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FIELD The present invention relates to an 10

aberration evaluation pattern, an aberration n

eval uation method, an aberra Ton correction nmet hod, an
- el ectron bean1dramnng apparatus, an el ectron

n croscope, a naster, a $EgERebrIenr ecording medi um

and a structure, and nore specifically, to an 15

aberration evaluation pattern evaluating the

aberration of ah i rradi ati on system scanni ng a surface
of a sanpl e, BRAT QR iER Q¥ PBRTERY ho¥BERRATION

eval [ e at

pas e or‘%ﬁgﬁbg WERRORT AQhsRin A, CRRES DR CUENRORY 20
tshe mlzerrkaki gﬁmmmm@mmlipﬁrds WL B cRROR! AEERS OPE,
beam an aberration correction nethod’ correcting t
abeMASITERR STAMBER; r RECORRING MEDIUM) BADedTRUCTURE
‘eval uation result obtained by the aberration -

eval uation rethod, an el ectron beam draw ng apparat us

20 BURCRD LEpgIaL) on system whose aberration 1o
'_The present invention relates to an
10 aberration evaluation pattern, an aberration
" evaluation method, aﬁ aberrakicn correction method,
an electron beam drawing apparatus, an electron
microscope, a master, a stamper, a rebording medium,
and a structure, and more specificéily, to an
15" aberration evaluation pattern evaluating the
éberration of an irradiation system scanning a
surface of a sample, an aberration evaluation method
evaluating the aberfation of an irradiation system-
based on an electronic signal obtained by scanning
20 the aberration evaluation 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

25 having an irradiation system whose aberration is




el ectron m croscope having an irradi ati on system whose
aberration is corrected using the aberration
correction nethod, a master on which a pattern is 5
dvgaws/dsyeoaisi ng the el ectron beam drawi ng appeuvatesin7sa7
stanper manufactured by using the master, a recording
medi um nanuf actured by using,the stanper, and a
structure manufactured by using the stanper.

- BACKGROUND ART 10In the optical 1ithography .
t eckaeiregyefli 8k ihg Cthw eiidraadliloyy kezxeacehoantethod, an
devel opnent of the optical |ithography technol ogy
usi B estERnaBigreserpe having a@nngﬁPiékéPmY$‘a§@ars
have been _actively nmade. From the vie int, of further
GowTBES AR S50 1oh GiReE G ethpatPgy Eop sberzatida
SeMmcaadueloh HAVAGES d thaldtes! Wi chimar gy _And
devel opnent of the |ithography technologies utilizing
Suclirasmabyehefidg ofhdedadiran bPatpPARERLHG aSpathids, a
el ectron beam capabl e of drawing fine patterns on a
sanpitempeg aaguiactarad My alsdagr ghenmasbstop (SBEN)ding

‘capabl e of observin ch a.fine pattern with high
oo BB AP B B ueing T SEEREeE | ghd'f

a i a,

] D e R, s TRl P T ot on
f UNERICRGROUNBSARD downsi ze the -3- spot shape of an

el ectron beamemtted froman electron gun or an
18l ect ron beamdn rthmdiomtiigal lithography technology field,

conventionally researdh 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
15  increase of capacity of semiconductor devices in the
future, improvement and development of the
lithography technologies utilizing such as an
giectron beam drawihg apparatus using an electron
beam capable of drawing fineApatterns on a sémple,
20 and a scanning 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

25 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 5
downsi ze the spot shape of an el ectron beam forned on
the surface of a sanple as nmuch as possible. The
3N 1098M82006 M correction function is a functi porTimemneksl7
the spot shape of an electron beamnot an ellipse but
an perfect circle. 10Conventj onally, to correct
‘astigmatism an inmage based on secondary el ectrons or
- backscattered el ectrons obtained by irradiating an
el espodnshepen @htam &lsanpba bashngnbt édef sdn Ut ur e
such as an Au or Pt evaporated sanple and an etched -
sanBlechEY? rdiim % %l%%ﬁapé bga@b%@%bamrng the
SEM. functjon of n. el r n bea dramnn at us.,
TheRPERE I LsTRENT® | B H e by BSpre ATy & BT fect Eircle.
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i mge can be seen nore sharply. However, i1n this
fluabbwasiyve iled evputhathiape 36 ﬁﬁtélDéhtJtdn 115 &hh ffdrGdéldt on
to 'eval uate the exi stence, .the direction, and the size
of Fhe asrtamtasm S@Wlﬁhésolp@¢ht¢%rPQﬁsthﬂr€rectﬂmg

' rforned nual I'y. . Ther fore t here

o BT ATeT | A et PR BECt P St A AT (40 Pk
. S pRers nﬁ SShe ROl e%&ggeﬁbgua gl{gﬁ?éé%ﬂ o115 deleKBLY

uenced by an 1 ndivi ear ni ng
chaaﬁcpefféﬁﬂ(ﬁiﬁdnénughout t he operati ons. As a
result, this nethod may be used for research and
1@evel opment Qemveniiépaail s, nehycquusisite s bilgaa tisad an
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is a proposed tec nlqu e spot ape of
an eheé6ts odamEldNHaving a fine structure such as an Au

or Pt evaporated sample and an etched sample having a
15 hole shape is observed using tpe 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 deterﬁination ,
20 method, it'is difficult to evaluate the existence,
the direction, and the size of the astigmatism, and
the operation of'gorrecting astigmatism is,performed-_
manually. Therefore, there are problems that it -
reqﬁires time and reproducibility is poor. Also

25 problematically, the result is likely to.be




10 directly neasured, the astigmatismis corrected.
However, the challenge is to manufacture a
hi gh-accuracy knife edge. Al so, there is a problem

wioabosesoegh neasur enent accuracy (repr oduciguiaetog)ors417

cannot be obtained due to, for exanple, scattered

el ectrons. 15 To address thg problem there is a .

pr.oposed techni que as described in Patent Docunent 2
- that after a reference pattern-having a fan-shaped
radiakl pahded by Sarf AnlBGiAAB18sr BéaEhEndg N this case),
‘the astigmatismis determ ned and corrected by :
det ebaragt€0i stheddfhooughnrytdi hecoporataimhs.he As a

def ocusi ng anpunt of the electron beam i nage obtai ned

by FRFUFatitg deddocomaselfsusrBWESErTe15/R 2890
specifi I pt.j.oQ.qi ye e i e .
ot odebF PR ¢ Rl R rekl PR oHERY, PR P U B e 1
§i Zgnapgp2Badlie My @ellaRetebnl he astigmatism
(including after the image is formed) except to note
that the resdlauttiddmesf the prelgkens, dyserexstplEurabes,
‘there is a problemthat it requires_cunbersaone _
pr ot8abPESUHARF t9FRC b eakE FRECRES %?‘é‘l‘f?:ee’“bét-t‘:@tlllreldn

whi a, fap- 5. 1ike . patte Lth_the w f. the .
pat %g?nkﬁglp%ge% earﬁng%t%%déo%gﬁﬁ%oggl 5 %\é)éj%%cgdﬁelé&%éﬁge
ordenky, f 9f¥@€d.the spot shapBUBENGA, elécrdi ARRHEds
techni que described in Patent Docunment 3, a reference
18anplieeohlwmedsptad,alt heehetégoet pamt &5 neoEasttedavi ng
a lattice 10 structure made of |ines and spaces are

di sEPEEEEY. diRpohad LanGfgis EPrPaRrErEE & A% cl e
or conecentrig circl SO t .attic ' [ A
(1 RESSERGY bl ety BiRb (Rheh8 48 e, Mae
di r eablgn héaPiLARRD ackNGad) ¢kepstb@iceamiy Hannot
scanned al ong the circle passing through the reference
pat ber nbtébnekbtdhot tiche fanpkexbnuéeof saatedead refigacrons.
signal to determ ne and correct an out-offocus state
18nd TehaddEeFgnet s FROHGRey EPCTE| hE 2| PTOROFRSE SEEIY A

di sposg.RLYI Rl M &f &8GR RALLEEAS 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 detecting
20
the electron beam image obtained by irradiating
electron beams. However, there is no specific
description given regarding the concrete procedure
an& the quantifying method of detecting the size and

25

the defocdsing direction and the defocusing amount of

the direction of the astigmatism (including after the

e



20 each of the lattice directions different from

ot hers on the correspondi ng prescribed positions al ong
the circunference, the problemis that it is very
difficult to manufacture the reference sanple.

e Jobifsze06 t 1S al so cunbersone to accuratel y. 7Rz
25 el ectron beam al ong a circunference of a circle. or

-6- concentric circles. 'Still further, when the
scanni ng radi us of an el ectT®n beamis |arge, -
: aberratlon due to deflection is disadvantageously

Ao g B RhRBEL I eph) pi°HBREEnke! fhERAlL AN

Doc e Bhe 2] nd@Pane b deaivddOperubPahen] pkd cad ion No.
2004- 153245 [ Pat'ent Docunent 3] Japanese Patent No.
39800010 BhSCLUOSUREGRE FHEUMMYERGREND RRGBLENMS BDIBE
SOLVED BY THE, | NVENTI ON The present
|nvéﬁWFoE°|§ah%d%h?rFQﬁ%ﬂ%FCSfPFEEeEBo%% Yﬂ%ﬁﬂeﬁn?anand

g fﬁ&i& 89£€g£n w1QQQjQ{%§%@B oﬁ the pattern being

changing continuously is radically and orderly formed.
~Further, in a propoéed technique described

in Patent Document 3, a reference sample on which
plural réfexence patterns each having a lattice

10 étructure made of lines 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 passing 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
15 necessary to dispose plural reference patterns

20 each of the lattice directions different from others
én 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




15 invention is to provide an aberration eval uation
pattern capabl e of accurately evaluating the
aberration of an irradiation system

Wardosde200. second obj ect of the present i nveRlirQ7/48417
to provide an aberration eval uation 20 nethod capabl e
of accurately evaluating the aberration of an :
irradiation system Still fifrther, a third object of

- the present invention, is to prOV|de ‘an aberration

corpeclLon. ; @Od caRab! ¢ éhQPCLw ﬂﬁﬁhe scanning

correc%lng t%e aberration o an 1rr %ﬁatlon system
-7- radius of ardtdlldctirdht Beam asf oardd, ohjeactarafont Bae
present invention is to provide an el ectron beam

dr awbnde fppetr iatrusi < @by avt agecus by edddadt.awi ng a
pattern onto a sanple. 5Still_further, a fifth object

of the preser{tPaltﬁénPPSHm?gttjo] praRATRS S22 fsOPPBN
g:ll F?ﬁgurﬁé@fa@aﬁ&f Nﬁcc%%ebgogﬁgerw ng a sanpl e.

Si Xt h object o present invention
is to provi dgrateast ebctapabl 2] qfaﬁaqldwufaaat-upbﬁg a

‘stanper on which a fine pattern-is drawn.
Patent Application No. 2004-153245
| [Patent Document 3] JapanesSe Patent No.
3984018
10

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
15 invention islto provide an aberration 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
20 method capﬁble_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

25 aberration of an irradiation system.




Still further, a seventh object of the present
invention is to provide a stanper capable of formng a
fine pattern on a recording nediumand a 15 structure.
Still further, an eighth object of the present

WY Roddseigo i S to provide a recordi ng nedi um

structure on which a fine pattern is forned.ﬁegﬁﬁwggﬁén
FOR SCLVI NG THE PROBLEMS - According to a
first aspect of the present-Tmvention, there is
- provi ded an aberration eval uation pattern for

eval uating abgrrati f _an_i Lat | st

scanni ng an 2%’&; ron %glgrﬂ'oﬁt %Egggﬁr#gﬁ%g%foé%
sampkesbytdefbestiow idaLlpehiar BaaBiedPfon beam
aberration eval uation pattern includes a periodical

st r detwiaghappagatupragaitleed ]l aceunatehy adcewing a
prescri bed di stance between the lines, the periodical
st r Rét&PERDENRY PrRARIKT on the sane plane and forned

outward fro enter that i.s L radiat osj.tian

gf the el ect ré(;?:n1 12?}1“ héaﬁ't_ﬁef:e‘lfggt ?%%g%%eagnt]eﬁ:sl%n&resent
def ;86tadichhesPesi priirale Sl Wakiekeohehnarboidmd to
‘extend 360 ‘degrees around the periphery of the center
and cagabékt h€r aacooaicelyt rabsexiviitige af sgupkeor a spiral
10°figure whose center is positioned at the center
that is the ifthbh fwWwdhsdsi & §A%bR PRECEt f e peasent
when th ?l ectrop beaomJJ;ds not. dgjel ectaegble £

Accordi ﬁﬁ P8 the %s%’éc‘f, 3 e "85ei raton evaf uat i-on
182t LR rhetBrPRG i Qdk€alpSt IdHC i@ PO YE H80pdOr i the
same plane and has either a concentric-circle figure
or arspnral figure whose center is positioned at the
same center of the irradiated position of the el ectron
beam t hat is fbtlycfurddmrecedevenbhpelbiest ff the

str up(i-te%fe%thg\r%ggt%ogrfsscgé %er%x}ildr\lee awsgta:rrlper capable of

forming a fine pattern on a recordihg medium and a
15 structure. ’
Still further, an eighth object of thé
present invention is to provide a recordin§ medium

and a structure on which a fine pattern is formed. '

20 MEANS FOR SOLVING THE PROBLEMS

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

25 sample by deflecting the electron beam. The




20 and a prescribed di stance between the lines is
formed to extend 360 degrees around the periphery of
the center. Therefore, it beconmes possible
W RYgdstidb € astigmatism at any position on pdRyp007/075417
aberration 25 evaluation pattern figure based on an

i mage fornmed by -9- an electron signal obtained by
scanni ng the el ectron beamito the aberration

- eval uation pattern figure. - According to a
f_1h [ i t £ .4S..
or oo aEai bR S LR E IR e LRk e S ErdGhicar

evalgydaltparabei+ ald oD et ibeadiabi Rdsy sieandased
on an i nmage obtai ned by scanning an el ectroni c beam
ont prascabked ad i orereva | hedivieen paet éines Thehé rpeadicatiicad
systemirradi ates an-el ectron beam The aberration
evalSEERFERL e HRE i PRI Ui #nstBf 8f™Me 0PLRL% AMY faraed

gl ection hepment o de. ARSrI400 Y Bl yat) 00 AL Q1

u
ccording to an enbodi e e present 1Tnv

st eR,fOf hEOE Tk fPréh e d SMAMIATEL @NedBr6hEELARN $irgstal
‘obt ai ned by the scanning, and a-step of eval uating

aberdedfleonedf the peradiiatdlostiBcsyseechebagefoomd e
I mage. According to this aspect, the
abe®ALNEn36F EHErTPT AN WD ISy BREAPIETE VRS Ut Fenter

based o0 an. Lppge oblalied Ry $6309LNg; L0z, ebeC) 1o a1

a er 1 on eval ua |on”pa ern accordl ng
100 3 galeeNhode nBot e &f 1§ dYiRSeAkdl A¥EPhE Ofenter that

-Therefore, it becones possible to evaluate astigmati sm
at dmy thesitradiaved heosbeiamatofotheval eatrom ipedn evhen
'~ the electron beam is not deflected. ‘
According.to the aspect, the aberration
evaluation pattern is a periodical Structure provided -
‘15: on the same plane ana has either a concentric-circle
figure or a spiral figure whose center is posifioned
at the same center of the irradiated pesition cof the
electron beam that is nét yet deflected. The
periocdical structure ha%ing a prescribed line width-
20 and a preécribgd distance between the lines is formed
to extend 360 degrees around the periphery of the
center. -
Therefore, it becomes pos§ible to evaluate

astigmatism at any position on the aberration

25 evaluation patterrn figure based on an image formed by



According to a third aspect of the present invention,
there is provided an aberration evaluation 25 net hod
for evaluating aberration of an irradiation WO
2008/ 082000PCT/ JP2007/ 075417 -10- system based on an
iweRees/@ajodi Nned by scanning an el ectroni ¢ begpta3bd 07
aberration evaluation pattern. The irradi ation system
irradi ates an el ectron beam The aberration eval uation
met hod includes a step of 5~%etting a focus position’
~of the irradiation systemonto the aberration
eval_uat i attern cqr.di.n an _enbodi t of the
iteo et i SE A SR A A O
of them bhad ahkofpeysieBdasad Ariehephtedrsi 1@lSe.
obt ai ned by scanning the electron .10 beam onto the
aberration evatamtdion pat tesecontioasbect ¢hetHoqtesent
position of the irradiation systemis set in a fjirst,
di r @vedhiand Bheee ohtl RETEdE R 0rPREGBRAPN tBVE HERt 10N
irst . direction. .. __.. According.to_this,
Sopdinthopia kb Rrs luating ahsrrariehoR e ahy s Radibion
whi fy iR Hasg 99Sit i g odthe rell 891 abhRRi Sy SieM i s
'set includes a reference Tigure forned on the Sane
pl ardewnitrbnitsbeent entposnt abaedatiot hevaluaidiat gthttern.
position of the electron beam when the el ectron is not
" yet Thef iespddathpl o5 rigiradigtesr api gleesrebrrran.

with.the reference figure positiaoned aé t.he center.

Thodd'% FBAFES - RADce Yt BT B B anRR HERS o e of

18" eSClinhedgdi AL aDEEc PRINARIL A Rt RS- aBBEPat Nén

el ectron béamis deflected in arbitrary first and

sec@vhldiatéochi pastedd ddwoddimst tandnt babsdinedt of the

directions being orthogonal ‘ :
present invention, a step of forming the image based
on an electron signal obtained by the-scanning, and a
step of evaluating aberfation of the irradiation

15 system based on the image.

According to thié aspect, the aberration of
the irradiation system is evaluated based on an image'
obtained by scanning the electron beam onto the
aberration evaluation pattern according to an

20 embodiment of the present invention. Therefore, it
becomes possiblé to evaluate astigma#ism.at any
position on the aberration evaluation pattern.

According to a third a5pedt of the present

invention, there -is provided an aberration evaluation

25 method for evaluating aberration of an irradiation




to each other and the deflecting el ectron beamis
scanned onto the aberration evaluation pattern to
detect two el ectron signals corresponding to each of

Woeosbiokfes | ons. Therefore, it becomes possigdrRpbddr8rsa7
eval uate astignmati smin each direction by conparing

each of the signals. : According to a fourth
aspect of the present invemtifon, there is provided an
. aberration correcti on method for ‘correcti ng aberration

Pt sPEeih B D 2 RUBEC0LPARECy Ay AL LA A0

alned erratlon eval uati on thod -

accgl dPgod %ﬁﬂb&d&m e # N e ot vahi QAL ipaltern.
According to this aspect,. it becones possible to

redohe {headidtivenceysdfemt heraéiih'gﬁatalsmllﬁﬁlﬁﬂvﬂ frgam.
scanni ng region of the electron beamby formn

t he
spth§h5B%r’€ﬂt’t% eHfaddEtdRPpBERILD tPGtudsie oPlfns

two el ctron si.gnal s co S tNe el St
gndsFﬁElE%co 5 éc SIJ%F:IL% 0 ?a%%gdggpgaﬂ% acg.'e at i %nn
evabyabi fRe ﬁ@é@ﬂda@l%ramu%wohopaat@ﬂm%mn@f tbhe
‘present invention becones substantially simlar to
eachnoehbodiment of the Auesedtngnventidnf tdndgpederopt
the present invention, there is provided an el ectron

beaRVal Bk hs ARRAFEATON 19 &aﬁngraﬁdi??la%‘i Y TP PEEEM
CO?%@CF?%HPEEIE_%{??Q%];‘?S %(%.r 1?1% eg§b¥cgnﬁlﬁg‘gﬂ’ﬂ§tél%tron

daécor 0 an e ment of
1bhe pRERSBALo | FNE &k a AGED edlal8at Qoh Nbst B&REGnt &SI NCe

the aberration of the irradiation system-included in

t hewhich the focus position of the irradiation system is
set in a first direction and a second direction '
orthogonal to the first direction.

According to this aspect,'the aberration

15 evéluatioﬁ pattern ont& 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 posifion of the electron
beam when the electron is not yet.deflected; and

20 plural siﬁilar.figures formed with the reference
figure positioned at the center. Those figures have
a prescribed line width and a prescribéd distance |
petween the lines. Then the electron beam is

deflected in arbitrary first and second directions,

25 the first and the second directions being orthogonal




el ectron beam drawi ng apparatus is corrected by the 5
aberration correction nethod according to an

enbodi ment of the present invention, it becones
possible to accurately draw a pattern on a sanple

Wwd fwodis2deei ng af fected by the aberration of p¢Pgbrce7/075417
irradi ation system 10According to a sixth ‘aspect of

the present invention, there is provided an el ectron
m croscope including an irrddi-ati on system whose i

. aberration is corrected by the aberration correction
met hod accordi ng to an e i nent _of_the present .
TnVERC PORD G RE AR TR G RFEIAgEttc e it Gr hd e
abegrahhof Sitd NGd Rdrakien é¥§%ﬁm&9'¢5’&%w tihe
el ectron mcroscope I's corrected by the aberration

. COr geebtont wetdinst taee0sdighg 150 cabrespesd it Ofeadhe of
present invention, it becomes possible to accurately
obs&heedRoect kenpl e Thietiedoreheiigbattees abaaikliee to
aberraﬁion of the,inradLationhSésten1, , ,
AccEVAEHETE P S AT dSpERE o IERE HPR B COMPATLNg
i nv HoRs thers ds R ovided a naster of an '
'infggﬁgtpon ggégﬁﬁghggnediun1on-mhich a prescribed 25
pattern is drawdrainghecekeebhoth bespadll @4 re ptdsent

appar atus aecording to an enbodi nent of the present
i nvénveohionccidrelindg st @roiideds pacabesiaicicom danrection
Pat et ot Sl Al Sl ok Y A 90408 JBSLRL 5 1 L RATRS
10 system based on an evaluation result obtained by.the
aberration evaluation.methéd according to an
embodiment of the present invention.
According to this aspect, if becomes
possible to reduce the.influence of-the astigmatism
15 in the scanning region of the electron beam by
forming the spot sﬁape of the electron beam so ﬁhat
the waveforms of the two electron signals
corresponding to the first and the second directions
obtained by the aberration evaluation method-
20 according fo an embodiment of the present invention
becomes substahtially similar to each cother.
,Accérding to a fifth aspect of the present—_
invention, there is proﬁided an eleétron beam dfaking

‘apparatus including an irradiation system whose

2% aberration is corrected by the aberration correction




possi ble to accurately manufacture a stanper for 5
formng a fine pattern onto, for exanple, a recording
medi um According to a eighth aspect of the
wWesesias20onvent i on, there is provided a stanper@borarsa17
i nformation recordi ng nedi um manuf actured by using 10
the master di sk according to an enbodi nent of the’ )
present invention. Accordingt4o this aspect, since a
-fine pattern is accurately drawn onto the stanper, it

| s ac the st anper,
pat OB RoBn BCOFaHAg, SO A bAAIERY, BeTLAT, BT O

15AGGRkdicR8nt 0 AcBbAdin@speahiel akbecp) eseiite the

I nvention, there is provided an optical information

r ecaibehirmg tiedi af e uf motdiegd opy systay theledegpar the
according to an enbodj nent of the

| present inventiaon.
ACCOEITORoPERNSTREBIRE  SRRR TS FOSEPEFES 7Y e
i.mprove the recqrdi vt : ordin

S T LS M A S
Pr ovdnfiRdisedtr HEL URE B¢ tiwvReithynyS i Bgbec&hiedTper

according to an enbodi nent of the present invention.

Accqredisipleotbhascaspeely duaw s lpattrEs possi Pt

| rrprwoivt%ott_.ll?:eIt:re(::)lg:1(t_::);rgIfJrf]gc1£.j:eec?SblyE >/1:h(?e]c ab_e]x':él‘r::a'tion of the
irradiation-system.

10 Adcording to a.sixth aspéct of the preéent
invention, there is pfovided an ‘electron microscope
including an irradiation system whose aberration ié
corrected by the aberration cor;ectioh method
according to an embediment of the pfesent invention.

15 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-accuratelf obéerve

20- a sample ﬁithout being affected by the aberration of
the irradiatidnrsystem.

