENELFE8eF 41 €t andte

[ t 308 i flected. th flecti ' 3 d
ot aot ed” Sy TG EREFnGOBntE KHOT SHBUD DICTRE) BEBRoaP Gt anciP S0
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is, thus, d. . | |
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sent fromthe laser 27 di §hangeBSWHaBa Syst e, 308nsEhaemmiiyNg

stage 304 nay e noved in two diréctions of the x direction and the
y 16i rect ifQdks dibddte ey ensaseri 2ofeshani=ufiain her azostalby) By

novi ng the noving stage 304 in they direction and its control

a rotation of the feed motor 305. The moving stage 304,
feed motor 305, and screw mechanism 306 correspond to moving
means in the invention. A reflecting mirror 307 is fixed
to an edge portion of the moving stage 304. A laser distance

15 measuring system 308 is further arranged at a position to
face the reflecting mirror 307. A laser beam for measuring
adistancegenerated fromthe laser distancemeasuringsystem
308 is reflected by the reflecting mirror 307 and detected
by a detecting unit (not shown) of the laser distance

20 measuring system 308. A distance between the reflecting
mirror 307 and the detecting unit of the laser distance
measuring system 308 is, thus, measured. A feed motor
control circuit 420 controls the fotation.of the feed motor
305 on the basis of a detection signal sent from the laser

25 distance measuring system 308. The moving stage 304 may

be moved in two directions of the x direction and the y

direction. In the above case, a mechanism for horizontally



system are additionally necessary. A mark detector 310 to detect a
secondary electron that is generated at the tine of the

2-di nensi onal scan of the electron beam which will 5 be expl ai ned
herei nafter, or aref lection electron is further provided for the
exposi ng apparatus according to the enbodinent of the invention. A

det ecti ongsk9naltiiehs6i 8 styd hes mardndetgetoridhhiidipseoessed by a
detection signal processing circuit 450. The mark detector 310 and
the 10 deggetic@Nabé GRli iCESS) ngoeisseauiyt  450haodt despondrt B ek
position detecting neans in the invention. Conponent elenents

(excl udi ngetepdr & tbeordbyyofledieramdinah disagbaerasedt @i 300 tdime :
arranged in the vacuum chanber 301. The inside of the vacuum chanber
301 i s helod Fhea vabwms 5o k.sChe 0E5tEe Rd@6i Py RERBUSWIRG Pl &7idfL
circuits are connected to a CPU 501 together with a RAM 502, ~a ROM
503, and teednlaingtbagainatbes. Sxd¢ s K RUECHF OB It T e

made. The CPU 501, the RAM 502, and the ROM 503 0%%{%rnes%%ndd}eo
control mEERYIGSE GoF e ANRST IR0 BRSSO justing method

of a deviation. between_the, origin of th . SNOY. . t4on

beam and FHEFGE q8%aF£3eﬁ%‘?rg%qfo?hetArr§§? grg@élggk%l%ﬁ%%nfesgcﬁ%ed

rotational_center of & I l.&. i i5r | sdndhe

i nventi on 3% I% SRR SE febcré%x\?\ng?ﬁ J%e?%?%%%g%io% aeggefg}:ggmgﬁarig sahlovm

inFig. 5,1 e%fs%[ t&ff@i&ec tAy | 1 radi ahi-Rg dReSKlben 318dkust weat in
empbodl ment o

the first the invention, it is 10 necessary that the

mark for cal\ddatdgibheirgtatéoaahg GARRILt 450 correspond to mark
position detecting means in the invention. Component
elements (excluding a part thereof) of the vacuum chamber
systemBOOarearrangedinthevacuumchamber301. The inside
of the vacuum chamber 301 is held in a vacuum state. The

15 foregoing various kinds of circuits are connected to a CPU
501 together with a RAM 502, a ROM 503, and the like through
a bus and various kinds of control are made. The CPU 501,
the RAM 502, and the ROM 503 correspond to control means
of the inventicn.

20 Subsequently, an adjusting method of a deviation
between the origin of the beam spot of the electron beam
and the rotational center of the master disk, that is, the
rotational center of the turntable in the first embodiment
of the invention will be described with reference to a

25 flowchart shown in Fig. 5.

In order to make the irradiating position

adjustment in the first embodiment of the invention, it is

10



has prelimnarily been forned at a position on the master disk D or
on the turntable excluding its rotational center. Fig. 4 shows a
state where a mark M has been fornmed in a 5 center area (shown by a
hat ched portion in Fig. 4) on the naster disk D where the recording
information is not witten, that is, in a position other than a

rotati Ona&lef%grs‘}sg'iygﬁ’hea%ﬂ Ph%ﬂgrgg%? &1 Siprdp irl‘g_:l(\t:ﬂg rEREK18ALE deh@er

t ur nt abl e, era ormthe ma Iinto an area where it

coi nci des,1Q %Em'ﬁﬁﬁaggﬂgreﬁe@ﬁe@oﬂed he mepbek tdbskoMhal: seeher
directly ove ead in the'case where the master disk is di sposed onto

t he turntahlsg ptdiabniShe itit-@tab1ar@acnnaihe ittér nbabt eovsherenttehan t he
rotational center. A shape, a size, a color, a nmaterial, and the

| i ke of tlegranksmysbe athiter @ahbky setadd Hohdongeas fdmwnararia @an be
detected at desired precision in the scan of the el ectron beam
whisch wi | lcelbe ete sateiabédholer by naftadrchafhaotttionmdst Bigdi 4k @ itdieput
onto the turntable and the master di sk exposing apparatus s

act i vat ed mamrter2@di shPthdropee zeron 1N NSHH 9T + AP THE 1585 ti on
adjusting routine is started (step S100). In step 5100 for exanpl e,
it is al sGhgdsdishl 6t @ POFILAGEL o?ﬁegue apnanhetat el LAt He Bf an

accunul ated operation tine of the master i sk. exposi aratus, an
el apsed tilfe® ﬁ’]atsﬁeoaef?’élé?‘QQZ%‘%F“atjﬁ% 05% att]élfaugflrré@%%gggrleﬁeln

val ue such as_a t rature .. .which, can exer nfluenc
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o] at i ng ode advanc
overhead in the case where the master disk is disposed onto

the turntable, that is, into an area on the turntable other
than the rotational center. A shape, a size, a color, a
material, and the like of the mark may be arbitrarily set
15 so long as the mark can be detected at desired precision
in the scan of the electron beam, which will be described
hereinafter.
When the master disk D is put onto the turntable
aﬁd the master disk exposing apparatus is activated, an
20 initial operation, that is, an irradiating positidn
adjusting routine is started (step $100). In step S100,
for example, it is alsopossible to construct in such amanner
that a value of an accumulated operation time of the master
disk exposing apparatus, an elapsed time from the delivery
25 of the apparatus, a measurement value such as a temperature
which can exert an influence on an apparatus alignment, or

the like is confirmed, only when the confirmed value exceeds
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to the irradiating position adjusting routine, and when the value
does not exceed the threshold value, the irradiating position
adjusting routine is skipped. 5 A detailed flowhart of the
irradiating position adjusting routine (step 5300) is shown in Fig.
6. First, in 5301, "1" is set as an initial value into a value of n
i ndi cative_of I i s ol

el ectron %g%%iéyaﬁﬁﬁgggEé%?%%ﬁg?hggg%égﬁfgﬁu%égﬁpggﬁggggggagggsand,

at the sapp i@ 2335808 @Naltich a@Rtist onbheobeais, defiheriroend06
fromthe 1rradiating posifion adjusting circuit 430, so that the

center arggieb ddes Mt ekcdkgk s thirwehdiaensieaalihe scanagdtingt he
Xx-y directions around the beamorigin as a center. A state of the

scan signgbswhieh 25jhstsast rbatihe beamkdlpbkdctor 206 is shown in
Figs. 7(A) and 7(B). Specifically speaking, Fig. 7(A shows a change
i nsvol t age whi ch i shapptaiikd 6lowehrrtieff sbei Fgradiatoig PRE1ITHEAM
deflector 206 in the 2-dinmensional scan, an axis of ordinate

i ndi cat esatiiesapploi edupbheagetemmP el 4% shern2dnabsei &a FAFSEat es
the tinme. Fig. 7(B) shows a change in voltage which iségp lied to
the y-def iecBRAg. cotl F 9 aheBmiBefriett ¥RI966IRhthe }gi n&i onal
scan, an axis of ordinate indicakfs the.agg%{eqsvok%%qethgggoan axi s
of absci $8G1CAFLVE 88 T TRNET O& ARFPREEF o TH the X "di T'ecti on 25
is applied . to the el ectron beam hy,t x-d t J
deflectioﬁhﬁﬁa}%%grﬂ?%88??8%gFgeﬁéﬁF?gaxF%QP%§g§¥§%f%g%éa%%§%5%f t he

yageflect g SOh!-af hRCUSn O e SCANN 3G hRAM s oAl thhend IBanhen
t A€ 2- di méR& BHar Fean has been perforne
deflector 206 from the irradiating position adjusting
circuit 430, so that the center area of the master disk is
two-dimensionally scanned in the x-y directions around the
beam origin as a center. A state of the scan signal which
15 ig sent to the beam deflector 206 is shown in Figs. 7T{A)
and 7(B). Specifically speaking, Fig. 7(A) shows a change
in voltage which is applied to the x-deflecting coil of the
beam deflector 206 in the 2-dimensional scan, an axis of
ordinate indicates the applied voltage, and an axis of
20 abscissa indicates the time. Fig. 7(B) shows a change in
voltage which is applied to the y-deflecting c¢oil of the
beam deflector 206 in the 2-dimensional scan, an axis of
ordinate indicates the applied voltage, and an axis of
abscissa indicates the time. Adeflectioninthexdirection
25 is applied to the electron beam by the x-deflecting coil

and a deflection in the v direction is applied to the electron

beam by the y-deflecting coil. A locus of the scanning beam

12



by the applied voltages in Figs. 7(A) and 7(B) is shown in Fig. 8 A
val ue of the x axis corresponds to the value of the voltage which is
applied to the x-deflecting coil of 5 the beam deflector 206 and a

value of the y axis corresponds to the value of the voltage which is
applied to the y-deflecting coil of the beam deflector 206. That is,

as for an.areg showny #he’s Yo SOOI SR P SUSRILSRONN Joit Fethed 8.

