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
exposing apparatus in which an irradiating position of a recording
beam which is irradiated onto the master disk is adjusted 10 and the
adj usting nethod therefor. 2. Background Art \Wat are called hard
di'sks as magnetic disk and optical disk are widely used as
ihformati on recording nedi a havﬁﬁ%bﬁ&ﬁﬁﬂﬂf recordi ng capacity. In
‘hei r manufacturing 15 process, an electron beam nmaster di sk exposing
pparatus having high recording resolution is used. The master disk
exposi ng apparatus generally has: an electron beam generating system
for irradiating an el egigrr bhaaw EgrasaRet BPPARSFKUS and an x- 8 stage
system for 20 rotating (0) and horizontally noving (x) the master
di sk. By controlli ng zZre TH8t ADTGRT (I8} MBERHGYMHEGRFAR novenent (X)
of the master disk in a state where an irradiating position (i.e.,
beankspot) of the electron beamis fixed, recording information is
concentrically or spirally witten onto the 25 naster disk with
respect to +tsLgP¥EGdnd edEnter (see, Patent Docunent 1: Japanese

ratent Application Lahd 9R60n: KK o1 MRes 001 R408) askiFRkpBXRRP! €
as shown in Fig. 1(A)7, 1n the casé

apparatus in which an irradiating position of a recording
beam which is irradiated onto the master disk is adjusted
i0 and the adjusting method therefor.

2. Background Art

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

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

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

20 rotating (8) and horizontally moving (x) the master disk.
By controlling the rotation (6) and horizontal movement (x)

of the master disk in a state where an irradiating position
(i.e., beam spot) of the electron heam 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. HO6-131706}.



of recording four radial patterns in the radial direction froma
rotational center O of a master disk D, the master disk Dis rotated
every 900 and an electron beamis irradiated 5 onto the nmaster disk
D, thereby recording the first track as shown in Fig. 1(B).
Subsequently, the nmaster disk Dis horizontally noved by a
predeterm ned di stance, the master disk Dis rotated again every 90,
and the electron beam 1is irrfdi at ed, ont o.tt%g ma 5 di s%hg, tshereby
recording the 10 secd®dF EFEERIGs hsHR" P i .9‘1?§ A ter That, in

a mnner  Sindedl kil nbheofh et VoL ot a0 g g hafd Zankakby: 1yi ng

the master diSK and”irradiating e electron beam the radial

patterns showd, ianrbidtidhdl SfrdroonBe. a asidee gasker, dnskmexpesi ng
apparatus having the 15 construction, however, there is a case where

when it is asadp ifsofotatangvéiyer® andewi «dldairoeXosedi ngraagbahedsi on
amount occurs in an alignnment anong parts in the apparatus due to a
vi brati on, enterper apaterchiitg®. Prerely [Hegerdpagt teefdmsy, traek
witing of the recording state nentioned 0 ahove is controlled on
the assunpt3oFreRRt 18 44 éi(ﬁ?of Sf‘”%?@é’ﬁf@éé’f e E’Sr‘gjr“ﬂbbb%%m

which is i di d h : i o o ¢ th
beam spot i Gy Ee Tk fabd by BBl el LA Jinad PRl hhaRepl the

| adl at e e nmster
defl ection 4 5.8RPl1 ¢ o il 8aBLECATON, BRAT 68 {1 dAS AR bOgn
rotational center St the naster disk. For exanpl e, therefore, if a
devi ation 0f jar@didshaacesdo 8n6 nAy thasd e or, ratkhetyweeroahi ar tgen OB
of the beam spot of the recording beamand a rotational center 2 0
of tbe nastescdidkrBoksasisbonniim Fig. 12CA), Aflen kot dilnga manner
similar 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.
In 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
mastexr disk (that is, a position of the beam spot which is
irradiatedonto themaster disk whenno deflection 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 Oy

of the beam épot of the recording beam and arotational 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 fornmed. 5 D sclosure of the

| nvention Asa problemto be solved by the present invention, the
above problemis nentioned as an exanple. It is an object of the
invention to provide an apparatus and a nethod for easily adjusting
a devi ation between an origin of a beam 10 spot o recordi ng beam

a

and a r ot atQeoraltPedhr et e Aigkny §FeFRO R Fi aéégnﬂﬁesﬁe?%d ve
obj ect, accordi,ng to i-nventjon., there i ovpd a er disk
exposi ng a;?pofrjﬁilg? ng)%%‘rei Jsfll‘ﬁﬁg Jér?%]Fn Sgb % Sﬁ-‘c(#%r% atﬁg%g %Pé ster
di sk; movi f}:gléx%d&a&% 1 Q1 3 PPLH FODRY |f36rﬂio¥h89%éif‘@e_£ﬂ§ Rlsabhwh nigt
| east one direction; beamirradiating neans for irradiating an
el ectron besig t onRy dphheectts Risahildm 1heagby (oradengisa tisaforsedt ont o
the turntable or the master disk; beam deflecting neans for
def | gcti ng imslreame afd thenfnegkntkams for 20 controlling the noving
nmeans, the beamirradiating nmeans, and the beam defl ecting neans,
characterized in t hatAs&prokbem £8PenEaed MEFhYeseratt LaVe2F A9 means
for executing an initj gperati.on to drive at. | ea%zt,iC Leit heg.tgg

ke of the

|
novi ng neans:® 6F°Y?|é’r88.iﬁ{“&é°’frﬁ‘eébtﬁo_ﬁ‘§dﬁega% °XRPha nort gra®
beam 25 Spot.- GQIn P@gn\éﬁé\g & (r?%%rildgntgﬁ %Hzeurtu%f ah86 hdRLAbES-at

the tinme of "activation. According to e 1'nvention, there is provided
an 3 adj usiiag Feided QhRab8am d£1adiRitueenpasi st ofioloraanBsier

10 spot of a recording beam and a rotational center of a master
disk.

To accomplish the above object, accordiné 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,
anpd 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.

adccording 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 master disk; beam deflecting neans for

defl ecting the beam and control neans for controlling the noving
means, the beam irradiating neans, and the beam defl ectin neans 10

char act er i ZHYsEire T AFt 3 QPaﬁpﬁ%ﬁqug RRFVE 4t OF &8st Tt her
the noving neans or the beamdefl ecti JEan n of
the beam sptt q%%ﬁ‘%%?’a‘ég PR A THT AR &T ‘cent %?g%?i?ﬁgr?gF%i e is
executed at trﬁ‘e&:ééﬁl%fk aghiYayl fBans Bt 4 e SehitBl h gNmet 1 B amdigs 15

Fig. 1 i1l ustrates a plan view of a master disk on which patterns
are formed whei: 241 £k 8 08adeanei & rdotiadi death nteadideinpaeans di sk
in the case where an origin of a beam spot coincides with a

rot agi onal f£enterrafisinguent adketare sémwtow2ddrite 2uirhfaBi¢ates a
pl an view of the master disk on which patterns whjich are formed when
the el ect r othdreshy fosming Adpeamegreift P thehekyreFabieeT e REStaSe

where the origin of the be mspot IS eV| a%g J;romthe rotatloiq
center of @h@‘ttﬁ%ﬁl“’gl&? TBHOWRE2 SEELPY UG P8 a™ B ock

di agram of a n ofrmeaqls % %XBQﬁjc]E_QlfﬂB&rtﬁ uﬁo@‘fﬁﬁ@rrﬁ]éaﬁgb LQrdNbeam
enbodi nent SF the THvent i on. ustrates a perspective view
of a mast erlrrad:r_ating means, and the beam deflecting means,
10 characterizedin 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 executed at the time of activation.

Brief Description of Drawings

15 Fig. 1 illustrates a plan view of a master disk
on which patterns are formed when an electron beam is
irradiated 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
originof the heamspot is deviated from the rotational center
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 applied voltages in an x direction and a y direction

which are applied 19,3 beam def] GELOL ROR 8630810y B G nbere

illustrates a dlagran1?n g case us of scannlnglbeam

whi ch is obtained- Bugt Bepapplied voltages in Fig. 7 is shown on a
scanni ng coordi nate systen1 15 Fig. 9 illustrates a diagramin the

case where a positi @agofs t heusardtdssa shownhant tfe Scannad@ipting
coordinate systemaccording to the first enbodi ment of the

i nvent i on. plisg.tib® ddjusdtimat e td ngatcaiondd nil tovwekaf i r§ bembpdiment
|rrad|at|n%€$ osition adjusting routine according to the 20 second
enbddi ment thige INW@EREPBR. Fig. 11 illustrates a dlagran1in t he

System according Lo FE-sRdoNI BRBSAr Nt B LPRe T AUaRET DA A 12
11 uStrat 08 G Ja l QURIADG sk (96na0a ) f4 A AL gD B8 LaLON %’lﬂ%?é' ng

routine accordi Ing tothe thir odinent of the invention. Fig. 13
i |l ustrat eseg-detaidrd meheweathe f Ofventurar ki ng routine according

to the third enbodi nent of the
Fig. 7 illustrates 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
systentaECording to the first embodiment of the invention.

