DESCRI PTI ON  METHOD FOR MANUFACTURI NG ORI G NAL MASTER TECHNI CAL
FI ELD The present invention relates to a nethod for manufacturing an
original master having a plurality of tracks fornmed thereon by
irradiating an el ectron beamonto the original nmaster having a resist
| ayer on a surface thereof to expose the resist |ayer. BACKGROUND ART
In a conventional process for draw ng trains of pits onto concentric
circular tracks by irradiating a | Rif&HHnt o an  ori gi nal master
for optical disks to subject the original master to expose, in the
course of ond!FE A FGHALSI kA BHiNH R Gd¥teMA ERt age t hat
carries the ori]%;i nal master is noved in the radial direction of the
ori gi nalETHS L it 3l t he beamis deflected in the same direction as
the direction of the novenent at a uniformrate by the equival ent of
the track pitGEle &S THpdiesa tiaremte 1&5S da ifomethaidd fogemanufacturing
Publication No. S63-112839). For exanple, when pit trains are drawn
onto a " WEIginalbMmasrkNahiuhgh gesre, athiterdls omaecedisreon by
irradiating a beamfroma starting point A of the first track as
shown byrzadioaising ar glednroppaaeont aeihariohaabeeantey hadilag awesist
position reaches the starting point A again by one revolution of the
ori gi nalaymist@t ,a t$ier beeen e tedf cee etkpwsa tonstranistrhteeby a
di stance of the track pitch as shown in Fig. 1B. The distance of the
track pacf-RAINRSAIhds to the novenent distance of the stage in the
course of one revolution. Wien the irradiation position of the beam
reaches the shraraiagnpenhioAzlt peocicesadifati alrgposid i onatfis thephéamonto
is imediately shifted through hi gh-speed deflection to a 1

concentric circular tracks by irradiating a laser beam ontoc an

original master for optical disks to subject the original master to
expose, in the course of one revolution of the original master, a
stage that carries the original master is moved in the radial
direction of the original master while the beam is deflected in the
same direction as the direction of the movement at a uniform rate
by the equivalent of the track pitch {see Japanese Patent Application
Laid-open Publication No. S63-112838). For example, when pit trains
are drawn onto a plurality of tracks through exposure, which is
started by irradiating a beam from a starting peint A of the first
track as sheown by arrows in Fig. 1A, by the time that the beam
irradiation position reaches the starting point A again by one
revolution of the original master, the beam is deflected at a constant
rate by a distance of the track pitch as shown in Fig. 1B. The distance
of the track pitch corresponds to the movement distance of the stage
in the course of one revclution. When the irradiation position of
the beam reaches the starting point A, the irradiation position of

the beam is immediately shifted through high-speed deflection to a



starting point B of the second track positioned in the sane radial
direction as the starting point A This beam deflection operation is
repeated for each track. In a nmagnetic disk such as a hard disk, a
concentric circular pattern equivalent to that on optical disks is
drawn by an electron beam in order to record servo patterns

i ndicating position information. D SCLOSURE OF THE | NVENTI ON
Howeverstafrife g@anets o dicsle, sebohs 0EEEESPHY1L00RXQA0SE tAldBidSTadial
havi ng hi gher degrees of resolution and accuracy for higher

densi ti@SredtidhNels tSHNGR LANRNHARA! AQT i Th D&l bdws tes £ 1 smnibracigdriaid on
met hods are susceptible to the effects of electron beam stability,

there are pLobless whthegdegragdatkon such as variability of line
width and variability of irradiation position. These are exanpl es of

the problenms 0 Paaspkred BYskheubRventd eardandskt bscaicabiect Ofrcular
the invention to provide an original master nanufac;urlng net hod

capabl &, of c £XRAsiNG, LONEE U kGa®l bRUDSF i dd ACKSs kP NiygBwhespl ak IOk ctron
and high accuracy patterns, and a conputer-readabl e program for

i mpl emanting the geihed. tAn prigidals SRS epatRBYHAC UE NG FBEHOG i tion
the invention in claimlis a nmethod of irradiating an el ectfon beam
on an ofj ghpalr; p@ster having a resist layer on a surface to expose a
concentric circular data pattern by n (n is an integer that is equa

to or gheatEhsukBadr 2huk O¥RYEnPehNtrack at a predeterm ned distance,
SO t t

t hat—a—pltouratty of tracks having a predeterm ned track pitch are

f or med Ontrﬁ%é@%é&PahnWQ§k?%w¢¢E?f@FH?gkcom@wﬁgnﬂécés%&&i%?%?expose

driving step of rotary-driving ori ginal naster at a con
li near pgtterns having higher degrees of resolution and accuracy for higher

densities. Further, since conventional original master
manufacturing methods are susceptible to the effects of electron beam
stabllity, there are problems with degradation such as variability
of line width and variability of irradiation position.

These are examples of the problems to be sclved by the invention
and it is an object of the invention to provide an original master
manufacturing method capable of exposing concentric circular tracks
of high resolutiorn and high accuracy patterns, and a
computer~readable program for implementing the method.

' An original master manufacturing method of the invention in
claim 1 is a method of irradiating an electron beam on an original
master having a resist layer on a surface to expose a concentric
circular data patternbyn (n is an integer that is equal to or greater
than 2} rounds per track at a predetermined distance, so that a
plurality of tracks having a predetermined track pitch are formed
on the original master, the method comprising: a rotation driving

step of rotary-driving the original master at a constant linear



vel ocity; a novenment step of nmoving in a plane the original master

in a predetermned radial direction at a constant velocity which is
provided with a predeterm ned anount of novenent per round of the
original master; a first deflection step of deflecting the electron
beamin the planar novenent direction of the original master by a

first deflection anount equal to the predeterm ned novenent anount

per rounedlotithe amagiemednimestegr cdnmblteénguihagepbéné hehorogidialal master
master during exposure of the concentric circular data patterns
correspondi pgetie thirmsmeichradghl(diretyith aoundsnetaeache0bcibe which is
plurality of tracks; a second deflection step of deflecting the

el ect r opr dyended nwiatldi & est ¢ dat @ppdsed eart@urt theo Plediedmaroy eentround of the
direction of the original naster by a second defl ection anount equal

to the optetes bruddgtedt diastapee aafldet Soifaos off theleetghfat hdRsiRItron
upon conpletion of the exposure of the concentric circular data

pat t er niseawof 1t esiponsi agat andVemdnt sditdvough dn =Ha -dhi J I Sia AN By a
third deflection step of deflecting the electron beamin the

di recti pirsoppoSider idh the il arafaNDYenent sh&estéen: 9da therafd i ndlount
master by a third deflection anmount on the surface of the original

mast er dﬁ@ﬁ&ou&u@%f&i{hé pragi aki ot Past bhom Ok ute el @E%&%P?@Hbﬁ master
| ocat e t exposure start pOSItIOﬂ on the concentric circle of a

first r@updhgofeapoadiracenis traek, ¢Hofe oDt et EoRcQlaeXpPegyie %Ef&@%ns
concentric circular data pattern Correspondlng to an n-th roun

each ofcdhessPbidiahdt Yook itkaCkSr AR Ogf am of - therbaNgRt ben a%hcb¥z?he
7 is a programfor executing an original master manufacturing net