the area ﬁﬁi nmensionally scanned by the 10 el'ectron beam

i's shown % aﬁgeafﬁgﬂ@@%ma&}bé s napphked; {0) ddie 7xsgef b egtdwg icoi |
efl ector

of the bea 206 (a m ni mum applleh voltage is assuned to
be XL vol g and a femansapphbed avd iRgedsporssunedthe beludl of
volts); and the voltage which 1is applied to the y-deflecting coil (a
m ni num appld ed113geokhagh e asslumed to tiee yit- deof texctainty aredd mfm
applied voltage is assuned to be yH volts) . In the follow ng

descri pti ame béhe cdfdweeaneatbsandherabee od hise haappldasdragyardtfe
reference scanning area and the coordi nate system which is used in

t he above tar ddue yvalefeerafed-heo vasl t@geapiticdy irolaragde s fter e 20

scanni ng coordi nate system The origin(%§§XB, y B) correﬁgonds to an
origin of wifeflaciding cRd 1pesi FrerPeA™ tdrf Lttt PO -bedithntEh 3% not

deflected to both of the x direction aagnt ey directiaon innﬁpe beam
e

def | ect or SXBAnFRER2 SHORP PY 37 #)Y, CBREUGVPIPURITHIL ° _O§'Itna_- Vet e
L, murer, O yFS L 19,5l PSR ARSI, ISR LAy iy of
datEced  TFBY Thoumar Ko o Tbesy R kR st St A PRe e, A
the x-deflecting coil of the beam deflector 206 (a minimum
appliedvoltage is assumed tobe x;voltsand amaximumapplied
voltage is assumed to be xy volts); and the voltage which
is applied to the y-deflecting coil (a minimum applied
15 voltage is assumed to be yr volts and amaximum appliedvoltage
is assumed to be yy volts). In the following description,
the above area is referred to as an applied voltage reference
scanning area and the coordinate system which is used in
the above area is referred to as an applied voltage reference
20 gscanning coordinate system. The origin Os(Xs, ¥s)
corresponds to an origin of the irradiating position of the
electron beamwhich isnot deflected tobethof thexdirection
and the v direction in the beam deflector 206. Figs. 7{A).
7(B), and 8 illustrate a state where the number of scanning
25 lines has been reduced for simplicity of explanation. The

secondaryelectronandreflectionelectronthat is generated

by the beamirradiationat the time of the scanning is detected
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detection signal detected by the mark detector 310 is subjected to
processes such as anplification and AAD conversion in the detection
signal processing circuit 450 5 and sent to the CPU. In Fig. 9(A), a
detection result by the 2-dinensional scan is shown in the applied
vol tage reference scanning area and a position of the mark Mis

shown hergﬁeﬁﬂgaﬁg%nhgl@;g%r ¥1)h- syhahrbiout e #iegream shoxs. azstate

10 where r exists at the position of the beam spot which is

formed ongLhecrashes idinsk Rededtla iy by detthe telrectivosbeam
defl ected by applying a voltage of x1 to the x-deflecting coil of

t he beam defljeciea 206 panteapplsyisigh @svatpdds iafatibnt @riché /D
y-deflecting coil. Values (x1, Yi) 15 of the coordinates are stored
in a menmkpniverstiem 5808he GibseEguentlignalnps804ssi-he vargelvf4dP is
increnented to n = 2. Since the value does not satisfy a
di scri m namidng eextpries dibgn GRV .st ep 5305, the processing routine
advances to step 5306 in order to execute the scan 20 of the second
time. In step 5306, I Fiighal (& t @figiatdn Fatet & fdi%e motor 303
fromthe spindle notor. control circuit 410, so0 tha% t@?<%ﬁ£ntqgie
302 is rotZaddRAIPI BCAPrEh SR R T DR BAIL ARG " Wi TH' TS
| arger than 0 and 25 smaller than,180. f% L Lhal, uS}EP ﬁg@g i
1 . 'M e |
execut ed aARIRhETSR TéhE gPstﬁéLoéle(?’(%n B iMe 1's executed. 15Iffsitat is,
in a mnner sinilarptpthe scanyol, the fifShibigfem thswe! gCitore 14
beam i s géﬁ%?bpg&nfrgh?¥hbﬁéﬁéctron beah1sourceb202, the
10 where the mark M exists at the position of the beam spot
which is formed on the master disk D or the turntable by
the electron beam.deflected.by’applying'a'voltage of x; to
the x~deflecting coil of the beam deflector 206 and applying
a voltage of yi to the y-deflecting coil. Values (%1, v1)
15 of the coordinates are stored in a memory in step 5303.
Subseguently, in 5304, the value of n is
incremented to n = 2. Since the value does not satisfy a
discriminating expression in step $305, the processing
routine advances to step S306 in order to execute the scan
20 of the second time.
In step S$306, a signal is transmitted fto the
spindle motor 303 from the spindle motoxr control circuit
410, so that the turntable 302 is rotated only by a
predetermined rotational angle which is larger than 0° and
25 esmaller than 180°. After that, step S302 is executed,again

and the scan of the second time is executed. That is, in

a manner similar to the scan of the first time, the electron

14



scan signal is sent fromthe irradiating position adjusting circuit
430 to the beam defl ector 206, and the center area of the nmaster
disk is two-dinensionally scanned in the x-y 5 directions around the
beamorigin as a center. The secondary electron or reflection

el ectron which is generated synchronously with the scan is detected
by the mapkafet gcheherdtfa Fhemdehecd b Sbondaairaiad Jdop t heenark
detector 310 is transmtted to the CPU 501 through the det ect i on
signal 19cphocEssaNg sCiéttliftrofiSthe linrraidl.a tanB) poai t bswlad jofs ttilmer scan
of the second tinme is shown in the applied voltage reference
scanni ng abieauitAls0 ta ttHeebsemndef Léhieos ednd andnthe stercleel eegane
scan signal as that at the first tinme is sent to the beam defl ector
15 206, thé tippliastanidisfels cfer chidecnTirim-hly coordictaie iy stdm

shown in Fig. 9(B) and the applied voltage reference _scannin
coérdlnatél§?§¢éﬁP§mﬁﬁﬂﬁ$tﬁﬁgeagﬁﬁlﬁﬁ%@s§&ﬁ§ﬁ%ﬁ|a Fhe save LA
VSt em of SAREHRP C20 TS OFh & e W o ared SFABMARE pol nt PL.
ot at| onaF VRRGFENAUALY exgr?w%'%ffz%é%?% R e L c
ton =3 S&ce ey br iy i SRR BRI e BT .

expr essi on 'oraéfcﬁan%ﬁ%tea% ﬁ{@@@ﬁ%mgthfaygﬂ PRe ad\YaREES LD LD
S306 in order to execute the scan 15 of the third tine. In step
53Q6. the 3gnalsingy tanamd teh .
In Fig. 9(B), a result of the scan of the second
time is shown in the applied voltage reference scanning area.
Also in the scan of the second time, since the same scan
signal as that at the first time is sent to the beamdeflector
i5 206, the applied voltage reference scanning coordinate
system shown in Fig. 9(B) and the applied voltage reference
scanning coordinate system shown in Fig. 9(A) are
substantially the same. A point P, shown in Fig. 9(B) is
a position on the scanning coordinate system of the mark
20 M after the mark was rotated from the point P; at the time
of the scan of the first time only by the predetermined
rotational angle. Values (x;, y,) of the coordinates are
stored in the memory.
Subsequently, in S304, the value of n is
25 incremented to n = 3. Since the value does not satisfy the
discriminating expression in step S305, the processing

routine advances to step S306 in order to execute the scan

15



to the spindle notor 303 fromthe spindle notor control circuit 410,
so that the turntable 302 is rotated again only by the predeterm ned
rotational angle. After that, in step 5 S302, the scan of the third

time and an inspection are executed in a manner simlar to the scans
of the first and second tinmes and a detection signal is transmtted

to the depeclionn:sednfhe Pr 0GPEeRs$hE Sl 450nal i FirdandtiSrroa

result of the scan of the third Otimeis shown in the applied

vol tage refLergacegpseanai hgtaredo3 Aksa ikhet Bpinear ebtbhecbhitrditi ne,
since the sane scan signal as that at each of the first tinme and the

second ti EBrksitsend, ko tier hhanmwedtsitl©B0206s whetadphgeaiv ontlyge
reference scanning coordinate systemshown in Fig. 9 (C and the
" appl i ed 1byviid agedeckendned mseiominionpt eoogdenat 2Esgsttdmishowstie® each
of Figs. 9(A) and 9(B) are substantially the sanme. A point P3 shown
i N5Fi g. 96Gp2i.sthe posi pEGHReorh iRt dpplanépn/bripget Lo PERLEFEE W EShni ng
coordi nate systemof the mark Mafter the nmark was rotated fromthe

poi nt P2 &R gh@appRE BEMEABT2DOsERR FFRRHLSEHhd HTHe B VAP Yhe
predeterm ned rotational . ang

