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MASTER, STAMPER, RECORDI NG MEDI UM AND STRUCTURE

TECHNI CAL FI ELD The present i,nvention relates to an
aberration eval uation pattefﬁ; an aberration

eval uati on method, an aberration correction nmethod, an
el ectron beam drawi ng appaltpsprAhyel ectron

m croscope, a master, a stanper, a recording nedi um
and a structure, and nore specifically, to an
aberration evaluation pattern evaluating the

aberration OARZRRATIUN HVANUAYSORNMPACIWRN]Y EBBRRAATEN
of a sanple, an aberration eval uati on net hod '
eVEVABUADQONh@EIHOD at ABPRRATAONI IOORREQT DON SYETHOD,
based on an el ectronic signal obtained by scanning the
abBLEATRON SEAMI&IRATNI NGt ABPARMIUS art I8 GTROBNMBERMSCOPE,
an aberration correction nethod correcting the
ab¥RFEEReN SEAMIIR /i rRECPBRPIBA MDA badey HHARVAEURE
eval uation result obtained by the aberration

eval uati on nmethod, an el ectron beam draw ng appar at us

having an_irradiation -systemwhose aberration
i 5P t he aberration correction met hod, an

el ectron i chascops hawl ng, 40, 1§ LATLAN9 5%35 oL

aberration evaluation pattern, an aberration
evaluation method, aﬁ aberrafion correction method,
an electron beam drawing apparatus, an. electron
microscope, a master, a stamper, a reCording medium,
and a structure, and more specifically, to an
aberration evaluation pattern evaluating the
éberration of an irradiation system scanning a
surface of a sample, an aberration evaluation method
evaluating the aberiation of an irradiation system-
based on an electronic signal obtained by scanning
the aberration évaluation pattern with an electron
beam, an aberration correction method correcting the
aberration of the irradiation system based on the
evaluation result obtained by the aberration
evaiuation method, an electron beam drawing apparatus

having an irradiation system whose aberration is



whose aberration is corrected using the aberration
correction nethod, a nmaster on which a pattern is

wa@le@a083090 usi ng t he el ectron beam drawi ng appaPEr/iR2007075417
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st anper” manuf actured by using the master, a recording

medi um manuf act ured by using,the stanper, and a

structure manufactured by using the stanper.

BACKGROUND ART In the optical |ithography technol ogy
f'é%Pr?EFE&eﬂEH%gmeﬁér%?@* Q@i@ﬂddﬁ?@% *GH“mgéhEB? an
optica It hography technol ogy using such as g-I1ne, _

| -d 1 88t r BRAMKIE oI d RERE S ahaVv e RREM BCdn V&Y ¥tem

made. From the vi ewpoint of further downsizing and

| NngK easeapk rearadint i PfcserkeopducisandesicesbéAraBeon
future, inprovenent and devel opnent of the |ithography

t echihipéogiea mkithcod,nga sucdtas an ehdcth an geatern is
drawi ng apparatus using an el ectron beam capabl e of
drémewy biynespaigt dihres ekeat sanpbeamant av staneppgratus, a
el ectron mcroscope (SEM capable of observing such a

f i pleapReremAnWfEF thingd reg ok ainen tice Ma§ie’ eda recording
General ly, an apparatus using an el ectron beam has a

f Jeedium| BEPNERC HARRT iRN ARENEN RSt iSFAIBSM and a
correction function so as to downsi t hespot shape of

A GTUEEPOR BERMIER LEA P BnPanngl ddiT G gReDr an

el gLk BROBRAHAY 2 at i on

In the optical lithography technology field,

conventionally research and development of the
optical lithography technology using such as g—liné,
i-line, and KrF excimer lasers have been actively
made. From the viewpoint of further downsizing and
increase of capacity of semiconductor devices in the
future, improvement and development of the
lithography technologies utilizing such as an
glectron beam drawihg apparatus using an electron
beam capable of drawing fine patterns on a sémple,
and a scanhing electron microscope (SEM) capable of
observiﬁg such a fine pattern with high resolution
are expected.

Generally, an apparatué using an electron
beam has a focus adjustmeﬁt function and an

astigmatism correction function so as to downsize the



apparatus and to nmake the spot shape a perfect circle
The focus adjustnent function is a function to

wa@losss20e0 t he spot shape of an el ectron beam fRCTERROGI075417
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the surface of a sanple as nmuch as possible. The
astigmati smcorrection function is a function to nmake
t he spot shape of an el ectron beam not an ellipse but
an perfect ci rcI e. Conventionally, to correct

g}g{( TS0 88, LIP9S based, q secondarLeelaniog o

t Fons obt aihed b rra atln

Céé@fbr?egafhoeko a %@&J@%ngalﬁkagl%%% ur e

suc as an Pt evapor at ed sanpl e and an ‘et ched

saip £ avi ngnd Y enshapenks spheraesbashngdmeEMircle.

function of an el ectron beam drawi ng apparatus. Then-

arrrad] f£iod i Nh dh & SRS th Y oRet Bdh NYst Be fasiotdred i sen
correction function so that the observed i nage can be
seRiwrei ge shaepbpotHaMaesr ,of mat he Sequabint ddare formed on
determ nation nethod, it is difficult to evaluate the
exitst eswcefatbeodi rectEm,e aawl mhehsazepofsstifigle. The
astigmati sm and the operation of correcting

astd tghana shens cparfemtian nimeti9n TRereffom&tidrereo make
are problens that it requires tine and-

réﬂ?%d‘-’d&‘i"bl phepei 9Tpaer .S S pr obPeRalictaldy, e}hipse but
resul t || kel ¥ ﬁ_lo bei nfl uenced by an individual' s
Ié‘d”fri?‘?ﬂ@ @REr §¢E&ENSsti cs throughout the operations. As

a Conventionally, to correct astlgmatlsm,Aan

image based on secondary electrons or backscattered
electrons obtained by irradiating an eiectron beam
onto a sample having a fine structure such as an Au
or Pt evaporated sample and an etched éample having a
hole shape is observed using the SEM function of an
electron beam drawing apparatus. Then an adjusfment
is made by operating the aétigmatism correction
function so that thé observed image can be seen more
sharply. However, in this qualitative determination
method, it is difficult to evaluate the existence,
the direction, and the size of the astigmatism, and
the operation of'gorrecting astigmatism is,performedA
manually. Therefore, there are problems that it
reqﬁires time and reproducibility is poor. Also

problematically, the result is likely to. be



result, this nmethod nay be used for research and
devel opnent, but there are many probl ens when used in

wa@eoogpgeanat us for production. To address the ppObIEN®7/075417
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for exanple, as a technique as described in Patent

Docunent 1 called the knife 2dge met hod, there is a’
proposed techni que that, after the spot shape of an
el ectron beamis directly neasured, the astigmatismis

PEREEhE e B R ﬁéf“%helreéarﬁuiln;‘gazr“éﬁfér“nrSth_
en@#g{?ag%egﬁgue toafp @rx;auy‘é%o Gl i i daryar capgoy,

be  obt al ne anpl e, ttere ectrons.

T%@Qgiesstm% RAH KM mifepe 1Sed HPasask4 £ERNLAHE
as described’in Pat ent Docunent 2 that after a -

r ed&venepmpattt, el that éifle aafanmahgped JAdmd WiaéhetuBed in
is formed (on a reticle in this case) t he

as&mgappasamu&(ﬁﬂnﬂpmm@@camdncorrected by detecting

the defocusing direction and the defocusi ng ‘amunt of
the el ect ronTbeandiresge tWht apnedlbpsi r fadi &#Hample, as a
el ectron beanms. However, there is no specific
desechpiive gisvale yamiped ngnt RetestcRaquppmeeluraldng
the quantifying nmethod of detecting the size and the

di Feet kB f6f Ztede | BRetendisud My eReedt herragaue

is_formed) except to note that the resolution of the
i nhgat rsaé&ﬁﬁqﬁhf %Rﬁ?hﬁFathgﬁeqqs ectron beam is

directly measured, the astigmatism is corrected.
However, the challengé is to manufacture a high-
accuracy knife edge. Also, there is a problem that
enough measurement accuracy (reproducibility) cannot
be obtained due to, for example, scattered electrons.
To address the problem, there_is a proposed technique
as described in Patent Document 2 that after a

" reference pattern having a fan-shaped radial pattern
is formed (on a reticle in this case), the
astigmatism is determined and corrected by détecting
the defocdsing.directiOn and the defocusing amount of
the electron beam image obtained by irradiating
electron beams. However, there is no specific
description given regarding the concrete procedure
and the quantifying method of detecting the size and

the direction of the astigmatism (including after the



problemthat it requires cunbersone procedures and

time to make the reference pattern in which a fanlike
w@2ao8082000i t h the width of the pattern bei ng cherggae7/075417

-continuously is radically and orderly fornmed. Further,

in a proposed technique described in Patent Docunent 3

, a reference sanple on whicCH plural reference

patterns each having a lattice structure made of |ines

ang, spaces aredicrelely. disposed 8hond G resorution

of “concentric - circles s

th : i.cq di j I ' : .
i Tt My AR R AT T LBRRERR SRy e @

PrPEH £4m e_ﬁgtaritelﬁ%&%-@e@aanbar%w%@&mweand
citcle passing through the reference patterns to

det pré tBemampe! itl}iéjeré)ffe@éh@éeghf:@@ir@l sirgRalidl® a fan-
determ ne and correct an out-offocus state and the

5 asligsvphsmeridowava ,tis¢ needth bf neecssarheto ldesSpose
ptural reference patterns each of the lattice
dickgbgdng didrfEimrentustpmist erdi oml t heaodr raasisndy nformed.
prescri bed positions along the ci-rcunference, the
probl emis tRartiher,s ivery rifdpeeaft techmimeadegeribed
the reference sanple. Further, it is also cunbersone
t ol RcRAEGRE Posaueh ¥ et FBARCHEAFCAISHRPLe on which
circunference of a circle orconcgn%;?c circlfs Stil

fRERERD WRES TS RAINF G T aBRGE OF AT Bl %ct? bhi BBam

10iSéLg£g%hr%b%g&gié¥] tfes and spaces are discretely
disposed along a circﬁmference of a circle or
concentric circles so that the lattice direction
(lines and spaces direction) is made into the radius
direction is prepared, and an electron beam is

15 scanned along the circle passipg through the
referenée patterns to detect the amplitude of an
electronic signal to determine and correct an out-of-
focus state and the‘astigmatism. However, since it
is necessary to dispose plural reference patterns

20 each of the lattice directions different from others
on the corresponding prescribed positions along the
circumference, the problem is that it is very
difficult to manufacture the reference sample.
Further, it is also cumbersome to accurately scan an

25 electron beam along a circumference of a circle or



to deflection is disadvantageously added. [ Patent
Docunent 1 ] Japanese Lai d- OQpen Patent Application No.

WQO®E/0MOR01 [ Pat ent Docunment 2 ] Japanese Lai BCTANE007/075417
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‘Patent Application No. 2004-153245 [ Patent Docunent 3

] Japanese Patent No. 3984019 DI SCLOSURE OF THE
| NVENTI ON PROBLEMS TO BE SO-WED BY THE | NVENTI ON The
present invention is made in |ight of the above
probl enms, and present_invention

g first object of th .
ifs,c‘?%c‘ﬁ?tvr"&ec&ﬁc&ﬁe?'r at#%hiévg}lﬁﬁgle&n Pt ernicapapire 9
of accurately evaluating .the aberrati f :
ir?%@fﬁ?i8§ s f%ﬁﬁy?ﬂ% ??alggc%ﬁé%gbﬁgfﬁp%?t%%g due
Preseq fi@%%ﬁ%‘oggfﬁf &%9¥£Q§e@ﬂsq PN .
egd?ua on n$tﬁb capa.?e of accurateéely evaluating the
aberration o (A gr=Xo VJF=} sy st slel
third object[ggefhg gﬁgﬁgﬁ?p?n¥gn??%ﬁ§F§etgkg$%3?%%ngn

abﬁéf@ﬁtoﬂp?(lﬁrcﬁ@i'cﬁﬂ N&! hpdoeapable10f accurately
correcting the aberration of an irradiation

system Still [Puteher Dotunosrit h2 pbjeptnelset e ipi-eBpen
invention is to provide an el ectron beam draw ng
appat ahtis Apapidldas iofn atcur 208Ky 1d3adng a .

[Patent Document. 3] Japanese Patent No.

3984019

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

The pfesent invention is made in light of
the above problems, and a first objéct of the present
invention is.to provide an abe;ration evaluation
pattern capable of accurately evaluating the
aberration of an irradiation system.

Further; a second object of the present
invention is to provide an aberration evaluation
method capéble‘of_accurately evaluating the
aberration of an irradiation system.

Still further, a third object of the preseﬁt
invention is to provide'an aberration correction -
method capable of accurately correcting the

aberration of an irradiation system.



pattern onto a sanple. Still further, a fifth object
of the present invention is to provide an el ectron

wor@soswope capabl e of accurately observing a BEEp2007/075417
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Still further, a sixth object of the present invention

is to provide a master capable of manufacturing a
stanper on which a fine patrgrn is drawn. Stil
further, a seventh object of the present invention is

t id t : bl f ' .a fi

on & ?éto?di‘aﬁlﬁi‘éf&#&%‘é‘r a APt hPeoBapen St
an ei ghth object . t.h N [ '

i b M e R R L A L

fiJghﬂfﬁge%gpg§ﬁk%@n%é§é§?@5?Et c§9¥Qé¥§§Uﬁ%£w§§%EHB

Accordin irst_a € present” invention

t\r}%@téfnpgg\c_iod%d Sihgherration eval uation pattern for
eval uati ng aberration of an irradiation system

scanni ng an gtechr gmrtean Ond Of af §Hr bagecal of sl present
by deflecting the el ectron beam Theaberration _
evahwaht 9B6npaist &) pretidesan péricadioralmistreastope

having a prescribed line width and a prescribed

di sapabzebetfweeTurtet ¢ Inesbseheipgr icodiagalsiruct ure

bei ng provi ded on the sanme plane and forned

Still further, a sixth object of the present
invention is to provide a master capable of
manufacturiﬁg aIStamper on which a fine pattern is
drawn.

Still further, a seventh object of the
present invention is to provide a stamper capable of
forming a fine pattern on a recordihg medium and a
structure. :

Still further, an eighth object of thé

present invention is to provide a recording medium

and a structure on which a fine pattern is formed.

MEANS FOR SOLVING THE PROBLEMS

According to a first aspect of the present
invention, there is provided an aberration evaluatioﬁ
pattern for evaluating aberration of an irradiation
system scanning an electron beam onto a surface of a

sample by deflecting the electron beam. The



outward froma center that is an irradi ated position
of the electron beam when the el ectron beamis not

waledoBegtoed, t he periodical structure being forP@&dIR2007/075417
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-ext end 360 degrees around the periphery of the center

and has either a concentric-circle figure or a spiral
figure whose center is posirﬁoned at the center that
is the irradi ated position of the el ectron beam when
the electron beamis .not def]lected. According to

R EAt hon AR AT TS L P B A EE 1 R P1 688 cal

oL Sl eal LYY & R Soton, 115 o9maya| st

i gure or a spiral

I gHrecuhose GERLehdes PASIELANEH L2k 1R SAT. C60Febaical

e ltrradla position o el ectron t hat

| S50k ¥ €L dBEL AGE @ oV BE6H 08 hEAks afle YOldH € ARNI RBrmed

a prescribed I'ine wwdth and a prescribed distance
begyegargherbinnas denfF Meat 0i exhand 3G degs@esosition
around the periphery of the center. Therefore, it

besprese pestschiren el wieée it gletdtyaratbeay is not
position on the aberration evaluation pattern figure
basefll eatad; i whge feorinedii byanselrectuae dgiray Dbormededo
by scanning the el ectron beamonto the aberration

evex vandof 6fareameds qureundctbedPeg itherseebnhe center
aspect of the present invention, there is provided an,
abaiRd akgsnedtileratd gspncentric-circle figure or a spiral

figure whose center is positioned-at the center that
is the irradiated position of the electron beam when
the electron beam is not deflected.

According to the aspect, the aberration
evaluation pattern is a periodical étructure provided
on the same plane and has either a concentric-circle
figure or a spiral figure whose center is positioned
at the same center of the irradiated position of the
electron beam that is ndt yet deflected. The
periodical structure ha&ing a prescribed line width-
and a prescribed distance between the lines is formed
to extend 360 dégrees around the periphery of the
center. |

Therefore, it becomes poséible to evaluate
astigmatism at any positiQn on the aberration

evaluation pattern figure based on an image formed by



nmet hod for evaluating aberration of an irradiation

system based on an i nage obtai ned by scanning an
wek@snswm ¢ beam onto an aberration eval uati onPEEIR2007075417

‘The irradiation systemirradi ates an el ectron beam

The aberration evaluation nmethod includes a step of

scanni ng the el ectron beam ofto the aberration

eval uation pattern according to an enbodi nent of the

t i tian, .a st f form he i based
Eiﬁéﬁ%ﬁ'@%ﬁgn%ﬁ? bs%tﬁap%\f%a%? Bherddithi e ShgckTon
step of eva ti ti the i i i .

PR SRLRL LB MR R o8Bl RS o B gnespure.
the abe”at'ﬂgce&d&g.g;a;% gad'bssédeSX§ ey %efvawa;sfgsent

based on an 1 nage 0 scanni ng the ectron

beam ont 9ohhe rakerd atd o SyahiEat ban PRI A1 deCOVHL A8 tion
0 f

to an e iment of the present invention. Therefore,

5 1| tndEereaES RO Bt theVabyatatashi @rmtdsm ata@lytion
position on the aberration evaluation pattern.

Aceps tlengbheed N r£h asegé obthheepr eésendcamvinygi an,

there -is provided an aberration -eval uati on nmethod for

eval satirbgiabdraaat i ontof aan abvendatiponsstlambbeedpesitern.
an i mage obtai ned by scanning an el ectroni c beam onto
anThéel raeddmtéval B $vemparradaaties iaw gl afFpan beam.

systemirradi ates an el ectron beam _ The aberration
evBheagbes radtiieay ¢ el wrieson Bespost includes a step of

10 scanning the electron beam onto tﬁe aberration
evaluation pattern acéording to an embodiment of the
present invention, a step of forming the image baséd
on an electron signal obtained by the scanning, and a
step of evaluating aberration of thé irradiation

15 system based on the image.

According to this aspect, the aberration of
the irraaiation system is evaluated based on an image
obtained by scanning the electron beam onto the
aberration evaluation pattern according to ah

20 embodimenﬁ of the present invention. Therefore, it
becomes possiblé to evaluate astigmafism'at any
position on the.aberration evaluation pattern.

According to a third aspeét of the present
invention, there -is provided an aberration evaluation

25 method for evaluating aberration of an irradiation



setting a focus position of the irradiati on system
onto the aberration evaluation pattern according to an

wepdpsdsaoent of the present invention, and a stR@EI/@#2007/075417
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eval uati ng aberration of the i rradiation system based

on el ectron signals obtained by scanning the el ectron
beam onto the aberration eval@ati on pattern onto which
the focus position of the irradiation systemis set in
a first direction and a seco d directi on ortho onal to

t b@%??%tba??é‘cﬂnor?n AR ARt 8 HRER] %edl
a rat t tt wh f
o%h?z,%gﬁfv ee“a%'rc‘zi%vﬁ?egﬁraéby°”%é’tlgh§%efaflﬁlc 72 aattern-
erence f I '
CoHACTERe R B DR A bbb peen.

érQﬂeP?Q%ﬁ%ﬁ?%J§¥h§%f@ﬁrﬁ@th%d”thNﬂd@§fée§£8§ of

plural simlar figures formed with the reference

f 'Qé‘f@lﬁ sht irgRed ?Oéb@l@l@néﬁr th&hase dd 04 £6n hayetam
prescrlbed line width and a prescribed distance

besneent hbe abietast fldrenevhtuat eohr pa theam i scdefdeéngedo
in arbitrary first and second directions, the first

angint bebsddmed tdigecthensréseny dniviesgoie + oardch step of
other and the deflecting electron beamis scanned onto

t hevabertanigorberatatat onopat her 4 rradiaateken t fpstem based
el ectron signals corresponding to each of the

di pRCcel 8RS XOThericdmr ks PPtpEBBRRS YPESAMHIENg othe electron

beam onto the aberration evaluatlon pattern onto
which the focus position of the’irradiétion system is
set in a first direction and a second direction
orthogonal to the first direction.

According to this aspect,.the aberration
evéluatian pattern onté which the focus position of
the irradiation system is set includes a referénce
figure formed on the same plane with its center
positioned at the irradiated position of the electron
beam when the electron is not yet»deflected? and
plural similar‘figures formed with the reference
figure positidnéd at the center. Those figures have
a prescribed line width and a prescribéd distance |
between the lines. Then the electron beam is
deflected in arbitrary first and second directions,

the first and the second directions being orthogonal



eval uate astigmatismin each direction by conparing
each of the signals. According to a fourth aspect of

W0 b@spswsent i nvention, there is provided an aPEr/IRDOTNTS417
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correction nethod for correcting -aberration of the

i rradiation system based on an eval uation result
obt ai ned by the aberration e¥atuation method according
to an enbodi ment of the present .invention. According

to this aspect, it beconmes possible to reduce_the

i ifd (Raele otheheaast thratdaimheeting §L8RNTREG RERADBN Df

the el ectron beam by form ng the spot shape qf the
el b%%FrPth\?héPetrrF@%aR}éf%YﬁEuaF 1PRe PR SEN tO

| ect [ di he fi
SO T et FOREEB T b Fer BBSPPACIGY Lo 'Sfen of
e%ﬂé“%i%@cg§tggq a%%%?@fgk P a4p 8 g%bgﬁﬁbégiﬂf@ to
present” Thventi on becones substantirally simlar to

. _Accqrdi a fifth . .
?ﬁe&gﬁrfllﬁ%é ztaﬁgrgghg'tqgﬂ o didhhqasreet oof dyhadMEsedhq

on, I's provided an el ectron beam draw ng

appasRt Y8 tRel ydighgian irradiation system whose
aberration is corrected by the aberration

correcti onnmeabedracagr dong tfowntienbsgdenenbfoftHehepresent

present invention. According to this aspect, since the

abetveatt bonpf theed rirsadh v odedysne mbiemdlaidexh i gorhection

el ectron beam drawi ng apparatus is corrected by the
method for correcting aberration of the irradiation
system based on an evaluation resuit obtained by.the
aberration evaluationvmethéd according to an
embodiment of the present invention.

According to this aspect, it becomes
possible to reduce the.influence ofuthe astigmatism
in the scanning region of the electron beam by
forming the spot shape of the electron beam so fhat
the waveforms of the two electron signals
corresponding to the first and the second directions
obtained by the aberration evaluation method
according to an embodiment of the present invention
becomes substahtially similar to each other.

,AccOrding to a fifth aspect of the present.
invention, there 1is pro#ided an electron beam dfaWing

apparatus including an irradiation system whose

aberration is corrected by the aberration correction



aberration correction nmethod according to an
enbodi nent of the present invention, it becones

w@omsiokloeo t 0 accurately draw a pattern on a sam@l/aP2007/075417
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‘Wi t hout™ being affected by the aberration of the

irradiation system According to a sixth aspect of the
present invention, there is-g?ovided an el ectron
nLcroscope including an irradiation system whose
aberration is corrected by the aberration correctio
mEtHeRP AcB6FAFAG NG teh BRI ARAPeBE e tﬁ’reeééﬁseng

i nvention. Accqrding to this aspect, since .the

alb]é?"f%\rﬂ"bﬂ_nof ORI at T ohP 5y sEEREETel FddthS nt i fe
el ectron . - i on:
e S e L N L R L S

according to an ment o

preefgg{erHVBgta:mg'&Vﬁ%v{]iorgfcﬁggﬁﬁagggggglse df ASCE @t By Yt he

observe a sanp cted by the

a%éﬁﬁéeﬂoﬁf dhe-ddr ash ahé ORo8Y sEedr AGRPrih Ngnt o a

_ aspect of the present invention, there is

Pr &b 88 dmanwBstre i Haf $&fOr fRYEAR ikeGoridi Nge aedé 5m
on which a prescribed pattern is -drawn by the electron
begss €1 BN gapparaltst Ly oddawgat padrt eembort nensaople
the present invention. According to this aspect, since
a #itkopat berimg s fftecired eby -Hhawaber natel amseer Lhet
becones possible to accurately nmanufacture a stanper
forrradiation system.

According to a sixth aspect of the present
invention, there is provided an electron microscope
including an irradiation system whose aberration is
corrected by the aberration correction method
according to an embodiment of the present invenfion.
According to this aspect, since the aberration of the
irradiation system included in the electron
microscope is corrected by the aberration correction
method according to an embodiment of the present
invention, it becomes possible to accurately observe
a sample without being affected by the aberration of
the irradiation system.

According to a seventh aspect of the present
invention, there is provided a mastér of an

information recording medium on which a prescribed

pattern is drawn by the electron beam drawing



formng a fine pattern onto, for exanple, a recording
medi um According to a eighth aspect of the present

w0 poosngloon, there is provided a stanper of an PCT/JP2007/075417

information recordi ng nmedi um manuf actured by using the

master di sk according to an enbodi ment of the present

i nvention. According to this1§Spect, since a fine

gattern is accurately drawn onto the stanper, it

econes possible to form (transfer) a high resol ution
paRR? h2 bRE 02 LA Bt @, 23 ?18{?8%?“%‘%3’& uﬁ’]‘e present
Accor di to a_ni nth,aspect .t he present_J nii Qc
tt&ﬁ%@?ggBPOVi&&f%ﬁg%ﬁ)i%%lgﬁﬁ of it ﬁé%fr%ié?%i%gggne
medi nyf.act Sk he._s r di pg

TS UL IR AL 5 1 SRR LIPSl S0 dl bk Bones
t?és@:ﬁﬂf@t tol %J&%@él?%éhﬁksc%ﬁm Q“eahper for
recording density. According to a tenth aspect of the
pr?é?ﬁinbnﬁe@WdELpéﬁﬁﬁﬁh|§n§69VE@Qdé&éﬂ§l§IUéerecording
manuf act dred by using a stanper according to an
emh@giﬁﬁpt of the present invention. According to this
aspect, it becomes possible to inprove the recording
density of a RAecordiingy nedi aineighhly ebpscdt rakctihe. present

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
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schewankd ogi, adrhean e hbsv hgodidedwien tamreates 200
according to a first enbodi nent

information recording medium manufactured by using
the master disk according to an embodiment of thé
present invention. Aécording to this aspect, since a
fine pattern is accurately drawn onto the stamper,.it
becomes possible to form (transfer) a.high resolution
pattern onto, for example, a recording medium.