of irragiatd NOr@ncel eGheRR; ReamAhAMOF] 4hnsb, TBSLET EaﬂbEQe%tlng the
resi st ayer on a surface tO expose a concentric circul ar
pat t er ne e dM pedim@ih b L9685t {Rbphe s88€alo +Be planar movement direction
of the original master by a second deflection amount equal to the
predetermined distance on the surface of the original master, upon
completion of the exposure of the concentric circular data patterns
corresponding to the first through (n -1)-th rounds; and a third
deflection step of deflecting the electron beam in the direction
opposite to the planar movement direction of the original master by
a third deflection amount on the surface of the original master such
that an irradiation position of the electron beam is located at an
exposure start position on the concentric circle of a first round
of an adjacent track, upon completion of exposure of the concentric
circular data pattern corresponding to an n-th round of each of the
pluraiity of tracks.
A program of the invention in claim 7 is a program for executing
an original master manufacturing method of irradiating an electron

beam on an original master having a resist layer on a surface to expose

a concentric circular data pattern by n (n is an integer that is equal



to or greater than 2) rounds per track at a predeterm ned di stance,

so that a plurality of tracks having a predeterm ned track pitch are
formed on the original naster, conprising: a rotation driving step

of rotary-driving the original master at a constant |inear velocity;

a novenent step of noving in a plane the original master in a
predeterm ned radial direction at a constant velocity which is

provi degh W Braapledehahn® neco @i He 0t rRNEHRNS Pescd i 0fd digstance,
original master; a first deflection step of deflecting the electron
beam i nsd he Rl angrwABYErPir dirkedlsi B8 0hgtdg refdegicrali nrstebcRypBtch are
first deflection amount equal to the predeternned novenment anmount

per rounshiqd tdie tofd @irmafinmmskhestenr,t BempuiEaeg: of thes®rsfid@ving step
master during exposure of the concentric circular data patterns

cor r espoRQicAg 0 difsitnd BReUEH: d1hal RasttR o aundscakraaeh pfiedP&elocity;
plurality of tracks; a second deflection step of deflecting the

el ectron heambAta didEclF ORoORAGSIEe 4 Opt ARePkARANG MY BN master in a
direction of the original naster by a second defl ecti'on anobunt equal

to the HpL ahmoed disgbance Qg syt f aceBsitda ordghoalymastien, is
upon conpletion of the exposure of the concentric circular data

patter @d%?fP&é&S@Pmi 29 @%éexg?rerﬁiﬂé& 3RS OHIN £ Msvdned D JOMNESin &N &he

third ection step o cting the electron beamin the

di rect I%ﬁlggﬁ%ﬁﬁéﬁdée%l tah?.i?g@n@éfi@t\!@{@ﬂtstggﬂ & B@@l?f:t‘iﬂs %.égé.lqdl%tron

mast er ection anount on the surface of the origina

mast erdﬁé:‘%rﬁ iIIl h@ﬁe glgléﬁéfi%@&éﬂéhipoéifé%i% 5Pet}$é G&H‘%ﬂ‘cﬁc eé = by é)y a

| ocat e an exposure start position on e concentri

first ropnd: ole Al Al AGH L Aka 1URANLAATREELL DRI nEXRRSIL RO dlftine

concentric  circular ta pa corresponal ng round

each Ofpép%oﬂd%%lﬂﬁé/o%ﬁgﬁglgﬁiﬂf?as*éer on the surface of the original master

during exposure of the concentric circular data patterns
corresponding to first through (n - 1)-th rounds of each cof the
plurality of tracks; a second deflection step of deflecting the
electron beam in a direction opposite to the planar movement direction
of the original master by a second deflection amount equal to the
predetermined distance on the surface of the original master, upon
completion of the exposure of the concentric circular data patterns
corresponding to the first through (n - 1)-th rounds; and a third
deflection step of deflecting the electron beam in the direction
opposite to the planar movement direction of the coriginal master by
a third deflection amount on the surface of the original master such
that an irradiation position of the electron beam is located at an
exposure start position on the concentric circle of a first round
of an adjacent track, upon completion of exposure of the concentric
circular data pattern corresponding to an n-th round of each of the

plurality of tracks.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs. 1A and 1B are di agrans

showi ng a conventional original nmaster manufacturing nethod; Fig. 2

is a diagram showi ng a configuration of an electron beam |ithography
systemto which an original master manufacturing nethod of the

present invention is applied; Fig. 3 is a diagram show ng an exposure
procedure when formng one track through drawi ng of four concentric

ci rcl esBRMER heESYRI RTIONTOFI THE 20RFWONGE is a fl owchart show ng
operation of a main controller in the systemof Fig. 2; Figs. 5A and
5B are di agr ahisyshdvii rguca 18patrepdsattans asido@inged |@otveant ianmintordfginal
an el ectron beam when form ng one track through draw ng of four
concentiast €t redesfa&tgrifygisedhdd agram showi ng a defl ection state of
the el ectron beam when four concentric circles are drawn to form one
track; Fig. Figszaidiadiamrahosthanging ld thngt gphyt poncetianhes Whetrdhdean
systemof Fig. 2 is used to formone track through drawi ng of n
concentTi€hSy T £es; s PiknritgSwh 84h ainl oG8 @ 1dinagt 8 SO digu Bl s etethod
position and a deflection anount of the el ectron beam when n

concentdf Ceigd 16k &se At einvleavioh 01§ oappoNedf rack. BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON According to the original master

manuf act uri ngrie! odsod dikeyraa esent ngnyenbigys ofe pRecttiist WSELGorming
and the program of the present invention of the seventh aspect, in

the cousse ©fa&XPOSEAL IR dHawiald b relircenegBhtirgcChigdlas Watehe system
patterns to forma single track, the 5

of Fig. 2;

Fig. 4 is a flowchart showing operation of a main controller
in the system of Fig. 2;

Figs. 5A and 5B are diagrams showing a spot position and a
deflection amount of an electron beam when forming one track through
drawing of four concentric circles;

Fig. 6 is a diagram showing a deflecticon state of the electron
beam when four concentric circles are drawn to form one track;

Fig. 7 is a diagram showing a lithography procedure when the
system of Fig. 2 is used to form one track through drawing of n
concentric circles; and

Figs. 8A and 8B are diagrams showing a spot position and a
deflection amount of the electron beam when n concentric circles are
drawn to form one track.

BEST MODE FOR CARRYING OUT THE INVENTION

According to the original master manufacturing method of the
present invention of the first aspect and the program of the present
invention of the seventh aspect, in the course of exposing a pluraslity

of concentric circular data patterns to form a single track, the



degree to which the el ectron beamis noved during exposure of the

i ndi vi dual concentric circular data patterns can be kept to a | ower

| evel than that of novenent of the master in a predeterm ned radi al
direction during a single revolution, whereby it will be possible

for drawing to be performed within a short tinme, as well as making

it possible to expose data pattern tracks with high resolution and

hi gh actt?aey EhrBRgRIuERei 2heFoRCRI PRl S i PP eedxPosine exkaaginget the
effect. Enbodi ments Enbodi nents of the present invention will be

descri bedihlddgat aF P Ek b Qi et di¢e patthsnacevnpanyerg to a lower
drawi ngs. Fig. 2 shows an el ectron beamlithography systemwhich is

appl i edl¢¥eh Tt dihadk pdsUPEeprotess Wic aattapen arPespostireimedikcadial
for produci ng magnetic di sk substrates. The el ectron beam

| i t hogr @pR§CSY3P AV EDAPr & seENGhe efeee okl el umedeby Wactiun diearersible
2, and a recording control system 30 through 38. The el ectron col um

1 is a Eorudrashapeer émﬂte%ﬂrmad whHitéin ansebett tomeopa s cetlbyss emking
for irradiating an el ectron beamonto an original master 4,

di scusstll paseible My dxndee vadgupatharberracks wptbvihie. rddwlution and
optical systeminside the electron colum 1 is provided wth an

el ectropighmiacerrady thuooralenddrl ilzens ol ofaabhabkipye phapesudd,awraging
aperture plate 14, a deflecting coil 15, an alignnent coil 16, a

hi gh- spegfledef| ector 17, a focus lens 18, and an objective lens 19.
These conponents 11 to 19 are arranged within the electron colum 1,

i n ordeEmpodimehnest op. The electron emtter 11 generates an el ectron
beam when a high voltage is applied thereto by an accel erating high
vol t age powerEmiodiments of the present invention will be described in

detail below with reference to the accompanying drawings.