; | e. Val ue X3, . f e cqordi.nat es
are storedifsst#ed %?ﬁl%ﬁégﬁﬁgﬁt? r Pﬁméégéﬁi%ontﬁeﬁe&eecgﬁloﬁ is
incremented to.n = 4. Si.nce t.he val satisfies the 25
di scri mi n&tORG e BFPESSSANS ﬁlgtcé‘lﬁ‘%%,‘ t he processing routine

advances L0 17, Sa0f gk Sh1) S e dPOs 94 BhORchICoF oAU Mrg
OQBained time is shown in the appliedvoltage reference scanning area.
Also in the scan of the third time, since the same scan signal
as that at each of the first time and the second time is
sent to the beamdeflector 206, the appliedvoltage refexrence
scanning coordinate systemshown inFig. 9(C) and the applied
15 voltage reference scanning coordinate system shown in each
of Figs. 9(A) and 9(B) are substantially the same. A point
P, shown in Fig. 9(C) is a position on the applied voltage
reference scanning coordinate system of the mark M after
the mark was rotated from the point P, at the time of the
20 scan of the second time only by the predetermined rotational
angle. Values (xi, ya:) of the coordinates are stored in the
memory .
Subsegquently, in $S304, the value of n is
incremented to n = 4. Since the value satisfies the
25 discriminating expression in step S$305, the processing
routine advances to step 5307.

InstepS307, apositiononthe scanningcoordinate
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on the basis of the coordinate values (x1, YI), (x2, Y2), and (x3,
y3) read out of the nenory. In Fig. 9(D), the coordinates P1(xl,
yl), P2(x2, y2), and P3(x3, y3) are shown 5 in the applied voltage
ref erence scanning area. Since each of the coordinates P1(xl, yl),
P2(x2, Y2), and P3(x3, y3) indicate the position on the applied

vol tage relelefce: (REANNING GO JLAALE (WEAE D0k 1A AL Brlhahehhe

ti me when een noved 1Th association wth the rotation

10 of theogukﬂgagggisaﬁfegﬁgrcggraiﬁgfgug§fﬁégeﬁxgjgﬁb@ (ghowny by a
9. 9( 0

broken line in Fi ) a triangle 1n which the coordinates

P1(x1, y1)};aP26X2,v¥R)re AN GRS (06, tH3 naddd-s.et ThOFiver bi(ogs ihdi cat es
the position of the rotational center of the turntable in the

appli ed vebbagenaeker ence ,S¢annimgx, 15 000kdidnns €Sy st Erard mhiohe
first enbodi ment, an intersection point of a perpendicul ar bisector
of sa | i neinsEgranpldednest t age tred ereincess Rinming BZeand dince each

per pendi cul ar bisector of a |line segnent connecting the points P2
and P3 i sfolthai wedrdimatesoPdi wat &5 )(x®2(¥0) o -t F&daFplKed Xedl t age
20 reference scanni ng coordi nate systemof the rotational center 00
of the turimddisiadeartdeopogiitden A3 e 3@ ldsde"SHISGF FEHREESEC (D)
, an equation of a perpendicul ar bisector Elg_of thg Itgf se Qﬁﬁt

connect i n§UEREIFS FESTPLIDENEG PYSEEMOBE JHG) ghatstiye :
12 02 ey B EZ 2 SR o MO el M (et )12
10 of the turntable, a center of a circumscribed circle (shown
by a broken line in Fig. 9(D)) of a triangle in which the
coordinates Pi(xX:1, Vi), P2(%z, ¥v2). and P3(xs, y3) are set to
vertices indicates the position of the rotational center
of the turntable in the applied voltage reference scanning
15 coordinate system. In the first embodiment, an
intersection point of a perpendicular bisector of a line
segment connecting the points P; and P; and a perpendicular
bisector of a line segment connecting the points P, and P;
is obtained, and coordinates (%o, Yo) on the applied voltage
20 reference scanning coordinate system of the rotational
center Oy of the turntable are obtained.
As will be understood fromFig. 9(D}, an equation
of a perpendicular bisector (1) of the line segment

connecting the points P; and P; is

25 {Expression 1>

v o= -{(x - %)/ (y2 - Vi)bx + (y1 + ¥2}/2 +

{((x2 - x1)/(v2 = yu) 3 {(x1 + x2)/2}

17



the |line segnent connecting the points P2 and P3 is <Expression 2>Y
= -{(x3 - x2)/(Y3 - Y2) )'X + (Y2 + Y3)/2 + 5 {(X3 - x2)/(Y3 -

Y2)}' ((X2 + x3)/2} By solving those sinultaneous equations,

therefore, the values of the rotational center coordinates (xo, yo)
of the turntable are obtained as follows (step S307) . <Expression

3> 10 x0 = (Y3 - yl1)/2 - - Y2, . °
Y} ((X +(x2)/2§/ X 8+F‘é§‘i°8n5§)>é%éip‘?‘f%%‘@é’iﬁﬁ%%{@ $B% 5 (y3

- yhir2 +t£1€>§351<_' 2Nl ¥3 ot hnek® ihX 2ne Pokink¥2 p, M JB, £6x1 +
x2)12}] + (( i xEY7T(y2 - Y1)} {(xI + x2)/2} That is, the portions
adapt ed t Qrexeeul8acnt s S301 to S307 correspondto rotational center
devi ati on anobunt detecting neans of the invention. Naturally, as a

20 cal cul atipg=net hed -ofxqbt(g, ning, the cooydi-natgy 2ot the center of
a circle which passes through the three points P1, P2, and P3 from

t hg coordi nates of RIx:P2, xahd(¥3,~ tyheid (ixs anx:afbitrary nethod
ot her than the above nethod. As nenti oned above, since the x axis in

the applied 25 vol tBaye aletiare ide sec SMTHY BCES P Spd%em
corresponds to the scan signal in the x direction transm _tneq%é‘srom

the irradirgefipgsosthrormbes ot Fye doatahi o™ oceBtehe”

deflector (2}8,(,5’yogyofs%ﬂgltr:l%n%:nabal%pérl:ggb%'a%lnlgld aesxpéffg*gg (bs¥ep 5307).

{Expression 3>
10 Xo = (Y3 - Y1)/2 + (%3 = %x2)/(ys - ¥2) -
{(x2 - x1)/(y2 - y1)P{(x1 + X2)/2}
<Expression 4>
o = -{(x2 - %1)/(¥y2 = Y1) }
[(ys - ¥1)/2 + (x3 - x2)}/(¥s — ¥2) -
15 {(x2 = 21}/ (y2 - v1)} {{x2 + %2)/2}] +

{((x, - x1)/(y2 — yu}} {{x1 + %2}/2}

That is, the portions adapted to execute steps
S301 toS307 correspond torotational centerdeviationamount
detecting means of the invention. Naturally, as a
20 calculatingmethodofobtainingthecoordinatesofthecenter
of a circle which passes through the three points P;, Pa,
and P, from the coordinates of Pi, P,, and P3, there is an
arbitrary method other than the above methed.
As mentioned above, since the xaxis inthe applied
25 voltage reference scanning coordinate system corresponds
to the scan signal in the x direction transmitted from the

irradiating position adjusting circuit 430 to the beam
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X0 in Expression 3 as a correction value to the beamdeflector in an
exposing step, a deviation anmount in the x direction between the
origin of the irradiating position and the 5 rotational center of the
turntable, that is, a deviation can be adjusted. Simlarly, by
sending an applied signal expressed by yn in Expression 4 as a

correcti oge]\f%g@og:ozogheb?e%@ﬁﬁé a6l Uprd 1N 418 1ROS IeRPreeRd By

deviation rn the vy direction between the origin of the irradiating

posi tion 10;anddhes ¢ 0datianakoceaten oafvd ige toriteabéan et lbetor

adj ust ed step 'S308). That is, the portion adapted to execute step
5308, theihraadi:aldndesien,on sl isting apicwui tind80e sadd.rectid opeam
defl ector 206 correspond to first beam position adjusting neans of

t he i nvenbeomeeh5 thkt hatghnbotth the theadéwitanido®oisatiha rndi £&€t i on
and the deviation in the y direction have been adjusted by  the beam
debl ect or rbhathenaBovenssisodf nehe , turetablent Tt i3 folteVilRteed to

the above case. For exanple, if a_correlation betwee Ie@c‘g \/.alnru?g_t of
the x axi §apnbPehedippiedd -Ridiazdde Pé’fé?@ﬁ&@gséﬁrﬁﬁé:]gl Srdrat e

system and a novenent distance in Ihe{< direction of. the Vi

stage 304CHRFESSSeRYolel {1 EETRFOWE ¢ S RViET B TH e3¢

di ti bet t i gi. f the ir. Lati .t

ot at| onalhECHEER AL THE Tuf SBT & The B SaE R g erd s oE R e
of the noyj 891:%&:%ggn?‘gétxpé/exﬁlggxesbgﬂﬁﬁénV@f_‘ ¢hel $rrifansm bRk foQMm the

feed motof CONETo circurt to the feed notor 305 instead of the
g‘;@m def | S0 heTP@Ea{ﬁonaflecenlt%rngt 1190 adaptash & eaexes UE) & em
e

8, the ed notor contro
(step S308). That is, the portion adapted to execute step

S308, the irradiating position adjusting circuit 430, and
the beam deflector 206 correspond to first beam position
adjusting means of the invention.

