DESCRI PTI ON ELECTRON BEAM RECORDI NG APPARATUS

TECHNI CAL FI ELD The present invention relates to an
we@bk@etiosn? beam r ecor di ng appar-at us—-t hat recor dBCT/JP2007/055330

information by irradiating an el ectron beamonto a

predetermined position, and particularly relates to an

el ectron beam recordi ng apparatus used for producing a

master of optical disks by printing a pattern with an

el ectron beam BACKGROUNDDARTRIPTacent years, there

has been a growi ng demand for accuracy inprovenent of

m cr ofabricat ion technology such as exposure

technol ogy for naster optical disks and sem conduct or

technol ogy. EarEexaoM esEApt iRt oRirskec ane ¥ akairva ed

t hrough a master di sk production process for producing

a stanper froma glass plate and a di sk production

process for producing optical disks with use of an

ﬂnj%%khQNIQ9h9 Eﬁ%ﬁdﬁhe stanper nounted thereon. In a

typrcat master—disk producti onprocess, a master disk

reat- o SKC product | onpr ocess,
0l travi of ot TAa Prancn br e Fie Prosiane T 5 =

sou% %é r%%ﬁ%@gﬁﬂrecording apparatus that records

information by irradiating an electron beam onto
a predetermined position, and particularly

10 relates to an electron beam recording apparatus
used for producing a master of optical disks by

printing a pattern with an electron beam.

BACKGROUND ART

15 In'recént years, there has been a
growing demand for accuracy improvement of
microfabrication technology such as exposure
technology for master optical disks and
semiconductor technology.'For example, optical

20 disks are fabricated through a master disk
production process for producing a stamper from
a glass plate and a disk production process for
éroducing optical disks with use.of an injection
mold with the stamper mounted thereﬁn.

25 In a typical master disk production



at nosphere and focuses the light to have a spot

di aneter of the |evel of wavel ength by a hi gh power
wobjoggoisye | ens. Wth this light2 a pit patterPCT/ae0m055330

i mge corresponding to information signals or the like

to be recorded is fornmed on a glass plate having a

phot oresi st |ayer on a principal surface thereof.

After cutting the photoresist |ayer, the glass plate

goep e eud), aadened OPAeEGL Pk 0peSSd Qe tab el getfne emits
ormng process so a s to be a stanmper. While cutting

the amegt gn whi sk ither Maghers dt gls Wi 9duet Ip@sg&cmfﬁht, or
rotates the master disk so as to relatively nove t
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information signals or the like to be recorded
is formed on a glass plate having a photoresist

10 layer on a principal surface thereof. After
cutting the photoresist layer, the glass plate
goes through a development process or an
electroforming process so as to be a stamper.

While cutting the master disk, the

15 master disk production machine rotates the
master disk so as to relatively mové the
irradiation position of the visible light or the
ultraviolet light in the'radial direction of the
master disk. A problem with such a master disk

20 cutting process using a visible light or an
ultraviolet laser light is that the recording
resolution of information signals to be recorded
is limited due to limitations of a light spot
diameter, resulting in préventing ﬁigh density

25 recording.



In a typical master disk production nmachine using an
el ectron beam however, the electron beamis deflected
whyoonagsset i c field fluctuati ons Bnsi de and out BCT&P2067/055330

t he
pos

machi ne, which leads to a variation of a spot
ition of the electron beam focused by a focusing

unit. This |lowers accuracy of the track pitch of
master disks or cau se s reproduction jitter. The

causes of thecwmgnehigc dy ebd ddtiebuaty ®aasi nss deband to
out si de the machi ne include variation of earth

mag
t he
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which leads to a variation of a spot position of
the electron beam focused by a focusing unit.
This lowers accuracy of the track pitch of
master disks or causes reproduction jitter.

The causes of the magnetic field
fluctuations inside and outside the machine
include variation of earth magnetism due to
movement of veﬁicles, elevators, or the like,
electromagnetic waves emitted from power supply
systems such as cabinet panels, and magnetism
generated by a rotating mechanism or a disk
transport mechanism of the master disk
production machine.

Especially, the magnetism generated by
the rotating mechanism, the disk transport
ﬁechanism, or the like causes a éignificant
variation of the electron beam irrédiation

position. There are therefore proposed various



Docunents 1 - 3 ) . Patent Docunent 1 discloses, as a
nmet hod of renoving noise, a magnetic shield device
wao bav/1dsorks magneti ¢ noi se attedpting to ent ePCEHJIP2007/055330
box- shaped magnetic shield room having a wall made of
a high perneability nenber. The magnetic shield device
di scl osed in Patent Docunment 1 includes a detection
coil passing through through holes of a wall and wound
ar ogRct Hbaswad & rf @fe DEERULG | NGFam d MEcetE vehkaGfagnetism
corresponding to variation of magnetic noise a s a
det gl ORasicdNaby & Eaneelt £0i hgl ecetMbhd #7 oeXt€erBaldisk
current so a s to generate a nmagnetic field for

compensat hag f ofekhts ARYREt i Crneinse dekect @.gle_*ay Bd€ent

detection coil, and a controller for controlling a
cur Ry, hanhe supplied to the cancel coil based on the
out put of the detectlgn coil. A pair of Helnmoltz coil

%S used as th%a‘;@&gﬁ' §<%°é£mtefiﬁaé gegq_rsagfgfsaegagg%ti
ane

ield in the s irection a s nmagnetic flux’ detected
oy RS EhoSE CBeBP nER SR s BOCUTRY AL EE. 98600
for deaaLing . master ol 1 grmaion, pesordl g iedign, o

| enter a box-shaped magnetic shield room having a
wall made of a high permeability member.

10 fhe magnetic shield device disclosed in
Patent Document 1 includes a detection coil
passing through through holes of a wall and
wound around the wall for outputting an induced
voltage corresponding to variation of magnetic

15 noise as a detéction signal, a cancel coil
receiving an external current so as to gengrate
a magnetic field for compensating for the
magnetic noise detected by the detection coil,
and a controller for cbntrolling a current to be

20 supplied to the cancel coil based on the output
of the detéction coil. A pair of Helmholtz coil
is used as the cancel coil that generates a
ﬁagnetic field in the same direction as magnetic

flux detected by the detecfion coil.

25 Patent Document 2 discloses an



irradiating an information recording el ectron beam

onto a recording surface of the master, a transport
waeior/165817 rel ati vel y nmovi ng the Baster and t hePCT/JP2007/055330

irradiating unit in a direction parallel to the

recordi ng surface, and a vacuum at mosphere forning

unit for accommodating the rotating unit and the

irradiating unit in a vacuum at nosphere. According to

Pat enif dpgdeidn2 redbededt athag Unélefdddea rotating
i nformati on recorder includes a turntable on which the

mast@fi ¢ SrRlracedi ad SRHNA ansbhaklr fOF SUWPOLIaRGL dhe
turntable, an electromagnetic notor for rotating th e

Sp'@@éb§ﬁ@ﬂ ﬁ@@fh"a@%ﬁifréﬁfﬂglﬂ@tuﬁ@% for
shi el di ng agalnst magheti sm generated in the

el egtyro %%@:tlﬁg”%tr{’rln% R gy b Rfror E'o%{ﬁtﬁ[oréjféc(eron

Pat ent cunment , In order tore ce magneti ¢ nol se

grO@ S#Egrgm%§@$kﬁl 0Ly £33 nUfW%he master, a

electronag I c motor I's su roun nagnet
casi n 'tper %eaCbl ]lfl &‘y e%ll%lgl{/ b\LJ(.)ﬁ master
nagne her by preventi g~ anel et r 6n beam rom

bei ng, ca;ggfplgﬁga%t;glﬁggw%a%tgcd eldgenerated e
| to the recording surface, and a vacuum
atmosphere forming unit for accommodating the

10 rotating unit and the irradiating unit in a
vacuum atmosphere.

According to Patent Document 2, the
rotating unit of the information recorder
includes a turntable on which the master is

15 placed, a spindle shaft for supporting the

| turntable, an electromagnetic motor for rotating
the spindle shaft, and a magnetic shield unit
for shielding against magnetism generated in the
electromagnetic motor.

20 In the information recorder of Patent
Document 2, 1in order to reduce magnetic noise
from the electromagnetic motor, the entire
électromagnetic motor is surrounded by a
magnetic casing (high perméability ﬁaterial) for

25 Dblocking the magnetism, thereby preventing an



Pat ent Docunent 3 di scloses an el ectron beam
irradiation device and a nethod for elimnating

w0 ndo7nessce of nagneti sm generatefl from a rot at P@IJP2007/055330
mechani sm or a master tiansport mechani sm and
magnetismin the vicinity of an electron gun. The
el ectron beamirradiation device of Patent Docunment 3
drives an el ectron beam defl ecti on el ectrode accordi ng
to eutdwit so@f Wpédmalf negnetd tngetiect DuendisPpodgd an
the vicinity of an el ectron beam generator or in a

vacuune ehaphergndefilect s «am e ealeont Beamy ntae
direction for canceling deflection of the electron

beagu@ggtggnﬁggﬁgkhgp;@thﬁgnetlc field, and thus
corrects displacenent of an el ectron beam f ocus spot

on a master dye {0, the yahhatjion3 ol iMuNekies fagl Gi1ectron

<Pat ent Docunent 1> Japanese -Patent Application
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Japanese i"cafion Pubfication No
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accw%ﬂegxlsm and magnetism in the vicinity of an
electron gun. The electron beam irradiation

10 device of Patent Document 3 drives an electron
beam deflection electrode according to outputs
of plural magnetic detectors disposed in the
vicinity of an electron beam generator or in a
vacuum chamber, deflects an electron beam in a

15 direction for canceling deflection of the
electron beam due to variation of magnetic field,
and thus corrects displacement of an electron
beam focus spot on a master due to the variation
of magnetic field.

20 <Patent Document 1> Japanese ‘Patent
Application Publication No. 2003-124683

<Patent Document 2> Japanese Patent

‘Application Publication No. 6-131706

<Patent Document 3> Jépanese Patent

25 Application Publication No. 2002-217086



mounted, it is difficult to accurately nount the
Hel mhol tz coil because of its relatively |large size.

WO boovhessiel mhol tz coil is not Foffmed in an i derdT/sivagr)55330
the nmagnetic field generated by the Hel mholtz coil is
not uniform resulting in lowering of device accuracy.
Moreover, a facility using the magnetic shield device
of Patent Docunent 1 is |arge and expensive. Referring
to the | Weof artriiony rieaerklet ooft HRat aalgrovcigedh e ld hevice
el ectromagnetic notor includes a rotating part, and

hence ¢ &t 1los i f i hcWHdt éatcamptaitdyt shieldl sagneihswhe
of the entire electromagnetic notor by surrounding the

ent idzth gbactd OMRIRRId &5 MBIOIHL ¥ thh dhe yMaghet ke t@Bing
(high perneability material) . Ano her probl em w t

thed i QEBRE, Ot r §GOr dek Fdi Sgh @SQd; | B cRal et cBREURBRIE the

2 i's that, if a [arge anount of high perneabi ity

mt%ﬁhgm woedl, 1S, WBLOI o OF  Ne LOLAL] 29y 1 'iarge

I Nncr ease anot her problemwth the I nfor t|on

rec%rgf%io iaEﬁ@t H%’f Rl 2 L '%tz] tigl fn&‘t”g%rkgﬁéﬁ in an’

shi el e entire eV|ce S So provid
megnefi e fiel dLs qaneratethinsihe: SRR b8 by the
| Helmholtz coil is not uniform, resulting in
lowering of device accuracy. Moreover, a
10 facility using the magnetic shield device of
Patent Document 1 1s large and expensivel
Referring to the information recorder
of Patent document 2, the electromagnetic motor
includes a rotating part, and hence it is
15 difficult to cémpletely shield magnetism of the
| entire electromagnetic motor by surfounding the
entire electromagnetic motor with the magnetic
casing (high permeability'material).
Another problém with the information
20 recorder disclosed in Patent Document 2 is that,
if a large amount of high permeability material
is used, the weight of the rotating unit is
increased.