Fig. 2 shows an electron beam lithography system which is
applied in a master exposure process of a stamper or exposure mask
for producing magnetic disk substrates. The electron beam
lithography system comprises an electron column 1, a vacuum chamber
2, and a recording control system 30 through 38.

The electron column 1 is a column-shaped component in which
an electron optical system for irradiating an electron beam onto an
original master 4, discussed later, inside the vacuum chamber 2 is
provided. Theoptical systeminside the electroncolumnl is provided
with an electron emittexr 11, a condenser lens 12, a blanking plate
13, an aperture plate 14, a deflecting coil 15, an alignment coil
16, a high-speed deflector 17, a focus lens 18, and an objective lens
19. These components 11 to 19 are arranged within the electron column
1, in order from the top.

The electron emitter 11 generates an electron beam when a high

voltage is applied thereto by an accelerating high voltage power



supply 30, discussed |ater. The condenser |lens 12 focuses the

el ectron beam generated by the electron emtter 11 to produce a
crossover in the center part of the blanking plate 13. The bl anki ng
plate 13 is conposed, for exanple, of electrodes of an electrostatic
defl ection type adapted to turn on and off the electron beamin
response to an output signal of a beam nodul ator 31, discussed |ater.
The apestppky pBat e diddusgadvliaestr w t iha cionceghserapertur 82f dpocuses the
limting the electron flux of the electron beam The deflecting coi

15 changkescthent bazel crgeditedt ign Wie tdilkeclamt remibeam Lh rtespaonsiece a
to an output signal froma deflecting circuit, not shown. The

al i ghmemtosabted G rdehkectsttheattectr ohelebamking gspdrse3t 0 Bine dGutgpiting
signal of a beam position corrector 32. The hi gh-speed deflector 17

def | ectsldte 16 eet compbean) ifomaecdaspled df reAcidtaodas pésportediarostatic
out put signal of a deflection controller 37. The focus |lens 18

per f or e f Desisi 60Nt ypk ataphedelectnam bwamnnd sespensecllecamodut@a in
signal of a focus controller 33, and focuses the el ectron beam onto

the mastespdnyéad ha Objeet isiemraanst beWhthbdu 1dieo vy BAyuni sbagbed 1ater.
there are di sposed a height sensor 21, a spindle notor 22, a mrror

23, a turatapketd4e plsitager £5i sapdovadsbags HVENENt cieeRaRipeMd6e for
The spindle notor 22 and the mrror 23 are arranged on the stage 25.
The spi nghet iBE @h231E8t abasr e o rt thdtable r24. bdhe. orirgl aak1a8sigl bil
is set on the turntable 24. The master 4 may be conposed of an

el ectropns heamdesitgle kavee1fioLMmdrent i anSebsiHaka coft rSinl beaR, 1h Mesponse
exanpl e. The stage 25 is capable of being noved in the disk radial

directipn X dygaid 08)g@i1t hechr igid@atl edBHtEr cArBYit henstadown. The
novenent nechani sm 26. %Wth a notor 27 instaffed as a power source
out si de; of ghhenyacdium haoPeLc2s tiLeSEaERADYEIR AL rdsponse to an output
signal of a beam position corrector 32. The high-speed deflector
17 deflects the electron beam in a desired direction in response to
an output signal of a deflection controller 37. The focus lens 18
performs focus contrxol of the electron beam in response to an output
signal of a focus controller 33, and focuses the electron beam onto
the master 4 via the objective lens 10,
Within the vacuum chamber 2 there are disposed a height sensor
21, a spindle motor 22, a mirror 23, a turntable 24, a stage 25, and
a stage movement mechanism 26. The spindle motor 22 and the mirror
23 are arranged on the stage 25. The spindle motor 22 rotates the
turntable 24. The criginal master 4 is set on the turntable 24. The
master 4 may be composed of an electrcen beam resist layer formed on
a substrate of silicon, for example. The stage 25 is capable of being
moved in the disk radial direction (X direction) of the original

master 4 by the stage movement mechanism 26. Withamotor 27 installed

as a power source outside of the vacuum chamber 2, the stage movement



mechani sm 26 perfornms the novenment of the stage 25. The mirror 23 is
provi ded for the purpose of measuring a novenent distance of the

stage 25 in the disk radial direction. The hei ght sensor 21 is

di sposed in the upper part inside the vacuum chanber 2 and is adapted
to optically sense the height of a recording position of the original
master 4. The recording control systemincludes the accel erating high
vol t agenpoberisnppb ywaoforme Peamarshardt of 3he shegbedh poBi¢imwirror 23
corrector 32, the focus controller 33, a position controller 34, a

| aser ih%rfetiohed doBsheaproraskodt cornswing a38ovenendeflietenon of the
controller 37, and a main controller 38. The accel erating high

vol t agespawer 28uppl IR0 dippt | esdiahi ghregbioage Tlet heighecseosor 21 is
emtter 11 in response to a command fromthe main controller 38. The
beam noditpeaed 3 sapplpesr pdrdaimpbdel té ngcsivgnahanbetr hie angl askddegpted
plate 13 in accordance with recording data supplied by the main

cont r ol tero88.cdllhley feoas thomtredldher o83 mevesciihg focat i posift tba afiginal
the beam by the focal lens 18 in response to the recording |ocation

hei ght masternéti on detected by the height sensor 21. The | aser
interferoneter 35 irradiates a | aser beamto the mrror 23, receives

t he refl ectedrivé gidcoafdime t¢@serobesystandisensess the doeatd ot iofg high
the mrror 23, i.e. novenent distance information r relating to the

st age 2&oliThge npvesentupbSyaBee tind osemh i modulatdwli Tht esha segorbdition
| ocation in the radial direction of the original master 4. The
nmovenentodistange3d nfurigralddars rcomasuried BBt hepbasetioni bt FOLDORIRL, a

35 is supplied to the position controller 34. The 8
laser interferometer 35, a rotation controller 36, the deflection
controller 37, and a main controller 38.

The accelerating high voltage power supply 30 applies a high
voltage to the electron emitter 11 in response fo a command from the
main controller 38.

The beam modulator 31 supplies a beam modulating signal to the
blanking plate 13 in accordance with recording data supplied by the
main controller 38.

The focus contrcllier 33 moves the fcocal positicn of the beam
by the focal lens 18 in response to the recording location height
information detected by the height sensor 21.

