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WD 2008/ 026759 PCT/ JP2007/ 067112 - 1 DESCRI 95@@@9;39)»‘7
DRAW NG METHOD, DRAW NG DEVI CE, AND | NFORMATION

Rl ‘F(;QJ/J}I&Q/EDI UM 5 TECHNI CAL FIELD Thi s inveptsf3007067112
rel'ates 10 a drawing nethod, a draw ng device, and an
information re'cording nmedium More particularly,
this invention relates to a drawi ng nmet hod and device
10 in which an electron beamis radiated to a surface
of an object to draw a,patkepnION the object surface.
And this invention relates to an information
recordi ng neghHrken M cdb 2 DRANET RGN DEY GH medNBn a
recordi ng surface by 15 using the draw ng net hod and
dey $6rma BAGKGRANR ARG | mEDH®M i el d of digiti zation
of information in recent years, there is an 20

i ncreasing demand for a | arge anobunt of storage
capacity of optical disc. Research and devel opnent of
nexktcganerat iFEIgpt i cal discs on which information is
recorded and reproduced by a radiated ultravi.ol et

li ght beam Bauisng rov @5t hadeFERGHT o @ n2 OF 8&r "6
400nm for exanple, _ . ;

| [ ethiold,| 14 i34 181 PRMVBAS 1 13191771 +°F PP g

récdording medium. More particularly, this

invention relates to a drawing method and device
in which an electron beam is radiated to a
surface of an object to draw a pattern on the
object surface. And this invention relates to
an information recording medium on which a
pattern is formed on a recording surface by

using the drawing method and device.

BACKGROUND ART

In the field of digitization of
information in recent years, there is an
increasing demand for a large amount of storage
capacity of optical disc. Research and
development of next generation optical discs on
which information is recorded and reproduced by
a radiated ultraviolet light beam having a

wavelength on the order of 400nm, for example,
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ACTION* 1 WD 2008/ 026759 PCT/JP2007/067112 2 are
performed briskly instead of research and devel opnent
of the existing optical discs, such as CD (conpact
disc) or DVD (digital versatile disc). 5 Also in the
BLELS of nagnftip di sc devices, such as a hard disc

, mniaturization of the nagnetic disc de

ama 2008/pas7dvenent of the recordi nggdensi ty aP@T/éi‘;/?IOO%/%”HZ
i mportant issue. In recent,years, patterned 10 nedia
on which a pattern for rea?lzing advanced tracking of
the recording head is formed beforehand on the
surface of the nedia have cone ear .
renelf et Gpirmg dprodesisby bﬁsisaﬁbf¥%f£ %Eala and base

substrates (st
et onngatt G T sErgtan O et L athka e

corresponding recprdin I?X@fs f e [
R ecEPodcH8RAr Wﬁg géw ces caglpga% §§o¥gg§§\;%\nlnlge a
pattern of 20 extrenely thin lines on a recording

ﬁ%ﬂiﬁﬁ1have been widely used. For exanple, Japanese
al Open %yég“in the field of magnetic disc

devices, such as a hard disc drive,
miniaturization of the magnetic disc device and
improvement of the recording density are an
important issue. In recent years, patterned
media on which a pattern for realizing advanced
tracking of the recording head is formed
beforehand on the surface of the media have come
to appear.

In the manufacturing processes of
patterned media and base substrates (stampers)
of next generation optical discs, a pattern of
very small pits is formed in corresponding
recording layers of those media. Electron-beam
drawing devices capable of drawing a pattern of
extremely thin lines on a recording medium have
been widely used.

For example, Japanese Laid~Open Patent
Application No. 2002-288890 and Japanese Laid-
Open Patent Application No. 2003-248983 disclose

an electron-beam drawing device of this kind.



10

15

20

25

Application No. 2002-288890 and Japanese Lai d- Open

Pat ent Application No. 2003-248983 di scl ose 25 an

el,ec - beam drawi ng device of this kind.

R T Sho007/ cavia2° 3 The el aet r GEALGTIL
draw ng device of this kiad3i-s provided to draw a
pattern of extrenely thin |ines on a substrate, such
as a silicon wafer to which a resist material is

coated.. In drawing 5 8. PaLLeER @F thel subsheate,
an P&l eeét‘?cbﬁroB\ggr%%rma&%étq;ﬁ oélt he substrate is

def | ect il Sﬁ&)@géﬁﬁeoks elxQiradmesll y Andin
blpgrﬂﬁlnagg%f %t ﬁgag’r:act ron beam and irradiation of the
SYaStIat e by L alentd oo penmabs o et ealhyvader to
perfornmed so that a spiral or concentric-circle.

pPald £5M LSrdzawt omidei surfaceosftache stibserawang
However, the draw ng nmethod and device according to

t hg, skl at pd tardrmaren | tadequiss Xfedre , spredli-PFEdCAwi ng a
pattern wth sufficient 15 accuracy, on_a urfa%e of a
r asesdi ngdriediamn t o DFSELEBPRE *GF THES | Rﬁ/ﬁrskﬁrcéﬁ

According to one aspect of the inyentjon,. -t € 1S..r
provi tled tare i sk dvedtr i ﬁ@tr?é’ce?%d a}F\ag E&ag’g{/lﬁlcde Th

whi ch the above-descri bed .problens. are_celijg nat ed.
Actbﬁdﬁﬁ@‘—‘tfor%rheb%@’ﬁeéf’goflrtrr?e %%E/le% i 8h there is

prSXL%%%J%é"@?‘Qﬁe”EE%%%EMH‘%Eam is repeatedly

performed so that a spiral or concentric-circle

pattern is drawn on the surface of the substrate.
However, the drawing method and device
according to the related art are inadequate for

speedily drawing a pattern with sufficient

accuracy on a surface of a recording medium.

DISCLOSURE OF THE INVENTION

According to one aspect of the invention,
there is provided an improved drawing method and
device in which the above~-described problems are
eliminated.

According to one aspect of the invention
there is provided a drawing method which
speedily draws a pattern with sufficient

accuracy on a surface of an object.
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speedily draws a pattern with sufficient 25 accuracy
on a surface of an object. WO 2008/ 026759

PCT/ JP2007/ 067112 - 4 According to one aspect of the
invention there is provided a draw ng device which
speedily draws a pattern with sufficient accuracy on
a surface of an object. 5 In an enbodi nent of the

i nvention which solves or reduces one or nore of the
awoues/oweist i oned probl ens, there is provi de@CEHIROEWOTIER
method in which an electron beamis radiated to a
surface of an object to draw a pattern along 10 scan
lines on the surface of the object, the draw ng

nmet hod conprising steps of: drawing a pattern alon%
the scan | hnesroninhetsuptacessrcl i obfect "By ERE

el ectron beam through rel ative nnyenen%_o t he obj ect
rehareve st @ndtel &edchr 85253 e Hf Vet | Bet Ry t he

el ectron beam at a speed that doesfggg.

3 atrer ith s %%%se_a
papeera o A Br freB 26 S TChe 00} et Surface, in one of
a first direction _intersect] gcan lines and a
séEGH&aQ¥r%%t?oﬁu5668§ifgpfgp%ﬁ%ygfrét direction, 20
wi t hout perforimn aking, SO dihati AvbeamcsPeihi o
t he deflecfgh %l et ?%ﬁﬂ ég%1f§ posit?ozed to one of
the 3% ”e%”;feﬁgege*sh%n%bme&tm@yéf agerhantibdepeat i ng

al"terna rawi ng step and the
mentioned problems, there is provided a drawing
method in which an electron beam is radiated to
a surface of an object to draw a pattern along
scan lines on the surface of the object, the
drawing method comprising steps of: drawing a
pattern along the scan lines on the surface of
the object by the electron beam through relative
movement of the object relative to the electron
beam; deflecting the electron beam at a speed
that does not cause a pattern to be formed on
the object surface, in one of a first direction
intersecting the scan lines and a second
direction opposite to the first direction,
without performing blanking, so that a beam spot
of the deflected electron beam is positioned to
one of the scan lines on the object surface; and
repeating alternately the drawing step and the
deflecting step.

The above-mentioned drawing method may
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defl ecting step. 25 The above-nenti oned draw ng net hod
may WO 2008/ 026759 PCT/JP2007/067112 5 be configured

sq that deflecting step is provided to
e %ﬁ”é‘{%%? ﬂe@#?@{wosmz

on beam periodically in one of the
direction and the second-dir-ection, so that a beam
spot of the 5 deflected electron beamis positioned
alternately to one of a first scan line and a second
scan |ine. among the i he < t jgned
drini Ty ?Hﬁagmas\f/’ tghgaae;oilh ?gé?gggggqus?ﬁg dr awi ng
Sfeqelpc%x'rfdélg %%'&%%@ #1904 ak eethe cRbjtatdm t 0 cause
relativ

e novenent of the object to the el ectron beam

! A sabedh aent; fofdies £ nygBt irar swhidihr e sok ves aord
reduces one of nore of the above- nentioned problens,
there kscBhavigded &nids, i Bbormat en reor sbng weEdit
on ich a periodic pattern is formed on a recording
sugéacechya wsidu: dde abewmeisemoisdriaibriedw ng met hod
In an enbodi ment of the invention which_  solves, or

r esucesnane lor tmrenefofhe ABGAE ZFFent iBRednd 2
probl ens, there is provided a drawi ng, device which
radeabes arael deironaBelm 8% SEU fatR®8f an obj ect

Lhe onoa: Pihie b oy Hen B8R U Plhd "R AHCAGR P

pe configured so that the drawing step is
provided to rotate the object to cause relative
movement of the object to the electron beamn.

In an embodiment of the invention which
solves or reduces one or more of the above-
mentioned problems, there is provided an
information recording medium on which a periodic
pattern is forﬁed on a recording surface by
using the above-mentioned drawing method.