Still another problem with the

25 information recorder of Patent Document 2 is



irradiation axis in a magnetic shield opening of the
irradiating unit and an opening of the nmagnetic casing
woboorhessidt ati ng unit. The gener 8t ed nagneti ¢ PECBIRR007/055330
affects the el ectron beam which prevents accurate
correction of a focal point and results in |owering of
exposure quality . Referring to- the electron beam
irradi ati on device of Patent Docunent 3 , according to
t hetrei bod idf someemietdct hehiledpl acererdhof ehlfteire device
el ectron beam focus spot on the master due to the

variiat i D sef praeratd«edfi el dnaged cadj ystiing @ fecajenerated
poi nt of the electron beamrelative to a target

obj g6f , t BeS deepltUrcth BEINREAEC dad €6L-QS ®8hinmRL € 2
magnetic field in the vicinity of an irradiation point

of EW%@B%@Hanb%ﬁﬁsalﬁ“%L%Q%m%%ﬂﬁg%ﬂiél%!%ﬁ%ﬁ&ng of
an el ectron beaminjecting part "cannot be accurately
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devi ce of Patent DOCUFTEF]t cannot accuratelry correct
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owere art her, |ng Docunerit
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beam, which prevents accurate correction of a
focal point and results in lowering of exposure
10 gquality.
Referring to the electron beam
irradiation device of Patent Document 3,
according to the method of correcting the
displacement of the electron beam focus spot on
15 the master‘due.to the variation of magnetic
field and adjusting a focal point of the
electron beam relative to a ﬁarget object, as
the plural magnetic deteétors estimate a
magnetic field in the vicinity of an irradiation
20 point of the electron beam, a disturbance
magnetic field of an electron beam injecting
part cannot be accurately calculated.
‘Accordingly, the electron beam ifradiation
device of Patent Document 3 cannot'accurately

25 correct the focal point, and therefore exposure



el ectron beamirradi ati on device needs to be

magnetically shielded for elimnating influence of
we@2anrhoisegnet i sm  However, sineedthere are mangCT/JP2007/055330

constraints on workability and structure such a s

ventilation and air conditioning facility, this

configuration is not so effective for variation of a

magnetic field generated inside the shiel ded device.

Fur herlnbt ¢, isd ntewtdweegntire device is nagnetically

shi el ded, the electron beamirradi ation device is

| arge and expersiver, R SEbGRIREGOR JHRAIMNVENTIENcTh&ent 3,

present invention ains to provide an el ectron beam

recebdi Nge ARRAM &t HF chPAble AfoheaQy@iAg iidh or Wald oBntire
by irradiating an el ectron beam onto a predetern ned
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I n one enbodi nent of the present invention, there iIs
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recor on onto the surface of a sa

usi pg anel egl ron,hean o Jhe el echion beamdecopd re
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apparatus conprises an el ectron source al Irra

R BioP £a MR 3 FoOel € PEbee Py Mla! Beructure
such as ventilation and air conditioning
facility, this configuration is not so effective

10 for wvariation of a mégnetic field generated

inside the shielded device. Furthermore, since
the entire device is magnetically shielded, the
electron beam irradiation device is large and
expensive.

15

DISCLOSURE OF THE INVENTION

The present invention aims to provide
an electron beam recording apparatus capable of
recording informationxby irradiating an electron

20 beam onto a predetermined position of a sample
with high positional accuracy.

In one embodiment of the present
invention, there is provided an electron beam
recording apparatus that records information

25 onto the surface of a sample by using an



of an irradiation axis and acquires magnetic

information on the irradiation axis, a convergence
w@om7iossn7 control part that cal cdul at es a convePQBIR2007/055330

position correction anount for correcting a

convergence position of the el ectron beamw th respect

to the surface of the sanple based on the nagnetic ‘

i nformati on acquired by the magnetic detector, and a

coneargenee Pasehinon BHeUE 1 dgtpart bbalm adpusiisdihg
convergence position of the electron beamw th respect

to thesueface ebnide: samlen The coRVEr 02HGE ROSEhREN
control part causes the convergence position adjusting

part 4,0, adia4sd s t p& LOBYRIGSNSE PRUM] OB Ghafh@tic
el ectron beamw th respect to the surface of the

sampy & based opnLhe fQ”\é%rrgﬁffg‘ﬁgFé%Si %borx‘n&\‘?é{ &Ht8Nand out

anount. According to an aspec f the presen

Ve on. iLIe, 8liaGly of Beam recol déB%\ﬁHé?E?%x?gﬁé@ic

pertrorm € ‘convergence position contro

el ectyon.feam it i i gh agauragy fys 63l el aLing, a
di sfﬂ HCRhEAt of 't Ke' conver genceposﬁh on o Ke
el ectron beam w ect to the Sf t he

on_be th resp _ Sal Iae due.t
g L PRIt Bn HHBL F ot 4P POt Gki B2 TheFBFot e, t he
e AL REAR LS ) AL RELO b BE IR B et on
positdbnugptes g P
amount for correcting a convergence position of
10 the electron beam with respect to the surface of
the sample based on the magnetic information
acquired by the magnetic detector, and a
convergence position adjusting part that adjusts
the convergence position of the electron beam
15 with respect té the surface of the sample. The
| convergence position control part causes the
convergence position adjusting part to adjust
the convergence‘position éf the electron beam
with respect to the suiface of the sample based
20 oh the convergence position correction amount.
According to an aspect of the present
invention, the electron beam recording apparatus
can perform the convergence position control of

the electron beam with high accuracy by

25 calculating a displacement of the convergence



the sanple with high positional accuracy for recording
the information. Mreover, since the electron beamis

WO peoaddsmted onto a predeterm nedlposition of tPET/sEow/ess5330
wi th high positional accuracy, printing on the surface
of the sanple can be performed with high shape
accuracy. According to another aspect of the present
invention, in the electron beam recordi ng appar at us,

si ngeo § 9edlopositt itiie deg @gedeNtb ®&mt hei €heatd Hpebeant o
with respect to the sanple due to the magnetic field

on tigei Ghath BEi G aXtd itiseCxRRdSBAL af 1 ¥ 1enl 64l atrd
based on focal position adjustment infornation

Obt%f@gdwg¥h@nf%&ﬂspO@HéQQﬂé%@dJ%H@deWéJEron beam
respect to particles on the surface of a test

SUb%éaEQTJ&¥Q%dE565%g1&ogE@HetQEmfﬁéﬁlﬁg PRion of

beam can be perforned with high accuracy. Therefore,
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on e san‘p e w positiona accur
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'Wtfbggggfgﬁpgfa%%%a% ample with high positional
accuracy, printing on the surface of the sample
10 can be performed with high shape accuracy.
According to another aspect of the
present invention, in the electron beam
recording apparatus, since focal position
displacement of the electron beam with respect
15 to the sample due to the magnetic field on the
| irradiation axis is_exberimentally calculated
based on focal position adjustment information
obtained when a focal position is adjusted with
respect to particles on the surface of a test
20 substrate, focal position control- of the
electron beam can be performed with high
accuracy. Therefore, the electron beam is
irradiated onto a predetermined position of the

sample with high positionél accuracy for

25 recording the.information. Moreover, since the



Furthernore, since the displacenent of the convergence

position is experinentally conputed using the test
waeamstemte with the particle on the-surface, tPEr/JP2007/055330

el ectron beam recording apparatus is sinple and

i nexpensi ve. According to still another aspect of the

present invention; in the electron beamrecording

apparatus, since an irradiation position displacenent

of tdiee eleain obchaam @i tir re£8padie d oohite sanplree did€ elrnined

the magnetic field on the irradiation axis is

expgre sentiald yo gakaid akethpprsed iath i hiadi apbeltional
position adjustnent information obtained en an

i rragdhahir@t POShiiont i S gadi st ed W b FraesPests tthhe sample
particles on the surfacé of a test substrate,
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be perforned with high accuracy in addition to the

oc it ont f |4 '
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apparatus is simple and inexpensive.

10 According to still another aspect of
the present invention; in the electron beam
recording apparatus, since an i1rradiation
position displacement of the electron beam with
respect to the sample due to the magnetic field

15 on the irradiation axis i1s experimentally
calculated based on irradiation position
adjustment information obtained when an
irradiation position is adjusted with respect to
particles on the surface of a test substrate,

20 irradiation position control of the electron
beam can be performed with high accuracy in
addition to the focal position control of the
électron beam. Therefore, the eléctron beam is
irradiated onto a predetermined position of ‘the

25 sample with higher positional accuracy for



can be perfornmed wth higher shape accuracy. -
According to a further aspect of the present

WO pooenoison, since the convergenck3 positi on adjRGTL/irego7/055330
part includes an electrostatic lens, the electron beam
recordi ng apparatus can perforn1convergence position
adj ustnment (focal position) adjustnent with high
responsivity and can performprinting (recording) with
hi glr shapel iatgutacy £NeB rMwehidn venoatedv@h,speefice the
BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a

scheyteé &€ & b akis oyl A Bd ke d OBnkeamr pedlé B8 rmined
apparatus according to a first enbodi ment of the

Presans i kRt benit d Gsadigd ﬁeawq%nﬁtllgqq@t agiai tional
showi ng a structure of an electrostatic deflection

el eqldode of hﬁr@@@iﬁgnnb%ga%r eCQ?g'tf%%@pQ@ HWS sample

according to thé first iment o he presen
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astructure position

el ectron beamy {%8% aggamnfa Ty £d5@ﬁ%§f %% the

first enbodlnen present nven

schenatlc lagra
pPreséen nventlon, since the convergence

position adjusting part includes an
electrostatic lens, the electron beam recording
10 apparatus can perform convergence position
adjustment (focal position) adjustment with high
responsivity and can perform printing
(recording) with high shape accuracy even when

driven at high speed.