The laser interferometer 35 irradiates a laser beam to the
mirror 23, receives the reflected light of the laser beam, and senses
the leccation of the mirror 23, i.e. movement distance information
r relating to the stage 25. The movement distance information r
indicates a recording location in the radial direction of the original
master 4. The movement distance information r measured by the laser

interferometer 35 is supplied to the positicn controller 34. The



position controller 34 then conpares the novenent distance
information r with reference distance information REF, and in
response to a position error signal of the conparison result, drives
the notor 27 via notor actuating nmeans, not shown. The position error
signal is also supplied to the beam position corrector 32. In
response to the position error signal fromthe position controller
34, thePDehri posi tPoRrebleect 9t 3IPh@xcit@ePaRes al tghnemvaseint 168jistance
thereby deflecting the el ectron beam The rotation controller 36
drives IpfafTahlen thewshhndledepsnse @PPstaneespodoempsigncorBlndand in
fromthe main controller 38. The deflection controller 37 controls
def | ect FoPPoRse e &l pestbhobeamohy ighe lhp§itspeedpdefiseot nesdyti nirives
response to a command provided by the nmain controller 38. The
accel ertbire Agtisirgh’ wélat mgeo pawsruagume 3305, tied bleawn . nithd pbeit3dn error
the focus controller 33, a position controller 34, the rotation
control $egn®d8b, ignd liste e bied ohocdirer didam BFsareorachrrechabrolld2ed In
in response to commands of the main controller 38. The main
cont r ol TesP3Bs erele e paposeEdn fawcexanpghel bHfom nherpeoonpidergontand ler
executes conmand operations in accordance with a program A pattern
| i t hogradghytipz deess p@sition oubr bycexpodUrexoftddhetheord lgiqratemmsicarl 4.6,
using the el ectron beam | ithography system having the above
confi gurla¢Tapy widflbet degcthbedledheopabeenn |ithography process
involves formng a plurality of tracks at a track pitch 85x. Each of
the pluralityrod rotatckien soptoduted Jchdoirgds dreasitigrod £ fiold spindle motor
concentric circles. The pitch of the four concentric circles is 5x,
and wi dih ah theesgarask ts 45xcomtmarnd@coHronsSeheo rzone dahdranledaBad. The
zone data, the main controller 9

deflection controller 37 controls deflection of the electron beam

by the high speed deflector 17 in response to a command provided by
the main controller 38.

The accelerating high voltage power supply 30, the beam
modulator 31, the focus controller 33, a position controller 34, the
rotation controller 36, and the deflection controller 37 are esach
controlled in response to commands of the main controller 38. The
main controller 38 may be composed, for example, of a microcomputer,
and executes command operations in accordance with a program.

A pattern lithography process carried out by exposure of the
original master 4 using the electron beam lithography system having
the above configuration will be described. The pattern lithography
process involves forming a plurality of tracks at a track pitch 83x.
Each of the plurality of tracks is produced through drawing of four
concentric circles. The pitch of the four concentric circles is 3x,
and width of the track is 435x.

To record serve zone data and data zone data, the main controller



38 instructs the position controller 34 to set a stage novenent to
the aforenentioned reference distance information REF, and instructs
the rotation controller 36 to rotate the spindle notor 22 at a
constant rotational |inear velocity. The position controller 34
conpares the reference distance information REF with the novenent

di stance information r of the stage 25 output by the | aser

i nterferpmiefr?d;s ajitk igbJiaspoNsenitecd 1pAsili @b setrorssagnalowimdie to
conparison result, drives the notor 27 via notor actuating neans,

not showhe aHarewgh ttikese eofvRensSe alid PRIl hO88mat hén MEH,eand iirstructs
rotated by one rotation along with the turntable 24 by the spindle

notor 2Zhe rafdtabnt AEnSAOELEL IBE t& roRwee tie thenmastitd@dbalt a constant
direction along with the stage 25 by the stage novenent mechani sm

26. Therppyenenil diséancec0bcibe.stage 25 is 25x per one rotation of
the spindle nmotor 22. 25x is a distance equivalent to 1/4 the track

pitch 85x. Thend svel o6l E¥nYrof1bhesst agRpddeiss te¥PHRF/ERSE diktance
(VI 2nR) x 25x = Vbx/nR where V denotes the recording |inear velocity

and R depst £gat hen radt YS+nhofhd ReveReak diNor 4 QAL TR rmERE JIBE B E the stage
controller 38 changes the reference distance information REF

supp! i egls kRckie PPRh Olisc FORLROIASLnit i acegrdancepbhletiiealised cion

velocity v. Since the position controller 34 drives t not or

whi | e g@_{]_@é.@téi@iﬁ Qqskﬁéoébmﬁéf%oz§irgargﬂlts,od§§vég Q?e %@r t2F7evia motor

novement distance information r and the reference distance

i nformat ipn, to.gach prhery . Asa result, the stage 25 noves at a
constant rate o? 25X per one rotafion of the spindle motor 22. The

mai n control |-, 38Rl d NSbMHSha st e ApRel R YHNI AL ML s Il 4 is rotated

by one rotation along with the turntable 24 by the spindle motor 22,
and at the same time is moved in the master radial directicon along
with the stage 25 by the stage movement mechanism 26. The movement
distance of the stage 25 is 28x per one rotation of the spindle motor
22. 2d0x 1is a distance equivalent to 1/4 the frack pitch 8&x.

The feed velocity v of the stage 25 is expressed as:

v = (V/20R) x 28x = V8x/nR
where V denotes the recording linear velocity and R denotes the radius
of the recording location. The main controller 38 changes the
reference distance informaticn REF supplied to the position
contreoller 34 in accordance with the feed wvelocity v. Since the
position controlier 34 drives themotor 27 while generating a position
error signal so as to be equal the movement distance information r
and the reference distance information REF to each other. As a result,
the stage 25 moves at a constant rate of 28x per one rotation of the
spindle motor 22.

The main controller 38 also instructs the accelerating high
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vol t age power supply 30 to apply voltage to the high voltage el ectron
emtter 11. Thus, an electron beamis generated fromthe el ectron
emtter 11. Further, The main controller 38 instructs the focus
controller 33 to focus the el ectron beamonto the master 4. The beam
position corrector 32 excites the alignnment coil 16 in response to

the position error signal fromthe position controller 34, thereby

def | ectvailg ddwe pelvect soppbedil tRexmrly v ldave ts Wuppiobdvaltagd iededtron
clock timng fromthe nain controller 38 to the beam nodul at or 31.

The cl cakitttiew fd . s Thus,syncelethrbhebeammbs dsenasaieel] tfr drihe hpo silieicemon
controller 34 and the rotation controller 36. The recording data is
dat a | hcatengil serfiortzZone, dete anth dabtatzohécdaB8d pestdusksi nheh&ocus
order of data recorded. In response to the recording data, the beam
nmodul atesnt3ol genelaties foamsut iad | age st gnal heandonto respansecéo 4 he
nodul ating signal the blanking plate 13 deflects the el ectron beam
generated from tharelectitdrreabitrectdt. 3Thascibae ohe tdel grasentd hatil 16
the el ectron beam passes through the aperture of the aperture plate