According to a ninth aspect of the present
invention,'there is provided an optical informétion
recording medium manufactured by using the stamper
according to an embodiment of the present invention.
According to this aspect, it becomes possible to
improve the recording. density.

Accoiding to a tenth aspect of the present
invention, thené is provided a structure manufactufed
by using a stamper accofding to an embodiment of the
preéent invention. According to this aspect, it

becomes possible to improve the recording density of



of the present invention; FIGS. 2A through 2C are
drawi ngs (No.|l through 3 ) of reference sanples "W";

wWO-2@88088#0 and 3B are drawi ngs (No. 4 and 5 ) OPCT/JP2007/075417
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reference sanples "WP"; FIGS. 4A -and 4B are draw ngs -

(No. 6 and 7 ) of reference san‘pl es "WP'; FIGS. 5A and
5B are draw ngs (No. 8 and 9 1¥-of reference sanples
V\PI FIG 6 |rs] g drawing (No.l) illustrating an

eval uation nmethod of astjgmatism FIG 7 is a drawin
I‘%r?c?rijPPst“reéjtll‘Wb %ﬁllrg atB4fi S TETHYE of 9
astlg_rmtlsm FIG 8 is a drawing (No. 3 ) |IIustrat|ng
an eval uation nethod of ‘astigmatism FIG 9 is a

dr.aw Bﬁ'@,c f(.J Yt At E NGRA Igly;%l uat| on net hod of
as@%%ﬁgt—'—sm—élu—r?—a%—mm%t—s ng a process

of an astignﬁkbsmlcqrreactg&{bﬁ&@@edaag a
enbodi ment of "the present 1nvention FI& 11 is a

dr@f\wg ghayl’fga s CoP dhpabesialy a&d ef ef erce s@pphement
A and 12B are draw ngs {No.l and 2 )

Sh@f\ﬂ ﬁEet beespeit shapest Dbnan el ectron beam
correspondlng to focus positions;
"FIGS. 2A through 2C are drawings (No.1
through 3) of reference sampleSvaPky
-FIGS. 3A and 3B are drawings (No.4 and 5) of
reference sémples “WP”; V
FIGS. 4A and 4B are drawings (No.6 and 7) of
reference samples “WP”; ‘.
FIGS. 5A and 5B are drawingé (No.8 and 9) of‘
reference samples “WP”; ‘ '
FIG. 6 is a drawing KNo.l) illustrating an
evaluation method of astigmatism; |
FIG. 7 is a dfawing (No.2) illustrating an
evaluation method of astigmatism;
FIG. 8 is a drawing (No.3) illustrating an
evaluation method of astigmatism;
FIG. 9 is a drawing (No.4) illustrating an
evaluation methdd of astigmatism; |
FIG. 10 is a flowchart shdwing a process of

an astigmatism correction according to a second

embodiment of the present invention;



FIGS. 13A through 13C are drawings (No. 1 through 3 )
showi ng secondary el ectron signals corresponding to

w0 bsegot0 shapes; FIGS. 14A and 14B are draw nPST/§007/75417
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‘and 2 )" showi ng the spot shapes of an el ectron beam

corresponding to astigmati smcorrections; FIGS. 15A
and 15B are drawings (No. 1-&Ad 2 ) shovm ng secondary
el ectron signals after the astignmati smcorrections;
FIG 16 is adravmng illustratjn contrast of

a
secondary el BE¢rohlsignd QHaERT 15ACYHRT ¥R YaePOrdinates
dr Jlustrating the dynam c

No., 2
eaofegﬁrg&CESn&é’f‘SPleq y l%oﬁ signal in the scanning
direct fon s 1§§\ea%d18l%§raer ' aph095 NIl Atthd 2)

) |IIustrat|ng rm nation ne

pos%wgﬂg Eh@SFEID%AstHH ho £9En k8 c@haW NG5 {0, 1

t hroug strati a manufacturing procedure of

a é‘@ﬁ@ép@ﬁd@ﬁgol%td Cﬂic@é »&1 E8ondGA t hrough 20B are

draw ngs’ ilTustrating a manufacturing
procedure OfFQGStaﬁBN thrcan;I@plBCalardl gkawillds @A 1

through 21B are drawings (No. 1 and 2 ) illustrating a
megif @aghr Bng shrosdetyreeobndary electron signals
corresponding to the spot shapes;
|  FIGS._14A and 14B are drawings (No. 1 and 2)
showing the‘spot'shapes of an eledtron beam |
corresponding to astigmatism corrections;

FIGS. 15A and 15B are drawings (No; 1 and 2) .
showing secondary electron signals after the
astigmatism corrections;

FIG. 16 is a drawing;illustrating a contrast
of a sécondary electron signal; |

FIGS. 17A and 17B are drawings  (No.1l and
No.2) illustrating the dynamic range of an secondary
electron siénal in the scanning direétion;

_FIGS, 18A and 18B are drawings (No. 1 and 2)
illﬁstrating a determination method of a focus
position; | '

FIGS. 19A through 19E are drawings (No. 1

through 5) illustrating a manufacturing procedure of

a master of an optical disk;



optical disk nmedium FIG 22 is a drawi ng show ng an
exenpl ary configuration of a hard disk; FIG 23 is an

we@ioangpeob dr awi ng of the area shown in FIG 22PC1?IR3307/075417
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.24A through 24H are drawings (No. 1 through 8 )

illustrating a manufacturing procedure of .a master of
a hard disk including DIM and6BPM FI GS. 25A t hrough
25C are drawings (No. 1 through.3°) illustrating a
manuf acturing procedure of a stanper of a hard disk
mast er i ncl VT Gg- tﬁ@ADtMrMIBFM R Es. dgsRinkSough -
26C are drawi n gNo 1 throu i1 lustrat
et o) U S BESBRaLRE & AR TRFHURiER RRMGRATRE 2oF 3
s%ﬁatlc trgnsfer recordi npthod, FIG 27 is a
BRET | PhisBPaPPid Ge "FIG 28 is a draw ng

001, B S0 9% L i 88 0.
SHOr A S o EILTRS il o o
ARRN PLYS &931CHRAAGm;
“FIG. 22 is a drawing showing an exemplary
configuration of a hard disk;
nFIG. 23 is an enlarged drawing of the area
shown in FIG. 22; | 7

FIGS. 24A through 24H are drawings (No. 1
through 8) illustrating a manufacfuring procedure af
a master of a hard disk including DTM‘and BPM;

FIGS. 25A through 25C are'drawings (No. 1
through 3) illustrating a manufacturing procedure of
a stamper of a hard disk master including the bTM and
BPM;

FIGS. 26A through 26C are drawings (No. 1
through 3) illustrating a manufacturing procédure of
a hard disk medium by a magnetic transfer recording
method;

FIG. 27 is a drawing illustrating the DTM;‘

FIG. 28 is a drawing illuatrating the BPM;
and

FIGS. 29A through 29D are drawings (No. 1



11 el ectron source 12 electrostatic |lens 12a, 12b
cylindrical lens 13 axis adjustnent coil 13a, 13b

W 200siogkabo coi | 14 converging | ens 15 bl anki ng PCEIR20GHT5417
16 aperture plate 17 astigmati smcorrection coil 18
scanning el ectrode 19 objective I ens 20 dynam c focus
correction lens 21 el ectron-détector 30 rotary table
unit 31 rotary table 32 spindle notor 32a axle 33
slide unit 50 vacuum chanber51 base plate 70 main
com¥engledi cé l2nstgAt I 72 mﬁﬁuﬁa&éﬂre@aabr%%qyﬁs of

apparatus 201 center
he DTM and the BPM.

DESCRIPTION OF THE REFERENCE NUMERALS

5 10 ‘ irradiation apparatus
10a casiﬁg
~11 electron source
12 electrbstatic lens

.12a,12b cylindrical lens
10 13, * axis adjustment coil

13a, 13b toroidal coil

14 converging lens
15 blankingvelectrodé
16 aperture plate ~
15 17 asti;matism correction coil
18 scanning electrode
19 objeétive lens
20 dynamic focus correction lens
21 electron detector
20 _30 ~ rotary table unit
31 - rotary table
32 spindle motor
32a axle
33 -+ slide unit

25 50 * vacuum chamber



wasnsave 402 magnetic |ayer 403 resin | ayer BEADJP2007/075417
internmedi ate body 501 substrate 502 resist |layer 503
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202 region of concentric circle 203 regi on between
adj oi ning concentric circles 210 substrate 401

mast er 504 stanper 505 resin 506 CF4 ion 507 magnetic
thin film508 master infornmafBen carrier 509 magnetic
recordi ng nedi um WP: reference sanpl eBEST MODE FOR
CARRYI NG OQUT THE | NVENTI ON <<Fi rst enbodi nent>> I n the
fol l owi ng, aStirst enbbasSge®Lad e t he present invention
is described with reference to FLQF through 9 . FIG
1is a scheméfic dramﬁﬁ61HI9%ﬂ9§ﬁ’réF%lS?amﬁng

appar at us 102 accordin% totEng first enbodi nent of the
present invehtion. TheMoRi
72

input device

100 drawing apparatus

201 centér

202 region of concentric circle
203 region. between adjoihing

concentric circles

210 ' substrate

401 sﬁbstrate

402 magnetic layer

403 resin layer

410 intermediate body

501 substrate

502 resist layer

503 master

504 stamper

505 : resin

\506 ) ~ CFy ion

507 magnetic thin film

508 | master information carrier
509 - magnetic recordihg medium
WP: . reference sample



drawi ng apparatus 100 is a draw ng apparatus capable
of drawing a fine pattern on a drawi ng surface of a

wa@ 200plog20by i rradi ati ng an el ectron beam ont o tPET/SE20W/E5417
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-on which the drawing surface is forned by coating a

resist nmaterial, for exanmpl e, under a condition of 10
4 Pa in degree of vacuum A-39%hown in FIG 1, the
drawi ng apparatus 100 includes a rotary table unit 30

on which a sanple i s munted [ Lati g ' t
CBaS HoPRaraR canhY Becs s e ihgadl 2parats

vacuum chanber 150 fqr_housing the rotary table unit
30<,<%hﬁlsg ﬁﬁgﬁdém%ﬁ> unit 70 for integrally

control ling those el 3 the i S
100. The vac%rﬁm§§ﬁa§‘g’gﬁ%rﬁ’ a‘?h%?{”%ﬁ rgrglrkTD‘o%(i.\I!i?L eg'%/ﬂljn%f athe
r ar %I%%H]% i that it (wZedi ' ' )
o%%%%ggjr‘:}dltnl ght y(Wf nbgoﬁt%gc%?tlvﬁ %%tﬁpgggtels%ﬁcaecet%f FIGS
a Pa§ﬁr9{1?he95.l- FWf | heris agopenen@tis fdrdwthgn an

upper surface of the vacuum chanber 50 so that a | ower
pofii@stehttihg id raciwingnapppasatiss 100 carrdeding to the
inserted through the opening. The rotary table unit 30

i sfilrspl ankdddmerite dfisehel presBhtadavienttiwn vaclom
chanber 50. The rotary table unit 30 includes a rot ar};

t abrewdtgonpueirat s shOP| bsi 8 Avamiag appPasdleuszgapable

spi ndl e
of drawing a fine pattern on a drawing surface of a

sample by irradiating an electron beam onto the
sample on which the drawing surface is formed by
coating a resist material, for example, under a°
condition of 107* Pa in degree of vacuum.

As shbwn in FIG. 1, the dfawing apparatus
100 includes a rotary table uqit 30 on which a sample
is mounted, an irradiation apparatus 10 for |
irradiating an electron beam onto the sample, a
vacuum chamber 50 for housing the rotary table unit
30, and a main control unit 70 for integrally
controlliﬁg thpse_elements of the drawing apparatus
100.

The vécuum chamber 50 is a hollow member
having a rectangular shape with the bottom (-2
direction) opened and tightly in contact with an

upper surface of a base plate 51. Further, an



notor 32 for horizontally supporting the rotary table
31 and rotating the axle 32a at a prescribed rotating

wap@sds2oemd a slide unit 33 for supporting thePGpIRAO7075417
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‘motor 32 and noving the spindle notor 32 in x-axis

direction at a prescribed stoke. The irradiation
apparatus 10 includes a casi-A§-10a with its

| ongi tudinal direction orientated in z-axis direction

and other elenents arranged in an order fromthe tog

t PRARIBBL ESMIPAEIEde ¥ heARaPRET SH TR&G (Hn Yo katuum
11, an electrostatic lens 12, an _axi s adj ystment_cqil . .
13?h%m%%ﬁv§&gFﬁgtl ﬁAHO%?BlgﬁﬁgﬁﬁneP cﬁﬁgﬁelﬁﬁégéﬁtlon
aperture, pla 16, an asfi. [sS rrectd,on il.17,

a %%%ﬁﬁ?ﬁgseﬁg)ctcragd%elg%rt‘%%Pg%}iegb%\%élq%enﬂsr@lfﬁ%}uaa .

dynam c focu??@°&5%%%§?&45¥@ ggitagg a3 iedred on the

detector 21. I'n the | om ng, for descriptions

PUsPoses atBe sal @Gld OSt athé L BBk cHAMbAXISO. The
adj ustnent coil 13, the converging |lens 14, the

astbgaRyi AL hedtd e oihclddekha arjtenty vieabeas319pn
and the dynam c focus correction lens 20 are

cokheehi webympdld e amowntadj abnorxdystEFm, Thespasidhg

10a is a cylindrical casing wth the bottom opened and

i nset bed3dowoward sizestadlyi ghepprtiiing Hhepeatagy table
formed in the upper surface of the vacuum chanber 50.
Fusihand pﬁéagﬁnqm;Q@aaxle 32a at a prescribed rotating

speed, and é slide unit 33 for supporting the spindle
motor 32 and moving the spindle motor 32 in x-axis
direction at a preséribed stoke.

The irradiation apparatus 10 includes a
casing 10a with its longitudinal difection orientated
in z-axis direction and other elements arranged in an
order from the top to the bottom inside the caéing;
an electron source 11, an electrostatic iens 12,'an
axis adjustment coil 13, a converéing lens 14, a
blanking electrode 15, an aperture plate 16, an
astigmatisﬁ correction coil 17, a scanning electrode
18, an ébjectiﬁé lens 19, a dynamic focus correction
lens 20, and an.electron detector.21. In the
following, for descriptions purposeé, the
electrostatic lens 12, the axis adjustment coil 13,

the converging leris 14, the astigmatism correction



has a taper shape in the end portion in -z direction
where the dianmeter of the casing 10a becones small er

WO p0opio0ggoer ti on to nearing the bottom end of thRCTAR00MN75417
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'10a. The electron source 11 is di-sposed in the upper

portion in the casing 10a. The electron source 11 is a
thermal -fi el d-eni ssi on-type-8lectron source
irradiating an el ectron bean1haV|ng a di aneter of

about. 20 nm-to about 50 nm down a%ln -Z drect

Ttﬁ-‘ﬁ”e]lde%?ro‘ébét PeIeSL VR 1§RF ulds &PFaith%f ynamlgn}oqus
cylin I 2 h h '
Cinreasifon TaRE o Bl b arle S ARe i bty 4 '

anount s of current are supplied to the

nt
cfﬁ?ﬁﬂ?%%g? Peﬁggsef?a and 12b, and forces are applied
to the el ectsnn gﬁg‘crlroaad' a ed éﬂ}?i‘h&?gceahe%a[ﬁhg with

source 11 when't tron eans pass through the

Cyt!Hé‘%bE%m' %@%@édl%ﬁhcﬁnﬁnsl@Ptég Hoainwel eé@Céé 0flo

beans converge. The converging |ens 14 is di sposed

bel oyn ¢ he @h@ckwtﬁiéﬁlrﬁ@nﬁoﬂ:ﬂew il the axppser surface
adj ust ment coil i sposed t herebetween. The

CaW et g ngakamsn hareryes t Aereheot,r drhdeamsing 10a
-passed through the electrostatic lens 12 . The axis
mhastnenapemlBhﬁ@esnmh%@@seddbepw&yvnrwﬁ -z direction
el ectrostatic |l ens 12 and the convergi ng
where the diameter of the casing 10a becomes smaller
in proportidn to’nearing the bottdm end of the césing
10a. |
The electron source 11 is disposed in the
upper portion in the casing 10a. The‘electron source
11 is a thermal—field—emission—type‘electron source
irradiating an electron beam having a diameter of
about 20 nm to about 50 nm downward (in -z difection).
The electrostatic lens 12 includes a pair of
cylindrical lenses 12a and 12b adjoining each other
in a vertical direction below the electron sburce 11..
Différent amounts of current are supplied to the
Cylindrical lehées 12a and 12b, and forces are
applied to the électron beams irradiated from the
electron source 11 when the electron beams pass

through the cylindrical lenses 12a and 12b so that

the electron beams converge.



| ens 14. The axis adjustnment coil 13 includes a pair
of toroidal coils 13a and 13b adjoi ning each other in

w@2008/08200ml direction for correcting a | ateral PCf/iFRe007/075417
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error of the el ectron beans passing between the

el ectrostatic lens 12 and the converging |l ens 14. The

bl anki ng el ectrode 15 is di spdsed bel ow t he convergi ng

| ens 14. The bl anki ng el ectrode 15 includes a.pair of

el ectrodes facing each qt her. di sposed on.+X and, - X

sides of the'ptFeRVeERieDhrlate t n%éraﬁﬁws@ﬁ’s bty the

def | .th | . ' d h .
?fﬁi%%fﬁaag ftsﬁtg- is%ﬁlﬁ?&%&ﬁ‘r? e Ror Dt tones
it t [ ' trol [
70 g Rr R Bt S O LT AR PR SEAAS L HEY F
m%éﬁ%%f&ég %ﬁgf%ﬁ@%%fgntg@% genbekskheretfoil +8e

di sposed t the center of the aperture is

pasi & iopedigpitha gt ial axis of the converging Ilens
14 and bel ow t he bl anki ng el ectrode 15. The astigmati sm

correction cehk 3%iks adjutoisiat coil dispeseti dysdoed
the aperture plate 16 and corrects the astigmati sm of
t hse €l €6H 1 ORcbhedrk: thassteslt { br bagk LRe ampkrithe ecofivehging
aperture plate 16. The scanning electrode 18 is _
di seosetl4bel Bivet e isstadimas tmantoceddt ilch dutludes Fhpalr
scanni ng electrode 18 includes_a pair of electrodes ,
fa@fngoroidal.coils 13a and 13b adjoining each other in
a vertical direction for correcting a lateral offset
error of the electron beams passing between the
electrostatic lens 12 and the converging lens 14.

The blanking electrode 15 is disposed below
the converging lens 14. The blanking electrode 15
includes a pair of electrodes facing each other
disposed on +X and -X sides of the optical axis of
the converging lens 14 so as to deflect the electron
beams passed through the converging lens 14 to +X or
-X direction in accordance with the voltage applied
from the main control device 70.

The éperture plate 16 is a plate member in
which an apertufe is formed at the center thereof and
is disposed so that the center of the aperture is

positioned on the optical axis of the converging lens

14 and below the blanking electrode 15.



each other disposed on +X and -X sides of the optical
axis of the converging lens 14 and a pair of

web@snswaes faci ng each ot her di sposed on +Y aPdI/dP2007/075417
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sides of the optical axis of the conversing lens 14

and defl ect's the el ectron beans passed through the
aperture of the aperture pl aéé-16 in X and Y
directions in accordance with the voltage applied from
the main control unit 70.. The objective |len é@}is
di sposed bel Bhft RELIEHANLTY FR% ?SHéOTSCQﬁg nvet oes
the el ectron heam,passed, t.hrough the scannin '

el REP %ilgoéﬁr glfpﬁfﬁ%c%efg?‘gatg‘gnﬁlpeerrnrcouurn%e%l%F}et h&
rotary table,31,.Th ot dj t a _ n
(R e EReBsd) b G ST SR S A e A e ERY

ﬁ?é]%%gegg{é{}?eﬁ%&r %mqﬂ?eT é’ft@féﬁ@lfefthl%etavﬁf@xﬂ:@:p@%l%ge 16.

e dynam c focus correction |ens

20 performs @nkbi Beaadiivf N cOfobibe1Beam si¥posed below
dir amet erof the el ectron beam converged onto the

suphacgsef ghhe sl ¢ hyct henobpedt ivie | erse 18caithéng

el ectron detector 21 is disposed-in the vicinity of

t hel ot avyet alsl 6 nll ek det petis wifer leaotodes bfagsng

are irradiated onto a sanple nounted on the rotary . -

t abheh sebemdarispeslsrd romstYenadatr&d Sirdas the thpppptical

reflected el ectrons reflected off
axis of the .converging lens 14 and a pair of

electrodes facing each other dispdsed on +Y and ¥Y
sides of the optical axis of the conversing lens 14
and deflects the electron beams passed through the.
aperture of the aperture plate 16 in X and Y
directions in accordance with the véltage applied
from the main control unit 70.

The objective lens 19 is disposed'belbw the
scanning electrode 18 and converges the electron beam
passed through the scanning electrode 18 onfo a
surface of a sample mounted on the rotary table 31.
The spot diameter_of an electron beam (beam.diameter)
converged onto a surface of a sample can be set in a
range, for example, between about 10 nm and about 206
nm.

The dynamic focus correction lens 20

performs a fine adjustment of the beam spot diameter



fromthe sanple, or transmtted electrons transmtted
by the sanple and supplies a signal in response to the

w@ewang200f det ected el ectrons (hereinafter refRCT/aR00T075417
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‘as an electron signal) to the main control device 70.

In the foll owng description, it is assunmed that the

secondary el ectron signal geAérated by a sampleis

uFed. In Lhe drawi ng apparatus 100 descri bed above, an

el ectron beamirradiated fromthe el ectron source 11

ilzoﬁdzﬁl%rﬁeﬁc‘éyoﬁa§§iaﬁg AHYBRGHE h@nEPe(’E?’]Boft"a‘Ef%c? eft
and the converging.lens 14 anpd first converges in

t P 29TRL§ EV‘Fﬂg %&%ﬁ%ﬁ%y%f Tha ;%érture plate 16

et e aa orrg Sl ELEET b B AP O o PO BLbadiXin che

the el ectron passed throu he crossover poin

: 3?&15%&%%”%@%&%@3 dtifs%eﬁlognhh%eede%ceé o bgam

ormed” by passi ng throug e aperture of the

anef & U FoR! BEEMEO a X n rddifa f8&T BABLI SMMPT® mounted
el ectron beamis corrected bythe astigmatism

Cor eghé ORo€Rry Taran tdherohidergl etecardiganéserated
converged onto a surface of a sanple on the rotary

t abt €m 3dhe Thamplien thefl staddsel eheroalst agpesf teched off
applied to the scanning electrode 18 is controlled so
asfttomdehkestmpiie elacttoanpeanted Xlaed rons recansnstted
t hereby enabling the scanning of the el ectron beam on
trhysgheaggmgﬂetm@qﬁﬁﬁpggies a signal in response to

the amount of detected electrons (hereinafter
referred to as an eleetron signal) to the main
control device 70. 1In the following description, it
is assumed that the secondary electroh signal
generated by a sample is used. -

In the drawing apparatus 100 described above,
an electron beam irradiated from the electron eource
11 is converged by passing through the electrostatic
lens 12 and the converging lens 14 and first.
converges in the vicinity of the aperture of the
aperture plate 16 (hereinafter referred to as aA
crossover pointS.. Next, the electron beam passed
through the croeSover point is diffused and the beaml_
diameter of the electron beam is formed by passing
through the aperture of the aperture plate 16. Next,

the astigmatism of the electron beam is corrected by



In parallel to the above operations, a voltage applied
to the blanking electrode 15 is controlled so as to,

wo enoseanpl e, defl ect the el ectron beamto -x PUCT/ERDOTNTI417
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‘as shown in the dashed lines of FIG 1 , thereby

cutting off the el ectron beamat the aperture plate 16

to turn ON/OFF the bl anki ng~8P~the el ectron. beam onto

the sanple. The main control device 70'is a contro
conput er jncluding, for exanple,. U_and menory in
W 35 bt GBR AP B SRR R SO Soneroh g (oY
abave el ements are stored. The nmin_c rQl . devi c
cc?ﬁt?%fr%??h AP &8i gﬂnc’)‘rnera%epé]ar.%?gg _' Togg%(;%t%ee Or%t%rggmple
Lol Gl £o20,0asetian AN, | NPALHCT AN LHIRUG LA Je he

i nput “"devi ce and causes a nonitor 71 to display the

if{hf&@%éoeo%et he J1rilafi @ | ORe apRaRAL YUY L td@baly is
tabl e un d

[
It 30 and"an i mage forned based on the

secagas Y1e8l 86t L@N t9 glat1ds oM hbeeekettnom medwciorX
21. Next, an aberration evaluation nethod of eval uating

t hend@beraateenionst, haHarasy athablappatdteusddhning of
configured as above is described.- In this aberration
evdlelat lentmenhbeant am exzerpser facsawmpl ¢ hen sdmrhe an
eval uation pattern of plural concentric circles in the
center therebh Psrfdiged tex WowebeHeFpoeragions, a

(hereinafter referred to as_a _, )
voltage applied to the blanking electrode 15 is

controlled so as to, for example, deflect the
electron beam to -x direction as shown in the dashed
lines of FIG. 1, thereby cutting off the electron
beam at the aperture plate 16 to turn>ON/OFF the
blanking of the electron beam onto fhe sample.