Fig. 10 illustrates a detailed f£lowchart 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
system according to the second embodiment of the invention.

Fig. 12illustratesaflowchart foranirradiating

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 Nunerals 100.. naster disk exposing apparatus 200..

El ectron bea enerating system. " e . .
El ectron bg?%%38§r€8ukigez 30 Iﬁgéﬁsggilg%%agé%&gggggh?ﬁggﬁﬁgior
205. . Aper%%&%nt%@ﬁu- Beam defl ector 207.. (ojective |lens 20 300..

Vacuum chanber system 301.. Vacuum chanber 302.. Turntable 303..

Spi ndl e notor 304.. rFiavi Dg Blger2ie30a. schessdlt mtpdan 306w. ofSer ew

mechani sm 307.. Reflecting mrror 6 308.. Laser distance nmeasuring
system hard disk.

5 Fig. 15 illustrates a schematic diagram of a
nanc~-imprinting apparatus.
Fig. l6illustratesadiagramfordescribingsteps
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
20L.. 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 motox
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 di sk 800.. Thermal nano-inprinting apparatus
D.. master disk 15 M. Mark Best Mdde for Carrying Qut the Invention

A master disk exposin rat us accor.di ng.t n enbodi nent of the

i nvention w3 'beLﬁﬁggr_&g%ga%Ge% S55er oW gx\sﬁﬁgt er di sk exposing
appar at us acc LAg o0 an enbodi nent of the invention is shown
in Fig. 3. %%%h'e' ng%tgé(? %?gs)?(éexposi ng apparatus 100 is constructed by
an el ectromigeam geper attegcsystem 200 and a vacuum chanber system
300. In the electron beam generating system 200, an el ectron beam
gener at ed fqimm.ansSphiedieoncbeann@Edurcdeac202 is converged by a
condenser |lens 203 and sent to a beam nodul ator 204. In the beam
nodu$ at or 204 - whEeher mobeT n@RnEFRY SiEE ¥ dn beam progr esses

downstream froman 7 _aperture 205 is ntraoll ed,according to a
recor di ng s‘ﬁ%al Irradigting position acd%ustgng 8186601 9

440.. Recording signal generating circuit
450.. Detection signal processing circuit
50%1.. CPU

10 502.. RAM
503... ROM

720.. Hard disk

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

Best Mode for Carrving 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 to 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 system300. Intheelectronbeam generating
system 200, an electron beam generated from an electron beam
25 source 202 is converged by a condemnser 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
froman irradiating position adjusting circuit 430. Further, a scan
signal for a 2-dinmensional scan_ in the x-y directions, 10 which w ||
be descri bexPaeiBiharte}s GP&‘%P%%&RCOFP%H&%& FETHART AG9PBSi ti on

dj usti ircyit, 430 to t, def |l ector. 206.. Th |
o Lred 1 OMATe Hoa e trarreeto RoBes) LECoRbar at o, Se B R gc
l'ens 207 an 'fgfuﬂ?@moﬁpo&h. Sei 1Ed, g thechasd £pflisda Pnrdlign

conponent 1 enent s of "the el ectron beam generati'ng system 200 are

encl osed i Ned a8keeti-an dieadsealure) a X :anands T@iy 2 do 6 toas traetdm
chanber 301. The el ectron beam source 202, the condenser |ens 203,

t he beam nushdlaat or d@0ectitey apikt{mod sROB; ) Bhd obréefigetimnsc2d7,
and the recording signal 20 generating circuit 440 correspond to the
beam i rradi éré¢nphamiahs Fhet heradialhin oo sThéopehfn TRMLEHSS 2266 and

the irradiating position adjysting cjrcuit 430, correspo to _the
beam def | ec®}rig* &ﬁ&so‘Fft%gﬁﬁ’é%ﬁ‘g?%ﬁsﬁ%atlh‘éhﬁ &ﬁmggﬂg & &)st em

oo "or ik ol RSB Rl RgC g anpbuendagte
the master .diskQGal BGEdes-Midha dliakéonah enkey dfrddi@ons,
turntable 8 302. "The turntable 302 is rotated by a spindle notor
30310 which will be described hereinafter, is also sent from the
irradiating position adjusting circuit 430 to the beam
deflector 206. The electron beam emitted from the beam
deflector 206 is converged 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 besam 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 stage 309 and is further coupled wwth a feed notor 305 through

a screw ni ?ﬁg%ngﬁlgﬁ\%nﬂs %&%%eg% iasspﬁ%?ffﬁ’c@:%y Y9310

reci procated in I zont irection (x direction a rotation

of the feedHDLEPEnd0E mothe IOV i BPHrHAGR I AN afRRGrFd o @5 (nand
screw nechani sm 306 correspond to noving neans in the invention. A

refl ecti ng shawror t30 Eongrbilxéds totabiedge fhottigbn pokcibionovidng
stage 304. A laser distance 15 nmeasuring system 308 is further
arranged atreEagfdsindlopnode Fkanal genpepfedtiueg ke rortagyrengefaser
beam for neasuring a djstance nerated frogmthe | aser distance

meas®ri ng si;FstPEI‘PP%@g_di EYraeﬁP' § By PheE e Pdcthg ht I’%I" 369° and
det ect ed b%/ps'ahemet %%) Io%\gablgn :lt.s %}@:%Efl%l@%\’\&)x Ofrnon)jiﬁgle%té? %%C&t.a‘n@ﬁe 20

measuring s ' 3tance between the ré mrror 307

and the detgering dnide 8b4t1e 13%@H1Y1 SLMNEE FBASEHLEW sHhelenh 308
is, thus, neasured. feed notor control circuit 420 controls the

rotati on ofaddesfeednat ooupBOd vannt heebasiccaf 365 dareaghanseirgnal
sent fromthe |aser 25 di stance neasuring system 308. The novi ng

st age 304 neachdyeism\ad .i nTheondiiestsionrse 04t he. xcoansegeémhland t he
y direction. In the above case, a nechanismfor horizontally 9

movitAg t he FRRARRP R ERFE 18308Re homiepndnledtasitiand (Ft&l st by

a rotation of the feed motor 305. The moving stage 304,
feed motoxr 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
adistancegeneratedfromthe laserdistancemeasuringsystem
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 ﬁ:otation 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
hereinafter, or a reflection electron is further provided for the
exposi ng apparatus according to the enbodinent of the invention. A
detection signal detected by the mark detector 310 is processed by a

det ection %ﬁcg}}. + 19189&?{:’1 1G aGb 04 i 420 aliRe FRLK A& 664 e5ndH and

the 10 detection sighal pFfoceSsing circuit 450 correspond to mark

posi tion detpgtdmaraeans iibida v nvesdd0r. anpaneatteet&Mmnbsto
(excluding a part thereof) of the vacuum chanber systenB00 are

arr anged i rﬁéﬁne:wacsemn@anjnalemronﬁbihs’iSdeengtath@ afadbent oanber.
301 is held in a vacuum state. The 15 foregoi ng various ki nds of
circuits aref &bgn2cirenrsiepadpycagpr ftbgeftjffecrt’iﬂr’t ReamRARISH2YL L ROM
503, and the |like throu

us and var s of con
TadeS The wmalnmgmm S e FRGL pehi sba EsPr et PR RhEEE ©
control neans ﬁygaﬁggﬁp dj-us net hod
of a devi at?rovm{o%v\%eﬂn %Bmggo eatr%!c?ggta&o% jtﬂ J~‘:ﬂn?gctron
beam and thg, {piadd 082! tﬁ@rﬂrﬁferﬁﬁohhe Aaskebtdbaksidhal abgectbe

rotational center of the turntable in the first enbodi nent of the
i nvention vy lnkensles @eithetdowni 110 Leferercaetioon a 2stétolmhatynshown

in Fig. 5. In order to nake the irradiating position adjustnent in
the first embochsssintg ofindvdt sént i Bre mark detegtascds8aryd tiH t he
mark for calculating the rotational center

10 detection signal processing circuit 450 correspond to mark
position detecting means in the invention. Component
elements {excluding a part thereof) of the vacuum chamber
system 300 are arranged in the vacuumchamber 301. Theinside
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,
+he RAM 502, and the ROM 503 correspond to control means
of the invention.