According to a seventh aspect of the preseﬁt
invention, there is proﬁided a mastér of an

" information recording medium on which a prescribed

25 pattern is drawn by the electron beam drawing



a recording nediumusing this structure. BRIEF

DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic

di agram showi ng a 5 drawi ng apparatus 100 according to
a first enbodi nent of the present invention;

Wd3veswdAné hrough 20 are draw ngs (No. 1 throt@f?w@ﬁw@'fsﬂm

reference sanpl es "NP"; FI GS. 3A and
38 are drawi ngs (No.4 and 5) of 10 reference sanples
"W FIGS. 4A aTﬂeF"48 are drawings (No.6

- and 7) of reference san‘pl es "WP'; FIGS. 5A

A\peBBaBhfed QuLoaR A0 %n%(n%%dgneaﬁf SE P AR

S a Iustr i‘ng” an -

evaﬁH@Eh@ﬂoﬂeth@&hdﬁdﬁﬁa|ﬂH“MH1%thpect, since Rl @Gink i s
a drawng (No.2) illustrating an eval uati on nethod of

ast ipgtersnis accurately drawnFb@ tBei mastelravithdrecomes
(No.]) illustrating an 20 eval uati on net hod of
ast PgRaLPsf to accuratelYanUéaF§uaedPaﬁﬁfbpetri\bf%

[ h .
i e R (I
‘ast hﬁg@h}nsm correcti on accor di ng 10 a Second

“According to a eighth aspect of the present
invention, there is provided a stamper of an
information.recording medium manufactured by using

10 the master disk according to an embodiment of the
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.

15 - 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 possiblé to

20 improve tﬁe recording. density.

Accofding to a tenth aspect of the present

invention, there is provided a structure manufactured

by using a stamper accofding to an émbodiment of the
preéent invention. According to this aspect, it

25 Dbecomes possible to improve the recording density of




25 enbodi rent of the present invention; -15-

FIG 11 is a drawing showi ng X,y coordi nates of a
ref erence sanple "W"; FIGS. 12A and 12B
Fe200@vongs (No. 1 and 2) showing the spot pEaRS&7ATs17
an el ectron.beam 5 corresponding to focus positions;
FIGS. 13A through 13C are drawi ngs (No. 1 through 3)
showi ng secondary el ectron si%4nal s correspondi ng to
- the spot shapes; - FIGS. 14A and 14B are
dr awi ngs ¢ NPy o @B,y 40 SR0MING L e, 5ROL shapes of
an & &ctron béam correspondi ng to astignmatism :
corrections; : ~ FIGS. 15A and 15B are

drawi ngs (No. 1 and 2) show ng secondary el ectron

si gRRIEFaDESCRT AEI AN tO Ky iEH HRAFANGECt i ons;” 15FIG 16
is adraning illustrating a contrast of a secgndary

el ectron signalG- 1 is a schemagigcdizgpam jopFiRg,Re
rawi_ngs .1 _angd. i .rating_t nam G4

?’an\gljc\feragI n%hlg Ee%gﬁg%%@ eacct'_:lrogﬁﬁgli%gkgl 7 ng % %%%nzimﬁél ¢

di r gat ikpR; p2BELES. id@MmEyh;18B are drawi ngs (No. 1 and

2) illustrating a determ nation -nethod of a focus

posi tion; “FIGS. 2A through 2C are drawings (No.l

through 3) of reference samples- “WP";
iFIGS. 3A and 3B are drawings (No.4 and 5) of
10 reference samples “WP”; ' '
FIGS. 4A and 4B are drawings (No.6 and 7) of
reference samples “WP”; A_
FIGS. 5A and 5B are drawingé (No.8 and 9) of
reference samples “WP”; . .
15 FIG. 6 is a drawing (No.1) 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
20 evaluation method of astigmatism;
FIG. 9 is a drawing {No.4) illustrating an
evaluation methdd of astigmatism; A
FIG. 10 is a flowchart shdwing a process of
an astigmatism correction according to a second

25 embodiment of the present invention;




FI GS. 19A through 19E are drawi ngs (No. 1 through 5)
illustrating a manufacturing procedure of 25 a master
of an optical disk; -16- FIGS. 20A through 203 are
drawings (No. 1 and 2) illustrating a manufacturing

RV sRssbdo Of a stanper of an optical disk;

FI-GS. 21A through 213 are drawi ngs (No. 1 SPEﬂ‘g&%m-)m”
illustrating a manufacturing procedure of an optical
di sk medi um FtiG- 22 is a draw ng showi ng
-an exenplary configuration of a hard di sk; _

FIG 23 is a | ar.ged drawi ng_of the, area 10 shown in
FIG 22 Tl A5 2 Fa!gi&gtﬁ?%‘b’g?? P GpRgdinates
dr ayengs £ pMoredcd EAHAR 8)ypi;l ustrating a

manuf acturi ng procedure of .a master of a hard di sk

i ncludi ng DTNt E3sl RRW ahbG52B28Aet &f dwitiy 2 5@ carle and 2) -

drawi ngs (No. 1 15 througho? illustrating a
manghagingi hlye prrrediiarest of snagpertosenaberid di sk

gaster i ncl ug%%? t he. DTM and . F.’l\/!n . FI GS.
26A CHF5TER" are W ®ESHNG®1 through 3)

i Il ustrating gydBNURaCturbignPi 96eds 69 ywidlh A ey d1
di sk medi um by a nmagnetic transfer recordi ng nethod;

FI Gthzéugh 3) dslowirty idddimidaatyi edetbeoDTMghdls 28 is
a drawing illustrating the BPM
corresponding to the spot shapes:
. .FIGS. 14A and 14B are drawings (No. 1 and 2)
10 showing the.spot'shapes'of an eleétron beam .

corresponding to astigmatism corrections;

FIGS. 15A and 15B are drawings (No. 1 and 2y .

showing secondary electron signals afier the
astigmatism corrections; -

15 FIG. 16 is a drawipg‘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;

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

FIGS. 192 through 19E are'drawings (No. 1
through 5) illustrating a manufacturing procedufe of

25 a master of an optical disk;




and 25FI GS. 29A through 29D are drawings (No. 1 WO
2008/ 082000PCT/ JP2007/ 075417 -17- through 3)
illustrating a manufacturing procedure of the DTM and
WipzoBkooo ~ DESCRI PTION OF THE REFERENCE NuMzRSY6R075417
510i rradi ati on apparatus 1l0acasing 1llel ectron source
12el ectrostatic | ehs 12a,12b cylindrical |ens 1013axis
adj ustment coil 13a, 13b tone-dal coil : '

10

15

20

25

FIGS. 20A through 20B are drawings (No. 1
and -2) illustrating a.manufacﬁuring procedure of a
stamper of an optical disk;

FIGS. 21A through 21B are drawings (No. 1

‘and 2} illustrating a manufacturing procedure of an

‘optical disk medium;

"FIG. 22 is a drawing showing an exemplary
configuration of a hard disk;

1FIG. 23 is an enlarged drawing of the area
shown in FIG. 22; | - |

FIGS. 24A through 24H are drawings (No. 1
through 8) illustrating a manufacfuring procedure 6f
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 DTM and
BPM;

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

FIG. 27 is a drawing illustrating the DTM;‘

FIG. 28 is a drawing illuétrating the BPM;
and

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




l4convergi ng | ens 15bl anki ng el ectrode 16aperture

pl at e

1517astigmati sm correction coil
el ectrode 190bj ective | ens 20dynam ¢ focus correction

18scanni ng

| ens -21el ectron detector 2030rotary table unit

G b@dsyoeh abl e 32spi ndl e notor 32aaxl e SSSngﬁngmhbﬁ¢n

2550 vacuum chanber
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25

through 3)

-17-

illustrating a manufacturing procedure of

the DTM and the BEM.

DESCRIPTICN OF THE REFERENCE NUMERALS

10
10a

"1l

12

12a,12b

13

13a, iSb
14
15
16
17
18
i9
20

21

.30

31
32
32a
33
50

irradiation apparatus
casiﬁg

electron source
electréstatic ieﬁs
cylindrical lens
axis'adjustmenf coil
téroidal coil
converging lens
blanking-electroaé
aperture plate -
asti;matism correction ceoil

scanning electrode

objeétive lens

dynamic focus correction -lens
electron detector

rotary table unit

rotary table

spindle motor

axle

slide unit

vacuum chamber




-18- 51base plate 70main control device 71nonitor
72i nput devi ce 5100drawi ng apparatus 201lcenter
202regi on of concentric circle 203regi on between

3dp sogrbgagoconcentric circles 10210substr at ePé'B/j:p2007/075417
. substrate 402magneti c Iayer

-18-
51 ' basevplate
70 . main control device
71 monitﬁr
72 | input device
5 100 - drawing apparatus
201 center
202 region of concentric circle
203 region. between adjoihing

concentric circles

10 210 " substrate
401 sﬁbstrate
402 magnetic layer
403 resin layer
410 intermediate boay
15 501 substrate
502 resist layer
503 master
504 stamper
505 : resin
20 506  CFq ion
507 magnetic thin £ilm
508 7 master information carrier
509 ~ magnetic recordihg medium
WP: - reference sample

25



403resin layer 410i nternedi ate body 15501substrate
502resi st | ayer 503naster 504stanper 505resin 20506CF4
ion 507magnetic thin film508master information
carrier 509magnetic recordi ng nmedium WP: reference

S RbFos 2080 PCT/IP2007/075417
-19-

BEST MODE FOR CARRYING QUT THE INVENTION

‘<<First embodiment>>
In the followiﬁg, a first embodiment of the
present inventioh-is described with feference to FIGS.
5 1 through 9. FIG. 1 is a schematic drawing
illﬁstfating a drawing abparatUs 100. according to the
first embodiment of the preseﬁt invention. .The
drawing apparatus 100 is é drawing apparatus capable
of drawiﬁg a fine pattern on a drawing surface of a
10 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 10°* Pa in degree of vacuum.
As shéwn in FIG. 1, the diawing apparatus
15 100 includes a rotary table unit 30 on which a sample
is rounted, an irradiation apparatus 10 for .
irradiating an electron beam onto the sample, a
vacuum chamber 50 for housing the rotarf table unit

30, and a main control unit 70 for integrally

20 controlliﬁq those elements of the drawing apparatus
100.
The vacuum chamber 50 is a hollow member
hajing a rectangular shape with the bottom (-Z
direction) opened and tightly in contact with an

25 upper surface of a base plate 51. Further, an
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WD 2008/ 082000PCT/ JP2007/ 075417 -19- BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON <<Fi rst enbodi nent >>
In the followi ng, a first enbodi nent of the present

vy svadseddo | S described with reference to Fl £8ma0tn75417
through 9. FIG 1 is a schematic drawing illustrating

a drawi ng apparatus 100 according to the first
enbodi ment of the present ir&ntion. The draw ng
- apparatus 100 is a draw ng appar at us capabl e of
drawi ng.a fi ne att rn on dr awi n%gsur ace ,of a

samPE YT FPad 5?‘? gl%na%luéjaerroﬁu &RFoRt 0" ¥ The’ 3G “Wp“le

on Wi aiRelrNgodEaW AY: SUTfARS: 'p%rftQBHegfthé:offi‘Maﬁ:lon
resist material, for exanple, under a condition of

10- lhplaarlamudegoeeamfbaaamsnted through theAspa&itiova in
FIG 1, the drawi ng apparatus 15 100 includes a rot ar¥1
e

tabl e unit 30T1éﬁ1 T Y éi@éﬁpluél?:ﬁ%hﬁt@eﬁplﬁ?e‘i on t
i_rradi at| ap ratys, 10 for_irradi a tron
BeaM5tt 8- €8 gg % e d’l?rﬁu@ﬁ'aﬁg g%ﬁ ?% t5i ng
the fo‘%ta%yt'éﬂ?leeuﬂﬂttaﬁomﬂ%e% Ea'rBtSQPtf%lémji o7rp
for integrally 20 controlling those el enents of the
dr awihighappaeaplls 1§0mounted, an axIke3gaguansmivediter

50°is a hollow nenber having a rectangul ar shape with
t he msdoroRR( £2rdheetsenidl bpevPpoatdngi §he| jotary table

'ESPE ct aﬁﬂtgﬂlgg gﬁg xﬁgﬁﬁﬁce 02 prgggglgéélrotsklng

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

The irradiation apparatus 10 includes a
casing 10a with its longitudinal difection orientated

15 in z-axis direction and other elements arranged in an
order from the top to the bottom inside the casing;
an electron source 11, an electrostatic iens 12,Ian
axis adjustment coil 13, a converéing lens 14, a
blanking electrode 15, an aperture plate 16, an

20 astigmatisﬁ correction coil 17, a scanning electrode
18, an pbjectiﬁé lens 19, a dynamlc focus correctlon
lens 20, and an electron detector 21. 1In the
following, for descriptions purposes, the
electrostatic lens 12, the axis adjustment coil 13,

25 the converging leris 14, the astigmatism correction




-20- opening is formed in an upper surface of the
vacuum chanber 50 so that a | ower portion of the
irradi ati on apparatus 10 can be inserted through the
opening. The rotary table unit 30 is displaced on the

wdangosedat € 51 and in the vacuum chanmber 5@
rotary table unit 30 includes a rotary table g%ﬂgﬁmﬁun

whi ch-a sanple is nounted, an axle 32a, a spindle:
motor 32 for horizontally stdiporting the rotary table
- 31 and rotating the axle 32a at. a prescribed rotating

10 d iLde unit. 33 f ti 1 h¢
o PR a0 ng RS B9, A B hoAE A spcus
x-a@g&rgbwea' 9Bnato @ ﬂ@%&%@ﬁgg €called an . 1he

i rradiation apparatus 10 includes a Casing 10a with

i tsikeagibudbnakydtérction orientated 15 in z-axis
direction and other elenents arranged in an order from
the top to thEherasing ddiedést Aecrabhdyicalh cdsdag yath

Sourignél an electrostatic |ens %2, an gxis

dj & RELEB; PPeRed AN APSEGiERG ABHRYEY 80 #Hrd ng
el ectrade,15:.a p ) 1 2 [ '
Cor Faghray EhrICaPeLlang MohRalln, Batlpgst AR
obj o&t the FaBfuhIchamlmau.c FactheeQr EREt LORINEND20,
and an electron detector 21. In the follow ng, for
des@aispei ApepushaBesin tihe end peré&épnosnatf cdirenrtimm

t he axi s adjustnent coi 3, 25 .the_converging |le
14, "PheeaEPkGRAPPEREcH] Gl 67eing; 108 beconed smalles

10 in proportion to nearing the bottom end of the césing
10a. |
The electron socurce 11 is disposed in the
upper portion in the casing 10a. TheAelectron source
11 is a thermal—field—emission—type-electron source
15 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 adijoining each other
in a vertical direction below the. electron sburce it..

20 Different amounts of current are supplied to the

éylindrical lénées 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 1l2a and 12b so that

25 the electron beams converge.

£



coil 17, the objective lens 19, and the dynam c
focuscorrection lens 20 are collectively called an
irradi ati on system The casing 10a is a cylindrica

GG bddgosabobh 5 the bottom opened and insert egdeignhatdis
so as to-tightly fit the opening fornmed in the upper
surface of the vacuum chanber 50. Further, the casing
10a has a taper shape in the?24nd portion in -z
-direction where the dianeter of the casing 10a becones

smaller 10 i opd a%&ér%rintgo{.”%’%‘r }ng%g h&i%&éée‘)&“b%i%wotche
. s

the casing 1 e el ectron source

di sSRASeq bachhecUPPEs PONItIN the bResCaghngtdda: Jdi
el ectron source 11 is a thermal-fiel d-em ssion-type

el edty @nspouedetAsSrebetakarti ndhan cehwergbng bkems hiad/i ng
a dianeter of about 20 nmto about 50 nm downward (in
-z dlongeEieR) thahel eFeEen R3S PSERS THrPREh ukR] a
gair of cylin ricgj | enses 12a and 12b adj oi ning each
t h& S RSTaF P cAF @i t2cti on bel ow the el ectron

source 11.- 26, Diffar el AFRIRES 8L 1 CUS M £t B sed
supplied to the cylindrical |enses 12a and 12b, and

f or ceswalets ahpl ekdctoostbet ot derrsol 2beadsthe r co et egiing
fromthe el ectron source 11 when the el ectron beanms
passlants ddgh The eyisnadicaimendnsedli2d aRaluydps 3 pair

thatoEStotr%?.cig eggggg P?gnasmfolrb era %'oi_ning each other in

10 a vertical direction for correctiﬁg a'lateral offset
error of the electronrbeams passing between the
electrostatic lens 12 and the converging lens 14.

The blanking electrode 15 ié disposed below

the converging lens 14. The blankiﬁg electrode 15
15 . includes a pair of electrodes facing each other

disposed on +X and -X sides of the optical axié of

the converging lens 14 so as to deflect the electron ‘

beams passed through the converging iens 14 to +¥X or

-X difection in accordance with the voltage.applied‘
20 from the main control device 70.

The ééerture 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

25 14 and below the blanking electrode 15.



-22- The converging lens 14 is disposed
bel ow the electrostatic .lens 12 with the axis

adj ustment coil 13 disposed therebetween. The
converging | ens 14 converges the el ectron beans

WAS'SREkdepr ough the 5 electrostatic lens 12
The axﬁg-adjustnent coil 13 is disposed bet&g%93w¢%P&"7

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

axi s adjustnent coil 13 inct23es a pair of toroida
.coils 13a and 13b adjoi ning each other in 10 a

vertical direction for cqorrecting a,lateral offset

error of the Ble@¥o@mBea® FASEPREIORITREN thes 2
! e ehect] .
e eqlIA5ka 'Sokfnél%éosfésbﬁ é:fél%wc%g‘égagégg?kgnéﬁée e

bl anki ng el ectrode spose ef ow onver gl ng
| ensanl¥ cothechk afiké ngstel itioge okSthe bNettEes wefad r

of el ectrodes ,facing each other disposed on +X and - X
si dgmseledt hbropyh ctihe aapertofre nd tbrvepgrhygre epkatlel Iso
as to deflect_the electron_beans passed through the

Conver gi ng | efRe 1F37@1pE Gleckrafpeti bh FPRATSS bedow

V\é\ﬁef’:q:gtgh%ét’:ﬂﬂng‘gfsﬂpgéflzeéjcgi%rf "3t HG, MBie COOL P ng
electrode*lé includes a pair of electrodes facing
'each other disposed on +X and -X sides of the optiéél
axis of fhe.converging lens 14 and a pair of
10 electrodes facing each other dispdséd on +Y and -Y
sides of the optical. axis of the conversing lens 14
and deflects the electron beams passed through the.
daperture of the aperture.plate 16 in X and Y
directions in accordance with the vbltage applied
15 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 taﬁle 31.-
.20 The spot diameter.of an electron beam (beam.diameter)
converged onto a surface of a sample can be set in a
range, for examéle, between about 10 nm and about ZOQ
nm.
The dynamic focus correction lens 20

25 performs a fine adjustment of the beam spot diameter




The aperture plate 16 is a plate nmenber in which an
aperture is fornmed at the center thereof and is
di sposed so that the center of the aperture is

MAsiobdeRE on the optical axis of the convepgli8ods/oMs
25 14 and bel ow the bl anki ng el ectrode 15. = WO :

2008/ 082000PCTOP20071075417 - 23- The
astigmati smcorrection coil-287 is a toroidal coil
. di sposed bel ow the aperture plate 16 and corrects the

ti [ f.th | ect b d through t
ApePRuFhe LR R e copraca T coR BT s g OF
el e¢hEodgndBe iy AirePisddighawithe fsli gmatism
correction coil” 17. Thé scanning el ectrode 18 incl udes

a pair of el euier @lestiraei dgteacdr dhers diisposed -an #ie
and - X sides of the optical -axis of the converging

| engicanihy @f pdis witary dpbder dleand R HRFtEadedt her

I sposed on +Y and -Y .,ides of the optical .axis of the
o UECr R | RARTS fo d HGALEEES. PRES of CRATRAE BaRg ot
Pasgqdehbr pUOly § NEARET W8 nah - {81 8PEF MY & diltlat k0
in X and Y directions in accordance with the voltage

applfirest tid $ampld herafiarteaneiobtnons rdfiected off

The.objective lens 19 is disposed bel ow t he scanni.n%
el edreadehe gsampil womierigaasmistefdcel eofr nh prassddg ted

t hrQugh, t he ‘'scanni ng el ect.,rode 18 onfo,a surface %f a
sanpVe “REUTEBE G thS R4S faBr818L. Moo RS 5ot O
191 aMBLehnBiinf o £ KA AL PRARLREAN tharBiflgrLONver ged

onto a surface of a sanple can be set in a range, for

examelferrbet veens adroudl &t roim atidnabputo 210 mmin

' control device 70. 1In the following description, it
is assumed that the secondary electroh signal
generated by a sample is used. '

15 In the drawing apparatus 100 described above,
an electron beam irradiated from the electron éource
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

20 aperture piatellﬁ_(hereinafter referred to as a.,‘
crossover poinf).A Next, the electron beam passed .
through the croééover point is diffused and the beam'
diameter of the electron beam is formed by passing

through the aperture of the aperture plate 16. Next,

25 the astigmatism of the electron beam is corrected by

i
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The dynam c focus correction lens 20 25 perforns a
fine adjustnent of the beam spot dianeter -24- of the
el ectron beam converged onto the surface of the sanple
by.the objective lens 19. The el ectron

) ReddRieorl 1S disposed in the vicinity of iéﬁhﬁ&ﬁﬁan

table 31-and detects when 5 el ectron beans are
irradiated onto a sanplé nounted on the rotary table,
secondary el ectrons generat@®-fromthe sanple,

- reflected electrons reflected off fromthe sanple, or

trapspi t1ed, ol ectrons Lransmitied by Lhe samplg and
‘Suppl T es Fynal i response“Ps 10" tHE anvunt™ 6f

det@ﬁéé@r@ﬁeﬁéiﬁﬂﬁ% EB%%%&B@EtSﬁtéeieéﬁﬁ¥héé3d¥3aa%ample
el ectron signal) to the mai.n control device 70. In the

f ol bowthg detscry pfabde, 3ilt | Shassuiedthimtstdtas, the
secondary el ectron signal generated by a sanple is

usedol1au %eb%lra@mmgdaﬁaaiﬂaﬁu§cqwrb%s@rqq§é@d@bé@e15

n el ect ean1|rrad|at electron sQur ge
§1 FeiErRiled i R eRraeehs S SFrE SR cRRs A R

| enanAZYaaﬂréa&&mvecmlresyl @Hﬁbi—ﬂn?n@hé | JHnrAQRY efcges
‘in the vicinity of the aperture.of the 20 aperture

pl atBe 181 éberen nefdrefonr eher sedfhoe ast at oy GSopiey.
point). Next, the-electron beam passed through the
crossover p0|ﬁﬁ pagadiplutedtan ke mpgRations, a

voltage applied to the blanking elect;ode 15 is

10 controlilled 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.ONIOFF the
blanking of the electron beam onto the sample.