15
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram showing
an electron beam recording apparatus according
to a first embodiment of the present invention;
20 FIG. 2 is a schematic diagram showing a

structure of an electrostatic deflection
electrode of the electron beam recording
épparatus according to the first embodiment of
the present invention; |

25 FIG. 3 is a block diagram showing a



illustrating the convergence position of an el ectron

beamm FIG 5 is a graph showing a characteristic curve
w@boomagaset i c fl ux density in thel& directi on WeHIP2007/055330

respect to nobile body position, where the vertical

axis represents the magnetic flux density in the Z

direction and the horizontal axis represents the

nobi | e body position; FIG 6 is a graph showi ng a

coneer gence POSbifi an £badct eokdtd Lonf cabtebactgant of

beam wi th respect to nobile body position, where the

ver tdical e St £ BRI e5@ahS e 6 eatirnd ¥pii-a0gtand dd€ording

hori zontal axis represents the nobile body position;

FI Gt tRed ©f ABR W¥HBA e $ENY A | ¥hiy Fhakagieristic

of a height sensor, where the vertical axis represents

out gy Qh theight detection and the horizontal axis

represents detected displacenent;FIG 8 i s a graph

ghowing a sensigVity charagtalistig of 43l gram

el ectrostatic lens, where the vertical axis represents
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epresents posi t1 on adj ustnen

é?éctron beam;

FIG. 5 is a graph showing a

characteristic curve of magnetic flux density in

the Z direction with respect to mobile body
position, where the vertical axis represents the
magnetic flux density in the Z direction and the
horizontal axis represents the mobile body
position;

FIG. 6 is a graph showing a convergence
position characteristic‘oann electron beam with
respect to mobile body position, where the
vertical axis represents correction voltage and:
the horizontal axis répresents the mobile body
position;

FIG. 7 is a graph showing a sensitivity
characteristic of a height sensor, where the
ﬁertical axis represents output of height
detection and the horizontal axis répresents

detected displacement;



FIG 9 is a schematic diagram showi ng an el ectron beam

recordi ng apparatus according to a second enbodi nent
w@boorhesspr esent i nvention; FIG 150-is a bl ockPdi/arpoeras5330

showi ng a structure of an irradiation position control

part of the el ectron beam recordi ng apparat us

according to the second enbodi nent of the present

invention; FIG 11 is a schematic diagram showi ng a

structure of amelestriostatigHehl ettdévnngl estgedasPiivity
the el ectron beam recordi ng apparatus according to the

secih eabad reat iof blie JH esedlcd PyYeREHON: Rldas 12f8here
is a side elevational view schematically show ng a

teSEH%m§E¥¥fca@(%xigBﬂeﬁr@s@ﬁ@sVV@M@SB%mﬁbﬁﬁ”éﬁ to
showi ng the test substrate of FIG 12A; FIG 13

gr aplh, sheu éls%%ﬂf’ﬁégﬁ%cr?s PQsld | Ofe W?c{)ﬁgtz%%?éica‘?fls
an e ectron beam w th réspect to nobil yposition,

eeﬂingng{m%%C%'o@éisﬁ[oeq‘){ﬁ%?} Sa&'j% SR MG nn e

p03| ion e horizontal axis representsS the no

body p05|t|ongfée ol4, %CST?QI?‘%%J;& di, YA showing

illustrating spracerrent Sof 17 a i on

an electron beam recording apparatus according
to a second embodiment of the present invention;
FIG. 10 is a block diagram shéwing a
10 structure of an ilrradiation position control
part of the electron beam recording apparatus
according to the second embodiment of the
present invention;
FIG. 11 is a schematic diagram showing
15 a structure of.an electrostatic deflection
electrode of the electron beam recofding
apparatus according to the second embodiment of
the present invention;
FIG. 12A is a side elevational view
20 schematically showing a test substrate;
FIG. 12B is a plan view schematically
showing the test substrate of FIG. 12A;
| FIG. 13 is a graph showing a
convergence position charécteristi§ of an

25 electron beam with respect to mobile body



position of an electron beam FIG 15 is a graph

showi ng characteristic curves of magnetic fl ux
wa@leew3itoises in the X direction andéthe Y di rect PONJIRUOH055330

respect to nobile body position, where the vertical

axis represents the magnetic flux density in the X

direction and the Y direction and the horizontal axis

represents the nobile body position; FIG 16 i s a

gr apdb shewidly, anhidf@dicatd onepasida dnachias agtedit Skkhits the

of an electron beamw th respect to nobile body

posidd Ofe Yotk 8et o ¥ERLiGRl aa¥ ScHEPheseNtSdntal axis

correction voltage and the horizontal axis represents

the yobibe HPdy RO [heh: PEApEldy $6i1i8ngraph

showi ng a travel distance characteristic of an

el ectron beampygh nespect o LheRASI bi @n Of -a1obil e

body, where the vertical axis represents the travel

i st f : i t
g otaneesdl dhend) o5l con hragand ope dargontalen |
CARRY| NG QUT, THE |NVENTIN | gt he. £ gl owi ng, an

el ect7on “beam recor di ng apparat us acording to the

pr esent |nvenH§f@.|ﬁigefgrgbggrg%&p éﬁé%ﬁ%ﬂfe to the

characteristic curves of magnetic flux densities
in the X direction and the Y direction with
10 respect to mobile body position, where the
vertical axis represents the magnetic flux
density in the X direction and the Y direction
and the horizontal axis represents the mobile
body position;
15 FIG. 16 is a graph showing an
| irradiation position characteristic of an
electron beam with respect to mobile body
position, where the vertical axis represents
correction voltage and the horizontal axis
20 represents the mobile body position; and
FIG. 17 is a graph showing a travel
distance characteristic of an electron beam with
?espect to the position of a mobile body, where
the vertical axis represeﬁts the tfavel distance

25 of the electron beam and the horizontal axis



acconpanying drawings. FIG 1 is a schematic di agram
showi ng an el ectron beam recordi ng apparatus 10
waewonaisny to a first enbodi mentldf-the preseneCT/IP2007/055330
invention. The el ectron beamrecording apparatus 10 is
used, for exanple, for producing an optical disk o
master by printing a pattern on a glass substrate. The
el ectron beamrecordi ng apparatus 1 0 includes a

pri démgepantt 42t han wbectironblernm gerdraton .14, a

host controller 20, a focal position control part 21,

a feed control part 22, a position detecting part 23,

a rotation control part 24, and a rotational angle

det eptgmoMpast 2br dARRNOSHGCORfT obher AN PENST TON
connected to and controls the tocal pOSItI on control

part (convergeicer Rasidd 0N G E0l RArEl) ez rbhe oo
control part 22, and the rotation control part2 4 .

h .
g ex@?&r ?MM ogg%}gaeu'ss géé%ﬁ@mgct&sﬂ %geg resent

controls or ex e, an el ectron source SCr

bel %V%Y%E‘Eg]%ﬂ ”Eis”Q%QQE‘rﬂ?e&sw‘iiétﬁjogé‘%efé’hc@(a%' $he

bel ow

10

15

20

25

ectron beam gener at or

accompanying drawings. FIG. 1 is a schematic
diagram showing an electron beam recording
apparatus 10 according to a first embodiment of
the present invention.

The electron beam recording apparatus
10 is used, for example, for producing an
optical disk master by printing a pattern on a
glass substrate.

The electron beam recording apparatus
10 includes a printing part 12, an electron beam
generator 14, a host controller 20, a focal
position control part 21,'a feed control part 22,
a position detecting pért 23, a rotation control
part 24, and a rotational angle detecting part
25.

The host controller 20 is connected to
énd controls the focal position éontrol part
(convergence position control part)‘21, the feed

control part 22, and the rotation control part



(the electron source 62), and is provided with, inside
a vacuum chanber 30, a feed nechanismunit 32, a

WO 210at1038¢g7 mechani smunit 34, a-ndgneti c det ect BCT/BR007/055330
and a hei ght sensor 38. The vacuum chanber 30 - is
arranged, for exanple, on a vibration isolation
nmechani sm part (not shown) such as an air pressure
servo nounter. The vacuum chanber 3 0 has an openi ng
part2 80a at the upper side thereof, to which the
el ectron beam generator 14. (a tip end portion 60a of
a lens barrel 16803 h®sonsecietlo 1Advmgnet iic sal elod
plate 4 0 is disposed on the entire inner surface of

the yasHB AR B0d Eihfegned | crohi ed daplate, 426,
is made of a material of a high magnetic perneability

suchs fe g tRIABLELAY SO 825 dOskeduceqdisispance due to
such as the earth's magneti sm The feed mechani smunit

32 includes a évgﬂig{€ég§2’p§rQa%ez 43s ¥PLBLIUM for

44, anobil e boady 4 screw 46, and a position

Senn Tl s S e e baramet 1.
o g e poncd Lhgieletiasn TIRSPLA T BLDMabd wien,
| inside a vacuum chamber 30, a feed mechanism
unit 32, a rotating mechanism unit 34, a
10 magnetic detector 36, and a height sensor 38.
The vacuum chamber 30 is arranged, for example,
on a vibration isolation mechanism part (not
shown) such as an’air pressure servo mounter.
The vacuum chamber 30 has an opening
15 part 30a at the upper side thereof, to which the
electron beam generator 14 (a tip end portion
60a of a lens barrel 60) is connected.
A magnetic shield plate 40 is disposed
on the entire inner surface of the vacuum
20 chamber 30. The magnetic shield plate 40 is made
of a material of a high magnetic permeability
such as permalloy so as to reduce disturbance
ldue to such as the earth’s magnefism.

The feed mechanism unit 32 includes a

25 drive motor 42, a base 43, a platform 44, a



nobil e body 4 5 is disposed on the platform4 4 wth,

e.g., arolling bearing (not shown) such as a sphere
w@eooa/1e387T ndrical roller arrangdd in the feed PCT/JP2007/055330

direction, interposed therebetween. A guide 47a is

provi ded under the nobil e body 45. A detector 47b is

al so provided, which constitutes the position sensor

47 together with the guide 47a. Wile the guide 47a is

pr ovicdedl en ddeyndls | ea bddye dl5s cirhew deteectrid4db pssition

provided on the platform44. The position sensor 4 7

IS, s&rgsoradinear scale such a s a | aser scale. The

position sensor 47 i s connected to a position

detecting parirs pasthatizt he pPskbide §ersPra 4bbttom
outputs a detection signal representing the position

f 1he- gobighe Qﬁd)ﬁh@ ¢8cSAIMR! Bnnbe e [ P%IH | ORe
detectlng part 23. The position detecting part 23

Pput g%n%?étg"cg eQ%‘ . aa:té Pag tiﬂ%é%&é@f 'QHlee.between

t he p03|t|on co part
g g .Ch%le@f;sraf G SR L (131 e
endle g oo s d BOLEE g U deihc
'nDUWf¥h9u%$§@’ a rolling bearing (not shown) such
as a sphere or a cylindrical roller arranged in
10 the feed direction, interposed therebetween.

A guide 47a is provided under the
mobile body 45. A detector 47b is also provided,
which coﬁstitutes the position sensor 47
together with the guide 47a. While the guide 47a

15 is provided on.the mobile body 45, the detector
| 47b is provided on the platform 44. The position
sensor 47 is, e.g., a linear scale such as a
laser scale.

The position sensor 47 is connected to

20 a position detecting part ‘23 so that the
position sensor 47 outputs a detection signal
representing the position of the mobile body 45
ka sample S) to the position detécting part 23.