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 £irst 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 formed 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
rotational center 0. |In the case of formng the mark onto the

ble, i i bl f Kk
ol o des. OB RHET RSt £2° BT P hie (st B Hr SRE e, Soare
directly ouereadiinLhe 3 hsEeENe, HRBhetcdholod $1dianonad onto

the turntab 0 an area on the“turntable other than the

rotational GaftBlor SnShAPEurdt SbZLexd1 601 itd ro@itidrall cantkt he
like of the mark may be arbitrarily set 15 so long as the mark can be

det ect ed atridesiar eflopseai state wireirtehe seah Mfhdshéegnedbroadbtam
which will be described hereinafter. When the master disk Dis put
ont o5t he t wemtiedt ereanfishoen ik fehaBFied @eFddioRgLAPTHT attdsopsthe

activated, an 20_initial operation, that nlrradlatln osition
adj usti ng msRGSTed] sk Bhered %’i?r@f@@)mﬁ “?tat gt anpl e,

| ois ol S0 Ressibl e LoCRISLLHG! JASENATE L S0l o

accunul at e e nmast er  di sk’ exposi ng appar at us, an

el apsed ting, ft&l%”b‘éa@@ 8'@':%64&[{%92%9%5:?1@ o%ﬁl@;a{:ﬁé%n&am@suwr@@t
val ue such as a tenperature which can exert an influence on an

appar at us gligrumitie €6 £dhiethe karksicomfanr aech whely thenihbbdes
confirnmed val ue exceeds 11 a predeterm ned threshold val ue, an
operati ng nuodeh atheanerter area of the master disk when seen directly
overhead in the case where the master disk is disposed onto
the turntable, that is, into an area on the turntable other
t+han the rotaticnal center. A shape, a size, a coloxr, 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 1is activated, an
20 initial operation, that is, an irradiating positio.n
adjusting routine is started (step S100). In step S100,
for example, it is also possible to construct in such a manner
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

11



to the irradiating position adjusting routine, and when the val ue
does not exceed the threshold value, the irradiating position
adjusting routine is skipped. 5 A detailed flowhart of the
irradiating position adjusting routine (step S300) is shown in Fig.
6. First, in 5301, "1" is set as an initial value into a value of n
i ndi cative of the nunber of scanning tinmes. Next, in 5302, the

el ectron beam i ener at from-t C r and,
at the samf ]%]fe?é%&armsl@fr?e gﬁl%%sa Ojiés]‘?%%ﬁe' %%%E’ ﬁ%ggg}gﬁ]%&%ﬁ %%%%%206
fromthe i %agla@%wga@%iﬁ%%sa@b-_aﬁtams_t%@%atﬂ:%@ aS@whBat e
center area of the master disk is two-dinensionally scanned in the
x-y direct yanseodounddthexchbenrner tighasas dvabas ertheAl statietoing he
scan signal which 15 is sent to the beam deflector 206 is shown in
Figs. 7(A) poandisfiBpdiSpetndi vabtins pealskigperig. 7(A) shows a change
in voltage which is aggliqd to the x-deflecting coil of the  beam

def I%ector 206 in the? QﬁQﬁﬁﬁﬁ@%ﬁﬁc%%ﬁh?f&ﬁ%ﬁé%9Qﬁat%ﬂ%P?ﬁﬂﬁion

i ndi cates the applied voltage, an axi s.of 20 absci ssa J.ndi.cates
the tine. B%"s Gﬁﬁ:gﬂﬂgkn% %ﬁﬁﬁbg3ﬁﬁ):V%FP§§E'%ﬁﬁg 'ig'aﬁ%ﬁggﬁ to
the y-defl eglisngcoit . of the Jbeam dafi:eal 951300 it thgaZodi gpnsi onal
scan, an axis O ordi nate 1ndicates the appl i ed vol tage, and an axis
of absci ssg dinditcatess the ddmter 4 defaheehigoninds t hRext diihexionn 25

is applied to the el ectron beam by the x-deflecting coil and a
def | ecti on #ne theytdor eetmds genappiddeticrém thhelelcdcondeanbeetrdsy t he
y-deflecting coil. A locus of the scanning beam 12 at the tine when

t hel@- di meriioaafl. stathhasamredampers sFpppFignal is sent to the beam
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 is sent to the beam deflector 206 is shown in Figs. 7(3)
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 coil of the
beam deflector 206 in the 2-dimensional scan, an axis of
ordinate indicates the applied voliage, and an axis of
abscissaindicates thetime. 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
val ue of they 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 area shown by an x-y coordinate systemshown in Fig. 8,

th wh I db
o shown byt ERE T HRETE R RartpSPRAL s RS pRarpEEE SO
of the bean.fg nggeﬁﬁlg@@oﬁ%agbglm@lg@ppﬂ@ﬂ a\ﬁw@ﬂﬁ :..Isssﬁéwr@rd to

be xL volts a ‘maxi mum appfli vol'tage i's assuned

vol ts); andrithesgvol £ agauahbehind % aﬁﬂhlcﬁﬁﬁe&ptohesyt@eiﬂeeomng cﬁ:&)l | (a
m ni rum applied 15 voltage is assunmed to be yL volts and a maxi mum
appl i ed voldtegeolitagasshield 1o dppljlddygbt She Fefiectdhbonbhy of
description, the above area is referred to as an applied voltage

ref & ence %ﬁﬁﬁmgie&’rlé’&t&ﬁsz%éné@oFﬂﬁ-ﬁﬁt@ E?%He?ﬁ%i’%ﬁrﬁp%% in

scanni ng cdt e 1P ComtbInES bR SIS JEFTEsEr S paids o an
f the b h
origin of t aglheac%rl heglf d,ﬁ%recgnbgamtct%ueedt%eig@@ %mtw%c ,4s not

def | ect ed f% tion lrection In the beam

deflector 206. 2B gSea Enbfh by ah £B) aoo%adnatblémtdma&@o@n stategWher e
t he nunber of scanning 25 lines has been reduced for sinplicity of

expl anati orng, Tthe: f=ecoRtdch éketwoofimenstwfdldgt iseanekdcbyobheéhat is
generated by the beamirradiation at the tine of the scanning is
deteeted 18ldyytitdre bpamkisiehowropy 81thesyathronsidicd W apnliedskan. A

the x-deflecting coil of the beam deflector 206 {(a minimum
applied voltage is assumed to be ¥y volts and amaximuam applied
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 y; volts and amaximumappliedvoltage
is assumed to be yy volts). In the following description,
t+he 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 scanning coordinate system. The origin Op(Xs, ¥s)
corresponds to an origin of the irradiating position of the
electronbeamwhichisnotdeflectedtobothof thexdirection
and the y direction in the beam deflector 206. Figs. T(A).,
7({B), and 8 illustrate a state where the number of scanning
25 1ines has been reduced for simplicity of explanation. The
secondaryelectronandreflectionelectron that is generated

by thebeamirradiationat the time of the scanningisdetected

13



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 here as a point P1(x1, yl). That is, the diagramshows a state

10 where the fRICk %EXhaEéﬁﬁort{@e%&uﬂc&ﬁsagﬁg&%&ym&tﬁg%gé@@an.vthch s

formed on tte naster di's r rnta ectron beam

defl ect ed bye+aRRi¥NG i3kl Hagecedd xdy the thgxxadebbecti sgocnd | of
t he beam defl ector 206 and applying a voltage of yl1 to the

y-defl ect i npicieidtedValouesotrisey 13udh of dupdiddordiinat esdaked st or ed
ina nmenory in step 5303. Subsequently, in 5304, the value of nis
i ncr enent eccanyearsio ig) Hee deffectabnes et REPC8ATIRY Pigoult 450

di scri m nat ir&g expression in step 5305, the processing routine
advahces t 3% 58336 itheof§8r to execute the scan 20 of the second

time. In step 5306, §¥§§gﬁﬁlgkiéﬁigﬂégiéﬁﬁgn;ggkgﬁgtggi@gge not or 303

fromthe spindl e not he turntabl e

302 i's rotajf e - fisnechd Qbaii onab1aagh @ whi-6hce S
| ar ger thaﬁigﬁgﬁgl d%ﬁgﬁ?%§§?%§§%1§b. Aft%? t hat, stgp g302 ig

execut ed ag@idhn@anf e S@anaochodiiei @ec@ dnei merk M edeclibed. hdhat i s,
in a nmanner simlar to the scan of the first tine, the electron 14
beam i s genes at @difutom t-he elkct FoatbdamPvudiagzan, shows a state

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 y; to the y-deflecting coil. Values (i, Vi)

15 of the coordinates are stored in a memory in step 5303.

Subsequently, in $304, the value of n is
jncremented to n = 2. Since the value does not satisfy a
discriminating expression in step 5305, the processing
routine advances to step S306 in order to execute the scan

20 of the second time.

In step S306, a signal is transmitted to the
spindle motor 303 from the spindle motoxr control cirecuit
410, so that the turntable 302 is rotated only by a
predetermined rotational angle which is larger than 0° and

25 smaller than 180°. After that, step 5302 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 wi'th the scan is detected
by the mark detector 310. -The detection signal detected by the mark

detector 3LQ St g@ﬂéghi;é&dffa?n ttl?a% @Eycé%ntﬂﬁa&u%u&ea geb eclion

signal 10 processing circuit . In Fig. , aresult of the scan
of the secerén &idgkal S_sSéEanfrﬁmtﬂm% :apzpda:eﬁl\t@i peget ief afdgnseing
scanning area. Also in the scan of the second tine, since the sane
scan si gnairasuitthdBoato tthe beamtdeffilestps et and tine csagardeféact or
15 206, the agglled vol t age reference scanni ng coordinate system
shown i n Fiof t9e(m)skaid SRE %ﬁWEGW@P?é@%@ﬂY &Fereed e ARRi vy

b A
Co0r g I8! AT Bl ool LB WA L M chSIRTE. 2
system of tél%a&rfo% 2% Wbk LhCe K R Saiohaled Eﬁ@ﬁé’c@& poi nt

Plat the ti the scan o st time ony

predet er m N8 cHrfsaRAbi BN ehe scial Uese {&Sted By t@ﬂ‘e hd¥& 8OPESEMAL €S
are stored’in the nenory. Subsequently, in S304, the value of nis

25 increnertigd tohh &eBecSicicesidnalydeectio@sbinothes abirkf et hetor
di scrimnating expression in step 5305, the processing routine
advances11&%&E@tSQOemihtﬁi@éﬂhﬁ?ﬁ%@ﬁiﬁ@?@?&hE%%ﬁﬂtQEikﬂnFh@n1h|rd

tine.-In step 5306, the S|gnal is transmtted
10 process:.ng circuit 450.