In an embodiment of the invention which
solves or reduces one or more of the above-
mentioned problems, there is provided a drawing
device which radiates an electron beam to a
surface of an object to draw a pattern along
scan lines on the surface of the object, the
drawing device comprising: an electron source

emitting an electron beam; an objective lens
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draw ng devi ce conprising: an el ectron source 25
emtting an el ectron beam an objective |ens WO

2008/ 026759 PCT/ JP2007/ 067112 6 converging the

el ectron beamemtted by the electron source on the
obj ect surface; a pulse oscillator outputting a pul se
signal which defines the pattern to be drawn on the
object 5 surface; a deflection unit deflecting, in
reeopmsd®s7490 t he pul se signal fromthe pul se PCT/JP2007/067112
oscillator, the electron_b?an1at a speed that does
not cause a pattern to be Tornmed on the object
surface, in one of a first direction 10 intersecting
the scan lines and a second direction o 05|te to the
fésstedigriect itdne e ¢ hbuenpdEfRd Myt BEA nE§ B&f the

el ectron beam so that a beam spot of the deflected
et petrtarn boamés ®@sFPPoﬁ9@%Q¥cﬁﬁrg?the 3 €4 95 nes

on 15 the object surface; a noying.,u ausi ng
rebanmk§ﬁﬁweW%%@uBFlPﬁe OQQiﬁ t%lgﬂ%leﬂé%t?bn beam

The above-nenti oned dr tho Y. e dgured
séeﬁﬁ@@%tﬁﬁﬂe??EEFFBn ﬁmq glggtgh?he ectron

Seam gl o6 col by 10, e B ettt o o0 o

dﬁfglsceﬁ:c}rgd? e!:ecu:lgnpuq%%mélsglpz?@ Erghed rad tinad el y to
oscillator, the electron beam at a speed that
does not cause a pattern to be formed on the
object surface, in one of a first direction
intersecting the scan lines and a second
direction opposite to the first direction,
without performing blanking of the electron beamn,
so that a beam spot of the deflected electron
beam 1s positioned to one of the scan lines on
the object surface; and a moving unit causing
relative movement of the object to the electron
beam.

The above-mentioned drawing method may
be configured so that the deflection unit
deflects the electron beam periodically in one
of the first direction and the second direction,
so that a beam spot of the deflected electron
beam is positioned alternately to one of a first

scan line and a second scan line among the scan

lines.
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scan |line and a second scan |line anbng the scan 2
( 5
i nes. WD 2008/ 026759 PCT/JP2007/0671%2 7 The

above-mentioned drawi ng method nmay be confi

- - I

t R 2PHEoving unit rotates the object to %@200%867"2
rel ative novenment of the _opject to the electron beam
5 In an enbodi ment of the invention which solves or

[ﬁguces one ordngre of the above- nentioned problens

ere is provided an__infarmatio zqr di deedi :

mhlgh a geri%ﬂiEboﬁgtP@ﬁ%ﬁ%??%rﬁ%éggﬁgénggéordfﬁﬂyon

surface usi n r aw ng i CE, '

dé?}ﬁ c"eonf gPétei%gscgntaheﬁ e?f/\p?%nm ggr%%fouﬁa{ﬁug?gggegf t he

'SC or lf%léggtr &0" nedi 4 bR eiAvense Pt ber sheal ong
on the surface of the information recording

rnggugkttgg dram g devé gepedm.conprising: an el ectron
sourté emtting an electron beam an objective |ens

ot e o e o e ar 6 g et umn aut [ ace:
e e e ot on
gelglefgditi@@admpbmbmmﬁaceheae def | RELV HASni"
pﬁﬁséga;;gd 1;{};??8%3??@ o the pulse signal froming
pattern is formed on a recording surface by
using a drawing device, the drawing device
radiating an electron beam to a surface of the
information recording medium to draw a pattern
along scan lines on the surface of the
information recording medium, the drawing device
comprising: an electron source emitting an
electron beam; an objective lens converging the
electron beam emitted by the electron source on
the information recording medium surface; a
pulse oscillator outputting a pulse signal which
defines the pattern to be drawn on the
information recording medium surface; a
deflection unit deflecting, in response to the
pulse signal from the pulse oscillator, the

electron beam at a speed that does not cause a

pattern to Dbe formed on the information
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el ectron beam at a speed that does not cause a 25

pattern to be fornmed on the informati on WO 2008/ 026759
PCT/ JP2007/ 067112 - 8 recording medium surface, in
one of a first direction intersecting the scan |ines
and a second direction opposite to the first
direction, on the information recordi ng nmedi um
surface 5 without perform ng bl anking, so that a beam
swonooseic79he defl ected el ectron beam i s posiPCH@PRE/06Y12
one of the scan lines on the_information recording
medi um surface; and a noving unit noving the

i nformation recording nediumrelative 10 to the

el ectron beam According to enbodi nents of_ the draw ng
nethod dandy devd cemofutrlie denvedrit i ohe PE Ps figdssible to

speedily draw a pattern with suffig%fnt accuracy on a
sdifrace iofn ahnbbFeectings B B PESCRIBTI & OF THE

DRAW NGS Ot her obj ects, features .and t ,
th@cﬁﬁékeﬁ%rﬁﬁ§éﬂﬂ(ﬂPQ@?ftﬁetgpﬁgF%n?qxggnsgﬁ %cp{on

foll owi ng detail ed descriptio ; ' in
cOF it ijo?lfV\»FF‘ﬁ%tlﬁ’@ écecco%%hg?;\ggg%ggﬁf%g‘fs&%?G 1is

o ST SRYSMA I PRI 50, Ty sun o
of the deflected electron beam is positioned to
one of the scan lines on the information
recording medium surface; and a moving unit
moving the information recording médium relative
to the electron beam.
| According to embodiments of the drawing
method and device of the invention, it is

possible to speedily draw a pattern with

sufficient accuracy on a surface of an object.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages
of the present invention will be apparent from
the following detailed description when reading
in conjunction with the accompanying drawings.

FIG. 1 is a diagram showing the
composition of a vacuum drawing device 1in an
embodiment of the invention.

FIG. 2 is_an enlarged diagram showing

the composition of an irradiation device in the
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FIG 2 is an enlarged di agram showi ng 25 the
conposition of an irradiation device in the WD

58&8%0@8%2%%% CP-:\CT/1J P2007/ 067112 - 9 vacuum dl;élmpg&mm“z

/ FIG 3Ais a plan view of a
substrate W FIG 3B is andenl arged di agram showi ng a
pattern formed in a snmall area PAin the area MA 5 of
the substrate Wof FIG 3A FIG 4 is a diagram

showi ng t he_wavef ; pykse vol tage PV applied to
a‘%ae%%%a gagﬁﬁé%t iodﬁlegmle?éectgfodé. FIG 5 is a diagram

for expl ainkpg a3a1Q Jref hods 9f vdeawioFy aredkiss draneaw.
surface of a substrate FIG 6A is a diagramfor
expl ai ni ng faggnodipf ii1GAtd ®Ne Al afgelss dildpraredsbawang a
track. FIG 6B is a diagramfor explaining a 15
mogl £k 6ahi @ refe draiksa Mshanned mre &PAr duktheFlages N&
a diagramfor explaining a nodification of the

dr awi Rgenetirac oft ¢ he oifnva®.i 67h. 20 BEST MODE FOR
CARRYI NG OQUT THE | NVENTI ON A description will be
given of e®BEdi ferits af dERETRAv ERTBP R FRer ¥RIESEE
to the acconpanying drawings. FIG 1 shows the
conposi i ofval yaggumv applied to a secon

deflecting electrode.
FIG. 5 is a diagram for explaining a
method of drawing marks M on a surface of a

substrate W.

FIG. 6A is a diagram for explaining a
modification of marks M formed on a track.

FIG. 6B is a diagram for explaining a
modification of marks M formed on a track.

FIG. 7 is a diagram for explaining a
modification of the drawing method of the

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

A description will ‘be given of
embodiments of the invention with reference to
the accompanying drawings.

FIG. 1 shows the composition of a vacuum

drawing device 100 in an embodiment of the
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25 drawi ng device 100 in an enbodi nent of the WO
2008/ 026759 PCT/JP2007/ 067112 - 10 invention. This

vacuum drawi ng device 100 irradiates an el ectron beam

to a circular disc- like substrate Win which a
drawi ng surface is forned by coating of a resist
material, under 5 the environnment where a degree of
vacuumis set to 10-4 Pa, for exanple, so that a

pabtesneef extrenmely thin lines is drawn oRCTHR2007/067112

drawi ng surface of the §upd§t_rate W As shown in FIG
1, the vacuumdraw ng 10 device 100 generally
includes a rotating table wunit 30, an irradiation
device 10, a transport unit 40, a first vaguum
chewbet 1560, a Yate vacven SXawinecdtB¥iG&cddh chamber
53, and a main control unit (not shovvné. 1%5: &en
substdaesew ian | YCBACPhE S0t atF ny CtabPe®init 30.

The irradiation device 1Q _radi ates.an rQn sjoeam
t bikie sspFacEt 9f Wt hB WETSH raatcgrwlﬁﬁeg%??nas%;rlt uni t

40 perfornms | oadi ng qf _the subst 1Nt Q Al
uAPSEGh P b2V thE Sdbst rraetszl f%%&ngtr\r%lr otating

table unit 30. n the firs ugkchamem 50s s&e
r 60&t ieﬁb‘”t%%rll%eﬁjﬁi ?’Rggel.sar a%%%ﬁr&r%dg}fed. The second

vacu -qgarrbefr 53eh,1 ponected na thepattesh wadcuum
cﬁ&n‘gtregr 6't Aroug atsrwg gate val ve
extremely thin lines is drawn on the drawilng

surface of the substrate W.

As shown in FIG. 1, the vacuum drawing
device 100 generally includes a rotating table
unit 30, an irradiation device 10, a transport
unit 40, a first wvacuum chamber 50, a gate valve
52, a second vacuum chamber 53, and a main
control unit (not shown) .

The substrate W is laid on the rotating
table unit 30. The irradiation device 10
radiates an electron beam to the surface of the
substrate W. The transport unit 40 performs
loading of the substrate W into and unloading of
the substrate W from the rotating table unit 30.