The position detecting paft 23 outputs a

25 detection signal (position information of the



t he vacuum chanber 30. The feed screw 4 6 includes a
ball screw, for exanple. The drive notor 42 is
weomnaeset to the feed control- gdrt- 22. The f eRdI/JP2007/055330
control part 22 controls rotation of the drive notor
42. The nobile body 45 is noved in the X direction by
the rotation of the drive notor 42 controlled by the
feed control part 22. In the feed mechanismunit 32,
t he spagh L 0rs setsort He 7 foutailt potshiet detnectbaR rs Pnpert 21.
to the position detecting part 23 to provide current

position informedi aemafléhpornpi ke body 45,r&8dithieng
the position detecting part 2 3 outputs the current

posistd ;08w i pfF fRbLION( Q6 tt heh WA e PREY 4Phier henbegked
control part 22. The rotation of the drive notor 42 is

contyrol & gd gapcordingr & Qe OUARUL 184083 ©fcthedgedcrew
control part 22 provided based on the current position

e Do Phat A 0 : : .
gn Q%?g@teéglﬁ'x%ﬁeo‘{ﬂég&%g 8 ebody 43 ghigg&f?éjknBO is

t he 1 on. anismunit 3

pro@éﬁﬁe@é th%'éﬁ@thgiJ@CR®ﬂ§P1ﬂ@tmgﬂngg@ outside

rotating nmechanism unit 4 1ncludes an air spindle
20" <30 b SRR The, YRR el
rOt?AQEqugagilgll screw, for example.
The drive motor 42 is connected to the
10 feed control part 22. The feed control part 22
controls rotation of the drive motor 42.
The mobile body 45 is moved in the X
direction by the rotation of the drive motor 42
controlled by the feed control part 22. In the
15 feed mechahism.unit 32, the position sensor 47
cutputs the detection signal to theAposition
detecting part 23 to provide current position
information of the mobilé body 45, and then the
position detecting paft 23 outputs the current
20 position information of the mobile body 45 to
the feed control part 22. The rotation of the
drive motor 42 is controlled according to an
'output signal of the feed control part 22

provided based on the current position

25 dinformation, so that the mobile body 45 is moved



unit 3 4 is noved together with the nobile body 45 in

the X direction. The sanple S is placed on and rotated
whyoorhesstur nt abl e 53. I n the retaling nechani SPCTAR2007/055330

34, the air spindle 5 071 s fix ed to the nobile body

45. The air spindle 5 0 is hydrostatically floated in

the radial direction and the thrust direction by

conpressed air. The conpressed air for the air spindle

5 0is suepliedifrost e outBede ©&dt e yaEWUNE Ehamler 32
30. The turntable 53 is provided over the air spindle

50. {Thepheival yedr iwet A0t e 52oits L AW dedlchalovshhenit 34.
air spindle 50. The rotary drive notor 52 is connected

to the rotatiomgontyiol+ Palt wédechldh MWoinChy{ Of akion 9F1ydes
the rotary drive notor 5 271s controlled. The rotation

conty,pl aﬁytfﬁiﬁdﬁecg'@r}e%{ﬁdo %%Qlc%ﬁglggfd%gxiog@r 51,

host controller 20. The optical rotary enco

%_LxeadtPottlagﬁ:)%o%ri @r}no fofhgfr,mﬁr}fuqrﬂﬁ’gb t?§3§2'énd a

e optrc otary encoder- generally oufputs

thoypangs «ofc Achiiase Bul.sessnd o8 SIS PUL S5 PEL ANe: on

hase pul'se per one turn.
[0t 31 enogder ST 7 5ONseL e o0 S e OLAL! N1 309450y
| 45 in the X direction. The sample S is placed on
and rotated by the turntable 53.
10 In the rotating mechanism unit 34, the
air spindle 50 is fixed to the mobile body 45.
The air spindle 50 is hydrostatically floated in
the radial direction and the thrust direction by
compressed air. The compressed air for the airx
15 spindle 50 is éupplied from the outside of the
| vacuum chamber 30.

The turntable 53 is provided over the
air spindle 50. The rotafy drive motor 52 is
provided below the air spindle 50. The rotary

20 drive motor 52 is connected to the rotation
control part 24, by which rotation of the rotary
drive motor 52 is controlled. The rotatién
control part 24 is connected to and controlled

by the host controller 20.

25 The optical rotary encoder 51 is fixed



25, which detects a rotational angul ar position based

on an output signal of the optical rotary encoder 51
w@nw7aessul res rotational speed-iZif of mati on. ThBCT/JP2007/055330

rotational angle detecting part 25 is connected to the

rotation control part 24. The rotation control part 2

4 controls rotation of the rotary drive notor 52 based

on the rotational speed information acquired by the

rot aid otlnle angk e rdei £eti R pahe 25t Retyatd ohvef hbeor 52.
rotary dr.i e notor 52 causes rotation of the

turmﬁ@|@p@icgmeﬂdﬁﬂ&gméhéadéﬁ@Blh@éﬂ@kﬁﬂiW outputs
nobi | e body 45, is noved also in the X direction

(i n-g @8k iy 4 hggonal Bh%saéﬂ pﬁ&%@@thﬁl’d 6!3“ §h%§3él bt&QSes
feed nmechani sm unit The irradiation axis Cis a

Ver%é@JoHéﬁ%the %%Y] warg f49 Uﬁ%gl?gfogne turn.

source 62. The I nsi cuumc arrber

d & 5
gvacuated to & véacg descrf(g@%?g/b SPLBAlE- 58S ; o

provided in vacuum ove, it 1s conmon
o RIE ALY TRSLE LA SE S f P IS 1 pore
vac I Inadltontot mantllcflwdsea
54, ‘a Se‘é{ﬁlﬁ‘e}&hgﬁ Jﬁﬁcﬁ" a s &Itfjf erent| 9 Bvadual PEt tLon
s %ﬁ?&é”&%péﬁwéﬁ?pﬁ% signal of the optical rotary
encoder 51 and acquires rotational speed
10 information. The rotational angle detecting part
25 is connected to the rotation control part 24.
The rotation control part 24 controls rotation
of the rotary drive motor 52 based on the
rotational speed information acquired by the
15 rotational angie detecting part 25. Rotation of
| the rotary drive motor 52 causes rotation of the
turntable 53. The turntable 53, together with
the mobile body 45, is moﬁed also in the X
direction (in-plane) oithogonal to an
20 irradiation axis C by the feed mechanism unit 32.
The irradiation axis C is a vertical
line extending downward from the electron source
62.

The inside of the'vacuum chamber 30 is

25 evacuated to a vacuum. When the air spindle 50



the outer periphery of the air spindle 50. The

magneti c detector 36 is provided in the vacuum chanber
w@o07/Ths1magnet i ¢ det ect or 36 €dB rove ont 0 anPICDIR206F055330

the irradiation axis C and acquire magnetic

information on the irradiation axis C. The magnetic .

detector 36 is connected to a tip end of an arm 48b of

a rotary shaft 48a extending in the vertical direction

of ddopavaride8d prOoVwWdedpn as uppec rfiacsed pabidwa, 30t is

of the vacuum chanber 30. The rotary shaft 48a of the

r ot &dHiménd Canp e vibNed thye ik giI&sSEr €1 JDE nBgaetisa on
detector 3 6 noves onto the irradi ation axis C of an

el egtyonoheam bparliy, NBer perf end ngi reagiy gEE b for
magnetic fields and ot hefrw se stays out of the

i”acq{é‘t'g%[kﬁ%é Sf fﬁ%uqﬁgngteiacl detgCt:38t8 d® to the

connecte e focal position control part 21,

gnd @H%%ﬂé”?i@@dogeglF@@SU@“EQEE”%A&hEH%%T Fﬁfh as

densi magheti c i nfornmationj of each position o

o0y £ Rk AL, e LR JESLY OBBRI L yhiidohtec o
"aw¥ﬂé°oUé§£dS%?fﬁhé@?”&FtE%% alr spindle 50.
The magnetic detector 36 1is provided in
the vacuum chamber 30. The magnetic detector 36
10 can move onto and out of the irradiation axis C
and acquire magnetic ‘information on the
irradiation axis C.-
The magnetic detector 36 is connected
to a tip end of an arm 48b of a rotary shaft 48a
15 extending in the vertical direction of a rotator
48 provided on an upperlface portioh 30c of thé
vacuum chamber 30.
The rotary shaft‘48a of the rotator 48
can be moved by air pfessure. The magnetic
20 detector 36 moves onto the irradiation axis C of
an electron beam b only when performing
measurement of magnetic fields and otherwise
stays out of the irradiation axis C.
The magnetic detector 36 ié connected

25 to the focal position control part 21, and



(magnetic information) of three directions, i.e., a
focus direction in which a focal position is adjusted
w@ bwraossafter referred to as the4Z-directi on), PCTaP2807/055330

direction that is orthogonal to the Z direction and i

s the noving direction of the nobile body 45, and the

Y direction orthogonal to the Z direction and the X
direction. The magnetic detector 36 is not limted to
speeifi  usensiof §oamd Ay nbe ANy eSeNsHE dWeld gkpawe | Alux
the art. The magnetic detector 3 6 i s not limted to

t he g@iies capablga gh eBRS URINTDL FRAREL €) f loX deBsi tyyosAtion
three directions (the X, Y, and Z directions) . In

Lhi & cenbodi Rnbs 18 legor ibedc belaye £Be SRIPBLIiC: fon

detector 3 6 is for controlling the focal position of

thecghpgggqngg ambqn the Z direction, and may be any
det ector cap e of acquiring magnetic flux density

e i’ _ac | y
g nformation ( eﬁghgdé‘é%"ﬂaéxgé‘bt%tﬂ e?%gé'dé“o%iitﬁili to

direction. The 'l sensor I'S provi
UPPSd 8 PALLN AL o T AU BOPEL 30l o
aﬁgﬂlnie%gng%&;%]gig%:&g&l?gitizlﬁlédc%EnEh?:‘feet hSi%%@%Eo%s , i.e.,
| a focus direction in which a focal position is
adjusted (hereinafter referred to as the Z
10 direction), the X direction that is orthogonal
to the Z direction and is the moving direction
of the mobile body 45, and the Y direction
orthogonal to the Z direction and the X
direction. The magnetic detector 36 is not
15 limited to specific sensors and may be any
sensor well known in the art.

The magnetic detector 36 is not limited
to the one capable of meaéuring magnetic flux
density 1in three directions (the X, Y, and 2

20 directions). In this embodiment, as described
below, the magnetic detector 36 is for
controlling the focal position of the electron
Eeam b in the Z direction, and may be any
detector capable of acquifing magnefic flux

25 density information (magnetic information) at



noved, and is based on |aser triangulation . The

surface height of the sanple S indicates, e.g., a
wale®vaosse’ from t he surface of 125 t-urntabl e 5 BCHEP2207/055330

datum plane in the Z direction. The hei ght

di spl acenent of the sanple S indicates, e.g., a o

di spl acenent anount fromthe surface of the turntable

53 as a datum plane in the Z direction. The hei ght

sens@a St 8iimctndes adi rghtt eshtting part 38a and a

l'i.ght receiving part 38b The light emtting part 38a

emts, e g., areenheqrdiet 9enlAser 3feam (Balo$haw) on the
The light receiving part 38b receives a reflection

I ghto M 1 ey d @SB6 Repghemidd ed by f bevld abtmedddhper 30.
part 38a and reflected by the surface of the sanple S

,ang £aj eyl gt Ssh'?lesJ‘Fi l@'@t @%t%‘&%éaﬁﬂ'ee suEReldtheignt

di spl acenent”™ of the sanple S ) based on the position

gwherg F@ﬁer@cixﬁég%ioﬁsc:%ghttﬂé ﬁ%&ﬂﬁ’?dd%{kﬂéic%@&ent of

recel ving part es a position se Ive

hoi)® - SHRB 1T ght WEES! Pe DAFE ho0| & LoRRba S (8"

he f I ' I 21 h
gk, DL 98, SOTLES) BT 24, 90,55 4R, BRU oA

out put SlgnanggﬂgﬂEface height of the sample S

indicates, e.g., a distance from the surface of
10 the turntable 53 as a datum plane in the 2
direction. The height displacement of the sample
S indicates, e.g., a displacement amount from
the surface of the turntable 53 as a datum plane
in the Z direction.
15 The height sensor 38 includes a light
| emitting part 38a and a light receiﬁing part 38b.
The light emitting part 38a emits, e.g.,
a semiconductor laser beam (not shown). The
light receiving part 38b receives a reflection
20 light of the laser beam emitted by the light
emitting part 38a and reflected by the surface
of the sample S, and calculates the height of
fhe sample S (height displacement of the sample
S) based on the position where the.reflectiOn

25 light is received. The light receiving part 38b



information) to the focal position control part 21.