15 The main control devicé 70 is a control
computer including, for example, a CPU and a mémory
in which a program and parameters for contrelling the
above elements are stored. The main control. device
70 controls the irradiation apparatus 10 and.the

20 rotary tabie unit 30 based on an instruction inpuf to
the input device 72 and éauses a monitor 71 to
display the infdrmation-of the irradiation apparatus.
10 and rotary table unit 30 and an fmage formed based
on the secondary electron signal from the electron

25 detector 21.




di anmeter of the electron beamis formed by passing
through the aperture of the aperture plate 16. Next,
25 the astigmati smof the electron beamis corrected

0200 ox200h NE astigmatismcorrection coil 17,an 60%%4”
ectron bearkis converged onto a surface of

sanple on the rotary table - 31. Then, in this status,
the voltage to be applied teg-he scanning el ectrode 18
.is 5 controlled so as to deflect the electron beamin

X and Y directions, thereby enablrng t he scannrng %f
t he eIectron %ﬁ%ﬁnrﬂ?lﬂ%§r§éFFQEeeﬁ? 1M Yh RSO ©

In Rar e t S applled
Lo BetirEipboshea i e R H° 1B B AP BP0
to, Jphraxasprhe, cosfiqoted he elbeerter 98 Beadtimed X 1In
direction as shown in the dashed lines of FIG 1,

t herteliy aebtrragioffetdimadient mefhiodantar exnmnﬁﬁwtaJre

plate 16 to turn OV OFF the blankln% of the electron
Bearh®®l6 PReWBARDI @7 PR thePn PASREEBI CHRAYRE70 i s

a_contfal . ConpUL ef éé‘ci#dﬂh%g en%re%ﬁg%g £ FAnd 3

menory I1n WhLI Cﬁ a program and paraneters

contdrRlnl BE ¥hE. abﬂvreh@iﬁmtera&ef%&@eadtoﬁe dmai n
control device 70 controls the irradi ati on apparat us

10 anfetrkec20spopley twll eumcun3@dbasethencefary table
instruction input to the input device 72 and causes 3

monitlor 7hepe thPsPPEYS tte SR drFECHEhHIER FpRATAtus 1
fgf radi atj,on. appar aEHé &@r@a{‘cde Q3 LRRLEHAL tsaihand

n |nageJPOrned
“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 éeference sample
‘15' “WP” is described. 1In the example of FIG. 2A, plural
concentric circles 200 (four circles due to spece
limitation} shown in crcss-hatching and having the
same center 201 are formed on the surface of-the
reference sample “WP”. Each concentric circie has a
20 prescribed width “W” and adjoining concentric circles
are separated from each other by the distance “§”.
As described beiow, since an image based on the
secondary electron signel is obtained by scanning an
electron beam ontc the surface of the reference

25 sample WP, it is necessary to determine the values of



on the secondary electron signal fromthe el ectron 25
detector 21. WD 2008/ 082000PCT/ JP2007/ 075417 - 26-
Next, an aberration eval uation nethod of eval uating
the aberration in the irradi ati on apparatus 10

A Yobsiidsgsl as above is described. In this apefimdéed i
eval uation nethod, for exanple, .a 5 sanple on Ich an

eval uation pattern of plural concentric circles in the

center thereof is fornmed as-2Shown in FIG 2A ‘
. (hereinafter referred to as a reference sanple) "W"

is nounted on the rotary table 31 _Then, the focus of

-t hetPRr bR i g %F&Fuglfﬁaﬁﬁejlgs ?d}-"ﬁlsﬁc‘e@ G Te with
?ﬁ;gg%eggstég@farﬁ & %rfc%hgagRESFr p&AM, 2% rIEoi%Ql@SEM

: on e secondary electron signa tarned
by spanring, the iefRanctenaspbs v¥Pieisf nand Wikt “w”
The configuration of -the reference sanple 15 "WP" is
desenidbtlble distdrcexX®fplie dRrEe6 than pharsgot diameter

concentric circles 200 (four circles due to spage
Bi nPEEPBFLaHERT 6380285 SRER A SRE HENAhg X nend

Sa”%hseaiﬂa@@%e@g%fsorcgﬁ&iﬁga thg.suLbacsr g{ieﬂ%zécoa 20

ref er e_nce sa_np . acC concentric cCiIr
pr egekbR8do W gifes WheaRghordjdakkfib 88 x CONCERE 'd Xe el €s

are separated fromeach other by the distance "S".
beam. The values of the width “W” and the distance
wg may Qe-the-same and may be diffefent from eachf

10 other. In the eXample-df FIG. ZA; each value of.the
width “W” and the distance “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 céncave/convex

15 pattern can be formed on the surface of the substrate
210 by setting the regions of concentric'circlés 202
to be -concave sectipns and setting the regions
between adjoining concentric circles 203 to be convex
sections or by setting the regions of concentric

20 circles 202 to‘be_ﬁonvex sections and setting the
fegions betweeh'adjoining concentric cifcles 203 to
be concave sections. FIGS. 2A and 2B show where the 
regions adjoining concentric circles 203 and a region
inside the smallest concentric circle are set as

25 concave sections. ' On the contrary, the regions of .




As described below, since an inmage based on the
secondary el ectron signal is obtained by scanni ng an
el ectron beamonto the surface of the reference 25
SPoRhSesWge It 1S necessary to determ ne thepyplifSoiig
-27- the-width "W and the distance "S" in ‘accordance
with the spot dianmeter of the el ectron beam GCenerally
speaking, it is good when egfhr val ue of the width "W
.and the distance "S" 'is larger than the spot dianeter

5 of the el ectron pea and each of the wi dth
{he SAPSERRELS" SSEFLSX MDA Bt 586y BPar PTHER
doz -t - [ :er . af r o

e e R e L L e
may o8 hBg- BanBefings Bynax dickitepast from-each 10
other. In the exanple of FIG 2A, each value of the
width "W andlhéecafiavareonvsx PaTtERED safret kR &0 Ve
entire surface of the reference sanghe "WP'. Ln such a
Son&&HEreRCe] PEPRIpat TR (3L FORACAnEL R 28°5hs an
exa ' CQE ' rn n n
Che Bifpl2, STERUE-EON XechhABRVE| MEERT, B8 eI

r egiftna0f e&BRGEB! 6E Ca CieTdramc202anplbe wbfichseing a.
sections and setting the regi ons between adj oi ni ng
concemaent réicr chesl@0pa tieiie wheweekhe width of the

and
ﬁ%fthns

convex section is 70 nm, the width of the concave

.10 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 becéme
best when the spot diameter of the eléctron beam is
20 nm. The diameter of the center Eoncave section is

15 200 nm. The concave-convex pattern 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 ;s a simple-

20 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

25 the rotary table unit is adjusted so that the



sections or by setting the regions of concentric 20
circles 202 to be convex sections and setting the

regi ons between adj oi ni ng concentric circles 203 to be
concave sections. FIGS. 2A and 28 show where the .

Ag200Hes2086l] Oi Ni Ng concentric circles 203 angdefysha8idid:7
inside the small est concentric circle are set as 25

concave sections. ' On the-contrary, the regions of
WD 2008/ 082000PCT/ JP2007/ 07527 -28- concentric
.circles 202 may be set as concave sections and the

regl ”%g?%"‘ﬁ&é‘ma:‘?é OJﬂJ&a%%hr&c%ﬂ%i Eni LEhESy 203 Y
e C

LS
be s S convexX sectll ons. oncave-convex pattern

of the abBavenbriefelce smlre uMBercannbe-dOf 1@t ing
usi ng, for exanple, |ithography technology. FIG 43
showsonail tadoh uehe ex anpt eoprad ivef effehbe seawhiend WP

having a concentric circle pattern where the Wdth of
t he B&rFardgett | bh FPRPhm PhéPRi deh1OFiR%e concave

10 SREH9Bel 830 M And IR NEhAN! 1BL LD LO0 Hean 15

S
: ect_ _ ese va ues;are experi nmen Yy
obt aldied oSerihalat deon iR G VeiiicRe BEr £RE NBOKEMELITE

_ best when the spot dianeter of- the electron beamis
20 rpattBre dfahkeé ereddrdrive canpde CYACavedsecthemars-
‘déflecting condition. Further, it should be noted
that eacﬁ,circle in FIGS. 6 through 9 having the
10 width “W” as described with reference to FIG. 2 is
abbreviated to be a.éimple circle as shown in FIG. Z2C.
FIG. 6 shows a spot ™“BSy” of a perfect-
circle-shaped electron bheam without aétigmatism
(reference electron beam) and an imége “PICp” formed
15 based on the secondary electrop signal obtained when
the reference electron beam is scanned onto fhé-
reference Qample “WP”. When the reference electron
beam is scanned ontb the reference sample “WP”, a
"sharp image without blur over the. entire a
20 circumference of each circle “PIC,” (a reference
image) like an image “PICo” shown in FIG. 6 is
observed.
FIG.7 shqws an ellipticall§4shaped spot’
“BS,” of an electron beam with its major axis parallel

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




15 200 nm The concave-convex pattern is forned by
applying resist on a silicon wafer substrate, draw ng
the concentric circle pattern on the substrate using
avo ogeén drawi ng apparatus, and devel opi Bgriffernrsar
pattern. -The concentric circle pattern is a sinple 20
conbi nation of concentric circles therefore no
instruction to forma conple-pattern is necessary to

- be input to the el ectron beam apparatus and the

drawi ng.can.be done t h.siml.e. operations.. T
O R
rot ary  l4ahk eoHniippd Sa@fl Ut ednd0ahhahalbe pr@?- formed
electron beamis irradi ated onto the center 201 of the
concaited enchar steopddteralamcden aigoaldebtaittedidy

condi tion where the operation of the scanning -
el e@oeaadngsthe steppen hegm RETPoFRBUFAfSSeIce sample

Sesqgi

assuned that the electron. be

tions, .it.]s i's
ot T ((PRAPAPRTERE & THE TSt Sr 251 Ot RELORTeHIST -
pat tgdh ah bhectpbLSNGe ARl ueWBequBgesst Ignd0m in
defl ecting condition. Further, it should be noted

10

15

20

25

the x-axis_ direction, an image having blur mainly in
the cross-hatching region including the x-axis is
observed.as.shown in the drawing of “PIC,” in FIG. 7.
Fufthef, FIG. 8 shows an.elliptically—éhaped
spot “BS;” of an elecfron 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 biur
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.




that each circle in FIGS. 6 through 9 having the 10
width "W as described with reference to FIG 2 is
abbreviated to be a sinple circle as shown in FIG 2C
FIG 6 shows a spot "ESC of a perfectcircle-shaped

eam wi t hout astigmatism (referenc
g%gﬁ%égﬁgpan i mage "RICO'" forned 15 based oﬁcﬁhg&ﬁk%ﬁn

secondary el ectron signal obtained when the reference
el ectron beamis scanned onti-t he reference sanpl e
~"WP'. When the reference el ectron beamis scanned onto
the reference sanple "WP", a sharp image w thout, bl ur
over the enti¥aredy cigncdfpgrefteP YAt dhsmenippepl

f ' 1K hWoage. - PL Q0" ' G
gai§%8§£§$§35%95§§g09'55%5T;' %??sz%cannéﬁrgﬁhég]éﬂe

OWS

el | iliis¢ahk¥- shapsdh sRati siBS! ‘Folf eRBmsl €Lt E100 hAAMn
with its major axis parallel 25 to the x-axis due to,
f or theamphépnadhc uditne mhien x-hais- 38- shewxi sn WI®@CLA on
of the irradiation systemin the irradiation apparatus
50, sArdsafbenBybstenes of AStEETBLiER SR Bt y.

ol ool o0, 3LAnaE ol A et L 36200LPG I phect Ton beam

e
eference sanple éretnafter referred

t0 8% raaiaReBR0appBESIus WIEN 230 €heCLIQP ReAMY Sin the
i nfl uenced by astigmatismin the x-axis direction, an

i mgediawn hgchbhdinguaiie ystivailghe diosshhas céiawgn riggiRIG.
including the x-axis is observed as shown in the
dr afi F§oys thecpristermgesofy the astigmatism along the

10 straight line L direction.

Further, FIG.BAshows a beam spot “BS;3” of an
electron beam when the astigmatism is smaller thanu
that in a case of the beam spot “BSl”ishown in FIG. 7,
and a scanned image “PIC;” obtained'by scanning the

15 electron beam onto the reference sample “WP”. As is
obvious from the comparison of the images “PIClﬁ 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,

20 it is possible_torevaluate the magnitude of
éstigmatism‘in'éccordance with the size of.the region
where an image has blur'obtaihed by scanning the
reference sample “WP”.

As described above, wheﬁ there is a region

25 where an image has blur upon scanning the reference




10Further, FIG 8 shows an elliptically-shaped spot
"BS2" of an electron beamwith its major axis paralle
to a straight line L having an angle of 45 degrees

Wed Book/Bsct to the x-axis and the y-axis dB@n%%mnk%hn
exanpl e, -astigmatismin the x-axis and y-axis -

directions of the irradiation ,systemin the
irradiation apparatus 10, and2a scanned image "Pl C2"
.obtai ned by scanning the electron beamonto the

f anp) e, "W W d t bean |
i nf 1 HRORS B s EPErAl T ST T Phe s Ps GRESRFREER 20

havi o af, aRg! 8e0kofre 464 85F Wddrd183RGCERLO the

x-ax1's and the y-axis directions, an 1 mage having bl ur
mai rd 3t digmadtienc cogse baichi @i Y agi,0rfdrnekatphg, t he
straight line L having an angle of 45 degrees wth

r espemuiitdnche goxxpstier imetyughion foropsbiyRatham 25
shown in the draw of "PIC2". in FIG 8. ,231-

Rane 3256 Soinde GPepTaRt G idh Toni CBPCYIERABIY ne
ref 6HenGe RAPRAIre sodPis| fladf asnetk ahang chhRe§xirigoce
of astigmatism For exanple, the. blur in the region

i nclaishi dichddha PeeaxitBe asnBowht | thd-lddrréchishows t he
exi'stence of astigmatismin the x-axis direction of

t he instichicon aggsthen raferrngs ridiast i GACeppdratusin

st il G i R OB O B RS RBRE L AP 1o

Wh:ﬁ{mﬁm@d the cagki GH@_t L SR ONGhdfee abBrsLERLGNT

direction. -
appearing like the reference image. In this process,

as the astigmatism correction proceeds, the part of
an image having blur cobtained by scanhing the
reference sample “WP” becomes smallér. Therefore, in

15 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.

20 Afte; astigmatism of the irradiation
épparatusllo is evaluated and the astigmatism
correction operétion for the irradiation apparatus 1d
is completed as described above, the reference sample
“WP” is removed by, for example, a conveying device

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




Further, FIG 9 shows a beam spot "13S3" of an el ectron
beam when the astigmatismis smaller than that in a
case of the beam spot "SSC shown in FIG 7, and a
scanned i mage "PI C3" obtai ned by scanning the 15

KEnbd@teeam onto the reference sanpl e cwﬁ%odw%-fs 17
obvi ous fromthe conparison of the images "PIC]." an

"PIC3" shown in FIGS. 7 and 9, respectively, as
astigmatismis reduced, the-3oss-hatching region

- Wwhere an image has blur becomes narrower. Therefore,
20 it SSIP%G to evalua e.the u

de
aot itGRAE 3 R B S R e P

Where ;20 gaaeeiﬂescm We. %ﬂeae@nbyhécen%m dihout
reference sanple ™ descri bed

aboveingheffebeed }b§ taher &g;lt(ilgmaﬁlmeb? amvimezlhaag

bl ur upon scanning the reference -32- sanple "W"
t he lé§ﬁﬂgﬁﬁi-P§nﬁBPa¥W@l$ r¥Qcngd i Ere ssafaam cteabltsfe unit 30.

orrected by roll.in e astl sm correctiQn
ol 1 by of A 1t oBErRe a%fRreE A e
| nswshaa@n@sf aghé ggeége%m inqgmsal og g;m.mn nput
device /2. Specifically, while conparison is made

bet weaprassagnpedr | cageemirtial rédcabsel st hermepuin afhe
the correction instruction and the reference i mage

" Pl c@rfgrewafi khe| ierendse sagPlgniliPSm chrerriosn it

ratli on |, . . .
Opelztp%551gle.to detect the direction and the magnitude

10 of the astiématiém of the irradiation system in the
irradiation apparatus 10.

Further, since the astigmatism detected ae
described abeve can be corrected by centrolling the
estigmatism correction coil 17, it is possible to

15 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

20 detected by compa;ing the reference image and the
scanned image,'ﬁhe astigmatism correction is
performed by inputting the correction instruction in 
the input device 72. Hewever, the embodiment is not
limited to this arrangement. The astigmatism

25 correction may be performed by, for example, storing




10 perforned so that the scanned inmage approaches
appearing like the reference image. In this process,
as the astigmati smcorrection proceeds, the part of an
WEREes/d330¢h Ny bl ur obtai ned by scanning the p&ffh&P5R417
sanpl e "WP" becones snaller. Therefore, in'15 a -
typi cal operation, while the astigmati smcorrection
proceeds, the magnification-3% appropriately increased
.S0o as to nonitor a smaller regi-on of an inmage, thereby
enahling the obseryvation of a_magnified rred
Fegnarotan el SE LR Tt eGe A or, FllaPas B
apploak¥s11l8ebsceVah U &k AR nghe. AatEAMBEL SR the
correction operation for the irradiati on apparatus 10
i s cefprehed amadesand bt ahanaedt heagef ederwet sanpihe
"WP" is renoved bg, for exanple, a conveying device 25
( notdigkekAPranfda %ﬁm@q@%eﬁt ERCoASERERBIHE Y WO
008/ Q82000P 2007/ 075417 - 33- ble_31. Then. a
onf%%PPF l&%i%?é %%?t%ﬁ%1%ﬁl%&%§p%$8|aﬁg ?%?%ﬁ%%n be
forned Qetibg 80P &7 hidQilorb@nagqatbeci o Aysdme,
astigmatismby driving the irradi ati on apparatus 10
and <<secoatiapypbbdbhentott 30. 5As descri bed above,

according to the first enbodi nent of the present |
i nvention, a %%§¥erqrsecond embodiment ©f the present . :

invention is described with reference to FIGS. 10

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 embodimeﬁt,
and the descriptioné of the elements are omitted or
abbreviated.
15 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. In tﬁe
20 following,.a method of correcting the astigmatism of
the irradiation‘system in the irradiation apparatus : g
10 based oﬁ the'deseriptioﬁs in FIG. 10 is described;_ |
The assumption is that the reference sample “WP” °
shown in FIG. 11 -is mounted on the rotary table 31 of

25 the drawing apparatus 100, an x,y coordinate system



conprising four concentric circles is fornmed on the
surface of the reference sanple "WP". Therefore, it is
possible to detect the direction and the magnitude 10
of the astigmatismof the irradiation systemin the

[ I ation apparatus 10. Further, since the
g@iﬁgﬁﬁ%@§n1detected as described above can®EIF2007075417

corrected by controlling the astigmati sm correction

coil 17, ‘it is possible to Bg-draw a pattern
~unaffected by the astigmati smon -a sanple.

In the above description of the first enbodi ment of

t hewpreskrs drhaint iadn thef centehec i rhetiafiernget sample

magni t ude of ast,i tismare 20 detecte conpari ng
T holirb e e o B SE R AP re Do d

ast | I r ' kS, for ' td h
cor MRPHES YO AR 1D PRE Rrpurochu i P gre

Howgy¥eined Nearedranel refHicienBot ok i gedefht o Rifs
arrangenent. The astigmatism 25 correction may be

per becordaby, e¥art mommnpliéh sesppay to 3ghe jq¥fentyen bgam
of the-reference image.in the, main fo trol device 70,

e

per £8r A8y &t nERth eROFR&CPET BF et THEFE STd t he
sca 'naﬁgw detecting the direction and the
nag%??%é% of the astigmatism5 automatically, and
control l'i ng themnshiegf@ihsosoféEcddwiteL diol cbhfhamedthe
on the detection result. <<Second enbodi nent >> Next, a
seconguenbbdimemsifgmatd spr cgonection instruction to

10 the input dévice'72, the main confrol device 70
starts the astigmatisﬁ-correcﬁion processes. In the
first step 201, the focus of the irradiation ‘
apparatus 10 with respect to the reference sample
“WP” is adjusted. As an example, FiG. 12A.shows a2

15 .beam spot of the electron beam having astigmatism in
the x-axis and the Y-axis directicns, and FIG..lzB
shows -a beam spot of the electron beam having
astigmatism in the x’-axis and the y’~axis directions.
Generallf, when the ratio of the astigmatism in the-

20 x-axis and.the_Y—axis directions is similar to the
ratio of the aéfigmatism 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

25 increased, the spot shape of the electron beam




invention is described with reference to FIGS. 10 10

through 15. It should be noted that the sane reference

nuneral s are used for the same or equivalent elenments
pn the first enbodiment, and the d LRl on

2?0%0%8 el errents are omtted or abbrew at ed. F@@Eﬁ@%%ﬁﬁ

is a flowmhart showi ng a series of processes carried

out by the main control devt¥3e 70 in the irradiation-

. apparatus 10 when an astigmati sm-correcti on net hod

acc rdln to th secon odi rent of the, present
v BREPBas & T TSR AREL [4hoPa. vS6ht OFp CRA 1A hethon

ng t td s fot
R P‘?%%f%% P, S L0y TSl P s
desaliirptt 068 | Nakd Gs khd Hedeser bbedve Thecws Lkt i on
is that the reference sanple "WP" shown in FIG 11 Th
nourdnedesnedhethotspot tsiisine 3f che28ledlren a*wemrg

ratus 100, an. X,y coordi nate syste
00BFE838B0PEI? HERID FEEPS. JEER W TR T ‘Fi‘%"’br‘?”g‘ieﬁ’t&f’n
the g?gﬁél"{othfof eéﬁx@(} i ggpkean or Ak ALY X i)

‘coordl nat e sysi em r ot at egrees Wi t respect tO

t he dirgceoondi nate Syl aotlelli bRet aigl dHihge of
efficiency of generation of 5 secondary electrons wth
resppéet spott hears et mut Peaited hpghhetmdmngr glessirdbed
portions of _the reference sanple "WP". Wien the main
conPPBWedevF%E %%P i A% degree of underfocus is

10 increased, the spot shape of the electron beam may

become an elliptical.ﬁhape 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 eleciron beam may becoﬁe an elliptical
15 shape with its major directionﬁparallel to the y-axis
or the y"-axis direction. BHRerein, déscriﬁtioné are
made assuming that the épot shape changes in the
former manner. |
When the irradiation system is underfocused
20 and the referepce_sample “WP” 1is scanned along the x-
axis and the y-axis or the x’-axis and the y’-akis
shown in FIG. 1i, secondary electron signals Slx, Siy,
S1x’, and Sly’ havingrthe intensity'distribution as
shown in FIG. 13A detected by the secoﬁdary electron

25 detector 21 are observed. The secondary electron




I nput of the astigmatismcorrection instruction to 10
the input device 72, the main control device 70 starts
the astigmati smcorrection processes. In the first
step 201, the focus of the irradiation apparatus 10

b ct to the reference sanple "WP" | ]
X g‘#’%ﬁ@ﬁpl e, FIG 12A shows a 15 beam spo?cg\wz@}'é%gn

el ectron beam having astigmatismin the x-axis and the
Y-axis directions, and Fl G-3728 shows. a beam spot of
. the el ectron beam having astigmatismin the x'-axis
and the y'-axis directions. CGenerally, when the ratio
of ehanals|fhet iahd ST h@X20tREaRPSORIRKY IRLOALEANs
directions i.s. simlar to.the ratio of the .astJ d_sm
' EREMSLS SR (e cndd rEEhiRade SR kst
of thangbeCiIsy Reambecqresna sHbsiandiad,y perfect
circle at the foots position. Further, as the degree
of wedpetbiwusly b tihecseasedaryhel spotors haignadfs Sy,
el ectron beam WO 2008/ 082000PCT/ JP2007/ 075417 - 36-
BecondsShn’ 1% piha Aecsmages YweLRCEEQR nii B2 1 radtEiissd

when the reference sample “WP” is scanned along the
y-axis and the y'-axis, respectively. As shown in
FIG6. 13A, when the irradiation system is underfocused
and the séot shape is elliptical with its major

10 direction pérallél to the y-axis or thé vy’ —axis as
shown in FIG. 12A or-i2B,respectively, the peak value
of the secondary electron signals Slx and Slx’ becdme
greater. ‘

On the other hand, when tﬁe irradiation

15 system is overfocused and the reference sample “WP”
is scanned, secondary electron signals S2x, SZ&, 52x’,
and S2y’ having the inténsity distribution as shown .
in FIG. 13b are observed. The secondary electron
signals S2x, and S2x’ are the secondary elecfron

20 signals obfaiﬁed when the reference sample “WP” is
scanned along the x-dxis and the x’-axis,
respectively and the secondary electron signals SZy,‘
and S2y’ are the-secondéry electroh.éignals obtained
when the reference sample “WP” is scanned along the

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




paral l el to, for exanple, the y-axis or the y'-axis
direction , and as the degree of overfocus is
i ncreased, the spot shape of the electron beam5

bpeotBeszadd €l | i ptical shape with its major ditsehéRFs417
parallel .to, for exanple, the x-axis or the x' -axIs

‘direction.It should be noted that the change of the
spot shape is not limted te38he manner descri-bed
.above. For exanple, as the degree of underfocus is 10

i ncreased, _the spot. shape of the el ectron beam

boc i -art 381 FBEPCENS SHETRAAATHPA (Y SaTor S PP SEL T otPed
par aaLAaegr}eosgafé YRAXL S Qe NG Xt 'F’L@ﬁtx‘ngf‘or and
as the degree of overfocus 1S iIncreased, the spot

shaps fctlibe pheallen beathdBy-Ecome aReck! Fpkicads
15- shape with its major direction, parallel to the

y- axdlowy inh&I¢. - drhsodi ¥aRtiaapedidveily, Hheschepkithigie
are nade assum ng that the spot shape _changeg, in the

for it TRenFECOPHREN B heCTTThdt 0T gﬁ’t@  S2y!" Betone
unde géggﬁagd 20 and the reference sanple "WP" is
scanhed along the x- axis and the y-axis or the

X' -axis and thReyeféwd,S tHOWbjektive 1dds BBCONdary
electron signals Six, Sly, SIx', and Sly' having the
i nt eswittnoldiest spbthabntae pFwvalmeR Gf 1BA decerdany

by the secondary el ectron )
" electron signals obtained by scanning the reference

10 sample “WP”ralong the x-axis and the y-axis or the
X’ -axis and the y'—a#is becéme substantially egual to
each other likg the éecondaryAeléctron-signals‘S3x.
and 83y or S3x’ and S3y’, respeétively, as shown in
FIG. 13C. 1In this case, the spot shape becomes a

15 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 &

20 directioné is corrected by driving the astigmatism
correction coil 17. As a result, the x and y
directions of tﬁe spot become narrdwer and the spot
shape becomes a substantially perfeét circle.