The main control devicé 70 is a control
computer including, for example, a CPU and a mehory
in which a program and parameters for controlling the
above elements are stored. The main control device
70 controls the irradiation apparatus 10 andAthe
rotary tabie unit 30 based on an instruction inpuﬁ to
the input device 72 and causes a monitor 71 to
display the infdrmationvof the irradiation apparatus.
10 and rotary table unit 30 and an image formed based
on the secondary -electron signal from the electron

detector 21.



reference sanple) "WP" is nounted on the rotary table
31. Then, the focus of the irradiation apparatus 10 is

W@QH}O&@SEGO on the surface of the reference sarer@r/JMDﬂ7/075417
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-and an i mage (SEM inmage) based on the secondary

el ectron signal obtained by scanning the reference
sanple "WP" is nonitored. Thé&6configuration of the
reference sanple "WP" is described. In the exanple of
FIG 2A, plural concentric circles 200 four circ

due to spaceNekhit afi @ QF%%%%MPWrF%?%%% HSPCH 9§;Pf

havi ng the sane center 201 are f surface

;?eY u?%%%ﬁeﬁgg §£ﬁﬁ§?b%@9 l%agh c&ﬁf @‘5?rc|e

as a prescr d

Sl?@?% atypg 2@3593 e $1% V%n 2 %ggk,ggg'sggie&&‘j%é ance”
es

sdbaarbes sk?%%nbeﬂa&%@%éﬁﬁ eEnkbEROE st L o

\AF,?&I%‘;(B?Q BEAPHAO dh6 4T § REEoRT Ftat&%erref JEnsey sapl e

I'S necessary to determ ne the val ues ofthe

wi di -t rapd die 1 $tacene ScehBedCadedanee 16 thothed as
spot dlaneter of the electron beam GCenerally

spsrRkWAdini FIiGS @od(éesi gachevalred eafradet av as ha W

and the distance S" is larger than the spot dianeter

of ré hereheet sampieam “@nd eachouhtelde oni dike Wobadyt keble
di stance "S" is conmonly set several tinmes to dozens

of 3ti neShehe 4t Thewetef bhet hesraldd@tipn apparatus 10

is adjusted on the surface of the reference sample
“WP” and an image (SEM image) based on the secondary
electron signal obtained by scanning the reference
sample “WP” is monitored. |

» The configuration of the reference sample
“WP” is described. In the example of FIG. 2A, plural
concentric circles 200 (four circles due to spece
limitation) shown in cress—hatching and having the
same center 201 are formed on the surface of the
reference sample “WP”. Each concentric circle has a
prescribed width “W” and adjoining concentric circles
are separated from each other by the distance “S”.
As described beiow, since an image based on the
secondary electron signel is obtained by scanning an
electron beam onto the surface of the reference

sample WP, it is necessary to determine the values of



beam The values of the wwdth W" and the distance "S"
may be the sane and may be different from each ot her.

wo pooslog2oexanpl e of FI G 2A, each val ue of the RETIRROIMY75417
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-‘and the distance "S" is the sane -over the entire

surface of the reference sanple "WP'". In such a
concentric circle pattern, a87shown in FIG 2B as an
exanpl e, a concave/convex pattern can be fornmed on the
surface of the substrate 210 by sefting the regions of
coieritidehciWE| aadogha Fiet2dfRave sebt PGS ce with

tt th be
cring ngcz?i at §7Be zomie L Hect] BRSO By Bt 191 em%uy
s, of c t I wig
e R e R R R SR

conc& }E%Cd%EEQW%‘E 2Q3 t bfafﬁggagﬁaﬁe%tﬂeons?potﬂ@ameter

ere the regions adj oi ning concentric

(”Jflgﬁe29§eé@goﬁ RGN dN$i dechhe rsimld &sitdth “w” and
Concentr| c circle are Set as concave sections. On the

COftd a¥sthhReer 8gions AGRNEEDYT EetCisktleamn 202imey be
set as concave sections and the regi ons between

adj®i &hHJoEORE RIS ithesi smbiesd 28Memey loef Sdte asleohver
sections. The concave-convex pattern of the above
r efesrenceThanpiad UsAPotarhdewidchedWisiangl e distance

exanpl e, lithography technology. FIG 4B shows an
actsral mexahpl & hef S@m%f@@nméYsbﬁpldéffwl"efh’favfl?@maea‘:h

other. 1In the example of FIG. 2A, each value of the
width “W” and the disfance “S” is the same over the
entire surface of the reference sample “WP”.

In such a concentric circle‘pattern, as
shown in FIG. 2B as an example, a cbncave/convex
pattern can be formed on the surface of the substrate
210 by setting the regions of concentricvcirclés 202
to be concave sections and setting the regions
between adjoining concentric circles 203 to be convex
sections or by setting the regions of concentric
circles 202 to_be_éonvex sections and setting the
regions betweehbadjoining concentric cifcles 203 to
be concave sections. FIGS. 2A and 2B show where thel
regions adjoining concehtric circleé 203 and a region
inside the smallest concentric circle are set as

concave sections. On the contrary, the regions of



concentric circle pattern where the width of the
convex section is 70 nm the width of the concave

w@ewsiga000 s 30 nm and the hei ght of the conveRCEH&EDITNTI417
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is 200 nm These val ues are experinmentally obtained so

that the image forming performance beconme best when:

the spot dianeter of the el eeBron beamis 20 nm The

di aneter of the center concave section‘is 200 nm The
concave-convex pattern is formed by applying resist on

a anGenhr Waf 64 rsdiest %%, MalY AP n§etné Sc SRTETR G cSections
circle pattern on the substrate,using an el ectron .

Q1 g ApBRPACHS, DR SR o Shp HELPHe CORGRITT. L qrgtreles

concentric circle pattern.is a g&ggle conbi nati on of
ins

c HF?chEiF@Fe?ﬁjﬁﬁ?ﬁ%ﬁesﬁﬁ fruction to form a
conpl ex pattern L3 necessas 've%fg %gt’cQEHt oy ttbh!(}edabove

el ectron beam apparatus and t raw ng can one

:gggﬁgréhgglgaﬁ@ﬁﬁﬁ“ﬁﬂﬁﬁ-cgbebQO§OEh@@‘Hsﬂﬁﬁ% for

ference sanp “"WP" on the rotary table unit is
adi pishS¥e 501k Rhalodhpl ot e @RAnbeaRYI.S iFradi a8 esheRs0an

the center 201 of the concentric -circle pattern under

a ferndef beakiple md tioferbrte shapdperaporhatinbea.
scanning el ectrode 18 is stopped. In the foll ow ng
dessntphtens, ditrdle asstioednt Rherehehel ecitdtom dEahhes
set to irradiate onto the center of the concentric
pattevaxobechd arefiss et ensanphe wwRthymderthfeconcave

nondef | ecti ng - A v : '
section is 30 nm, and the height of the convex

section is 200 nm. These values are experimentally
obtained so that the image forming performance becdme
best when the spot diameter of the eléctron beam is
20 nm. The diameter of the center Eoncave section is
200 nm. The concave-convex pqttern‘is formed by
applying resist on a éilicon wafer substrate, drawing
the concentric circle pattern on the substrate using
an electron drawing apparatus, and developing the
pattern. The concentric circle pattern is a.simple'
combination of concentric circles therefore no
instruction to form a complex pattern is necessary’to
be input to the electron beam apparatus and the |
drawing can be done though simple oﬁerations.

The position of the reference sample “WP” on

the rotary table unit is adjusted so that the



condition. Further, it should be noted that each
circle in FIGS. 6 through 9 having the wwdth "W as

waele®snsded with reference to FIG 2 is abbrevi B€BE#PH/075417
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be a sinple circle as showmn in FIG 2C, FIG 6 shows a
spot "BS0" of a perfectcircle- shaped el ectron beam

wi t hout astignatisn1(referen@@‘electron bean) and an

i mge "Pl Co" forned based on the secondary el ectron
signal obtajned when the reference el ectron beat
scahPetr 9t BefRe lrsefle?lawc&)ea’é%ﬁpPemv\ﬁSe Wt he20T of

e e pehegh o heam | £, seanned A0 L e, [ 4 e POE i ng

["Ur “over the

L8 LIRS o sgel shtcle “BCE g e

ke an inmage

9b§fé¥ggodé' $g LS sogel | ipt keal leyishapady spot

an electron beamwith its major axis paralle

togd berXpaxbaisdua tt 0ys fOEs@xaaPkBatashedEld S8 bR beam is
thex-axis direction of the irradiation systemin the

i rsadi abi R rapparal Usndd, taadcantierags "t dofioenedic
based on a secondary el ectron signal obtained by
scpadtegnt b& elhectrefe beaoe ontopike "W ‘enemter sehpl son-
WP (herglnafter referred to as a scanned inage) .
Weafaaceliegt comdidgaion s | Ftktbesed ity sy bfmbesariad
the x-axis direction, an_inmage having blur mainly in
that each circle in FIGS. 6 through 89 having” the
width “W” as described with reference to FIG. 2 is
abbreviated to be a simple circle as shown in FIG. 2C.

FIG. 6 shows a spot “BSy” of a perfect-
circle-shaped electron beam without aétigmatism
(reference electron beam) and an imége “PICy” formed
based on the secondary electron signal obtained when
the reference electron beam is scanned onto thé
reference sample “WP”. When the reference electron
beam is scanned onto the reference sample “WP”, a
‘sharp image without blur over the. entire
circumference Qf each circle “PICp” (a reference
image) like an image “PICy” shown in FIG. 6 is
observed.

FIG.7 shows an elliptically¥shaped spot’

“BS,” of an electron beam with its major axis parallel

to the x-axis due to, for example, astigmatism in the



the cross-hatching region including the x-axis is
observed as shown in the drawing of "PICG" in FIG 7 .

wao-ooBhg000 FI G 8 shows an el liptically-shaped BEDIP2007/075417

"BS2" of an electron beamw th its major axis parallel

to a straight line L havi ng an angl e of 45 degrees

with respect to the x-axis af@-the y-axis due to, for
exanpl e, astignmatismin the x-axis and y-axis
dlrectjons_of the irradiation gxsten1in the .

i Eﬁr‘aﬁ:ﬁlaffi‘éhrﬁﬁﬁé@&t @f fde dnr 20 LREAREd SYREF Bt B8
obt ai ned by scanni ng .t he ectron_beam_aont q, o
ré:rle"r%qk%zggﬁpﬁgpa\ﬁ%t.u%edﬂ_ a?fdge?gctlp‘gr?ebeaﬁr#iels formed
[ uenced by asti tismi Lrai_ght .0
 dseaced by as o smd 0 be SLEAN i by
X3l 5 AN PR Y AU ] GELdRNSn £ BN chEBGR MM Ak Db iip e
nmel 'y 1Tn”t he cross-hatching region 1 ncluding the

stab ght LEBE nb AV NG Al A0G | €006 543 dRUTARSE Wihdge) .
respect to the x-axis and the y-axis is observed as

- shpywn i 8nt Be edhaWmpbedm "3 GRY1uBnEe@ 1y .t hghytiam in
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i mage di splayed on the nonitor 71 when the reference
saimp ex Wexii s sdarnad arhoven t iiragri ericey dflur mainly in
astigmati sm For exanple, the blur in the region

i nchelde ngssh@at-cxisy aeshomninglEdéngy rows-akds 1is

exi stence of astigmatismin the x-axis direction of

t heb s eruddatisorshapyt ein | 7he hdrariagd &f orf Hpparidt bsiG- 7-

10, and the bl ur najn%y in the - ) '
Further, FIG. 8 shows an elliptically-shaped

spot “BS;” of an electron beam with its major axis
parallel to a straight line L having an angle of 45
degrees with respect to the x-axis and the y-axis due
to, for example, astigmatism in the.x-axis and y-axis
directions of the irradiation system in the
irradiation apparatus 10, and a scanned imagé “PICz”
obtained by scanning the electroﬁ beam onto the
reference sample “WP”. When and electron beam is
influenced by astigmatism in the straight line L
having an angle of 45 degrees with respect to the x-
axis and the y—axis directions, an image having blur
mainly in the cross—hatching region including the |
straight line L having‘én angle of-45 degrees with
respect to the x-axis and the y-axis is observed as

shown in the drawing of “PIC,” in FIG. 8.



region including the straight line L as showm in FIG
8 shows the existence of the astignati sm al ong the

wa@reoajogpovo | ine L direction. Further, FIG 9 ShMZ(B/J]E007/075417

10

15

20

25

‘beam spot BS3" of an el ectron bean1mhen t he

astigmatismis snaller than that in a case of the beam
spot "BSi" shown in FIG 7 3&nd a scanned i mage "PIC
" obtained by scanning the el ectron beamonto the

reference sanpl e_ " W" bVI us from u
conparl son Of2PR&Yy wﬁ&eslmalﬂebcg]’ aﬁi@: gn %E%\Aﬁ“?rhltor_ 71

éﬁ%%dtﬁ?hgegFgres Zf&%%ﬁ g'“ﬁﬁ”aStI%@@Hﬁgglghow% the

regt on ®hEFE AT 1 nage

bl ; DEGRUES BRIy, Thef o OFsy Llak®1R0SSi 818 in

eva e rragnl t astignatirsmin accordance

obt%lli]etp baeiak l%r{gﬁgtl.l'?é‘ ybgLesansi e has bf‘t'@ 7

alne y scanni ng the reference sanple "W,P".

descéi; Degnabaye s tehit ther st sgRateghon mhale ;anaxnage
has bl ur upon scanning the referencesanple "WP", the -

asqigeBtism off the iiresdnstdonsygsermmcam beheorrect ed
by controlling the astigmatismcorrection coil by, for
exanphejaktput tippg e ows r ket i andi hser bdiimmdprly in the
astigmati smcorrection in the input device 72.
Speegiovalihgludiine tWoematrabahts linge Ihetswdhown in FIG.

scanned i mage obtai ned after the input of the
coBrehewsnthe existence of the astigmatism along the

straight line L direction.

Further, FIG.9.shows a beam spot “BS3” of an
electron beam when the astigmatism is smaller thanﬁ
that in a case of the beam spot “BSl" shown in FIG. 7,
and a scanned image “PIC3” obtainedqby scanning the
electron beam onto the reference sample “WP”. As is
obvious from the comparison of the images “PICl& and
“PIC3” shown in FIGS. 7 and 9, respectively, as
astigmatism is reduced, thé cross-hatching region
where an image has blur becomes narrower. Thérefore,
it is poséible‘to_evaluate the magnitude of
astigmatism in'éccordance with the size of the region
where an image has blur’obtaihed by scanning the
reference sample “WP”.

As described above, wheh there is a region

where an image has blur upon scanning the reference



instruction and the reference i mage "PlICo" shown in
FIG 6 , the astigmatismcorrection operation is

w@eooBos2oed so that the scanned i nage appr oacheBCT/JP2007/075417
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appearing like the reference image. In this process,

as the astigmatismcorrection proceeds, the part of ‘an
i mage havi ng bl ur obtai ned by 2scanni ng the reference
sanpl e "WP" becones snaller. Therefore, in a typica
operation, _while the asthgnatisn1 orrect.ion rqgeeds,
UHeATRRI TAEAYT GRS S SoHTEPE L SPePy (T AR S0 a7 1o
nmonitor a snmaller region of. an i e,, t.her enabl i ng
t Y 3b&Br 740 bﬁ—&ora%&%%(?f?gdcﬁrﬁ% PéLollrne%i%g[yn? After
astigmatism.of the | | af.j araf J
ev%?%%@léla%ér?g‘ tcﬁer%aes{tirlgc?rﬁat%é?nmcg&?eg?ﬁ%ﬁe%%neég??on for

thfn%ﬁE?%h@t%o%d¥¥Egéﬁé§ %ng%u%%@@ﬁﬁfﬁkEﬁ%ﬁﬁﬁﬁétﬁgﬁ

abov e reference sanple "WP" is renoved by, for

eX@hPLecta ot ONYEWHYW fayheedenateshyown) sk af seaphle,
is mounted on the rotarytable 31. Then, a concentric

CiwEL BePabl@lat idora 5Pimatie pheteaicrrcan dearkmsdeinage

the sanple without being affected by the astignmati sm
byodt a¥ned tafedr ridte ainpat apfartdteussdr eridi othe rotary
table unit 30 As described above, according to the

fi isstenotdiome@ndfthherpfesence nvmatg o LG pagheyn 1n
conprising four concentric circles is forned on the

FIG. 6, the astigmatism correction operation 1s
performed s0 that the scanned image approaches
appearing like the reference image. In this process,
as the astigmatism correction proceeds, the part of
an image having blur obtained by scanning the
reference sample “WP” becomes smaller. Therefore, in
a typical operation, while the astigmatism correction
proceeds, the magnification is appropriately
increased so as to monitor a smaller region of an
image, thereby enabling the observation of a
magnified blurred region.

After astigmatism of the irradiation
apparatus 10 is evaluated and the astigmatism
correction operétion for the irradiation apparatus 10
is completed as described above, the reference sample

“WP” is removed by, for example, a conveying device

(not shown) and a sample is mounted on the rotary



surface of the reference sanple "WP'. Therefore, it is
possible to detect the direction and the magnitude of

wao bh@sasidgmat i sm of the irradiation system i n PEEIP2007/075417
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irradiati on apparatus 10. Further, since the

astigmati sm det ected as descri bed above can be
corrected by controlling the3dstigmati smcorrection
coil 17, it is possible to draw.a pattern unaffected
by the astigmatismon a sanple, In the above =

desap 19t Bdn of NERe 13 reRREHBbAT FeAL T6H & MR I eERNPT 2
i nvention, after the direction,and e magni f ude,

\HF GRL | BAFBPERAGRL M Ly T RO P % METN €, CheBout
i e_and_the, scanned .i mage, . t he. asti t ;

_cg‘%e%?i %E%thﬁé’? for Eri”e%e b%s%‘é‘b‘???%“ HE deiVing; the

i ns LoB _1.N ] Vi I/ :
erpbiE AP k" AL 00 S e BATERY, Ol vt 30

astigmatism gor pegld AhJBYahevPer foERRA iRy fPrthe first
exanpl e, storinginformation of the reference inmage in

t hempBlimeaRt bF tIaYViEee IOnt pententiikg a agpatic behween
the reference i mage and the scanned i nmage, detecting

t heodlp &6t han faut tdencegoti adeiatltele iastigrmedson the
automatically, and controlling the astigmatism
cosuefatenodoithel rdfseenon shepdet S&tH'on rBaegrefore, it
<<Second enbodi nent >>
is possible to detect the direction and the magnitude
of the astigmatism of the irradia£ion system in the
irradiation apparatus 10. |
Further, since the astigmatism detected as
described abéve can be corrected by cbntrolling the
astigmatism correction coil 17, it is possible to
draw a pattern unaffected by the astigmatism on a
sample. |
In the above description of the first
embodiment of the present invention, after the
direction and the magnitude of astigmatism afe
detected by compa:ing the reference image and the
scanned image,'the astigmatism correction is
performed by inputting the correction instruction in 
the input device 72. waever, the embodiment is not

limited to this arrangement. The astigmatism

correction may be performed by, for example, storing



Next, a second enbodi nent of the present invention is
described with reference to FIGS. 10 through 15. It

wa boslogskobe not ed that the sane reference nunerBCHIR0€7/075417
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used for the sane or equivalent elenents as those in-

the first enbodinent, and the descriptions of the
elenents are onitted or abbrédrated. FIG 10 is a

fl omchart showi ng a series of processes carried out by
the main control_device 70 in the irradiation .
Pt QFREC 160Rén THF A5t GREL PEmBBEFect d et b

di .h d di t of
SCEEELOR hEvAlh SRS ERRAECh Sl AR ey
COH{BEH R0 ARLLSD, £k Uipdin | s0eiag

ACSLELOLLORS ot e mllyh 5 dASCEEDRte Bt ARRUFDLAON

is that the reference sanple " shown in FIG 11 -is

oA 8Fla @R chhe 0ty déabteoBlinl ke didiatism
apparatus 100, an x,y coordinate systemmith its origin
atcdheeeenber cofil he7 riedee@nca sarpldeteit'i @andrasult.
X',y coordinate systemrotated 45 degrees with -

r espgetohd embodimermordi nate system are defined, and
the efficiency of generation of secondary el ectrons

Wi th respect Negtyhe daezandrempeadimgng §f dithg RFesent

circle portiaons of the reference sanple "W".
invention is described with reference to FIGS. 10

through 15. It should be noted that the same
reference numerals aré used for the same or
equivalent elements as those in the first embodimeht,
and the descriptioné of the elements are omitted or
abbreviated.

FIG. 10 is a flowchart showing a series of
processes.carried out by the main control devide 70
in the irradiation apparatus 10 when an astigmatism
correction method aécording to the second embodiment
of the present invention is ‘performed. 1In the
following,ia method of correcting the astigmatism of
the irradiation'system in the irradiation apparatus
10 based oﬁ the'descriptiohs in FIG. 10 1is described{
The assumption is that the reference sample “WP”
shown in FIG. 11 -is mounted on the rotary table 31 of

the drawing apparatus 100, an x,y coordinate system



When the main control device 70 confirnms the input of
the astigmati smcorrection instruction to the input

walewsosg0d®, the main control device 70 starts PEEIP2007/075417
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‘astigmati smcorrection processes. In the first step

201, the focus of the irradiation apparatus 10 with
respect to the reference sanpPe "WP" is adjusted. A's
an exanmple, FIG 12A shows a beam spot of the el ectron
beam having astigmatismin the x-axis, and the Y-axis

d:wriéé‘t ign%, OBRALRI &L P8 RS hH PRahlSpoeisFeanns sample
el.ectyon beam havin ti t in the x' -axi d
(ha A B Foct! orboastaring vV RREH eRs RS 5

the astigmatjsm.in t d,,t —axi

AT D sw%%ﬁsf%nsPSP%t)é%a)#eé? 13 ggc’}ﬁgﬂaasﬁtﬁ grteit T em o °

in.t ' -axi;s d L ' ' [ e spot
P S R e e B e et

Ciddden@ r{he1beewenRosiitdiPNre §petheto ahel kA dlEUF&® beam
of underfocus is increased, the spot shape of the

eliacty Dih bganbecenes i eldd ptieak shapmenindfdience

mej or direction parallel to, for exanple, the y-axis

Orsdriyely’ “wWRi’s direction , and as the degree of.

overfocus is increased, the spot shape of the el ectron

beam becormesWaenethepmadal cstrapec i eaviies M) eonfirms the

direction parallel to, for exanple, the x-axis or the

x'iraxie dfr ebei @8t igmadhoit cCPBET AR HAYS HTH thangk

of : , _ : .
the input device 72, the main control device 70
starts the astigmatism correction processes. In the
first step 201, the focus of the irradiation
apparatus 10 with respect to the refeienCe sample
“WP” is adjusted. As an example, FiG. 12A shows a
beam spot of the electron beam:having astigmatism in
the x-axis and the Y-axis directions, and FIG. 12B
shows -a beam spot of the electron beam having
astigmatism in the x’-axis and the y’-axis directions.
Generally, when the ratio of the astigmatism in the
x-axis and the Y-axis directions is similar to the
ratio of the aStigmatism in the x’-axis and the y’'-
axis directions/ the spot of the electron beam
becomes a substantially‘perfect circle at the focus

position. Further, as the degree of underfocus is

increased, the spot shape of the electron beam



the spot shape is not limted to the manner descri bed
above. For exanple, as the degree of underfocus is

w0 pses®ed, the spot shape of the el ectron beareTaB007/075417
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becormre an el liptical shape with i'ts major direction

parallel to the x-axis or the xf -axis direction , and
as the degree of overfocus 36 ncreased, the spot
shape of the el ectron beam may becone an el liptica

oHSE5SS ] Tk Fafd RELRL At R Esteion
made at_ th h
f ST i%ﬁhgg &ﬁéw%%%flrradgg exﬁagggfeéfﬁﬁ§e -axis
“Fodﬂéc?ﬁféﬁd agdd ne rtqteer&@ £eSaBR! By od s spanned

ong e Xaxi s and the y- s or the x'-axis and the

_u?& aégewnt*n% Flp%t Qha%@cgfdéhlé eh e h shagal s
Six, Sy, Six" , and Sly' having the intensity

mé%ébﬁé&'@ﬂ a3 15hed N Fhépe 13AcHetiedt eth fiyr tderection
secondary el ectron detector 21 are observed. The

sesorgalrglekect rf@”tslegnﬁh}sléij xthane-8ixd's are the x’'-axis
secondary el ectron signals obtained when the reference
sam:ptectWh i s dearstedhbd dng hbtex- dhiag @itk telwange of
x'-axis, respectively and the secondary el ectron
si gl spstyshape 13/ nef el instedcsrdahe @amrepndescribed
SI nal s obtai ned when the reference sanple "W" is

PEd - al ERG @W@%P%&nsa%th?h9e9¢%%u%§ underfocus is

res ectivel As shown
'recreasedy the spot shape of the electron beam may

become an elliptical.shape with its major direction
parallel to the x~-axis or the x’-axis direction , and
as the degree of overfocus is increaséd, the spot
~shape of the electron beam may becoﬁe an elliptical
shape with its major direction parallel to the y-axis
or the y’-axis direction. Herein, déscribtioné are
made assuming that the spot shape changes in the
former manner.
When the irradiation system is underfocused
and the reference.sample “WP” is scanned along the x-
axis and the y-axis or the x’-axis and the y’-axis
shown in FIG. 11, secondary electron signals Slx, Siy,
S1x’, and Sly’ having the intensity'distribution as
shown in FIG. 13A detected by the secondary electron

detector 21 are observed. The secondary electron



FIG 13A, when the irradiation systemis underfocused
and the spot shape is elliptical with its major

waloosogioon parallel to the y-axis or the y'-axPGI/aR007/075417
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'shown in FIG 12A or 12B, respectively, the peak val ue

of the secondary electron signals Six and Six' becone
greater. On the other hand, -when the irradiation
systemis overfocused and the reference sanple "W" is
scanned, secondary el ectron signals S2x, S2y,. S2x'
?ﬁ}QEB#Srﬁ%¥ngaﬂﬁesﬂﬁteﬁﬁ%3ﬁ¥ﬁs???ﬁﬂ??6ﬂ S SHFR i n
|G 13b are observed. The secopdary el ectrqgn si s
SBLITHkP DR AAREC HE Do diRianSE o BhEFoRUPgial 17 15
obt ai ned when the, reference sa "WP" _i_s Scanned
al ST ifgﬁgs%gﬁdﬁlﬂ§%ﬁ-%&@E%ﬁ?eépeagﬁfély and the
secondary. t [ n oAl et
sdcomear s 8 58 PR Bl S Star featonss The R sty

Sﬂﬂﬂi%ﬁi "abd $HRNRL A LNY, LD ¥t BYhS sARGAINE obtained
y'-axi s,  respectively. As shown inFIG 13B, when the

| gt athonrsystremdess sasfocused apdstchernspbta Shagethe
is elliptical with its major direction parallel to the
X-xd 81 O ahBet e gXi-gasbiss Shoswpeoat EvElyl2A Ry <28yn in
respectively, the peak value of the secondary el ectron
sigmal s13&y ahdnS2yie hiecoadi gt eanhesysTiedr dforundehgocused
objective lens 19 is
and the spot shape is elliptical with its major
direction parallel to the y-axis or the y’-axis as
shown in FIG. 12A or- 12B,respectively, the peak value
of the secondary electron signals S1x and S1lx’ become
greater.