The follow ng describes the el ectron beam generat or
wad2007/Tos81El ect ron beam gener at &46 14 i rradi at eRCEHIP2007/055330
el ectron beamb onto the surface of the sanple S so as
to record information on the surface of the sanple S .
The el ectron beam generator 1 4 includes various '

conmponent parts in. the lens barrel 60. The |ens
bar riel c 6Qdienc| ades 4 heiceni cahky-tshapedidt cernd: (PSD)
portion 60a having an open tip end. The lens barrel 60

al sqridel BesyA) Claas@danea r AE MO L EORB HOP. (bt h8hown) .
el ectron beam generator 14, the |l ens barrel 60

acconmodat es tﬂ}ﬁéeh&gm@ eked 1PN nPU £8165818 is
bl anki ng el ectrode 64, an axis alignment coil 66, a

focuyiige k@S 680 & 198! ¢S 18RI M €00 cBAtrol part 21
astigmatism correctioncoil 72, an electrostatic

glef legti on & eﬁh“cgaﬁﬁ/é‘&ﬁ%veﬁ&%%ec Poghtd a@@&%%nghe

part) 7 4 an obje e ['ens 767 and an electrostatic
LB CONETEBGE POTL L A UL Yo L3, (et
porw&%%%%%égoEweégn%hgﬂfgéa%)éogition control part
21. '
The following describes the electron
10 Dbeam generator 14.

.The electron beam generator 14
irradiates an electron beam b onto the surface
of the sample S so as to record information on
the surface of the sample S.

15 The eiectron beam generator 14 includes
various component parts in. the lens barrel 60.
The lens barrel 60 includes the conically-shaped
tip end portion 60a haviﬁg an open tip end. The
lens barrel 60 also includes a closed rear end
20 portion 60b.

In the electron beam generator 14, the
lens barrel 60 accommodates therein the electron
source 62, a blanking electrode 64, an axis
alignment coil 66, a focuéing lens‘68, a

25 selector aperture 70, an astigmatism correction



connected to the opening part 30a of the vacuum

chanmber 30 . A magnetic shield plate 41 is di sposed on
wWo ba70088¢T peri phery of the tip 2hd porti on 60BCDIP26E55330

| ens barrel 60 in order 'to reduce disturbance due to

such a s the earth's magneti sm The nmagnetic shield

plate 41 is nade of a material of a high magnetic

perneability such as pernmalloy. In the el ectron be.am

genercat br 724, dheedlect ros tsotlee def detatohogudl 62tirvde

of athermal field irradiation type, and is arranged

in qreonveabighcvagsyi tThen ehagtuoniagurcer3d 74, an
irradi ates the el ectron beamb toward the turntable 53

The jseadval i DBnf 1he &legt AN deapthrdytbhe c lens
el ectron source 62 is controlled by the host

cont rc‘%!ﬁ@ér%fén@@p‘%@ﬁ:'&% beamus + { hadigd gd \by; g 2in

t het her mal eld irradiation type el ectron source

éﬂasrtg}fmb&dceﬁn?&%rm 0f 2ol 2 QAT Bue B0ANB o .The

The ore, in terms of obtaining the el ectron beam b

W LR 4 %Séfﬁb' A Qgroef'%h%o NER tk?a Licee‘?h‘is
di ameter o e e ron eam b focuse e surrace
of t%%égng%}%gtthe opening part 30a of the wvacuum
chamber 30.
A magnetic shield plate 41 is disposed
10 on the outer periphery of the tip end portion
60a of the lens barrel 60 in order to reduce
disturbance due to such as the earth’s magnetism.
The magnetic shield plate 41 is made of a
material of a high magnetic permeability such as
15 permalloy. |
' In the electron beam generator 14, the
electron source (electron gun) 62 is of a
thermal field irradiationvtype, and 1s arranged
in an ultrahigh vacuum. The electron source 62
20 irradiates the electron beam b toward the
turntable 53.
The irradiation of the electron beam b
by the electron source 62 is controlled by the
host controller 20. |

25 The electron beam b irradiated by the



a high reduction ratio relative to the diameter of the

el ectron beamb irradi ated by the el ectron source 62.
wah@7hbssnki ng el ectrode 64 i s ud®d-for controbdT/mRR007/055330

irradiation (ONVOFF) of the electron beamb onto the

sanple S in synchronization with scanning of the _

el ectron beam b when formng a printing pattern. Mre

specifically, when the electron beamb is not

def Itdte enlally fhelll ankiragl i etbmodeyf4, dhecelmohr empurce

.beamb is irradiated onto the surface of the sanple S

(ON)e2 Wast he sohbarl hanhdmathen e £bectt oh0bean duigh 50

defl ected by the bl anking el ectrode 64, the el ectron

beammb. | $hrate f 6kadi ai ad it @st ker sobtacen Dhgt Rehe
sanple S (OFF) . The blanking electrode 64 is

conrecd 86 rloh @ 8hanks NgidH V& GidLUl t d3&mdBe Dl apkien® is
drive circuit 26 receives a printing bl anking signa

£or RS PRBAING: & 0 rlhe, <E’é' MH YR EE 8rt e PRHINtEH 0% ron
the surface of the sanple S fromthe host controller

20, ogt%éu eQP”cBﬁo'tr?'égEﬂ' - @s tp £nat rsoéngﬁ% S at

|rra|at|on of e el ectron beam toth esarrpe

greﬁi @'ﬁggggkf%ﬁl @%io.r@fﬁ@%@gl{@eEHdelameter

anki ng 9el éctro axi s

| of the electron beam b irradiated by the
electron source 62.

10 The blanking electrode 64 1is used for
controlling irradiation (ON/OFF) of the electron
beam b onto the sample S in synchronization with
scanning of the electron beam b when forming a
printing pattern. More specifically, when the

15 electron beam b is not deflected by the blanking
electrode 64, the electron beam b is irradiated
onto the surface of the sample S (ON). On the
other hand, when the elecﬁron beam b is
deflected by the blanking electrode 64, the

20 electron beam b is not irradiated onto the
surface of the sample S (OFF).

The blanking electrode 64 is connected
fo a blanking drive circuit 26. The blénking

drive circuit 26 receives a printing blanking

25 signal corresponding to the printing pattern to



alignment coil 6 6 corrects an axial displacenent of
the el ectron beamb to be incident on the focusing

WO 200v3/16817 The focusing |l ens 6 -8 2% -a nagneti c PENIP2007/055330
(el ectromagnetic |l ens-) "that focuses the el ectron beam
b , of which axial displacenent is corrected by the
axis alignment coil 66, onto a crossover point CP. The
objective lens 7 6 is a magnetic |l ens that focuses the
el ette oprheaded prwhiled iswsr f acusedf on hiches amaslsover from
point CP by the focusing lens 68, onto the surface of

t he t3eaphe s . cdhe foTUsim® O ensirfd Soanduithe ebjeshitval
|l ens 76 are arranged under the axis alignnment coil 6 6

in tdignandeio ke t5el g6 r dpertne ei f 2 L0ALHAE N the
(witing) /OFF (stop witing) of the electron beamb

based O8+i:Pr BRI t obe HET Elkglp durigng i nformation
witing process. Mre specifically, when the electron

peam b is nOtfﬁglgﬁﬁ%jQYlHHﬂ%ﬂ@méwlfl@grfge&¥%posed

the el ectron beam b passes through an openlng 70a of

theusr?ég‘ft‘%r é‘pﬁﬁta‘f{&%g S%)eé%&ood% 64”0'@' a&[‘ i khe

surface of e sa e other when
e AT -
| of the electron beam b to be incident on the
focusing lens 68.

10 The focusing lens 68 1s a magnetic lens
(electromagnetic lens) that focuses the electron
beam b, of which axial displacement is corrected
by the axis alignment coil 66, onto a crossover
point CP. The objective lens 76 i1is a magnetic

15 lens that focuses the electron beam b, which is
focused on the crossover point CP by the
focusing lens 68, onto the surface of the sample
S. The focusing lens 68 énd the objective lens
76 are arranged under the axis alignment coil 66

20 in this order.

The selector aperture 70 controls ON
(writing) /OFF (stop writing) of the electron
beam b based oﬁ information to be written during
information writing proceés. More gpecifically,

25 when the electron beam b is not deflected by the



the selector aperture 7 0 (OFF). The astigmatism

correction coil 72 corrects astigmati smof the
web@ctossn beam b and is arrangedunder the selBCI/@ir2007/055330

aperture 70. The electrostatic deflection electrode 7

4 adjusts the irradiation position of the el ectron

beam b in at | east one of two directions (the X

direction and the direction) orthogonal to a

di r eatd ®Ribiee Zedivesd bom)4 | NtWal cdil ke 4 & 1 aBieatm OB
axis. C extends. The electrostatic defl ection

el egty08les7 thiosgablent apadi Usly theaconvergenelector
position, especially the irradiation position. The

el egtyostatiL 4gflectd onigl ef%r(?.%ec:fdé ndefdgctad h§urface
el ectron bean1based on the information to be witten

during 2p.i f PR o yeivt lr@ A QGESSo§ 9 L%d, when
the 17T R

cont roI I ation SpOt posi tion o

5e| egtron R%mp?ﬁeﬂéqgmsgrfgﬁc %f ]%;Qﬁtl di Phe Tlgieianking

electros aticde ction &l ec erposed
bet ysepoLe 2ot LTl A g eLian sobly 2 807 dfte1dea by
ele rostatic deflectio elec ode |ncludes a pair

| %tk}estsﬁécheE?For‘?%?JégPFoede él alt éFQMa facing each

The astigmatism correction coil 72
corrects astigmatism of the electron beam b and

10 is arranged under the selector aperture 70.

The electrostatic deflection electrode
74 adjusts the irradiation position of the
electron beam b in at least one of two
directions (the X direction and the Y direction)

15 orthogonal'to a direction (the Z direction) in
which the irradiation axis.C extends. The
electrostatic deflection electrode 74 1s able to
adjust the convergence position, especially the
irradiation position.