15 Although both of the deviation in the x direction
and the deviation in the y direction ﬁave been adjusted by
the beam deflector in the above embodiment, the invention
is not limited to the above case. For example, if a
correlation between the value of the x axis in the applied

20 voltage reference scanning coordinate system and a movement
distance in the % direction of the moving stage 304 have
previously been known, the deviation in the x direction
between the origin of the irradiating position and the
rotational center of the turntable may be adjusted as a

25 movement of the moving stage 304 by the signal which is
transmitted from the feed motor control circuit 420 to the

feed motor 305 instead of the beam deflector. That is, the
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circuit 420, the feed notor 305, and the noving stage 304 correspond
to second beam position adjusting nmeans in the invention. Further,

if the noving stage 304 noves in two 5 directions of the x and y
directions and a correlation between the value of the y axis in the
applied voltage reference scanning coordinate system and a novenent

di stance in_the direction of .th i Dk S Lqus| y
been knoRﬁF%fLﬁB %%‘W% (ff%ﬁ R Ctun%e §t§$\r§e32% ’o%ﬁ%gte\%k%]%]g c%lrh?\gfzog 10

of the i rérﬁr‘g;?ﬁgiet“g JB‘?S{L_ﬂé o G s Bekat haRatnee®in®fstddie 304

turntabl e Usted as a novenent in they direction of the

moving st éggrie@ﬂ)?ﬁdtgfsé&@n@%ﬂnﬂ@fdsﬁﬁ:tj_@in kA jasfBngetieass Mil athet 0
the adjustnent in the x direction nentioned above. Further, it is

al so possihkentqceQnstadehet N S cihe mBMingy stagkhao 4 tievesjistwent in
the noving stage 304 and the adjustnment in the beamdeflector are

cogbi ned angedtdlbrexafiphe x endpdisectadinsstinbacorsefatgoppatineen
nmovenent of the noving stage 304, and a fine adjustnment is nade by
t he defl eahicorvadfuet b€ bbany deisetnokthe 200RELIeR MG IHRAL gIsFAEenCe
according to the first enbodinent of the invention, by scanning the
ar ea wher ecamainmckordimed eony s hemnaid & gveRest EhatEarat BB e Dy
the el ectron beamwhich is used at the tige of Lhe exposure of the
exposi ng Yagdaiestii®n Ofe tAEVIAVIBA BERHBeAC YT iRFH B T he I
irradiating position_of the el,ecet? on_beam and t he rQt t'ﬂ acl . Senter
of the turMaBte tEanIB%Iabt Bttt é‘leﬁjr ﬁf%%?]é%r} %s%twt R
devi ation can _be easair#&y adj ust ed .tnhgﬂtdh%ﬂ Si-08a+20
i - atfOn&l center of
t ASubl esofEndde G A rgap8rs.ltg:once the %ew atron is
theturntablemaybeadjustedasanmvementintheydirection
ofthenmvingstageinsteadcﬁfthebeamdeflectorjJLamanner
similar to the adjustment in the x directionmentionedabove.
Further, it is also possible to comstruct in such a manner

15 thattheadjustmentinthemovingstage304andtheadjustment
in the beam deflector are combined and, for example, a coarse
adjustment is made by the movement of the moving stage 304,
and a fine adjustment is made by the deflection of the beam
deflector.

20 As mentioned above, according to the first
embodiment of the invention, by‘scanning'the area where the
mark formed on the master disk or the turntable by theelectron
beam which is used at the time of the exposure of the exposing
apparatus, the deviation between the origin of the

25 irradiatingpositionof1ju3electronbeamjnuitheIotational

center of the turntable can be automatically adijusted, so

that the deviation can be easily adjusted without causing

20



adj usted by using the electron beamthat is caused in the exposing
apparatus itself, it can be precisely adjusted. Further, since a
devi ati on adj usting neans can be selected 5 fromeither the beam
defl ector or the noving stage, it is possible to cope with various
types of exposing apparatuses. Subsequently, an adjusting nethod of

the deviation hetween the origin o Lrradiatl [ f. the
beam and ?h%r?lg?%??%% e%ser?tferghgfoé%%gf%fr ht g%'r%tei ﬁﬂe% &}a@isbe%gr?d
embodi ment, 1qf, L0 LOVEDIAAN I 1d1 ht s Gelhednatng L Nemeegond, tne
enbodi nenf'{ s rice ah irradiat | ng position adjusting routine differs
from that ekgofsﬁﬁgf !ab?!ara%{IEO;thEmh {heciy radipplddig Iesidd e ted .
adjusting routiné wll be described hereinbelow A flowhart for the
irradiati pg15ep0siihe8 AdiYshitAGNr 881 191 8G arradisngahchd e 1setmid
enbodi nent of the invention is shown in Fig. 10. Steps of performng
thg scan efroitheithest thenpeamrdefSiattar dmw thhosevingthieader sit is
enbodi nent. That is, n =1 is set (step S311). The scan signal is
transmitt eadskriohe2to theeiwirtddiariags povies ohegapasnE PRATEEHISH30 to
the beam deflector 206, the center area of the master disk is
t wo- di mensi onal |y s&awsediventtlive »ary afl Fedtingh&e4P0dth @& & beam
origin as a center, and the secondary electron or_.reflecti On[eiorpa

rk

el ectron WevdlRtioncSedeeeentPy gereitted Fae PR B RPH
ot oct or 3RS DPARSHIYBEF C T HEABU TSOL TP SuGRe t he HEL a5t 1o
fi n:LpP{§§§§%FE§& iggggﬁimé%t4§ 'tﬂgniﬂﬁ%ﬁf 5%a&§l¥a$QQ§eééfibé&) in
In the second embodiment, since an irradiating
position adjusting routine differs from that in the first
embodiment, the irradiating positionadjusting routinewill
be described hereinbelow. A flowchart for the irradiating
15 position adjusting routine according to the second
embodiment of the invention is shown in Fig. 10.
Steps of performing the scan of the first time
are similar to those in the first embodiment. That is, n
=1 is set {step S311). The scan signal is transmitted £from
20 the irradiating position adjusting circuit 430 to the beam
deflector 206, the center area of the master disk is
two-dimensionally scanned in the x-y directions around the
beam origin as a center, and the secondaxry electron or
reflection electron which is consequently generated is
25 detectedbythemarkdetector310(stepSBlZ). The detection
signél detected by the mark detectoxr 310 is transmitted to

the CPU 501 through the detection signal proces gsing cizrcuit
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reference scanni ng coordi nate systemof the point Pl are stored
(step 5313). The value of nis incremented to n = 2 (step 5314).
Since the value n = 2 does not satisfy a 5 discrimnating expression,
the processing routine advances to step S316 (step 5315). In step
S316, the turntable 302 is rotated by the spindle notor control

circuit 410. At this time, in the second .enbodi nent.. .a Laonal
angl e of £Re-t ¥t &PCEGLafs XSEP?BIQE% 2y 48 oebaggoln%eégéi%%gfghe
rotary encoder (not shown r QVi o] Spi 0 Af ter
that, theT&E8RheBFet RE288LEHd ?Pﬁ‘ggﬁgtéxgé %?%5 Q%gg% % IIEE%IEE rr%nﬁgre
simlar to ,the-.s f fir e, hat ; & S; sigrak is
transmtt EEOF?gm&:?EEBi ?‘%’g%f at illﬁ%e ?grigloesiot%i gnlééd—]?%%ﬁ%‘;%? cuc?t 430 to

the beam defLechor;206. = shfceemiervanea of- thadms st diak dty
t wo- di nenSi onalTy scanned in the x-y directions around the beam

Orisgi N as 33 5cCE Rk 8ht 1Akt thiee Genat atad mecendamy ebetinendomances
reflection electron is detected by the mark detector 310 (step

S312) . 20+ghetdet eatiicon stegnasidet.ected by the mark detector 310 is
transmtted to the CPU 501 through the detection signal processing
circuit 450. The coamdihapesiid uebe(RELniagle §02t he tofsibeddby dtage
reference scanning coordi nate system of the point P2 are stored
(step 5313pinfHe vaites conirod PrcHéteddAtedt othls BNt &P 53'4)
and the processing routine advances to ste 5315i: I n thets\gflonlds
enbodi mentsecsingc emkodigenitni Aat? T I22 b AR ESiO5n TR EYERTS
differs fromthat in the first R

10 controlled so as to become 180° by the rotary encodex (not

shown) provided for the spindle motoxr 303.