In the first vacuum chamber 50, the
rotating table unit 30 is accommodated. The
second vacuum chamber 53 is connected to the
first vacuum chamber 50 through the gate valve

52. The main control unit controls the
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25 52. The main control unit controls the WD
2008/ 026759 PCT/JP2007/067112 - 11 conponent parts

of the vacuum draw ng device 100. The first
R 8YO%86%i s a hol | ow conmponent in the shalﬁééﬂg#wzwm

rectangul ar parallelepipediiard this first vacuum
chanmber 50 5 has the bottomend (-Z side) open. The

| ongi tudi nal direction of the first vacuum chanber 50

is parallel to the X.direct,i anch - v & oweriered 100.
pGTETRATNPE Es FRAF B P5 ttl’ﬁ% t%%g‘cn)? a rsurfa(%:e plate 51

wi thout clegrance. 10 The,fhr shaydeuurs chasber nbQ loas
an opening in the upper surface into which the

bot { om of; i r ;adpbat ib@n devé €eadBuilar i nserted,
an%})%gggggrtecltga%%ar ogeni ng 50c in the -X side
su%gggg.le'm%ilg@gi s Hdi pal sdifriacd t ona ctBmofc hamd egpeh? ng
50t I1s parallel to the Y direction. The rotating
taQhe whid W¥ctsmaenanded sonie¢heosapfac&hsl ate 51
wthin the first vacuum chanber 50. The rotating

t abb@ gunitd B3Pl ndiudes 120 @ F otati A4 tab'E B a

spindle notor 32, and a -slide unit 33. The, subs%gte
W ichalmdiedr 0510t he pesrdtliedy tabFee3f. e Spt Wt e ot or

32 supports horizontally the rotati .gcotacbkjf\ gé ap¢ .
r otcditee sl aher r 88t PR il el%lngBﬁﬁéina sha% 2
| surface plate 51 without clearance.

The first vacuum chamber 50 has an
opening in the upper surface into which the
pottom end of the irradiation device 10 is
inserted, and has a rectangular opening 50c in
the -X side surface. .The longitudinal direction
of the opening 50c is parallel to the Y
direction.

The rotating table unit 30 is arranged
on the surface plate 51 within the first vacuum
chamber 50. The rotating table unit 30 includes
a rotating table 31, a spindle moctor 32, and a
slide unit 33. The substrate W is laid on the
rotating table 31. The spindle motor 32
supports horizontally the rotating table 31 and
rotates the rotating table 31 around a shaft 32a

at a predetermined rotational speed. The slide
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25 at a predeterm ned rotational speed. The slide WD
2008/ 026759 PCT/ JP2007/067112 12 wunit 33 supports
the spindle notor 32 and noves the spindle notor 32
in the X direction by a predeterm ned stroke. The
second vacuum chanber 53 is a hollow 5 conponent in
the shape of a rectangular parallelepiped and the

| ongi tudi nal direction of this second vacuum chanber
5802008107 | el to the X direction. The sec®QEHIRAEPGTH2
chamber 53 is connected_tp,the -X side surface of the
first 10 vacuum chanber 50 %hrough the gate val ve 52.
The second vacuum chanber 53 has a rectangul ar

opening 53a in the +X side surface and_the shape of
theiopdni semE8arts thensibdaldie BhaPTof 2t REI JPEHi hy
50c. 15 The second vacuum chanmber 53 has an, opening
58hei ptimel kgpper t ar Bacé tarkd d e $FL8C5F°% B dheni ng
53b is larger than that of the substrate W A lid 53

i Brafe&sddd- il t RETABFer surface of the second vacuum

hanb 53 that 20 the lid ' | lse 4
chambet fﬂéi%§#%n$hvaeﬁahb§%%ﬂ§%€e5gaQse,'mgfﬁbﬁ<

di rection. e c enabl es openi ng and

cLosing . af {he.oening Sk o thecaxieniay space The

g5PEPPAINE" 52" i ncludes *a frame portion and a gate

S%Qrgfléfgbiﬁégeawywﬂﬂghlongitudinal direction of
this second vacuum chamber 53 is parallel to the
X direction. The second vacuum chamber‘53 is
connected to the -X side surface of the first
vacuum chamber 50 through the gate valve 52.
The second vacuum chamber 53 has a rectangulazr
opening 53a in the +X side surface and the shape
of the opening 53a is identical to that of the
opening 50c.

The second vacuum chamber 53 has an
opening 53b in the upper surface and the size of
the opening 53b is larger than that of the
substrate W. A 1id 53 is arranged on the upper
surface of the second vacuum chamber 53 sO that
the l1id 53 is slidable in the X direction.
sliding the 1id 53c enables opening and closing
of the opening 53b to the exterior space.

The gate valve 52 includes a frame

portion and a gate 52b. In the frame portion,

an opening 52a which penetrates in the X
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25 an opening 52a which penetrates in the X WO
2008/ 026759 PCT/JP2007/067112 - 13 direction is

for gate 52b is slidable in the Z dj '
a&d@?‘?’“&gﬁg the gate 52b enabl es opening ania&‘z o(g)i?/ﬂgm

of the opening 52a. Both {hg +X side end and the -X
side end 5 of the frame portion of the gate val ve 52
are secured w thout clearance to the surroundi ng

side wal|s of the eni ngrh0c Qf t hed irsts1vaapum
cHEnbRT 50" ahd ?ﬁer?[gepcpe'ni nng’Ssg of the second vacuum

g%&n‘gﬁ?ﬁg (rﬁ?%%cttj]iovrg’l YandOsAgeand ngley, gsbensiie gate

e gate valve 52 is slid in the +Z direction

to cl t i 5eacstihe igft ernal ospaceag( Gdd ed
va%%%?nfgﬁrggggg%c aér}‘g%r 101) ?or med by the first
vacuum chagher 5@ eandk thedsuehdcengl dtles 51Xanddehers
interior space (called |load | ock chanber 10? of the
segengnhwagyHames hastet ob3odr e hreigree negdl¥e 2 are

predet erm ned degree of vacuum On the ot hern§|:iand,
wheacuite dgatie 162bt | slesiriagiden §het2e FPFECHITSH 1D open

t he opening 52a, 20 the vacuum pro eﬁg c lrrbsge{ 101
and itlee Waddds | otkteRarBen oD AP 8ge § toFTeely

communicate with the exterior space. Hareinaftgg,
operativeh threpeR aRd 2d%dd e t(ﬁ%g!ér%eﬁi Ag 352%@65

S|;%Jg%§f$;§§ﬁg g gm ég §? respectively.

Accordingly, when the gate 52b-of the gate valve
52 is slid in the +Z direction to close the
opening 52a, the internal space (called vacuum
process chamber 101) formed by the first wvacuum
chamber 50 and the surface plate 51 and the
interior space (called load lock chamber 102) of
the second vacuum chamber 53 are maintained at a
predetermined degree of vacuum.

On the other hand, when the gate 52b is
slid in the -Z direction to open the opening 52a,
the wvacuum process chamber 101 and the load lock
chamber 102 are opened to freely communicate
with the exterior space.

Hereinafter, operation to open and close
the opening 52a by sliding the gate 52b will be

referred to as opening and closing of the gate
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2008/ 026759 PCT/ JP2007/ 067112 - 14 valve 52. The
transport unit 40 is arranged on the top surface of
the bottomwall of the second vacuum chanber 53. This
transport unit 40 5 includes an arm whi ch holds the
substrate W and a drive nechani sm which drives
novenent of the armto transport the substrate Win
tWe 2008/0%7¥ection. FIG 2 is an enl arged di agf€&d82007/067112

showi ng 10 the conpositLog4oj the irradi ation device
10 in the vacuum drawi ng device 100 of FIG 1. As
shown in FIG 2, the irradiation device 10 includes a
casing 10a and the |longitudinal direction of the
casilng B%a is 15 parallel to the Z direction. In the
casing 10a of the irradiati,on devjce 10 th%{%ﬁ”é%e

arranged §&uETRABIPYTEr Sithe' t op® B T ABIEG (B ‘ah

chom e cbpe” b SRR A

B R R A e

LT o, sC I il g ER, ooy e o

a%d5%f4@3£e9ﬁghhgﬁnwhfgh drives movement of the
arm to transport the substrate W in the X
direction.

FIG. 2 is an enlarged diagram showing
the composition of the irradiation device 10 in
the vacuum drawing device 100 of FIG. 1.

As shown in FIG. 2, the irradiation
device 10 includes a casing 10a and the
longitudinal direction of the casing 10a is
parallel to the 2 direction. In the casing 10a
of the irradiation device 10, there are arranged
sequentially from the top to the bottom an
electron source 11, an electrostatic lens 12, an
axial alignment coil 13, a converging lens 14, a
first deflecting electrode 15, an aperture 16,
an astigmatism compensation coil 17, a second
deflecting electrode 18, én objective lens 19, a
dynamic focus correction lens 20, an irradiation

control unit 70, and a pulse oscillator 21.

The casing 10a is a cylindrical casing
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20

25 The casing 10a is a cylindrical casing WO
2008/ 026759 PCT/JP2007/ 067112 - 15 hav?ng the | ower

e d this [ 10 [ [ [

Ko el-1ape-Ty _ casi ng a is fitted int
ogghlng ?@rnﬁd in the top surface of the fiﬁ?@ﬂggggﬁ%z
chanber 50 without clearanse- 5 The -Z side end

portion of the casing 10a is arranged inside the
first vacuum chanmber 50 and it has a tapered

configuration.in whi di t e 4  gRd
pﬁﬁWﬁhﬁgﬁ%?e§§§§ﬁ|$iﬁméggi'd?ggcﬁﬁﬁg %%g#ﬁg 102
el.ectron_sqQur 11 .4 d £l ‘

o 11 B S E ol S I b e e ce

11 iS¢ 2. Lhgemah, f il e sstham toypaned £C50 onisbonde
wiich emts an electron derived fromthe cathode by

aggiéfgghg@_ 15 of heat and electric field. Typically,
the el ectron source 11 enits an el ectron beam having
a di aneter oRet he aridey @fid2pos56hamndovihviaie €RA1MGhe

-Z direction). The electrostatic lens 12 has a i r_of
2010yl iedrircandensessida &h¢ 2 hi BACHHE %%$@%§58

under the electron source 11 so that the gylindri
| eBgesndi2d tarfte 128 hreedgfoiGretf LR 8haO2 &ﬁ fdpal

[
Wik
ection
Mutual Iy different I ' '
cythndmyi@meqeeﬁs%é ios &0d oY E: SRPLLEE LA %n the

-7 direction.