In step 205, the reference sample “WP” is

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

s
i
i
i
;
%’



25 detector 21 are observed. The secondary el ectron

WD 20081082000PCT/ JP2007/ 075417 -37- signals Six, and
Si x' are the secondary el ectron signals obtai ned when
t he reference sample "WP" is scanned al ong the x-axis

hobdMaaoho - @X1'S, respectively and the secon
Qﬂgctron S|gnals Sly, 5 and Sly' are the Seg@ﬁﬁgwnmﬁmn

el ectron signals obtained when the reference sanple
"WP" is scanned along the y-¥%is and the y'-axis,
. respectively. As shown in FIG .13A, when the

i rradiation steM i s underfoc and the spot .shap
s BhP| BEPERTATY (PL9S oM rRa0 S ABCE RO PATRTOE Lhe

theﬂ‘nt@}iﬁtf’vef }}111 dtHrS 23S fx@%“%hnﬁfé&‘ 15]A2§n9f 158,

128, respect e peak value o e secondary

el ele%@BcﬁkﬁéBj(Sasgléh JxGrple akecepeegiedier. On the
ot her hand, when the-irradiation 15 systemis

overfocused & sttiep 2€fer dhcés sdapeemingd whetbeanhbd,

secondar | ectr n si gnal s 52x, 2 S2x', fand S2yr
FovPRok: Halhes ot P SebReaey, ghe §Er%oﬁsn 58k sag

ar e sqpsgpyeved e, }g@gﬁ%@ ) 28keaphon. £LANAl, 2 tnang

S2x' e secon ctron S|gna talne

wheprieBeriBé@ T efess Il v 1udP k'S saaﬁ@,edtraé ang-dshe1d
X-axi s and the x'-axis, respectively and the secondary
el evedor Sk{nd$ sseyse awd te2pe aléghhdy skotamiahan the
el ectron si nals obt ai ned mhen the reference sanple

" peg§ geé ﬁeﬂ Eﬁﬁﬁwquﬂ? ary electron signal observed

10 when the aberration in % and ¥ directions is
minimally corrected...Namely, when the peak values of
the secondary electron signal S4x and S4y are lower
than the threshold wvalue “k”, it is determined that
the correction of the aberration in.x and y

15 directions is insufficient. Then the process goes
back to step 203 to repeat the pfocesses in steﬁs 203
through 207 until the peak value of the secondary
electron signal becemes equal to or more than the
threshold value “k”. On the other hand, wheﬁ the

20 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 wvalue “kf,
it is determined that the astigmatiém correction in x
and y directions -is completed and the process goes to

25 the next step 209.




25 y-axis and the y'-axis, respectively. As shown in
-38- FIG 13B, when the irradiation systemis
overfocused and the spot shape is elliptical with its

R¥ os/ddbdogCt i on parallel to the x-axis or t /ji)'zéo‘%J}%
as shown-in FIG 12A or 12B,respectively, the peak. ST

value 5 of the secondary el ectron signals S2y and S2y'
become greater. Therefore, 4% objective lens 19 is
.controlled so that the peak val.ues of the secondary :
el ectron signal s obtai ned scanning the reference 10
sanpl e "WP"  atbrig gOQ!a}ZFé PATHSE b & oPn?hg :
X" - gxi hes Yoo et ASCONR $HBSE aPLAAld Y0P QHak oho
eac%lgtgﬁg?g?lg k]gs't c’eﬂ.sgeccscc‘)a%giary el ectron si gnacl‘ ; q%%xeand
53y wBk r83¥he a8k SRyatisrespest anal v, ddsestioms iaxeFl G

+ 13C. In this case, the spot shape becones a 15 circle
of lkeasectedfasi desdribasyaboyghsthat pbgFyation in x°

erfect-circle shape.. n step, 203,. the
R berPa: Fon L FSRCIE 3 iSPECECERS PY SETTMAT G Aft er

the f ! dj ed ; 256r hbed aboye,ibh& . the x’
~aberarsg§#§ﬁ£|§ﬁﬁxé§% ylg%1 %i%rig'cltli.éns |Qs crb?rect'e(} k?yx
dri wn@g yt haiastt gomd | SN spoti BBcere| ndrrovisr and the

result, the x and y

spot shape becomes a substaptially perfect circle.
:In step 211, the reference sample “WP” is

10 scanned aloﬁg the x’-axis and the‘y'—axis. AS'a-
result, the Secondary.electron signals S4x’ and 5S4y’
having the intensity distribution as shown in .
FIGS.15A and 15B, respectively as an éxample are
observed. .

15’ In step 213, it is determined whether the
peak Qalues of the secondary electron signals ééx'
and S4y’ observed in stép 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

-20 than peaklvalue of the secondary electron signal
observed when the aberration in x‘ and y’' directions
is minimally cofrected. Namely, when the peal valueé
of the secondary electron signal S4x’ and S4y’ are

lower than the threshold value “k”, it is determined

25 that the correction of the aberration in %’ and y’




directions of the spot becone narrower and the spot
shape becones a substantially perfect circle. In step
205, the reference sanple "WP" is 25 scanned al ong the
x-axis and the y-axis. As a result, WO

OPCTI JP20071075417 -39- the secon
%ﬁggﬁggﬁﬁglgnals S4x and S4y having the |ntgﬁé¥?$MWB¢”
di stribution as shown in FIGS. 15A and 15B,
respectively as an exanple a1 observed. In step 207,

it is determ ned mhether the 5 peak val ues of the

secondary el ectron nal s S4x and S4y observed in
stepilzesta%s eh%ajrn-i't fd'fc"‘@@rte t BRARat PR REPFHER 90€S
t hr eshol threshol v I " K"
set% % g t% %% 2$+<? gWI ?hfehg ?ﬁeg e’gk veﬁsuéng?

the eeagdasys ehgctf %élp&w vahaer Medtﬂg pheshddwy

aberration in x and y directions is mninmally
cor edetedon Nabhghyl bdremdshequeadk tvabuemoné thmn the

secondary el ectron signal S4x and S4y are | ower than
Bhe threebpdd avatiree 'k, Qnt the e&banhﬂ@farthn tHe

correc of the ab rratlon in 5 d| ectl S
Cor mRelt PP Phnt SSa RT3ty s3ifaY B2 SHIE R
203 oy Eﬁeeagakh\eap.s@q%m Is@c%hae§y2@§e&bmyg&g?&7l
untﬁ t he peak val ue of the secondary el ectron signa
becp@eameqguabuad 6o oPractdathéhetiidir elsimdtcb hdhlwed ek ™ k",
On the other hand, when the 20 peak of the secondary
el edttr a8 gpgﬁgmlgggoh%%tSgﬁg¢§st1gmatlsm correction in

10 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 smaller
than the circles of least confusion shown.in FIGS.
12A and 12B. -

15 Even when the determination is affirmative
in step 213 (when the peak value is equal to of
greater than the th;eshdld value “k”), the size of_
the circle of least confusion can be gradually

reduced by repeating the processes of steps 201

20 through 213 more than'once, thereby enabling more

accurate astigﬁétism'correction in x and y as well as
x! and y' directions.

As described above, according to the second
embodiment of the present invention, a pattérn

25 comprising four concentric circles is formed on the




and the peak value of the secondary el ectron signa
becones equal to or nore than the threshold value "k",
it is determned that the astigmatismcorrection in X

aR@ 200s@z260@Ct i ons i s conpl eted and the procesgy
25 the next step 209. WD 2008/ 082000PCTOPo 8 s T LAY

- 40- “In step 209, the aberration in x' and
y' directions is_corrected.-42r the irradi ati on system
~where the astigmatismin x and y directions are

corrected as_descr d above, e ratjon ‘9
and SETAFPRE| TRS TO AR aIely APFUT ngMEREs 0%, 1t

ast '&ﬁggsémgf{@q ﬂ%ﬁ@qﬂﬂe szcuéspesmaﬁtoftn?e X'

Irections o e spot becore narrower and the

Spotlr&laa@atbeﬁoap§tean sitbdnantiirakly apeohesppatdole.10 by
step 211, the reference sanple "W" is 10 scanned
al ompmPREiny- bike ssegrhdany wlegkiron Ajgpateseptainease by

econdary el ectron_signals _$4 ” havi ng t he
B GIEPny oG] ERF| PRES TR STyt APE SLorda Andk Fag s
r esni%fat 't)as' -8g1 80 ﬁee @r-%qugsshﬁeghelfl DyStep and

213, tern1n ther the peak values of t

secajwevoytrebecth@naﬁwt&s%)in ahed SéyadoObsbswedydtem
step 211 are equal to or nore than a prescribed
t hr gghdhe dargdiakion mmarattw@ tLr byhebdeyuineg the is

set so s to b htI ower .20 t han peak, val ue of
the eveinaiin, S8 it RRe DR SdBCErOBISIRBALY e

i1gberration 'nFt)fr[‘tr?é}.d A r%'f@%heengafﬁemlnecsmgéjysmg four

corrected. Na when 't he peal Vval ues of

SeCQ&ﬁ&kﬁt&heriﬁﬁl§$gmﬁlféihkd @ﬁdtﬁéyreﬂéEeﬁﬁWW§aMﬂQ&n
the threshold value "k", it is determ ned 25 that the
cor r'éd®"i-on Toereherabekhratsannnimoxdigggtyons are not

limited to the x-axis and the y-axis,.and the x'-axis

and y'-axis directions and scanning-in any other

. 15 directions enablgs performing the astigmatism
correction of the irradiation system in the saﬁe
manner. Still further,‘some mountains in the
distribution of the secondary electron signal
obtaiﬁed by scanning the reference sample'“WP” allows

20 obtaining ﬁultiple signals and hopefully accumulate
éignals'to impfbve the signal to noise (S/N) ratio.

It shoﬁld be noted that, in the second

embpdiment of the‘prESeﬁt inventioh; the reference
sample “WP” is scanned along the x-axis and the y-

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



WD 2008/ 082000PCT/ JP2007/ 075417 -41- directions is

insufficient. Then the process goes back to step 209

to repeat the process of steps 209 through 213 until

t he peak val ue of the secondary el ectron signa
HAiB&2pplual to or nore than the 5 thresho

?ﬁf. Cnm?ﬂe ot her hand, when the peak of thgégéﬁgﬁlgfg

el ectron signal becones sharp and the peak val ue of

the secondary el ectron sign#l3-becones equal teo or nore

. than the threshold value "k", it is determ ned that
h . ti ot . ; d v ditecti
§ oC EBREVERY ERL SOULREd Ul cRel8nd B0nd; SLSE W

st akus, d2ge6H0MMs | dbdeCantBcahiengPoh ShpP®i B on
substantially perfect circle smaller than the circles

of lodaetr tbahushese shicwetionEl 88y BaApenfod®Bi. 15Even
when the determination is affirmative in step 213
(WhERTERET pedkaRiid oy SGuRPTEBTBRd iR Xt hald fide

shreshold val wernk')n G sihae R Lhegllche of Jeast |
confusion’ can be gradually reduced by-repeaﬁlng:¥%e
progespesndf sh@pstd®lxample, scanning may be performed

in the direction where the spat shape when the
irradiation system is underfocused is most different
from thehqut shape when the irradiation system is

10 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 corrected, the threshold value.“k” is

15 used as a reference to determipg whether the
correction is appropriate. However, this embodiment
is not limited to this arrangement.. For.example, the
contrast of the secéndary electron signal may be used
as a criterion. . Specifically, as.shown in FiG. 16,

20  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

25 or greater than a prescribed value.




20 through 213 nore than once, thereby enabling nore
accurate astignatismcorrection in x and y as well as
x'" and y' directions. As descri bed above,

T hEisto t 0 the second enbodi ment of the p
invention, a pattern 25 conprising four con%gﬁﬁgﬁgmﬁﬂj

circles is forned on the WO :

2008/ 082000PCT/ 1112007/ 0754448~ 42- surface of -t he
.reference sanple "WP". Therefore, it is possible to

adj ust the focus position of the irradiation _sys en1%ge

the irradi at i BFhiFa% Re9PO THG2EOND T M THRE ST 110
sec .ect 140 i ' ;
%@%@L@;ﬁa@hgﬁ &&%&a@o?&%@Isoe@heysé%%ﬁﬁg&mﬁ

ref erence sanpl e g the x-axis,

Y- ad£S thand1bberdn -Hedms @ tharliowgr- axiScoadithgy, it is
correct the astigmati-smin the irradiation systemin

t he reoesdiaali bn appzeattie B3 2Agy odbser evabuakon pattern
wavef orns of the secondary el ectron_si

| s.
BOFG e, Z&FPEFRFErRaRiA (B COnbPrst RGBS Samele
CONGRL| G4l [RLeS,T $nLOLURELPNoFNen s Sl SR aNEE: A0 iern,

WP Herefore, e scanni ng directions are not
i mid da@ rbher Xt i sl th idie of &%esSimage bdeomes axi s

and y'-axis directions and scanning in any other
Therefore, it is desirable to shift the observatiocn
region tﬁ_the vicinity of the center as the image

10 magnificatidn is increased. .So fér, descriptioné are
made using the refereﬁce sample “WP” having a pattern
of concentric circles each have the same width “W”‘
and the same distance “S$” as shown in.FIGVZA.

However, in this case, it is preferéble tﬁat.the_

15 wiath “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 expreésions

20 are given.. Wl<W2<W3<W4, S51<S2<53<S4. When “cl”

I and “c2” are gi#en cdnstant values, the following
expressions are-given. W2=clXWl, S2=cl1Xsl, W3=c2Xﬁ2,
83=c2XS2 Here, ‘it is aiso appropriéte even when '
ci=02. As described above, an evaluation pattern may

25 be finely formed in the vicinity of the center of the



15 directions enables perform ng the astigmatism
correction of the irradiation systemin the sane
manner. Still further, sone nountains in the
di stribution of the secondary el ectron signal obtained
Q%oﬁﬁ #f2dopg the reference sanple " "W" allops, 20 0o -

taining nultiple signals and hopefully accunul"ate
signals to inprove the signal to noise (S/N) ratio.

It should be noted that, in43re second enbodi ment of -
. the present invention, the reference sanple "WP" is

572008421000, L0, & Ao B0 (h0® a1 82, 80 S A0 N

axli s an -axl's rec

scapRi BerAbfecbiLs1Ar € BOt hliksMht-ednbomd e, iy Clil
above and scanning in any direction 0ther t han those

di r formedsemajudei grerdfairtera. chur bheased calsn ng may be
performed in x-axis and the 5 y-axis, and the x'-axis
and SERENGAT ¥xP ke @l FAL15iGAS L Assregubped emde fafserved

xanpl scanni n r.for the dir.ection
Ehera PR aT oL Anid AR r FhaFSY oAk iin | <
undektacHeedakei 1Ml fdogireRt i6HOM the spot shape
when the irradiation systemis 10 overfocused.

Further, in th skeddntdeenboddmemit ofid heaadi eFerhe
|nvent|on when aberration in the x-axis and the
y- afPBodARENt hedgs crbled éﬁ&vﬁhed?scékPngnﬁeﬂﬂq(mﬂﬁeare

ted, the t hol d "k"
Cof WREkETa, E0RE NSRS GBdBn, Rark8rd it %Hmree on

18PPLERS kaEBrehlONEYSIp1d Rigp~enbad,ap0t, | $ AicdAdtl
to this arrangement. For exanple, the contrast o

secendapylehbcpatnErn.@mabhﬁan bhe EBEZ€d 3S maynaﬂsawn@n.
Speci fical | g as shown in FIG 16, 20 for exanple, the
maxEREREAPSERYE vl i safd OP¥ ARAI FEnsRatR el g takd on)

secql darx el ectr.on s%%_al are |v§ as A" "g'
R R e v A L
abekhabi 88 £R& 'ERLHUY 'r% Rehf 8&@?9:&‘*@&% J&ﬁn\ga'dﬁe 8k
(A-B)/ (A+B) is equal to 5 or greater than
1pr esctibmdt ¥sth udirection even though it is the same
astigmatiém (for example, when the astigmatism
direction approaches the minor axis, the.size of
blurred area is enlarged). 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



WD 2008/ 082000PCT/ JP2007/ 075417 -44- \Wen i nage
magni fication is increased in the astigmatism
correction process, the scanning region of the

A sohi@opeam i s narrower. Accordingly, it pepupon707s5417
necessary to reduce the size of an evaluation pattern

5 on the reference sanple WP. In the reference sanple
"WP", the nearer the center-44- the concentric-pattern,
.the narrower the blur area of the inmage becones.

Ther ef ore, ié S desirag%e‘to shift the observation

r egi%GTht §SBHE 2T RPHYESP dFR T G FOBRCES YRSt ity 81
magng.fi i LS. far CLiPt
ool e DELEERP L SR A dRRipbBIONE BIY
of aoRCeRikl)CmakrBéesommah havue.t B8 sasRs Wslidentiiand
the same distance "S* as shown in FIG 2A. However, in
t hi segader prtagops ef kgmh|fwurhelygenssont vt due Wo and
the distance "D’ of the pattern becone greater in the

SameRaseEi G1BLtRLLRAR) sedHISh &d CSRCRALGIFr DRFEHRT RSP
201 She i G. 4 f0 i I : th
sclt%w'@s! ngg, l%hélééz%ik’fc I G Biﬁgpga Qééglsrp e

space limtation fromt cent to the
out efif flhe Bebkauing EXPIRS JreRSide anglgi Vétween the
WL<W<WB<W, 51<32<53<54. Wen "cl" and "c2" are given
constsdritgmedligas dirdetion |aow fdpeedirestionsofiriehyyisdate
WR=c1XWL, S2=c1XS1l, WB=c2XW2, S3=c2XS2 Here, it |s

al sEESpItEERaht &t ebBnthinctrne 25 19Ret a8t | BRYT ,

1@0%11; UneORuBBLECLE SPYeLS PRl AT Yef 26 "BE LI £o
evaluate the magnitude of the astigmatism. However,
when the number of side is large, this effect can be
practically ignorgd, and the pattern ban be used like
a concenﬁric circle pattern. Stillkfurther, not a

15 concentric figure but a spiral figure as shown in
FIGS. 5A and 5B may be formed. | l

In each embodiment as described above, four.
concentric figures are formed on the reference sample
“WP”. However, the number of the-concentric-figures

20 is not limited_tolfour. |

<<Third embodiment>>
Next, a third embodiment of the present
invention is described with reference to FIGS. 17A

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

25 reference numerals are used for the same or



-45- reference sanple "WP" and the eval uation pattern
may be forned coarsely. By this arrangenent, the
finely formed eval uati on pattern can be used when a
secondary electron signal is required to be observed 5
W Rodsmedigased magni fication, thereby enabl Ef}ﬂupz 07/075417
accurate-astigmati smcorrection.. Tt s%oursa
be noted that, in each of the enbodi nents descri bed
above, descriptions are made?there a concentric
.evaluation pattern is forned on 10 the reference

sanmpl.g ;- triC | Pt :

e SHkmATeny BIEKEhee B AR Bl e BL P E g o
onl ¥mBdaik@n8HACEnd I1Hd Alds¥PiptWBas 3fCORSEeNidmdnts are
elliptical pattern is used,. the size of the blurred

r egicontdeff ersadepeniitagd.on the 15 astigmatism
direction even though it is the sane astigmatism (for
exanpl e, wherPR FPUHETGRBt FORTFAFFERE i BRERH AGEOFEL nghEO

?”%@éhimt Qﬁﬁgﬁﬁeﬁ & Lt&ﬂaegar%!fs%ﬁf:' A GEds O
he contrary, en a concentric-circle paftéerniis
usedirfitbeefitZ€roh 2XaMIdH A HBBVARMBREOHRSI CansdmNt
for the entire astigmati smdirection. Therefore, it is
mor emgppfifimentt inotew ghnratesst od fagost adgustmdriie in step
asti %mat_i sm when a concentric elliptical Eattern S

usedPlorPaFel-with altditertrilovdrael Bhpate@th. 25

FUr LG RBONGEALA G GUAN RG] ygon pattern wi th

-46- each regul'ar polygon having a common synmetric
18Xi s (theref ogrd hesigrRRt ehs pbst BEoA LU a IRJINLBARS

- are the sane) may be forned. FIG 3B shows concentric

r egledweeot bjengbjeetrierd diemspdl9y godstbal yothmey tttalhle 31

space limtation). Wien a concentric regul ar polygon.

pat £€r FOPSTABE, 2t Aer e VGl UehEBPLL PR AL FR| idie maln

asti direction an _irec_ 0 S|
everelrleugh tb S HAC HANR )AShieaMheS BbcdbBi eI Hition

di f f i | ing. b th
' .cgﬁfggasgghgg o ‘EJ]ecéucetr %2:%%%%1@?%%5?(}}{‘%2@1& é%ter

15 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 ﬁalue “Io;. '

In the.drawing aﬁparatus 100, whilé the DAC

20 value suppiied ta the objective lens 19 is changed at
a prescribed interval, for example, from the
underfocus side DAC valﬁe “I."{=Is-d :a.>0) to the
overfocus side DAC value Wi (=Ieta :a >0), the
electron beam focused by the refractive power based

25 on each DAC va;ue is scanned onto the reference

ottt gl et I i LN SN TRV



10 when the nunber of sides is small, it is difficult
to evaluate the magni tude of the astignmati sm However,
when the nunber of side is large, this effect can be

Rv@gdoseeadoby i gnored, and the pattern can bepop@fodriotsds7

a concentric circle pattern. Still further, not a 15
concentric figure but a spiral figure as shown in’ ) : ;
FIGS. 5A and 5B may be for metB- I n each

- enbodi nent as descri bed above, four c'Oncentri c figures

are forg]g “ﬁg,,t he refer er};:l% %ﬁ%c%; (he %’\‘?‘G?%x tg1e
|

e COI’]CGI’] I gures 'S not mte

'fouﬁur%EIQbB? en@ﬁ£%rﬁﬁﬂi§>to obtalnlnghEXbACavéiUJCj
enbodi ment of the present .invention is described with

r ef ahereethe PE&S. vdlile tdfr dingh s&8Bndery*sheck xbihesignal
noted that the same 25 reference nunmerals are used f.or

t he besemesr 2 TaRimep Yakieent HererBatEeas PhbsLRFFaATER

first a% condsen‘oodl ments, and the descriptions of
Phe &1 &fenfSd BFES6Wtted or abbreviated. An aberration

correction meph@d BREOrianGetigtSohhe &hhwthemodiimgna
of the present invention is different fromthat of the

abovelzribnehéd between ertirodiAtervialue thd phecsssomgdary
focus adjustment in step 201 in FIG 10. In_ the

f ol |hEa¥Font BéIPdeusb i} ird rﬁ/ntthﬁet‘?ﬁ%cﬁg BEsth? bed.