After that, the scan of the second time is executed
again in a manner similar to the scan of the first time.
Thatis,thescansignalistransmittedfromtheirradiating

15 position adjusting circuit 430 to the beam deflector 206,
the center area of the master disk is two-dimensionally
scanned in the x-y directions around the beam origin as a
center, and the generated secondary electron or reflection
electron is detected by the mark detector 310 {step S312}.

20 The detection signél detected by the mark detector 310 is
transmitted to the CPU 501 through the detection gsignal
processing circuit 450. The coordinate values (x,, Y2} in
the applied voltage reference scanning coordinate system
of the point P, are stored (step $313). The value of n is

25 incremented ton = 3 (step 5314) and the processing routine

advances to step S315.

In the second embodiment, since a discriminating
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enbodi nent, if the scan of the second tine is conpleted, the

di scrim nating expression is satisfied, so that the processing
routine advances to step 5317. That is, the scan 5 of the third tine
is not executed in the second enbodinent. |In step 5317, the position
on the applied voltage reference scanning coordinate system of the
rotational r..of. t Urntab i bt=ai tihe i¥g @k t he
coor di nat gxggg%tggoFxfn %?E)etpar?gl?xltzi.gfl\j%f%r tef?gﬂgﬁgl%gf lFlhéCl?%Sermry. 10 In
Fig. 11, theceaditnates tBi(xdanydd ang S2towa ydle al€ Shpmetdda) the
appl i ed voltage reference scanning area. Since each of the

coor di nat @5 ePBExEr il naaichP2pZesydpn Ad cattd stiied ,pes tihart dinet he
applied voltage reference scanning coordinate systemof the mark M
at the ti peoskensitheroatknd adviehassbeeatepViEtl1n dbadclsat itha sgarh t he
rotation of 180 of the master disk, the center of a _|ine segnent
comnect i ngf the Poird $iPe andiaRekadintadetn the peSPRAGIRFAYFET -
rotational center of the turntable on the applied voltage reference
scanni ng coor di nat e BystemsS30 phe HRFAT I pRgthe FPPLAEHSTU S 94 he
center point of the |line segment (1) connecting the points Pl ._and -
P2, that ﬁ@el%q{’é’%o?ﬁ%i%%§ml%e ST THE 1 aﬁq}eod%qtact&ﬂnearl 00 of

the turntabl e are obtai ned <Expressi.on 5> 25 xq = .+ )
<Expr essi Gt PE Rhﬁq:-kuq%%tﬁlezém( scfsbetpa%%)cfn 'Iiﬁjaef T%nglst hgegrczp%% i ons
adapted to exeé;iur{a es;[fg&s_les (%1, v1) and (%2, v2) read out of the memory.

coor
10 Tn Fig. 11, the coordinates P1(Xi, v:) and P>(X;, vz} are shown
in the applied voltage reference scanning area. Since each

of the coordinates Pi{x1, V1) and P2(x;, y2) indicate the
position on the applied voltage reference scanning
coordinate system of the mark M at the time when the mark

15 M has been moved in association with the rotation of 180°
of the master disk, the center of a line segment connecting
the points P, and P, indicates the position of the rotational
center of the turntable on the applied voltage reference
scanning coordinate system.

20 As shown in Fig. 11, therefore, the center point
of the line segment (1) connecting the points P; and P,, that
is, the coordinates {X,, ¥o) of the rotational centexr Oy of
the turntable are obtained by
{Expression 5>

25 Xo = (%1 + %3)/2
{Expression 6> |

%o = {y1 + ¥2)/2
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S311 to S317 correspond to the rotational center deviation anount
detecting neans in the invention. After that, in a manner simlar to
the first 5 enbodinent, by sending the applied signal expressed by
X0 as a correction value to the beam deflector in the exposing
step, the deviation in the x direction between the origin of the

] 00 2 RERAUIL O A0R eS| LRI o fERER L8l «d BECLUEOLARLS | o

adj ust ed, e appli‘ed Srgna expressed by yo as a

correctiog,ygl Egyé%ll'; I&%rﬁ!@@%ﬁ@%@@t@ rok A+l BR a8 XPOst &Y dehaRt ildie

deviation 1n't rection"between the origin of the irradiating
posi tion apd.the Jalaldigntheg@Nter tofe tikedntriinabl e is adj usted
(step 5318). In a manner simlar to the first enbodinent, the 15
devi ati on may be adjasstead dowtt,he nmey e@iie rofs itid avoHong het agerst

i nstead of the beam deflector. Further, the deviation may be

adjsust ed kyntaciamiitnabiyonenflihhetdefdmelieanh sofgrtaie ehpams sédf PEctor
and the novenent of the noving stage. As nentioned above, according
to the seeend c@frewmbieh meduieoto ttthe bareniebheckendd the IRABIDN
~can be adjusted only by executing the scan twice, the irradiatjng
posi ti on cdreibe thej devaatianaiBHeia % AEectioseRAEKELY, thn HafListi ng
met hod of the deviation between the origin of the, be spot aanthe
25 rot at | Gfaltheedtdrddrting PeFitiBPeaA the FﬂF?ﬁl%ﬁéglﬁ W ot t he

Tventon 1| o, SERET] PS4, SO0, 2.1) QISR HPHEcobt s 2
10 expressed by yo as a correction value to the beam deflector
in the exposing step, thedeviationintheydirectionbetween
the origin of the irradiating position and the rotational
center of the turntable is adjusted (step S318).
In a manner similar to the first embodiment, the
15 deviationmaybeadjustedbythenmvementofthemovingstage
instead of the beam deflector. Further, the deviation may
be adjusted by a combination of the deflection of the beam
deflector and the movement of the moving stage.
As mentioned above, according to the second
20 embodiment of the invention, since the deviation can be
adjusted only by executing the scan twice, the irradiating
position can be adjusted in a short time.
| Subsequently, an adjusting method of the
deviation between the origin of the beam spot and the
25 rotational center of the turntable in the third embodiment
of the invention will be described along a flowchart-shown

in Fig. 12.
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invention, it is presuned that the mark for calculation of the
rotational center of the turntable has previously been formed on the
master disk D or the turntable. The third 5 enbodinment relates to an
irradiating position adjusting nmethod which is realized by presum ng
a case where no marks are fornmed on the master disk and the

turntable. Prior toy,adhustiingt e Lbadhat bRBoR9REhANora tiarking is
performed to a scanning area by using the electron beam Since the

10 mar ki ng nkenR86HOr Med Py rhemrleehaonheamrid tot ScAIROEES o dehat
the marking area is nmade of a material which can be marked by the

el ectron beanroFhtsbnanfdeertdiernass arnditsdolle has prdviontoly heen
turntable, by activating the naster di sk exposing apparatus, 15 a
mar ki ng r gotcimed os $har medtest dpss100pr #heletardeabfe¢ owder tthdfrd he
marking routine (step 5200) is shown in Fig. 13. First, the signals,
that is, thbdosdiplendd nedlattagedo are igumdiftdmet Pesitiad adingHEesi tion
adjusting circuit 20 430 to the beam defl ector 206 and the apparatus
enters a sedbedwbiehtife repdézeenbYOHASTEH el dEH T2 VREFS(RP A5 EF1 1) .
The signals which are sent to the_beam defl ector %0% may _ be

transm tt éFeoAPymed ef (i MRFE oF G Pl (fPec GPFR6RPLRe” FEHRF It ng
coil or can be also fransmited to both.of the 25 .x-deflecting coil

or the y- @&1”@&%%%&%?”} 110G BRETEF O R BEEEAAT TRATT Oe]“cllnaep%I i ed
vol tages which_are sent t ggff cL Il t he; h
y-defl ect }At,gog %8 ng_rgggfs%%g?otbg b eé\;le tevlvi@t%r11:|9:(r81’lnabrégﬂgeh"-f(?lrré)cr'ﬁa )ZCL Fo XH
VQk}S andrﬁhfﬁ%ﬁg:ﬂyﬁg%fbrmed.by the electron beam, it is necessary

that the marking area is made of a material which can be
marked by the electron beam.
First, after the master disk D was put onto the
turntable, by activating themasterdisk exposingapparatus,
15 a marking routine is started (step S5100).
A detailed flowchart of the marking routine {step
5200} is shown in Fig. 13.
First, the signals, that is, the applied voltages
are sent from the irradiating position adjusting circuit.
20 430 to the beam deflector 206 and the apparatus enters a
state where the electron beam can be deflected (step S211).
The signals which are sent to the beam deflector 206 may
be transmitted only to either the x-deflecting coil or the
y-deflecting coil or can be also transmitted to both of the
25 x-deflecting coil or the y-deflectingcoil. It is, however,
necessary that the applied voltages which are sent to the

w-deflecting coil and the y-deflecting coil are set to a
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a range fromyL to yH volts so that the marking is performed into
the area shown in Fig. 8, respectively. The signals sent to the
x-deflecting coil and the y-deflecting coil of 5 the beam defl ector
206 are stored as (x1, yl) into the nenory (step 5212).
Subsequently, the electron beamis irradiated onto the master disk

o A0, TESPu I S0 BRgRURL R NN PR S, Sty

conpl eti on<8f processi fi ne advances to the

i rradiat i ggrgﬁ)éé ti.on gdjﬁdi%he%ﬁ:tsego *&?é@&h%:’ﬁqg%:ki e pehidlormaly

i rradiati Ag position ad nt simlar to the first or second

enbodi ment, ¢ans e, Bges, dyh the Fili. 8, epbogh SR 1 HONeNR! siginaae t he
defl ection signal transmtted fromthe irradiating position 15

adj ust i ng seinkCHbt+HB& tae flike theandel | @ct ahe2pb6abasebeeng eI ed as
(x1, yl1) into the nenory in step 5212, the scanning step can be

omist t ed e@kyb oA & dmentidiez 6 6 raate ahdrsécendx: egbbdinientse imentchay
irradiating position adjusting step (step 5300). That is, if an

i rradiati fgteest2ion. adustequen2d w.otité péesitirondreani s Haradi atae
first enbodiment is executed, n = 2 instead of n =1 in step S301 in
Fig. 6. Thatouhhermasifesdsi apdtilegarknes digmed pateqae mas 2T
instead of 3. If an irradiating position adjusting routine simlar
to that % s¥hd sd&dorid lenbodi ment is executed, n = 2 instead of n 25