14 and iheespbhee €8st d pakithenheamdeegnaot f passhhsesohi dheontroller
aperture is obtained. In the former case, after having passed

t hroughs4 he:repespr @t hect ehgctione beamr4s hesmdi ated as a spot onto
a recording surface of the master 4 via the deflecting coil 15, the

al i gnment coifechaie ahigh-spaghideld eat o fliked ha JOcusinliers &m the

and the objective lens 19. In the latter case, the electron beam

does nafz i aveht Reyond 3¢ heo apes tid &n phédel ddoanet | s 1Hat dildaditatBehg is
onto the master 14. A pattern in the formof a latent image is forned

in sectonsnohiitthe t%sh%ﬁnnénh@a&séﬁéd' thaghatgds byidhe-@le 4T 34 and
beam and the resist layer in the latent imge sections is renoved
in a supsequNitidd controller 36. The recording data is data indicating
servo zone data and data zone data per disk in the order of data
recorded. 1In response to the recording data, the beam modulator 31
generates a modulating signal, and in response to the modulating
signal the blanking plate 13 deflects the electron beam generated
from the electron emitter 11. Thus, one of the case that the electron
beam passes through the aperture of the aperture plate 14 and the
other case that the beam does not pass through the aperture is obtained.
In the former case, after having passed through the aperture the
electron beam is irradiated as a spot onto a recording surface of
the master 4 via the deflecting coil 15, the alignment coil 16, the
high-speed deflector 17, the focus lens 18, and the objective lens
19. In the latter case, the electron beam doces not travel beyond
the aperture plate 14 and is not irradiated onto the master 14.
A pattern in the form of a latent image is formed in sections

of the master 4 that are irradiated by the electron beam, and the

resist layer in the latent image sections is removed in a subsequent
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devel opi ng step. The sections in which the resist |ayer has been
removed is recessed, formng the actual pattern. In order to formone
track for recording data, data of the one track corresponding to one
round of the disk is generated repeatedly four tines. As shown in
Fig. 3, when one track is drawn, points situated along the sanme disk
radial direction serving as a reference |location on the first track

Is designatesh iirfﬁ?pst@p Crmandd2t{Biss pai RS thB rEsiand 1B y@re has been
| ocated in the phabetical order fromthe inside peripheral side,

at i nt efmad Se®f i OXredBEsHO] NtoAni Sy atKECHELLAY SdBE&rnpoi nt of the
first track, and the point Dis a recording end point of the first

track. The rotraldr@R OBt FOFheSn38 Ak €6 rt REcSPH MY &ia B! A td2080L18S one
to spin at constant rotational |inear velocity. As shown in Fig. 4,

to witeroime ddrasddifiime ’oConé Rl o38thé rsitsk dgtgélﬁrw@ﬁe@.\h@p}wtedly
the recording | ocation of the spot (the exposure |ocation) is th

| ocati opn@F theepoint A (Step S1). Myvenent of the recording
location to the point Ais acconplished through novenent of the

stage 25. |If Adedapond] ng d.06at LaBnl nkherhegal s o Ofn | heoi R i thatea
the main controller 38 supplies recording data to the beam  nodul at or

31 to stk %gﬁ@u&lﬁék%dl%leal§%):’t1%ﬂds§£‘viﬂ§ S8BBrLF8Bence location

instructs t l ection controller 37 to performdeflection of the

el ectrog, ts 1 kN (es sg t
rate%e]f%te%&@rh S iR 33 &, B €espanss, OI‘I%@%)OJ,nts A,

const ant ction command,” t he defl ecti dn Controller

deflects the &g%rgfl?bf@é%wdt{kg £di ﬁ£ﬁ§@&£ t%m%g gﬁﬂ@siirf’s%e

perlpheral direction (first defTection ane

AR AR U o 5 R PR g
point of the first track, and the point D is a recording end point
of the first track. The rotation controller 36 drives the spindle
motor 22 so as to spin at constant rotational linear velocity.

As shown in Fig. 4, to write one track the main controller 38 first
determines whether the recording location of the spot (the exposure
location) is the location of the point A (Step S1). Movement of the
recording location to the point A is accomplished through movement
of the stage 25. If the recording lccaticn is the location of the
point A, the main controller 38 supplies recording data to the beam
medulator 31 to start beam modulation (Step 52), and at the same time
instructs the deflection controller 37 to perform deflection of the
electron beam at a constant rate (Step S3). In response to the
constant rate deflection command, the deflection controller 37
deflects the electron beam in the radial direction, namely the inside
peripheral direction (first deflection step). On the height plane

of the recording face of the master 4 the spot of the beam moves at

a velocity equal to the feed velocity v cf the stage 25. However,

12



since the master 4 is noving in the same direction at the velocity

v, as a result, the spot becones a stationary state in the radi al
direction on the master 4, and | ocates on the concentric circle that
passes through the point A That is, a pattern corresponding to the
recording data is sequentially drawn on the concentric circle that
passes through the point A through exposure in the direction

i ndi cat®N ey Hre VS Her B ¢5 BOVERE AR hheokirel dred8l ehat déterflvasity
whet her the recording |ocation of the spot has travel ed by one round
and retor el & oredelt pdifm wYStegr@ys 9 fstafelqregar ditigd dgatlihen degsial
returned to the point A the deflection anount of the electron beam

at t hi S9i5eetponmn the paxtewd chncot pespoady: ttdhiet hentensridet] ecte dihat
anount. The deflection controller 37 is instructed to perform

hi gh- speesksesldfirmsidlotihef pohet i ecflhatr beam atitieamn thereeponding to the
| ocation is at the point B (Step S5). That is, this is the second

def | ectterordinp, ddte Vit cleausatdladdiyr dmabeanmdelié economanbuntirsle that
returned to 5x. This deflection anmount corresponds to the second

def | ectpasseantbmbugA déter ppnati én i thnedeh asxposwiret ier the direction
recording location of the spot is the |location of the point B (Step
S6) . lindiheatedordi agrovecabi Bigi s3the | ocation of the point B,
recording data is supplied to the beam nodulator 31 to start beam
nodul ati on ( Shep @A cwhitlrel latr BRetbanedétaemt hesdeidgest othe recording
controller 37 is instructed to perform constant rate deflection of

t he el etdecani beant (SteEsd) hasAtpatviedren bgobnespoaddngnd oréhersedreco the
recording data, which is formed on the concentric circle that passes

t hr oughpd hret poi n$sed, S4 5. drigdmt Heh g diexp Asidag iant hdshe-aneent i the

circle that passes through the point B. 13
point A, the deflection amount of the electron beam at this time point
is 28x, which corresponds to the first deflection amount. The
deflection controller 37 1is instructed to perform high-speed
deflection of the electron beam so that the recording location is
at the point B {Step $5). That is, this is the second deflection
step, in which the electron beam deflection amount is returned to
d%x. This deflection amount corresponds to the second deflection
amount. A determination id made as to whether the recording location
of the spot is the location of the point B (Step S6). If the recorxrding
location is the location of the point B, recording data is supplied
to the beam meodulator 31 to start beam modulation (Step S57), while
at the same time the deflection controiler 37 is instructed to perform
constant rate deflection of the electron beam (Step S8}. A pattern
corresponding to the same recording data, which is formed on the
concentric circle that passes through the points A, is drawn through
exposure onto the concentric circle that passes through the point

B.
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The main controller 38 determ nes whether the recording |ocation of
the spot has traveled by one round and returned to the point B (Step
S9). If the recording |ocation has returned to the point B, the

defl ecti on anount of the electron beamat this tinme point is 36x.