The electron source 11 is arranged in
the uppermost position inside the-casing 10a.
The electron source 11 is a thermal field
emission type electron source which emits an
electron derived from the cathode by application
of heat and electric field. Typically, the
electron source 11 emits an electron beam having
a diameter on the order of 20-50nm downward (in
the -2 direction).

The electrostatic lens 12 has a pair of
cylindrical lenses 12a and 12b which are
arranged under the electron source 11 so that
the cylindrical lenses 12a and 12b are adjoined
in the 7 direction. Mutually different voltages
are applied to the cylindrical lenses 12a and

12b. When the electron beam emitted from
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2008/ 026759 PCT/ JP2007/067112 - 16 electron source
11 passes the cylindrical | enses 12a and 12b, the

el ectrostatic force is given to deformthe el ectron
beamin the converging direction. 5 The converging
lens 14 is arranged under the electrostatic lens 12
via the axial alignment coil 13. The converging | ens
Ivo 2e0802e® t 0 converge the el ectron beam pa®€iaRpo07/067112
through the electrostatic Lens 12. 10 The axia
alignnment coil 13 is arranged between the

el ectrostatic lens 12 and the converging lens 14. The
axial alignment coil 13 has a pair_of toroidal coils
133 etk di3bs whibch  1dr e amyehgele seYEhad 4l kot $85¢3a

and 13b are 15 adjoined in the Z diirectiaon. The gx%%
allizgnreart £ob) EBes @ hREE 18 dk el O Saxihl ot Ve

devi ati on of the el ectron bean1gsss£g t4¥§#gg t he
spseRde et WeenetRE tA VI 0¥t at R *Féns an he

converging lens 14. 20 The first deflecting el ectrode
1552eC%5}+PAnged under the converging |lens 14. The

e it
- XS5 dgy 9f LR anti £l cRYI 820k ibh@he axial
alignment coil 13. The converging lens 14
serves to converge the electron beam passing
through the electrostatic lens 12.

The axial alignment coil 13 1is arranged
between the electrostatic lens 12 and the
converging lens 14. The axial alignment coil 13
has a pair of toroidal coils 13a and 13b which
are arranged so that the coils 13a and 13b are
adjoined in the 2 direction. The axial
alignment coil 13 serves to correct an axial
deviation of the electron beam passing through
the space between the electrostatic lens 12 and
the converging lens 14.

| The first deflecting electrode 15 is
arranged under the converging lens 14. The
first deflecting electrode 15 has a pair of
electrodes which are arranged on the +X side and
the -X side of the optical axis of the

converging lens 14 so that the electrodes



10

15

20

25

25 converging lens 14 so that the el ectrodes WO
2008/ 026759 PCT/JP2007/ 067112 - 17 confront each

okngk,m@pggthe first deflecting electrode ]ﬁkfﬁ%&h%&%ﬁz
the ‘el'ectron beam passing through the converging

| ens 14, selectively in -ong ef the +X direction and
the -X direction in 5 response to the voltage applied
by the irradiation control unit 70. The aperture 16
is a plate-LLK nenf  jnyWhi Gh A apeni Batiisg

f ST r?ﬂgtﬁgc céﬁ?ggpbf the plate-1ike conponent, and

an. 10 eL8GLT 9B bean pass eenthicauat ddie wpent Upessing
opent hg. e aperture 16 is arranged under the first
de{llllg%?ggtgleeggrgd@réﬁngoltehat itdhe s@.pectmlvelqpeim ng
is Tocated on the optical axis of the converging |ens
14,45, Fhe nasti:gred + sot conpenshttiton i #i1 L@cits oantn
annul ar coil which is arranged under the aperture 16,
andeBenast itgnatisnvebhpersammiie¢oby theserves to
correct the astigmatismof the electron beam passing
t hi putgl itattel capes et ol unid TH: second defl ecting

el ectrode 18 is arranged under the asti?ngtism
conpensat i ofheoidpe ATuT Fha bsdcorfid RIS Tt FA§ el ectrode

18 has a pair of el ectrodes which,ar r t he
+Xcogipdd eitd $he"PXCE & o‘%P‘?then%p%?c%"%g“f?J;g% ?ﬁg

center of the plate-like component, and an
electron beam passes through the aperture
opening. The aperture 16 is arranged under the
first deflecting electrode 15 so that the
aperture opening is located on the optical axis
of the converging lens 14.

The astigmatism compensation coil 17 is
an annular coil which is arranged under the
aperture 16, and the astigmatism compensation
coil 17 serves to correct the astigmatism of the
electron beam passing through the aperture 16.

The second deflecting electrode 18 is
arranged under the astigmatism compensation coil
17. The second deflecting electrode 18 has a
pair of electrodes which are arranged on the +X
side and the —-X side of the optical axis of the

converging lens 14 so that the electrodes
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25 converging lens 14 so that the el ectrodes WO

2008/ 026759 PCT/ JP2007/ 067112 - 18 confront each

ot her. The second deflecting electrode 18 deflects
the el ectron beam passing through the aperture 16,
selectively in one of the +X direction and the -X
direction in 5 response to the voltage applied by the
irradiation control unit 70 through the pul se
owoi2bdsmeps9 21. The objective lens 19 is arr 0FGERROUYAH2
the second deflecting electrode 18, and this 10

obj ective lens 19 converges the el ectron beam
passi ng through the second deflecting el ectrode 18,
onto the surface of the substrate Wwhich is laid on
t henrratatt ngatabbehdt.. THhaypeaPedf 86k St on
lens 20 15 serves to adjust finely the dianmeter of a
beaMCEﬂHﬂ3018tﬁéfép@ﬁﬁTﬁh%e%h?EBHQQF&&fQﬂlQ%%Slng
surface of the substrate Wby the o cti,ve |lens
Théagpuiate bBei PPEESHMTEL Hhpl %/%%eﬁtbﬂj gé’ ‘70 vo?tage
which is represented b f or xan %% 3n are wave

h&heng % $+8G6EACY G4 e oradr % several negahertz,

WATPE MRS EnEEr GEE GHEL L T9 00T PRe Lrr & 2t o0 cont 1ol

un'Itraé)latlon control unit 70 through the pulse
oscillator 21.

The objective lens 19 is arranged under
the second deflecting electrode 18, and this
objective lens 19 converges the electron beam,
passing through the second deflecting electrode
18, onto the surface of the substrate W which is
laid on the rotating table 31.

The dynamic focus correction lens 20
serves to adjust finely the diameter of a beam
spot of the electron peam converged on the
surface of the substrate W by the objective lens
19.

The pulse oscillator 21 applies a pulse
voltage, which is represented by, for examnple, a
square wave having a frequency on the order of
several megahertz, to the second deflecting
electrode 18 in accordance with the instructions
from the irradiation control unit 70.

The irradiation control unit 70 drives
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2008/ 026759 PCT/JP2007/ 067112 - 19 the electron

sQurce .and controls the conponent parts -
t B %O?sr‘(% #5ti on device 10 ment| oned above, Pt

respectively. In the above-igdescribed irradiation 5
device 10, the electron beamemtted fromthe
el ectron source 11 is convergi ng when passing through

the electrostatic |en het Lonvefging |ens 14,
ard*& pbPht *6F égﬁvg?geﬁgegggfkthe el'ectron beamis

formed in the vicinjy,10,0f chhe iopefd ngt 0bnt Aevice
agettRr e Ftahfetcgpgil%tz%fo converlgence will be called

a £4028R¥¢6 | f)ove SUbsegueRtikial$ he el ectron beam
passing through the crossover point is diverging and

passes through tihe apsrévaesibived Hatradbabéam 15

di aneter is adjusted. Subsequently, the astigmatism of
t hgevekactiron dieant i s ccopnediesdn bymi heeds firgratitin
conpensation coil 17, and the electron beamis ,
coavergedrorsouthe $drfiacEodvaHelREbELLR #ARSRF | ai d
on the rotating table 31, by the objective .lens 19.
Thehposigh drh & neWAcER oshé T ect R Jﬁgaﬁwndi Fednver ged

e O et 15 S U2l 81 5 Yhe U 255 Al én bEAM
of the electron beam is formed in the vicinity
of the opening of the aperture 16 (the point of
convergence.will be called a crossover point).

Subsequently, the electron beam passing
through the crossover point is diverging and
passes through the aperture 16 so that the beam
diameter is adjusted.

Subsequently, the astigmatism of the
electron beam is corrected by the astigmatism
compensation coil 17, and the electron beam 1is
converged onto the surface of the substrate W,
iaid on the rotating table 31, by the objective
lens 189.

The position in which the electron beam
is converged on the surface of the substrate W

surface and a beam spot is formed will be

referred to as a converging position.
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2008/ 026759 PCT/ JP2007/067112 - 20 1In parallel to

t he above-nenti oned operation, the voltage applied to
the first deflecting electrode 15 is controlled, and
the electron beamis deflected in the -X direction 5
and covered by the aperture 16 as indicated by the
dotted lines in FIG 2, so that blanking of the
ewerbmsors7deam t 0 the substrate Wi s carri ed pCouar2007/067112
Mor eover, the voltage applied to the 10 second

defl ecting el ectrode 18 i's?Controlled and the

el ectron beamis deflected in one of the -X direction
and the +X direction so that the position of a beam
spot of tharelgectabhebesm ithe mREE THERREOPE a
direction of the substrate W 15 Next, the nethod of

f opRirag: At tRenvon tadfe aRdst &t EOWHY s %@ t he
above-descri bed vacuum draw ng devi %fo d O o]
exjplfdi avetti n Fop 1 £RE I8l ot tOnvRAF éﬁgg an

explanation, it is sup osed éhat a,patt rJ&féct

dredat ore® heeaPed SME DL TR Lubt Fite W sUFToun
the circle hav radlu rl.a h ag ng a
L A A MR ey

the substrate W the
ah;beedd gL dh?.insel'ébsltrg aﬁ"fGWE@ B¢ ithdicat ednRynghe £
s part
the electron beam to the substrate W is carried
out.