:I'oHereeferselnrc]:(c:a‘_e Stal'r[]ljSlg O-qu{,J, oans erseér%tble%n%xgbge .  (The

10 maximum value - the minimum value)-of the peak value
of the secondary electron signal when the DAC wvalue
is changed from the underfocus side DAC value “I. |
"(=Iq-a ) to the overfocus side DAC vaiue NI {=Ig+a )
is called the dynamic range of the eecondary electron

15 signal. FIG.17B is a drawing showing a relationship
between the dynamic fangerof the secondary eleetron
signal cbtained by the prescan of the reference
.sample “WP” as described above and the scannlng
direction with respect to the generatlng dlrectlon of

20 the aberration, As shown in FIG. 17B, the dynamic
fange of the seeondary electron beam is maximized .
when the scanniﬁg direction is equal te and at 90
degrees to the generatihg direction of the aberration,
and is moderate when the scanning direction is at 45

25 deérees to the generating direction of the aberration.



between the objective lens 19 and the rotary table 31
is constant, a current value supplied fromthe main
control device 70 to the objective lens (herein after
referred to as DAC val ue) when the focusing position
o Mhsid@shos! ectron beam that receives refrac
by the objective lens 19 is focused in the %?%ﬁﬁ@%Mﬁu?
t he upper surface of the rotary table 31 is deflned as
a reference DAC value "Is".-4% the drawi ng apparatus -
.-100, while the DAC 20 val ue supplied to the objective
lens 19 is changed at_ a escrlbed i pLegval r
Lk e 47

exa MBe8, tPPoffe Qﬁuﬂﬁ? sﬁﬁe Y=10-a
%L %Qeghﬁoo¥ﬁéf gﬂér Lgh"d "éhé(ﬁﬁ%rf%tlon,
>0) Phe el ectron Beam ocu e re ractive power

basete2dyaameachaitifi ofldhe |s§csaaa39demewr¢meslgna1 is
reference WD 2008/ 082000PCT/ JP2007/ 075417 -48- sanple
" WPinamgzegeci For @cafmlta.onn( foeerafgrente sample “WP”

ire |on€ Thi s ead to obtalnln a DAC val ue where
5%@ 3| HECof “Bhet REIy. EPBEE Bh %?%r%?“ndary
bec%fi%%tgoﬁaéigﬁ‘é‘i V@éé@nes'_@'b%'u@afﬂ)@r whifi S8nOPSLALH QY 5
is called prestan. 17/A'1s a

r el aiiredaloflt a3 dgushovd Nhdd arcelgat ae@sae@ betyreen the
DAC val ue and the secondary el ectron signal obtained
by tdeseprtibandofecthion eiferaéwe:e'aganpl« ebewme%nsabout 40

descri bed ab The 10 maxi.num val ue. -
Oor o 2Bpuf Bl St Uhe iy oS EshEiry 1f it e

l%' g'?i%' r%gn Ehgthgeﬁg}rgglﬁ§ ﬁfwg r@fnglnﬁeaberratlon,

Under focus sid _ ) to
overdndC ueceinde AWéntadaieshdnl the=k@4#an)ngsdLaddeibd higs

dynam c range of the secondary el ectron
at 22.5 and 67.5 degrees to the generatlng dlrectlon
of the aberration. -
Therefore, in this embodiﬁent, in step 201
15 of FIG. 10, the above describgd preséan is performed,
then after the peak value of the secondary electron
signal is obtéined, the dynamic range of.the
secondary electron éignal is calculated. Then, from
the magnitude of the dynamic range of the seéond;ry-
20 electron éigna;, 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 toc the

25 generating direction of the aberration, when it is




15 signal. FIG17B is a draw ng showi ng a rel ationship
bet ween the dynam c range of the secondary el ectron
signal obtained by the prescan of the reference sanple ;

wiPsosam2cddescri bed above and the scanning dlf@gjphdagy0754l7
wi-th respect to the generating direction of 20t

aberration. As shown in FIG 17B, the dynanic range of
the secondary el ectron beam30s naxi m zed whent he
. scanni ng direction is equal to .and at 90 degrees to

the I rection .of .the _aberration,,and j
E a,heﬂgt?] 41 ng &° I‘SC?I on£|cti %1% cg%;rsees
deg gﬁ%hk.o Lher Qﬁﬂgzadlf&t%hecghenwﬁéntbﬁ abegdratd on.
w2008/ 082800PCT/J 007/ 075417 -49- When the scanni ng
di r etnOBbbseAt iR2iH eutdinated dege2eS ¢ &hed degrees
generating direction-of the aberration, the dynamc
range dhet E@ngé%’@h%rci/lré‘-‘ééﬁnon Si gnal is minimzed.
For exanple, in the re fergnce sa LN,

BIG 4B, the Wiam®® A% ?’l?ﬁgg%pe ond‘larswcngc F8ntt
si gngl e@%&ﬁﬁ%édamy{ A0 %&lhaed%aaewﬁ fdi racty o

1s equal to and at 90 degrees to the generating

di r et idearebsaber thé i gemehadonediabottodOof otimbout BO ;
when the scanning direction is at 45 10 degrees at the
genastricag igny eEErbhebfPRIRCaghAR ARPOK, 28hE BEERFREED _ |

about 20 V\:hel:’e he cannl ng_directi.on |.s at .r%e%r]d

67. 5”&5‘&9885 t%ot gn%f‘g?l FEH TSR ich B %I%ne |

l%berlrs%'is%%wsTEQE@gQr@( Ak ty Sin%‘f@Q@h.HEn{:he' Pe sk 612021
of the secondary elecfron signal with respect to the
DAC values cbtained from the prescan results in the
x-axis and y-axis directions, respectively. As shown
in the curves SX and SY, the peak vﬁlue of'the

15 secondary electron signal is maximized when the DAC
value is I, and I,, respectively. This shows that,
when the DAC value is Ii, 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”.

20 fherefore; herein, the position where the electron
beam is convefgéd by the objective lens 19 to which a
current of DAC ﬁalue Iy is supplied is defined as thé_
focus position. It sﬁoﬁld be notedAthat, in this
status, as shown-in FIGS. 12A and 12B, the spot shape

25 of the electron beam formed on the surface of the



15 of FIG 10, the above described prescan is
perfornmed, then after the peak val ue of the secondary
el ectron signal is obtained, the dynam c range of the
secondary electron signal is calculated. Then, from

tvhegmmgbude of the dynam c range of the spggﬁq(g\m;wgp,
el-ectron-signal, the generating direction of th

aberration is estimted. For_ exanple, as shown |n FI G
173, when the dynamic range ¥ the secondary el ectron
-signal is about 200, it is estimated the scanni ng

dir f e o.th g
i 1 SEEPRMEY Pndl e SICIERIL 0 P Y, AR
200&@%3@09P@Iw@aﬁqmas%zfeae-cab@m dihgo, about
80, it is estimated at 45.degrees to the, generating
di rection, arRbnihen,itini drewheg apparahe/d00i,t when it
estimated at 22. 5 or “67.5 degrees to the generating

d| r é6t PERITERES ttha T thife S&P&xﬁlﬁg dpperates WORE Wiven
géagégg nﬁgegﬁg hg&népg n@d:l.l.n@ctfy Cot)f’f Q:@}]I Sab%&rgtgon,

rees to t enera lrec

aberfhaftheﬁ predddrelidy qslc&mlel P-thesydaxéseiid ection
‘orthogonal to the x-axis direction is perforned. FIG

10 b8Aheponsl ctie veise SX-anils Siirewntiicat iisg perdopeak. FIG.
value of the secondary electron signal with respect to
t he 'BRCSHAV fieSu BRI T d ™ Sth Fﬁélﬁﬁéé%%n“}eeéiﬂatks viaue

the g %ES gggngalgi%?ddtrr%%“ Qggﬁlrﬁf C el% 3> the

shown in curv € pea qé of "t he
10 DAC values obtained from the prescan results in the

x-axis and y-axis directions, respectively. When the
scanning direction is at about 45 degrees to the
generating direction of the aberratioﬁ, the DAC
values corresponding to the méximum—va;ue of the peak

15 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 45 degrees to the
x—-axis direction as‘the scanning direction is
performed. The curve SX’ is a curve showing.the

290 relationship bgtﬁgen the peak value of the secondary
electron signal'obtained by the prescan in the x’-
direction and the DAC value. As the curve SX’ shows;l
the DAC value I, where the peak value of the secordary
electron signal is maximized can be obtained by

25 performing the prescan in the xX’'-axis direction.




15 secondary electron signal is maximzed when the DAC
value is | and |I" respectively. This shows that, when
the DAC value is 13, an averaged value of |, and I" a

& sbdosejoo | east confusi on of the el ectron begimmerorsr
formed on the surface of the reference sanple "W".: 20
Therefore, herein, the positjon where the electron
beamis converged by the obj¥Ctive lens 19 to which a
.current of DAC value | is supplied is defined as the

focus ROt £R8. pddishiulfiche RakedibBaton ivkddiis
status, as shown-in FIGS. 12A and 128, the spot shape
25 ebnivhegelesy rome egadtdmeedeon 1 hetswhiade sofcurrent
WO 20081082000PCT/ JP2007/ 0754117 -51- reference sanple
WP o BAE| Feleeofi | @asevesagedi valtvigeaand To, is

substanti,al.ly perfect-circle shape. I :

Fur SHEPLLER 45 AF T b aTs TH000 BRENIE s

gs“ mat ed thag, the ¢RI AGnd] M §RLL O IS WstdRaBed that
egrees to the generating direction of the aberration,.

f ur tther spaeatAgNd Nged il drhd sy aaxiabodtr 22t $ oor artdwag@tals

to the x-axis direction is performed. FIG 18B shows
cur iegrexsang Shei aanentt g t dbrpeleieon fludher dperation,

secondary EI ectéon %qqﬁal v1\__/ith rtisgect 1o tk!;l wleoenD'%ge

val F&CEbtaPnEREYT o &9 EEC EF RSSO PR (PIHE

xTaxag: 3a9u¥- 8%hScgh r&LLd RSy LagReebh VL el the

scanning direction Is at about 45 degrees to the

10enehakiingddby ethé opradfcdrhdcabmesation, itel DAG fifdlads

correspondi ng to the maxi num val ue of the {Jeak
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 directicn is at about 22.5 or about

15 67.5 degrees to the generating direction of the
aberration, the séanning directicn 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

20 direction is performed to calculate the Iy 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.

25 As described above, in the third embodiment



15- val ue of the secondary electron signal shown in
curves SX and SY are common to |I. In this case,
prescan in the x'-axis direction at 45 degrees to the
x-axis direction as the scanning direction is

REG S00dd8e The curve SX' is a curve show ngPéﬂﬁ,zé]C}ms‘m
rel ati onshi p between the peak val ue of the secondary

el ectron signal obtained by the prescan in the x'-
direction and the DAC val ue-53As the curve SX -shows, °
. the DAC val ue lu where the peak val ue of the secondary

el ectron signal i s, maxin zed gan be o tainedsgﬁ525

per P&r IPRGPTRESRY eSUEN 5P n &R SRPSTAFIR RITELon &4
Her ei.n, - it rs 0 ' .
conearge BsPETE LE IS MR hERbarhe MRl Srating

of BAgivabHeof, tid Amera@ad swabdeuetihyg amdcde , 1S
supplied.-is defined as the focus position. 50n the

ot hérrhdhdtiohesysten oedihendredinbasppavatennifithgan
direction js at about 22.5 or about 67_.5 degrees to.

Phe PGeRBRaRT RgRlF ¢ BEYSSH of PERELRBEY r af Toh, ST |t He
cur\acshoy 29 é@&e&e'manort%%' Reetunen Lhfo Gl Us

and é Secondary €l ectron peak wvalue tai ned by
t he sprasea) PECDEIBSoddidle it lasclirhtbtyl tot e@btidian
t he DAC val ue when the peak value of the secondary
el eatstdgmsi gaml by ssetbding zd@ sThenéhoradireetidmre
draw ng_apparatus 100, when it is estimated that the

scafirAg L8t r ERt PHPTE o i 52e595RSERIIRY 15 FFE S o0

eqgr 0 ‘ ating direction of the aberration
l?hecgigﬁ%iﬁgggfgggfﬁbn i.s rotated by, for

<<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.

15 First, while a disk having a tpickness 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.

20 converging‘a light from a gas laser oscillating in
the blue or ultraviolet region (such as an Ar or Kr
laser: wavelengfh 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

25 groove is formed by developing the photoresist to



exanple, -22.5 degrees with respect to the x-axis, and
the sane operation as that when the scanning direction
is at O or 45 degrees to the generating 20 direction

womg,ﬁs%oﬁed to calculate the | which is thgcﬁyﬁ[;@g%q”
value of -1i., and 10, and the postion where the

el ectron beam is converged: b%%_t he obj ective lens 19 to
whi ch the current of DAC vaf is supplied may be
.defined as. the focus position. 25As descri bed above,

oA RO BB x W05k (resist, master digio -

i nvention, wheRed hen faGiHROalE0BrOhi EREL Ol wviGld \t@xe
lens 19 is determ ned, the generating position of the

ast itgnna:t]dnmlsoccuséiregal rhdddrdds adi @t h oMmel&Eemadk )t he
draw ng apparatus 100 can 5 be rqughly detern ned.
Ther“@fnd’rfé“:téiﬁeérbgt%be?mnq [ FeBlife Py ahakel Rudring

tshe 4. efer %C%eﬁi‘gg'ﬁ?s 43 éca%”e%’s% kﬁ Poed nllg%l{:

tO accura er correc eas I gnatl
scangpvitadi Geeki ABAPAr abd Qﬁaééi-ﬁod%rcfeﬁ()goﬂﬁéntQ t he

generating direction 10 of the aberration. <<Fourth
enbqiapacik>only DVD is manufactured, a pit string
| having a minimum pit length of 0.4 p‘m, track pitch
0.74 Pm is.spirally'formed on the stamper to respond
10 to the playback-only DVD information signal. Then
the conditions of theAlaser 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
15 recording layer having a diameﬁer of 12 cm is
manufactured by plastic resin injection moldind using
the stamper as a metalllc mold, the optlcal disk has

the information capac1ty of 4.7 GB.

To perform the laser drawing (cutting) on

20 the playb&ck—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

25 1laser, NA represents the numeric aperture, and K



Conventionally, a master disk of an optical disk such
as a conpact disk (CD) or a digital versatile disk
(DVD) has been manufactured as follows. 15 First,
whil e a disk having a thickness of several mllineters
\Wéﬂ]o%s&dﬂ@V| ol et photosensitive photoresi st
I mthieckness of O0.l1pmuniform.y spin coat egﬂ%[ﬂﬁgl?géﬁnﬁ
|s rotated, a spot exposure is perforned on the
photoresi'st by 20 convergi ng5a |ight froma gas |aser
~oscillating in the blue or ultraviolet region (such as
an Ar or Kr |aser: wavel ength 380 to.,460 nm onto the
di sSECREPAGPER JHTRITVe TPENSTaNSPERATRY TN W OFF |
the T fulgh a c ot
't chRREE L Lo Y e RSSO RN B AR 0%
phota%eﬁl 5§ .t0rn éflls el aghuhep the 3maad eadiosk, and
(resi st master disk) - Then, a st anper nade
of mi=0kel ahavamglcj:haai ttu d:heeﬁsrmﬁlaevE#alB‘hundnr géds of
pm (nmol ding die) is manufactured by creating a replica
By ﬁioéreéneav a%‘i“ﬁgtl? HEHERe PiEs 8RIkRsPEr 0 df kI BT
usi t C are
T o A BB
manuf act ured;p B ¥ tovdls bpgebaviNodge Nt TAHBRIded aagbhd
of ‘0.4 pm track pitch 0.74 pmis spirally fornmed on
t he fotrafperegsingspondinformation capacity of an optical

disk, an optical disk called Blu-ray disk

10 (hereinaftef BD) has appeared. The BD is an optical
disk with a reco:ding.layer having a diameter of 12
cm formed on one side of Fhe disk and has an 7
information capacity of 25 GB. 1In the BD, to realize
the same processing by a similar siénal recording

15 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 pm (150 nm)

and 0.32 ym (320 nm), respectively. The pit width
has to be reduced down'té, for example, about one-
20 third of the ‘track pltch for example, about 0.1 pm.
To form such a fine pit, as the above-
mentioned approximation formula for obtaining the
minimum pit length “p”, it is required to reduce the
laser wavelength A and increase the NA of the

25 objective lens. However, regarding the NA value of




10 to the playback-only DVD information signal. Then
the conditions of the laser drawing (cutting) when the
resi st master disk is manufactured are set so that

S SodosBioh String is formed on the stanper. 183003
optical disk mediumw th a one-sided 15 record?ﬁ% .5ﬂ7

| ayer having a dianeter of 12 cmis manufactured by
plastic resin injection nmol tRé1g using the stanper as ‘a
.netalllc nmol d, the optlcal di sk has the infornation

Capgg)dt Ecé% . 0 Pehf Myt 5}9&1/%38% HAN 9 15

(cuttlng e m ayback-onl Tesist naster .

di skehou@htexanpé €almodd 4N liaser vAauengréfethe

wavel ength of 413 nmis used. Herein, the mninmmpit
IengﬁWW@Dint00§eth@ta¢qgranﬂ10ﬁetgenéﬁaﬁgy amdr oxi mat ed
by the fornula P=K*( e A represents the

mvaaéhﬁeﬁtarlw o9t diatis. NAT.hsﬁﬁé% t STR e
Bonhd - aB1 15 o 19N dBUARFIS (BaREQOERS Wil dlgrn

depen ng on haracteristies of the resist a

rangﬁs tlg%t nggrow%md)dp)h In this case, when A =413
m, .9, K=0.8 are assigned to the fornula,

P=0. 37 pn1|s beﬂnnMIﬁai expapilhe vwhen nundgen- 4&%qyﬂ40éét
0.4 pmfor playback only DVD can be recogni zed. ‘

Af t &2 SBWDE a4 ppBak e, WK 4o titn Ofe Asetp Uen @ o values

|ncr h n t I
o PR Sy OCTBLLop S9RRGIA €0, O RS cormusa,
16hert@1enaafatl% BD) . basy aPReAESHcuThEeBD oyt isgali s

k wwth a recordlng | ayer having a di aneter ‘of 12 cm
forrnﬁryamléﬁecsluet@freak;zﬁ dheamdnhmemapit nfergEt i on

capacity of 25 GB. In the BD, to reallze
(0.15 g m) and the pit width (about 0 .1 m)

corresponding to the information capaéity of 25 GB.
Therefore, it is very difficult to manufacture a

15  resist master disk of the BD and the subsequent high-
density optical disks (for example, using an ultra-
rescolution -image oxr near~field recording/reproducing)'
with a laser cutting apparatus using a conventional
ultraviolet laser as its light source. Theréf&re, in

20 the future, if 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-bptical disk medium is described.

25 <Manufacturing a maser disk>



the sane processing by a simlar signal recording 15
processi ng nethod as that available now, it is
necessary to reduce the sizes of the mninmm pit

l ength and track pitch down to about 0.15 pm (150 mm)

Wae ,&gogpm (320 nm, respectively. The pi tp‘%'ﬁ%@”}_a%%”

to be reduced down to, for exanple, about one-

third of the track pitch, for exanple, about 0.1 pm
To formsuch a fine pit, as507khe above- nentioned '
. approximation forrmula for obtai.ning the mnimmpit-
length "P", it is required to reduce 'toﬂe | aser,

wavel engt h ' Atakfe ALREARS FPRATIWGY 1Oe 38 SOFEEFPUe

| ens, _Ho s NG ‘ -56-
obj Bapiv Ay i, S HRR R HERBE KR e, et 8
t hoygbhit t Podaml s et bethiAbl MRl akey d$0imd hhe

vi ewpoi nt of the accuracy of the design and
manuhtensitngpbitheheleghgonTheawf ardd, the agwrtfuneurcd, 5
it is absolutely necessary to reduce the wavel ength of

? hethEsBPSTRIVET dHAARE AS- Herein, for.exanple,

D SeeP b ANGRLS,phRREL de I8 e gielenol s o

t 0 tReoRROVEod OFdBHE i n0 MR uMak YendIrdE 22 yied Svith the

calcul ated. However, it is very difficult to realize

t hedreringnappdrd BrgtO,0 £15spn) L tndls tieced samy dich

(abgggegﬁ%géhzhe electron beam spot in advance in

10 accordance ﬁith the pit size to bé‘formed 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

15 drawing apparatus 100 is corrected using the
reference sample “WP” based on the procedure
described in the fi;st through third embodiments of
the present invention.
<Preparing Resist substrate>

20 hs shown in FIG. 19A, resist is applied on a
substrate 501'by, for example, a spin coat method,
and then baked fo form a2 resist layer 502 made 6f
electron beam resist ha#ing uniform.film thickness

(typically 100 nm or less depending on the

25 recording/reproducing waveleng;h of the optical disk}.




corresponding to the information capacity of 25 GB.
Therefore, it is very difficult to manufacture a 15 !
resi st master disk of the BD and t he subsequent ‘
Wahosigami ty optical disks (for exanple, usp@gydsrorss?
ultra-resolution i mge or near-field '
recordi ng/reproducing) with a |aser cutting apparatus
usi ng a conventi onal ul travildret |aser as its Iight

. source. Therefore, in 20 the future, it is necessary

to 3ppLyoATy SlEGIdiy Ream, dEaw Dg-APRAT af Y Lapabl e of

‘generating a beamthat can expose a finer Tesist -
pat kapbtthed, an qidrtavisebetrhdsprand m tdiel ifedin aaifeg, a
nmet hod of manufacturing an-optical disk nediumis
desweivbed. uped admiifcasubstngta pRber Tiniber,\@s the ,
2008/ 082000PCT/ JP2007/ 075417 -57-, -, .In_the i
dr aftRGEEPPaP R UsTAVE T P BHEELr IR EgﬁnFﬁg&Fﬁgqﬁygr 502, |

pot, .di er..f u 00. C '

3Dt RS aTE: o A et e ohal o e et Masees
beamigRdot hehapastiva @fisk,t besapevé ures patsckbas

"So, when a nmaster disk of an optical infornmation
r ec6E& A0 mbmd i 4 s unesubac Vipren wieon t¢rrrhzatiieg) is
apparatus 100, first, it IS necessary to determne the
ol CBEPEREBRL LHotq 1 EFaFARELAFFOR0 SRRt ey wieh

t he _pi LZg be formed on an optical recording
nedfgh&fﬁﬁg %%Q%hnufactured. For exanple, when a pit

10f the pl aybagk-ml yuBsurbey $HBK { Bldnnagyn@dtdawn, the

- spot dianeter of the electron beamis set about 100

nm sthehrataevheid grnfase ogpugheess s alingy aapshaeytiog

100 1 s carrected bsing the [elerence sarml g " based

exposure is performed by the drawing épparatus, it is

preferable to have electrical conduﬁtivity. When a
15 nonconductive material such as'glass is used as the

substrate 501, preferaply, 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 -

20 nonmagnetié subst;ate,'there are many such materials
available in the market at low cost, and it is
desirable to use a silicon wafer having electrical
conductivity.
<Pa£tern drawing>

25 A procedure of drawing a pattern onto the




described in the first through third enbodi nents of
the present invention. <Preparing Resist substrate>
20As shown in FIG 19A resist is applied on a
substrate 501 by, for exanple, a spin coat nethod, and

twemohedted to forma resist |ayer 502 made @fr4bB&ElvaAY

beam resi st having uniformfilmithickness (typically

100 nmor | ess depending on e 25 _

recor di ng/ reproduci ng wavel efigt h of the optical disk).
- -58- It should be noted that, for exanple, a glass

subshibat@atd EDArEZi syt t@wiagdappathicom omiar my
be used as the substrate 501. Further, as the el ectron

beamtesesiibedi helowled in the resist |ayer 502, 5

positive or negative resist- may be used. As a naster
di sk of the op?% cibs¥irdke podi PRvehiehjthe Jipeisds is

ZEP-52Q. nuf act ur ed by Ni ppon _Zeo r poJ at i i's
T oPEPAAFE Ghetoart oL Pt RRSAESoEaREe ol 1ot Uy
sasyirlandyl Bgpai@Ass IR Sulst kake saBltracHosymINal i C
substrate whose surface roughness is fine and having a
googhiowat 1esFIGs 19Me edpsisusiends phefpanédron extposure
is perfornmed by the drawi ng apparatus, it is

pr eFéRsEe reginag > M@l itdel reshaticl ryeE y203nen the
‘figure. .
| iWhile the rotary table 31 is rotated and the

10 rotary table is moved at a prescrihgd speed by the
slide unit 33; a elecfron beam modulated
correspoﬂding to a desired pattern is irradiated onto
the resist layer. By doing this, a spiral fine
pattern is formed in the resist layer 502 on the

15 substrate 501.

It should be noted that since the track of a
BD is .a spiral t;ack, in this embodiment, the
substrate 501 is arfanged to be moved by one. track-
pitch while the substrate 501 rotates one turn.

20 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

25 the rotary table 31.