In Fig. 3(B), a result of the scan of the second
time is shown in the appliedvoltage 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
15 206, the applied veltage reference scanning coordinate
system shown in Fig. 9(B) and the applied voltage reference
scanning coordinate system shown in Fig. 39(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, vz) of the coordinates are
stored in the memory.
Subsequently, in 5304, the value of n is
25 incremented ton = 3. Since the value does not satisfy the
discriminating expression in step S305, the processing

routine advances to step 5306 in order to execute the scan

15



to the spindle notor 303 fromthe spindle motor control circuit 410,
so that the turntable 302 is rotated again only by the predeterm ned
rotational angle. After that, in step 5 5302, thescanof 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 detection signal processing circuit 450. In Fig. 9(C, a

result of tertﬁ&ac?xiq_-fd Effe t irhs+ 40 slol® dike S0GM 1% tR&nemittea

appl i edvol tage reference scanning area. Also in the scan of the

third timegcsithee shhadsamos6ANz sl ¢adm B hahadk Reedr ofordt@ i rst
time and the second tine is sent to the beam defl ector 206, the

appl i ed voldiageirted 8¢ esocthasctnaitngntobididtat ts spshtadsdwim émlFi g. 9
(© and the applied 15 voltage reference scanni ng coordi nate system
shown i n edchthePredgsergingdapdagippaardagost Ahtsalthyt H@ s@r. A

oint P3 sh in Fig. 9(O .is )0Si ti t h | i ed | 1
"ot 6 ence Sdni HEP EE0R BF AEP STy er TR L SRR b ol 767 St L T K

tated f t i t [ .
Seaond 11 bl DBy CERE B A B Aod PAE ALt ol Sael L SVATTeE (3.

y3) of the Go0iNALES A& 190k Bshd N1 RS anBRBAREYa +SURSCHNEBEt Yon | N

S304, the value of nis increnented to n = 4. Since the val ue
satisfies tdigmadb poseisisingatinguekpe®ssi on in step S305, the
processi ng routi ne advances to step S307. In step S307, aposition on
t he scanni ng coordi ndineFig6 Sk em ovesuhe abttae snapr deiber third he

turntable i s obtained )
10 time is shown in the applied voltage 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 reference
scanning coordinate systemshown inFig. 9(C) and the applied

i5 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 (%;, vi) of the coordinates are stored in the
Memory .

Subsequently, in S304, the value of n is

incremented to n = 4. Since the value satisfies the

25 discriminating expression in step S305, the processing
routine advances to step S307.

Instep S307, apositiononthe scanningcoordinate

16



on the basis of the coordinate values (x1, yl), (x2, y2), and (x3,
y3) read out of the nenory. In Fig. 9(D), the coordinates ‘P1(x1,
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(x1, yl),
P2(x2, y2), and P3(x3, y3) indicate the position on the applied
vol tage reference scanning coordinate systemof the mark M at the

time when the mark ha een ved in ociation.-wi.th the rofation
10 of the PJFEP&‘O‘I’%FMSI(?%?I . caenc'etrc?fﬁég?ig%lg&tggrlglles %ﬁaolv\%e by a
broken |ine_inQ.,FEi D i le | Lch.th C di es
P1(x1, yl) ?’%%szgaﬁg%,gﬁnﬁg%%&%%ﬁ% t%a?glﬁ% {%l' ?/ré)rii()%gezé ?ﬁ)td'i cates
the positi gaaof(theylptraldonal eentie méhothe tur pighl e(dn, the

appl i ed voltage reference scanning 15 coordinate system In the
first enbodicva@inadesi Bilenseei)i,oR: 0i Ny 0f aadplspandyrdukrae $haovact or

of a line segnment connecting the points P1 and P2 and a

per pendi culiar theiapediied il tads nef eyt CoURhRE AFAG - t HEOSG P& P2

and P3 is obtained, and coordi nates (xQ 0) on the pl i ed voltage
20 ref erencd %ﬁ%&%&&?&?ngfe&%ygt mPGf(Y‘Ehé“Sot %Pgﬁhdxi"c% er Q0

of the Lur el £ SyebLlned Ao VAL D nteriantel Lo L9 (D

, an equati a per bi'se I'ne segnent
connect i ng é%n&%ghﬁoﬁhiﬁ%e P2 di%er? B r<BXP RS MNad e TilbX@hen
x1)/(y2 - y2 )" x (yl +y2)/2+ {(x2 - x1)/(y2 - y1)}'{(x1 + x2)/2}
17 An equatid mafrkam peipesdhaibesd bhsess @idi2onofith the rotation
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(x1, vi). Pa{xz, V2). and Pa(xi:. ¥v3) are set to
vertices indicates the position of the rotational centexr
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 Ps;
is obtained, and coordinates (Xq, Yo) on the applied voltage
20 reference scanning coordinate system of the rotational
center Op of the turntable are obtained.
As will be understood from Fig. 9(D), an eguation
of a perpendicular bisector (1) of the line segment

connecting the points P; and P is

25 {Expression 1>

v o= -{(X2 - %)/ (y2 - y1)¥x + (y1 + ¥2)/2 =+
{(x2 - 1)/ (vz2 =~ 7)1 {(x2 + 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 (x0, yO0)
of the turntable are obtained as follows (step S307) . <Expression
3> 10 x0 = (y3 - y1)/2 + (x3 - x2)/(y3 - y2) - ((x2 - x1)/(y2 -

y1))' {(x1 + x2)/ 2} Expression 4> YQ = - - J/ : y3 -
V112 % (x3 oy (v BB mbeToahatutad WinakEer Y3 9805,
((x2 - x1) 1602 15 el )hbnt ¥8hh2bt TRt HeS pdike sPeL tdren$, adapt ed to
execute steps S301 td S307 correspond to rotational center deviation
amount  det@sigmggmansyof the invention. Naturally, as a 20

cal cul ati ng net hod of obtaining the coordinates of the center of a
circle which passes(&hrough/the t ledxpei hys Ply:)P2, + and P3 fromthe
coordinates of Pl, P2, and P3, there is an arbitrary nethod other
than5t he above method.(%As-nBnt/i(Fhed Bdvlel*sin&e) 4k x axis in the

applied 25 voltage reference scanning, caordi nate. s em corresponds
to the scan signal if% K&X14r g%‘?ls%ngjtr?lglntsar%etotuesdeﬁ}r%l%l?ﬁe'

to the s nal ffe X *dtPr &ETT o : _ t
06203 N0ROS .l BHLUSHINIG 6 AP 1o A0 Ju ben PEATookBadlgtLECt Of

(%0, Vo) OFf the turntable are obtainedas follows (step S307).
¢{Expression 3>
10 Xo = (V3 = Y1)/2 + (%3 - %x2)/{(y3 - ¥2) -
(=2 - 51}/ (y2 - 7)) P {(x1 + %2)/2}
<Expression 4>
yo = -{{% =~ x)/(y2 - 71)}
f(ys = ¥2)/2 % (%3 = x2)/{¥a - ¥2) -
15 {(x - %)/ (y2 - 7))} {(x1 + Z2)/2}] +

{(% - 1)/ (y2 - 7)) {({x1 + %2}/2}

That is, the portions adapted to execute steps
S301toS307 correspondtorotationalcenterdeviationamount
detecting means of the invention. Naturally, as a
20 calculatingmethodof obtaining the coordinates of the center
of a circle which passes through the three points P;, P,
and P, from the coordinates of Pi, P, and P3, there is an
arbitrary method other than the above method.
Asmentioned above, since thexaxis in the applied
25 voltage reference scanning coordinate system corresponds
to the scan signal in the x direction transmitted from the

irradiating position adjusting circuilt 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 yO in Expression 4 as a
correction value to the beamdeflector in the exposing step, a

deviation laehligeot dhEochy ALRELULEN AhoL 0L Wioh Lhgrbssadivg i ng

position 1 the rotational center o he turntabl e can be

adj usted  (StiePBR0S s i dh8lksi Scothec it TAMuadapetd O @XETed 1St ep
5308, the irradiating position adjusting circuit 430, and the beam
defl ect or 2@6anosxmwspiong sttepf | & stevhearmpomidurdn inatheist dhoeeiskors of
the invention. 15 Although both of the deviation in the x direction
and the devbesdriesn ithet pEigidi pEcthon-fddaidey agFusied A ™R beam
deflector in the abqve enbodi ment, .t he igient'on S no% Iin%ted to
t he Bibove EREELIEPRILEREPE, OF g TUGPFRPAE o Betiice TRE VUL of

e o, RO RRRLLEE, SS18Ln, ) sishenskangy g Goplghoe

system and @ novefe istance In the novi ng

stage 304 Raye.. JURV UYL YiPe8R#638WBn Lhes deViAidRRibd YheuX to
direction béetween thé origin of the irradiating position and the

rotational teenbeamaietiastidir Dh ablece fmys ey adppstedeasati @b impvieerent
of the nmoving stage 304 by the signal which is transmtted fromthe
f eed not or wanteokionrieiiveePOhe ertiigdn ¢ ddrenbrordBUELIMBORAELOE t he
beam defl ector. That is, the 19 portion adapted to execute ste
S3089 the faseHthst BPtaphepat center of the turntable can be adjuste