20 The electrostatic deflection electrode
74 deflects the electron beam based on the
information to be written during an information
Qriting process so as to controlAthe irradiation
(spot) position of the eléctron beém b on the

25 surface of the sample S. The electrostatic



other in the X direction and a pair of second
defl ection el ectrode plates 74b facing each other in

wa b@7Y0s81T ecti on. Each of the paikX -of the firseCT/AIP2007/055330
defl ection el ectrode plates 74a and the pair of the
second deflection el ectrode plates 74b is connected to
the host controller 20. In this enbodi nent, for
defl ecting the electron beamb in the X direction, the

hostdepneralien 21 applies a4vdld aga teofs 8sRNdb 88 wicten
t h e amount of deflectiont o the pair of the first

def lacd i ai el %‘ﬁb&qdéim patrese d4a.o0nlhys itthe7 posirtd opnef
the electron beamb to b e irradiated onto the sanple

S ingecXidisetlih s adjusted For deflecting the
el ectron beamb in the Y direction, the host

controller 2 Q apphiss, aiﬁ‘)lEtla@.e QQrtriﬁﬁgorédlié‘QtE%é@Qtic

amount of deflection to the palr of e second

ef laek § 0.8 ot LodeopLals 74D Jbyg e goziatiippg%gfirst

heel ectron beam e Irradiated onto the“sanp

cont T 18P Hoohont b s S P st of 5 rEXpioY HAGED
t.he electron b

gféﬁ%@%?&ﬁﬁwfgﬁfgcgﬁﬁﬁ%ﬁh88 LRET Ba1I"6s secona
| deflection electrode plates 74b facing each
other in the Y direction. Each of the pailr of
10 the first deflection electrode plates 74a and
the pair of the second deflection electrode
plates 74b is connected to the host controller
20.
In this embodiment, for deflecting the
15 electron beam 5 in the X direction, the host
controller 20 applies a‘voltage corresponding to
the amount of deflection to the pair of the
first deflection electrode plates 74a. Thus the
position of the electron beam b to be irradiated
20 onto the sample S in the X direction is adjusted.
For deflecting the electron beam b in the Y
direction, the host controller 20 applies a
&oltage corresponding to the amount of
deflection to the pair of the secoﬁd deflection

25 electrode plates 74b. Thus the position of the



position adjusting part) 7 8 adjusts the convergence

position, especially adjusts the focal position of the
web®@etosn beam b to neet the surFdace of the sapl/aP2807/055330

The el ectrostatic lens 7 8 is provided with a focus

control part (not shown) for changing a focal I|ength.

The focus control part is capable of changing the '

focal length of the electrostatic lens 7 8 as desired.

The ef@ctg caonbeam par to Leohreddtated henfracathe sample
position control part 21. The focal |ength of the

el e rpst @i Xeds re 8tiinrcoNsr ald pdshy N out phis way,
signal from (a voltage applied fron) the focal

posidi ®Nhe@t re@bnRaFd12%Lr POt Batn it PE1fs0CEh PR £1 8B tion
of the electron beamb relative to the surface of the

sany €y ocks Ad] 8l die FA Tt DEnElBEL A%t b EC tlheé]seZe%tron

converges the electron beamb by electric field force,
hergspgnsi veness of the electrostatic lens 7 8 is
i gher than that of a magnetic |ens that converges the

o Sotron beam oY et Lg el A0S (dhbBEqenee
elaﬂrontimﬂcgdjusylng part) 78 adjusts the

convergence position, especially adjusts the
focal position of the electron beam b to meet

10 the surface of the sample S. The electrostatic
lens 78 is provided with a focus control part
(not shown) for changing a focal length. The
focus control part is capable of changing the
focal length of the electrostatic lens 78 as

15 desired.

The focus control part is connected to
the focal position control part 21. The focal
length of the electrostafic lens 78 1is
controlled by an outpﬁt signal from (a voltage

20 applied from) the focal position control part 21,
so that the focal position of the electron beam
b relative to the surface of the sample S is
édjusted.

As the electrostafic lens 78 converges

25 the electron beam b by electric field force, the



the electron beamb . After the axis alignnment coil 66
corrects the axial displacenent of the electron beamb
wWQ 2aq0haof8orusi ng | ens 6 8 focuses3Bhe el ectron PEHRIRA007/055330
onto the crossover point CP. Then, the electron beamb

passes through the opening 70a of the sel ector
aperture 70. After that, the astigmati smcorrection
coil 72 corrects astigmatism and the objective lens 7

6 ange thored tethesiat bE lEms é1: corvenistike fosal 78 is
point. Thus the electron beamb is focused onto the

surfracghefr thgaparl etSor | 8 hkeyebedly dnehgamhat
generator 1 4 of this enbodi ment, when witing

i nf ot PRLIGY e Eh%ﬁﬂeé&@ﬁt@@ﬁmﬂbéﬁr@mﬁﬁeﬁa@ﬁ%&EEEfleld
el ectron source 62 is controlled ON and OFF by the
blangéﬁg celectrode 6 4 and the selector aperture 7 0

t hrough the bl anking drive circuit 26. The el ectron

heam b t hat haisnp@i;%e Ecct%%t %%a%’ %Q@o‘lf 1heos

sel ector aperture el nclident on j ective

I b I fl .
ol oot Bde S HERHEE 2 T, .l%ﬁé*%?g#até GEbctfoghits
accordin

spottlbgsl%t%eo#‘gﬁnlt Qégﬁ IaggAtéEf %%e%%’tﬁfg Thauiigtn?neent
‘Comégkle%6T@8&£é%tsh%Eﬂe%&%ﬁhb kiggg%ent of the
electron beam b, the focusing lens 68 focuses
10 the electron beam b onto the crossover point CP.
Then, the electron beam b passes through the
opening 70a of the selector aperture 70. After
that, the astigmatism correction coil 72
corrects astigmatism, and the objective lens 76
15 and the eléctréstatic lens 78 corrects the focal
point. Thus the electron beam b is focused onto
the surface of the sample S.
In the electron beam generator 14 of
this embodiment, when’writing information, the
20 electron beam b irradiated from the electron
source 62 1s controlled ON and OFF by the
blanking electrode 64 and the selector aperture
70 through the blanking drive circuit 26. The

electron beam b that has ?assed through the

25 opening 70a of the selector aperture 70 to be



on the surface (the X-Y plane) of the sanple S to

wite information on predeterm ned positions of the
waenaes1pf the sanple S . The- fd l-owi ng descrPGEIP20055330

configuration of the focal position control part 21.

The focal position control part 2 1 calculates a ‘

correction voltage (correction amount) for controlling

the focal position of the electron beamb according to

t he iposi tie@it oént ke drobbHe bOdy 45 éhyr mable TP flected
detected by the position sensor 4 7 and the magnetic

flup Heppiet Yo 1 8EerMRE £ 98 i(drB@Beticct Nbar Tl éef)rdfle 74 in
each position of the nobile body 45 acquired by the

magnatd cxdefect ok i35, Basad, onyt hiSreerriesti Bkcording to
vol tage, the focal position control part 21 causes the

el eqt é’sﬁﬂtf'éf%ﬁlgﬂﬁ of 8t b0 B Yt E‘E‘énf.oqq{.u@‘,mittﬂﬁ?gs%got

the electron beamb to an appropriate position.

3s 3 Pl pek L] aghamshoui,ng ASLr o up o0l 1kocal 5 ¢

posrtion co part according to t resent

O OTE o TEST 0 0 ! St BGRB8 100 can
P OB AT ML UL S0P o} Oy SOTRUL 092 SPURLOTER 1o
| to write information on predetermined positions
of the surface of the sample S.
10 The following describes the
configuration of the focal position control part
21. The focal position control part 21
calculates a correction voltage (correction
amount) for controlling the focal position of
15 the electron beam b according to the position of
the mobile body 45 (turntable 53) detected by
the position sensor 47 and the magnetic flux
density information (magnetic information) on
each position of the mobile body 45 acqguired by
20 the magnetic detector 36. Based on this
correction voltage, the focal position control
part 21 causes the electrostatic lens 78 to
édjust the focal position of the electron beam b
to an appropriate positionl |

25 FIG. 3 is a block diagram showing a



expression, a RAM 82, a magnetic flux densitynmeasuring

circuit 83, a D)A converter circuit 85, an adder 86
wa@eooanmdsit i er 87, and a drive €i3Tuwt 88. The EPIUR0Q/055330

is connected through a bus to the ROM 81, the RAM 82,

the magnetic flux density neasuring circuit 83, the

D) A converter circuit 85, the host controller 20, and

the position detecting part 23 (position sensor 47)

The stGPWc8 - & eads thié e LONpWat t 0B nproghamddrpart 21
convergence position characteristic arithnetic

exprasss ea iff mbhe: OVL&k s @Rd capyHamen €QNVer gence
p05|t|on charact-eristic arithnetic expressi on

according to tfherQutRylgstanadr@f the PRSI ti®Ral position
detecting part 2 3 (position sensor 47) and the

mg%ﬂff.‘@lﬂ?}Q? sidy & plOriELison of peaclhy Posi tHEM 8 with
e dy

t he nobi 5 by using the conmputation program

gor aasé?%_%f#ﬁ”%‘%ip@ééhi %%&Pé&?f.t%ksgo%?%hft*i%: :

expre ( e convergence pOSI i'on chara ter
o TUNEL LS SUPLESRLON, LS o ILANULASLBOLIOgN 3 Plecsc
coetlistents; of the bighordet ROlyemal «TN% density
measuring circuit 83, a D/A converter circuit 85,
an adder 86, aﬁ amplifier 87, and a drive
10 circuit B88.

The CPU 80 is connected through a bus
to the ROM 81, the RAM 82, the magnetic flux
density measuring circuit 83, the D/A converter
circuit 85, the host controller 20, and the

15 position détecfing part 23 (position sensor 47).

The CPU 80 reads out the cdmputation
program for a convergence position
characteristic arithmetié expression from the
ROM 81, and computes a convergence position

20 characteristic arithmetic expression according
to the output signal of the position detecting
part 23 (position sensor 47) and the magnetic
flux density information of each position of the
mobile body 45 by using the computétion program

25 for a convergence position characteristic



circuit 83 neasures the magnetic flux density in,
e.g., the Z direction based on the output signal of
W b@7ivesgnet i ¢ detect or 36. The- MM 82 hol ds t hBCT/JP2007/055330
coefficients of the convergence position
characteristic arithnmetic expression (high-order
pol ynom al ) cal cul ated by the CPU 80. The D/ A
converter circuit 85 -converts digital applied voltage
dat & f Ot hinke: Bteetymwséatsiiod enghi8, cvhividrfdnce position
cal cul ated by the CPU 80, into anal og voltage data. In

t he drcab cpast L @1 €oatRahmatt 2le xphe L% AoGOVer behigh -
circuit 85 is connected to the adder 86. The adder 86

| s Ganaectat {8 e amahidih e6 s87,c agd the amplifier
87 is connected to the drive circuit 8d. Thé adder 86

adds iherana 09Tyl tage céaiacg%ioyét%isgn@&équjfétbggts of

D/ A converter circuit 85 to the output signal o

ei e 3.8 repr jng:the surface height of
?heggg%pﬁg%gla% dgﬁ?hﬁﬁgggkﬂgégﬁfion signal . The

[ifi 8 7 [ fi it C i .
Sl 1 cat ron ooy B oTaE g P Bl B L P e g uring
8 6 Lq:éhgi]egg! necessary Egr t he el c{go atic | ens.,

78 Clit, L Ei BEFFuTe e maghe 1ix "density in,

| e.g., the Z direction based on the output signal
of the magnetic detector 36.

10 The RAM 82 holds the coefficients of
the convergence position characteristic
arithmetic expression (high-~order polynomial)
calculated by the CPU 80.