The deflection controller 37 is instructed to perform high-speed

defl ection of the electron beamso that the recording |ocation is at

t he point C (TBieepm&lN) confthaillies; BRe diefdwecineam abpoher ofhé¢ heecording
el ectron beamis 26x. It is determ ned whether the recording

| ocat i anbaft 1dre Epathd spoltehbecatrbhonlefl bheopoi murd (StepreSiijned fto the
the recording location is the |location of the point C, recording data

i s suppldiet t® tdieepesm nodd ater r3tcheisibanbchedmnmbel atitarnest ep the
S12), while at the sanme tinme the deflection controller 37 is

i nstrucdethit 8, paeid eemieensioanintahe dethedtlient ain bhemed echient beamoint
(Step S13). A pattern corresponding to the sane recording data, which

is fornpd ®8xtheraeneRIfIddx Gl ckesttbalepasy tiky ought fher@oi abs pArform
and B, is drawn through exposure onto the concentric circle that

passes Hipugheddeidol skt fon The fRENecept£6hl Bead8sbheRadeteMRes rding
whet her the recording |ocation of the spot has travel ed by one round

and retigded 4,0 ikher thel pbitk (StepeSlsho) | f Thhe 1ecend agriesat b®Rmount
has returned to the point C the deflection anobunt of the electron

beam aty £ hing BOLRErohMbEdfB d $546X. 1Thes defkeqlined #RELREK€fe FdoTding
instructed to perform high-speed deflection of the electron beam so

that t he, & 8co5didig +H0GRLONsi 880t ihe J0itHe Boifiep $48dp-s11). 1If
Specifically, the deflection anount of the electron beamis %GX. I t

is deteryd nedo P MeiherchPeohecOkficNgobocabh O ohet®i SO +8cbP&ing data

| ocation of the point D (Step S16). If the recording location is ?he

locati(ﬁh(gupﬁ%ﬁed to the beam modulator 31 to start beam modulation (Step
812), while at the same time the deflection controller 37 1is
instructed to perform constant rate deflection of the electron beam
(Step S13}). Apatterncorresponding to the same recording data, which
is formed on the concentric circles that pass through the points A
and B, is drawn through exposure onto the concentric circle that
passes through the point C.

The main controller 38 then determines whether the recording
location of the spoif has traveled by one round and returned to the
point C (Step S14). ZIf the recording location has returned to the
point C, the deflection amount of the electron beam at this point
in time is 45x. The deflection controller 37 is instructed to perform
high~speed deflection of the electron beam so that the recording
location is now at the pecint D {Step S15}. Specifically, the
deflection amount of the electron beam is 38x. It is determined

whether the recording location of the spot is the location of the

point D (Step 816). If the recording location is the location of
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the point D, recording data is supplied to the beam nodul ator 31 and
beam nodul ation is initiated (Step S17), while at the sane tine the
deflection controller 37 is instructed to performconstant rate

defl ection of the electron beam (Step S18). A pattern correspondi ng

to the sane recording data, which is formed on the concentric circles

t hat pass through the points A, B, and C, is drawn through exposure

ont o t heh« @adent Di, cretocdeng hidt passespbhiedgho tdtee peiant mdduTheomad h and
controller 38 determ nes whether the recording |ocation of the spot

has tr awedredndaiulone grodrdiandipeedr n8depoSIhe, wWinild ab (Beepamd Himd fthe
the recording location has returned to the point D, pattern draw ng

i s condetksfisnt bentecdlding7ddtsa infstonectdd ack. pdhecdaf kegiksitant rate
anount of the electron beamat this point in time is 55x. The

def | ectdofi €Ot dswldfethdelsct it beetredst ep Erd)or Nk ki ghe sperd-responding
defl ection of the electron beamso that the recording location is at

the poity tAcOfamberdxtdindqelktaSt€pi S20)s Thrhedst LEspOBESehOrib&ircles
third deflection step, and involves returning the deflection anount

of the gleetd-0x heameguicval gpinte Ahes ! hiddc,detl @edlon 2wt Sfesure

to zero. The operation of above steps Si through S20 is repeated for

the nextntd aghe SONSSQULNE! ¥iréDe SPROE %§§§ééoﬂh£@uéﬁetﬁé béint D.
direction noves over tinme as shown in Fig. 5A, and the deflection

amount of thergl eghbhan chearp ot hegsr egor dingn acerehangestas shoWrding
in Fig. 5B. Fig. 6 shows the relationship between the irradiation

| 'ocati of, @ngdi Ghange-Hd die Hlls @Ghhen e« f pdebhectbQRqOind Nec €l 8ELH b the
beamwi th respect to the master 4. In Fig. 6, the electron beans

shown by, {fe $0lditd igies . depi ehet PecHBHERGT 10RaE1 80 EnAL 8L S8 Lt Pfthe

recording of each "concentric circle, whilée the el ectron beans shown

by the ;pc;ﬂlﬁerb,l ip’éecscerq'ﬁdrawing is completed for the recording data of one
track. The deflection amount of the electron beam at this point in
time is 50x. The deflection controller 37 is instructed to perform
high-speed deflection of the electron beam so that the recording
location is at the point A of the next track (Step $20). This
corresponds to the third deflection step, and involves returning the
deflection amount of the electron beam equivalent to the third
deflection amount 5&6x to zero. The operation of above steps 51
through 520 is repeated for the next track.

Consequently, the spot location in the radial direction moves
over time as shown in Fig. 5A, and the deflection amount ¢f the electron
beam on the reccrding face changes as shown in Fig. 5B. Fig. 6 shows
the relationship between the irradiation lcocatiocon and change in the
direction of deflection of the electron beam with respect to the
master 4. In Fig. 6, the electron beams shown by the solid lines

depict the deflection state at the start of recording of each

concentric circle, while the electron beams shown by the broken lines
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depict the deflection state at the conpletion of recording of each
concentric circle. Fromthe drawings it is understood that at the
recording start point A which is the point in tim of starting of
drawi ng t hrough exposure for one track, the deflection anount of the

el ectron beamis zero; while at the recording end point D, which is

the point in tine of conpletion of drawi ng, the deflection ampunt of
the el e8eRHAL beuindss™ L iomhetadia aét i-br anpoAetdPN5SK Tecerding ab each
defl ection anount of zero through high-speed deflection. The spot is

si t uat etPECR BRI ¢ ebiei g Stram THE Arapines thelsubréeuehtodsdovdhdt the
track. By repeating this operation for each track, patterns can be
drawn ofP@ERid IMRCHIRGHt Ay ofhiahadies thet hodntcanryimg ofitstarting of
bl anki ng operati on equival ent to the novenent anount of the stage

bet weerd X #iel e fderstudlic egppeles. LSk ue thecdef tleetdedil eartoimt avbunhieof the
el ectron beam during drawi ng of one track can be an anmount | ess than

t he novehedtramdtaan ¢fs zkeost ahélet e thacteginding end peiposBi bbeich is
to carry out drawing within a short tinme, as well as possible to

wite tongeeintciritivhesohadnhigihloresof uliaonirand tighledomrtaioyn amount
through wutilization of a nultiple exposure averaging effect. In the

pr ecedi mg wErbediaranton beert Lackdks pitoduedd. doyr idmawimpgnitcoficBhkri€ reset
circles four tinmes, but it would be acceptable to produce one track

by drawimg caftatttrian amaalngs o membechnoafht higs-sgpbed déhbacfooi. The
In this case, as shown in Fig. 7, where track wwdth is nbx and w dth
of the $podsi betivieert ¢d adk $hies rebprdingcktprtchoist (A fodr MHX.suB¥e:quent
feed velocity v of the stage 25 is expressed as: v = (V/2nR) x (n +

m bx/ n sedaxd it rieal / 2ByRrebeseiNgdend eparenoradi fgrl eaenar-vetocidatterns
and R denotes radius of the recording |ocation. During draw ng

equi val ent Heodenenr enadadh @f th6 plurality of tracks without carrying out

a blanking operation equivalent to the movement amount of the stage
between the concentric circles. Since the deflection amount of the
electron beam during drawing of one track can be an amount less than
the movement amount of the stage (the track pitch), it is possible
to carry out drawing within a short time, as well as possible to write
concentric circles with high resolution and high accuracy through
utilization of a multiple exposure averaging effect.