15 nonconductive material such as glass is used as the
substrate 501, preferably, an antistatic agent is
applied on the substrate 501, thereby preventing the

Wépésioatogo SO1 from being charged when an el qafipsizbaam
is irradiated. Further, as a material for the 20

nonmagnetic substrate, there are nany such materials
avail able in the market at 199 cost, and it is
. desirable to use a silicon wafer having electrica

coangggy$%ﬁén§Pattern draw ng> 25A procedure of
draw ng a pattern onto the -59- substrate 501 using

the drawi ng appaleiteuspilf the deseidtbadiyeel 602 of the

The substrate 501 on which the resist is applied is

nmoustibdt vat¢ he0} ctrarpitcibleePattefnt he drawmwisng

apparatus, 100. On th subg%rate 501, as_s QW%i
[

. . , n Fl
198geé§ﬁb§ﬁ?ea?%v%@r m Qﬁefﬁétsh%d§ﬁur i0 fséﬁgk
a;ikﬁg %S&igﬁslﬁﬁfﬂ (g%é @lggﬁrghgﬂégh is irradiated as

I"e"the’rotary table 31 is rotated and the 10 rotary
t abls@oks DRVELG Al1%C RIS Geibeddsperd diyer MthesIredd stiniitk
33, a electron beam nodul ated
negative resist, since non-irradiated regions are
-removed,-a fine pattern of the resist part 502B of
the resiét layer 500 is formed. By doing this, a
10 master disk (resist master disk) of the subétraté 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
15  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 S0
20 as to direbtly_form a desired fine pattern on the
substrate 501 as shown in FIG. 19E. 1In this way, a
master disk (etched master diék) 503 on which a finel
pattern is formed in the resist layer 502 of the

substrate 501 can alsec be obtained.

25 <Manufacturing a stamper>




corresponding to a desired pattern is irradi ated onto
the resist layer. By doing this, a spiral fine pattern
is formed in the resist layer 502 on the 15 substrate
501. It should be noted that since the
tw@sdésibhosd BD 1S a spiral track, in this e eese)

the substrate 501 is arranged to be noved g?}eglne t?ogsgy
pitch while the substrate 501 rotates one turn. 20
Further, when a pit pattern-6l drawn, the bl anking
.electrode is driven (ON or OFF). at the speed
corresponding to the rotating,spe ()Jinear speed).
VWhen dr aw ngg‘?‘}f"eeﬁé’(eté‘ﬁﬁ%ﬁ gﬁégsgggt’r%t Gynedsas
fini . e.Slbstrat | § o ;
For SHFEHBPACAEUREL (B Rk 3t BARUEHCLEAR HFrdknis
devela@RieRJdiBR 5681 Sledaitl t2@2 rekibhemssst radsc Skl
on which a pattern is drawn as descri bed above, when

t he usesi, sbuk sthes¢t¢harl masiteir, di skhmayegl omsbs0pRd) -
where electron beamis irradiated_as shown, in FIG 19C
ar e SPefdFedalthd et e iFedil§ 20R, @ thin conductive

layér is formed on the méster disk 503, and the

stamper 504 is formed by performing,‘for example,
nickel plating on the conductive layer. Then, the
master disk~503 is removed, thereby cobtaining the

10 stamper 504 as shown in FIG. 20B. As a material of
the stamper 504, Ni oi Ni alloy may be used and
various metal film forming methods including
nonelectrolytic plating, electroformiﬁg, sputtering,
and ion plating can be applied. Thé thickness of the

15- stamper 504 is about 300 pm. ’

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 staﬁpers

20 from the ﬁaste; stamper (in this case, since concave-
convex patternlis reversed between the masﬁer stamper
and the stamper.503, another transferring stamper is 
necessary in the middlei. |
<Manufacturing a ‘medium>

25 The pattern of the stamper 504 is




negative resist, since non-irradi ated regions are
renoved, a fine pattern of the resist part 5028 of the
resist layer 500 is formed. By doing this, a 10 naster

dve koogwso st master di sk) of the substrate pBEaRbh7/075417
which the fine pattern is forned in the resist |ayer
502 of the substrate 500 can be obtai ned. -

O, after the devel opnent ofé2-he resist, further, as
.shown in FIG 19D, a concave-convex shape 15 is forned

on the substrate 501 by. formng a reactjve j.an
et cHrAGSEEFRGIr EQcti ’f/‘%g/’d'g?qsoﬁss ﬁgﬂwﬂsl éli%/bnisl%styg 2
(io i SLDg; Alb1490y BRYabgp Usedoa.Th
I astrﬁ',&g"%rgerg[gfﬁi %8 %lzjsﬁ;%fﬂ%aygr 5098 [ sar enoved oby =
USi REingOEhe¥aNph eopBic I GHAMKC medivANE0Soh20ims & Eine
directly forma desired fine pattern on the substrate
501 cancsivenaonMe®| Lattiem shewnhiisa RAG. AlRebt ctbidgiised.
etched naster disk). 503 on i.ch.a fine pattern J
§5or MoF s ﬁ’rFﬁésreég'rs%h?a 8%8%0 {ifng SHBEFTaTS Yoihe
" can al.sq _he | 25 MUk AGLur iERg 8xShFwers
'-61-0%4["3*%alki dggk&ngggltnﬁe rPaster ! tgli 503 I's obtained as
descidfie@tabaveila 6harperfine m@adchaetuordes rpanttdyms of
mast er disk 503 (herein, the resist master disk is
used;hebwiptite letiz hdnedia crubditsloteny thbserbicaksat)sk 5
Specifically, as shown in FIG 20A, a thin conductive
| ay & denBgnBh2ChRT fhst er di sk 503, and the

3t anper 504 i g1 gL opd: vy %%ﬁ:%ﬁm'ilﬂgahf%tfééﬁMi%k'

ni ckel plating on the conductive l[ayer.” Then, the

mas tylq din le QT diifgl €80VRTs dnfterdign@bbdi thagptdweentD

stanper 504 as shown in FIG 20B. As a material of the

st anperer8G4n,Nia oaskierafli gy imynasafacsyraddbyans Pis the -

metal filmformn msﬁ1 ds i ncludin onel ecirolytic

pl at$FRy L é‘@lplaﬁﬁgf‘ﬁi 58 YRS é‘ﬁqﬁ’d,%ugﬁdofoﬁﬁﬁl ating
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15 1less. Therefore, the fluctuation of the pattern
shapes 6n the master disk can be drastically
minimized compared with the conventional master disks.
Accordingly, the fluctuation of the stamper and the
medium manufactured from the master disk can be

20 reduced. Specifically, conventionally, since the
éstigmatism cénhot be quantitatively treated, it
depends on persénal ability to determine the
existence of the astigmétism. Becaﬁse of this

feature, the remaining magnitude of astigmatism

25 largely varies depending on who makes the




It should be noted that, instead of preparing the

stanper 504 fromthe master di sk 503, a nmster stanper
for duplicating plural stanpers nmay be first prepared
so as to duplicate plural stanmpers 20 fromthe naster

MNonpgds2dpp N this case, since concave-convexp@aihhisis
reversed- between the naster stanper and the stanper

503, another transferring stanper is necessary in the
m ddl e). <Manufacturing a-netiunr 25The pattern of the
- stanper 504 is WD 2008/ 082000PCT/ JP2007/ 075417 -62-

tr apgkerhelat Po 5@<§i{hé%u@%unla9m b LG pAkALY a

met hod such as injection nolding or a 22 nethod. By .

doi shapkEsof abthepta stedr diisdk HediremebREbhayi rgpwevdde
concave-convex pattern shown in FIG 21B is obtained.

5 MIFECERERY sEPythifecnbpdinemps] sthe warstandt drofentheon,
opti cal djsk nedium By rmng, .for, exanple )

ot FEBERob A TRTRIE o1 o, Bk aeEet Rt ke ataitsn
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medi um i s manufactured. 10As desgr% e%ﬁg%%ig%taqcan&glﬁie

opt io€akhdi skt hepdh tismmcarsdineg Laryblg eabpdidmiidioly on
the gresent i nvention, a naster -di sk is nmanufactured

by #&PngotrhecErdvity) afigarmatdsmi00 whose magnitude of

the<§§&i,f%raérin§é%ir§er{te>s>t rict egl to a pr escri bed val ue or
 In a hard disk drive, there are regions
10 provided at the same angle interval in 360 degreés
during one reotation of disk where, for example, a
tracking servo signal, an addresé information signai,
and a reproduction clock signal (hereinafter
preformat information signals) are recorded. Because
15 " 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 rigﬁt track while correcting .the
displacement in the diameter direction of thé
20 magnetic disk when necessary.
FIG. 22 shows a configuration 6f‘a hard disk.
As shown in FIG. 22, in the hard disk, there are |
regions 302 provided at a prescribed angle interval
eacﬁ have a magnetic thin film pattern cor£esponding

25 to the preformat information signal formed on the




15 less. Therefore, the fluctuation of the pattern
shapes on the naster disk can be drastically mnim zed
conpared with the conventional naster disks.

N Rbssigd Y. the fluctuation of the stanperp@pfidolfrssr
medi um manuf actured fromthe master disk can&Ee 20- !

reduced. Specifically, conventionally, since the
astigmati sm cannot be quanti@4atively treated, it
. depends on personal ability to .determ ne the existence

of the astigmatism Becau of, . this feature, .th

P enBRREAGE 1St RS o CaSL L F 8 B AP 0L
dependi ng, 0 ha 293 GeteridnatyQuiandyt he
fl ugggét ?%npso:‘m?hégﬁléat tetgr ﬁr.gﬁapgs of the nadsI%[eérl di sk

i s saBRAkakl eI Homverr, taeceeding 8021 him emmdi2senthe
of the present invention, since the magnitude of the
ast hgmatpsral sdizssttyijont e Sheopapesrirdiraigisudber

| ess, the renmining maglni t %ge of }:he fs%ltlg%:@%l sm dogﬁ

Aot SFAPRERy THTSF deendifly “6f WRETLE?T ¢ igd on the

ast \';/)QBQ%' Sy 1 St d Whee @1‘}% Eﬁ‘%@&éﬁaé nd@ré@c{i%rﬁ'o%k the

drive, there are regions provi ded at the sane angl e

i nt er¥ak. i NasS6éhalagrieeFIdur 23g enehr ségidmroofthdi sk
where, for exanple, a tracking servo signal, an
addtesskingosenve onighathal theineddrespriotfirgmagd opl gérnal,
signal (hereinafter preformat informatipon signals) are
regépseéloE%C%ihﬂgl,K%nJ a g%ase Servo sfgnéigére )

10 sequentially arranged in the circﬁmference direction
of the track. In FIG. 23, cross-hatching regions
indicate the magnetic thin film pattern. Further,
the pattern of the phase servo signal is obliquely
crossing over plural recording tracks with respect to

15 the direction of the tracks and extending.

For example, in a éurrent hard disk drive,
after-a magnetic disk and a magnet head are embedded
into the drive, the tracking servo signal, the
address information signal, the reproduction clock

20 signal and the like are (magnetically)} recorded by a
dedicated magﬁeﬁic head in the drive using a
dedicated servoAtrack recording device.

In the technoiogy in which the preformat

recording is performed by a dedicated magnetic head

25 1in the drive using a dedicated servo track recording



15 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
doeRbaregent in the dianeter direction of t 71075417
magnet i c- di sk when necessary. _ . FIC shows
a configuration of a hard disk. As shown in FIG 22,
in the hard disk, there are%%gions 302 provided at a
_ prescribed angl e interval each have a magnetic thin
fil er r | 5. th or met .
i nf SPRSERE PREEe Y A" ch2e | F) LRSS T ong time
20086083080RE T WP 1A FerBlai syl i€ i @bst of
substantial ly di'sk-shapéd substrate 301. FIG 23 is an
" enl aergédroizg e gfresfquanett (reegirdbn Sddwigh rbddaGse?2?2)
of the reglon 302. In FIG 23, the horizontal,
di r EBRi 8RILFAEIR RS GTRGkc ZPESTERRT 5A_TkG R ify
ir i nd verti.cal .direction gn t aper
PnorskpBRiyfo” MR, dRCsn FRERFED S T

i ndi'C tes érence rec . rack. As
showacbRabh& d<vs i tBAUYE 2@a9R Afskhes t{ACkNE SV he

‘signal, the address information.signal, the clockS
si gdabmebed af pties draset Wi s&i dsalinareaddd sediemdcirding
arranged in the circunference direction of the track.

I n Efge baconeyskitthedhilRgoregrBAstrtidrest ©f Hae
Further, the pattern of

e shefaldyMagdidR BB bt Fbenitialng over

1pl ural recor difg falcRCkBaW tHel BSPESTs 1Dr the preformat
signal are necessary_éndrthat the necessary pattern
-shape is substaﬁtially the same are unchanged amoné
the current hard disks and the future hard disks that
are Discrete Track Media (DTM) and Bit Pattern Media

15" (BPM) as described later. However, the pattern size

-is expected to be gradually reduced, and the minimum

size,ifor example, in the BPM is expected to be about

20 nm, while being ébout 100 to about 200 nm. in
current hard disks.

20 To solve the problem bf'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

25 magnetic transfer recording method).




15 the direction of the tracks and extendi ng.

For exanple, in a current hard disk drive, after a
magneti ¢ di sk and a nagnet head are enbedded into the
Vo 2eesdolle tracking servo signal, the addressyipz07075417
i nformati on signal, the reproduction clock 20 signa
and the |like are (magnetically) recorded by a .
dedi cat ed magnetic head in tHe drive using a dedicated

. servo track recording device. ' ' In the
technol ogy i RRehinghnthecPEeiRsfdt FRAAINRImbShod is
‘perfornmed by a dedicated magnetic head 25°in the drive
usi hgsad dexli £ atearthrsieyueo itr abkchegbt et Ny sur@mcedefi ae,
there are problens that it takes a long tinme to )

. per PBFRET hn iRE1driem CRECHPEI KPCRR tTHEn®¥sic ghin film -
performng the preformat recording.is high because the
ded%g B BTV AR PP &8 ggﬁgpag%?rcz%ar% g"sé%e%‘ nsive.
Furkhghal i s tAsrrldd Wnernehglrkhge SOl NGidensitly 1 Qf
a hard disk is increased or the diameter of the hard
di skigbtincreasedi dite mesar@hng of ne meepmtds frecbdeng
‘l onger and the cost of the recording device becones
nor 8€Bkpenstie Magertd of REf tERRt CPRECTRANIVNY ft6r thie
preformat. -si,gnal..gre_n essan%,Fand Ehat

s
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UNcRAROREL AN AR relihgeRbaRandp 'ﬁé‘«ﬁ;é\ﬂq:itn%f that ur e
hard di sks that are DisCrete Track Media (DTM and Bit
1@Pat megned/iecli thikb fiBRMpaasedes€Epibed dmatidre nmdewewver ,
the pattern size is expected to be gradually reduced,
and1PReTRI R MURITAET Por 2ERANDIE, 27 EHHRITBPMmagnetic
_expgcggg to be about 20 nu, while being about 100 to
abolit®200 nmin current hard disks. '

The master inﬁormation carrier substrate for
magnetic transfer is thought to be manufactured from

15 - a master disk on which a resist concave-convex
pattern corresponding to the information to be
transferred is formed similar to the case of an
optical disk, or frém a stamper manufactured based on
the master disk..

20 The pattern size of the preformat signal for
current hard diéké 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

25 to form a master disk corresponding to the preformat




20To solve the probl em of using the dedicated servo
track recording device, there is a nethod in which
fine patterns corresponding to the prefornmat signal
patterns are manufactured in advance and are
wonsd@tgoed onto each hard di sk nmedi um ( subggfghayotsar
25 magnetic transfer recording nethod). WO :
2008/ 082000PCTOP2007/ 075417 -66- The magnetic transfer
recording nethod is based orf7x technique in which
-after a surface of a master information carrier where

a magnetic thin fil atter Qrrespondj,ng t.o.the

pr eisgfgﬂﬁ#‘ P?\?{b?’f&t?%]n&? iﬁaﬁﬁaﬁlﬁg'fo ﬁe%h%nquhleowmg,' 2
sur £aeRo8f of NRastbRIALGY & hhaht hYsRr 88 Seck e
surface of a magnetic recodi ng device, the magnetic
pat keaAuEactesonNd ngpsdtert Meskagnetic thin film
pattern is transfer recorded on the magnetic recording
medi um by maghettibs dgawhaglarragaees clGhiin FIGm 1, the

tt f d th t I nf ' ' b
DI PG AR ERE or T ARGHEL (10 Fmar 200 o Car ey

masig aaﬁéefﬂgta $@fdd @heSYRERM 8LerERE HRONALI C
transfer 1s thought to be nmanufactured from 15 a
maste@lecdiksk Sturdé Cll arndcthe! apentave- 6HNYeX JsHrnterme
corresponding to the information to be transferred is
for mddtei APtar to the case of an optical disk, or from

a stanper ”aﬁﬂ£%£tég§gjw %%gdtgg é?gfggﬁé§rsfgﬁ§i pattern

10 of the current hard disks is drawn using the draﬁing
apparatus 100, the spot diameter of the electron beam
is set to about 100 nm. Then, the astigmatism of Ehe E
drawing apparatus 100 is corrected using the
reference sample “WP” in the procedﬁre described in

15 the first through the third embodiments of the
present invention. . |
<Preparing Resist spbstfate>

As shown in FIG. 24A, resist is applied on a
substrate 501 by, for example, a spin coat méthod,

20 and then Saked‘to_form a resist layer 502 made of
electron beam résist'having uniform film thickness
(typically 100 nm or less). It should be noted that,
for example, a glass suEstrate, a qﬁartz substrate,
and a silicon wafer may be used as the substrate 501.

25 Further, as the electron beam resist included in the




20The pattern size of the preformat signal for current
hard di sks is about 100 to 200 nm which is beyond the
reach of the | aser beans. El ectron beans are capabl e

okodisnd2ig about 10 nm si ze pattern. | nsteagcdfir07075417
| aser beam an el ectron beam can be used 25 to forma
mast er di sk correspondi ng to.d he preformat -67- )
signal pattern of the hard disk. In the follow ng, a
-met hod of manufacturing a hard disk is descri bed.

<Marpd AGiUnaRarasoRst ®bs i Ske> drn ricld@ tdvawe 89i P R Aty
100 in FIG 1, the 5 spot dianeter, from about 10 nm
to 20®dym Fam bbkeobsai vbdHy megjnedticngrahefpeamaster
current of the electron source 11 and_the algerture of

t he Hgdt BPEIHREPeT B ST PUFht Afe ARhareCt 1B BT €3 T i
s! 9%3\} / %‘p&%raeég 83%%‘%%18‘% )88.{5 E:%‘?fe%?!f%i 4e d,g@v%fs |

usin rawm ng ap he "spo anet er -
the mlLatraBnbeaBhksts€it,0 Aguhakh@d ing. Then, the
astigmati smof the draw ng apparatus 100 is corrected
using the r 8§ et lme coitsdimpite 'SOR; - Rnnohmagueitistur e
described in 15 the first through the third i
embotHaRTes S oFRPAE PREERTR FINETESSn 1S<PLBpaPRhaving

oo SRR e PR Mg B,
CO&teiﬁﬁéﬂ%&'is'performed by the drawing apparatus, it is
10 preferable to have electrical conductivity. When a
noncohductive.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
15"irradiat¢d. 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 haviné electrical conductivity.
.<Pattern drawing>
20 . 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

25 drawing apparatus 100. On the substrate 501, as



20 and then baked to forma resist |ayer 502 nade of
el ectron beamresist having uniformfilmthickness
(typically 100 nn or less). It should be noted that,
for exanple, a glass substrate, a quartz substrate,
awol2008/68260b con waf er may be used as the subsprpi@edRdsay
25 Further, as the electron beamresist included in
the -68- resist |ayer 502, positive or negative
resi st may be used. For the %%se of the magnetic
-transfer master disk, positive resist such as ZEP-520

(”ag%fo% tyhegshY M?!S’O%(&% eot(ﬂsp E%%EQHL?:gn the

preferabl € due fo i resolufion, Ssensi ity,

easknhaedl kBgions 502A of the tReisubshyates®Plin &he
nonmagneti ¢ substrate whose surface roughness is fine
and fliagwireg a good flatness is fine, but since the

pattern exposure is performed by the draw ng
appar at us, it®ideskrsst PrétgERelbodRAYR ¥ RAGH thack of

SOyl ek YRS, 2 BPNGONCLLYS DBLET LBl SVl A ing

ass 1S used, Iy, an antil s IC age

appldred reRatherspbst sataPQkraldhately Bhe¥Estt fkh tham
'substrate 501 from bei ng charged when an el ectron beam

I S Ivduleaddatedrefpwidigrg tas thenptrefpamhat ot ransfer
nonq?%netic.substrate, t here are many _such materials
availPaor@athAopheuaRrkettht 98gWoc§48nagnd Finge the hard

desigabl ¢ L9.4ge 2,3iLigon yaker havi ng.electiieal; on

conduéti vitty, <5a??ern Fawitig> f&ﬁﬂproceaure ‘

19" AW N AAwRAG! BENoREtOrdd¥E 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 eiectrode 18, the
rotary table unit 30, and the slide:unit 33 of the

15 irradiation apparatus 10.

When drawing the battern on the substfate
501 is finished, the substrate 501 is removed from
the rotary table 31.
<Development>

20 | in developing the resist layer 502 of the
substrate 501 6ﬁ which a pattern is drawn as
described above; when the resist is positive resist,.
the regions 502A where electron beam is irradiated as

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

25 negative resist, since non-irradiated regions are




substrate 501 using the drawi ng apparatus 100 is

descri bed bl ow. The substrate 501 on which the resi st
is applied is nmounted on the rotary table 31 of the 25
dvewgigz@ppar at us 100. On the substrate 501pcBsr0070%417
shown in"FIG 248, exposure is performed on the shaded
regi ons 502A of the resist lgyer 502 in the figure. A"’
desired pattern is drawn on each track of 5 the resi st
-layer 502 on the substrate 501 by rotating the rotary
t ablemdyeandai £1r6l Pdt e ledet restbpant Npokze adedthe
corresponding to the preformat transfer information -
suclresd sthéagervd0&i yhaform@idice Byhdohagdti sk 4 rmudafdes
concentric patterns, after conpletion 10 of draw ng of

one ke KFeEREE sPF &St 15793 Afs HhEvEHPBY #HR THhdk
PLY Qs i chl! £1685Facd fod AINAARN LR RETEEL ot Haet

necessary to jointTy operate the blanking electro

55, ddeoxcanei Bgh ot £6te B hn bBeobeh@nydl abl e unit
30, and the slide unit 33 of the 15 irradi ation
apparatus 10.0r, after the\emedrpmemy ehetlpataesyiston

the substrate 501 is finished; the substrate 501 is
r eI onPENBAPHR oty ¥l 4By, @ Concave-convex shape

is formed on the substrate 501 by performing reactive

icn etchiﬁg_using reactive gas ion such as CF; ions

10 506 (ion etching using such as Ar ions may be
performed) as shown iﬁ FIG. 24E.- Then, last, a
remaining resist layer 502B is removed by using, for
e#ample, an organic solvent so as to &irectly form a
desired fine pattern on the substrate 501 as shown in

15~ FIG. 24F. 1In this way, a master disk (etched master
disk) 503 on which a fine patFern is formed in fhe
resist layer 502 of the substrate 501 can also be
obtained. |
<Manufacturing a stamper>

20 Once the master disk 503 is obtained as
described abové, 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).
Speéifically, as shown in FIG. 253, a thiﬁ conductive

25 layer is formed on' the master disk 503, and the



<Devel opnent > 20l n devel opi ng the resist |ayer 502 of
the substrate 501 on which a pattern is drawn as

descri bed above, when the resist is positive resist,
the regi ons 502A where el ectron beamis irradiated as
siesisiol! G 24C are renmpved, and when t hepgfgidizobsii
25 negati've resist, 'since non-irradi ated regions are
-70- renoved, a fine pattern_of the rest part 50213. of
the resist layer 500 is forweH: By doing this, a
-master disk (resist master disk) of the substrate 501
on Wa%e&h%o? EE PRLEET Ih 1#d, °r2f§%d1's”fBQE. el St

l ayer 5°502 of the substrate 500 can bée obtain

O, pﬁﬁﬂarmhhg,deyelémmm@ue;ﬁnﬁdMélr@&aahngfuhtbné, as
shown in FIG 24D, a concave-convex shape is forned on
t he annskiatdve 3@veby ﬁ%h¢¥wrﬁhﬂ;ma§éeﬁi¢é5k050éttﬁing
using reactiv s ion such as CF4 ions 1 0 I on

: CH%%’ <56k} hebEhy (SR T Tty SHETHRF! O fec) Fach

NOWL e} sEh Cor28fe ;Pi%eﬂ' ade, %1 LETRE napgoyeﬁays»tbe

Ia er 5028 i s renoved using, for exa , o an

Or gaiiedl $@ldvealisns asetHl dﬁJfl@cCtﬂo)trrleE;mrlétﬂeﬂisr eflclhdithg
pattern on the substrate 501 as shown in 15 FIG 24F

| n trvinge lggy rodyhast pating, (eétaﬂmfms@eg.dsskytsﬁim)n :

whi'ch fine_pattern is for
: anda ion plgtting can be app Cg.edq

T%e[depth {height of
the protfusion) of the concave-convex pattern of the

i0 stamper'504'is about seée;al hundreds nanometers.