On the other hand, when the irradiation
system is overfocused and the reference sample “Wp”
is scanned, secondary electron signals S$2x, S2y, S2x',
and S2y’ having the inténsity distributien as shown
in FIG. 13b are observed. The secondary electron
signals S$2x, and S2x’ are the secondary electron
signals obtaiﬁed when the reference sample “WP” is
scanned along the x-axis and the x’-axis,
respectively and the secondary electron signals SZy,
and S22y’ are the-secondéry electroh.signals obtained

when the reference sample “WP” is scanned along the

y-axis and the y’-axis, respectively. As shown in



controlled so that the peak values of the secondary
el ectron signal s obtained by scanning the reference

W@ 200p/082000\P" al ong the x-axis and the y-axis oOPCT/R2007/075417

X'"-axis and the y '-axis becone substantially equal to

each other |ike the secondary electron signals S3x and
S3y or S3x' and S3y' , respeéBively, as shown in FIG
13C. In this case, the spot shape becones a circle of

| east confusion having a substantiall¥ perfect-circle
sHife. }PBst BpeR0OZhe He namkta bt PBNSYA LEMaAF PVvertocused

3;5%22@.?? bERODGPEP HE e BT BRI Ao Pari g S0
irecti i t ed dri vi h . .
co et PO RnCBAE ST S Tade YRt A 20T R B 37 JrARIL as

di rect | ong 9&Gt.he_L%P°otr nPeQéH:@WeJS}nd tHe 5Pk value

shaﬁ%w%e%ones a substantially perfect circle. I'n step
209¢ {he 58&%&%@&; S EroPs 1 b a358RN6A A ONEp § hepecome
x-axis and the y-axis. As a result,the Secondary
elecdgparsignals SAx and S4y having the intensity
distribution as shown in FIGS. 15A and 158,

respectivel yTasrafoexgniie: aiejobsereedenisn 1 eips 207,

i't 1s determ ned whether the f peak values of the
secontdavy ledecto drhasti grind spSd4k srdussdy addbhsErwesle¢candary

step 205 are equal to or nore than a
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electron signals obtained by scanning the reference
sample “WP"Valong the x-axis and the y-axis or the

X’ -axis and the y’—a#is becéme substantiélly equal to
each other like the éecondary electron-signals‘S3xA
and S3y or S3x’ and S3y’, respebtively, as shown in
FIG. 13C. 1In this case, the spot shape becomes a
circle of least confusion having a substantially
perfect-circle shape.

‘In step 203, the aberration in x and y
directions is corrected. After the focus is adjusted
as described above, the aberration in x and y
directioné is corrected by driving the astigmatism
correction coil 17. As a result, the x and y
directions of the spot become narréwer and the spot
shape becomes a substantially perfeét circle.

In step 205, the reference sample “WP” is

scanned along the x-axis and the y-axis. As a result,



prescribed threshold value "k". Here, the threshold
value "k" is set so as to be slightly |ower than the

weeakosabue of the secondary el ectron signal OPGEIR2SE/075417
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directions is corrected by dr|V|ng t he asti| tism
cOpeakt PaRUSOOE The eGPReREYt SlgRstpn Sighal

‘when the aberration in x and y directions is mnimally

corrected. Nanely, when the peak val ues of the :
secondary el ectron signal S4 %and S4y are | ower than
the threshold value "k", it is determined that the
correction Qf the_aberration in.x Qd d|r ctlons

g Balk

| U FPRFRAE 2T ThEN ST Pt dTeBe YBe 55t b TSihd the
to t th
t h]é{tg e]% %%I aég%?:c%ﬁ:elsoﬁ nasStselri)gw O t Ig.l’ %légl’l%%)? ry@ti‘jB

e secondary e ec ronsi
eco tq val "KM
?%éé ?ﬂgghﬁa 3 avn\hen ﬁﬁg pea %Bﬁﬁgggggonags

e' ectron sigpgl sP@?OQ‘W shar &@@eﬁ@?m@ﬁé& Vet ef the
the secondary el ectron S|gna beconmes equal to or nore

t s kheat heasbel dneldicokdaryt el sctieioer minathihasdx and

the astigmati smcorrection in x and y directions -is

copp) ebpfeanddt He priagess0 Joseset equbd nextorstrepr08hén a

step 209, the aberration in x ' andy ' directions is

cosrestedibedn thre shalatlivalea 3¥&t embsinere the threshold
astigmatismin x and y directions are corrected as
desztiibedkEbdve setthesabe? raei ba pAightlahdgwer than the

observed
when the aberration in x and y directions is
minimally corrected.«.Namely, when the peak values of
the secondary electron signal S4x and S4y are lowef
than the threshold value “k”, it is determined that
the correction of the aberration in.x and y
directions is insufficient. Then the process goes
back to step 203 to repeat the pfocesses in steps 203
through 207 until the peak value of the secondary
electron signal becomes equal to or more than the
threshold value “k”. On the other hand, wheh the
peak of the secondary electron signal becomes sharp
and the peak value of the secondary electfon signal
becomes equal te or more than the threshold value “kf,
it is determined that the astigmatiém correction in x
and y directions -is completed and the process goes to

the next step 209.



and y ' directions of the spot become narrower and the
spot shape becomes a substantially perfect circle. In

\vanmmmemmy the reference sanple "WP" is scanneﬂCHMDmgwwm4n
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‘the x'-axis and the y'-axis. As a result, the

secondary el ectron signals S4x' and S4y' having the
intensity distribution as shé@n in FIGS. 15A and 15B,
respectively as an exanple are observed. In step 213,
it is determ ned whether the peak val ues of the

secondary el et FBAPsPGRal $P$1,aberrpUen dBs&r vaRd v’

t 211 | h

S R PR
set. so to ht | I h
séﬁHﬁH%réhgléé aslﬁﬁgl oggg?%gggwﬁ§§% Vcg’a e?%aélgn

regﬁgdya hS peg{kggf éﬁo ni PRL!I YRGS in %’

ues "the secondary el ectron
Sﬁél:@%@l%%é i ecépﬁ‘\@étéaaﬂyt kg itvhirrep hoh &
va k is determned that the correction of the

m%%i maelb& Xorratt ion At £CLLONS RS iantddult enthe x’
Then the process goes back to step 209 to repeat the

Progese’ ofiisgkends oo dhriohghsBd8 betidmet e peake vaboe the
of the secondary el ectron signal becones equal to or
mos ot hahaplee biclrcestolal sabseankialdy wer adterchande -

when the peak of the secondary el ectron signal becones
sharp 'In step 211, the reference sample “WP” is

scanned aloﬁg the x’'-axis and the y’—axis. As a
result, the secondary.electron signals S4x’ and S4y’
having the intensity distribution as shown in |
FIGS.15A and 15B, respectively as an éxample are
observed. N

In steb 213, it is dgtermined whether the
peak &alues of the secondary electron signals S4x'
and S4y’ observed in step 211 are equal to or more
than a prescribed threshold value “k”. Here, the
threshold value “k” is set so as to be slightly lower
than peak‘value of the secondary electron signal
observed when the aberration in x’ and y’ directions
is minimally cofrected. Namely, when the peal valueg
of the secondary electron signal S4x’ and S4y’ are
lower than the threshold value “k”, it is determined

that the correction of the aberration in x’ and y’



and the peak value of the secondary el ectron signa
becones equal to or nore than the threshold val ue k"

w0 oosms1ed er mi ned t hat the astlgnatlsn1correctP@WUPﬂmnMB4ﬂ
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and y directions is conpleted and the process is
stopped. In this status, as shown in FIG 14B, the

spot shape is a substantlalkﬁlperfect circle snaller
than the circles of |east confusion shown in FIGS. 12A
and 12B. Even when the deternlnatlon is affirmative in
staireaBi enpeh st H@Sﬁ’efaﬁ(l@a?rb‘é is EGBalthteo P&ro‘b%%t%?e?
than the threshold val ue ze of

cﬁ?%ﬁ]té P PEGBL anfq%l%?f;%%ﬁ B}éegpﬁf?ﬁglsﬁ/ c}fe(ﬁj%%%s §0°
ea
Sl 2iRePomy o hefhor aL80c atar e r%%‘?r%?“ﬁq

Cor eé%Lgﬁeéggéaan%éﬁéﬁé égu§§ X 2Rd ﬁmﬁfm{ﬁQﬁ'Qﬂé

ove, according to the second enmbodi nent

' OftﬁPgsl%fae%lhféVW'* on,0Q PREt BEReTOMYHS] NehéRUEthe

concentrlc circl es is forned on thesurface of the

Sirnge $8aP@ coffaryhereteren BEQdiHNhéﬁ&m@stéharp
adj ust the focus p05|t|on of the irradiation systemin

t hendir tREi pbia®n vaylped ab fIStHO bycoadpary rglddieron signal
secondary el ectron signals obtained by scanning the

r ebecoemee sqmakaﬂdV%rammmytﬁham tkes thaeghdied value “k”,
y-axis, and the x'-axis and the y'-axis, and

it is determined that the astlgmatlsm correction in

x’ and y’ directions is completed and the process is
stopped. In this status, as shown in FIG. 14B, the
spot shape is a substantially perfect circle smallér
than the circles of least confusion shown_in FIGS.

12A and 12B. —

Even when the determination is affirmative
in step 213 (when the peak value is equal to of
greater than the threshcld value “k”), the size of
the circle of least confusion can be gradually
reduced by repeating the processes of steps 201
through 213 more thanvonce, thereby enabling more
accurate astigmétism‘correction in x and y as well as
x’ and y’ direcﬁions. |

As described above, according to the second

embodiment of the present invention, a pattérn

comprising four concentric circles is formed on the



to correct the astigmatismin the irradiation system
in the irradiation apparatus 10 by observing the

waowehgons of the secondary el ectron signals. FUF/IIE67/075417
a reference pattern conprising four concentric circles
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is formed on the reference sanple "W". Therefore, the
scanning directions are not-fZmited to the x-axis and
the y-axis, and the x'-axis and y'-axis directions and

ool g o A0
OBFEQé;ﬁF%ﬁPtFﬁﬁgegiéﬁ&??%uﬁ ﬁ%%é?ggﬁb & ﬁﬁﬁ%&%mfo by
R G M e R U SR R A R

mg%gﬂ%ﬁﬁﬁvﬁﬁgi9@fé¥@ﬁd€ﬁéﬁﬁ?98 SREPl @1OWR drfe x-axis,
scanned afong the x-axis and the yaxis, and the

X'grfXi Sn@ngd-tRe sy amd $HH rectiens. Haveters y'heaxis, and
scanning directions are not limted to the directions
ahﬂyaa@ﬁﬂe&ﬁaﬂﬁbnggﬂigmati&methioheoﬁmmadﬂﬁti¢mosgstem
directions may b e perforned. Further, scanning may b

e jperflos mbdredirtdons epmhtdeuy- 2R by aibahwing -aRkeés
and the y f- -axis directions in step 201, and, for
exapt Borneandi thenmedngery ophegtron signals.

Further, a reference patﬁern comprising four
concentric circles islformed-on the reference sample
“WP”. Therefore, the scanning directions are not
limited to the x-axis and the y—axis,iand the x’-axis
and y’-axis directions and scanning‘in any other
directions enables performing the astigmatism
correction of the irradiation system in the same
manner. Still further, some mountains in the
distribution of the secondary electron signal
obtaihed by scanning the reference sample'“WP” allows
obtaining multiple signals and hopefully accumulate
signals'to impfbve the signal to noise (S/N) ratio.

It shoﬁld be noted that, in the second
embpdiment of the.preSeht invention; the reference
sample “WP” is scanned along the x-axis and the y-

axis, and the x’-axis and the y’-axis directions.



in the direction where the spot shape when the
irradiation systemis underfocused is nost different

WO p@a08d0e0 spot shape when the irradiati on systReT/iER007/075417
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overfocused. Further, in this second enbodi nent of the

present invention, when aberration in the x-axis and
the y-axis, and the x' -axi s "4Ad the y '-axis _
directions are corrected, the threshold value- "k" is
S reference t.o de erm ne _whet her
cﬁf%%mn FhEl SISS I AL IEEAUCLIR! AdlE imited, o
5‘1&8?4% nsNla$ & aaﬂﬂfms"‘@énnfﬂg &afHLH }bP@ctlon
con r as e- ig

secon ary el ectron used

asot"hff' \t:ﬁéhorﬂhog%e%fﬂ&@ﬂicyms aﬁa§h9‘@n p'erkﬁ:dlcﬁﬂeé6 for

exanpl e, the maxi mnum (peak) value and the m ni nrum

vahwer Rérl he caeeandnma |19é7t1?1@ﬁf§!r61@@| i &-GHVEH &8d the
"A" and "B", respectively it my b e determ ned

t hatakhe, abﬁar ahieorx'caatestand theper f-axied ddweecthers in
val ue of (A-B)V (A+B) is equal to or greater than a
prm@eplbem vahndg. \ffren exregel engacknodinioomay becpeasedmed
in the astigmati smcorrection process, the scanning

r ek obhef di e céliest roretreakh ¢ sSRakr shape Aden dihgly,

I't is necessary to reduce the size of an eval uation
pat ¥ 62l 8k 1iPRe Syt bnke WRAPF EoApsedh ihdnqet ef bhEgrent

le "WP", the nearer the center of.the
pagg%?nthe spot shape when the ?rradla 1§§ngﬁg%éﬁcls

overfocused.

.Further,.inrthis second embodiment of the
presentlinvention, when aberration in the x-axis and
the y-axis, and the x’-axis and the y;—axis
directions are corfected, the threshold value-“k” is
used as a reference to determine whether the
correction is appropriate. However, this embodiment
is not limited to this arrangement.' For example, the
contrast of the secondary electron signal may be used
as a criterion.  Specifically, as. shown in FIG. 16,
for examplé, the maxiﬁum‘(peak)‘value and the minimum
value of the secondary electron signal are given as
“A” and “B”, respectively. Then, it may be
determined that the aberration correction is
performed when the value of (A-B)/(A+B) is equal to

or greater than a prescribed value.



the narrower the blur area of the inmge becones.
Therefore, it is desirable to shift the observati on

WO e@B08200® the vicinity of the center as the i|iPEm&2007/075417
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magni fication is increased. So far, descriptions are

made using the reference sanple "WP" having a pattern

of concentric circles each h&fde the sane width W and

the sane distance "S" as shown in FIG 2A. However, in

this case, it is preferable that the width "W and, the

di stance D' WheRhéMgge MFPThebbrat §PRatsr AT KRS Sdneh the

rati o,as being separated outward fr%nmthe cent e gg%ion
I

as? Shb@RaFASE G ATt RIPEPES o 0§ T Re
sPa etk%ﬂéaggk&nn'bé£h$1§in§@rou%@mt!ﬁé§§¥ﬁfﬂgi9,t@% is

outer W NG expressions are giv

ngggangg%gl%%S%%§ﬁ§§?6T¥%eEiéglBfa%%fé¥§l@5@ighvﬁﬁttern

cons ues, W nNg expressions are gilven.

Wsgl XML, redzcleXRle ms 2&WRp . S33¢2 %P2 HederéhcbSsample

al so appropriate even en cl=c2. As described above,
anvgpal uathicomdtd 1 Bhenydic d1 nety ther methdent hec pattern,
vicinity of the center of thereference sanple "W and

t henevabuabiver patd eshurmagrba. bdr e ciomee!lyecBpeshi s
arrangenent, the finely forned eval uation pattern can
beTheed fulren a tseicondies yrabéet ton sdiififalthe ekgarvagion

to be observed with increased nagnification, thereby
enabbiing acc e & bein ikt PEmtber c&dtion.as the image

magnificatidn is increased. ' So fér, descriptioné are
made using the referehce sample “WP” having a pattern
of concentric circles each have the same width “W”-
and the same distance “S” as shown in‘FIG 2A.

However, in this case, it is preferéble tﬁat’the_
width “W” and the distance “D” of the pattern become
greater in the same ratio as being separated oﬁtward.
from the center 201 as shown in FIG. 4A (four circles.
only due to the space limitation). In FIG. 4A, from
the center to the outer, the following expréssions

are given{ W1<W2<W3<W4, S51<82<S3<S4. When “cl”
and “c2” are giVen cdnstant values, the following
expressions are.given. W2=clXW1l, S2=clXS1, W3=c2XW2,
S3éc2X52 Here, it is also appropriéte even when
ci=c2. As described above, an evaluation pattern may

be finely formed in the vicinity of the center of the



It should be noted that, in each of the enbodinents
descri bed above, descriptions are nade where a

W@ 0us/e80nd ¢ eval uation pattern is formed on thHMPﬂmWUB4U
reference sanple "W". However, a concentric
elliptical pattern as shown |g FIG 3A may al so be
formed (four ellipses only dde to space limtation).
Wien a concentric elliptical pattern is used, the size

O Do UL SpTdl Q) (el AEDeldh 14 A I ccern may

Bt on even hough Itrs t
aséé Ihég] (:Bgﬁfs%)i st Qae.rgﬁ |eQJQ{ﬂ Sm.l'%e flnely
direction approache h i hor - axi he si

b'wfrﬁgdaésaluﬁtgranar&ec@ern @aﬁhﬁecﬁgteﬁﬁ%heﬁ’\b@n a
concentric circle pattern is used, the size of blurred

I &g O BEE PRI eCRTrAM I i1 the eBhuieBHYMY i Shderved
direction. Therefore, it is nore difficult to eval uate

5 theitmghhétvdaseld tayrasiigaiosm vhetedycemebiling
el liptical pattern is used conpared wit-h a concentric
ciacter phét estigmattitser ,carcenteanrti ¢ regul ar pol ygon
pattern w theach regular pol ygon -havi ng a conmmon

symretric axIt ghhudef dee ndietehitets ah elReh &fultdhe
pol ygons are the sane) may be forned. FIG 3B shows
coHEePdHPENEE Gieaﬁcrdétea%; o?%oYﬁer €eB6E RicISRTOrAT D nTP?/de
Oue Lo space LT o).y, 4PED, 2 Soncenl e 1ot on
10'w%%e reference sample “WP”. However, a concentric
elliptical pattern as shown in FIG. 3A may also be
formed (four ellipses only due to space limitation).
When a concentric elliptical pattern is used, the
size of the blurred region differs depending on the
15 astigmatism direction even thopgh it is the same
astigmatiém (for example, when the astigmatism'
direction approaches the minor axis, the size of
blurred area is enlérged). On the contrary, when a
concentric circle pattern is used, the size 6f
20 Dblurred region becomes constant for the entire
astigmatism direction. Therefore, it is more
difficult to evaluate the magnitude of the
astigmatism when a concentric elliptical pattern is

used compared with a concentric circle pattern.

25 Further, a concentric regular polygon pattern with



di ffers depending on the crossing angle between the
astigmatismdirection and the direction of the side

wer@n/ogdough it is the sane astignmati sm Ther ePCY/a&22007/075417
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when the nunber of sides is small, it is difficult to

eval uat e the magnitude of the astigmati sm However,

when the nunber of side is IF4bge, this effect can be

practically ignored, and the pattern can be used |ike

a concentric circle pattern, Still further, not

cm%htreauﬁagup@lmﬁ% %@Y%lag fi SGF‘@O&’S %)ﬂ%t%c axis
FIGS. 5A_and 5B may be for

cotthe tEbEBoros r%mt%%c%ﬁtw g&ﬁ&r He¥eTheate

f
jz%ﬁf»%%% FRaSr o ; .fsom%d %?Eﬁer B g gt

e t 22

|nvg% |og I'S ggé rlbedgf refg er§%(% P&%%i?&
%QQQQ 1§ﬁ1ta&lﬁ§nOU|qWP@antégnE@%kxﬁhf:§@@@lar polygon

rence nunerals are used for the same orequival ent

e' BSIEPESNAS st hesRs nehdes{ k& sbrandes eaantr ebediient s,
and the descrlptlons of the elenents are omtted or

ab@i evkakedepdhdhes rat i ohe corvestingn areg hwdbaceeedi hpe

to the third enbodi nent of the present invention is :

di & et gnt tiisomadihatctof oh hendbbhe- wEmteiairiesh sefohde side
even thoﬁgh.it is the same astigmatism. Therefore,
when the numbe: of sides is small/ it is difficult to
evaluate the magnitude of tﬁe astigmatism. However,
when the number of side is large, this effect can be
practically ignored; and the pattern éan be used like
a concentric circle pattern. Stillufurther, not a
concentric figure but a spiral figure as shown in
FIGS. 5A and 5B may be formed. |

In each embodiment as described above, four
concentric figures are formed on the reference sample
“WP”. However, the number of the-concentric figures
is not limited‘to‘four.
<<Third embodiment>> -

Next, é third embodiment of the present
invention is described with reference to FIGS. 17A

through 18B. It 'should be noted that the same

reference numerals are used for the same or



enbodi ment in the process of focus adjustnent in step
201 in FIG 10. In the follow ng, the focus adjustnent

woreaoRogkodes descri bed. Here, since the positionBtT/JP2007/075417

relationship between the objective lens 19 and the

‘rotary table 31 is constant,4? current val ue supplied
0
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fromthe main control device to the objective lens
(herein after referred to as DAC val ue) when the

f ' I ti f | : t hat '

S PYES b ore e e St FaR e 2= Rl SEgeond

[ vicipity _ of : f t
i ehey Al IR SRR e PHEABRE, B IR diehtg axe

t he, OF 8V Ng rapBRatUS: P, while the DAC val ue
supplied to the objective lens 19 is changed at a

prescri bed inhes¥akratalorexmptect { 6aAMehacdndIdoediing to
side DAC value "I _" (=l 0-a :a >0) to the overfocus ‘

sitttee DAG vdl sabbdifrinttao £ at»@) prebengl dotvweart beani s
foe-used by the refractive power based on each DAC
valikfésestafimeth ditak tdie tle¢ cabprvesaepita o jecand
specific direction (herein x-axis direction) . This

| exisod bmebtailni e MRS eSS uefwhera st [fel jpedineal uenoftep
the secondary el ectron signal becones a maxi mum val ue.
Het @l nbnt BEG -t Ri0s ofdet dihonfPsleyrrdd fhss&RFusEl G

17A js a relati i i
adiustment ﬂé%ﬁgd(yéi QQCEQQQHWQ a

Here, since the positional relationship
between the objective.lens 19 and the rotary table 31
is constant, a current value supplied from the main
control device 70 to the objective lens (herein after
referred to as DAC value) when the focusing position
of an electron beam that feceives refractive power by
the objective lens 19 is focused in the vicinity of
the upper surface of the rotary table 31 .is defined
as a reference DAC &alue “Io». |

In the drawing apparatus 100, whilé the DAC
value supplied to the objective lens 19 is changed at

a prescribed interval, for example, from the

underfocus side DAC value “I.” (=Ip-d :a.>0) to the

overfocus side DAC value "I, (=140 {a >0), the

electron beam focused by the refractive power based

on each DAC vaiue is scanned onto the reference



rel ati onship between the DAC val ue and the secondary
el ectron signal obtained by the prescan of the

wo edoggaee sanpl e "WP" as descri bed above. ( TheCTaR0onoms417
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value -"the mni mumval ue) of the peak value of the -

secondary el ectron signal when the DAC value is
changed from the underfocus-4Bde DAC value "I- "(=I
0-a ) to the overfocus side DAC value "I+" (=lo+a ) is
call ed the d¥nanic range of the secondaaélelectron

sigpmnle A& 1780 & SREA iy ShbRFRECR HOehSThehip*is
bet t he d 1, f t ' dary el

SWQBE@S? nea By S B T ccanC BF L RanPoPLrEitee SRl o

" V\PII H b d i i i v
58 SRECDRIRCH 0N AALS, SEANELDG SEAELIEN wionan

g?ﬁ{%&héé’”a §a§i§n Wy, J1 ! G 3d £Bi nhilte QY NAH s F@PPBation

e secondary electron beam1s naxi m zed when the

scant AP g pebiseard.s equal to and at 90 degrees to
the generating direction of the aberration, and is

noder ate wheprgheispanni kg xiT£cioNali drawidy degredsg a

to the generating direction of the aberration. Wien the

sCcesnh bfoflshept bentveemtt22. BAGndabhes atelyrides secthdary

generating direction of the aberration, the dynamc

r anyecbfohhe igeednddrte ishedt pyntbiegpale saanri of ntked.