In the preceding embodiment, one track is produced by drawing
concentric circles four times, but it would be acceptable to produce
one track by drawing concentric circles a number n of times other
than four. In this case, as shown in Fig. 7, where track width is
nédx and width of the lands between tracks is mdx, track pitch is (n
+ m)dx. The feed velocity v of the stage 25 is expressed as:

v = (V/2nR) x (n + m)dx/n = Vdx(n + m)/2nnR
where V denotes recording linear velocity and R denotes radius of

the recording location. During drawing equivalent to cne revolution
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of the spindle nmotor 22 fromthe recording start point A back to

the start point A, the deflection anount of the electron beamis (n

+ m bx/ n. Through hi gh-speed defl ection of the electron beamso as

to change the recording location fromthe point Al to the foll ow ng

poi nt A2, the deflection amobunt of the electron beamis reduced by

ox, to nmbx/m The subsequent deflection amount of the el ectron beam

I S conpaf alilee,spiridild heoispot2d dtadn drhd nrddverdiady adtaditr getiimdn A1 back to
shifting over time as shown in Fig. 8A and with the defl ection

amount tfe tdtenrteleetniorh bearhoridiie atecor dimogifaced changilrgtover Heame is
as shown in Fig. 8B. Because the stage novenent velocity is
proportionrah)sa/hhe THeblghth ogh-asmead datf ledicdhXbtd, thy skédtngn Mdam so
a larger value conpared to n, the stage can be noved faster, thus

maki Ng 44 tpossabe the sbestehngdroasitier Frem e sbontenl re the fanilioering
time, the systemis less susceptible to the effects of fluctuations

of the wlaet rogn heamde QU HIRUENBANLO cENBhEVET: £ BEGH tbdign AGE Wealidced by
In the precedi ng enbodi ments, at the point in tine that the beam

spot i s5:8) tuahed/Aal thee rREViRGSBAEL cpOH Bh dud®linPloff Oheedldet 8fn beam
the tracks, the defl ection anount of the electron beamis zero;

however; s thapheam equitenave shatel besth 8 BeHBt-dffenentc£1 oMsAA@ ing
at the start point. According to the present invention as set forth

above, &Pl iy spbweongentsi Lidibardaha fatt £RScHImE @AM I the
one track are exposed. In the exposure of each of the concentric

circul afy dat Bon RAHARTIS + HURG A %él%@sehﬁngﬁn%ghévé%@ﬁﬁé rd€ shown in
circular data patterns corresponding to the firsf through (n - 1)

-th rounds, ghe electron beamis deflected on the surface of the
original master in 17

Because the stage movement velocity is proportional to the
deflection amount (n +m)dx/n, by settingmto a larger value compared
ton, the stage can be moved faster, thus making it possible to shorten
drawing time. By shortening the write time, the system is less
susceptible to the effects of fluctuations of the electron beam,
contributing to improved recording accuracy.

In the preceding embodiments, at the point in time that the
beam spot is situated at the recording start point A or Al for each
of the tracks, the deflection amocunt of the electron beam is zero;
however, the beam could have a deflection amount different from zero
at the start point.

BAccording to the present invention as set forth above, a
plurality of concentric circular data patterns for forming one track
are exposed. In the exposure of each of the concentric circular data
patterns, during each exposure cf the concentric circular data

patterns corresponding to the first through (n - 1}-th rounds, the

electron beam is deflected on the surface of the original master in
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the direction of planar novenent of the master by a first deflection
amount per revolution of the master. Wen the exposure of each of

the concentric circular data patterns corresponding to the first
through (n -1) -th rounds is conpleted, the electron beamis

defl ected by a second deflection anmount on the surface of the

master. Further, the exposure of the concentric circular data

pat t er ntgordiespondmegf bhahbe meddnegting thecnnptef ed; at heret edAldttion
beamis deflected by a third deflection anount in the direction

opposi t gmdant he=pl oras . utbye et feGibiean ofihthetRaséeposued dhatach of
the irradiation position of the electron beamis |ocated at the
exposurenst aphcpasiiconietulbhedbitbShat@BeRRt HoG reishein@ iefy tthe the first
adj acent track. Thus, the deflection anount of the electron beamis

an anoughrbe§s than)thl roDueNeRt caiPLete®f thitee VRSt LI IR ad is deflected
predeterm ned radial direction during one revolution, whereby it is

possi bl gy tz:0seabhy a1 &k BibmMGmatinthbi heSBAFEEEeld flRneasa et | asifher,
expose data pattern tracks with high resolution and hi gh accuracy

t hroughe jé i digadhon of tﬁhé’wh'otn'(:lé'rﬁrl%xEQ%@ﬁQa@VQé@Q'%@c’@éf@%ozf@%onding
original master manufacturing nethod according to t pr esent

inventiey gesSyltablouharigdatanpriteqn 4hd hootaphyn dfedn n?ss'fcféflé@cfed by
fabrication of substrates for nagnetic disks such as hard di sks.

CLAIMS 5 1t h ARG 0fid g1 Dat 1 BRSLESuMBNL aCh dIrd Nge PRI N0 o d 1 £ &di At g };ﬁrhnar
el ectron beam on an original master having a resist 1layer on a

surf acelnoxtr@m@%@%fr@c*@%‘ﬁ%ﬁ kEhe ﬁéEEQJ:aéuQ{itt%aQa‘ch%rf_‘rpé{dﬂaﬁi‘oh Spc?éktlon

integer that is equal to or greater than 2) rounds per track

predet ep g ped eﬁéé£egﬁebe§ﬁ 10af @ Phyrad idye ofy s }[% Q@aquo@%ltlon of
predeterm ned track pitch are formed on the original master e
met hod Eﬁgp@f?Q%Jconcentrlc circle of the adjacent track. Thus, the
deflection amount of the electron beam is an amount less than the
movement amount of the master in a predetermined radial direction
during one revolution, whereby it is possible to carry out drawing
within a shorter time, as well as to expose data pattern tracks with
high resolution and high accuracy through utilization of a multiple
exposure averaging effect.
The original master manufacturing method according to the

present invention is suitable for data pattern lithography of amaster

for fabrication of substrates for magnetic disks such as hard disks.
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a rotation driving step of rotary-driving the original nmaster at a
constant |inear velocity; a novenent step of noving in a plane the
original master in a predeterm ned radial direction at a constant
velocity which is provided with a predeterm ned anount of nobvenent

per round of the original nmaster; a first deflection step of
deflecting the electron beamin the planar novenent direction of the
original master by a first deflectiogLAaMBunt equal to the

pr edet er mi ned novenent anmount per round of the original master on

t he surface aintbeigihgilnabstest erartiffacigredposwstthodf ofhéreaddentinge an
circular data patterns corresponding to first through (n -1)-th

rounds @fecacdn dleathen@rubal gt yadfmdstackhavanger araidef 1 egét om st face
of deflecting the electron beamin a direction opposite to the

pl anar fPvefRide H reaiddart ofc tdieorisg aalta pasternbpyansecoid an integer
defl ection anobunt equal to the predeterm ned distance on the surface

of the giigiiRabqiBS RS or YRR tEATPheh i 0Nrohinds e rexpasura ofpridiRtermined
concentric circular data patterns corresponding to the first through

(n -1)-dhstonnds;sandag & inddefd ool oha skemofiddetl geéddgetiined track
el ectron beamin the direction opposite to the planar novenent

directign:eh ihe poigbnfabn 48:nBsiginby Babber(d dptleethon asmynisoOng:
the surface of the original master such that an irradiation position

of the el ectron-eamdrs drliosaedtad & r@tﬁqgwcﬁiiii%rgt tBeShE1 ®MAN ddifer
concentric circle of a first round of an adjacent track, upon

conpl etion; ofcexpRstr eipkarthe16enepntric circular data pattern

corresponding to an n-th round of each of the plurality of tracks.