Moreover, the voltage applied to the
second deflecting electrode 18 1is controlled and
the electron beam is deflected in one of the -X
direction and the +X direction so that the
position of a beam spot of the eléctron beam is
moved in the radial direction of the substrate W.

Next, the method of forming a pattern on
the substrate W by using the above~-described
vacuum drawing device 100 will be explained.

For the sake of convenience of
explanation, it is supposed that a pattern is
drawn on the area MA of the substrate W
surrounded by the circle having a radius rl and
the circle having a radius r2 around the center
O of the substrate W, the area MA of the

substrate W being indicated by the shaded part

in FIG. 3A.
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FIG 3B is an enlarged diagramshowng a small area

P rea MA of the substrate W of Fl Gcgfidoeheeriiz
@‘éf\%ﬂbog&g G 3B, a plurality of marks Min the shape

of a concentric circle 5 ardund the center 0 of the
substrate Ware forned in the area MA along a

plurality of tracks Tr which are defined at intervals

of about 0_4.m grongetel, Lp;thigsqerhodin@nt shbheng a
tracks Tr |E% %1g%tare% PA shlgvvn in FIG 3B (and in

the entir reEak J{\{lﬁ)tﬁaée defd ned @s beengubslraiye, W
T%’mm %'?ad a...)lntheleftto right

di 5§cgl;[@,~n fyzom A@eshxwau de tRIG he3BX si géugfakhley aP€a
PA " And the marks Mdrawn along the track Trmare 15

defibped as iheitige Minape=cl, @ ,concynthicheidie to-up
direction fromthe -Y side to the +Y side of the area
PAa rSupRDSEn ¢ ha¢nthe Rersgt H s %‘a’@ﬁtﬁﬁrtr? M & Bng the
track and the distance between the rks l\%lal ong

t he otomeeak metlappﬁéﬁlanﬁ”tpel%/l@nQSanP&P6 &% ©

suppose that, in the irradjation, _device t

el ectacrs sburebieh e f#§LERSBy théLntrerra‘;O% i g%

contr ol un|t 70, the: dr|V|ng voltage is applied to
t hekqyst0.4 micromete

In this embodiment, the tracks Tr in the
area PA shown in FIG. 3B (and in the entire area
MA) are defined as being Trl, Tr2, Tr3, .., Trm
(m= 1, 2, ..) in the left-to-right direction from
the -X side to the +X side of the area PA. And
the marks M drawn along the track Trm are
defined as being Mmn (n= 1, 2, ..) in the down-
to-up direction from the -Y side to the +Y¥Y side
of the area PA.

Suppose that the length of each mark M
along the track and the distance between the
marks M along the track are approximately 0.25
micrometers. Also suppose that, in the
irradiation device 10, the electron source 11 is
driven by the irradiation control unit 70, the
driving voltage is applied to the first

deflecting electrode 15, and the irradiation
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2008/ 026759 PCT/ JP2007/ 067112 - 22 device 10 is in
the state in which blanking of the electron beamis
performed with the aperture 16. Wen the substrate W
is transported to 5 the upper portion of the | oad

| ock chanber 102 by a transport system (not shown),
the main control unit controls the driving of the lid
58 2008/02639i de in the -X direction to open t RET/FIQTi06Y12
53b. And when the substratg Wis received by 10 and
passed to the transport urfit 40, the driving of the
lid 53c is controlled to slide in the +X direction to
cl ose the opening 53b so that the  internal space of
tdwev L oad1bodke chanes 1Datps ivhaihdiGh BipRKGRE ©F

condi tion. 15 Subsequently, using a vacuum punp.(not
stttmmﬂeph@%ihﬁ%nﬁopeaﬁi%r“ﬁé? Y5t 8 %B&&W%ﬁ‘cﬁ? on
of the internal space of the |oad |ock chanber 102
hefed in airtight condition until a predeternined

Lo the deglBe ol \Factiiis FRBF 86 0o WoBULH procees
(PR Gpete tphi oy a8 5o Rubeettent I The mal
ngtgmtfguéport system (not shown), the main
control unit controls the driving of the 1id 53¢
to slide in the -X direction to open the opening
53b. And when the substrate W is received by
and passed to the transport unit 40, the driving
of the 1id 53c is controlled to slide in the +X
direction to close the opening 53b so that the
internal space of the load lock chamber 102 is
held in airtight condition.

Subsequently, using a vacuum pump (not
shown), the main control unit performs vacuum
suction of the internal space of the load lock
chamber 102 held in airtight eondition until a
predetermined degree of vacuum (for example, 107"

Pa) equivalent to the degree of vacuum inside
the vacuum process chamber 101 is reached.
Thereafter, the main control unit opens the gate
valve 52.

Subsequently, the main control unit

drives the transport unit 40 to transport the
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2008/ 026759 PCT/JP2007/067112 - 23 subgtrate W from

t ck chanb
cﬂéhggﬁﬁi% er 102 to the vacuun1pro&$ﬁ§ﬂwwmnn2

via the gate valve 52 and pl ace
substrate Won the rotat+mngg table 31. Thereafter, the
transport 5 unit 40 is evacuated to the | oad Iock’
chanber 102, and the gate valve 52 is cl osed.

Subsequent | y, rks (o

om_s_uw?%sr TR o Tr abR o 3o herae ca e e O
usjng t e.8 ect a 10+ i [ '

o e Y HE R e O e e A Sk Tr

ahQaE@éC%éné%d"ﬁféceatQQt@dﬁgkﬁESQerbhomhmI| be
gi vén of the nmethod of drawi ng a pattern. As described

abpye, uhen 4w substratr@eWealft és, | ahd amradmport
rotating table 31, the main control unit controls the
dri;ui kg 4f {decshidatednito 3hd ol pasi fLiogrk tHeamber
substrate Wsuch that the converging position of a
beawmnspain dft hBegatkeotarlore eam $scérstack Trl. 20
Subsequently, the main _control unit outputs an
operation stSrbséagentdyi omardy HED| FESICAN i rousty

control unit 70 and drives the i nd not
t he omsted | ayoRablPE Ui tstbaclfoTFif&PeJ &rac}?rT??nSR

e rota
table 31
the area PA by using the electron beam from the

irradiation device 10, so that a pattern is
drawn along track Trl and track Tr2.

Next, a detailed description will be
given of the method of drawing a pattern.

As described above, when the substrate W
is laid on the rotating table 31, the main
control unit controls the driving of the slide
unit 33 to position the substrate W such that
the converging position of a beam spot of the
electron beam is on track Trl.

Subsequently, the main control unit
outputs an operation start instruction to the
irradiation control unit 70 and drives the
spindle motor 32 of the rotating table unit 30
to rotate the rotating table 31.

Accordingly, the substrate W laid on the
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2008/ 026759 PCT/ JP2007/ 067112 - 24 rotating table 31
is rotated in the direction indicated by the arrow d
in FIG 3A, at a circunferential speed of Inls (which
is equivalent to a noving speed of a beam spot on 5
each track of the recording nedium. Meanwhile, upon
reception of the operation start instruction fromthe
meonoosommidr ol unit, the irradiation control Panimk200®67112
applies, to the second deflecting electrode 18 10

t hrough the pul se osci | lat®¥t 21, the vol tage (pul se
vol tage) PV which is represented by a pul se waveform
having a frequency of about 1 MHiz. At the sane tine,
therhefadi atadbare cont ol romiatc €70 st opet AérgEHHIAL i on
of the voltage to the 15 first deflecting el ectrode
1bndFtGted shovsh¢ herwavetorim dt1¢ he3Pul §g &ol t age PV
applied to the second defl ecting elechrode 18. As
shbwnumfeEe@ t Yalt arepd O€ Va4 gt  PYC 20 5 s

represented by a vol tage wavef or consi_stin o)
ot frutivigd epit Rl %nmPWﬁéngp%ﬁé ?%eavgfﬁgbg |E1£n
on-time is set _to 100nV. en the pul se vol tage PV
shawh itF 716 of 408 AFHATRE D FRETEELSnd deflecting

el ectrode Meanwhile, upon reception of the

operation start instruction from the main

control unit, the irradiation control unit 70
applies, to the second deflecting electrode 18
through the pulse oscillator 21, the voltage
(pulse voltage) PV which is represented by a
pulse waveform having a frequency of about 1 MHz.
At the same time, the irradiation control unit

70 stops the application of the voltage to the
first deflecting electrode 15.

FIG. 4 shows the waveform of the pulse
voltage PV applied to the second deflecting
electrode 18.

As shown in FIG. 4, the pulse voltage PV
is represented by a voltage waveform, consisting
of off-time T1 and on-time T2, and the voltage
in on-time is set to 100mV.

When the pulse voltage PV shown in FIG.
4 is applied to the second deflecting electrode

18, the electron beam emitted from the electron
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25 18, the electron beamenitted fromthe el ectron WO
2008/ 026759 PCT/JP2007/ 067112 - 25 source 11 is

P%%&%@Jsby defl ected by the second deflecing,g7067112
el ectrode 18, such that the electron beamis

defl ected in the +X directizdn- i n synchroni zation wth
arise of the pulse 5 voltage PV and it is deflected
inthe -X direction in synchronization with a fall of -

th I |t PV, T heahl t,
R PALEH O 253 9 e T heahlons e e s

time instant t0, is noved in

the +X .10 dhLeGLI QN Afedi PBgkendtegntsddh (thetptihse
vosletcacg’;%dP elgggée'et n?';g O\(laafter the passing of off-tine

Ti)) 800 BASbbihanad tas tTackedr An Attt t+e beéamctsput is
noved 1n the -X direction at tine instant t2 (the

pul Sesyakhaga iPMdiosetith EFF ke aff ethehpudassi ng of
off-time T2 fromtinme instant tl) and is positioned
toyé1aekeTlv. anSubisequentkyedtied oper BRPon®i s
repeated for every tinme instant (t3, t5, t7, ...) that
t heirpoktdenvdln agenEvrpaiget it ONLERNA £67 levdr yeES0
time instant (t4, t6, t8, ...) that the pulse voltage
P\pi1d ssetvatld a3 . P6i nce novenent of a beam spot is

WA ch the paPSe ol TapEY PYehERTG THes vRien Le i
track Trl at time instant t0, is moved in the +X .
direction at time instant tl (the pulse voltage
PV is set to ON after the passing of cff-time
T1) and positioned to track Tr2. And the beam
spot is moved in the -X direction at time
instant t2 (the pulse voltage PV is set to OFF
after the bassing of off-time T2 from time
instant tl) and is positioned to track Trl.