(step S308). That is. the portion adapted to execute step
8308, 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 have 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 systemanda movement
distance in the x 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
rotatiorial 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
distance in the y direction of the noving stage 304 have previously

been known, the deviation in the dir bet th 10
of the |rré’d‘ir§t31°ﬁ‘ga‘?ﬂ%1?€tdr bR e&ﬁ&ufﬁé %Cé gPB%SV\ﬁgrpOto ecé)rélqu
turntabl e TRy e aghysted ABLEEAs | Bokhele didatly @Bag8lsdhe

i l?1af%beam g e

t
novi ng sta é' ns:"t ctor 1 n a nanner simlar

the adj ust r&@rés’;}oﬁ'&eté shdad beAnERdienad aahayeing mydelin tf&el S
al so possible to construct in such a manner 15 that the adjustnent in

t he novi ng istvaga i39d apdrtiher adjfusheaniviiq stthgeb®@nmdeflsethotwar e
conbi ned and, for exanple, a coarse adjustnent is nmade by the
movesrent  ofditrves riwwisE mag@m@lr%ﬁ@qiﬁﬁaéﬁfﬁgimn st¥ieRre by
the deflection of the beam deflector, 20 As nentigned a

accordi ng t@e Falfer oF t%?rb‘écﬁ%i‘@ntlnoith?h@PPHee%tvodﬁagﬁyrggﬁﬁ%??Fg t he
area where the mark forned _on t e b b
the el ect r giFAERY FRPER P& UEF % n?ﬁa %I rre “of Ech%ﬁ%xatﬁ%%gu%'ﬁ h?e
exposing 39 RALAHS on! P% deyi abd-aly RetweeRokheal ifickriolist benddn
irradiating position of the electron béamand the rotational center
of the turntahle ¢ar dsyastmtncald y adiestosh bsawebhathe beigin

devi ation can be easily adjusted w thout causing 20 a

t r oupl esomenesheofirtrdiapengt posiSiarcandéhdevdtatiomals center of
the turntablemay be adjusted as amovement in they direction
of the moving stage instead of the beam deflector in a manner
similar to the adjustment in the x directionmentionedabove.
Farther, it is also possiblé to construct in such a manner

15 that the adjustment in the moving stage 304 and the adjustment
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 irradiating position of the electron beamand the rotational

center of the turntable can be automatically adijusted, so

+hat 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 adjusting 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
t he devi ation between the origin of the irradiating position of the

beam and the rotational center of the %urntgb {1% 0 t.h second
embodi ment 2ETPRRLSFIRHRS T O Fire fE°gé BF i b&ed ™ Pn-thECTEESAE

enbodi nent ,

e [r t f
fromthat i uﬁ%efi gltuSﬁgn%%El Prg%?ggé elr raghgé'iglg:aru%!étd ag idfers

l'ating position

adj usting ré%!#ds@.%g""ﬁbbar@@ugeﬁﬁélged ihesgh e lweibefibonehasted or the
irradiating I5 position adjusting routine according to the second

enmbodi ment wirtirke i 8vess i:08etsasheawadijnsEigg nkGnsStapdeosepectai nmi ng
the scan of the first time are simlar to those in the first

enbasli nent . Erthmeiicbernthe beamns dsfierserPISine) MOV SEwie skt is
transmtted from20 the irradi ating position ad ust i circuit 430 to
he beam - RAIIUI EDB8P FHE RSB G e T FRECHEAE BPPAFaRTFes:

t wo- di nensi onal |'y chvﬂ%e‘jﬁégg Snd%%{yg% gsc?{ln%%eahgﬁngfft bg, beam

origin as a center or ection

el ectron whych 0 t «’ﬂ%«é e 2r,eli06tied Bystheomark
det ect or 31% %E%S%%GE)Q%HTE%%H ec 1| on S|e(jna delt eclt gdgbf/ th% mar k

detector 310 Itfnet paRsThLd ethd @othiieofRl Gftetthoughe ttherndebaet 1.on
signal processing circuit 21 450. The coordi nate values (x1, yl1) in
t heiappl i edtvoldeaged embodiment of the invention will be described.
In the gecond 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 1igs set (step S311). The scan signal is transmitted from
20 the irradiating position adjusting cizrcuit 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 secondary electron or
reflection electron which is consequently generated is
25 detected by themarkdetector 310 (stepS312). Thedetection

signal detected by the mark detector 210 is transmitted to

the CPU 501 through the detection signal processing circult
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reference scanni ng coordi nate systemof the point Pl are stored
(step 3313). The value of nis incremented to n = 2 (step 3314).
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 enbodinent, a rotational
angle of the turntable is 10 controlled so as to becone 180 by the
rotary encddér (Tie CoorsptertiAursd (Kor i héshrh dPe lastofoNo9® Aft er
that, the scan of the second tine is executed inin r
simlar tofPhETSRER BPARRLNY PR iR S¥ﬁ§?mi°€gﬁﬁ%1§€§% g?gna is

ransm { ted.Lrom phgehrearh ptl 88, 15.0051dd Ans adjistdniheCla g4 430 to

t he bean1d§FPe8 e center area of the naster disk is

two- di mensionakky ss¢apnedsidod haexvriderect inmmedr aurdsabesbpam
origin as a center, and the generated secondary el ectron or

reflgction gigleaininn ti s gtaimeisad oby theepmards detoeotwr i8] §d ¢ St e5F
S312). 20 The detection signal detected by the mark detector 310 is
transmttedo etelpe SCRE 38tephPaugh- t he detection signal processing

circuit 450. The coordinate val ues (x2, g%%bin ,the agg&ig%}v Iéage
reference scanning cddr FRGE 18y sthenorte e 38PMtS P9Tare tyofréd
el Ao e iy ST oA Sl st 28 B
embodi ment ’sescj N eﬁlbg-li%ﬁl&%m NAt1RAQ 1822 AU PSS beNthd 18R abIbdis
differs fromthat 1n the fifst
10 controlled so as to become 180° by the rotary encoder (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.
That is, the scan signal is transmitted from the irradiating
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 arcund the beam origin as a
center, and the generated secondary electron or reflection
electron is detected by the mark detector 310 (step 5312).
20 The detection signél detected by the mark detector 310 is
transmitted to the CPU 501 through the detection signal
processing circuit 450. The coordinate values {x;, yz2) in
the applied voltage reference scanning coordinate system
of the point P, are stored (step 5313). The value of n is
25 incremented to n = 3 (step $314) and the processing routine
advances to step S315.

In the second embodiment, since a discriminating
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enbodi ment, if the scan of the second tinme is conpleted, the

di scrim nating expression is satisfied, so that the processing
routine advances to step S317. 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 center of t he turntable i s obtained on the basis of the

di nat I h 10 |
Flo 11 (AR R, AL 3 1 P %) thy EdPBRAE | 0t ne

appl i ed voltagestefar engefeani N area. sesb&@@ A 150501'{49@3%&
coordi nates P1(x1, yI) and P2(x2, y2) indicate the position on the

appl i ed voldmyea irRf:enaree 15gaBRpAgss TOOriH naltd stietiensof thie tws k M
at the time when the mark 15 M has been noved in association with the
rotation ofpri8®ssifng heunbhst edvaicks tolsdepefitler. ofhat[iisnetsegpant
connecting the points Pl and P2 indicates the position of the

rotaBi onal oft&heckhbrd tthmetts APAEOH-athe 4551 F%W%PE“Q@@I‘F‘%‘FE ence

di t t Fi f th
conter pornt of t he 1 REBEgTan  HEBORDrHEL PP s A b P o and
¢ poi
P2, that i et&encc tal n@lgﬁag,s cgégalefg%eo ggs%é 5005 %'eoc_labcaewﬁﬂ @ of

the t ur nt ab e are ressio X0 = (x1 + x2)/2

<Expressi on.&ra0 ¥ (it ’fcu‘,vt%)t%bié i§t@@ta§£ﬂe7ci onThate lb&s:.'&shﬁfp@lﬁél ons
adapted to execute steps

coordinate values (x;, v;) and (¥, v2) read out of the memory.

10 in Fig. 11, the coordinates P1(xy, v1) and Pa(X2, ¥2) are shown
in the appliedvoltage reference scanning area. Since each
of the coordinates Py(x;, vi1) and P{xX,, 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 veltage reference
scanning cocordinate sysiemn.