= 1in step S311 in Fig. 9. The nunber .of scanning fjnes t her ef or e,
is equal to 1 instedd S FOMRISHERPI Y eaﬂlﬁg?‘ngméﬁﬁip g 10 tHe
t Tor d 26 r%m%.q'lieng \trar?éeg hc% J;:]:rllés/elrzlrt:r:ia r:}.at%\ﬁ%npégléfcﬁl gﬁ'&iﬁsitinﬁoétep
(step S300). After that, an irradiating position
adjustment similar to the f£irst or second embodiment can
be made. In the third embodiment, however, since the
deflection signal transmitted fromthe irradiatingposition
i5 adjusting circuit 430 to the beam deflector 206 has been
stored as (x;, v1) into the memory in step 5212, the scanning
step can be omitted every once from the first and second
embodiments in the irradiatingpositionadjustingstep (step
S$300). That is, if an irradiating position adjusting
20 routine similar to that in the first embodiment is executed,
n=2instead of n = 1 in stép S301 in Fig. 6. The number
of scanning times, therefore, is equal to 2 instead of 3.
If an irradiating position adjusting routine similar to that
in the second embodiment is executed, n = 2 instead of n
25 = 1 in step S311 in Fig. 9. The number of scanning times,
therefore, is egual to 1 instead of 2.

As mentioned above, according to the third
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prelimnarily formed on the nmaster disk or the turntable, the
irradiating position adjustnent can be nade, so that a

troubl esoneness to previously formthe mark can be omtted. 5 Since
t he nunber of scanning times can be onmitted by one tinme as conpared
with the cases of the first and second enbodinents, the deviation

can be easily and pronptly  adjusted. Subsequenily nmet hod, of
manuf act upnhgdaned tnB§nEbPciPEEBFUPRY ﬁﬁﬁPuﬁ%sg%ﬁ gggg hErdC8i sk as

an exanple of patterned nedia by.using.the t i S i
appar at usPBEHEReNERHGdi hehte ﬁ”i%@e gﬁ??bdggﬁ $%6%mi§u§égggg§gmjth

i n-w | escri

e 48 Fgsdt 10 Ty L2 s

magneti c fumin nmagnetic particles have

artificialloy Aih e d gl ard vo 3i3nged gt iens geardiagoobnanechl.t can

be Iogicgﬁiy execut ed per gnetic particle. For exanple, in the

cage of agpatberReOhuRnBit of Nt&ANR nof + ahostcad vemoniltiheikigr enea
very high recording density of about 1 Tbpsi 20 (T bits/inch2) can

be realizedneAR X3Pl caf wa thather aaskapetwWhiheh fiixsformdd sexontdhe
hard disk is shown in Fig. 14. As shown in Fig. 14, the pattern
shape whi ghbicgiifrented ahea dearidtdiosk cA20 bies eagdiar @anidy peon®itdict ed by
a data track portion 721 and a servo 25 pattern portion 722. A

recor di ng apgttserad .of a dot train 723 is concentrically arranged in
the data track portion 721. A square pattern show ng address

i nformation and tradaPsERUSEt-i én el Frnef agtheidased

attern extending in .
P 10 magnetigc recording medium such as a hard disk as an example

of patterned media by using the master disk exposing
apparatus of the embodiment of the invention will be
described with reference.to Figs. 14, 15, and 16.
What is called a hard disk is a magnetic recording
15 medium in which magnetic particles have artificially and
regularly arranged and the recording of one bit can be
logically'executed.per‘magnetic:particle. For example, in
the case of a pattern of a bit interval of about 25 nm,
therefore, a very high recording density of about 1 Tbpsi
20 (' bits/inch?®) can be realized.
An example of a pattern shape which 1is formed on
the hard disk is shown in Fig. 14. As shown in Fig. 14,
the pattern shape which is formed on a hard disk 720 1is
generallyconstruotedbyfidatatrackportion?Zl5ﬂuiaservo
25 pattern portion 722. A recording pattern of a dot train
723 is concentrically arranged in the data track portion

721. Asquarepatternshowingaddressinformationandtrack
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such a direction as to transverse a track for extracting clock
timng, and the |like have been fornmed in the servo pattern portion
722. 5 As a nethod of realizing the pattern of the bit interval of a
nano | evel as nentioned above, a nano-inprinting process has been
proposed. According to the nano-inprinting process, while pressing a
nmold (transfer type) to a fused-like resin coated on g supstrate,
the resindebersipar HeheEmather ey LiPEnSPEPFINERE hatR SicdE dthvex
shape of tens to_hundreds of, nmforned on one suyrface of the.nold

onto the PBSPN2 FhHESREABD APr Rt iTRPProtEs s P HSy CETASS

into a therma e_nano-i in{.an i - ' e
nano-inerﬁPC%e%éﬁ&Pﬁg Sﬁdgg%%r%%ﬁ?gggv%gg%%%H%% o% F%Eq%ggfﬁrfpefer
t o Japanese_Paten | i cat,i,on Laid-open Kokai No. 2004-148494 and
S. Y. Choup&ttgﬁ% %"%ﬁgﬁh a’?ﬁys. Lett. 67,3314 (1995)). In the case of

the thermal type nanQ- LMREinba of6ReIAlddhg dnkhparebriase-iHPLint i ng
apparatus as shown in 20 Fig. 15 is used. That is, a thernal

nano- i npr i; Rtvi-RG-APRAT & Wsn0Q e 1pEeY nded iiohedl @bamker a801 to which a
vacuum punp 804 has been connected in order to renove a solvent or
the like whineh inpraaused; Hiroeasr Bakssbespopronpsedt | Mgcoling do
supporting portion 802 for supporting a nold 600 is 25 fixed in an
upper por tihemaio ¢ hepchaidreg p8Otes A, sthdde BOSs s F a ggpddritians T
object 710 to be transferred is attached so as to face the nold

support i ngypent tore 802edThakstrarin 282863 e anihtieth o dReds 4t i ng
appar atus 805 which is driven )
10 is hardened, thereby transferring the concave/convex shape

of tens to hundreds of nm formed on one surface of the mold
onto the resin. The nano-imprinting procesé is mainly
classified into a thermal type nano-imprint and a
light-hardening type nano-imprint depending on a hardening
15 method of the resin (refer to Japanese Patent Application
Laid-open Kokai No. 2004-148494 and 5.Y. Chou et al., Appl.
Phys. Lett. 67,3314 (1995)).
In the case of the thermal type nano-imprint,
generally, a thermal nano-imprinting apparatus as shown in
20 Fig. 15 is used. That is, a thermal nano-imprinting
apparatus 800 is provided in a chamber 8001 to which a vacuum
pump 804 has been connected in order to remove a solvent
or the like which is caused from a resist upon imprinting.
A mold supporting portion 802 for supporting a mold 600 is
25 fixed in an upper portion of the chamber 801. A stage 803
for supporting an object 710 to be transferred is attached

so as to face the mold supporting portion 802. The stage
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by an oil pressure or the like, so that the object 710 to be
transferred is lifted up and pressed to the nold 600 and the
transfer is perfornmed. A load cell 806 is disposed 5 between the
stage 803 and the el evating apparatus 805 and a pressing force upon
transfer is neasured. A heater 807 and a cooler 808 for

heating/cooling the object 710 to be transferred are provi.ded for
the st age88®3.s BpHBECHH® 8BRS A BRPRER BFnBDgSf wéﬁggtlslarﬁ%enlo

can be transferred by using the nang-inpri t] oyge, the
hard di skPEs2ent+ %B%Egé’rcgﬁeb lgssi??/n&ﬁ%?ﬂuﬁ%tdl})%g& §??c§8it is
necessary to pattern the Lgh-fi n to

hundr eds” Bf n%ﬁ???%&%@%?‘ﬁé I%Er?t%:&oﬁg%gé g\%c?%ﬁl?hlﬁgfgce@i%gglae to

use 15 the master disk.expasicag,apparatus,@fcdhe sowenti @spbéed can
formthe Fﬁhffﬁéggsgt tlgrﬁggt %{ngh precision. An exanpl e of steps of

fogm ng tBS.tFJPlaH Yo USi DG 401 aMRSERE 81 skaEXROSAMEn PPPES 0SS ankl t he
i nvention w be described hereinbelow First, a base portion nmade

of 20 a hegteoL8shst AREcARISSI alrSisderad sSnehouwnhilch MilsrafeabBiodat i on
can be perfornmed is coated with the resist for electron beam

exposure hygaaspbplepas®s ur hira tinkey coolibsegbencbyecthel @l e teon
beamis irradiated toward the resist by using the master disk

exposi ng appasaEeused attee p2Bvildednthoon theh&talwe @di0%Pect |y drawi ng the
pattern. After that, a mask pattern is fornmed onto the resiﬁ] l%ly
devel opi ng the resiSstnceAtieyCerenv AYCPRY PR R B G5PHG the

resist 29 formed with the nask pattern as a nask ;Cherebey f.orn‘idpg
t i® can be transferred by using the nano-imprint as mentione

above, the hard disk as mentioned above can be easily
manufactured. Since it is necessary to pattern the
high-fine concave/convex shape of tens to hundreds of nm
onto the mold as mentioned above, it 1s desirable to use

15 the master disk exposing apparatus of the invention which
can form the high-fine pattern at high precision.