2. The origi nalpdRstert Nl act urbnohdrethod acoar ding 4.0 $Hldd Mmaster in
a predetermined radial direction at a constant velocity which is
provided with a predetermined amount of movement per round of the
original master:;

a first deflection step of deflecting the electron beam in the
planar movement direction of the original master by a first deflection
amount equal to the predetermined movement amount per round of the
original master on the surface of the original master during exposure
of the concentric circular data patterns corresponding to first
through {(n -1)-th rounds of each of the plurality of tracks;

a second deflection step of deflecting the electron beam in
a direction opposite to the planar movement direction of the original
master by a second deflection amount equal to the predetermined
distance on the surface of the original master, upon completion of
the exposure of the concentric circular data patterns corresponding
to the first through (n -1)-th rocunds; and

a third deflection step of deflecting the electron beam in the

direction opposite to the planar movement direction of the original
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1, wherein when the predeterm ned distance is given by 5x (Ox is a
positive nunber), a land width between the tracks is given by nbx (m
is an integer that is equal to or greater than 1), and the track

pitch is given by (n + m) 5x, the predeterm ned novenent anount and

the first deflection amount are (n + m5x/n, the second deflection
amount is Ox, and the third deflection anmount is (m+ 1)5x. 3. The

ori gi nahasest ary narufiact weflg amEidiodmaceer dnnghtosetadte df whereiiyinal
defl ection anount of the electron beamis zero at the exposure start

| ocat i amaofet heuchnteratree drrabéacapneppending bd thie fidStrdnOWrGm is
of each of the plurality of tracks. 4. The original naster

manuf act et thgd net hot @csestagstor€lBoantlon vhiergid apaiedetiu g1t of
t he exposure start |ocation of each of the concentric circular data

patterns forstespontd R 20 bhg aldehst trhbBkoughofincodplet Dok adNdsipdNere of
el ectron beamis defl ected by high-speed deflection in the direction

0pposi t€hd cdrier @Al irevarentatdir et t 8fn ridHdGidalo AASEefh Bbund
t he second defl ection anmobunt equal to the predeterm ned di stance on

t he surdacesoh @bet@éigiﬂgélﬂﬁ§t§f thathe. second defl ection step. 5.
The original master manufacturing nmethod according to claim 1,

wher ei np UpoN T1ed W5 dihd D e SX PRSI La St @F ind MAHAD LcdheindQo claim
concentric circular data pattern corresponding to the n-th round,

the el ect rafe e disedaf e ohathdde Migh-sReed 4eld ect 499ehMiNgx (5% is a
direction opposite to the planar novenent direction of the oOriginal

master hysidevt hhnasdef | egt] o0 apunt 00 fde, s d ace, of s the ﬂ\"é}l rlﬁ} m&x

master in the third deffection step. 6. The original master

manuf actyri NG reihedAceard Bg £9usl al iok Peate MELET A) T hE,EXAOSYNE ok
start |ocation of each of the concentric
pitch is given by (n + m)3&x, the predetermined movement amount and
the first deflection amount are (n + m)d&x/n, the second deflection
amount is dx, and the third deflection amount is {m + 1)&x.
3. The original master manufacturing method according to claim
1, wherein a deflection amount of the electron beam is zero at the
exposure start location of the concentric circle corresponding to
the first round of each of the plurality of tracks.
4, The.original master manufacturing method according to claim
1, wherein upon returning to the exposure start location of each of
the concentric circular data patterns corresponding to the first
through (n -1)-th rounds, the electron beamis deflected by high-speed
deflection in the direction opposite to the planar movement direction
of the criginal master by the second deflection amount equal to the
predetermined distance on the surface of the original master in the
second deflection step.

5. The original master manufacturing method according to claim

1, wherein upon returning to the exposure start location of the

20



circular data patterns corresponding to the first through n-th rounds
is located in a sane radial direction of the original master. 7. A
conput er -readabl e program for executing an original master

manuf acturi ng method of irradiating an el ectron beam on an ori gi nal
master having a resist layer on a surface to expose a concentric
circular data pattern by n (nis an integer that is equal to or

gr eat ercordwait 2)c raundsl perddtacie dtemh padeisgyoridied; dics ttdRC e—t3$0 round,
that a plurality of tracks having a predeterm ned track pitch are

formed tion &becorbni baknmast ede f LOOPEH SbRY hidgh-GiRid DS 1 &/d 1Bt R the
of rotary-driving the original nmaster at a constant |linear velocity;

a novereinte st Bfh eppMiteg tbntRe B BYeat i veilegitnal rBBSE8H &N e original
predeterm ned radial direction at a constant velocity which is

provi dechddh by pheded BFdideed AITOWH afbuiBVEaHe RBekreeunds afnd Reiginal
original master; a first deflection step of deflecting the electron

beam i midieer plrangie nmyveree fid@cidOns0dpt he original master by a
first deflection anount equal to the predeterm ned novenent anount

per round of 1 orardigidalmamsdemo dhe surfaeR ohbd e QiR o claim
master during exposure of the concentric circular data patterns

corresppRei 89 Wik rd St heZdxpHE QHEN k-t 1hehBi bAUNES 05 BaChOfdh@ntric
plurality of tracks; a second deflection step of deflecting the

el ect r ody haam Elaté_ﬁ!iﬁ@éﬁﬁ&@o@@%%%bh@ih% thenpl anas: PVEIBAln-th rounds
direction of the original mnaster by a second deflection anobunt equa

to the juedgieidd ned o dislance om the-su{ace, of ide, ord ginal  naster,
upon conpletion of the exposure of the concentric circular dgta
pat terng cor regpandiRg - 0 488 o br3lrhhr PHON {0addnd had QNS ANGiaster
manufacturing method of irradiating an electron beam on an original
master having a resist layer on a surface to expose a concentric
circular data patternbyn (n is an integer that is equal to or greater
than 2) rounds per track at a predetermined distance, so that a
plurality cof tracks having a predetermined track pitch are formed
on the original master, comprising:
a rotation driving step of rotary-driving the original master
at a constant linear velocity:
a movement step of moving in a plane the original master in
a predetermined radial direction at a constant velocity which is
provided with a predetermined amount of movement per round of the
criginal master:;
a first deflection step of deflecting the electron beam in the
planar movement direction of the original master by a first deflection
amount equal to the predetermined movement amount per round of the

original master on the surface of the original master during exposure

of the concentric circular data patterns corresponding to first
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athird deflection step of deflecting the electron beamin the
direction opposite to the planar novenent direction of the original
master by a third deflection anbunt on the surface of the original
master such that an irradiation position of the electron beamis

| ocated at an exposure start position on the concentric circle of a
first round of an adjacent track, upon conpletion of exposure of the
concent BirEceglrclmarldath paunésno€orrebpofidthg pbduaalntvhoFotndckef

each of the pIuraIitg of tracks. 22
a second deflection step of deflecting the electron beam in

a direction opposite to the planar movement direction of the original
master by a second deflection amount equal to the predetermined
distance on the surface of the original master, upon completion of
the exposure of the concentric circular data patterns corresponding
to the first through {(n -1)-th rounds; and

a third deflection step of deflecting the electron beam in the
direction opposite to the planar movement direction of the original
master by a third deflection amount on the surface of the original
master such that an irradiation position of the electron beam is
located at an exposure start position on the concentric circle of
a first round of an adjacent track, upon completion of exposure of
the concentric circular data pattern corresponding to an n-th round

of each of the plurality of tracks.
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