The D/A converter circuit 85 converts

15 digital applied voltage data for the

| electrostatic lens 78, which is calculated by
the CPU 80, into analog voltage data.
In the focal position control part 21,
the D/A converter circuit 85 is connected to the

20 adder 86. The adder 86 is connected to the
amplifier 87, and the amplifier 87 is connected
to the drive circuit 88.
| The adder 86 adds the analog voltage

data (output signal) of the D/A converter

25 circuit 85 to the output signal of the height



8 8 is connected to the electrostatic lens 78. The

focal length of the electrostatic lens 7 8 i s changed
whgooanossut put signal (correcti-orm3vottage) of tPET/ar200%055330

circuit 88, so that the focal point of the

electrostatic lens 7 8 is adjusted to focus the o

el ectron beamb onto the surface of the sanple S'. The

foll owi ng describes a nethod of controlling the focal

poi rte 0§ otrthes ®| eetyos beambgi AhtdhesakeRd s @nhkeiadhht of the
generator 14. First, with reference to FIG 4 , the

focalampesiet ion ahd heueleats oanbeamibrafdeckegbyia
magnetic field Bis described . FIG 4 shows an

el ectron beamy ow,qf, 181 goRver@enaedd kiangl eydtn a
relative to a Z axis representing the focus direction

(the 2 QELeGth PRk ¢ mpg'm{ég@i%w Ssacacaf',otceoﬁey QM tion

starts rotating about e Z axis in response

éror%@t(f%ggir gqe%dgget 05 8qL§! OFk T ¥ Companant.,, YR ff—@agé?sg;ary

magnet A's the vel ocity conponent

?Loggfiep@ éfe%%%&gg%%ﬁ US%%E“?S?” oy qJ& ?é)bircuit
e Lorent'z force i's proporti ona to a i'stance r “f rom

Lo g oL HEGLOLeh 09 SIPEL LA, screasl yes e 490Se g
nag%ﬁécfocal length of the electrostatic lens 78 is
changed by an output signal (correction voltage)

10 of the drive circuit 88, so that the focal point
of the electrostatic lens 78 is adjusted to
focus the electron beam b onto the surface of
the sample S.

The following describes a method of

15 controlling the focal point of the electron beam
b in the electron beam generator 14. First, with
reference to FIG. 4, the focal position of the
electron beam b affected by a magnetic field By
is described.

20 FIG. 4 shows an electron ‘beam flow of a
convergence half angle 6 relative to a Z axis
representing the focus direction (the 2
airection). An electron e with a velocity of V
starts rotating about the 7z axis in.response to

25 Lorentz force due to a velocity component VR and



field B, so that a dq orbital is bent. The dq is
proportional to the el ectron beam di aneter R and

W@ IWAR3EE ont 0 a convergence Ppodht-2Zc . A CONPET/PNCHIS5330
poi nt ZD of the entire €lectron beamflowi s
uni formy displaced by a displacenment anount dZ in the
focus direction (the Z direction) . Accordingly, if
the magnitude of the electric field, i.e., the
magnetheghlatxi dedidid ydi 8 knave, thize wé §ploiceyamuid odént
in each position can be calculated by integrating in

t he vrdi al éﬁﬁépéﬁ:itoifbﬁad the Znd reshiv@lrgdh@e half angle
foll owi ng describes correction of the displacenent

amount ( gk <tihe, conwergsres Poi Ao et he gl L6ban- Peamb to a
FIG 5 i s a graph show ng a characteristic curve of

Magnet i £ ohldX densidy thd hg Zudig ectien ¥bth v esgect

to nobile body position, where the vertical axis

5 epresept s drhegagnetd ¢ flux, depsidy p they %&@%iﬁon
a e body

nd the horizontal axis represents the nobi

DOSifd P p T GHLYe SHOWEdNFLG L 5 pely esentily Fnetic

Z-dirrection nmagnetic flux density I n each posi
the Jiobi e 1hody, 45 45, £ eLerg@d, 18 3 51 2185 86ker 1 hEC 5
| is proportional to the electron beam diameter R
and converges onto a convergence point Zc. A
10 convergence point Zp of the entire electron beam
flow is uniformly displaced by a displacement
amount 672 1in the focus direction (the Z
direction).
Accordingly, if the magnitude of the
15 electric field; i.e., the magnetic flux density
is known, the displace amount &Z in each
position can be calculated by integrating in the
radial direction and the‘Z direction.
The following‘describes correction of
20 the displacement amount of the convergence point
of the electron beam b.
FIG. 5 is a graph showing a
éharacteristic curve of magnetic flux density in

the Z direction with respéct to mobile body

25 position, where the vertical axis represents the



The nobil e body position indicates the position of the

turntable 53 in the X direction with reference to the
w@omrnossny of the rotational cent3 -of the turnP@E@LIRGA55330

(rotating nmechanismunit 34) on which the el ectron

beamb i s irradi ated when not affected by a magnetic

field (i.e., X=Omm) . In this enbodi nent, the

magnetic flux density of the characteristic curve

showe ¢neklic 5filax degrdited in tdieer ddichl rdicrteicéhomnd the

and the Z direction, thereby cal culating the

cor flﬁ@fh.@'&n\@élag&lté) the e eehrost ehieC nieihs 12 S bay
each position of the nobile body 45 as shown in FIG 6

ThH$s EORIAC | PRVAEL 28R | Shb@rbei applriced &r Q@;biags enting
drive circuit 8 8 to the electrostatic lens 7 8 .

'Stﬂh@ezmafﬁeEE@bn'ﬂd&ﬂét?@b%ﬂﬂﬁnﬁeﬁgity in each
cal culation of the correction voltage (voltagé to be

@pp'ﬂc%’lft‘lotrl‘e@}fecctﬂé’sé%tﬂ Cléeﬁ%dzg)zl'@y ide,b8C@lred to as

posi'tion contro part el gnt tection sensitivity

ft ﬁh? FIG 7 d
gené?tlegkgny?égﬁ ectros %?itnlens 7 8é2homn in
FI G 8 are me Lgeg HlfQV%¥é§ E% f%iOn|Qﬁgi%ates the

_enbodlnent, becaus

position of the turntable 53 in the X direction
with reference to the position of the rotational
10 center of the turntable 53 (rotating mechanism
unit 34) on which the-electron beam b is
irradiated when not affected by a magnetic field
(i.e., X=0 mm).
In this embodiment, the magnetic flux
15 density of the.characteristic curve shown in FIG.
5 is integrated in the radial direction and the
Z direction, thereby calculating the correction
voltage to the electrostafic lens 78 for each
position of the mobile‘body 45 as shown in FIG.
20 6. This correction voltage is to be applied from
the drive circuit 88 to the electrostatic lens
78.
| It is to be noted that, in this
embodiment, for calculation of the éorrection

25 voltage (voltage to be applied to the



the influence of the magnetic field varies dependi ng

on the position of the nobile body 45, the correction
waelvagsiheeds to be changed degéndi ng on t he POBIR20GT055330

of the nobile body 45. Therefore, the focal position

control part 21 successively calculates the correction,

vol tage based on the nobile body position i nf or mat i on.

For exanple, the RAM 82 hol ds coefficients of

pol ¥nad ek o BXcnmatd 98 (& f uBgt itane of otdiel npbidet ion

body position) by which the characteristic shown in

FI Go o # r& 1204 pxi At edn e Wit t R Ot YAOH adensitivity of
approxi mation, a correction voltage corresponding to

t he presgBt gD ke nRastt BeN 4 b nath op Tics, cal e at ed.
The cal cul ation of the correction voltage is perforned

%%%Q’Pl%qf@% rb%aomg %U_’Lte&Q%f fdich ente dPéﬁs°f7éh§hown
coe S

ficient m t he 82 accordlng to the

aI 0 m f d 81 d
Dot it TLELP t%‘é%poﬂéﬁe%‘?g‘%‘g L1 LAmAdeaROM 87 and using

S PR PRGN Becaue.

circuit 85. actor
correcthp vol_t,

IR §SAUHE OFr 1 | hE D SO0t of ) R & 55 Fo
the a%NIEH%QSgnIJhéhe sition of the mobile body 45,
the correction voltage needs to be changed
10 depending on the position of the mobile body 45.
Therefore, the focal position control part 21
successively calculates the correction voltage
based on the mobile body position information.
For example, the RAM 82 holds
15 coefficients of polynomial approximation (a
function of the mobile body position) by which
the characteristic shown in FIG. 6 is
approximated. With the polynomial approximation,
a correction voltage éorresponding to the
20 present mobile position information is
calculated. The calculation of the correction
voltage is performed by the CPU 80 by reading
Aout coefficient data of the coefficients from

the RAM 82 according to the calculation program

25 read out from the ROM 81 and using output data



anplification factor of the anplifier 87 is 10, 1/10
of the correction voltage shown in FIG 6 i s output

w0 e@modse7 D/ A converter circuit 485 to the anpl PET/@r2087055330
In the el ectron beam generator 14 of the el ectron beam
recordi ng apparatus 1 0 of this enbodi nent, when the -
amount of a current of the el ectron source 62 required
for recording into (printing onto) the sanple Sis

det erfii brd, dheindgnet detdeiether BSric L Ipvetd o the
vicinity of a work distance position on the

i rradiethorexbs Gofulhe id estugiubeam b hef o
recording is performed. Thus, the magnetic detector 3

6 MRasiv 8S EENekire i1 BX gdeNST kY tiet BéyAl dEreGH PBnOf
each nobil e body position so as to conpute the

Convef 9epee PPsthion, fPaARaCt &Fi $t7 C1 kS8e Hffe & drrection
When recording (printing) is perforned, the adder 8 6
d

: $og§qéf€a8l& p&ﬁg%ﬁ”ﬁhc?&ree.w@”‘i@go Qe agRyntpt p/a

posi'tion di splacenent due to the“magnetic field

28! A e LA T budly (Te ST P T T oand [Re[f €he
rrve c

I AR AR L E U S
| 1/10 of the correction voltage shown in FIG. 6
is output from the D/A converter circuit 85 to

10 the amplifier 87..

In the electron beam generator 14 of
the electron beam recording apparatus 10 of this
embodiment, when the amount of a current of the
electron source 62 required for recording into

15 (printing onto) the sample S is determined, the
magnetic detector 36 is moved to the vicinity of
a work distance position on the irradiation axis
C of the electron beam b before recording is
performed. Thus, the magnetic detector 36

20 measures magnetic Flux density in-the Z
direction of each mobile body position so as to
compute the convergence position characteristic
fsee FIG. 6).