An example of steps of forming the mold by using
the master disk exposing apparatus of the invention will
be described_hereinbelow. First, a base portion made of

20 a heat resistant material such as 5i to which
microfabrication can be performed is coated with the resist
for electron beam exposure by a spin coater or the like.
Subsequently, the electron beam ig irradiated toward the
resist by using the master disk exposing apparatus of the

25 invention, thereby directly drawing the pattern. After
+hat, a mask pattern is formed onto the resist by developing

the resist. A dry etching is performed by using the resist
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pattern in the base portion. After that, the etching nmask is renoved
by ashing or the like and the nold is conpleted. Subsequently, steps
of manufacturing the hard 5 disk shown in Fig. 14 by using the
foregoing nold will be described with reference to Figs. 16(a) to
16(m. First, as shown in Fig. 16(a), a base substrate 700 (for the
recordi ng nmedium which is nade of a material , such as . nq th

speci al - pEotredeadi BhdlecBpFY Badi T B8P Jlasds, TRATCRY TN or an

aluminumplate is prepared. A recordi filmlaye 01, i.s. onto
the base PatiberPat® T PEFesBottEring t?%%%ke{;h%né‘i%%%gggng%%f a
per pendi cul ar magneti c recording.nedi e i | layer
has a | awFﬁa‘f%‘“‘%\g?gﬁ%PE%&Bﬁs?¥ %&eeghgym %ﬁggtfl{e ﬁ@ggn%%ﬁgﬁpg@te@y
under | ayer, an int erga%%iﬁgu%lnltﬁée'r ’st@%@ 3 SRR G o @GRS Giakdl

a a S

| ayer. Subsequently, l'ayer 702 made of a netal such as
Tagor Tl kﬁsﬁcoé%%lnoﬂkol?iéheli eRONGiRG fthemebaygbinglmbyd Spill erd ng
€. y

or ‘the li inally, a material 703 to be transferred is forned as

a 20 fil mypuieithe WBtal rask-dryerto’ 02 doy. SyEi(m)caat isgnor. the |ike,
thereby formng the object 710 to be transferred. A thernoplastic

resin such as a pol yetdty] asethaenylmtieig edier(a)(,P¥MAS¢ susEddH t he
hard di sk. The object 710 to be transferred forned as nenti oned

above is ifdoustEpat eteiredordigd medibm) whight is maderitng BEST-Haybe
used for the material 703 to be transferred. In this instance, a

| i ght - har denings sppeininpxpapssati FheRiiat el Feind ofsed 452§S - an
nano-i nprinting 30 apparatus. .
10 4i wafer, or an aluminum plate is prepared.

A recording film layer 701 is formed onto the base
substrate 700 by sputtering or the like. In the case of
a perpendicular magnetic recording medium, the recording
film layer has a laminate structure constructed by a soft

15 magnetic underlayer., an intermediate layer, and a
ferromagnetic recording layer. Subseguently, a metal mask
layer 702 made of a metal such as Ta or Ti is formed onto
the recording film layer 701 by sputtering or the like.
Finally, a material 703 to be transferred is formed as a
20 £ilm onto the metal mask layer 702 by spin coating or the
like, thereby forming the object 710 to be transferred. A
thermoplastic resin such as a polymethyl methacrylate resin
(PMMA) is used for the hard disk. The object 710 to be
transferred formed as mentioned above 1s illustrated in Fig.
25 16(b). Alight-hardening resin may be used for the material
703 to be transferred. In this instance, a light-hardening

type nano-imprinting apparatus isusedas a nano-imprinting
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Subsequently, as illustrated in Fig. 16(c), the nold 600 fornmed by
using the foregoing object 710 to be transferred and the nmaster disk
exposi ng apparatus of the 5 invention is set into the thernal
nano-inprinting apparatus in such a nanner that the material 703 to
be transferred and the concave/convex surface of the nold 600 face
each other, and the nano-inprinting apparatus 800 is activated. As
|IIustrat§HPPﬁaFP5 16 (d) , therefore, the stage 803 rises 10 and

the inmprint is execgaggaaﬁég%glng £f5f§#¥é¥§%§§(gP t%e%%q%ﬁnc%g Af t er

the inmprint was exe stage 8

falls and Lhe haNsLehelspiouBLakedsSbseguentl ko ikbe hhanshepeed

obj ect 718% ext rac on1t nano-i nprintrng apparatus 800 and a

15 resi dugl., h'sk%ﬁ@at hﬁﬁ 9318 tnﬂ?sﬂ@:t Qliish 035k AghepbarRsherdedics
S

renoved as own in Fig. 16 (f) by ashing or the like using an 02

gag or thenkikeiohhes paktalith hetl rfediRhAhogifBt ent ihg afQ2 daeaenes
the etching mask for etching the netal mask |ayer 702. 20

Subsequentihy suas shewhnkn Ehat e (tethel nM0Brialbe FO3nsEehmed
transferred is used as an etching mask and the netal mask | ayer 702
i's et chi ngndr abessedchyedsbngea SHF8acgasforhereold kel0 Aacr e@edt, as
showmn in Fig. 16(h), the nmaterial 703 to be transferred is renoved
by dry ashithgruseng 2& eﬁnhenmarmtlpgmr@?uﬁwOaéﬁ@ﬁg*-ﬂa@tr?gi t he
02 gas or the |like. Subse uently, as shown in th E%%é t he netal
31 mask | @ypetl¥ootrateddd BLo a6 ¢00hi FRETREAT and P 3% 8P ity

kN and the imprint is executed according to a predetermined
sequence. After the imprint was executed, as shown in Fig.
16(e), the stage 1803 falls and the transfer is completed.

Subseguently, the transferred object 710 1is
extracted from the nano-imprinting apparatus 800 and a

15 residual £ilm portion of the material 703 to be transferred
is removed as shown in Fig. 16 (£) by ashing or the like using
an O, gas or the like. The pattern of the remaining' material
703 becomes the etching mask for etching the metal mask layer
702.

20 Subsecquently, as shownin¥ig. 16{g}, thematerial
703 to be transferred is used as an etching mask and the
metal mask layer 702 is etching-processed by uging a CHF,
gas or the like. After fhat, as shown in Fig. 16{(h)., the
material 703 to be transferredis rémoved by dry ashingusing

25 either a wet process or dry ashing using the O; gas or the
like.

Subsegquently, as shown in Fig. 16(i), the metal
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filmlayer 701 is etching-processed by dry etching by using an Ar
gas or the like. After that, as shown in Fig. 16(j), the netal mask
| ayer 702 is renoved by the wet process or 5 dry etching.
Subsequently, as shown in Fig. 16(k), groove portions of the pattern
formed on the surface of the recording filmlayer 701 by the
sputtering, coating step, or the like are filled with a non _%netic
mat eri al ®ASk(layehd (ase wied @St he SiagHErd &25EcdRdi iy FedCam19

nonmagnetic material such as SiQ2.) . Subsequentl as shown .in Fig.
16(1), thé&idmriagee 70ilsi@rqﬁﬁ¥&%d>w%5§%‘?é’3b§y§%%F@ﬁ“ﬁzbé&\,‘%&hg’m cal
polish, or the like and f]attened. A structure | i t .

recor di ngaRsAREET od thasl Yeen @%&&Faf:ﬁagbyasf ﬁgohqglnwefc{(}% d:’i%g( 3
material, _consequently,_ is f d. Ei , @S i i (m
, for exaﬁ"ﬁ‘iee,meﬁgl ]i“ﬁ?%/h' %@Y%rgf%felcﬁ ifﬁgl%Hﬁﬁmbgogﬁ%%%t Iﬁukbdr:éi%asi i%%g

film707 of the.recording filmlayer onto the surface by a coating
nmethod 2056P'§Q&F66¥hg net hod, the hard disk 720 is conpl eted. As

described in detail above.,yikor MGHAe Mot kerg. distkoby gisiag t he
mast er di sk exposi ng apparatus "according to the invention, the

pat t er ned I;JE}‘]@i%dLae!'f e ot thirghe $imed opaticasur Sdcalof tihe waMPIELNg
manuf actured. Al though the 25 enbodi nents have been described with

respect tg:iihe 1pgelrer nedy R gpuistanimxanplhéinghetépyvem £oa 15<hot
limted to it but can be also applied to, for exanple, discrete
track nedigre f321GAWMBh a nonmagnetic material 705 (in the case of
10 the magnetic recording medium, nonmagnetic material such
as S51.0;).