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 (xy, Yo} of the rotational centex O, of
the turntable are obtained by
{Expression 5>

25 ¥ = (x1 + X2)/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 beamdeflector in the exposing
step, the deviation in the x direction between the origin of the
irradiating position and the rotational center of the turntable is

dj usted, and b ding th i ed 10 d_b
cor rect i ona&aqq;% §07 e HheAriHorr e BUBE 0T A e B poeT G ViR he

devi ati on ' é’%fﬁ‘%w gﬁef%nth% he +Q; 801 Aledis: a&&e&lm&ﬁng

position a atlona center the turntable is adjusted

(step S318)amch{h@ dERRRA G Mkhas 19 the fdvesitiemhodi ment, the 15
devi ation nmay be adjusted by the novenent of the noving stage

i nstead of the beam dgftegctnnat , Fimthengnide dedilati on hay fimest
adj usted by a conbination of the deflection of the beam deflector

and %he nnwsﬁentumﬁﬂth@Ynawm¢EP$ﬁ@§%apﬂélw%ﬁﬁﬁﬁﬁ@deﬁbé@%se%éﬁbﬂdlng
to the second 20 enbodi nent of -the inventi on, t.he devi ati on

can be adﬁ%tae‘ao%?‘i/t’di}l é’?é‘éﬁﬁ%ﬁh‘f‘ fPeeaérbg{?\thW'b%t lP‘h@e‘l FrEaF4t? ng
t b t d h , t
Fr:gtsho:jogf Cf‘%n%e;?,d e 2 253 %% 31460 34 ?ﬁe}?%?@%éﬁ’ th%”o@ﬁgf i ng

ween e Ol’lgln (0] eam s t he

25 rotati Oflf?if AR gf a%flattfiﬁ t 6 o1 2hl:e dnra the f@té@lcﬁ{glo@eﬁ%eyr of the
i nvention w e escrlbed along a flowhart shown in Fig. 12.
In the firsinardraeeond i@dOfis®id, samd biyl@ending the applied signal
10 expressed by vy, as a correction value to the beam deflector
inthe exposingstep, thedeviationintheydirectionbetween
the origin of the irradiating position and the rotational
center of the turntable is adjusted (step S318}).
In a manner similar to the £irst embodiment, the
15 deviation may be adjusted by the movement of the moving stage
instead of the beam deflector. Fuarther, 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 presunmed that the mark for cal culation of the
rotational center of the turntable has previously been formed on the
master disk D or the turntable. The third 5 enbodi nent 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 to adjusting the irradiating position, a marking is

performed to a scang%an%r%%rpy g&équ; %1%&$ipgﬁgnpgag} Sidce the

10 marking is perforned e el ectron beam I'S necessary that

the mar ki ng @84 1ich M6 OhrasiRteridlt vhb GharkaBoPea1mnked ohyot he
el ectron beam First, after the master disk D was put onto the

turntabl e, #ne sethvabhay deiearast ahedt sknetfoshag mendcatsls, beddb a
marking routine is started (step S100). A detailed flowhart of the
mar ki ng r oufommeq siefhe5288F et sdkdiowh om thpgtungtalFiea st Thehehirgnal s,
that is, the applied voltages are sent_ fromthe irradiating position
adj ust i ng cFRafimenio 236te§ Re2BebTHEFF D POSAEIARJIAERRS B at us
enters a stat ere the electron.beam can be_defl ected (sStep .S5211).
The s gnal S ATED o EoE G- FE oany OF R P oo RR Ry Seh ke
transm tted, Q0l, LA 4601 Nele LS« Xr ABIhEGhENG LRLLnPEpIRE phudefLEcting
coil or can be also transmtted to both of the 25 x-deflecting coi

or the y- deffeetifigteeilrrddiadtingheemeion, Aacessabyid bakrbhred

applied voltages which are sent to the x-deflecting coil and the
y-defl ecti ngp coiskcaanengedré®d by udSnbevied alieciironabeamge Simom Rhe to
xH volts and a level within
10 marking is performed 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, byactivating themasterdiskexposingapparatus,
15 a marking routine is started (step S100).
A detailed flowchaxrt of the marking routine {step
8200} is shown in Fig. 13.
First, the signals, that is, the applied voltages
are sent from the irradiating position adjusting circuitl
20 430 to the beam deflector 206 and the apparatus enters a
state where the electron beam can be deflected (step 5211}.
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 alsc transmitted to both of the
25 x-deflecting coil or they-deflectingcoil. Itis, however,

necessary that the applied voltages which are sent to the

x-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
and the mark is forned onto the master disk (step 5213). After

conpl etion of the marking, the_processin Q routine adyances to the
i rradiati ngd-§76di FirbR 2 %@ﬁgﬁgf PR Y%t"gp"%)ﬁ?&ﬁ 519?7 eﬁh‘ﬁ&ﬁh

11302118 SR A e 1 Sl i e

enbodi nent can he third e ment, since the
defl ection §{Qnahet £28sEHE0 1hr POyt he HeERELBLFE0y POTHE 80gh&1s
adjusting circuit 430 to the beam defl ector 206 has been stored as
(x1, yl) inient he feaBr-yeflestepgdlil, ahfietiRcgnaengecttep coan o
omtted every once fromthe first and second enbodinents in the

i rragli at i ng:lpobeangieiddicionr MNP sreosedms $300Y1) ThEP {he meRomh
irradiating position adjusting 20_routine simlar to that in the
first enbodiSeaRS?E2bxe APEGIUCRTLY p thASI SRt oP BPalm 35 1RTeEp %301 in
Fig. 6. The nu r _of scannin i Mes herefore . i al

ingt ead of % OnEgedﬁasfF‘?%gilgh %@é 5g§| Ellrt(%{nlgdijrourﬂefdnaﬁFgul{}enrgég?gn%I ar
to that i odinent is executed, n = 2 instead of n 25
=1in stegi%ggfﬁﬁﬁggggﬁ' . The nunber of scanning times, therefore,
is equal to 1 insteagr@fer?co1&Eiti oficthabRyYRingcClidbRgobosing

third 26 enbodinment of the invention, even if the mark i s not

10 routine advances to the irradiating position adjusting step
(step S300). After that, an irradiating position
adjustment similaxr to the first or second embodiment can
be made. In the third embodiment, however, since the
deflection signal transmitted fromthe irradiating position

is adjusting circuit 430 to the beam deflector 206 has been
stored as (x;, v1) into the memory in step $212, the scanning
step can be omitted every once from the first and second
embodiments in the irradiatingpositionadjustingstep (step
$300). That is, if an irradiating position adjusting

20 routine similar to that in the first embodiment is executed,
n =2 instead of n = 1 in stép S301 in Fig. 6. The number
of scanning times, therefore, is egual 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 $311 in Fig. 9. The number of scanning times,
therefore, is equal 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. Subsequently, a nethod of

manuf acturing a 10 magnetic recording medi um such as a hard disk as
an exanpl e enbbdiaensr add thediaventimt ngveme ifadber "gFs Il 2x8si ng
apparatus of the enbodi nent of the inventiog.m*ll %%ﬁ esqgipfd W th
ref erence @FeRAFIDaFALY1EOTIE oPgERGWRAS joT SAPK et A RaFH UK G s a

magnetic recording..15. i i i t LGLes
artificial ﬁ-\}eaﬁgrgtd‘é‘égllg% g%#%ﬁl\é%gggﬁgﬁgﬂg %%%(@%j?ﬂlﬁggéfsgﬁ%%ﬁ t can

be [ ogi cal] y- S¥eLL Gk R&s wgﬂ@&i&u@@; £b£h €he MBKx@HGY 6mit¥ed! he
case of a pattern of a bit interval of about 25 nm therefore, a

verys hi gh reeeidivhg demsbiyobfsatmiingl tThpsi cai(be Brbittsdi bgh@)e can
be realized. An exanple of a pattern shape which is formed on the
hard di sk itsireh@sn dompeirgd ¥Ath Atheheawes miFitge fArsttard pagtSrt
shape which is forned on a hard disk 720 is generally constiucted by
a data trackbssyimestsz2 thgndeyiabion 23 fft &t FoAPRoRT BRI R
recording pattern of a dot train 723 is concentrically arranged in
the data trti ion 721. A square pattern show ng address

i nformation and trac I%ub%éq@t@h%ﬁ&r', on hofsdadd Qnudakikieishaped
pat tern extendi ng In

10 magnetic 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 amagnetic 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 interxrval of about‘ 25 nm,
therefore, a very high recording density of about 1 Tbpsi

20 (T bits/inch?®) can be realized.