For exanple, in the reference sanple W shown in FIG

4B;ef dretgranporlenddif anedseesrbady aa r on(Ehgnal

becones about 200 when the,scannin% : '
maximum value - the minimum value) of the peak value
of the secondary electron signal when the DAC value
is changed from the underfocus side DAC value “I_
”(=I,-a ) to the overfocus side DAC value “I.,” (=Io+a )
is called the dynamic range of the secondary electron
signal. FIG.17B is a drawing showing a relationship
between the dynamic iange of the secondary electron
signal obtained by the prescan of the reference
sample “WP” as described above and the scanning
direction with respect to the generating direction of
the aberration. As shown in FIG. -17B, the dynamic
fange of the sééondary electron beam is maximized
when the scanning direction is equal to and at 90
degrees to the generatihg direction'of the aberration,

and is moderate when the scanning direction is at 45

degrees to the generating direction of the aberration.



direction is equal to and at 90 degrees to the
generating direction of aberration, becones about 40

wa 200al0g2000 80 when the scanning direction i s atPd@BJP2007/075417
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degrees  at the generating direction of the aberration,
and becones about 20 when the scanning direction is at
22.5 and 67.5 degrees to t he4§enerating direction of
the aberration. Therefore, in this enbodinent, in step
201 of FIG 10, the above described prescan is
the 2 cBhad y

pleWIP%‘r‘ mele ?ﬁé;‘?néﬂge[)dltlh%c'bé% V51 8& S 1 |
el ectron sign [ t ai ned, d i .
cointary choctoms TaRar 1o QRRUTRTEn. Sfnat e (TR 2sion
t megni t t i das :
R R

ig@éﬁaﬁkggdﬂs gﬁé'E§§ﬁbl§9rigx?ﬁgl%ef@%éﬂEHmséﬁ?EEG“WP”

en the dynam c range o secondary el ectron

si gRakni $naka. 200, dhei &yRakhiEalraGhdd & SCEH@i Bgcondary
direction is at 0 or 90 degrees to the generating

di & 86Et 9Bn0fs ilg 1ahes Edrhé ONabwhien 200 ivadrouthdOstanning

about 80, it is estimated at 45 degrees to the

gegeratitigndiirsecidudl tBwdamtenti B0 slegftrmes thanthbove

it is estimated at 22.5 or 67.5 degrees to the

gegenatingngi déotd ani omMexf, abg riciad idhrawi BRCAppar abest 40

100, when it is estimated that the scannjng directiaon

i stat abogit 80 when the scanning direction is at 45

" degrees at the generating direction of the aberfation,
and becomes about 20 when the scanning direction is
at 22.5 and 67.5 degrees to the generating direction
of the aberration.

Therefore, in this embodiﬁent, in step 201
of FIG. 10, the above described presdan is performed,
then after the peak value of the secondary eleétron
signal is obtained, thebdynamic range of the
secondary electron signal is calculated. Then, from
the magnitude of the dynamic range of the secondary -
electron Signal, the generating direction of the
aberration is estimated. For example, as shown in
FIG. 17B, when the dynamic range of the secondary
electron signal is about 200, it is estimated the

scanning direction is at 0 or 90 degrees to the

generating direction of the aberration, when it is



90 degrees to the generating direction of the
aberration, further prescan in the y-axis direction

wo@edokogpmal to the x-axis direction i s perfor med/JIR0@G/075417
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18A shows curves SX and SY indicating the peak val ue

of the secondary el ectron si%nal with respect to the
DAC val ues obtained fromtheS8rescan results in the
X-axis and y-axis directions, respectively. As shown
in the curves SX and SY, the, peak value of the
se?%‘h‘él’ér?oe[t@clalb@r?%i%'al 1?&%&&?&%@&%&3(% tﬁ% gpgrees
value is lu and 10, respectively. This shows tha

whih FRE BRBSFATIEY <11 1SCt 1Ry Bpdg bt BF PHPSRd

0 p8,clpgle of; | east, confusLanagf Hbhe, elechsog BeakLes

surface o reférence sanp

ghggeggge e@@ygq}qéﬁg%gggtiggqlmhere the el ectron

eam I's conver ge jective lens 19 to which a

current of DREy¢al ug Iynd Sd§th§edpE§r%&fd§epb@§ fhen it
focus position. I't should be notéed that, in this

st afusstamatR@Mt hdth £h&SscarAiand didEcthenspst ash@per
of the electron beam fornmed on the surface of

t hepefiegeres samilee Wehsratdngelde refct sarst ofohhasi on
having a substantially perfect-circle shape. Further,

i nadeawiang cappahat tset0prewhen in ithesytaaieddikgction
the scanning direction is at 45 degrees to the

genschoigegadi reet tha &F e abereatien, isuReeformed. FIG.

prescanning in-the y-axis direction -, '
18A shows curves SX and SY indicating the peak value

of the secondary elecfron signal with respect to the
DAC values obtained from the prescan results in the
x-axis and y-axis directions, respectively. As shown
in the curves SX and SY, the peak velue of‘the
secondary electron signal is maximized when the DAC
value is I, and I,, respectively. This shows that,
when the DAC value is Iﬁ, an averaged value of I, and
I,, a circle of least confusion of the electron beam
is formed on the surface of the reference sample “WP”.
Therefore; herein, the position where the electron
beam is converged by the objective lens 19 to which a
current of DAC value Iy is supplied is defined as the_
foeus position. It shoﬁld be noted-that, in this’
status, as shown-in FIGS. 12A and 12B, the spot shape

of the electron beam formed on the surface of the



orthogonal to the x-axis direction is performed. FIG
18B shows curves SX and SY indicating the peak val ue

wo@Rooshg2osecondary el ectron signal wth respectPCDIR20€7/075417
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DAC val ues obtained fromthe prescan results in the

x-axis and y-axis directions, _respectively. Wen the

scanning direction is at ab659‘45 degrees to the

generating direction of the aberration, the DAC val ues

corres onding to.t he _maxi mum val ue of Ehe eak'%glue
3 aotk

off ¢ HRF REB T L8] c"trlo%asifgh’é?f%h%nre urFast EKen

direction as anniNg,di.reet i ' f giyEed. ;
curve SX i ngpgﬁg\%égho%%éfltqﬁée %%??ggéhiqg%getwml}eggﬁ *
t hes peakiyatue ehatthe meconsianyngl agtreer i9na at 45

obtai ned by the prescan in the x fdirection and the

DAfe ypd&ig. tBS tiHe gty eabXngSkiWsactien DAE taldleaberrration,
where the peak val ue of the secondary el ectron signal

| -Bu ke i pedseannfieghirai tteel pyapeésf drimend: itdre

prescan in the x'-axis direction.-Herein, the position

wher ehohenelector drhdeanaks scohivaagfeidbbyl shpeaifjcastade  FIG.
l'ens 19 to which a current of DAC value Ij, an

avk$Rgedoval guryes $Xarmnd 0SYi sndipptilag ithaigtsaedvasue
the focus position. On the other hand, when it is '

es?f neRedSERANAHY SIEHE FYR dFteRelon Lt Ao SRRt 99. Ehe

or_about  67.5 - : _ : _ -
DAC valgessobtained from the prescan results in the

x-axis and y-axis diréctions, respectively. When the
scanning direction is at about 45 degrees to the
generating direction of the aberratioh, the DAC
values corresponding to the méximumqvalue of the peak
value of the secondary electrop signal shown in
curves SX and SY are common to I,. In this casé,
prescan in the x’-axis direction at 45vdegrees to the
Xx-axis direction as.the scanning direction is
performed. The curve SX' is a curve showingAthe
relationship betﬁeen the peak value of the secondary
electron signal obtained by the prescan in the x'-
direction and thé DAC value. As the curve SX’ shows;r
the DAC value I, where the peak value of the secondary
electron signal is maximized can be obtained by

performing the prescan in the x’-axis direction.



degrees to the generating direction of the aberration,
since the curve showi ng the relationshi p between the

wO2@swsdose and the secondary el ectron peak val RETr/JP2007/075417
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-obtai ned by the prescan becones flat, it is difficult

to obtain the DAC val ue When5 he peak val ue of the
secondary el ectron signal iS~fraxi m zed. Therefore, in

the draw ng apparatus 100, when .it is estimated that

the seanni pg direction, is, &t abput 1225 01, qhol 675

generati ng fon~of the aberration, .

fleggg&%@g&agbg}i EREL I d & £ pLalgsPY o kY ANAIPIL current

egrees w-t respect to the x-axis, an he sane

ORSF aphA@NvA3ukhat  WARN atlRe AN udi s€Ct 0andsSTaf Os
or 45 degrees to"the generating direction is perforned

t s s rubat est Be fliinashizd dise t hecavepagad ival ue of lu

and 10, -and the postion where the electron beamis

conver ged byohhehebpedkirvéhdrehs Wlehoivhishetshtemated that

current of DAC value |j is supplied may be defined as.

t heh¢ osasnpdsigt iddme cAsi atestcs | dedabboke 22.1% tdre alwwd 67.5

enbodi nentof the present invention, when the focus .

pot¢greasoto Hheobyererabinensiteiioert efnithed, akgeration,

generatin% posi tion of the astigmati smoccurring in

t FELREE aB] gt CHA VEy SN 19 t HRe oF 8w CRFEmathRtieen the

can be roughly d %g;nined. Theretore, after_.step, 201

OB {59 SNeh GO SRRATIIHEY [ EFEFERCE PEAN AN i s
obtained by the prescan becomes flat, it is difficult
to obtain the DAC value when the peak value of the
secondary electron signal is maximized. Therefore,
in the drawing apparatus 100, when it is estimated
that the scanning direction is at about 22.5 or about
67.5 degrees to the generating direction of the
aberration, the scanning direction is rotated by, for
example, -22.5 degrees with respect to the 'x-axis,
and the same operation as that when the scanning
direction is at 0 or 45 degrees to the generéting
direction is performed to calculate the I; which is
the averaged value of I, and I,, and the postion where
the electron beam is converged by the objective lens
19 to which the current of DAC value I; is supplied

may be defined as. the focus position.

As described above, in the third embodiment



scanned, it is possible to accurately correct the
astigmatismby setting the scanning direction paralle

W@ 2008008200 hogonal to the generating directi on PET/IHRE07/075417
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bIREb _
\Mﬁg%%ﬁgégFggosg% 480 DM R0t QrERendl S AN SLM 00 can

objec

:‘g‘r?{re%bEShwn%\t%ﬁﬁW@d(. patherB8s o0k, Pialf tadl YEOPVLOLSin
mest @l dbsks(eesicd, MAsdertlesky ferther sangh BaPENP” is
made of nickel having the thickness of severa
husesedsdof im ms( pY sk gl eli £ bscommrufedgt Wwedrdyt the
creating a replica by nickel plating fromthe resist

mess et golask smBpwisigigtithg shanpernnopid chlreskonedi a
are mass- produced. Wien a

-aberration. <<Fourth enbodi nent >> Conventionally, a
master di sk of an optical disk such as a conpact disk
(CD) or a digital versatile-8Bsk (DVD) has been
manuf actured as follows First, while a disk having a

t hi ckness of several ml|ineters mﬁﬁh | travial ef
iR oskASPERTENEhITOIEE R hath ey thHE

f .0l i forml y spjn, th i .
Spote e%pn%éna? E:V_resq Eﬁéf% wzﬁéfﬁsﬁaﬁ% or S ST feifly
conver ng a t ! : | ill.ati i

159, Bzl b3t JLOm . RS, 888056l 1t e 1 0 Lhe

PIeRS Rkheten of

on (such as an | aser:

fve Iens turning ON and F the laser |ight.

y dével opi ng the photoresi st tomanufacture the

parallel to.or orthogonal to the generating direction

~of the aberration.

<<Fourth embodiment>>

Conventionally, a master disk of an opticél
disk such as a compact disk (CD) or a.digital
versatile disk (DVD) has been manufactured as follows.
First, while a disk having a thickness of several
millimeters with ultraviolet photosensitive
photoresist having the film thickness of 0.1y m
uniformly spin coated thereon is rotated, a spot
exposure‘is performed on the photoresist by
converging-a light from a gas laser oscillating in
the blue or ultiéviolet region (such as an Ar or Kr
laser: wayelengﬁh 350 to 460 nm) onto thé disk using.
an objective lens and tﬁrning ON and OFF the laser
light. Then fine concave convex patterns of pit and

groove is formed by developing the photoresist to



pl ayback-only DVD is manufactured, a pit string having
a mnimumpit length of 0.4 mm, track pitch 0.74 mm

w0 200882000 | y forned on the stanper to respond POI/gHE07/075417
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conditions of the laser drawing (cutting) when the

“ resist master disk is manuf actired are set so that
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such a pijt itri ng is formed on the stanper. Wen an

optica ' [ ith - 5i ded ' |

Aot AR ARR R TS T T & E AP AP s 5 T oeEl ¢

resin injection,nol d'sr{%mlaﬁséﬁ‘dﬂn%(&‘% 8Eaﬁ9%ﬁce Shaavin% the
i's as ein

nmetallic nold, ePheaOptl C t ormat’i o

capaci of 4.7 GB. T he rodraw. . .
(c Jtcf)tﬁé?sgnotf hg%earyaglagrgﬁ%%#ghév‘éfr Z’iﬁst(%ﬁg\g@% |ls?<), s
f aRsBERLEred My QN4 BSRE QQ¥EBQi%E@B%ﬂﬁﬂéﬁglhpDéting
413 nmis used. Iylerel n, the mni-numpit Tength "P" to

ber estht tRE ¢ar ike generét | §isppr oRiymaisaichpyttidiestamper,
formula P=K* (I /NA) , where | represents the
wayet tagl hdakkt heed ias ed re NAa s sppeselntced .he Whemerac
aperture, and Krepresents a process factor (depending
orplaebeharactler iDD ciss gharhéarcsvired,amd pihgesring
between 0.8 and 0.9). In this case, when | =413 nm

NA=y 189, aand nirOm & B elesgibned 0o 4 hemfotmack m=Ch
37 mmis obtained, and the minimumpit length of 0.4

m & 7 ér Hph ayBasRigaAly YDOVD esd ben r ERggait28gper to respond

to the playback-only DVD information signal. Then
the conditions of the.laser drawing (cutting) when
the resist master disk is manufactured- are set so
that such a pit string is formed on the Stamper.

When an optical disk medium with a one-sided
recording layer having a diameter of 12 cm 1is
manufactured by plastic resin injection molding using
the stamper as a metallic mold, the optical disk has
the information capécity»of 4.7 GB. 

To perform the laser drawing (cutting) on

the playbéck—only DVD resist master disk, for example,’

a Kr ion laser‘having the wavelength of 413 nm is
used. Herein, the minimum pit length “P” to be
cutting can be generally approximatéd by the formula

P=K* (A /NA), where A represents the wavelength of the

laser, NA represents the numeric aperture, and K



After DVDs appeared, due to increased demand for
i ncreasing the informati on capacity of an opti cal

wale@Rk/o82m opt i cal di sk called Blu-ray di sk (herel/smber075417
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‘BD) has appeared. The BD is an optical disk with a

recording |ayer having a dianmeter of 12 cmfornmed on
one side of the disk and has>an information capacity
of 25 IGB In the BD, to realize the sane processing by
a simlar signal recordi ng processi ng nethod t hat
a\rfﬁﬁ%fﬁ%n'ﬁév\@ PEOCS Sfe deSRy f%ePégﬁl&élgtt?é‘ gsrkees of
the mnimumpit length and track pitch_down to .about
0.CPERAGH PIBBLARP &Td G BE H i ¢ 35B0nApTgeS Detheeh 0.8

respectively. The pit wi dth has tp be reduced d to

f FExanPl e, EBodt IS Sppd ?fjaéknﬁrtg'ﬁ,:%}%’ dnd
exanpl e, about Q.1 . o form such a _fq ' :

t hﬁ%‘@b@v@ﬁ@n??&ﬁ@&e?pg’ooxﬁ%t ?%ﬁm}lg%ﬁul%a_ dfg’fr37 gi)%“ailﬁslsng

t m ni pym pit, | MY SN I P i t
th°§?%%%$gm§8|deﬁg{%$nalnm I}In%%ga%éﬁ %é{%% o(?'{ﬁ‘g%efor
Obd’P&)?l!;é(@kl—Sﬂi-y IeMevein Begaedbggikke.NA val ue of t he

obj ective lens, a current value of about 0.9 is :
thought to befekwosivDsheppediedal deef tomitereased demard
vi ewpoi nt of the accuracy of the design and

mefolf athoreag iofy ttte | enSormatiefiocapaai ttheof yenreptical
it is absolutely necessary to reduce the wavel ength of

t héi $ hseanwapdliogt (d1sk called Blu-ray disk

(hereinaftef BD) has appeared. The BD is an optical
disk with a recording.layer having a diameter of 12
cm formed on one side of Fhe disk and has an |
information capacity of 25 GB. 1In thé BD, to realize
the same processing by a similar siénal recording
processing method as that available now, it is

necessary to reduce the sizes of the minimum pit

length and track pitch down to about 0.15 ym (150 nm)
and 0.32 ym (320 nm), respectively. The pit width
has to be reduced down‘té, for example, about one-
third of fhe'track pitch, for éxample, gbout 0.1 pym.
A To fbim such a fine pit, as the above-
mentioﬁed approkimation formula for obtaining the
minimum pit length “P",‘it is requifed to reduce the
laser wavelength A and increase the NA of the

objective lens. However, regarding the NA value of



Herein, for exanple, when a deep-ultraviolet |aser
havi ng the wavel ength of | =250 nm and val ues of

woZee®08@oand K=0O .8 are assigned to the above PCY/mar/ 075417
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the value P=O 22 mmis cal cul ated. However, it is

very difficult to realize th 6rri nimumpit length (0.15
mm) and the pit width (about"” Ol mm) corresponding
to the informati on capacity of 25 GB. Therefore, it is

Ve{ly%%i)%aiagiél'tvet qﬁ%nmaacé'g{cgﬁgtr %:Q':lil%te 'BBfStaetFowg‘;&:Eégf i;

t he e subseduent “hi ghdensity optica

¢ e =y Ol
( %o?égﬁp't‘é b‘és'grl%@s"c UlgL ai?ﬁQ;cUVa‘ih%é

he |
near - d recording/reproducing) with a laser cutting

APPAE FHYSnYS bRY th L YW@ 4 Opab rUlthea el i@fn | As@r as
its light source. Therefore, in the future, it is

negessaaythe iagplof athel Behson heamedicawd NoimppReatusure,
capabl e of generating a beamthat can expose a finer

r est si spabsenmticlian rescessaayi tbetreldaser .tHe wéreelength
foll owi ng, a nmethod of manufacturing an optical disk

meslf ubhées ldeear iWeadk ledMptiuf Aact uri ng a maser di sk>In

the draw ng apparatus 100, an electron beamhaving its
spot di anet eletedm afeut SxRTPd Eo HBEDt 20FaRnEhhrpEiolet
obtai ned by adjusting the intensity of the electron
bebasandhald ngpdheaurea v lepathperdt )érr g2pPan@,1@ndggralues

\mgg I%Arl%s.tfrandcs Sl%=8f.8agr%ptaiscsaigned to the above formula,
the value P¥O.22'u m is calculated. However, it is
very difficult to feaiize the minimum pit length

(0.15 g m) and the pit width (about 0.1H m)
corresponding to the information capaéity of 25 GB.
Therefore, it is very difficult to manufacture a
resist master disk of the BD and the subsequent high-
density optical disks (for example, using an ultra-
resolution -image or near-field recording/reproducing)'
with a laser cutting apparatus using a conventional
ultraviolet laser as its light source. Theréfofe, in
the future, it is necessary to apply an electron beam
drawing apparatus capable of generating a beam that
can expose a finer resist pattern than an ultraviolef
laser. In the following, a method of manufacturing
an~§ptical disk medium is described.

<Manufacturing a maser disk>



information recording nmediumis manufactured with the
draw ng apparatus 100, first, it is necessary to

wa@ledosnsaone t he el ectron beam spot in advance iPCT/JP2007/075417

10

15

20

25

‘dr awi ng appaiattize 1902V ingo PP

‘accordance with the pit size to be formed on an

optical recording nmediumfinally manufactured. For .
exanpl e, when a pit of the pbayback-only Blu-ray Disk
(BD) is drawn, the spot dianeter of the el ectron beam:
is set about 100 nm_ Then, the astigmatism of the

oS ey eRéesren
sanple "WP' based on the ,procedure described.in t '
f Pes™ tA6iRG +her GPeIH SHiamit S of TP Re f’pggenltd1 il %o

e (Mot EhPr 8Pt . |

FRE0 o007 ot cban. B, RN B BTELEAG MY 1
le,. ' t

R G PR R o i e o

uniforpditgrbhpakaess dtypically 100 nmor |ess

depending on the recording/reproduci ng wavel ength of

the optical glbskyhtnshoulaGthe nhied éhakn betiexdnpl e,
a gl ass substrate, a quartz substrate, and a silicon

Waifref o Pyt benusedoasiitrhe rsathstmat 8 H8bufRotiirerd wsth the
the el ectron beamresist included in the resist |ayer
50 awisyt appacetmegdidOse Fesstt hhy ibe NesEdE SBY at©
master di sk of the optical disk, positive resist such
agletermine. the electron beam spot in advance 1in
accordance With the pit size to beiformed on an
optical recording medium finally manufactured. For
example, when a pit of the playback-only Blu-ray Disk
(BD) is drawn, the spot diameter of the electron beam
is set about 100 nm. Then, the astigmatism of the
drawing apparatus 100 is corrected using the
reference sample “WP” based on the procedure
described in the first through third embodiments of
the present invention.
<Preparing Resist substrate>
As shown in FIG. 19A, resist is applied on a
substrate 501 by, for example, a spin coat method,
and then baked to form a resist layer 502 made df
electron beam resist ha&ing uniform-film thickness

(typically 100 nm or less depending on the

recording/reproducing wavelength of the optical disk).



ZEP-520 (manufactured by N ppon Zeon Corporation) is
preferable due to its resolution, sensitivity, and

weamg/okpandl i ng. As the substrate 501, a nonmagPEr/iR2007/075417
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‘substrate whose surface roughness is fine and having a

good flatness is fine, but since the pattern exposure
is perfornmed by the dramﬁng‘a paratus, it is
preferable to have el ectrical conductivity Wen a

”8[&2 e RO St vl S L e ST R
dr[aOP%ghs §HB§‘J at ey awe&g% Br %\mtaaw vs

on1be|ng charged when an électron eam

'%d nadi L ed- EUEB%e%uBE%fh@@tgﬁlal O tHRe, as the

nonrragneti ¢ substrate, there are many such mat'eri al s

avaid @bl eni Bebhe ryket dhchaweesosin ©mél kksist layer 502,
desirable to use a silicon wafer having electrica

CyBRictivé tyr sBatttarie dresi sig>méypbecedede ofAdrawhagter

a pattern onto thesubstrate 501 using the draw ng

aphisslatos 468 betdesdr idietk bepowi tThe seisstatatsi&0lasn

which the resist is applied is nounted on the rotary

t @ R- 320 of mehu fdcawinay dppaf Bepen18eonQfarperation) 1s

substrate 501, as shown in FIG 19B, exposure s

pe ¥ oF ¢reab ba ﬁﬁ@ to its resolutlon, sensitivity, and
easy handling.

As the substrate 501, a honmagnetic
substrate whose surface roughness is fine and having
a good flatness is fine, but since the-pattern
exposure is performed by the drawing épparatus, it is
preferable to have electrical conduétivity. When a
nonconductive material such as glass is used as the
substrate 501, preferably, an antistatic agent is
applied on. the substrate 501, thereby preventing the
substrate 501 from being charged when an electron
beam is irradiated. Further, as a material for the -
nonmagnetié substrate, there are many such materials
available in the market at low cost, and it is
desirable to use a silicon wafer having electrical
conductivity.

<Pattern drawing>

A procedure of drawing a pattern onto the



shaded regi ons 502A of the resist layer 502 in the
figure . Wiile the rotary table 31 is rotated and the

WO 2i0an0§200@bl e i s noved at a prescribed speed bRCT/E2007/075417
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-slide unit 33, a electron beam nodul ated correspondi ng

to a desired pattern is’irrag'ated onto the resi st
layer. By doing this, a spiraf fine pattern is forned
in the resist layer 502 on the substrate 501. It

L TR S8, bithe” GHE gt b8 KBl P e

Ck; "i'n thi substra

aryahged. L9 Beigpved by one track pitch while the
sd%strate @O? rotates one turn. Further, when a pit

pattern is drgunsybberhkankiow & eghieHethe ghelsviet (AN
or OFF) at the speed corresponding to the rotating

spassh {tdnear mepaedd oMerhdlravt agyt habpat t3ar o dnthde
substrate 501 is finished, -the substrate 501 is

r elibasetin§ r apphire tuat Aro0 + abbre Bhe<Beabelta@teEntS01n as
devel opi ng the resist |layer 502 of the substrate 501
orshdwrhin pacted®H,s ekpownns desperfedmesbvanl When
the resist is positive resist, the regions 502A where
eldraden beadons iX02Hdiaf dehasrsRdwh L YRIIGoGdC ar khe

renpved, and when the resist is
figure. .

 While the rotary table 31‘is rotated and the
rotary tablé is moved at a prescribed speed by the
slide unit 33; a electron beam modulated
corresponding to a desired pattern is irradiated onto
the resist layer. By doing this, a spiralifine
pattern is formed in the resist layér 502 on the
substrate 501. |

It should be noted that since the track of a
BD is .a spiral track, in this embodiment, the
substrate 501 is arfanged to be moved by one track
pitch while the substrate 501 rotates one turn.
Further, when a pit pattern is drawn, the blanking
electrode is driven (ON or OFF) at the speed_
corresponding to the rotating speed (linear speed).

When drawing the pattern on the substrate
501>is finished, the substrate 501 is removed from

the rotary table 31.



negative resist, since non-irradi ated regions are
renoved, a fine pattern of the resist part 502B of the

wo e®sms20h@yer 500 is formed. By doing this, a PEBIEN007/075417
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di sk (resist master disk) of the substrate 501 on

which the fine pattern is forned in the resist |ayer
502 of the substrate 500 can®B& obt ai ned. O, after
t he developnent of the resist, further, as shomn in

FI _P concave- convex shape i's forned on the
?Y%.%p@ﬁﬁ By performing a reactive ion etching

u3|ng reactiye 83%eﬁ%@3§ﬁfqﬂ§§ ;gg%ggn§agg§ @¥f§10f the

et chi ng using such e use

'aéﬁbs@?yéaasa'ln%r{ %ﬁiﬁéhlgyﬁgt%%ﬁ S roerrmofrﬁda@y

usi.-ng, or exanple, an organic solvent so as to-

digesttyoéar apawWesiviath fime pastgknien g subst rasest,
501 as shown in FI'G 19E. In this way, a master disk

(etebedegasher soi2gk)wHede ofl bt ebnabklafte ipatieradisted as
formed in the resist layer 502 of the substrate 501
cashalsoiheFabt.ailrted. a rdv/anerhovetivur eng avhstranpes >Casest is
the master di sk 503 is obtained as descri bed above, a
stmepetive memsifsict rietce roemt hisagdsted cﬁ%fk'l@@% are
(herein, the resist master disk is used, but th
et%ﬁ@@vﬁﬁstérﬂ%&ﬂ(Hﬁﬁﬁ%ﬁ%ooﬁet0§eéF51%ﬁxﬁﬁ??c%@?? of

as shown in FLG 20A _a conductive | a
f oFRBdr 881 phic LnetiorS A ske 5§§rm8%d LRy S this,

master disk (resist master disk) of the substraté 501
on which the fine patfern is formed in the resist
layer 502 of the substrate 500 can be obtained.