Subsequently, as shown in Fig. 16 {1), the surface
is ground and polished by an etch back, chemical polish,
or the likeandflattened. Astructurein whichthe recording

15 material has been separated by the non-recording material,
consequently, is formed.

Finally, as shown in Fig. 16 (m), for example, by
forming a protecting £ilm 706 or a lubricating £ilm 707 of
the recording £film layer onto the surface by a coatingmethod

20 or a dipping method, the hard disk 720 is completed.

As describedin detail above, by forming the mother
disk by using the master disk exposing apparatus accordihg
to the invention, the patterned media having the high-fine
pattern structure can be manufactured. Although the

25 embodiments have beendescribed withrespect to thepatterned

media as an example, the invention is not limited to it but

can be also applied to, for example, discrete track media.
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1. A master disk exposing apparatus conprising: a turntable for
rotating a master disk; noving nmeans for horizontally noving said
turntable in at | east one direction; 5 beamirradiating neans for
irradiating an el ectron beam toward said turntable, thereby form ng
a beam spot onto said turntable or said master disk; beam deflecting
means for deflecting said beam and control neans for controlling
said noving neans, said beam irraéiati¥hg neans, and said beam 10
defl ecting means, wherein said control neans includes initializing
means fof -executing BAStATt AAFKoPEPAT IR FRPYTTVE ORI t fer
sai d novi ng neans or_sai d _beam defl ecting Jreans a nAorjgin
of said b&AFRREESLe Fiofc TP AN & FEEAoNar CeﬁFggjﬂgéﬁb %35%
turntabl e at the ti of activation, A, L SK EXPRASING .
apparatushﬁﬁﬁﬁ9ﬂ§ﬁ£¥§ OYﬂ%ﬁﬁ?iét%ﬁgFéP%eggﬁ%E?%?graﬁeoperag?%ﬁlio
meke the qQrigin._ of..sai. NG A8 Wi drhe rRiatdonlan
center of %éﬁ(f%%ﬁ%?gﬁggpﬁgﬁg%ggﬁ?gg'by deteé%?ng a position of a

mark 20 faqrpued 0p, $8id tiHiab! enorebPe otHiihace vebunsabsh Basbesa it sk.
3. A master disk exposing apparatus according to claim2, wherein

sai d i nitiq)dzidi0 TRANS BN RRIsTeT diBKK Pesintdenldetenyimgmeandod or
obtai ning amark position signal indicative of said mark position on
the basi s ge2b it ea0adarayn ;ehed tbanrol rearef f et toort rellddingosaivi ch
is obtained fromsaid beam spot; rotational center deviation anount
det ect i ng mB3inrpansarfor st bieiang iardéipsingnmaabant 2Bf 82H6sPRIBn of

tt?% deflecting means, wherein
said control means includes initializing means
for executihg an initial operation to drive at least either
said moving means or said beam deflecting means and make
anoriginofsaidbeamspotcoincidewithjirotationalcenter
15 of said turntable at the time of activation.
2. A master disk exposing apparatus according to
claim 1, wherein said initial operation to make the origin
of said beam spot coincide with the rotational center of
said furntable is executed by detecting a positionof a mark
20 formed on said turntable or the surface of said master disk.
3. A master disk exposing apparatus according to
claim 2, wherein said initializing means comprises:
markpositiondetectingmeansforobtainingamark
positionsignalindicativeofsaidmarkpositiononthebasis
25 of a secondary electron or a reflection electron which is
obtained from said beam spot;

rotational center deviation amount detecting
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rotational center of said turntable froman origin of the beam on
the basis of at least two of said mark signals which are obtained at
different angle positions on said turntable 5 or said master disk;
and first beam position adjusting neans for driving said beam

defl ecti ng neans on the basis of said deviation anmount so that said
rotational center coincides with said beamorigin. 10 4. A naster

di sk exposeags ﬁtpaﬂ&ttas:ta;@@o&ncﬁm@atdorbﬁapﬁpzOgﬁ‘ef’@i;ﬁté%ilc?f the
initializing means conprises: mnmark position_detecting nmean % r

obt ai ni ngratatiknpdseenber g Faid fEreiePde SFO@a?%‘ﬁ%ﬁE1b8 i gSn on
the basis of a secondary electron or a reflection, elect ich is
15 obt ai nedaRrUmMteSi BEBEE RS AOtLCFBL Hﬂooﬂglsa@eci]Fngdge%%f%ﬁwg%lunt
detecting means for_detectin devi.ati on. 0 it of
the rot a?FBr%t%Jé?ﬁ%Fto‘%é%‘?%e&Fﬁﬁgﬁl%O%ig{r?#%gno%?g? %%E?tttaﬁge beam
on_the basis of _at I%a§tdﬁm%)ogn%§id mar k signals which 20 are

obfai ned 8F aﬁﬁﬁepgﬁteang € positions on said turntable or said

mast er di sk; and se b RAsd 44 Q0 adijStdiRg RBanNs foF ditikviinRg
sai d novi ng nmeans 0%9%%5 Egg?s of said dgviat?%% amount so that said

rotationals GanLeLnCaLPLLaesnYihdhsich Reambasigi of 20id deAringsitoer
di sk exposing apparatus according to claiml, wherein said master

di sk exposipgAPRar ehis §o1dB-ota el beatam aptacbies avitheestis
di sk and excluding its 34 rotational center by using said beam
bef ore saipdtadmiddiajin.
10 4, A master disk exposing apparatus according to
claim 2, wherein said initiallizing means comprises:
markpositiondetectingmeansforobtainingeunark
positionsignalindicativeofsaidmarkpositiononthebasis
of a secondary electron or a reflection electron which is
15 obtained from said beam spot;
rotational center deviation amount detecting
means for detecting a deviation amount of a position of the
rotational center of said turntable from the origin of the
beam on the basis of at least two of gaid mark signals which
20 areobtainedaﬂ:differentanglepositionscﬂlsaidturntable
or said master disk:; and
second beam position adjusting means for driving
said moving means on the basis of gaid deviation amount so
thatsaidrotationalcentercoincideswithsaidbeamorigin.
25 5. A master disk exposing apparatus according to
claim 1, wherein said master disk exposing apparatus forms

a mark into an area on said master disk and excluding its
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operation. 6. An adjusting nethod of abeamirradiating position of a
mast er di sk exposing apparatus conprising: a turntable 5 for
rotating a master disk; noving neans for horizontally noving said
turntable in at | east one direction; beam irradiating nmeans for
irradiating an el ectron beamtoward said turntable, thereby form ng
a beam spot onto said turntable or said master disk; beam defl ecting
neans forrdtatebhettceyten ey besng HalE AP eHeERs SAOF BATLBH i ng
said noving neans, said beamirradiating neans, and said beam

def | ect i ngp®®aRsSconpri ses a step of: performing an initial

operation to drive at |least . either saiLd .movihn . Ldy

dgflec;in@-neangvanﬁnaf@”ﬁ&%ggéﬁgﬁFrgP%agyﬁ%%%%rgggﬁfég%ngggng?gg]

with a rotational center of saidt i 3 i f

hetivat| off anaaseSaltel eRboREPAAPLI LS solprsiieth SurbhRotre 0

according.to C$§iE}g Jyrther. ﬁgg&@iﬁggghg%geénﬁﬁﬁd&-@@&ﬁhb@&aliy
gFéﬁ of 0 ?

det'ecting aining a mar position signal which is obtained

on the baﬁéxﬁv'ﬁg 2.S8CPRGRN%L16l 86t heN1eksa bekl ecteoriehecbeam t hat
i s obtained from said beam spot and which indicates a position of a

mark formgd,-,@8 a%3hd hbkfbahL afrad istifrar enoélsat dondstan toivsicd 25 a
rotational center deviation anmount detecting step of detecting a

devi at i on saREURk et 2 1R0S ithiearbyf farmiotat dGram c@otterndo Saild
turntable fromthe origin of the 35 beamon the basis of at | east
two of saitgirimabls gmaksidhinehter disk; beam deflecting means for

10 deflectingsaidbeam;andcontrolmeansforcontrollingsaid
moving means, sald beam irradiating means, and said beam
deflecting means, comprises a step of:

performinganinitialoperatﬂn1todriveatleast
either said moving means or said beam deflecting means and

15 make an origin of said beam spot coincide with a rotational
center of said turntable is executed at the time of
activation.

7. An adjusting method of the beam irradiating
position according to claim 6, further comprising:

20 ama:kpositiondﬁtectingstapofobtaininganmrk
position signal which is obtained on the basis of a secondary
electroncn:areflectionelectronthatisobtainedfromsaid
beam spot and which indicates a position of a mark formed
on said turntable or a surface of said master disk;:

25 a rotational center deviation amount detecting

| step of detecting a deviation amount of a pesition of a

rotational center of said turntable from the origin of the
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are obtained at different angle positions on said turntable or said
master disk; and a beam position adjusting step of driving said 5
beam defl ecti ng neans on the basis of said deviation anmount so that
said rotational center coincides with said beam origin. 36

beam on the basis of at least two of said mark signals which
are obtained at different angle positions on said turntable
or said master disk; and
a beam position adjusting step of driving said
5 beam deflecting means on the basis of said deviation amount
so that said rotational center coincides with said beam

origin.
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