Subsequently, this operation is repeated
for every time instant (t3, t5, t7, ..) that the
pulse voltage PV is set to ON, and for every
time instant (t4, t6, t8, ..) that the pulse
voltage PV is set to OFF.

gince movement of a beam spot is
performed by the second deflecting electrode 18
to which the pulse voltage PV having the

rectangular shape is applied, the time needed
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2008/ 026759 PCT/ JP2007/ 067112 - 26 for the beam spot
to nove between the tracks is a very short tine. For
this reason, any pattern is not drawn in the area PA
during the novenent of the beam spot between the
tracks. 5 FIG 5 is a diagramfor explaining a nethod
of drawi ng marks on a surface of a substrate W As
swowms2s7®l G 5, a beam spot SP of an el ecPEHHPHEAMT112
which is positioned to t[a%%i Trl 10 at tinme instant tO
is noved in the +Y directi in the area PA during
the passing of off-tine Tl, so that a mark MLl is
formed along track Trl on the substrate W And the
beam spet LSRn wWheh te mpos theHedeRothPadk 2’ vhign
the electron beam 15 is deflected at tinme instant {2,

i s nevad shptthetiny-di Foct itdhi § n“ EAECEr e "PA RfUF T hg

the passing of on-tinme T2, so that a r k '
fosmat domgnt EAckDtr 2567 tHe éﬁB%Frga?%e\/\fd\@;ed\ént
Subsequent |y, the above-nentj.one peration is

r efedthed], Pt ﬁBPtnﬁﬁtﬁg“el\?i‘z,t%z]gr%%d‘%j M3, ..., Mm

and Mo an & SEAUENL, 2l POk Opgcath ot L ack
the .repeated, patter hdnbshat Bermids Mase
substrate W.

As shown in FIG. 5, a beam spot SP of an
electron beam which is positioned to track Trl
at time instant t0 is moved in the +Y direction
in the area PA during the passing cf off-time T1,
so that a mark M1l is formed along track Trl on
the substrate W. And the beam spot SP, which is
positioned to track Tr2 when the electron beam
is deflected at time instant t2, is moved in the
+Y direction in the area PA during the passing
of on-time T2, so that a mark M21 is formed
along track Tr2 on the substrate W.

Subsequently, the above-mentiocned
operation is repeated, SO that marks M12, M22,
M13, M23, .., Mlm, and M2m are sequentially
formed along each of track Trl and track Tr2.

Accordingly, as shown in FIG. 3B, the

repeated pattern in which the marks M are

arranged at equal intervals is drawn along
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25 arranged at equal intervals is drawn al ong WO
2008/ 026759 PCT/ JP2007/ 067112 - 27 tracks %rl and

TR ofishess i vel y. After the drawing of the
t he ?Xr%gcks Trl and Tr2 is conpl et gd,  he napﬁf/ﬁﬁddw%m

control unit drives the sliade-unit 33 to 5 position
the beam spot to track Tr3. Similarly, the deflection
of an electron beamis perforned periodically, and

o oAORG e ColI T oTAT S re " 1 ong 17

ol
equa ervals Is drawn along tracks Tr3

and Tr4 resggggi vehy oG Whesn thecher i e of o fakk
for all the trgcks i ncluded in the a;%a I\/Arofothe =M

subsiLater\Wi s Lok et ed bynpepeaaid ngthhemabaove-
menti oned operation, the main control unit stops the

rotahte810furtihe dotatinghtallle B4, umhd, 33t tP5 the sane
time, outputs an el ectron-beam bl ankin i nstruction
t OpbBe tibnadited i vmanonabpol tenittr Fok ngbseél}érﬁjiayrlft’he
substrate Wis unloaded fromthe vacuum.draw n dévi ce
100hin degn amt badi 0§ PROCEAHE Uhi RR2Ms HEh® eV SaT

of 20 the above-nenti oned | oadi
vapeurhodriad Wy degnee tEG0 J-’@fpetaal"ﬁlr “2‘9 Erﬁ%%%%%ﬁ]tn l‘?‘h{egﬁ

el ectron beam whi ch |
t h& heu st st eMV\?IE\%hiaIE%a%%%V Biqi?%ag%%t g%taer% ok,

. speed tha
equi valent_to the p. tis
drawn along tracks Tr3 and Tr4 respectively.

When the formation of marks M for all
the tracks included in the area MA of the
substrate W is completed by repeating the above-
mentioned operation, the main control unit stops
the rotation of the rotating table 31, and, at
the same time, outputs an electron-beam blanking
instruction to the irradiation control unit 70.

Subsequently, the substrate W is
unloaded from the vacuum drawing device 100 in
an unloading procedure which is the reversal of
the above-mentioned loading procedure.

In the vacuum drawing device 100 of this
embodiment, the electron beam which is converged
on the area MA of the substrate W (which is
rotated at a speed that is eqgquivalent to the

circumferential speed of about 1 m/S and does
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2008/ 026759 PCT/ JP2007/ 067112 - 28 not all ow
formation of a pattern on the substrate Wby the

el ectron bean) is periodically deflected in one of
the +X direction and the -X direction, without 5
perform ng bl anking of the el ectron beam when the
pul se voltage PV is applied to the second deflecting
ewecwsowes918. Thereby, the beam spot SP of PHREJP2007/067112

el ectron beamis positi orle? periodically to one 10 of
the tracks Trmdefined in P1e area MA, and the

el ectron beam contributes to the drawi ng of marks Mm
al ong one of the tracks Trminvariably. _Accordingly,

i hoits gidssi bf ermatdpawod FatRzr hebh °¥‘h§hseurface of
the substrate speedily. 15 For exanple, if the

f Graeti At ©f Wt R thﬁatet]é*rcnt’b‘?nF?EaHgBlasl ong tracks Trm

is performed Dby repeating, the draw and, t he
blegfdi Gt c3 1 1Y s9ehdé Yok h%?eaP?AeEglteheg(cir awing is

eHA 1S b0 AR B ot i1 RG OF T 1 et P8 For his |

UFTHAg O time T2. For this

reaso t he tiQ.of ilizati f & &£ Ret waanbeam
i§e?€%’f%§%ﬂt Eégaé‘_\(/?‘ %/gztgrfl/%ﬁr%%'%;é)ﬁrﬁir eforg, t he
‘éﬁ%{%gigw 99196 L o100 Wabsh idees Natheiegdcond

uring the drawing of the pattern is
deflecting electrode 18.

Thereby, the beam spot SP of the
electron beam is positioned periodically to one
of the tracks Trm defined in the area MA, and
the electron beam contributes to the drawing of
marks Mmn along one of the tracks Trm invariably.
Accordingly, it is possible to draw a pattern on
the surface of the substrate speedily.

For example, 1f the formation of the
.pattern of FIG. 3B along tracks Trm is performed
by repeating the drawing and the blanking, it 1is
necessary that after the drawing is done during
on-time T1, the blanking of the electron beam is
carried out during off-time T2. For this reason,
the ratio of utilization of the electron beam is
represented by 1/2(T1/(T1+T2)). Therefore, the
vacuum drawing device 100 which does not need
blanking during the drawing of the pattern is

allowed to complete the drawing of marks M on
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2008/ 026759 PCT/JP2007/ 067112 - 29 the substrate W

i 0@308%9&59” mately half tinme. GCenerally, iﬁbﬁﬁ%'?/o&ﬁz
it 1s

carry ou bl anki ng of an el ectron beam

necessary to deflect the eleetron beam greatly.
However, in 5 the vacuum draw ng device 100 of this
enbodi mrent is adapted to deflect the el ectron beam

slightl 0 ve t.he petL: s hetrween H4 peksimand
t Hd® p%%?#’éﬁggc@urlgcygg?g%ﬁe beam spg’}{1 on track can

be i nproved;, 10, 5peGi ficald ¥aekt tbs caeesssary to
produce ad%%%elr:}t |Ea dilfference of about 10V bei ng
ap&iéﬁ‘gihg bhe ohi rSte shef bacbieas eliectindee ¢6sae Tyt Hed
time of blanking. However, at the time of novenent of

a beam.spot nhetawrait t6ACksam tgren by adelade® sfror e
vacuum dr awi ng device 100 of this enbodinent to

proguCeaaupeat entdwal ng diéfércendced dfo Abbli S| S eI
applied to the second deflecting el ectrode 18., Fr?r[l
this meapared tive deflashcéded et IoEr20 PRE™: iSme Y

constant of the el ectrodes can be redgced, acpdcﬂé is
possi blowet & hraizea kR hePote HFFMEE Ant p6EFti 67 “accur acy

characteristics remarkably, fs,fo[ohbe yacuye drawhng
be improved. '

Specifically, it is necessary to produce
a potential difference of about 10V being
applied to the first deflecting electrode 15 at
+he time of blanking. However, at the time of
movement of a beam spot between tracks, it is
adequate for the vacuum drawing device 100 of
this embodiment to produce a potential
difference of about 10mV peing applied to the
second deflecting electrode 18.

For this reason, the influences due to
the time constant of the electrodes can be
reduced, and it is possible to raise the
response and positicn accuracy characteristics
remarkably.