Or, after the development of the resist,
further, as shown in FIG. 19D, a concave-convex shape
is formed on the substrate 501_by performing a
reactive ion etching using reactive gas ion such as
CF, ions 506 (ion etching using such as Ar ions may be
used). Then, last,.a remaining resist layer 502B is
removed by using, for example, an organic soivent so
as to direCtly‘form a desired fine pattern on the
substrate 501 as shown in FIG. 19E. In this way, a
master disk (etched master disk) 503 on which a fine
pattern is formed in the resist layer 502 of the
subétrate 501 can also be obtained.

<Manufacturing a stamper>



stanper 504 is formed by performing, for exanple,
ni ckel plating on the conductive |ayer. Then, the

wore®Bes2000 sk 503 i s renoved, thereby obtai ni ngp€Ti&P2007/075417
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stanper- 504 as shown in FIG 20B. As a nmaterial of

the stanmper 504, Ni or Ni alloy may be used and

various netal filmform ng relhods including

nonel ectrol ytic plating, electrof ormng, sputtering,

and ion plating can be applied. The thickness of the

stanper 504 9rcabbbe Bestermdisk Wduld BRtARINEE as

that, instead of preparin the,stanger 504 fgf t he
[

n}%‘?%crr%j}i’%‘{% 3p8Yea AasSERT AnberMRBRLATHTEL iR m this
pl ura t be f.ir d . .
g ek oo br SPstlangar S e
1S _¢gase, . SLce i '
ook e s "HAET P R SEVEY BRLkChy Biggeceea.

anggﬁsg&eagggw LisNG rhAlTPEs FSGNEsBAsakY dii i Nonductive
m e) . < uf acturing a nediun> The pattern of the

stppper 504 rbshkansherifd hosferegik589 RS Sfwwrhén

FI'G™ 21A by a method such as injection nolding or a 2P

nMed H9dpe By 500 Ag tirSnedrbPpbé e db raii sk, medtinune6ibple,

having a fine concave-convex pattern shown in FIG 21B

i snbbkalnpdatige opr edissetgndtbeivbj detye505 iBhen, the

substrate of the optical disk nedium By formng, for

exaapter disk 503 is removed, thereby obtaining the
stamper 504‘as shown in FIG. 20B. -As a material of
the stamper 504, Ni or Ni alloy may be used and
various metal film forming methods including
nonelectrolytic plating, electroforming, sputtering,
and ion plating can be applied. The thickness of the
stamper 504 is about 300 WY m.

It should be noted that, instead of

preparing the stamper 504 from the master disk 503, a
master stamper for duplicating plural stampers may be
first prepared so as to duplicate plural stampers
from the master stamper (in this case, since concave-
convex pattern'is reversed between the master stamper
and the stamper 503, another transferring stamper is
necessary in the middle).

<Manufacturing a ‘medium>

The pattern of the stamper 504 is



reflection filmon the fine concave-convex pattern of
the optical disk nedia substrate, the optical disk

wore@s0s200& nmanufactured. A s descri bed above, PCI/are007/075417
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optical - di sk nmedium according to this enbodi nent of

the present invention, a master disk is manufactured

by using the draw ng appar at62g- 100 whose magni t ude of
the astigmatismis restricted to a prescribed val ue or

| ess. Therefore, the fluctuation of the pattern shapes
ort taTes hesred tpsk & ire fnst§ cahPynniim filfed 212 by a
conpared with the caonventional_ naster dis '

Aéﬁ_ti’rfﬁ@%gﬁy?ht RE flgld;ﬁq}'dt%ﬁn%%d%ﬂg Qtraﬁ'péi‘ ARFRR- By
nmedi um manuf act . - hy e ' .
réjfﬁﬂcré‘ai_t@géci B ot A et | BRAET S0 dbihe o fine
astigmati s t i i . .

d %gv%ﬁg%g?%%gﬁgﬁﬁégﬁngﬂéﬁﬁ'Y§L¥Ibne@#?L1§Fobta1ned.

_ ( Ity to determne the existence
‘ﬁM$f§.§§EE9§%H?§th§E e OfsHBi §f galWitdde of the
r emei ni ng magni tude of astigmatismlargely varies

glecﬁgxgﬁ&gg AR Wha ks, t hedet 6rmi AGL | o antkdhsle, a

_ uat1on of the pattern shapes of the master disk

i sp&eREKABLE £ iHaWRMErsh@CEDREI Bgntavichicorenhodbathnérn of
of the present invention, since the nagnitude of the
asthgnept s ails diest med sl swbatcetkai thealaptbral edssk

t he renmai ning magni tude of the astigmati sm does not

| atigel ymvasy méepeied thar e.

As described above, in an optical disk
medium according to this embodiment of the present
invention, a master disk is manufactured by using ﬁhe
drawing apparatus 100 whose magnitude-of the
astigmatism is restricted to a preséribed value or
less. Therefore, the fluctuation of the pattern
shapes 6n the master disk can be drastically |
minimized compared-with the conventional master diské.
Accordingly, the fluctuation of the stamper and the
medium manufactured from the master disk can be
reduced. .Specifically, conventionally, since the
éstigmatism cénhot be guantitatively treated, it
depends on persénal ability to determine the
existence of the astigmétism. Because of this
feature, the remaining magnitude of astigmatism

largely varies. depending on who makes the



who corrected the astigmati sm <<Fifth enbodi nent>> In
a hard disk drive, there are regions provided at the

wa2008/082000 e i nterval in 360 degrees during onePCDIRDITNTS417
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of di sk where, for exanple, a tracking servo signal

an address information signal., and a reproduction
clock signal (hereinafter g?ornat |nfornat|on'
S|gnals) are recorded. Because of the regions,

”eér ggor Sanl R Ef&é&%k%%‘ e tthaeng&aeét?éiged

erva arl ositiron o

mesarfaepéé‘eéfw %C?rééhsactegz} §}€‘”§.‘én9eﬁﬁr§<@% 1 Ohtabhasky,

correcting t acenent In the anmet er

d'éc?&éf@ﬁngf ttohecrraagneﬁbequnelﬁtvmfl fReepsddentt! hvéhtion,
shows a configuration of a hard disk. As shown in FIG

22 inde t bRehardnditside tderehar estegmamrs sa02 Prewstedcted
at a prescribed angle interval each have a magnetic

thie &itarpatihenalesy reespbasis ngthe treamadmefroy meignitude

i nformation signal forned on thesurface of a

subft aine | abky goiagk-sshapees subst targe3dyl vaRG do@ending on
enl arged drawi ng of a part (region X shown in FIG 22)
ofWhpecprgpeied0rhe i igm@Bismke hori zont al

direction on the paper indicates the scanning
diTettf bR, eRRGEME fer i cal direction on the paper

i ndi cat es thfncgr% Q%F%%§¥3é¥{$gflggegg %re regions

provided at the same angle interval in 360 degrees
during one rotation of disk where, for example, a
tracking servo signal, an addressjinformation signal,
and a reproduction clock signal (hereinafter
preformat information signals) are recorded. Because
of the regions, a magnetic head reproduces those
signals at a prescribed interval and clarifies the
position of the magnetic head, thereby accurately
scanning on the right track while correcting the
displacement in the diameter direction of the
magnetic disk when necessary.

FIG. 22 shows a configuration ef_a hard disk.
As shown in FIG. 22, in the hard disk, there are |
regions 302 provided at a prescribedAangle interval
eacﬁ have a magnetic thin film pattern corfesponding

to the preformat information signal formed on the



track. A's shown in FIG 23, each region of the
tracking servo signal, the address information signal,

wao b@soswek signal, and a phase servo signal arBCT/JP2007/075417
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magriet f

'sequentially arranged in the circunference direction-

of the track. In FIG 23, cross-hatching regions
i ndi cate the magnetic thin fPEm pattern. Further, the
pattern of the phase servo signal is obliquely

crossing over plural recording tracks with respect _to
t Fr1 i 2 @Rt PEnaoF ubd Yt nd 85T ERAPHRG Jtrate 301.

exanmple, ir _ t hard, di sk drivye, af .
e 42 h%i‘a&ﬁr&% SRR TRy BfoRedigd (5% Phe®
rive, the cki Si L, t dd
irﬁQﬁ%%t?BnEE?gngﬁs_?ﬁé%ﬁginggé?Pog%gﬁocEﬁiﬁgﬁél 23y the
e 1] L. I '
ot £ RRE  HTR AR R AT Bake] A RSN e

éﬂﬂﬁfﬁ@r g&?%g@@.\grﬁe-aﬂé‘ the teehnela0Wire Wi &R bhethe

tr
preformat “recording 1's perfornmed by a dedi cated

. m@é@éicmaa@a&@st he,drd vecusFBgeaceediiaaie serod the
trac

recordi ngdevice, there are problens that it
t akescr. | ong hewd A peFI®r Nk Bhe eprodf arawiton exbrdhag
and the cost of performng the preformat recording is
hi ghabktags e deilgoal ed tder vaddrack redmmiaigion signal,
device is expensive. Further, in the future, when the
r ecloe dehgcdtesdiong lof anda? dPHRSR iS€ NVt releddl 02T €he

sequentially arranged in the circﬁmference direction
of the track. 1In FIG; 23, cross-hatching regions
indicate the magnetic thin film pattern. Further,v
the pattern of the phase servo signalAis obliquely
crossing over plural recording tracks with respect to
the direction of the tracks and extending.

For example, in a éurrent hard disk dfive,
after a magnetic disk and a magnet head are embedded
into the drive, the tracking servo signal, the
address information signal, the reproductionrclock
signal and the like are (magnetically) recorded by a
dedicated magﬁefic head in the drive using a
dedicated servo»track recording device.

In the technoiogy in whiéh the preformat
recording is performed by a dedicated magnetic head

in the drive using a dedicated servo track recording



di ameter of the hard disk is increased, the recording
time becones further |onger and the cost of the

w0 e@80slony devi ce beconmes nore expensive. The PEDIPWOAITS417
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‘the regions for the preformat signal are necessary and

that the necessary pattern s%gpe is substantially the
sane are unchanged anong thé>current hard di sks and
the future hard disks that are Discrete Track Media

(%% %$Q9t Eﬁgfkterngw%aemésgygtas d%? 'bed 18ﬁ tlme

9% T8 expect & e gradua 'y

R SRR heeliid SlE 10 108, 5
%@P@&Lnge R Bl S At hasdodisks: 150 rﬁC&ﬁ/eoéBSuse

probl em of Gsing the dedicated servo track recording

depi&edeliNgreelds s RS hoghdl MBE6Rdfinge qeattes nss
corresponding to the preformat signal patterns are

negwbess ived | Fuadiance amdtlhe efthtamsf,emtech otii® - each
hard di sk nmedi um (substrate) (a magnetic transfer
rena¢drdgngedbo$ﬂtYﬂnﬁfma@merdcdts&ns&ennnmnn&@@gor the
met hod is based on a technique in which after a :
suiiameter afmiserhand oiheki b éacrie@sashertehg recording
magnetic thin filmpattern corresponding to the

prietBe nRECPRES RaY IGP i YRS saPer b &@%qupgthﬁce

of the substrate is tlghtlg gressed onto a surface of
a %%%Wéfsiﬁegr 863diGfy Pecomes more expensive

The fact that the reglons for the prefotmat

signal are necessary and that the necessary pattern
-shape is substaﬁtially the same are unchanged among
the current hard disks and the future hard disks that
are Discrete Track Media (DTM) and Bit Pattern Media
(BPM) as described later. However, the pattern size
is expected to be gradually reduced, and the minimum
size,lfor example, in the BPM is expected to be about
20 nm, while being ébout 100 to about 200 nm in
current hard disks.

To solve the problem of'using the dedicated
servo track recording device, there is a method in
which fine patterns corresponding to the preformat.
signal patterns are manufactured in advance and are
transferred onto each hard disk medium (substrate) (a

magnetic transfer recording method).



devi ce, the magnetic pattern corresponding to the
magnetic thin filmpattern is transfer recorded on the

WOore@nmes2000 r ecor di ng nedi um by magneti zi ng t he PEDIRDITO75417
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thin filmpattern formed on the master information

carrier by applying an extetggt magnetic field. The
master information carrier substrate for magnetic

transfer is thought to be manufactured froma nmaster

di sk on whi C'Fh? f‘ngﬁhé}ti“con&aavr?s'fé’PV?%cBé‘HE%r methpd is
corresponding to e information fo be transferred s A

f ety s hak eb@rlilgicase Whian gpticala digkia 08 bEOM

a stanper manufactured based on the master disk. The

Paid £f &r Si A€ohatthemreaf or n@t sheral af AagHEtEAttRahdfilm
di sks is about 100 to 200 nm which is beyond the '
r asctht ©f nt berlraseionadans . t & €sér prelfeat tarin fepabt €on

of drawi ng about 10 nm size pattern. Instead of a

| aseyndkairs dpreleectarontlbeasmchacbeodsahe cylmsrate is
mast er di sk corresponding to the preformatsignal

patiehbhlpf prResksr ¢rdicska swriaeef ofl ewmagnet et hegdoding
of manpufacturing a hard disk is described.

MeFRIf he€ ur FRE BagRStterC Ra3KkSeTR ERE rGSRATNH Hppa? at s

100 in FIG ot spot dianeter fromabout 10 nm.to
SR ELT BB Bt P A Sl (6| 5O Aosh SOF At on
of _.t he

the magnefic recording medium by magnetizing the
magnetic thin film pattern formed on the master
information carrier by applying an external magnetic
field.

The master information carrier substrate for.
magnetic transfer is thought to be manufactured from
a master disk on which a resist concave-convex
pattern corresponding to the ihformation to be
transferred is formed similar to the case of an
optical disk, or frém a stamper manufactured based on
the master disk..

The pattern size of the preformat signal for
current hard diSké is..about 100 to 200 nm, which is
beyond the reach of the laser beams. Electron beams.
are capable of drawing about 10 nm size pattern.
Instead of a laser beam, an electron beam can be used

to form a master disk corresponding to the preformat



el ectron source 11 and the aperture of the aperture
plate 16. In a case where the preformat signal pattern

wo@tooshg2oeur rent hard di sks is drawn using the PCEHIW2007/075417
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apparatus 100, the spot dianeter of the electron beam

is set to about 100 nm Then, the astigmatismof the
drawi ng apparatus 100 is corféeted using the reference
sanple "WP" in the procedure described in the first
through the third enbodi nents of the present ,

i radegnia brpakPespariing iRediasia sdbskr at 68 ADSHAMNM $WING, 2

FIG 24A, resist is applied on a sybstrate 501 by, f
exgihed af sprAuEESt Y BABdt éﬁs‘b&ﬁedﬁetsocxf%rﬁ’?gr

resist layer 502 made of el ¢ n beam resist having

el ectro
urii¥ R W # FFHFERSC RN EES Y&Y p %%#Ty 100 nmor less) . It
shoul d be ”Oiﬁfgfxg?‘hgﬁgﬂglggﬁ%ﬁaté 956%33}%%.& ', the

a quartz sub Icon war er na € used as

:Qseu é?béigﬁ%gggo%ro@ﬁrgg@ﬁt 26 Lhetsl ooy i heambe

inc in theresist [ayer 502, positive or

negat L YRe BeBLSh TR thh ¢'Sele FOAM Beremtofot Nene

magneti ¢ transfer master disk, positive resist such as
ZEP: 520 bpasuhaciauried dvd Nppoapéean réorqidritie ompersure

preferable due to its resolution, sensitivity,
egsyabandbing. As the substrate 501, a nonmagnetic
 In a case where the preformat signal pattern
of the currént hard disks is drawﬁ using the dra&ing
apparatus 100, the spot diameter of the electron beam
is set to about 100 nm. Then, the astigmatism of ﬁhe
drawing apparatus 100 is corrected using the
reference sample “WP” in the procedﬁre described in
the first through the third embodiments of the
present invention. |
<Preparing Resist substrate>
As shown in FIG. 24A, resist is applied on a
substrate 501 by, for example, a spin coat méthod,
and then baked‘to_form a resist layer 502 made of
electron beam'résist'having uniform film thickness
(typically 100 ﬁm or less). It should be notéd thét;
for example, a glass substrate, a qﬁartz substrate,
and a silicon wafer may be used as the substrate 501.

Further, as the electron beam resist included in the



substrate whose surface roughness is fine and having a
good flatness is fine, but since the pattern exposure

w0 g00p@sfoor mred by the drawi ng apparatus, it i s PCT/JP2007/075417
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preferable to have electrical conductivity. Wen a

nonconductive materi al sUch_ga_glass s used,
preferably, an antistatic agent is applied on the
substrate 501, thereby preventing the substrate 501

fr§g§b§%2g§§gﬁrg%§‘Mgﬁéfﬁk@ e&frﬁggg%ﬁwéf%esiét may'be

Irradl a urthér, *as a nateri a or a nonnmagnetic

sybsi g at epothene e MY IS4ICH JREEE baks Avaid Al £si 8y
the market at |ow cost, and it is desirable to use a

sidiglen pekerikhavires @tecdudgahscandusbiovi nanuatt €F8d
draw ng> A procedure_of drawing a pattern onto the
substNapeoh0iecusi 0P rideer it Bow NQi appaedieutnbIR0 dise to its
descri bed bl ow. The substrate 501 on which the resist

i sreapplutilons sewstied vart ¥ heeasyahgntddbing’.31 of the
drawi ng apparatus 100. On the substrate 501, asshown

in FIG 24B,Aexpbsusabist nedre oYhked annehmaghgddd

regi ons 502A of the resist layer ‘502 in the figure. A,
desib eHr phet PR Sies SHhAT Ot @BghAneFacKk Soff i 3dj Reving
l-ayer 502 _on the substrate 501 by . rotating the rotar

t gbl 2024 Lhatressditat ififen %PEe%:‘LBﬁebééﬁﬁg pattern’

exposure is‘performed by the drawing apparatus, it is
preferable to have electrical conductivity. When a
noncdnductive‘materiai such as glass is uéed,
preferably, an antistatic agent is applied on the
substrate 501, thereby preventing the substrate 501
from being charged when an electron beam is
‘irradiated. Further, as a material for a nonmagnetic
' substrate, there are many such'materials available in
the market at low cost, and it is desirable to use a
silicon wafer having electrical conductivity.
<Pattern drawing>
A procedure of drawing a pattern onto the
substrate 501 using the drawing apparatus 100 is
described blow.
The substrate 501 on which the resist is
appiied is mounted on the rotary table 31 of the

drawing apparatus 100. On the substrate 501, as



nmodul at ed corresponding to the preformat transfer
i nformati on such as the servo signal. Since the hard

wa@le®R/082000 udes concentric patterns, after conpP@r/irmo0wf75417
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drawi ng of one track, the slide unit 33 is noved by -

the track pitch. In this case, to forma desired
pattern, it is necessary to-P8rntly operate the:
bl anki ng el ectrode 15, the scanning el ectrode 18, the
rotary table unit 30, and the slide unit 33 of the
i ryheiWat $BnFafpardtus PR OIWER ﬂ?aﬁneﬁgolrﬂ?dpa‘?l? e{l‘ﬁeon

the substrate 501 is finished, the:sulystrat 1.js |
 GTRARRST FORLORE (Ut Pl e 395 L ShevaMiamenta T che
dﬁ¥9|9§'n9 the resist layer 502 of the substrate 501
om Whitfi-a pattern is drawn as described above, when

the resist ig pogitiVe JASiSin 1heqtgghops Hh Weisk of

electron beamis irradiated as shown in FIG 24C are

renpyede s28¢ WhSR ot NEnJ esh StnkSsig@atdate rFl sby sbB&€ing
non-i1rradi ated regi ons arerenoved, a fine pattern of

t hengesbrRakt t392R of1 tdedr esratiibayerg 00 ésedbrordbeam
By doing this, a naster disk (resist naster disk) of
t heoSubateat e e sppwdiicd tbethengredtdmerat i srénsfred
i'n the resist layer 502 of the substrate 500 can be
obtafoedat@on afuwr ahetlevekopresti aafathe $er¢et the hard
disk inciudes concentric patterns, after completion
of drawing of one track, the slide unit 33 is moved
by the track pitch. .in this case, to form a desired
pattern, it is necessary to jointly operate the |
blanking electrode 15, the scanning eiectrode 18, the
rotary table unit 30, and the slide:unit 33 of the
irradiation apparatus 10.
When drawing the pattern on the substfate
501 is finished, the substrate 501 is removed from
the rotary table 31.
<Development>
| In developing the resist layer 502 of the
substrate 501'oh which a pattern is drawn as
described above; when the resist is positive resist,
the regions 502A where électron beam is irradiated as

shown in FIG. 24C are removed, and when the resist is

negative resist, since non-irradiated regions are



further, as shown in FIG 24D, a concave-convex shape
is formed on the substrate 501 by perform ng reactive

WO 20080820M Ng usi ng reactive gas ion such as CRPCDIRIGOG5417
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(ion etching using such as Ar ions may be perforned)

as shown in FIG 24E. Then, k st, a remaining resist
| ayer 502B i s renoved by usi gf for exanple, an
organi c solvent so as to directly forma desired fine

patlern.gn Lhe; %F%tdarﬁeeliéoéﬁgghéh@é@ti gnla?kt)e‘%(%gga%knthé

thi's way, "a nas etc master

bt . din gy
\(/)\’?.Létjﬁlét %ggsﬂ?a%to%r nd Sf&?\rfx@& I Byt H%,J_B%S'tsﬂlé,ayfrmggger

e su ate 501 can sSo be Obtai ned. <Manu

ac Uk NPrasSEANRRISE NCE 4 bP ABSERE @uPetirdtd S501 on
obt ai ned as descri bed above, a stanper is manufactured

f i éhi sheaastiee ¢ade HO3 {Hefeirfedt e resd stestbstelayer
di sk is used, but the etched naster disk may al so be
use@l2 of Spkei subaltingateass@homani hbeFbBtazsgd.a thin
conductive layer is fornmed on the master di sk 503, and

t hest anper 50%, asf¢kowthen d@ @1oBBent Pdr b esist,
perform ng, for exanple, nickel plating on the

cohidteheye Rayshowrhen FHe- ndéPer adicop oy igonvex shape

renmoved, thereby obtaining the stanper 504. As a )
met &r fAFMEA PRe fé’tearﬁ}é‘?s‘fsg@,?eNﬁgér brj PRY IR EyI pEeactive

used ang various ,metal fi n1forninq met hods inc&ydingn
ion etching using reactive gas Ion such as 4 10ns

506 (ion etching using such as Ar ions may be
performed) as shown ih FIG. 24E. Then, last, a
remaining resist layer 502B is removed by using, for
ekample, an organic solvent so as to directly form a
desired fine pattern on the substrate 501 as shown in
FIG. 24F. 1In this way, a master disk (etched master
disk) 503 on which a fine pattern is formed in the
resist layer 502 of the substrate 501 can also be
obtained. |
<Manufacturing a stamper>

Once the master disk 503 is obtained as
described above, a stamper is manufactured from this
master disk 503 (herein, the resist master disk is
used,.but the etched master disk may also be used).