| It should bé noted that, instead of

preparing the étamper 504 from the master disk 503; a .
master stamper for duplicating plural.stampers may be -
first prepared so as to duplicate piural stampers

15 from the master stamper (in th;s case, since concave-
convex pattern is reversed between the master étamper
and the stamper 503, another transférring stamper is
necessary in the miﬁdle).
<Manufacturing master information. carrier>

20 A magnetic thin film 507 made of, for
éxample, cobalt is formed on the concave—-convex
pattern of the étamper 504 by a general thin film
forming method such as éputtéring. :Then; tﬁe
magnetic thin film formed on the convex sections is

25 removed'by a pelishing process such as Chemical




resist layer 502 of the substrate 501 can al so be
obt ai ned. <Manufacturing a stanper> 200nce the master
di sk 503 i s obtained as described above, a stanper is
rvean efosroszenbed from this master di sk 503 (her ectvapzbdr®75417
resist master disk is used, but the etched master disk
may- al so be used). Specifically, as shown in FIG 25A
a thin conductive 25 | ayer 42f ormed on the master

-di sk 503, and the -71- stanper 504 as shown in FIG

25B M ied %195&391{;”1&99) fQy AR eheiskebr

pl ating on the conductive [ayer. Then, the master disk

503 irsrdeEnies, chheiebysobtai NinigH he dekarpar mbfdet As
a 5 material of the stanper-504, Ni or N alloy may be
usedcteimd fidm gastasnaistfermadrad whowet A8dEIFAckBE: ng

nonel ectrolytic platjng, electroformng, sputtering,
and ion plating gﬁﬁu%%qﬁbﬂFﬁﬁﬁ.t A& aggtﬂaﬁﬁﬁﬁtﬁngﬁkn
the prqtryusi of,«t h 0 o} att.e t

0 ST T e by o e kB OF
It sl ghiea radleed otlhat thos teatbwingoteRarengihhag
stanper 504 fromthe naster disk 503, a master stanper
for thsplstatiargipliogakesiabpbrvennpBBE Risr shoppepar EEG-
so as to duplicate plural stanpers 15 fromthe master
stanp®F FI4FR A SORSE¥SSPRERX R &5&8@5& PBrhf s

oD SEAA  EDEoTRRLE o) AR o0t e sabem et

19 ddi £3¢, danufeartininByraBsserldydorgoe iFoandathieer >
magnetic thin film acéumulated on the remaining
resist l%yef are removed with, for example, organié
sélvent to obtain the master information'carrier 508
on which a desired magnetic thin fiim pattern is

15 fgrﬁed as shown in FIG. Z24H. In this process, it is
not necessary to manufacture a stamper. -

The method of-forming the mégnetic thin Film
is not limited to sputtering, and general thin £ilm
forming methods conventionally conducted such as the

20 vacuum deposition method, the ion plating method, the
CVD method, aﬁdla'plating method may be used. Also,
the magnetic thin film 507 constitutes the magnetic
thin film pattern formed on the master information

carrier. The material of the magnetic think f£ilm 507

25 is not limited to Cobalt, and various types of



20A magnetic thin film507 made of, for exanple,

cobalt is fornmed on the concave-convex pattern of the
stanper 504 by a general thin filmform ng nethod such
as sputtering. Then, the nmagnetic thin filmforned on
Wie20098RY Sections is 25 renmoved by a pol i 8807075417
proocess such as Chemical -72- Mechanical Polishing
(CWP) to obtain the master -information carrier 508 on
whi ch a desired magnetic thit¥-filmpattern is forned
-as shown in FIG 25C 1t should be noted that the
magnetic thin_film507, e.,of . faor_exanple,..co i s
o AR PhBatELE b Fep P et MR dlded i,
remai QLRY-H85h Stadd SR MG 1831, Shnkayesds Oy dscic
shown in FIG 24G after a.concave-convex pattern is

for madeehal hRagubstusdce 501 by etching as shown-in FIG
24E. Then, 10 last, the remaining resist |ayer 502 B
and the nagnefyxthdsi-nip thigcEanBl atk? HPRgtdc thin

emai.ni nqg resist layer, are renmoved with, f e l e,

Br qaiiiE® 351 SORPC? DI 1T B S SEEE TP or MATOR L

car Ig; el e 0B o ORa Whd £ hi e AGRidies RAREEECwE kS dHdtRer
pattern is 15 formed as shown in FIG 24H In this

pr 0G@®s maighek $cnoliimetidss drsy floarmeanohaochly ecansdanper .
The nethod of forming the magnetic thin filmis not,

| i misesd iopSsput Peklh repReatte G@de CORVERI REETIPRT or AT US
met hods convent.i onal | y._conduct ed, such. as_.t-he 20 vacuum
dopBSTTOOR REt ROEPL PRt Ron RPATTHy FELh 1N HEToHy 1o9d-

thod, and appf@aid N9 iRLRed +RRY e iddhe

1ggneti c thi nF‘fE%‘?{rr%lgO? co%gt ittﬂgt Ienggit:ﬁi %&%#gﬁ%c thin

fil reaatileer malyobaedannt 4 dtar e tfatom efichant awnettaied er .
The material of the magnetic think film 507 25 is not

| i nimasdetro d&skabt, a avleRMREY o fiNGPp@smafFter disk is made .

of a-material which is easily broken such as silicon
and, on the other hand, a stamper ié made of a metal,
15 generally it is preferable ﬁo manufacture a master
information carrier from a stamper except when-
performing magnetic_traﬁsfer conly a limited number ofi
times.
<Manufacturing medium>
20 The magnetic. transfer to a longitudinal
ﬁagnetic recording medium is described with refefence
'to FIGS 26A through 26C. It should be noted that the
magnetic recording mediﬁm in FIGS. 26A through 26C
show only one-sided magnefic recording sections.

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




WO 2008/ 082000PCT/ JP2007/ 075417 -73- magnetic |
materials including a hard magnetic material, a |
sem -hard nagnetic material, and a soft magnetic |
wed Bos/@bossey be used. Further, in this casepcilvoo7075417
magnetic thin 5 filmis formed on the concave '
sections. However, since the nmaster infornmation
carrier works whether the médnetic thin filmis forned

-on only convex sections or both concave and convex

' sectj.ons, various net.ho . i tic
thi ﬁbi; [ Pﬁ?%%nl%%éjlu%ngg.lslgéﬁgﬁﬁérg_,i@tﬁ%ﬁ%ﬁ%ﬁ' ster -
i nf QLARLERY SAIFiLr JwmitikemaBabt a6t BLoTM frmeitichenhean
etched master disk or a stanper, since a master disk
i s dadecolon ofitiche alradk direstéass| 9f btloken such as
silicon and, on the other hand, a stanper is nmade of a

met ARGNELigeRRFRFGing Meddugy 38, ABFAVE P heMtf act ure a

ster informatipon carr] f
ggrﬁﬁﬁﬁfﬁﬁrﬁggn%%$%)Trgﬁgrér%gg%§°§£?¥£$%g%xnu 'eﬁmgp

ti MpgignaMepUiaebHinty JRdHaeRP o20The Haghetic ddovisfieg
to a l"ongitudi nal’ - _
medium 509 is closely attached to the fine concave-
convex péttern surface of the mastérﬂinformation'
carrier 508, and the magnetic transfer is performed
10 by applYing'tranéfer magnetic field “Hdu” to the
magnetic recording meaium 509 in the track direction
opposite to the direction to which the~initia1 static .
magnetic field “Hin” is applied. The transfer
magnetic field “Hdu” is absorbed inio the magnetic
15 thin film 507 of the concave sections, therefore the
magnetization of the sections are not inversed; But
the mégnetization of the other section are inversed.
As a result, the magnetic pattern corresponding to
the concave-convex pattern of the master infdrmation
20 carrier 568 is transferred to the magnetic recording
media 509 as shown in FIG. 26C.
Thougﬁ it is not shown in the figures, it
should be noted that even when the ﬁagnetic thin film

is formed on only the convex sections or both convex

25 and concave sections, the magnetic pattern



magneti c recording mediumis described wth reference
to FIGS 26A through 26C. It should be noted that the
magneti c recording mediumin FIGS. 26A through 26C
show only one-sided magnetic recording sections. 25

g sbsiosdeo shown in FIG  26A, initial magnet pgpige030754
2008/ 082000PCT/ JP2007/ 075417 -74- (DC nmgneti zati on)

is previously perforned by a ﬁflylng initial static
magnetic field "H n" to one"tHTection of the track
-directions of the magnetic recordi ng nedi um 509 (sl ave

_gngé%;‘%ﬁgshaﬁa%&r £§0: 15d d@ancameraoneaxssg{ﬁﬂeew & Gre

gnetic recordi ng surface of e nagnetic
r ecoladiceg TROELbWARHOON i Sadicseliy athathedytordherds ne
concave- convex pattern surface of the master, carrier
508, regaddeHe ndgnet i Eheughdher rmagnpév-f:orﬁ@@quwq)ynedlum

P A g RaaLeh S06LRRCE naY Sk Ve CipodRATELe,
n@%?@cﬁé9$rgooxwﬁc§hﬁ%i ég'hhag §Eat¥&r-exam le,

nagne?- Hn" is app e trans etlc
fieldasdder hsumbsaapethdsd ardehabbrereated 1153fetum ffidd m

507 of the concave sections, therefore the

explanation purposes. :
| When the magnetic transfer'is performed onto
a perpendicular magnetic recording medium,

10 substantially the same master_infoimation carrier 508
as used for the longifudinal magnetic recording
medium is used. In perpendicular recording, fi;st;
the magnetization of the magnetic recbrdiné medium
509 is arranged in the direction paiallel'to one of

15  the perpendicular directions'by performing the-
initial DC magnetization. Then aftgr the magnefic
recording medium 509 is closely attached.to the
master information &arrier 508, the magnetic transfer
is performed by applying a transfer magnetic.field to

20  the direction-qpposite toc 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

25 {hard disk) according to this embodiment of the




magneti zati on of the sections are not inversed. But
the magneti zation of the other section are inversed.
As a result, the nagnetic pattern corresponding to the
oo tuasi2menvex pattern of the master i nfor npét/HReedd75417
carrier 508 is transferred to the magnetic recording
medi a 509 as shown in FIG.'Z?C. Though it is
not shown in the figures, it %houl d be noted that even
- when the magnetic thin filmis fornmed on only. the
CONVE%s3RE! h APSnPLoPOld) e X s33kaRd REREAYS ured by
secfions, the magnetic pattern WO
200&/s083000CA L ¥R 00y / £kt 11s7 50 0c ehbes poagh 1grdeo dfhe
concave-convex pattern of -the master infornation

car rther apsigpatiar| s treaisrictedesor deBregfsibed walye

the magnetic cordin di 509 _generally includes
sevé?éﬂeFSyeré 6F?g?8$'g§§h#ﬁéfg agﬁaﬂe?%cy#%_éﬁﬁﬁgﬁ a
sUbSLLALE BRICHO madOdr GXAPIEn BLAGSaOE1E4 1Y NUM
those are abbreviated herein for explanation purposes.

Wiemitimizagnebinpateansieh tlse peohoemeibrait omaster disks.
per pendi cul ar nmagneti c recordi ng medi um 10 :

subcaRridanpyye hehe af Hlsatéon Rifothet FBATRSF 130 thEs
as ‘'used for the | ongitugdinal_ magnetic recordi ng medi um
s ey RepRFRERiTe) SAON G1 BRRy o5 PEER. SHh ™
magnelduzalyl, onsphct PecMronetddnvedtabah gy Mesl Aim 34 i's
arranged in the direction parallel to one of 15 the
1per pendighakasmdcassdt dns dyamdnhaiveng theatedtiiad DC
.magnetization. Then after the magnetic recording
medidePe509 P53 PRESendyl Akildied too defernane ekhe
information carrier 508, the magnetic transfer.is

per {BTTEE Y 86p?§?n@5%39W%1 r %ﬁﬁﬁgchofiéh%ftp 20
t he (@Gl ORhEPPERAL £idP fdth idiaRChiFORsOf grhde: drpi ti al
DC magnetization to record the nmagnetic pattern

" corriesapeng rgriest Aepandinay e oihvexadat then onto the
magneti c recordi ng nmedi um 509.

15 determination and the fluctuat}on of the pattern
shapes of the master disk is remarkable. Howeﬁer,-
according to this embodiment of the present invenfioﬁ,
since the magnitude.of the astigmatism is restricted
te a certain value or less, the remaining maénitude ‘ }

20 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.

25 Though it is unchanged that, for example, the servo



As descri bed above, in a recording nedium 25 (hard

di sk) according to this enbodi nent of the -76-
present invention, a master disk is manufactured by
usi ng the draw ng apparatus 100 whose magni tude of the

%0 b@smeos M i s restricted to a prescribed VabueeR§7075417
| ess. Therefore, the fluctuation of the pattern 5 -

shapes on the master disk can be drastically mnimzed
conpared with the conventi on&l- master di sks. '
- Accordingly, the fluctuation of the stanper and the

medi ym manuf actured from t.he ter _disk.can be .
edaoanIopatFrRatet CRNRd e rrneb i ettt
ast 1aLl SELEa0BRY, DEndIUl ididd Ictel weld' 8L egre Fdrmat
depends “on personal ability to determ ne the existence
of trRliasfogmadi duribe cets anaofufidRitarfiagt preceshicof the
remai ni ng magni tude of astigmatism.largely varies
depaediigg wafihahd WadRd t heSay Ydiracl HeEPsAlRsddehece as

flucfuati.on o he pattern Shapes of the master disk
s %&gﬁfiegeiﬁb\ever, accordi'ng to this enbodi ment

of the preseng,d MVEM | Qho HiRGe b8 FROSE Lile 10frd RE sk
astigmatismis restricted to a certain value or |ess,

t he irseimictieagedngndt tite 2dcafdirhe deskigyatesshdoestomt
| argely vary dependi ng on who corrected the

ast iggeapilem 12QSERLhs &bmeRf| wenmese, thé broadening ofTM

Tecdh MFSHEREE: 5 PhAnEETh U A0 S8 TRCEENERT i s

lléncnﬁbgieecti'ﬁhﬁ{ea.df Qé{:gﬁ{égpél epré}ﬁeenﬁer e broadening ‘of
the magnetic field caﬁnot 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)andrerasing the data

15 already recorded thereon may occur. In addition,
when reading, not only a signal of the data tréck to
be normally read buﬁ also an upnecessary-signal of
the adjacent track is ‘also read,.causing the
crosstalk phenomenon. .

20 To realize further higher density while the
influences of;.for example, the side writing and the
crosstalk are reduced, the Discrete Track Media (DTﬁ)
is‘being proposed. In the DTM, as shown in EIG.'ZT,
data tracks 420 are physically and magnetically

25 separated from each other by grooves 421. Also, in




WO 2008/ 082000PCT/ . 172007/ 075417 -77- signal pattern
for tracking the magnetic head is still necessary, the
DTM and the BPM are preformat nedia fornmed during the
venzobsesasn | Ng process of the nedia w thout PTG 075417
servo track recording device as 5 descri bed bel ow. -
When the recording density'ggsjhe hard disk is
i ncreased and the recording density reaches, for
- exanpl e, 100 Goits/inch2 or nore, the broadening of
t he uRgmeti, CmbyRb €1 & rvdm d i Sikdaaiuel 36es oh the ddra
magneti ¢ head becones a problem The broadeni ng of the
magriataick #R28| Hochanotchededduskdoneggnehan material nis
val ue even when the size of: the head becones snmaller.
As SIPELArE 1pnkhpnEFRAETOM Of JEtvErRgthe BR2EKS acent
‘tra ide. wrjtij . ' ' d.
oo iet ot herebrl RERt OCUELAN, 1, cHS, HAkPecd? Modfiin,

8ot f¥H ¥xamplepar1ef iheidatdddnck beebsrngt B dnal
read but al so an unnecessary signal of the adjacent

t r aglatiteral sectians 42dsioy ntdwrciogst &bk gkamphendrhe
20To realize f%rther hi gher density while the

i nf 197810 $181 211 37 BRI MAfeTdide LhKPt FRY P t he

cro reduced, the Discrete Track Media (DTM
is g%%%g%p?ggésed. In the DTM as shown in FIG 27,

data tracks 420 armadihysitedl by and pragnes i gddy R5mm to
separated from each other by grooves 421. Al so, in

1078-abichng DUN| nmagaed | thermadrtiegn sérei pE bhé ypreafdtmat
data track 420_to be recorded and nonnmagnetic nateri al

i s SHFitedSi ATPRRE gFRAOVAINUZE fopkesh Phe FFagkPitch.

FU Qe £3 B2 LET 01 S R d o (G WRAL SpRSrSOOWMd N
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 andll 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




5 for exanple, FIG 22 is fornmed in preformat signal
pattern sections 422 for recording, for exanple, the
servo signal as magnetic material |ike the data tracks
420. The track pitch of the DTMis about 50 nmto 10
Fomros/@d@o nm  and the pattern size of the ppef/owi@lirsar
signal is alnost the sane as that of the track pitch.
Therefore, an el ectron beam drawi ng apparatus i s being
used for farm ng patterns of7?‘hose data tracks and
~preformat signal patterns. As a medi um having. 15
hi gher cadi 1Ly Xanpkie s leIbit s/ heh
than st At arotReThmin e Bt BT era haracCer R ur h
mMagmeeM Gnpatliés| Ehé Rref@Maangadnian padeernl sagtidres.
data tracks and 1 bit is recorded in one magnetic
particle is bRtegtmPpesdeh 2dAshehBEM 19 @t 2 nmhéo
BPMis a di um where each magnetic particle 431 is :
ohy SEEHEI J0aRE RESELS 115 00| 2eBoARBHT £ hRABEHeTeS
gnet, a N : :
e ThBCbERFaPRal e Al Migr BRsEREa LS Alne
par tdigliear2boexehtdo Aot Hdre& vERgN @liitehpakbi ehet segt i ons.
Though it -79- is not shown in the figures, simlar,
t o teHecDTINp bhemBPravind rheanataispisf beang wighafor
pattern sect e track, Ei tch.o

i ) Th . f the .
P MRS BE EhoBs AT ERUL BT MRt APRAS Erd Maghot i

nag%%go%dgﬁﬁtkﬁhﬁﬁ) using a laser spot irradiation as

10 well in magnetic recording and the.BPM are jointiy
used, further higher-aensity is thought to be
achievable, and then, the drawing scale of the BPM-is )
estimated to be 10 nm range which canAbe supported by
an electron beam drawing apparatus.‘

15 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 DTM-
and thg BPM are preformat media in which the. data
tracks of the DTM and the magnetic particles.of the -

20 BPM are siﬁila;ly_configured so that the patterns are
formed when thé'data'tracks and the magnetic
‘particles are pfocessed. Therefore, it is effective 
éince the servo information writing:operation on each
medium is not necessary. |

25 The DTM and the BPM can be manufactured by




5 and the preformat pattern signal pattern are also
simlar to that of the track pitch, so that an
el ectron beam drawi ng apparatus is being used for

fos mogg2donose patterns. Wien Heat A: ssi st edpdvbgasbiofsar

Recording (HAMR) using a |laser spot irradiation as 10
well in nmagnetic recording gnd the BPMare jointly
used, further higher density 1s thought to be

- achi evabl e, and then, the drawing scale of the BPMis
est isTRL edrt Br&€e Jék NPimRRI@ neNHG I £6 28N HEs AP Aliinad Y
an el ectron beam drawi ng apparatus. 15It is unchanged
t hatp tbe shappd of tareuzdr detsi grabrgdng esectiogms
‘tracking the rnagnetic head_is _still necessary.in both

t he (BTNFapRtimecBPMrafte BFNVrdAnet RE BRAFZR'E

nmedia_Ln Leh 't data tracks.of th t
mmgRarEeoharl M e s0f e aPaterhy| By 1o o
gonfEpRupedtsen t Natsddg Rat.t enRs take sb 01 Rthghathdd he
data tracks and the magnetic particles are processed.
Themehofectiuting neftfhect ilse deisgcébthe servo i nformation
writing operation on each nediumis not necessary.

25 THY2PRRRGRYT 1M BONMSEET B Sk&nuf actured by - - 80-
simlar process since.the diff n(:f@are I-m ted
the shapes o_?lsnag-l%l?aldrég'tlégr %g%?ﬁ%gslsec ilonn.sElIG' tl'. ch8
( DT\Mpeenkii AMetST t £ sk atB3RM-l1ionemOtodb 66T &k ecdrRaRet i C

. particles) and the sizes of the pattern (the size of
10 obtained by adjusting the beam current amount of the
electron source 11 and the aperture of the aperture

plate 16.

When the preformat signal péttern of the DTM

is drawn using the drawing apparatué 100, the spot
15~ diameter of the electron beam is set to about 50 nm.
Or when the preformat signal pattern of the BEM is

drawn,. the spot diameter of the electron .beam is set

.to about 20 nm. Then, the astigmatism of the drawing

apparatus 100 is.cprrected using the reference sample

20 “WP” in thé procedure 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 method,

25 and then baked to form a resist layer 502 made of



5 BPM pattern is smaller). In the follow ng, the
manuf acturing nethod is describe. <Manufacturing a
mast er di sk> In the drawi ng apparatus 100
in FIG 1, the spot dianeter fromabout 10 nmto 200

Qﬂjﬁ@ﬁmﬁﬁ010 obtai ned by adjusting the beam&iphePlhrsa
anount of the electron source 11 and the aperture of

the aperture plate 16. \WWen the preformat signa
pattern of the DTMis drawr8lsing the draw ng
: apparatus 100, the spot 15- dianeter of the electron

is set to a f
SI gﬁ Fcﬁﬁ?’f‘e??]a%fr?srfés%ﬁﬁlvllggdng}v%or?hg jg%ett r@ Ser
of thg.gLeshr tﬁc?aéﬁdust 380 hf)aboeb 20z 41 han.githe
astigmatismof t draw ng apparatus 100 i's corrected
usi Bgbkheatef es eqeertsamubat28tey\Pori a $hEki qumooedisre may
described in the first through the third enbodi nents
of bneupﬁéseﬁtth\m\ﬁemat(;ﬁtkﬁgépar FRgtmesi sts st rat e>

65, om0 ELG 20 oBltady RPLIRS 03 SURhLaCE:

OSSR A i e Bk, Y cne e
of the master disk of the DTM and the BPM, positive
resist such as PMMA (manufaétured by Tokyo Oyo
Kagaku) is preferable due to its resolution,

10 Asensitivity; easy-handling. '

As the sﬁbsfrate 501, a nonmagnetic

substrate whose surface roughness is -fine and haviﬁg
a good flatness is fine, but since thé pattefn
exposure‘is performed by the electrén beam drawing

15 apparatus, it is preferable to have electrical
conductivity. When a nonconductive material sﬁch as
glass is used, preferabiy, an antistatic agent is
applied on the substrate 501, thereby preventing the
substrate 501 from being charged when an eleﬁtron

20 beam is ifradiated. Further, as a material for the
honmagnetic substrate, there are many such materials
availablé on thé market at low cost, and it is |
desirable to use a silicon wafer haﬁing electrical
conductivity.

25 <Pattern drawing>




-81- electron beamresist having uniformfilm

t hi ckness (about 50 nmto about 100 nm. For exanpl e,

a gl ass substrate, a quartz substrate, or a silicon
wah edos/oayobe used as the substrate 501. Fur pbetp@®75417
the 5 electron beamresist included in the resist

| ayer 502, positive or negative resist may be used.
For the use of the nmaster dir%k of the DITM and 't he BPM
-positive resist such as PMVA (manufactured by. Oyo

Kagaku) i ferabl.e. due taq i L on, - ‘
S i by B St o Salpl g ot ol b0 tne

R [e]
sensitivity, I ng.

nonnBgNGt ¢ S4Bt ﬁéiﬁgvtm%ﬁéuif@celpga&ghﬁss*éo@ siine
and having a good flatness is fine, but since the

pat taggerdppdsbetows performed by the el ectron beam
drawi ng 15 apparatus, it is.preferable to have

el ectrical coRRRICTPRAYIAtWRIE &PnBREBRAHRE i VRS it & al
R SR PRuMEER oR RIS G Ay, TR0 uTLBE fn@0ent

I's & ereby preventi ng

t he &é&ﬁ,tnggataﬁpé%tﬁsom@.ei Néh G GeBswhaReanoe| egsron

20 beamis irradiated. Further, as a material for the
nonnstgivat iiey Falbst eaBe, expeseraries memiosmed tat théal s
avail able on the market at |ow cost, and it i

desi shasled meodeEsaSePRi ebnthmfrasindy ildges| 502 ieafhe

condyfélilrvei_ty;. 25 <Pattern draw ng>

10 A desired pattern is draﬁn on each track of
‘the resist layer 502‘6n the substrate 501 by rotating
the rotary table 31 and irradiating_an'electron be&m
modulated corresponding to the preforﬁat information
such as the servo signal.. In addition to the pattern

15 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

‘20 this case, to form a desired pattern, it is necessary
to jointly opeiéte tHe blanking eiectrode 15, the .
scanning electrdde 18, the rotary table unit 30, and
the slide unit 33 of thé irradiatioﬁ apparatus 10.