As for the vacuum drawing device 100 of

the above-mentioned embodiment, the case in
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25 the above-nentioned enbodi nent, the case in WO
2008/ 026759 PCT/ JP2007/ 067112 30 which the marks M
havi ng the sane shape are formed on the tracks Trl

and Tr2 has been described. Alternatively, the vacuum
draw ng device 100 of the above-nentioned enbodi nent
may 5 be nodified so that marks M having different
shape are formed on the tracks Trl and Tr2 by
cwangisngs7ishe wavef orm of the pul se voltage PETimooiavia:
different off-tinme Tl and/or different on- tine T2. 10
For exanple, as shown in~ Fl " 6A, the vacuum draw ng
devi ce 100 of the above-nentioned enbodinent may be
nodi fied by shortening the on- tine T2 of the pul se
Vight age tR¥ tma flog ¥ t havirmgk the reaidgS RABRSsRASe, which
is the sane as that of 15 the above-nentjoned mark M
ofokhedt racke g niraakd FEAmad Gral %2 I\ﬁ‘ﬁﬁv}"ﬁﬁnt he shape,
whose length is shorter than the |length of bove-
meaticord® drar kKA M ¢ BRAE AT tlr¥ac k™ T RO Ry g&@é&%fhe

wi dth of deflection of an 20 ele 0 Nl
dépaidieng bh ?ﬁetaﬁpFPPJ&émeo‘?t%%ﬁggu?é‘@%\?g“}%ﬂeqﬁv

e B Lol BhasS I, St Bt s

'S, el argede  apd ot g Al 1 dHgexef Tihe i se-yoby age
changing the waveform of the pulse voltage PV to
have different off-time T1 and/or different on-
time T2.

For ex&mple, as shown in FIG. 6A, the
vacuum drawing device 100 of the above-mentioned
embodiment may be modified by shortening the on-
time T2 of the pulse voltage PV to form the mark
M having the shape, which is the same as that of
the above-mentioned mark M, on +he track Trm,
and form a mark M having the shape, whose length
is shorter than the length of the above-
mentioned mark M, on the track Trm+1l.

Moreover, the width of deflection of an
electron beam varies depending on the amplitude
of the pulse voltage PV. For example, 1if the
amplitude of the pulse voltage PV is increased,
the amount of movement of a beam spot is
enlarged, and the amplitude of the pulse voltage

PV is decreased, the amount of movement of a
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, venment of
2008/ 026759 PCT/ JP2007/ 067112 - 31 beam spot acg\ﬁ be

r $ %.267I551 a case in which a recordi ng di
a%g’;ﬁ ?ser néd mediumis the substrate Wgnentsi(:%ér?z%%wmm

above, the vacuum draw ng dévice 100

, _ \ 5 of the
above-nmentioned embodi ment nay be nodified by setting
the on-time Ti, the off-tine T2, and the anplitude of

the pul se voltage_ P Il er values r [
a?%ﬁ‘oﬁ??tn f:?g B§B¥eto?lncetcdl?s case, a pat S:gcﬂecg:‘vel g
sLmI | - dot n_pr?]kg M, 10 amrr amgesh ia peorirdiing idi gtheased
g ape of a honeyconmb can be formed on the substrate W
Yoo 14 85lk 8t bR cldhenedihgd ras et ber Sades athel el ectron
beam Al'so in this case, blanking of the 15 el ron
?%gé’%%ﬁ%ﬂ@a g®gfvw,ngﬂ;e angdcipm §raypisd b‘li%vfﬁesﬁgﬁ)t en
needed to draw the attern on th

WOMﬁle@vabpwd—mesutp@sgdbﬁébtgé‘iﬁ%%te THe gsiﬂ?i;agf

draw ng of a pattern on the substr AS
» 3 3 i 0
t heowaEuam dravi oigt tevi EBS168 3™ ﬁfeiea\t;\éeé- r?ent—{tg:%%

enbodi ment, an exanple of th
N

Al ternati . : .
mamﬁp.éﬁlr\ésxlrgiuteger%%%veectir@giizpngg eJfogh meat sy, bes.

In this case, a pattern of small-dot marks M
arranged in proximity in the shape of a
honeycomb can be formed on the substrate W by
irradiating the substrate surface by the
electron beam.

Also in this case, blanking of the
electron beam is not performed, and it is
possible to shorten the time needed to draw the
pattern on the substrate W. Moreover, it is

possible to raise the accuracy of drawing of a

pattern on the substrate W.

As for the vacuum drawing device 100 of
the above-mentioned embodiment, an example of
the arrangement of the marks M shown in FIG. 3B
has been described. Alternatively, the above-
mentioned embodiment may be modified by

deflecting the electron peam in a different
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2008/ 026759 PCT/ JP2007/067112 - 32 nmanner as shown
in FIG 7. In such alternative enbodinent, the beam
spot SP is positioned to one of the tracks Trl, Tr2,
Tr3 in the area PA, and the marks M are forned

sel ectively on one of 5 the tracks Trl, Tr2, Tr3. In
short, the vacuum drawi ng device 100 of the invention
i 8O2WHa7Put ed so that the el ectron beam i £CT/JP2007/067112
deflected, w thout performing blanking of the

el ectron beam so that the"marks 10 are forned on one
of the tracks in a cyclic nanner. Also in this case,
the el ectron beam contributes to the draw ng of, marks
ahomge onesofshavre traBR§-Tm i MardedPya LERFHET LS
possible to 15 rai se the accuracy of draw ng of a

patbedpmentn ttHee dpBIB- AR GHed TribdA rBRPCS t°

positioning of the beam spot, SR, can, be rf to
opeeoP It k& rfacksk Tr FFTTr %,r r fr?AJr%eFﬁgt ia\%rgsfjﬂ’

e i L e O R

such as Tr3, Tr6, and it is

al so passibl it t he beam spot SP to one of
fBBF %Far%‘rsee“%?acﬁg% tTg:Irqsn'atel y. As for the

above_nent&%P%Qu%gppdkﬁﬁnkacuum drawing device 100
of the invention is constituted so that the
electron beam is deflected, without performing
blanking of the electron beam, soO that the marks
are formed on one of the tracks in a cyclic
manner.

Also in this case, the electron beam
contributes to the drawing of marks along one of
the tracks Trﬁ invariably, and it is possible to
raise the accuracy of drawing of a pattern.

In the above-mentioned embodiment,
positioning of the beam spot SP can be performed
to one of the tracks Trl, Tr2, Tr3.
Alternatively, positioning of the beam spot SP
may be performed to one of other tracks, such as
Tr1l, Tr3, Tré, and it is also possible to
position the beam spot SP to one of four or more
tracks alternately.

As for the above-mentioned embodiment,

the case in which the marks M are formed on each




25 the case in which the nmarks M are forned on each WD
2008/ 026759 PCT/ JP2007/ 067112 - 33 of the adjacent

been explained. Alternatively, tBerp007067112
aﬁ%ﬁsﬁe%? oned enbodi mrent rmay be nodified so that

the electron beamis def+ex®ed in one of the +X
direction and the -X 5 direction centered on a certain
track and the narks Mare fornmed continuously on one

of the both _sides € hhaClhechs d051abaed.
alfv et NBnP PdRSE enb%gllérgnt the case in which the

racks_Tr e @ﬁépgb@f\re—&{}rﬁm@nembodmnr@i‘e are
oﬁﬁrﬁ%rﬁa?llk‘)%eﬁhdescrl bed. Alternatively, the

abovg pﬁngnlo(arﬁdle@np@dltm&t trRy diee codphi ¢ agd khat
ik substrate Wis rotated by the rotating
tale)3Lted N sebst bat e hW i+ stide¢hiprhe aX*%Il‘?l'é"ct | Bn
by 15 the slide unit 33 at a predeterm ned spe

t hat ks M @6 €t & peedralaonge Bt 8pP r F 2@ 4 e for
t he above-nenti oned enbodi nent, the case in ichethe
subatiat & Wiai Hooneche oot B9 Rg ¥ aBle °3F i 3 r 6t at ed

and a pattern 20 consisting of marks Mis drawn al ong
th@ottrradc\sdeﬁagfbéé@ &e‘é"l‘:?}f“bed However, this

invention is not |im to t hi Qdi B oaFRént,
exanpl e, tI"PeSaB%etﬁgnt ohed ‘er %g?prrent rmyo be

g?gégéegasgolaheﬁ1 s éﬁgs£igkﬁsm@fhlfﬂckﬂg anay¥é of
a concentric circle are formed has been
described. Alternatively, the above-mentioned
embodiment may be modified so that while the
substrate W is rotated by the rotating table 31,
the substrate W is slid in the X direction by
the slide unit 33 at a predetermined speed, s©
that marks M are formed along a spiral track.

As for the above-mentioned embodiment,
the case in which the substrate W laid on the
rotating table 31 1is rotated and a pattern
consisting of marks M is drawn along the tracks
has been described. However, this invention is
not limited to this embodiment. For example,
the above-mentioned embodiment may be modified
so that the substrate W is laid on an XY stage

which is movable in both the X direction and the
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25 which is novable in both the X direction and the WO
2008/ 026759 PCT/ JP2007/067112 - 34 Y direction, the
substrate Wis noved in the Y direction relative to
the el ectron beam and the electron beamis
periodically deflected by the first deflecting

el ectrode 15, so that a pattern 5 consisting of marks
Mis formed along a scan |ine parallel to the Y
aveewsd®m9 | n the vacuum drawi ng devi ce 100 POT/JIR20E/067112
above-menti oned enbodi ment,, the bl anking of the

el ectron beamis perforned %y the first 10 deflecting
el ectrode 15 of the irradiation device 10, and the
defl ecting of the electron beamis perforned b he
secohdedéfilosct ithe ehketrede 1B s THRedt A nt

of a beam spot between the tracks is gerforne

Aditeenanpmemplq@vﬁetaw@@ FerftS ohey BRBBdI Meit TR
be_modified so that th Lt T
RASCEFRSt SR obt | - GRENToS 181 £ B G5 R oe (he" :
O S RAAR PEL b o R U 92T g By e o EuerEn

eén the 5.720 Nbreover if the

p05|t|o .Ng_acegu lils mithig Lhe |§H§E@@, t he
f FPEE &Qﬁl tlﬁg&gg¥gc?$5'e 15 and thenggcond

def; n%c %@EtEed%hel& ey becfenmed into a conmon
defT'e Ing electrode. This enables mniaturization and

In the vacuum drawing device 100 of the
above-mentioned embodiment, the blanking of the
electron beam is performed by the first
deflecting electrode 15 of the irradiation
device 10, and the deflecting of the electron
pbeam is performed by the second deflecting
electrode 18 so that the movement of a beam spot
between the tracks is performed. Alternatively,
the above-mentioned embodiment may be modified
so that the pulse voltage is applied to the
first deflecting electrode 15 to deflect the
electron beam periodically and perform the
movement of a beam spot between the tracks.