Specifically, as shown in FIG. 25A, a thin conductive

layer is formed on the master disk 503, and the



nonel ectrolytic plating, electroformng, sputtering,
and ion plating can be applied. The depth (height of

wao @800 usi on) of the concave-convex patter nPOFf/JR20€7/075417

stanper 504 i s about several hundreds nanoneters. It
shoul d be noted that, |nstead of preparing the stanper
504 fromthe nmaster dISk 503,13 master st anper for
duplicating pIuraI stanpers may be first prepared so

to dupl h
StariE :?b'ﬁ‘fﬂ cs%i i o BB on RtV et BYn i s
rever e et t
SORS T LREPALE "t A rar mﬁieer slagey’ A the shamer

g St anp Fiteces ary I'nthe
T Agh 8 c.c 1 AN ACL UT ﬁ&nma%h@r ma%ft%rmaigﬂ se5rier>
A magnetic thin“fi1m507 nade of, for exanple, cobalt

'Sréﬁwse Othé}%W'T?&N@iﬁPﬂlje%hI&a@t%rﬁb@f tbe. st agper
504 by a general thin filmform ng method such as
spHhteriag. theJhe tdeaipgnesna,t iin & Ivd for bed mayt be
convex sections is renoved by a polishing process such
asu&banaaal Meatianicahe Poli $hilng fo@W)nd onebhada theluding
master information carrier 508 on which a desired
nagnnbﬂectMaiyﬁﬂcnm&mténg,islﬁmﬂn&fQﬁm%mgmmspﬁttﬁging,
25C. It should be noted that the magnetic thin fil

- 503nfadenoblatomexeapl ke eBPaied s fOreredeBhlt H@elght of

10

15

20

25

substrate 501 wi thout renoving the renalnlng
the protrusion) of the contCave-convex pattern of the

stamper 504 is about seQeral hundreds nanometers;

It should bé noted that, instead of
preparing the Stamper 504 from the master disk 503, a
master stamper for duplicating plural'stampers may be
first prepared so as to duplicate piural stampers
from the master stamper (in this case, since concave-
convex pattern is reversed between the master stamper
aﬁd the stamper 503, another transférring Stamper is
necessary in the middle).
<Manufacturing master information carrier>

A magnetic_thin film 507 made of, for
example, cobalt is formed on the concave-convex
pattern of the Stamper 504 by a general thin film
forming method such as sputtering. :Then} the
magnetic thin film formed on the convex sections is

removedvby a polishing process such as Chemical



resist (remmining resist layer) 502B as shown in FIG
24G after a concave-convex pattern is forned on the

waenisosave 501 by etching as shown in FIG 24E PG’Trmpo7/075417
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last, the remaining resist |layer 502 B and the
nagnetlc thin fil maccumlated on the remaining resist
| ayer are renmoved with, for “d¥anple, organic sol vent
to obtain the master information carrier 508 on which

a desjred magnet thin fil tt f
sHizFEhRRLFRE P%i—hcsh#é]hféb’lg} gg@sg |a|tlsf’i stq'h":otmas’ger

nec %gI%%ﬁtégﬁam&%gqalgeth?%@f %lran | §tn Thedensmjpé) ﬁggnetié

%ot 19

S%is“fg %@%t% efaé %Qmﬁél Lo f %wglrv%f@dmc

convent i onal Conduct ed SUCh as t he vacuum deposition

met hod, the ggnsw tﬂd“bé“ﬂé%@ﬁ the CYRTRihtb t R0t Rin

plating meth e used. Also, the nmagnetic thin

fimA0%ogonsldd Wes tbe aranplie; duyald | 18 pabteed on
formed on the nmaster information carrier. The materi al

of t hBesaBghetite 90 Nkwfthoub0Zemeviiolg [tihe t eemadning
Cobalt, and various types of magnetic materials

i neésdisng (aelmarich imagnet s tstafleyieal), SR ms hahdwn in FIG.
magnetic material, and a soft magnetic material may be
Us24G Editelrers, danadive-casvext patiegieti® fArRedi Pm jthe

formed on the concave sections. However, S|nce t he
restbe trater bty g cakFheRIwBrPk SN Hgy F1G 24E.  Then,

last, the remaining resist layer 502 B and the
magnetic thin film accumulated on the remaining
resist layef are removed with, for example, organié
solvent to obtain the master information carrier 508
on which a desired magnetic thin fiim pattern is
fﬁrmed as shown in FIG. 24H. In this process, it is
not necessary to manufacture a stamper. |

The method of forming the mégnetic thin £ilm
is not limited to sputtering, and general thin film
forming methods conventionally conducted such as the
vacuum deposition method, the ion plating method, the
CVD method, ahdAa.plating method may be used. Also,
the maghetic thin film 507 constitutes the magnetic
thin film pattern formed on the master information
carrier. The material of the magnetic think film 507

is not limited to Cobalt, and various types of



the nmagnetic thin filmis formed on only convex
sections or both concave and convex sections, vari ous

woredoRogooof form ng the magnetic thin fil m canP@BEIRSEH 75417
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‘Further, though the master information carrier may be

manuf actured from either an etched master disk or a
stanper, since a master di sk7Bs made of a materia

MhLCh LS easi |y broken such as silicon and, on the

other hand, a stanmper is nade of a netal, generally jt_.

i NaFRg o abMmates ipdiuf BREYFEIRInGst_RF TR ni'8 ﬁ’&t%léh ‘Xajﬁer.lal'

carrier froma stanper except. ! f ' i
AT B BSOPOG TGRS b1 Phee SO MUShELLE
Manuf act urin di un> The magnetic transfer to a
|dﬁ§§?ﬁﬁ?aangggﬁeﬁﬁ?qﬁxxwding medi um i s descri bed

wth referen I 2 thr 2 I ;
not ed t hat tﬁgrﬁgagéfﬁg ?£€3$d?%%ghegﬁﬁn#%g§%?%§? %ﬁ%f

t he opgh; 26€,shaw ol ke shdgdenBgretichy ecH&ger,
sections. First, as shown in FIG 26A, initia

nMegieté zahboRbBEsrRGNEtd Zid t 0B tarpried eustlys whether
performed by applying initial static magnetic field

"HRe hagaseid redld aiibh iseforaeld dir eotlpnsonyexhe
magneti c recordi ng nmedi um 509 (slave of the

t remst tonedosi de)th cHreravasasHoweniviexF|SGctgm st hgarious

magnetic recording surface of the magnetic recording
methods of forming the magnetic thin film can be used.

Further, though the master information
carrier may be manufaétured from either an etched
master disk or a stamper, since a master disk is méde
of a-material which is easily broken éuch as silicon
and, on the other hand, a stamper ié made of a metal,
generally it is preferable ﬁo manufacture a master
information carrier from a stamper except when-
performing magnetic_traﬁsfer only a limited number of
times.
<Manufacturing medium>

The magnetic.transfer'to a longitudinal
magnetic recording medium is described with refefence

to FIGS 26A through 26C. It should be noted that thé'
magnetic recording mediﬁm in FIGS. 262 through 26C
show only one-sided magnetic recording sections.

First, as shown in FIG. 26A, initial magnetization



medi um 509 is closely attached to the fine
concaveconvex pattern surface of the naster

w0 pdosnosmvé on carrier 508, and the nmagnetic traPGH/@r2007075417
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performed by applying transfer magnetic field "Hdu" to

the magnetic recording medium 509 in the track
direction opposite to the driéction to which the
initial static magnetic field "H n" is applied. The
transfer magnetic field "Hdu" is absorbed into the
nﬁ@@@tm@gnﬁtaaZﬁltllmnawSofplf%él%‘éﬁéavee§é&ri"tﬁ%;bY
therefore the magnetizatjon of the sections..are, not
i rARRSeHNg BﬁPlFHélmfd:r?é't]i“zdﬁ%eEf‘ct Eée&d;elﬁs%cﬁ%none
are, i nversed. a result,  .the neti ttern
cdﬁ%‘%ﬁ%ﬁ‘a?nﬁf?ghtehé:_rcao%a%leg%%gsgﬁpggt gcfhne of the

mast er jnfornati rr 08n4S f o the

T She L COLTRLL A AT L, 0B0bS (L1808 el okhd 0 |
THOKgNS FL 8Nl sthjown died Nea bi gHbGS: 1id iUl Zobe the
noted that even when the magnetic thin filmis forned
Oy OB ¥+ § BE re @R rif U ONScOr o BotheCanie ttidl coOB6AUENg
sections, the nmagnetlc patterncorresponding to the
COREAYEmMCB0YEX Pl pfat bechast eo ithfeorfate ononcave-
carrier is.simlarly transfer recorded. Al so, though

t heoragrepit tleaanrsli mip axedo fint 569 mgerremal Iryf ¢ roa iled
several |ayers of, for exanple, magnetic |ayers on a
substrace mAde emd fiore oragpeticyltaad sdrerl Lvri paRformed

t hose are abbrevi ated herein for :
by applying transfer magnetic field “Hdu” to the

magnetic recording medium 509 in the track direction
opposite to the direction to which the initial staﬁic
magnetic field “Hin” is applied. The transfer
magnetic field “Hdu” is absorbed info the magnetic
thin f£ilm 507 of the concave sections, therefore the
magnetization of the sections are not inversed; But
the magnetization of the other sectibn are inversed.
As a result, the magnetic pattern corresponding to
the concave-convex pattern of the master information
carrier 508 is transferred to the magnetic recording
media 509 as shown in FIG. 26C.

Though it is not shown in the figures, it
should be noted that even when the magnetic thin film
is formed on only the convex séctions or both convex

and concave sections, the magnetic pattern



expl anati on purposes. Wien the magnetic transfer is
perfornmed onto a perpendi cul ar magnetic recording

wore@ssa00s ubst anti al |y the sane master i nfor maPCDIP2007/075417
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carrier 508 as used for the |ongitudinal magnetic

recording mediumis used. In Eer pendi cul ar recordi ng,
first, the magnetization of “t'Re magneti c recordi ng
medi um 509 is arranged in the direction parallel to

f th di di '
o Phe LBRnRSHRE R S 2T ShAERLLRBR R RSO NGt Be.
fexggé% 9; redi Wm30S 9%0 aﬂﬁé?' ysattaghed it epgngﬁét.»er

ormati on carrier e nmagnhetic tra sfer

peféewagdby ARRY) %&Jélﬁaﬂﬁéeﬁlaqﬂﬁ%ﬁtd crefd@mlﬁ? B8 ium
direction opposite to the direction of the initial DC

megnet hzakiran 1w 1860hdekhesmanet i Tapatkeof, for example,
correspondi ng to the concave-convex pattern onto the

magaghe € itetan@iny orech usubOOrafde desier idied Edbovexample,
a recordi ng nmedi um (hard di sk) according to this
enpbasgent aflunhiepmeseniosaventi ebpravissted h¢skinsfor
manuf act ured by using the drawi ng apparatus 100 whose
nmegxpladetdbont puirpsgdati smis restricted to a.

prescri bed value or less. Therefore, the fluctuation
of the patteWheélhéFé’@s AP el FusFaPSdrk iGaP et ormed onto

drastically i mzed coppa
nagt@?rapgggcu ar magneQPcr%gcygglggu%ééwwentIonm

substantially the same master‘information carrier 508
as used for the longitudinal magnetic recording
medium is used. In perpendicular recording, first,
the magnetization of the magnetic recbrdiné medium
509 is arranged in the direction pafallel to one of
the perpendicular directionS’by performing the-
initial DC magnetization. Then after the magnefic
recording medium 509 is closely attached to the
master information éarrier 508, the magnetic transfer
is performed by applying a transfer magnetic.field to
the directionAQpposite to the direction of the
initial DC magnetization to record the magnetic
pattern correspdnding to the concave-convex pattern
onto the magnetic recording medium 509.

| As described above, in a recording medium

(hard disk) according to this embodiment of the



Accordingly, the fluctuation of the stanper and the
medi um nmanuf actured fromthe master di sk can be

wo easog00 Speci fically, conventionally, since P¢EIP2007/075417

10

15

20

25

‘astigmati smcannot be quantitatively treated, it

depends on personal ability gg determ ne the existence
of the astigmati sm Because oP this feature, the
remai ni ng magni tude of astigmatismlargely varies

on vvh de the deter

d di
f Ieigg?n%éég?oﬁrant HEWatd é?%sg%ﬁpg]igg i £ hén%?rlg‘ls agt%r %% PY
is re
U S A0S 9 e o
%H@n@§£§§lna%ls‘ﬁ§t id CJ@Qtch@eeeEBa'an \i@é@rﬂ;e& e981ue

he remal nifng nmagni tude of the asti grratlsm does not

| g gel ¥s¥ary reeperd iy, Oﬁhé\hﬂlﬁetﬁﬁ(ﬂl@iﬁ td¥e the pattern
astigmati sm <<Sixth enbodi nent” The DIM and t he BPM

argndge d dhskhehandsigemuehs ki ghar beedataditnig-aengi t y

than current disks. Though it is unchanged that, for
exaipleiztHe cserpanse @ nak thattther ncéoventackiadg mdrter disks.
magnetic head is still necessary, the DIM and the BPM
arkcpoefidngaty ,nédiea floraer duenngft kb emefiAeRetirang the
process of the media wi thout using a servo track

r deod Himghaawias tar efbse¥PBetnBeMeRt sh&hi $hecan be

recordi ng density of the hard disk
red uceg Spec1f1cally, conventionally, since the

astigmatism'cannct be quantitatively treated, it
depends on personal ability to determine the.
existence of the astigmatism. Because of this
feature, the femaining_magnitude of aStigmatism
largely varies depending on who made the
determination and the fluctuat}on of the pattern
shapes of the master disk is remarkable. Howeﬁer,-
according to this embodiment of the present invenﬁioﬁ,
since the magnitude.of the astigmatism is restricted
to a certain value or less, ‘the remaining magnitude
of the astigmatism does not largely vary depending on
who corrected the astigmatism.
<<Sixth embodiment>>

The DTM and the BPM are hard disks having
much higher recording density than current disks.

Though it is unchanged that, for example, the servo



is increased and the recording density reaches, for
exanple, 100 Gohits/inch 2 or nore, the broadeni ng of

wo basosanet i c field fromthe side surfaces of PEEIP2007/075417
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‘magnetic head beconmes a problem -The broadeni ng of the

magnetic field cannot be reduced |l ess than a certain
val ue even when the size of -f’He head becones smaller.
A s a result, the phenonenon of witing to an adjacent
track (side witing) and erasingathe dat a .al read

ey ehren S e M0 Tan et e
R e AR
T e i
oo Sh, SIITELS, 6 SNELD s it ablsco o

pr%ggéggb hnpheBTM  as shown in FIG 27, data tracks
420 are pﬁy3|cally and magnetically separated from

each other bynhanoewes “2dordd 5, densheyDbY tregneard disk
material remains only in the data track 420 to be .

recor dad raas cio ATRY NE ¢ cravadedialy idersuppy i egacheshe for
grooves 421 between the tracks. Further, a pattern

si gkbhaplep 000 [@iites Asnshdwnr i moreer tokakyicade Ry 20t
is formed in preformat signal pattern sections 422 for

r etbedimagneftdre efdeadd efremethe side surfaces of the

magnetic heéd becomes a problem. rThe broadening'of
the magnetic field cahnot be reduced less than a
certain value even when the size of the head becomes
smaller. As a result, the phenomenon.of writing to
an adjacent traék (side writing)and‘erasing the data
already recorded thereon may occur. 1In addition,
when reading, not only a signal of the data tréck to
be normally read but also an unnecessary signal of
the adjacent track is ‘also read,'causing the
crosstalk phenomenon. |

To realize further higher density while the
influences of)vfor example, the side writing and the
crosstalk are reduced, the Discrete Track Media (DTM)
is»being proposed. In the DTM, as shown in FIG. 27,
data tracks 420 are physically and magnetically

separated from each other by grooves 421. Also, in



servo signal as magnetic material |ike the data tracks
420. The track pitch of the DTMis about 50 nmto
wW@bwans2b0® nm and the pattern size of the prePOr/m007/075417
'signal is alnobst the sane as that of the track pitch.
Therefore, an el ectron beam drawi ng apparatus is being
used for forming patterns of fhose data tracks and
preformat signal patterns. A s a medi um havi ng hi gher

G R e TR
”BQPe?ék%E@”t' oCho@s rac—f@olacﬁééngﬁg E\Bnﬂ{agﬁe@lér}gaﬁgflal is

data tracks and-1 bit iIs recor ne magnetic

paé&msifeas heith@ RyROsed. 481 Spehqwrd Rkl G r28kst he
BPMis a nedi um where each magnetic particle 431 is

physt€Reky angawawiet icahl yaksebatee fgaamdhes oshewn in,
magnetic particles like an island. In the BPM

5 nofwmgartinplegt &G 223 ssppbrraddadong tdfomagnesignal
particles excluding the magnetic particle sections.
Trmaigherhi segtti osisoW22 nfoherécgqudéang,sifmt agxampihe the
DTM the BPMincludes the preformat signal pattern
sexeFvAssignalt packnadnehl 6f meherBRY ils kothe 2dakm t o
about 50 nm and the sizes of the magnetic particles
antt2FESpféfor mat pattern signal pattern are al so

simlar to t?gt %rac etré%ﬁ %tcgé E%t|¥g Hhut 50 nm to

10 about 100 nm, and the pattern size of the preformat
signal is almost the éame as that of the track pitch.
Therefore, an electron beam drawing apparatus is
being used for forming patterns of those data tracks
and preformat signal patterns. As a medium having
15 higher recoding density (for example, 1 Tbits/inch?)
than that of the DTM, Bit Pattern Media (BPM) in
which magnetic particles are arranged in order along
the data tracks andbl bit is recorded in one magnetic
particle is being proposed.

20 As shown in FIG. 28, the BPM is a medium
where each magnetic particle 431 is physically and
magnetically isolated from the other magnetic
particles like an island. In the BPM, nonmagnetic
material is supplied among the magnetic particles

25 excluding the magnetic particle sections. Though it



el ectron beam draw ng apparatus is being used for
form ng those patterns. Wen Heat Assisted Magnetic

woe@snglony (HAVR) using a | aser spot irradiatiPCI/aE007/075417
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wel |l in magnetic recording and the BPM are jointly
used, further higher density is thought to be

achi evabl e, and then, the drdfing scale of the BPMis
estimated to be 10 nm range which can be supported by

| ect b d i . i _
?Pﬁaf,kr_?«?ai?gmﬁé‘ﬁé ‘e CEIVESE gRamLIaR G oy DT, the
t racki tic head i LI '
thsg?wﬁg&gé?%‘é‘%%%w'ﬁ% BEHF aRborRE oM ph oF SEoar
media in [ t t.rack hg AT
magneti c parﬂqgl gga%?g ?qnle{%&ﬁ%?;éh%i rﬁﬁP arwlssg%oéll??gﬁg eIclzIm ko

So.phal bhenRALel N arei 05T Yhendiimalate puseksiles

and magnetic particles are processed. Therefore,
I tahg Eﬁéegtrle\f%rsﬂamgp&@eeﬁﬁr ¥@ghaflomit &m Wi kéi agso
[

operation on each nmedi umis.not necessary. The DTM and

t hei BPM: eaR obe e ct e etlr by &i wiiltath prosesises shnce

the differences are limted to the shapes of actua

daé Be e eeondbrgs ettdwitsg (&FMecetuisnucudeirgkyused for
BPNtIlne of discrete magnetic particles) and the_ sizes
offohmlpgtt@m¥dt9&¢%¢2@sof BRI detady $%l§ﬁﬁﬂlgﬁﬁn¢tlc
In the- follow ng, the manufacturing nethod is .
deReepbding (HAMR) using a laser spot irradlation as
well in magnetic recording and the BPM are jointly
used, further higher density is thought to be
achievable, and then, the drawing scale of the BPM is
estimated to be 10 nm range which can be supported by
an electron beam drawing apparatus.

It is unchanged that, for example, the servo
signal pattern for tracking the mégnetic head is
still necessary 'in both‘the DTM and the BPM. The DTMA
and the BPM are preformat media in which the data
tracks of the DTM and the magnetic particles of the-
BPM are similarly configured so that the patterns are
formed when thé.data'tracks and the magnetic
‘particles are processed. Therefore, it is effective
since the servo information writing:operation on each

medium is not necessary.

The DTM and the BPM can be manufactured by



Manuf acturing a master disk> In the drawi ng appar at us
100 in FIG 1, the spot dianeter fromabout 10 nmto

wQodsnsaoean be obtai ned by adj usting the beam PCF/Ir2007/075417
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anount of the electron source 11 and the aperture of

the aperture plate 16. Wen Bge preformat signal
pattern of the DTMis drawn t0sing the draw ng
apparatus 100, the spot dianeter of the electron beam

::)Z%meent.lé 8?%823@%%' n@l ge "@? &b%fe%gg;%re@atazsé gff]frhﬁted

ern of Fawn, tThe spo i amet er

elyectipd b ESo%egéﬁﬁéﬁxﬁgtgorggbrgqﬁﬁ & ions

astigmati sm the drawng apparatus 1007 s corrected

usipied b6n f ehaHERCE rSIM) BEWPI 1 hE ble dAIRGRAM Bnagnetic
descrlbed in the first through the third enbodi nents

ofpdhei P1€§ENhntinteRt ide <Rs£pEhenpaResirsi @Hstsbte>of
A's shown in FIG 24A resist is applied on a :

SHEN rpaet 8664 by, smiadrlexjanpl Bn ahepifio ldeatinget hiode

and then baked to forma resist |ayer 502 nmade

ofrirecf achubéam mesihstd hasud@sqmlber m filmthickness
(about 50 nmto about 100 nm . For exanple, a glass
suftanafecturiogr 8z A<t ? «A€Skdr a silicon wafer may

be used as the substrate 501. Further, as the el ectron
beam reS| st TRcthaed A it ar%é‘?%"t‘tPéyéPOSG? H&i tdveth

spo igﬁe eSI Eggiabougsfg ngoEotB%O nm can be
obtained by adjusting the beam current amount of the
electron source 11 and the aperture of the aperture
plate 16.

When the preformat signal pattern of the DTM
is drawn ﬁsing the drawing apparatuéiloo, the spot
diameter of the electron beam is set to about 50 nm.
Or when the preformat signal pattern of the BPM is
drawn,. the spot diameter of the electron beam is set
'to about 20 nm. Thén, the astigmatism of the drawing
apparatus 100 is.cqrrected using the reference sample
“WP” in thé procedure described in the first through
the third embodiments- of the present inventidn.
<Preparing Resist substrate>

As shown in FIG. 24A, resist is applied on a
substrate 501 by,.for example, a spin coat method,

and then baked to form a resist layer 502 made of



of the master disk of the DTMand the BPM positive
resist such as PMMA (manufactured by Tokyo Oyo Kagaku)

WO g00progdoer abl e due to its resol ution, sensiti vPCEJP2007/075417
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‘easy-handling. As the substrate 501, a nonmagnetic

substrate whose surface roughness is fine and having a
good flatness is fine, but sPhte the pattern exposure
is perforned by the el ectron beam draw ng appar at us,

it is preferable to have electrical conductivity. Wen

a6$ﬁﬁ%%@HcP?§@ FESeS tal AT 4R fRLe it eﬁfghkness,

pr ef er abl an antistati ent.i's plied aon the

fsu&%kf‘r;é)feggogf“ Fﬁe.%&)‘tpﬁe‘@‘gn?%g t grsﬁﬁ{satmrp;hlee’ 5p191ass
ro ei ng_charged when. ar ron. beam.is

i rFHF RER ?’Fﬁr%ﬁ&ﬁ?%&?éﬁ%ﬁ %?%élgfo% tﬁ;%ﬁﬁﬂmé%g?chay

S@étﬁé{;s’ a&h%[‘h% ang S SUER) Mt ehiahs avaid abhe on

the " market at Tow cost, and it is desirable to use a

sidi cop VAl e havidg: ot echEhgale CONGuehbvirksistPatdpen 502,
draw ng>A procedure of drawi ng a pattern onto the

Subss 181 958 wigkg ithe e Bgmagpakatusedl00 Fsr the use

descri bed bel ow. The substrate 501 on which the resi st

i soapphieeflaiss erouitssd of tie DOMaend aflee BEMofpohétive

draw ng apparatus 100. On the substrate 501, as
resist such as PMMA (manufactured by Tokyo Oyo
Kagaku) is preferable due to its resolution,
sensitivity/ easy-handling. V

As the sﬁbsfrate 501, a nonmagnetic

substrate whose surface roughness is fine and haviﬁg
a good flatness is fine, but since the pattern
exposure is performed by the electren beam drawing
apparatus, it is preferable to have electrical
conductivity. When a nonconductive material sﬁch as
glass is used, preferably, an antistatic agent is
applied on the substrate 501, thereby preventing the
substrate 501 from being charged when an eleetron
beam is irradiated. Further, as a material for the
honmagnetic substrate, there are many such materials
available on the market at low cost, and it is
desirable to use a silieon wafer ha&ing electrical
conductivity.

<Pattern drawing>



shown in FIG 24B, exposure is performed to the shaded
regi ons 502A of the resist layer 502 in the figure . A

waele®sngmopattern i s drawn on each track of thePCEIR207/075417
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layer 502 on the substrate 501 by rotating the rotary
table 31 and irradiating an el ectron beam nodul at ed
corresponding to the pr ef or vB2-i nf ormati on such as the
servo signal. In addition to the pattern of the
preformat information, continuous data tracks of the
DTM or regul ArppPeepuges off draw Bpy ar Bafbpfdg onto the
Furt her, since_the hard disk in¢ludes concentrj .
pﬁﬂké?ﬁ%?tﬁf PAL -SSRt iR SF2WFBH ﬁgP&F%&E t]Ir(g%k,ls

t slide ynjt 33 is noved by the track pitch. In this
c %§°fbb?ath&°&ésited pattern, it is necessary to

jointly oper@%g tﬁ%f?f% | Ny |§§t§§gﬁhl§héryésist is

scanni ng el ectrode e rotary e unit 30, and

LNEoSi108. YOI hodhedla Ldie {KEadbabign (BRI BLSodOcne

draw ng the pattern on the substrate 501 is

f iﬁé@?ﬁig L8 asHstd at®o 501ohSthemeves tir-ag heo 1 pt asy
tabl e. 317 <Devel oprment > I n devel opi ng the resist |ayer

502n&%int he sulst rete, pesurbi ¢B pepdidreded itso dt hen
as descri bed above, when the resist is positive

r eshstiedt e giegisoris) H024f wheeerelséstr dmyfreany?3 in the
irradi ated as
figure.

A desired pattern is drawn on each track of
the resist layer 502-6n the substrate 501 by rotating
the rotary table 31 and irradiating,an electron beém
modulated corresponding to the preformat information
such as the servo signal.- In additibn to the pattern
of the preformat information, continuous data tracks
of the DTM or regular pit lines of the BPM are-formed.
Further, since the hard.disk includes concentric |
patterns, after completion of drawing of one  track,
the slide unit 33 is moved by the- track pitch. In
this case, to form a desired pattern, it is necessary
to jointly operéte the blanking electrode 15, the
scanning electrdde 18, the rotary table unit 30, andl
the slide unit 33 of thé irradiatioﬁ apparatus 10.

When drawing the pattern on the substrate

501 is finished, the substrate 501 is removed from



shown in FIG 24C are renoved, and when the resist is
negative resist, since non-irradi ated regions are

WO 20m0gxP0 a fine pattern of the rest part 502Br@f/JR20€7/075417
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resist layer 500 is formed. By doing this, a master

di sk (resist master disk) of .the substrate 501 on
which the fine patternis f6Pred in the resist I ayer
502 of the substrate 500 can be obtained. O, after

Eiﬁéggﬁﬁﬁgggeggﬁyétggaresist, further, as shown in

concave-convex shape is forned on the

subsiyat spmlhtBy performing reactive ion etching using-
reactive gas ions such as CF ions 506 (ion etching

usi ng such asnAfek@1SpTRY Ahderd 91 88d) age rSIHOMN di the
FIG 24E. Then, last, a remaining resist |ayer 502B is

I ey etir 8y e usiong orf hiexarnpl pat8s8rar ganidrasal vent so

as to directly forma desired fine pattern on the
subsscatke80dbaveshowiren ntié Gre246t By daimig ive sreayst,
a master disk (etched master disk) 503 on which a fine
pathernegsohsr & owhedre sebectapy beancars alxpageated as
obt ai ned. <Manuf acturing a stanper> Once the master _
di sown3ins FGt-aidféd aze derBeYeed apdvdhep sihepeesigt is
manuf actured fromthis master disk 5036%£erein, t he

r RFIRCHUSt EFSdiSHe iSISRIOBUL TEREIGESed TR AT Sk

gg égéggﬂ?ﬁ-agiﬁ%cigégteé:}rﬁig?' Jc%é %Sessch%vg]rti nS(ﬂg\ of the
resist layer 500 is formed. By doing this, a master
disk (resist master disk) of the-substréte 501 on
which the fine pattern is formed in the resist layér
502 of the substrate 500 can be obtained.