An example of a pattern shape which is 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 is
generally constructed by a data track portion 721 and a sexrvo

25 pattern portion 722. A recording pattern of a dot train
723 is concentrically arranged in the data track portiomn

721. Asguare patternshowingaddress information and track
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such a direction as to transverse a track for extracting clock
tinming, and the like have been forned 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
nol d(transfer type) to a fused-like resin coated on a substrate, the
resin 10 is hardened, thereby transferring the concave/ convex shape
of tens tC)dﬂnmaﬁeQQ-Qﬂf%ﬂm¢EWQﬁyjadhlﬁﬁnﬁhﬂﬂe@aéétERIQW%§tﬁﬁﬂén9dﬁ%o t he

resin. The nano-inprintin ocess i s nalnl ified, into, a
¢ her mal tyﬁ@q@aﬁogﬁﬁﬁﬂtm B R ah B REr ek TR DS B8 rERBET ot o

dependi ng o denlng 5 At f.th si f.er %gg%ﬂese
Pat ent Applﬁ@ o Edr a%%en g%%% %gvg2§8é$f%§ﬂgﬁpéﬁdt§8 i ou et
al. , Appl. aﬂ%@%ﬁ ﬁd%ﬂion632§314 (1995)). In the case of the therma

t ype nano- |npr|nt generally, a thermal nano-inprinting apparatus as
shown in 20 Fig. 15asSausethodb&t réaliaiidaheabataao iofrhatbig
apparatus 800 is provided in a chanber 801 to which a vacuum punp
804 has beemtranmdctodd a mappdéeved aememtipreg] woave.of the |ike
which is caused froma resist upon inprinting. A nold supporting
portion 80Zdnsr- IEBPHAENGgPECAST 8l 1BTD HeeBTPPRESd | n AZFOGHRRY B%rtlon

f th hamb 801. e 803 f t b 0.to b
[ anst or 1 o &R SET SRR SR 4 o L HPH T O CUpROr kK5 ABOFET on
802. The stage.) £8 PR3- MPNLEd: L Qe @A/ﬁtgdtgt%%r,am@régénm ch

is driven
10 is hardened, thereby transferring the concave/convex shape

of tens to hundreds of nm formed on one surface of the mold
onte 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 S.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 801 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 nmeasured. A heater 807 and a cooler 808 for
heati ng/ cooling the object 710 to be transferred are provided for
the stage 803. Since the concave/convex pattern of about 10 nm 10
can be traBsBers mdubfedsingd EAevAEABY IRPATALIES WReRiohdd dEEre, the
hard di sk as nmentioned above can be easil manuf.act ur.ed jhce it is
necessary ©F BBteEt PHGE LIS Qﬁ-???\elﬁ%cﬁ\y?em%ﬁ\%&e sh Sgtoﬁé]gcﬁjs to

hundr eds o%ﬁgg%%osr%ggtgg ;0] deasy néﬁ@gggggggv& +ht dS desbrapl e to

use 15 the expost’hg appar at the. invention which can
formthe high- ftgggs&at:_t QLN akr Bkl Pr aClshaNce A ®x@NMY @iehoskaps of

form ng the nol y using "the master disk exposing apparatus of the

i nventi on Welthrecherdesstidedozears nited ewevEiisy,ampdizsaisp8pbi o nade

of 20 a heat resistant material such as Si to which mcrofabrication
can be perfopredsisgcbates wionhtrhasfesist mepsprefiecth HF2HBANRC7

exposure by a spin coater or the like, Subsequent] t el ectron
beam i s irreadi gt edoieviaf P Hee h?@E%‘éW‘b‘iP]ds}"t%ghFh%b%%ﬁ Qfﬁod;:

exposi ng apparatus of the 25 i ng%@?%g%nsﬂ% hesrt%g% dipzectly drawi ng the

pattern. AftTERSEETHES 2TRadkOP) rived ont 6 the’ resi st by

d | opi th I St j ' '
evel opi ng e resi ﬁ%nt%eg%%;ﬁ&n@mcbﬁv%;ﬂﬁﬂ% By aisdung 1bhen

resist 29 formed w pattern as mask, thereby form ng
thelo can be transferred by using the nanc-imprint as mentioned

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 is 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 Si 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 is irradiated toward the
resist by using the master disk exposing apparatus of the

25 invention, thereby directly drawing the pattern. After
that, 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

speci al - processed chemcally reinforced glass, an 10 Si wafer, or an
al um num pliateeidswhtle pdrectiasiA pedEerH| ¥y affadh 1 Zperetn F8ipg & onto
t he base substrate 700 by sputtering or the like, . In.the case of a
per pendi culPit teggnéti s 888 R MY e u‘ﬁft‘?ﬂgt’lﬁ&cﬁ%‘? 5GP PP R TRy er
has a lam nate structure_constru hy. j ; j .
under | ayer ,lsaﬁefnﬂyggrpé{fg :énFaC)yre(rEi,;lggLnl eag’f@?{%anrang%%uwéegg%%?%?%g

| ayer. Subsequently, peldbnfBsk si&yelod QAnadetaiagheh@lnatich as
Ta or Ti is forned onto the recording filmlayer 701 by sputtering

or the |ikeyisFishahdnyinar i@ a4 ay 798nd ateefbragsieg medld wildrved as
a 20 filmonto the netal nask | ayer 702 by spin coatinz or the like,
t her eby f orddsugithal obijtéctreFe@enoe beo tFEIsT drirled. tA 16RE) ropl astic

resin such as a polynethyl nethacrylate resin (PMVA) is used for the
hard di sk. The obj ectFizEF .t 85 &%} &ﬁs?%ﬁ’réc?(fadr'nﬁob%%e ﬁﬁﬁ??ﬁ?\%ﬁ

ot o i el e s aAR ey SRl A Bt be
| i ght - hardeni ng _ t %Bgcﬂé‘fg@%&@éé%ﬁ BHAPPRL B} YSihEo¥eRE ASsE, an
nano- i npri n’ﬁcﬁg 30¥appar at us.
10 gi 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
f£ilm 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 is illustratedin Fig.
25 16(b). Alight-hardeningresinmay be us ed for the material
703 to be transferred. 1In this instance, a light-hardening

type nano-imprinting apparatus is used as 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
illustrated in Fig. 16 (d) , therefore, the stage 803 rises 10 and

t he i npri n2PP&T&EESUt ed according to a predeterm ned sequence. After

the inprint was execuyted, as own i n. Fi 16 : e e 303
falls and the transf gP%FSQE%‘ﬁ%?%t &5, l%ﬁ%%%ﬁ%%#ﬁ ‘I?%},FJEQE lt%ﬁ(gﬂéf%rer ed

obj ect 710 j r f nano-4¢ oA tlN r and a
15 resi dualn{otaldl %étgo?%?:%%do?gﬁéeﬁ?n%t eri afldﬂ%ljr 3?& Ttnlg Eggteggng%grs‘i%% S
renoved as (shQWreritcbi gnaléhd khshyragiinexpobsting dpferdisisngs ae 2
gas or the like. The pattern of the remaining material 703 becones

t he 2t chi ng.ovask ifear i®tehiimgot tiee hbeahabmghol ayprin7ORy apparatus
Subsequently, as shown in Fig. 16(g), the material 703 to be
transferredn sughed B3NAAT kM fderakerhalt IQ® tets tRABREPESRY 702
is etching-processed b [

_ - Pr u7| n‘? a CHF3 astéht he‘#ség%.o fat er_that, as
shown in Fighd FEEhFORCRES/ RRTEPF 41T 8*b&"trd rred®F§ Y&rbved
R e e e L e e U
31 mask | aygl ; 192t Pate@9ndsi ANt &N e PBBEraNnEnt e agecaiHdinge s

10 and the imprint is executed according to a predetermined
sequence. After the imprint was executed, as shown in Fig.
16(e), the stage ‘803 falls and the transfer is completed.

Subsequently, the transferred object 710 is
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 0, gas or the like. The pattern of the remainingmaterial
703 becomes the etching mask for etching the metal mask layer
702.

20 Subsequently, 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 using a CHF,4
gas or the like. After %:hat, as shown in Fig. 16(h), the
material 703 to be transferredis re;,moved by dry ashing using

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

Subsequently, 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 nonmagnetic
material 705 (in the case of 10 the magnetic recording nedi um
nonnagnet i mawt dnvar Michs wredpemn eSGhipgTaw 904 LSRR HPEi g.

16(1), the surface is ground_and polished n_etch.back m cal
polish, ofilelprRe Rt |%Hgagrﬁ°%??%%gér%ﬁ ﬁ%ﬁﬁ"ﬁ% %P”h‘égl@g
recordi ng 15 terial s .heen s by N iQr di Bg4y
mat eri al , aébg%e%%%r?trl g,ﬁeilsl or nggsélgittﬁlatl'y?é %glos o%/\%%ﬁ%r F%LSQJ)ZLG (m

, Tor_examalig, fafaif 8551&%%:95@29_%9flé}néx}édnb}%h@rw& pwbeeeat b9
film707 of "the recording Tilmlayer onto the surface by a coating

met hod 20 Qi@ Lidgioed method, the hard disk 720 is conpleted. As
described in detail above, by form ng the nother disk by using the
mast er di sk exposi ng SyppacaEns laccos démen i FHE -i APEKE i oBTOPTR
patterned nedia having the high-fine_pattern stru% e_can_he
manuf act ur eeRrirleroefRhepe LESTERTSFCAEt 'S h3let He gé‘%f?f’ﬁg ¥t h

| mted 1o Fobderesatd bETartd SRBS B g0 o el oo i e
track medi aé.re 3:%‘.19‘6%' Wth a nonmagnetic material 705 (in the case of
10 the magnetic recording medium, nonmagnetic material such
as Si10:).