Moreover, if the positioning accuracy
falls within the tolerance, the first deflecting
electrode 15 and the second deflecting electrode
18 may be formed into a common deflecting
electrode. This enables miniaturization and

low-cost production of the vacuum drawing device.




10

15

25 | ow cost production of the vacuum draw ng devi ce.
WD 2008/ 026759 PCT/JP2007/ 067112 35 The tracks Tr

defd ned P, t he substrate W in this embodi mep¢siaeuloshiz
be interpreted as being inclusive of not only tracks

which are actually fornmed 3 the substrate W but

al so 5 design tracks which are used as the reference
l'ines when form ng marks M and defined by the marks
drawn on the, subshiale W Jdheipeasent tiwesnebonriasendt
limted to the above-described enbodi mrents, and
vayj at},98s entQ Btk A dihbeatd ares imeye bprABAE Wi hout
departing fromthe scope of the present invention.
Th@epﬁgsgmbyugméﬁamfonoksomixﬁﬁ%mchﬁdWhﬁﬁﬁrﬁf?he
benefit of priority of Japanese patent application
Noa c2006-1235hdned i brdtbe BRbgigtates¥;, %0‘365&? 2
entire contents of which are hereby, incarpor by
reﬁega@ﬁatmME@@O@h@EB7§9qwﬂ?%@2657Fb§7f€¥%€%§€e

CLAIM5S 1. A draw ng net hod in,whigh : tg PN nhbeam
isld@&&ﬂ%ﬁ?@ofar§&Pﬁa8@é%sa %B?eg?%ﬁﬁigdrgMIa

pattern al ong scan _Lines. .o syrface of the
obpegtks (¢ Wl affng ﬁbfﬂgﬁg%%%gsiging steps of:

The present invention is not limited to

the above-described embodiments, and variations

and modifications may be made without departing

from the scope of the present invention.

The present application is based on and

claims the benefit of priority of Japanese

patent application No. 2006-235419, filed on

August 31, 2006, the entire contents of which

are hereby incorporated by reference.
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draw ng a pattern along the scan lines on the surface
of the object by the electron 10 beam t hrough

rel ati ve novenent of the object relative to the

el ectron beam deflecting the electron beam at a speed
that does not cause a pattern to be forned on the

obj ect surface, in one of a first direction 15
intersecting the scan lines and a second direction
OPpRaYWBPE™ o the first direction, without p&crigrRnd7egii2
bl anki ng, so that a beam t. of the deflected

el ectron beamis positioned to one of the scan |ines
on the object surface; and 20 repeating alternately
the drawing step and the deflecting step. 2. The
@lvi¥P net hod according to claim 1, wherein the
deflecting step is provided to 25 deflect the el ectron
beam periodically in one of WD 2008/ 026759

PCT/ JP2007 06 1 2 .30 thethérsgndh5q%%p%nlqggegggon
second dir Tagsn o At A be

am spot of

dbe“ ect ed]z:gldqgtre% @&a@ <1 £ReS toned %ﬁgaeatt@ y to

BDf 3 rst scan line and a second scan |ine anong
L 9CANLLERRSn D chg THEadr awidiss et hogle agaerrdicrg to

L
ai m | F wherein the drawing step is provided to
f&% atget Bes@hiteCtt Hd SAHGE nelmait Med NoyeehE iafy
steps of:

drawing a pattern along the scan lines

on the surface of the object by the electron

. beam through relative movement of the object

relative to the electron beam;

deflecting the electron beam at a speed
that does not cause a pattern to be formed on
the object surface, in one of a first direction
intersecting the scan lines and a second
direction opposite to the first direction,
without performing blanking, so that a beam spot
of the deflected electron beam is positioned to
one of the scan lines on the object surface; and

repeating alternately the drawing step

and the deflecting step.

2. The drawing method according to claim
1, wherein the deflecting step is provided to

deflect the electron beam periodically in one of
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the object to the electron beam 10 4. An i [
_ _ _ . i nformation
recordi ng nediumon which a periodic pattern is

f recordi ng surf '
ng{q:%gm%écor g surface by using the g @%&9/067“2

ding to claim1l. 15 5. A draw ng
which radiates an electrod7beamto a surface of an
object to draw a pattern along scan lines on the
surface of the object, the draw ng device conpri sing:

2030 LSS IR0 Saues %'H&t%ﬂg aa ceheCtdion c beas, aw

converging t el ectron beamemtted

by ,the elgclfon SQurie e sbeiel)
e swdacen Beaan
E{Ylhsae osCl ?i&ato outputting a pul se WD 2008/ 026759

PCT/ 220074 062412 1 re 38t SLgnab whiccho tled i fikssth
scan
éltsteg:n to be drawn on the object surface; a

delf £et LR Widedshdesiciang, 1ime rpes

. panse1 ¢ oSERE TS -
Si gnal fromthe pulse 5 oscillator, the el ect ronﬁg{eam
at a speed that does not cause a pattern to be forned

on the object surface, in one of a firs dlrgctl(i
i nt ersect i ng .t RaescrpY i m@sMghd o8 aim
1, wherein the drawing step is provided to

rotate the object to cause relative movement of

the object to the electron beam.

4. An information recording medium on
which a periodic pattern is formed on a
recording surface by using the drawing method

according to claim 1.

5. A drawing device which radiates an
electron beam to a surface of an object to draw
a pattern along scan jines on the surface of the
object, the drawing device comprising:

an electron source emitting an electron
beam;

an objective lens converging the
electron beam emitted by the electron soﬁrce on

the object surface;

a pulse oscillator outputting a pulse
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direction opposite to the first direction, 10 w thout
perform ng bl anking of the electron beam so that a
beam spot of the deflected electron beamis
positioned to one of the scan lines on the object
surface; and a noving unit causing relative novenent
15 of the object to the electron beam 6. The draw ng
devi ce according to claim 5, wherein the deflection
who booslefshsect s the el ectron beam peri odi cal pyT/iro0Ner112
of. the first 20 direction _and the second direction, so
that a beam spot of the d&fMected el ectron beamis
positioned alternately to one of a first scan |line
and a second scan |ine anong the scan lines. 25 7. The

drayh 4y davicee dctiores ngh e opeltaiennWG 2008/ 8268759 °1
PCT/ JP2007/ 067112 - 39 5, wherein the noving unit

riiat esjthe chimftced cause rel ative novement of the
object to the electron beam 5 §_ Qn info{gation
recording mediedrmest iathiehia BECSHT Pattern is
formed on a recording surface by usi a dray ng
dEV$B€PSﬁhé°(ﬁQﬁWH@lg@vF&gqéiﬂg.?%gggﬁ Electron beam
to a _surface of the_ infaormatign recordiagmegdidamto
1958féW%§ﬁﬁﬂt%ﬁ% 3$85§r§é$% nes on tEe surface of
tQgegn%%gngéggerQCSEQEQQHN¥%L%% thendawWmahe
object surface, in one of a first direction
intersecting the scan lines and a second
direction opposite to the first direction,
without performing planking of the electron beam,
so that a beam spot of the deflected electron
beam is positioned to one of the scan lines on
the object surface; and

a moving unit causing relative movement

of the object to the electron beam.

6. The drawing device according to claim
5, wherein the deflection unit deflects the
electron beam periodically in one of the first
direction and the second direction, so that a
beam spot of the deflected electron beam is

positioned alternately to one of a first scan

line and a second scan line among the scan lines.

7. The drawing device according to claim
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devi ce conprising: an electron source emtting an
el ectron beam 15 an objective |ens converging the

el &%Q&ﬁggan1enitted by the el ectron sourcep@fyp26d3867112
i nformati on recordi ng medi um surface; a pul se

oscillator outputting a pul¥e~ signal which defines
the pattern to be drawn on 20 the information
recordi ng medi um surface; a deflection unit

def | egf L0Q.i 4 R hd 68PP0SE LAithe qudses strabbiireh tie
pul'se” oscillator, the electron beam at a speed that
d°<fe§u99t ~CAUSE Fe Db T eRanto oife oy nelll eatt ke Xhe

i nformati on recordi ng nedium surface, in one of i, WO
2098L026%59 BRGI JP2007/ 067112 - 40 a first direction
intersecting the scan lines and a second direction
opposite to the first direction, on the information
recordi ng medi um surface w thout performng.bl [ ng,
so that a 5 %edn shofoBPatR@ dd Tt 2H 8| ggt%rlgw@rbuéﬁam
is positioned tqo one of the scap_|ljines he

i niormdt i NP ¢ BEBFAPNE e U STr 35@%%ag¥¥§nnving

unit moving the Lforqation g egopdig Jpdisn gl athiee
drawing device radiating an electron beam to a
surface of the information recording medium to
draw a pattern along scan lines on the surface
of the information recording medium, the drawing
device comprising:

an electron source emitting an electron
beam;

an objective lens converging the
electron beam emitted by the electron.source on
the information recording medium surface;

a pulse oscillator outputting a pulse
signal which defines the pattern to be drawn on
the information recording medium surface;

a deflection unit deflecting, in
response to the pulse signal from the pulse
oscillator, the electron beam at a speed that
does not cause a pattern to be formed on the

information recording medium surface, in one of
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a first direction intersecting the scan lines
and a second direction opposite to the first
direction, on the information recdrding medium
surface without performing blanking, so that a
beam spot of the deflected electron beam is
positioned to one of the scan lines on the
information recording medium surface; and

a moving unit moving the information

recording medium relative to the electron beam.