Or, after the developmentuof the resist,
further, as shown in FIG. 24D, a concave-convex shape
is formed on the substrate 501 by performing reactive
ion etching using reactive gas ions such as CF, ions
506 (ion etching using such as Ar ions may be
performed) as shown in FIG. 24E. Then, last, a
remaining resist layer 502B is removed by using, for
example, an organic solvent so ‘as to directly form a
desired fine pattern on the substrate 501 as shown iﬁ‘
FIG. 24F. By doing this way, a master disk (etched
masfer disk) 503 on‘which a fine pattern is formed on

the substrate 501 can also be obtained.



| ayer is formed on the master disk 503, and the
stanper 504 is fornmed by performng, for exanple,

wop@Res20pd ati ng on the conductive |ayer. Then, P€Ti&P2007/075417
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master disk 503 is renoved, thereby obtaining the
stanper 504. As a material of the stanper 504, N or
Ni alloy may be used and varB8os nmetal film formnng
met hods including nonel ectrol yti.c plating, electrof
orm ng, sputtering, and ion plating can be applied.
ThMarepE ACtHELHSt 2ofSTIHPHF Ot rusi on) of the
concave-convex pattern of the sta 504 i s abou
several hundPR88 HARoMASHE q%sgﬂgﬁﬁdlseQ§;ﬁﬁP?émﬁ?

i nst ead, of .preparing the stapper f Mt
didxssnsPed ARSVEr ;ﬁﬁﬁﬁp?%rlauggﬁ&ﬁﬁgﬁf{gﬁrgfgﬁ this
st a s bef4r ar S 0 pfiupl d :
p!rﬁarngfegtgﬁn%grgofjr oﬁ?xﬁéﬁpnhs_?g? gteg%g‘etr (1n %f}?aé%gsé,s

Sl %gdyogggveggw A tRESLES HELR' s Retywepet higed) .
master’ stanper and the stanper 503, another

transé eEE LAY 1St amRershSwRecsssacy A, hes niKith e¢onductive
. <Manuf acturing nmedi un> A nmethod of nmanufacturing the
MEgaeE kC i EeFRirdidt) Jredt e HAStesi Wy stnes B3 anped - 5D4 i s
described wth reference to the FIGS. 29A through 29D.

Fi ssampas Sldwis rf dind 204, pemifloemiedt,i ngpanexample,

i nternedi ate body 410 on which a resin |ayer 403
nickel plating on the conductive layer. Then, the

master disk.503 is removed, thereby ocbtaining the
stamper 504. As a'maferial of the stamper 504, Ni or
Ni alloy may be used and various metal film forming
methods including nonelectrolytic plafing, |
electroforming, sputtering, and ion.platihg can be
applied. The depth (height of the protrusion) of the
concave-convex pattern of the stamper 504 is about
several hundreds nanomeﬁers.

It should be noted that, instead of
preparing the stamper 504 from the master disk 503, a
master stamper for duplicating'plural stampers may be
first prepared eo as to duplicate plural stampers .
from the master-etamper (in this case, since concave-
convex pattern is reversed between fhe master stamper
and the stamper 503, another transferring stamper is

necessary in the middle) .



is formed, the stanper 504 is pressed onto the
i nternmedi ate body 410 by the nano-inprinting nethod.

Wab@s/0s20be concave-convex pattern "P2" of the BOCERE07/075417
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504 is transferred to the resin |ayer 403 and a

concave-convex pattern "P3" is formed on the

i ntermedi ate body 410. In t iP3-case, the internediate
body 410 is an internedi ate body for manufacturing the
ma etlgﬁr ecordin di um 509 and includes a =

%Hu§ﬂrB§t W1 (for exanple, glass or
o rur) g g pRgne e e S05 Tl on e o

substrate 4 odd e ot @d

undel aygf ae&hn{f%wtasclﬁ Yehe egfg&;e@m myer

a recor% na fna er (magnetic ayer

pf&é?&ﬂﬂ@d' Weh NBYrbEeREsUNY alred pﬁeshe 2DUbHHAd€gh 29D.
I'n an actual internedi ate body 410, but the

descrl ption andsthea@r apliwn dispray. ok 9phos@ idre heating
herei n abbrevi ated. Wen the concave-convex pattern

"RA Dhtébmestanpenbdald 450 toansheéched tredire Yagen 403

| ayer 403 bythe nano-inprinting method, heat is used

t ai haf demetihe thesistdmper 203, igVphasdatedresi hheny

al ternatively be used and hardened by irradiating U

| i ghternadihite &eslyy 4Hohever thet npgopramstiapt Eng ongsbod-
an etched master disk nmade from a substrate 501 t hat
pabker, UVhE| RN CaYET GO Yar Pttfsfead of Thethe S8amper

504 is transferred to the resin layer 403 and a
concave-convex patterh.“PB” is formed on the
intermediate body 410. 1In this case, the
intermediate body 410 is an intermediate body for
manufacturing the magnetic recording medium 509 and
includes a disk-shaped substra;e 401 (for example,
gléss or aluminum) and a magnetic layer 402 formed on
the substrate 401. It should be noted that, for
example, a undelayei, a soft magnetic layer,  an
alignment layer, a recording layer (magnetic layer
402), and_é perection layer may be accumulated on
the substrate 401 in an actual intermediate body 410,
but the description and the graphic display of those.
are herein abbreviated.

When the concave-convex pattern “P2” of the

stamper 504 is transferred to the resin layer 403 by



stanper 504. Next, the internedi ate body 410 is etched
(for exanple, reactive ion etching) using the

weonsas®econvex pattern "P3" as a mask. |n thi BCOaR607/075417
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‘the magnetic |ayer 402 is exposed fromthe bottom

surface of the concave sections of the concave-convex
pattern "P3". Then, further-8behing is perforned to
forma concave-convex pattern "P4"™ in the magnetic
| ayer 402 as shown in FIG 29C. Then, as shown in FIG
2dibe mormagheP £ & ndner imathrod,  Reatippsi 8§85t therarden
concave sections of the concave-convex pattern "P4".
Fdhieresihel AugReti0S | aybf @pdeR8H & Stife Wohvex
sections of the concave-conyex ttern. "P4") is, ..
ekﬁ%%%@P%?}V?EV gﬁaﬁﬁﬁg %P%g??Eﬁ?ﬂﬁdppgbé$?i§%%%l%% uv
> et hod d then, a o, |l ayer
(e BE1 £ ach™of Mo CRRTHot ST Sg5F 462 o PASTES SUArt heD

maanet i é@gggg!m3§F3¥LH@§Q%magé ghow & heywotedcihgbs

the preformat signal pattern and the data track

Path £f NGRYsbe Hor MBdHY dilen SATRAReERsSS rAft ddie SANBhe
tinme. As described above, in the-recording nmedi um

(MmBPM seacording to this enbodi nent of the present
i'nvention, a master disk is manufactured by using the
drawi ng appamekts t6e inasermedihg t edbodfy. ¥il® is etched
astigmatismis restricted to a prescribed val ue
(for example, reactive ion etching). using the
concave—conﬁex péttern “P3” as a hask. In this éase,
the magnetic layer 402 is exposed from the .bottom
surface of the concave sections of the'concave—conﬁex
pattern “P3”. Then, further etching is performed to
form a concave-convex pattern “P4” in the magnetic
layer 402 as shown in FIG. 29C.

Then, as shown in FIG. 29D, noﬁmagnetic
material 404 is supplied in the concave sections of
the concave-convex pattern “P4”. Further, the
magnetic layer 402 (top of the convex sections of the
concave—cohvex\pattern “p4r) is exposed by, for
éxample,ba'polishing'process (such as CMP method),
and then, a protection layer is formed on the surface
of the magnetic layer 402 to compleﬁe the magnetic

recording medium '509. It should be noted that the

preformat signal pattern and the data track pattern



or less. Therefore, the fluctuation of the pattern
shapes on the naster disk can be drastically mnim zed

w@oropasm®oo Wit h t he conventional master disks. PCT/JP2007/075417
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‘Accordingly, the fluctuation of the stanper and the

medi um manuf actured fromthe master di sk can be

reduced. Specifically, conveBtonal Iy, since the

astigmati sm cannot be quantitatively treated, it

depends on personal ability to determne the exi stence

ofmahebasfogmati dm tBecHAafee PTPALSST 84t e S3Re time.

remai ni ng magni.tude of astigmatismlargely varj.es .

?epending 0 ﬁhéeﬁﬁﬁé§ephéhﬂﬁ%wn+%a?$gnr§ﬁ8% g medium
| uct [ i
uctuation of the pattern sha esmgf t.he mast rtgésk

i?(?ﬁ%arﬁg%Pe?c_ &9 &R coP HF n§PS CE Terfbodt e nt
0 e esent inventi j : '
cRTOReRF SAArEnE i @ dip fhOE R, e it k08 by

t he_renajpi i A8t '
LB ST Mo fae aon) ammie stpescase o

ast%lilg.'@giﬁg}nalt@. shihe sixd e erbedineit a dprwddwibedmealte
acturing the DIM BPM nmediumis described. Besides the

DT BPMs st he ThanRe-fdme | nthags mathod tisrisil tlye usetdtean

manuf acture a fine so-called nano structure. In the

nagkapEBr bat ithg meidwsk dassdeseani bed ddemte] cal Eyanper

(or may often be called "tenplate" as a '

nanpn i npriedt iconpacddokwagy ttdrer) cogventional master disks.
Accordingly; the fluctuation of tﬁe stamper and ﬁhe
medium manufactured from the master disk can be
reduced. Specifically, conventionally, since the
astigmatism cannot be quantitatively freated, it
depends on personal ability to dete?mine the
existence of the astigmatism. éecause of this
feature, the remaining magnitude of astigmatish
largely varies depending on who makes the
determination and the fluctuation of the pattern
shapes of thé master disk is remarkable. However,
according-to this embodiment of the present invention,
Since the magﬁifude of the astigmatism is restricted
to a certain vaiue or less, the remaining magnitﬁde.
of the astigmatism does not largely‘vary depending on

who corrected the astigmatism.

In the sixth embodiment, a method of



necessary. Further, an electron beam draw ng apparatus
IS necessary to manufacture a pattern master which is

woe@ensany to nmanufacture the stanper. The conmpChar20emM075417

10

15

20

25

of manufacturing a pattern master using an electron

beam draw ng apparatus, the stanper made fromthe A
pattern master, and the nane88nprinting nmethod is al so
applicable in nanufacturing the follow ng devices

i ncluding, but not linted to, a deflection plate
devsingef sorut i ngi dher PIHIBPMingdi pBnsSafpgFigyed- _
CCDY CMCS sensor, photonic crystal, for high brightness
B0 44RP o oR REMYPihodte MARGHIBE4ncdAseqiethot s
sel f-argani zi ng_ functi of ,_for exanple, hl,ac

cé‘&dﬂf ‘ﬁ%?‘gbézaa‘&é’d‘%a& 3 n%\nglrﬁgt £ gr— § t‘)ES?T(a‘reulsjctrbarrclao
manuf act ured a Cri a .t 0. RN e,,d or
gf&fﬁi%ﬁuﬁﬁ'aniprg élc%lqjvgl Irelu%?b{rlg gl%%ﬁlég' aag |
i pchi d m co [ | agi,0 [ t
|(§%§c£&?§§ ?ggﬁé,.%:ﬁﬁ§%gg£ nSH! AL 0B fltidniMpd tcSin o4

e no in riptions of the above

em%&%ﬁ@%%év bhe .draMdg mppai el H§ 8CURIIBAN term) is

el ectron beamis used. However, since the draw ng

AR &L HISr YS1 NG udh HRIECtdrone beetrandbehe elreotimom
m croscope generally have a simlar structure, the

pragentat d¥ensi ordessalsp apphasabhetuoet e pe Eoeron

m croscope form ng an i mage usi ng a secondary el ectron

besaster which is necessary to manufacture the stamper.
The combination of manufacturing é pattern mastef
using an electron beam drawing apparatus, the stamper
made from the pattern master, aﬁd the nano—imprinting
method is also applicable in manufactﬁring the
following devices including, but no£ limited to, a
deflection plate device for liquid crystal, micro
lens array for CCD/CMOS sensor, photonic crystél for
high brightness LED, and a thin film head. Further,
so called self-organizing function of, for examplé,
block copolymer may be added to the nano pattern
structureimanufactured as described above to
manufacture, fof example, an antireflective structure
of LED, a biochip, and a semiconductor insulation
£ilm. |

It should be noted that, in the descriptions

of the above embodiments, the drawing apparatus 100



Further, in the above enbodinents, the secondary
el ectron signal is generated based on the secondary

web@snswns generated fromthe reference sanpl ePCEAR20emET5417
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.detected by the el ectron detector 21. However, in

addition to the secondary el ectrons, reflected

el ectrons reflected of f t hePéference sanple "WP" may
be detected to generate a reflected el ectron signal,
or a_transnii%g eIeg}ron signal .based an the

t e t R0 | OO LGRS £T 89 t hFSUGH e since the
ref erence sa "W b |

PP TR L7 SR i O T BB oS L C ot RS T £he
%a#l@&gﬂ Bg&&%@%ofﬂgf Jdi6e ADST {ahboR _%v@iqatli@pl

0od according to the present invention are wel |

sul{ gd-tQrevakuat ¢.asdd o h$ht 188 akerNald Mpplicable
correction nmethod according to the present invention

i St et he SHlted riod GoIrdesd caper Fatrim@ngofarannagadaai hgna
system The el ectron beam draw ngapparatus accordi ng

t osébenpaegenl eictwent imsams wel | suited to pattern
drawi ng using an el ectron beam The el ectron-

m croscope aEuotdiemg tim ttiee prlegeat embedimients s Wes |
suited to the observation of a sanple. The present

i nvenondarys edsctinon tetigralt he gsorsarad imaed on the

enbodi nents, and vari ations and
secondary electrons generated from the reference

sample “WP” and detected by the electron_detector 21.
However, in addition to the secondary eleetrons,
reflected electrons reflected off the reference
sample “WP” may be detected to generate a reflected
electron signal, or a transmitted electron signal
based on the transmitted elect;ons transmitted

through the reference sample “WP” may be used.

INDUSTRIAL APPLICABILITY
o

As described above, the,aberrationv
evaluation pattern and the aberration evaluation
method according to the present invention are well
suited to evaluate astigmatism. The aberration
correction method according to the present invention
is well suited to correct aberration of an

irradiation system. The electron beam drawing



nodi ficati ons may be nmade w t hout departing fromthe
scope of the present invention. The present

wWa@ppkiogavd on i s based on and clai ns the benefiPCDiP2007/075417
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priority of Japanese Patent Application Nos.

2006- 356875 filed on Decenber 29, 2006 and 2007- 306627
filed on Novermber 27, 2007, -PRe entire contents of

whi ch are hereby incorporated by reference. CLAIMS 1

An aberration eval uation pattern for evaluating . 11
alFTR BX 2 BYAS oR C&R TS LR | e s%?éﬁf@c&ﬁ‘ﬁﬁeﬁb“a‘%“ 15 wel
el ectron beamonto a surface of .a sanple by defl | ng

t et edt FBnPRELMT Y %ﬂ%ﬂ?a??%ﬂge9&lﬁ%ﬁ%ﬁf%ﬁﬂ?ﬁ%ﬁ'

ri sing; _a_periqdical st avyi _ i bed
UL £100k AP S G ST LELUEE AL RO g3EEh b
| 11856 1 DERPEL %%'101‘3' LG HE e Rel g M tdesh 0grt Be
sane pl ane and formed outward froma center that is an
irgadiated position of the el ectron beam when the
el ectron beamis not deflected, the periodica

structure berng peerreat arexdendod6dsdegteds artatdco the

t he periphery of the center and has either a

coasEnt Finentiitotledl fdm@imenasspiana Vamiatel ewnssand

center is positioned at the center that is the

i madi 4t ed tposist imay die tthede| wéthom thetghamieing hérom the
scope of the present invention.

The present application is based on and
claims the benefit of priority of Japanese Patent
Application Nos. 2006-356875 filed on December 29,
2006 and 2007-306627 filed on November 27, 2007, the

entire contents of which are hereby incorporated by

reference.



el ectron beamis not deflected. 2 . The aberration
eval uation pattern according to claiml1 , wherein the

w@egosoghoeml structure is forned by circles or PEHIR2807/075417
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pol ygons. -3 . The aberration evaluation pattern

according to claim1 or 2 wh;&ein the line width and

t he di stance of the periodical structure are increased
as a distance fromthe center is increased. 4 . An
aberration eval uation nethogL%QMSevaluating aberration
of an irradiation system base

scanni ng an el ectron beam onto an aberration

eval uation pattern, the irradiation systemirradiating
the el ectronibeanmn G Aherishi 80atuakydn YatedhRdfor
conprising: a step of scanning the el ectron beam onto
t hevabest ahigorematdtat d9no pabhel i racderlidty $psaem one
of clainms 1 through 3 ; a step of form ng the inage

on an i mage obtai ned by .

baseannhngn ael edieron:sh gpakmobhaioned sy fdwee scfnai sgmple

and a step of evaluating aberration of the irradiation
syisy edebaect iovy titfee i erhget r6n. baamabdheataprration
eval uation nethod for eval uating aberration of an

i revaiaatanns patdf aseemprising:

a periodical structure having a prescribed line

width and»a,prescribed distance between the lines,

the periodical structure being prdvided on the same

plane and formed outward from a center that is an
irradiated position of the electron beam when the

electron beam is not deflected, the périodical

structure being formed to extend 360 degreés around

the periphery of the center and has either a
concentric-circle figure or a spiral figure whose
center is positioned at the center that is the
irradiated position>of the electron beam when the

electron beam is not deflected.

2. The aberration evaluation pattern
according to claim 1, wherein
the periodical structure is formed by circles

regular polygons.-

or



on an i mage obtai ned by scanning an el ectron beamonto
an aberration evaluation pattern, the irradiation

W@ y®Be82000 r adi ati ng the el ectron beam t heaberPEL/iRmM07/075417
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eval uati on nmethod conprising: a focus setting step of
setting a focus position of the irradiation system
onto the aberration eval uatir8A-pattern according to
any one of clainms 1 thorough 3 ; and an eval uation
step of evaluating aberration of the irradia&tdn

syst em based on? BE eBPPEF 2SIV dbEAFARE BF td&Hthi ng

t he elqgtron beaghont t he aberration eval uati on

p&RIEH J_o‘ﬁ?otﬂhF lf‘hg fGcus’ pOSFETSh of the
| rradi af L POLINE | GTLch Sl | hé qiEebnder 831 Ll 3 odical -

second di Ion oOrt gona I rst I rection.

- cHN&, APgFLaL AN s eyaldiald &N, Zef hgd saee@Idi i Ot Re ) center

wherein in the focus setting step, the focus position

I s SefnQpt9sthe aberration eval uation pattern based on

an el ectron signal obtained by scanning an

under focused el ectron beam onto the aberration

eval uation pattern and an el ectron signal obtained by

scanni ng an-évehhoabsed o iewt renabeaniont oetttieod for

aberration eval uation pattern. 7 . The aberration

evavahtabhngeebedration of an irradiation system based
on an image obtained by scanning an electron beam
onto an abefratidn evaluation pattern, the
irradiation system irradiating the electron beam, the
aberration evaluation method comprising:

a step of scanning the electron beam onto the
aberration evaluation pattern according to any one of
claims 1 through 3;

a step of forming the image based on an electron
signal obtained by the écanning; and

a step of evaluating aberration of the -

irradiation sYstem based on the image.

5. An aberration evaluation method for
evaluating aberfation of an irradiation system based 
on an image obtained by.scanning_an-electron beam
onto an aberration evaluation pattern, the

irradiation system irradiating the electron beam, the



according to claim5 or 6 , whereinthe focus setting
step includes: a first substep of scanning an

wapasosweused el ectron beam and an over f ocusedP@l/a&D0T0T5417
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‘beam onto the aberration evaluation pattern in a third

and a fourth directions, the_third and the fourth

di rections being dlfferent fPdm each ot her; and a

second substep of setting the focus p05|t|on onto the
rration evalu Jatt E@ Jmaxi mum

Wi LEa TR R e T g
yscanning in
the thiyddir scggemgd gtt{)é B UL YALUS Qo position

el ect r &h S|gnal obta scanning 1n the fourth

d'cffcﬁc}ﬁ@nlrgad y&‘io@lb%vsattér@rb@t‘!él vakl abarmidtorbn

according to c faim?. , further conprising: a

det ey 146 £ DEnShaR tefr el @ididing £ Beadiyr etld BF oflahes 1
aberration of the irradiation systemwth respect to

t Rehd s 9gh dBE eahidon based on a scanning result in the
third and the fourth directions. 9 . The aberration
eval uatamnevelhed iaccetdimep f cecdhinat8ng wWemiation of
the evaluation step, the first and the second
dittextiongdans idecisdeat dyaseaisefd PhecdecdiAhatigonals
result in the determ nation step.10. The aberratlon
evattained Rt Be@raddut dihr) ebSEFAPR PeaMURAEP Nt

aberration evaluation pattern ontkohlch the focus
position of the irradiation system is set in a first
direction and a second direction orthogonal to the

first direction.

6. The aberration evaluation method

according to 5, wherein

in the focus setting step, the focus position is
set onto the aberration evaluation pattern based on
an electron signal ébtéined by scanning an
underfocused electron beam onto the aberratibn
evaluation pattern and an electron signal. obtained by
scanning an overfocused electron beam onto the

aberration evaluation pattern.

7. The aberration evaluation method

according to claim 5 or 6, wherein



in the evaluation step, the first or the second
direction is set in the generating direction of the

wab®sostopon. 11. An aberration correction net hpdr/iRm07/075417
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correcting aberration of the irradiati on system based

on an eval uation result Obtaiged by the aberration
eval uati on net hod according‘? “any one clainms 4 though
10. 12. An el ectron beam draw ng apparatus i ncl udi ng
an irradi ation syst whose aberratiqn_i.s corrected by
t he abg€?%t%8ﬁu50Fﬁgghn % ?%oﬁngéggFgrng toclaim
11. 13. An el egt ' rQ%ﬁ? e I
irradiation_éygggﬁgw%ggg a eB?%t?%%Hﬁgﬂgoggegﬂgfiﬁpcused
they aberrat beARC AL H Wy &Rt hedsaacenddid-di? KEahMnto
11. 14. A master of an optical information recording
medh 41y BAr WRiGbra iLsedt el pattern iisdrawhbydthad a
el ectron beam draw ng apparatus according to claim 12
fAdurfhstamper iefnsHn wpd i el rdntadmatieont et di ng
medi um manuf actured by using the master according to
cldlneddioh6. badingptdichferahbr fmbmoracdc artdieny; neddum

manuf act ured by using the stanper according to claim

~a second substep of setting the focus
position onto the aberration e&éluation pattern based
on the méximum value of an electron signal obtained
by scanning>in the third direction and the maximum
value of an electron signal obtained by scanning in

the fourth direction.

8. The aberration evaluation method
according to claim 7, further comprising:
a determining step of determining the direction
of the aberration of the irradiation system with
réspect to the firsf direction based on a scanning

result in the third and the fourth directions.

9. The aberration evaluation method
according to claim 8, wherein |
in the evaluation Step; the first and the second
diréctions are decided based on the determination

result in the determination step.



15. 17. A master of a magnetic information recording
medi um on which a prescribed pattern is drawn by the

we@k@snswm beam dr awi ng appar at us accordi ng to PCHITRA2075417

5

10

15

20

25

-18. A stanper of a magnetic information recording

medi um manuf actured by using _the master according to
claim17. 19. A magnetic i nf8Pmati on recor di ng nmedi um
manuf act ured by using the stanper according to claim
18. 20. A master for manufacturing a finepattern
having a prescribed pattern drawn by the el ectron beam

drawi ng appay gt s, 2cgRLd g (i, oLl 1112520 nBcRper

for manufac Ing a frne pattern anper bei ng

d, hy iRg d he,ms according to claim
g%%g%c&%ﬁgﬁgctc%rgelﬂh%l ng a -?IE]G pattern manufactured
by usi ng, tfee SL3AREL t3CTOIHdY, tonél 8is€lor the second

direction is set in the generating direction of the

aberration.

11. An aberration correction method for
correctiﬁg aberration of the irradiation system based
on an evaluation result obtained by the aberratidn
evaluation method accbrding to any one claims 4

though 10.

12. An electron beam drawing apparatus
including an irradiation system whose aberration is
corrected by the aberration correction method

according to claim 11.

13. An electron microscope including an
irradiation system whose aberration is corrected by
the aberration correction method according to claim

11.

14. A master of an optical information

recording medium on which a prescribed pattern is
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drawn by the electron beam drawing apparatus

according to claim 12.

15. A stamper of an optical information

recording medium manufactured by using the master

according to claim 14.

16. An optical information recording medium
manufactured by using the stamper according to claim

15.

17. A master of a'magnetic information
recording medium on which a prescribed pattern is
drawn by the electron beam drawing épparatus

according to claim 12.
18. A stamper of a magnetic information
recording medium manufactured by using the master

according to claim 17.

19. A'magnetic information recording medium

"manufactured by'using the stamper according to claim _

18.

20. A master for manufacturing a fine
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pattern having a prescribed pattern drawn by the

electron beam_drawing apparatus accofding to claim 12.

21. A stémper for manufacturing a fine
5 pattern, the stamper being manufactured by using the

master according to claim 20.

22. A structure having a fine pattern
'manufactured by using the stamper according to claim

10 21.