When drawing the pattern on the substrate

25 501 is finished, the substrate 501 is removed from
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procedure of drawing a pattern onto the substrate 501.
usi ng the drawi ng apparatus 100 is descri bed bel ow.
The substrate 501 on which the resist is 5 applied is

o/ oRekde t he rotary table 31 of the draw Bgrypaeaz07s417
apparatus 100.- On the substrate 501, as shown In Elé

24B, exposure is perfornmed tgo the shaded regions 502A
of the resist layer 502 in f%%‘figure. 10A desired
. pattern is drawn on each track of the resist |ayer 502

on the suestyatspb9lzpy rotating the rotary table 31
and irradiating an el ectron beam nodul at ed

cor keepehdpment® the preformat information such as fhe
servo signal. In addition to the pattern 15 of the
pref or mat i nf¥t MAYGPpiagnthausesight karendd®? off the

DTM or regqul a it Irnes of the BPM are forned.

Fur PHBPEEEFRoR0T HaP AP PAtREFTGeE SERERRS | C

Bat (glsRs 1 bkt £5o TRl %eOfregEQW ag gésfy,@%é rﬁaéés-%,

the slide unit 33 is noved by the track pitch. 1In

t hi sheasegibnsfH0IA awhkasd red@chabhebBami isi SrNACRSSY ¥s

to jointly operate the blanking el ectrode 15, the .

scafhiong eneEifodeAA gire iremogeds yandbvkennthe 3®siatd is

t he slige unit 33 of the irradiation agparatus 10.
negative resist, since non-irradiated regions are
removed, é fine pattern of the rest part 502B of the

10 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 lavyer
502 of the substrate 500 can be obtained.

Cr, after the aevelopmentuof the resist,

15" 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

20 remaining resist layer 502B is removed by using, for
eéxample, an organic solvent so as to directly form a
desired fine pattern on the substrate 501 as shown in
FIG. 24F. By doing this way, a master disk (etched

master disk) 503 on which a fine pattern is formed on

25 the substrate 501 can also be obtained.




When drawi ng the pattern on the substrate 25 501 is
finished, the substrate 501 is renoved from -83- the
rotary table 31. <Devel opnent > In
saymbHEzng the resist |ayer 502 of the subspeBi8o®@k417
on which-a pattern is drawn as 5 descri bed above, when
the resist is positive resist, the regions 502A where
el ectron beamis irradiated®s 'shown in FIG "24C are
- renoved, and when the resist is negative resist, since
non- i.rr adi .reagions are.renoved, a fine pattern of
the":l}v‘r(%%1 Bglr:?gt?)i% osfq"a{“ﬁ:eegcfo resist |ayer 500 is :
formed. By dojdik ttHeS ma@tBRSHEEKUSGK {4 astisdidmsher

di sk) of the substrate 501 on which the fine pattern

i s Beseedbed dbheveeosa sttdmpeer iSORanhféhbusedstren 560
can be obtained. O, after the devel opnent of the
resF@PFQISd+EFtﬁ%$,(QEFQﬂmowﬁthrFﬁéﬁtZﬁift%F disk is
CONGALE, CRNXCKSARGLS AT 490, RSy SUDSLIAL 5,008 OV

erform ng reactive ion etching USing reactive gas

| ONgpakeiRiag) BF4 AONshRAP il @cet 9BANga UBh Y SdhcAS ve
‘Ar ions may be perforned) as shown in FIG 24E. Then

| astlayar2@sr Eommed non ridsd stasitayedisSB2808s amdovied by
using, for exanple, an organic solvent so as to

di r SCEMperob A al HeLPFRRE i @SFAPLBIAT onf PR XMRY S at o

SOL 3%,300M L0 1 G, A7 ccB, 891,00, 1018 vy & st

disl?l eétch nast er on which a fine pattern
10S fRisvRd QRsRSsEhei suhsidrles 28éreBy 8b8Qikeng the

obt ai ned.
stamper 504. As a material of the stamper 504, Ni or

Ni alloy may be used and various metal film forming
methods including nonelectrolytic plafing, ”
electroforming, sputtering, and ion-platiﬁg can be
15 applied. The depth (height of the protrusion) of the
concave-convex pattern of the stamper 504 is aBout
several hundreds'napomeﬁers.
It should be noted that, instead of
preparing the stamper 504 from the master disk 503, a
20 master staﬁper_for duplicating plural stampers may be
first prepared So as to duplicate plural stampers .
from the master-gtamper {(in this case, since conéave?
convex pattern is reveréed between the master stamper
and the stamper 303, another transferring stamper is

25 necessary in the middle).



-84- <Manufacturing a stanper> Once the
master di sk 503 is obtained as descri bed above, a
stanper is manufactured fromthis nmaster disk 503
(herein, the resist master disk is 5 used, but the

lcheshsteet er di sk nmay al so be used). SpeC|fp@ﬁhanmg§”
shown in-FIG 25A, a thin conductive |layer is forne

on the master disk 503, and the stanmper 504 is formed
by performing,' for exanpl e85ickel plating on the
- conductive |ayer. Then, the 10 -naster disk 503 is

rengMQQngggﬁfggﬁfgg&ydm>ng the stanper 504. As a

‘mat er er 504, Ni or N -alloy may be

used and var lpotztsetmsauabffmhﬁhfgémﬁglgr&tﬁéo%gn@@:ll@dl ng
nonel ectrol ytic plating, electroformng, sputtering,

andregnrpiamrn@dnam P9 Lsiagpkhedstdmpedemdsh i(shei ght
of the protru5|on of the concave-convex pattern of

t he9EPGAHRFT SHUH STRIRRRNCS Vet diheh FifiSed < Shartdrorghs 29D.
ét shoul d be;ﬂg&&d %gagh hﬂs%gaﬁlggéﬂﬁgpg%ﬁﬂg %@gtlng

St anper 504 from t'he nmaster

st agReE nté Bheditld GHidyNa 10l dhakhSERMPEFSs IRV ffe o ig03t
‘prepared so as to duplicate plural stanpers fromthe

master fetmepertie rstidmperc 894, isi pces sedcavies dom ex
pattern is reversed between the master stanper and the

st aAPEFTBRAIAEHRIBE 4L0ak¥r PRI AENeT HRREING N method.
nec%ﬁgg[ytﬁg_égﬁEJUeJ¥&%EEX pgéte§khnﬂéacéf”ﬂﬂg’s é%ﬂégp

10 504 is transferred to the resin léyer 403 and a
concave-convex patterh-“P3" is formed on the
intermediate body 410. 1In this case, the
intermediate body 410 is an intermediate body for
manufacturing the magnetic recofdiné medium 509 and
15 includes a disk-shaped substrape 401 (for example,
gléss or aluminum) and a magnetic layer 402 forﬁed on
the substrate 401. It should be noted that, for
example, a undelayef, a soft magnetic layer,.an
alignment layer,. a recording layer {magnetic layer
20 402}, and_é prpteqtion layer may be accumulated on
the substrate 401 in an actual intermediate body 410,
but the descripfion and the graphic display of those.
are herein abbreviated. '

| When the concave-convex pattern “P2” of the

25 stamper 504 is transferred to the resin layer 403 by




A met hod of manufacturing the magnetic recording
medi um 509 using the stanper 504 is described with
reference to the FIGS. 29A through 29D. 5First, as
stovsaszoodl G 29A, whil e heating an i nt er megi-gir8oRakyr7
410 on which a resin layer 403 i-s fornmed, the stanper
504 is pressed onto the internedi ate body 410 by the
nano-i nprinting nmet hod. The®6-t he concave-convex

- pattern "P2" of the stanper 10-504 is transferred to
the resin |l ayer 403 and hganc ve: convex cﬁq{t rn .P3"
is FOFmBa"on e e meardte S%y 71079 %i§g§§e,
thethat eeoedi Bl R bods 418vifadBeh & eF&BM] &R, body for
manuf acturing t'he magnetic -recordi ng nmedi um509 and 15
i nchlitdesnat trsky Hdramseddsabdt hatded®d Ky drrmdhpqliag UV
glass or alum num ahd a magnetic_ |ayer 402 fornmed on
t heldgbst r at Yo qaseshbAFEVHE: nbt ebd tAafemadyle to

xampl e, a unde| ayer, a soft netic layer, an_ . -
B RroAr PEOSY Bt 3Rk nIBEOFE MR 8 Bl ihe 503,
402} pafiNga ds PL A eGli@R SAKAT 2 TBYu DL ACHUTE AL &3 @Ret he
-substrate 401 in an "actual internedi ate body 410, but
t hesdemper ps®odn and the graphic display of those are
herei n abbrevi at ed. _ ) Wen the

concave- convé¥extat teeninpprmediatr bslystidfpds 5Hahed
tragyerred tﬁ t he rg:sivn I.a¥er 403 b)y -.86- é_%e
nandEPRpPF TR Yy FsiAFsd na8P PECUERY (4R ddif the
1§ €SkBnkayeL iRk x Dhhardened T gsi D ARy al 1ol NafiisV ehke,
be used and hardened by irradiating UV light. In this
casehehnugnetic i layexr @0ef @sabkpoted SErse tdie ddothrech
master disk made froma substrate 501 that passes W

|i gRBTEACh @5 HAIGORTATSE 686 PRE hef SthfmmanGug-convex -

pattern “P3”. Then, further etching is performed to
' form a concave-convex pattern “P4” in the magnetic
15 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

20 concave-convex pattern “P4”") is exposed by, for

éxample,.a_polishing'process (such as CMP method),.

and then, a protection layer is formed on the surface

of the magnetic layer 402 to complete the magnetic
recording medium '509. It should be noted that the

25 preformat signal pattern and the data track pattern

By MBI 1 - e - ANk mimress = e s e a



Next, the intermedi ate bodY 410 is etched (for
exanpl e, reactive ion etching) using the 10
concave-convex pattern "P3" as a mask. In this case,
the magnetic | ayer 402 is exposed fromthe .bottom

s foagi2@b t he concave sections of the concayBmeaRN®S17
pattern “P3". Then, further etching is perforned to
form a concave-convex pattern "P4" in the magnetic 15
| ayer 402 as shown in FIG 28 Then, as

- shown in FIG 29D, nonmagnetic ndaterial 404 is
supplied in the concgve sections of the concave-convex

pat fi@¥nbe O?m?—?)r’clhe e (SHPGRGREESE BhyEPS 4TS (oo
the convex segliQng QhelNgndfeCORG VRS CAMEN R iR um

"P4") is expose y, for exanple, a pol I shing process

(suqhras &Mr) nBtbeLdinqrud tdhdr, eabphakention tieyer is

formed on the surface of the magnetic |ayer 402 to :
conpiresent hénveyhien c & erstdimgisedignmasebactyreddw d
be noted that the 25 preformat .signal pattern and the

Gat B5PECKPBaRFRY H1S \RTERIRE Gs 3000 BEPF S B0 s 1

; ?Z%_h@xs%gfngie@&iﬂé{ﬁ@g}%ﬁg@css rébct e AP ue

ve, I'n the recording
mediggMmeREM - BRd)e p6£8) ity fiackthiagieabodi tkatpoitdtre
present invention, a master disk is manufactured by 5
usi repapiee dnathagrapber atisk R0 Weodsaphgprilvie of the
astigmatismiis restricted to a prescriped val ue or _,

| es &1 PFREZEROFEMPEREA  VUER UBRP oFOBY ST heP st (-G Thabed<s -

9 BB TRRHEL?, Se ENORALES! b SIbELE oo che

Accaiediingl Yanhhgcthpéd ustdmwHf nialieest awprr candbé he

‘ reduced. Specifically, conventionally, since the -
astigmatism cannot be quantitatively freated, it
depends on personal ability to dete?mine the

15 existence of the astigmatism. ﬁecause of this
feature, the remaining magnitude of astigmatisﬁ
largel& varies depepding on who makes the
determination and the fluctuation of the pa;tern
shapes of thé master disk is remarkable. However,

20 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 theé astigmatism.

25 In the sixth embodiment, a method of




medi um manuf actured fromthe master di sk can be
reduced. Specifically, conventionally, since the
astigmati sm cannot be quantitatively treated, it
capmnsis2on personal ability to determ ne theciie2007/075417
exi stence of the astigmatism Because of this feature,
t he remi ni ng magni tude of astigmatismlargely varies
dependi ng on who makes the ‘&@ferr_ri nati on and the

- fluctuation of the pattern shapes of the master disk
is remakkabl Y a L ng.t L
enbBETRERCE s g Y Uy BBBETL e el ie-
magBkL udes ofnd NTIeSS BMMRthieS Aeh6- L@t IhEimg Mextdd is
certain value or |less, the renaining magni tude of the
ast ugnal L g nusled st motarwdfegsyevar §ige peerdéaigl ash NARE
corrected the astigmatism .25l n the sixth enbodi nent,

a metRBETBFS- W3 R0BE GSIC00PRT 1P TOTE 7 288
nuf act uri Rg_t he DT P di i s, d ' . iqdes

AT e e R

used LA MROEF ags Uf endnd- ik riateall edcRRdDogy raedm)r &s

I'n the nano-inprinting method, as 5 described above, a

st ampeeséarymayFof tizer barc zlllect ronehphmt @raging

nano-i nprinting technol ogy ter I S, _necessary.

Fur PRI a5AS of 8cRPEPS I BAPHG2SPPES aF l%a%sem

NeCEORRLY LR IRNUL AL L, B DAL BLALFBELGE MRS b dabrper

necf8§§aFy to RAnuTact ure tHe st anper.

160MhRatbaB 1 AL+ TBAUS AGRAHU MG tarRatt 8r PadBsi®maksidyy an
el ectron beam draw ng apparatus, the stanper nade from
t he usdhbenn mhsteren dmehn irawdng- BppeEating Wig FORMPST -
al so applicable in manufacturing the follow ng devices
i ncMadien§roButhROPAFFAFR dipStEr gand the nano-Imprinting -

method is also applicable in manufactﬁring the
following devices including, but nof limited to, a
15- 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
20 structure‘manufactured as described above to
ﬁanufacture, fof example, an antireflective structure
of LED, a biochip, and a semiconductor insulatien
£ilm. | |
It should be noted that, in the descriptions

25 of the above embodiments, the drawing apparatus 100




15 deflection plate device for liquid crystal, mcro
| ens array for CCD/ CMOS sensor, photonic crystal for
hi gh brightness LED, and a thin film head. Further, so
call ed self-organizing function of, for exanple, block
sapmbsmsEwe may be added to the nano pattern 2€rap2007/075417
structure manufactured as descri-bed above to -
manuf acture, for exanple, an antireflective structure
of LED, a biochip, and a sem conduct or insul ati on
film It should be noted that, in the
desgti L1 9MSe Pt 1ford R 220Q%e 18EROI BB Far | NS rlfeAWHRY
apparattus 100 WO 20081082000, PCTI JP2007/ 075417 - 89-
usi dgaaing| Spda Ot e ainiing aaedletoney dsears i arck tihee
drawi ng appar at us using an -el ectron beam and the
el eeleohrod CRIBRARORFe F@NEITRY 1Habava 3 samar ‘
structure, the present invention is,alsp applicable 5
Lo PREVGHRET 1 O RN aRsetpd PERRTAD & T hEGE R bl
gecepdafy &1 &S P& Bscope Forming 4 iRlge Ikl a
above enpodi nents, the secondary el éctron signal i's
gengeabrdabpserk eirdihéeapcondary el ect rons generated
fromthe reference 10 sanple "WP" and detected by the

el ectron det ddtrdthexry. in the above embodiments, the
-secondary electron signal is generatedAbased on the
secondarf_electrons generated from the reference
10 sample “WP” and detected by the electron detector 21.
However, in addition,fo 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

15 based on the transmitted electrons-transmitted

through the reference sample “WP” may be used.

INDUSTRIAL APPLICABiLITY .
' As described above, the,aberration‘

20 evaluation pattern and the aberration evaluation
method according to the present invention are well
suited to evaluate astigmafism. The aberration
correction method according to the present invention
is well suited to correct aberration of an

25 irradiation system. The electron beam drawing.




However, in addition to the secondary el ectrons,
reflected electrons reflected off the reference sanple
"WP" nmay be detected to generate a reflected el ectron
wiogoedos2000 a transmitted el ectron signal  lLEchesedesin
the transmtted electrons transmtted through the
reference sanple "WP' nmay be used. | NDUSTRI AL ,
APPLI CABI LI TY As descri bed®ove, the aberration 20
- eval uation pattern and the aberration eval uatjon
et Doda BEEOL A bl N PGSR LOYE A AR Al YRl Liel
sui t to evaluate astigmatism The aberration :
COr EACE L@ RS0k AL Qadiing L18ih§eaPpre€bertrdo\tesim. on
is well suited to correct- aberration of an 25
i rr Jueaelont systwimroptepel eccrodinbegabe ditevinygsengo-
apparatus, according to the present invention is well
sui tBYSRBI ALY 1P a?}dlr?ﬁdug?nljhﬁn°]%?%’6‘fﬂ'tolﬁxbé> m? The
gleggﬁﬁgepicroscope according to the present invention
I's welfT Suited to the observation of a 5 sanple.
The present iTheeRirie@BntSiAGkntishted dax titited to the
‘above-nmenti oned enbodi ments, and variations and
nodiebpratnensiongd rmboadaentisty hang vWepbationy fangin t he
scope of the present .invention.

modifications may be made without departing from the
scope of-the present invention.

10 Thé.présent application is based on and
claims the benefit of priority of Japanese Patent
Application Nos. 2006-356875 filed on Decembér 29,
2006 and 2007-306627 filed on Novembef 27, 2007, the

entire contents of which are hereby incorporated by

15' reference.



10The present application is based on and clains the
benefit of priority of Japanese Patent Application
Nos. 2006-356875 filed on cenber 29, 2006 and

2007- 306627 filed on Novenber 27, 2007, the entire
contents of which are hereby incorporated by 15
reference. -91- CLAIM 1. An aberration

eval uation nethod for eval uati ng aberration of an
irradi ati on system based G&I¥F i mage obtai ned by
scanni ng an el ectron beam onto an aberration
eval uation pattern for evaluating aberration of an
irradi ati on system scanni ng an el ectron beamonto a
surface of arsanpke dut dehl ectd ngatthies €1 eetyond beam
the irradiation systemirradi ating the el ectron beam
evalhataber ralp eor advad vatd onanetirota doaprisnngystem based
a focus setting step of setting a focus position of
on el A%HRi aPitoht 3§Slt & oAEE T hENabet Tt abilGif evahudts an

attern; and._ . an eval uation step of )
ont uanu Al %ih’ A5 YAl PR BRAER T r Pad R T Bn L&t BPYRELng
abef@aﬁh(ﬂrgg %ﬂﬁ@£§ég§§f@% ky ﬁ%@%'?géﬁﬁﬁﬁlag on

beam onto thé aberration éval uation patteérn onto i ch
eledheohoWiSa RO ONa0fs d Pealdd aglEati Ay spateni,s set in

a first direction and a second direction orthogonal to
def tdetfingttdier ect ¢ on,r avhebeiam ,t hehkociusr satitd o 8t &y st em
] i ncl udes: a first substep of scanning an
irrafhdekfiocuskldeeledct ¢ b csedreamd anheverfocused al ect ron

beam onto the aberration evaluation pattern in a third
eVa IRyt 4fodts hPaid et P8R, StRE third and the fourth

directions_being different from each. other; and .
aI secolndEl :%%%#Segs%#t]s%%?%egpt‘?gsfegtc‘ifsn%o%i FGHS dpition

of tie aberddthen oeval yatian Patlerdhbased on,the axi num
val ue of an el ectron signal obtained by -92- scanning

evaliyvathent lpadtdirmect aod and t he maxi mnum val ue of an

3:?gg:?gﬂ§iggg&u%@%%hpggtgg g%a2@;¥%;gkégea£ggggﬁion of
the irradiation system based on electron signals
obtained by scanning the electron beam onto the
aberration evaluation pattern onto which the focus
position of the irradiation system is set in a first
direction and a second direction orthogonal to the
first direction, wherein the focus setting step
includes:

a first substep of scanning an underfocused

electron beam and an overfocused electron beam onto

the aberration evaluation pattern in a third and a
fourth directions, the third and the fourth directions

being different from each other; and

a second substep of setting the focus

position onto the aberration evaluation pattern based

on the maximum value of an electron signal obtained by

§
[:



2. The aberration eval uation nmethod according to claim
1, further conprising: a determning step
of determining the directr8d-of the aberration of the

irradiation systemwth respect to the first direction
based on a scanning result in the third and the fourth
directi.on 3. . The aberr%ﬂion eval uation

Scaﬁﬂ&%%dlébggFﬁiﬁ&%%ﬁclgﬁﬁ?ftﬁﬁ&wﬁ%d € maximufpvalue

of abhe e¥akyaiionistem bbedinsh #nd LRErSECORdin the
directions are decided based on tthe determ nation

fourndsulli riemtthendet erm nati on step. 4. The
aberration eval uati on nmethod according to claim 3,
wherein in the evaluation step, the first

or the second direction is set in the generating
directi ¢h- ofheheberestion. evegBaation method 5. An
aberration correction nmethod for correcting aberration
accoafdithe itror adl atimonl syfuemtbased corp ahseévad uati on
result obtained by the aberration eval uati on nethod

accor di ng d&x &yifNegCkakRS ok Raudhinthing the direction
6. An el ectron beam drawi hg apparatus including an
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the aberration correction nethod accordi'ng to clalmb5.

7. tglqﬁ{éog.qjq!oagggg,dngkugjqg an irrgdiation
respsec E'lj S CC 1 & SCarllrl ]i'lgn

yst em whose abérration 1S ¢corrected bfrihe aberra
arrection nethod accqrdin o claim?5. ,
resudt Wfindtd bR IGR Gt Rodlh S nf Ot oRLE&cHr HPA medi um
on which a prescribed pattern is drawn by the el ectron
beam drawi ng apparatus according to claim6®.
9. A stanper of an optical information recording
medi um nanuf het wieelr by tusd ng etvizel wattteom agedhdichg to
cl ai m 8.
according to claim 2, wherein
in the evaluation step, the first and the second
directions are decided based on the determination

result in the determination step.

4, The aberration evaluation method
according to claim 3, wherein

in the evaluation step, the first or the second
direction is set in the generating direction of the

aberration.



-.94- 10. An optical information
recordi ng nmedi um manuf actured by using the stanper
according to claim?9. 11. A nmaster of a
magneti c i nformation recor"09|3n'9 medi um on which a
prescribed pattern is drawn by the el ectron beam
draw ng apparatus according to claim®6.
12. A stanper of a magnetic information recording
medi um nanufdctdP ed IRt LePnFaheepasiar aeddraiing oo
claim1l. 13. A magnetic information
correchbidineg bedinat hanufeatt uhed ibyradimg tbe stysmpen based
according to claim12.
on an evaluation result obtained by the aberration

evaluation method according to any one claims 1

though 4.

6. An electron beam drawing apparatus
including an irradiation system whose aberration is
corrected by the aberration correction method

according to claim 5.
7. An electron microscope including an
irradiation system whose aberration is corrected by

the aberration correction method according to claim 5.

8. A master of an optical information

recording medium on which a prescribed pattern is
drawn by the electron beam drawing apparatus

according to claim 6.

9. A stamper of an optical information
recording medium manufactured by using the master

according to claim 8.
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10. An optical information recording medium

manufactured by using the stamper according to claim 9.

11. A master of a magnetic informatiocn
recording medium on which a prescribed pattern is
drawn by the electron beam drawing apparatus

according to claim 6.

12. A stamper of a magnetic information
recording medium manufactured by using the master

according to claim 11.

13. A magnetic information recording medium
manufactured by using the stamper according to claim

12.