Subsequently, as shown inFig. 16 {1}, the surface
is ground and polished by an etch back, chemical polish,
or the Like andflattened. Astructureinwhich therecording

i5 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 jubricating £ilm 707 of
the recording f£ilm layer onto the surface by a coating method

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

As describedindetail above, by forming themother
disk by using the master disk exposing apparatus according
to the invention, the patterned media having the high-fine
pattern structure can be manufactured. Although the

25 embodiments have been describedwithrespect tothe patierned
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 neans for 5 horiz ont ally noving said
turntable in at | east one direction; beamirradiating neans for
.irradiating an electron beam toward said turntable, thereby formng
a beam spot onto said turntable or said master disk; beam deflecting
means for deflecting said beam and control neans for controlling
said 10 noving neans, said beamirradiati ng neans, and said beam

defl ecti ng nmeans, wherein said contgigdrM®eans includes initializing
means for executing an initial operation to drive at |east either
said noving neans or said beam defl ecting nmeans and nake 15 an origin
of said beam spot coincide with a rotational center of said
turntabl e at-the timd oBsieri Fask REPCE1Ng ARPRERTYF SFOmGIGdingg 2
apparatus according to claim1, wherein sajd initial g@gration to

make the orPgiHakle £a7g B8R HSF0f BEFhET a1 t NTHE S JLARFoASE
t f 20 idt tabl e Is. i . it f
rarkS  or e BrA e At Tkl eSL YRR PLa AR 1 BRE M BRI Y, O

3. A masterydisk; xXn0sing ARRALAL ¢5-a5CPEAL BEiAP arf!AidBt2onWBERAI N

said initiallzing means conprises: mark position detecting neans for
obt ai ni Ng ag PREKI s2DARAEINita®N eS| GHEHcEbERIAY 8 Wfanssd sk REK sRASI ti on
on the basis of a secondary electron or a reflection electron which
i s obtai netufniabkaict kedd speter 3Blsiot dtcsagndbftent&ng desrst fomr

amount detecting neans for detecting a deviation amount _of a
posi tion of defiecting said beam; and control means for controlling said

{h .0 moving means, said beam irradiating means, and said beam
deflecting means, wherein

said control means includes initializing means

for executing an initial operation to drive at least eithex

said moving means or saild beam deflecting means and make

15 an origin of said beam spot coincidewith a rotational cente;
of said turntable at the time of activation.

2. A master disk exposing apparatus according to

claim 1, wherein sald initial operation to make the origin

of said beam spot coincide with the rotational center of

1/'_.\'.

'20 said turntable is executed by detecting a position of amark
formed on said turntable or the surface of sald master disk.
3. A master disk exposing apparatus according to

claim 2, wherein said initializing means comprises:
markpositiondetectingmeans forobtainingamark
25 position signal indicative of saidmarkpositionon the basis
of a secondary electron or a reflection electron which is

obtained from said beam spot;
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rotational center of said turntable froman origin of the beamon
the basis of at least two of said mark signals which 5 are obtained
at different angle positions on said turntable or said nmaster 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 wwth said 10 beamorigin. 4. A master

di sk exposi ng apparatus according to claim?2, wherein said
initializing nmeans conprdsigsial memkeposeviionidet @utumg isdres thingr
obtaining a mark position signal indicative of said mark position on
t he basis M52p¥F %@@Bﬁ@ﬁ%@gé‘{ @%Y%%)‘hl%? aRoPBE | A RiRNFId1i@R eB D@ ch

ot coting  FBERCLPEL GAGer A SeHboan a“°ﬁ?sn%€%%ea&fg§¥-'g§élé’” o
the rotatig Eé& ‘he@ bfa‘l{ %[tt i’éQ Y %@%ﬁhﬁaﬁl 92 v}h'l%
a mar na

beam on the basis o sai d S |ch

obt aisned at 2dbidii-aRbaPHg h@f?@%ﬂt %@ gpés?iﬁ&r}éraﬁ ahkea t&rnt%éyl@
mast er di sk; and second beam position adjusting neans for driving

sai d novi ngoﬁeaﬂsdo;ﬁlaﬁ\a: baisds @hasai d deV| ation anmpbunt so 25 that
said rotational center coincides with said beamorigin. 5. A naster
di sk exposi ng appar attsrsic depdi pysiivlox bdinstingeeeisnt snidtivesger

di sk exposing apparatus forns 34 a nmark into an area on said naster

di sk and ex&ptditrRpT Oeflestappdreant &R Eheplltis wf said dreaRtIerore

sald initi a!’:tmount s0o that said rotational center coincides with said

{ 0 beam origin.
4. A master disk exposing apparatus according to
c¢laim 2, wherein said initializing means comprises:
markposition detectingmeans for obtainingamark
position signal indicative of saidmarkpositionon the basis
15 of a secondary electron or a reflection electron which is
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
" 20 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
second beam position adjusting means for driving
said moving means on the basis of said deviation amount so
25 that said rotational center coincides with said beamorigin.
5. A master disgk exposing apparatus according to

claim 1, wherein said master disk exposing apparatus forms
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operation. 6. An adjusting nethod of abeamirradiating position 5 of
a master di sk exposing apparatus conprising: a turntable 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 10 turntable or said master disk; beam
deflecting means for deflecting said beam and control neans for

control Ii ng?<8%k ifdw AY FEemOn said BeakeT diad arfngrekiihag 4t said
beam deflectin i ses.a step, of . performng initia
oper ati on tIo.O{_ﬁ %/%n%? qeé'éfp E’?(S“%H%eﬁa%a%&%@?ﬁﬁrﬁe%%sda&n%&% beam
deflecting gepans, gngd make an origin of said beam spot coincide with
a rotational” center of said turntable is executed at the tine of

activation.g7. An adjalshafgs masbab@%ﬁmfﬁa@@@h@%sﬁ%n
position according to cIa|n16 urther conprising: a mark position

det e6ti ng stfm mdsodt aibkgpmsihkgkapins thin8osp gialnghi Afurink adbkai ned
on the basis of a secondary electron or a reflection electron that

i s obt ai nedE¢¥ gratadiidy bewms spoidiahd mhvEhg imsdinsafes opointtiadiyof a
mark formed 25 on sajd turntable or a surface of said naster disk, a

rotational Bewte? TR ST aRHSuiR éétéé?ﬁﬁgon%tQk¥ﬁﬁt¥$§te@?ﬁﬁg a

devi ati on-amount . of . a posi ti sai.d

t at | f
MR Ak FELEE g LR S PR P S S

of said mr§a§agf@1§tMec,h thereby forming a beam spot onto szaid

{ 0 turntable or sald master disk; beam deflecting means for
deflgctingsaidbeam:andcontrolmeansforcontrollingsaid
moving means, said beam irradiating means, and said beam
deflecting means, comprises a step of:

performing an initial operation to drive at least
15 either.sald moving means or said beam deflecting means and
make an origin of sald 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
\
" 20 position according to claim 6, further comprising:

amark positiondetecting step of cbtainingamark
position signal which is obtained on the basis of a secondary
- electron or a reflection electron that is obtained from said
beam spot and which indicates a position of a mark formed
25 on said turntable or a surface of said master disk;
a rotational center deviation amount detecting

step of detecting a deviation-amount of a position of a
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are obtained at different angle positions on said turntable or said
master disk; and 5 a beam position adjusting step of driving said
beam defl ecti ng neans on the basis of said deviation anmount so that
said rotational center coincides with said beam origin. 8 10 An
adj usting nethod of the beamirradiating position according to claim
7, wherein: in said mark position detecting step, said turntable is
rotated by first predetermned.angl e econd redeterm

angl e, and %ﬂf#lro ElFp]'Lr SSS%SFn?Pnéalgn‘g‘i‘%’}t%n% %gmfﬂi Trl‘gpt ?r§g%%n°£%gﬁd
third mark posh bhophs baRakSALe AeIACLRE of asﬁa%wsiyn%fmhaehsal d
rotational center deviation anmount detecting step, the deviation
amount of thes pBshihes «f dtheerdt abhoBaoGalak 6 ssaidu-urababl e
fromthe beamorigin t0O is detected on the basis of said first,
second, andox leaill nemrterpdsiski;onandi gnals. 36

5 a beam position adjusting step of dAriving said
beam deflecting means on the basis of said deviation amount
so that said rotational center coincides with gaid beam
origin.

8.

An adjusting method of the beam irradiating

.
‘
[w]

position according to claim 7, wherein:
in sald mark position detecting step, said
turntable is rotatedby a £first predetermined angle, a second
predetermined angle, and a third predetermined angle, and
15 first, second, and thirdmark position signals are detected,
respectively, and
in said rotational center deviation amount
detecting step, the deviation amount of the position of the
rotational center of said turntable from the beam origin
fo20 is detected on the basis of said firsf, second, and third

mark position signals.
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