When recording (pfinting) is performed,

25 the adder 86 adds the output signal



focal point of the electron beamb . In this foca
control of the electron beamb , since influence of

wo b@7resgneti c field is reduced; 4%he- el ectri c bRERIRROCHHIFS330
be irradiated onto a predeterm ned position of the
sanple S with high focal position accuracy so as to
record information. Modreover, due to high foca
position accuracy of the electron beamb , the

pri rid Nge paidred Dngan: de tmecoaded ron blie Segplle goryithion
hi gh 'shape accuracy. A second enbodi nent of the

Pregedpl AvRHEAR idse descrd Pedmda)out id G181 Bo the
schemati ¢ di agram showi ng an el ectron beam recordi ng

appRhal Yat10a §a6ar db POt tHE13800Ndcorodi ABRNt Qhd a
the present invention. FIG 1 07is a block diagram

Show'cwtégf%t et Uiy Pl e@n dH £8diga! | ORePOShE I 9% 1CORL @gl and

part 100 the electron beam recordi ng apparatus 10

?Cc%ﬁgngrﬁﬁé§8i%§€fg gﬁ?@gw%ﬂéfeﬁ@%&wﬁ§%gtic lens

I nventi on. emati ¢ di agram show ng a

2% ' ﬁ‘s‘ﬁe“g chsr %h%legeﬁégggrraot | %a‘éﬁfé eféb%” £4 e%tog{léjfo@ S the
_ g apparatus according fo
Lhe 37E00;Sbed! Tont gL (e BLe3OICoLINET O na
'app?g%gi control of the electron beam b, since
influence of the magnetic field is reduced, the
10 electric beam b can be irradiated onto a
predetermined position of the sample S with high
focal position accuracy so as to record
information. Moreover, due to high focal
position accuracy of the electron beam b, the
15 printing pattefn can be recorded on the sample S
with high shape accuracy.
A second embodiment of the present
invention is described below.
FIG. 9 is a schematic diagram showing
20 an electron beam recording apparatus 1l0a
according to the second embodiment of the
present invention. FIG. 10 i1s a block diagram
éhowing a structure of an irradiation position
control part 100 of the electron béam recording

25 apparatus 10a according to the second embodiment



10a identical to those of the el ectron beamrecording
apparatus 1 0 of the first enbodi nent of the present

WO pwenoison shown in FIGS. 1 thrdigh 8 are dencP@rieg07/055330
the sanme reference nunerals and are not described in
detail. The el ectron beamrecordi ng apparatus 10a of
the second enbodinent is different fromthe el ectron
beam recordi ng apparatus 1 0 (see FIG 1 ) of the

firste enbedipend ehit behfgnddd ento FOfustL it hes a schematic
irradi ati on position (convergence position) of the

el eglirpnr BRAMHO A nid1ea Xsdir et uare and the Yldigweessertic
in addition to being able to adjust the focal position

(corver 0eREe JIPsktic r 8l hes ebectiwe keadt B ronMeam
el ectron beamrecordi ng apparatus 10a of this

enbodi eph ; has 5’%{8%&9@ of c adir¥sitd #9+ & sPh acerens naf

the irradi ation sition in the Xdirection and the Y

g”%%ﬂ&@amna@db%i %éof&l&eﬁmctﬂ ek itdhe. el gngent

eant ecor di ng appar at us the f1rst enbodi nen

CorLSELA I A peepin of oL LoRk HORLL i acus
et et RSP TSRl e . Y S P o bean
recording apparatus 10 of the first embodiment
of the present invention shown in FIGS. 1
10 through 8 are denoted by the same reference
numerals and are not described in detail.

The electron beam recording apparatus
10a of the second embodiment is different from
the electron beam reco;ding apparatus 10 (see

15 FIG. 1) of'the'first embodiment in being able to
| adjust the irradiation position (cohvergence
position) of the electron beam b in the X
direction and the Y direction in addition to
being able to adjust the focal position
20 (convergence position) of the electron beam b.

The electron beam recording apparatus
10a of this embodiment has a function of
4adjusting displacement of the ifradiation
position in the X direction and thé Y direction

25 in addition to the function of the electron beam



direction and the Y direction occur independently from
each other, and that the focal position displacenent
w@pw7t6r817 rradi ati on position -displ-acenent canP@GEIP2007/055330
corrected wi thout being affected by each other even if
the corrections are separately conducted. Accordingly, .
correction of the focal position displacenent and ‘
correction of the irradiation position displacenent

may reec Pediial Jredpiph Payuer ded of the Refesti RIBOdiment
FIG 9 , the electron beamrecordi ng apparatus 10a of

t he ssecopd rbpdhrentines did b enenénemdhetaleect sen 1
beam recordi ng apparatus 10 (see FIG 1 ) of the first

embodi fept A Spqk JdYERg a secondary el ectron
detéctor 49 in the vacuum chanber 30, an inmage

retrieving paﬁ%@ {nkQn £ 9Lm an jidreggvhasedoan 1& s

si gnal out put omthe secondary el ectron detector 4 9

g\he%égﬁ‘delt%%{ O@h%eaﬁégéﬁ?gﬁg sq_@fgn.x'd\fl MSe®®nt and

i mage processi ng part processi ng the i nage

for g, by ;they IRGe, L eLLioovi 1goPalt 21 ALALAN YuPREl.

for ayi hg an’i g and-the 1rradiation position

conty ol o Parlc { coRergence POSLLIAN sentel part) 100

| independently from each other, and that the

focal position displacement and the irradiation

10 position displacement can be corrected without
being affected by each other even if the
corrections are separately conducted.
Accordingly, correction of the focal position
displacement and correction of the irradiation

15 position displécement may be performed in any
order.

Referring to FIG. 9, the electron beam
recording apparatus 10a of the second embodiment
is different from the electron beam recording

20 apparatus 10 (see FIG. 1) of the first
embodiment also in having a secondary electron
detector 49 in the vacuum chamber 30, an image
?etrieving part 27 for forming an image based on

a signal output from the éecondary electron

25 detector 49 when the electron beam b scans on



irradiation position of the electron beamb . Except

for these differences, the configuration of the
we@bk®@ctossn’ beam recor di ng apparatdds -10a i s t hePGHM2067055330

the configuration of the el ectron beam recording

apparatus 1 0 (see FIG 1 ) of the first enbodi nent,

and is not described in detail The irradiation

position control part 100 of the electron beam

recend ng-gpRsT ahds e ehdddé spewsiganig cakew azes for

a correction amount for correcting the irradiation

posptine 8k ithhe ehectipagheamd by aby| @asd opa g the

X direction and the Y difection that are orthogonal to

each qther , 162l cylaties; @, cor reekion yobtage fox
iR

(correction a

unt) for control he 1rradiation

i ng

L at | . ¢ . LS
pos@fé?lQ&%ﬁﬁ gﬂsaﬁ@ge?mgﬁgr%ﬁ%Jf%@éHﬁéEg&ﬁe Y

di rection,

G

usi

adj'ustin adi ation position of

e €electrostatic

R EELLBR RO PP bl eurEace of L sami S or

In at

| f the X di : d th .di iLon .
SR AfFrD ATHE AR

irradiation position t he. host crall
et A 2Bt Ph o 100! e B SRRLA

0
el eE(JOPhéeam D

surface of the sample S
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15

20

25

Except for these differences, the configuration
of the electron beam recording apparatus 10a is
the same as the configuration of the electron
beam recording apparatus 10 (see FIG. 1) of the
first embodiment, and is not described in detail.
The irradiation position control part
100 of the electron beam recording apparatus 10a
of this embodiment calculates a correctiqn
amount for correcting the irradiation position
of the electron beam b in at least one of the X
direction and the Y direction that are
orthogonal to each other, calculates a
correction voltage (correction amount) for

controlling the irradiation position of at least

one of the X direction and the Y direction, and

adjusting the irradiation position of the
electron beam b on the surface of the sample S

using the electrostatic deflection electrode 74



in the X-Y plane. The secondary el ectron detector 4 9

detects secondary el ectrons generated when the
we@bk®@ctossn’ beam b scans on the surd ace of the sEOPIERIE/055330

in the X-Y plane. The irmge retrieving part 2 7 forns

a secondary electron reflection i mage based on the

detection result of the secondary el ectrons by the

secondary el ectron detector 49. In the el ectron beam

recomdifg appasat uhdOlaroftHdi X enboderandn bhel hose Y
controller 20 scans the electron beamb on the surface
of yhe-sagplxn S in the X-Y plane. The secondary

el ectron detector 4 9 detects the secondary el ectrons

generated wher{die; $GaHN A€ iich PEELAFBY. pHeri 1Rae 15
retrieving part 2 7 forns the secondary electron

refLectd 03 J Wfreﬁ‘@”t nkhe diseliay: pant 1;%0 2:14:5Ph aY%en
t he secondary e e

ectron reflection I mage. I mage

Processi g Rary (28 N3 | LAILR JEASHE N LURGLIONH £ he
ect o dary

measuri ng the distance of a suDj t he  Secon
par £ 250 c 1Re gl i obbealg s AT 08 shonflec Mete s
: g part executes
in the X-Y plane.

The secondary electron detector 49

detects secondary electrons generated when the
10 electron beam b scans on the surface of the
sample S in the X-Y plane.

The image retrieving part 27 forms a
secondary electron reflection image based on the
detection result of the secondary electrons by

15 the secondary electron detector 49.

In the electron beam recording
apparatus 10a of this embodiment, the host
controller 20 scans the electron beam b on the
surface of the sample(S in the X-Y plane. The

20 secondary electron detector 49 detects the
secondary electrons generated when the scanning
is performed. The image retrieviﬁg part 27 forms
fhe secondary electron reflectioﬁ image. Then,
the display part 29 displéys the sécondary

25 electron reflection image.



I mage processing and cal cul ates, as descri bed bel ow, a

di spl acenent anount of the convergence point and a
woelt@phessenent anount of the ir+adiati on positiBCI/IrR00HESS330

X direction and the Y direction. |nmage processing

results (the displacenment anount of the convergence

poi nt and the displacenent anount of the irradiation

position in the X and Y directions) of the inage

processing parthe 8meare bprowWess ihg therdi spganpard

2 9 so as to b e displayed thereon. The image

progessd Pe mRSMbh (itdg diusidecenen £ amews u o nidiethe
convergence point) of the inage processing part 2 8 is

out pyts ¢ enlhe ecal én@g';jteico@ §entipd BaldorRdard Selectron

descri bed bel ow, so tha

a correction-anpunt is

cal %ﬁ@et%@siwafg@' aqalsr Lhe 4 ocal wpasi Ei!i%‘rgbffgg/ulptart

achi eving accurate focus . "The i mage processi

g rradiation position displacenment amount) of

t hei mage processing part 2 8 is output to the

bel ow, so that a corr

[ rradiation pasdi oncont £ol, AACL; 10D, o g5 deserLhed o
e

n anoun u a

s to_|locate the irr.adi atio

posITITHE PEETRPR A | OF hoSFLFOH SoRerol® Barle Tor tbed

10
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below, a displacement amount of the convergence
point and a displacement amount of the
irradiation position in the X direction and the
Y direction. Image processing results (the
displacement amount of the convergence point and
the displacement amount of the irradiation
position in the X and Y directions) of the image
processing par£ 28 can be output to the display
part 29 so as to be displayed thereon.

The image processing result (the
displacement amount of thé convergence point) of
the image processing part 28 is output to the
focal position control part 21, as described
below, so that a correction amount is calculated
so as to relocate the focal position for
échieving accurate focus.

The image processing resulf (the

irradiation position displacement amount) of the



100 cal cul ates a correction voltage for controlling

the irradiation position of the electron beamb
w@ewoneismy to the position of +h8 mobil e body BEEI/JIP2007/055330

(turntable 53) detected by the position sensor 47 a n

d the X-direction magnetic flux density information

(magnetic information) and the Y-direction nagnetic

flux density information (magnetic information) on

each ipoget ipatb Ok stshien gokid er body 45 acquwuedthy the
magnetic detector 36. The irradiation position control

par ti AP94addsi Al $ £HE ke d OB tauepa-@ veld aggst 0
b e applied for deflection fromthe host controller 2

0 sy@ascteadiusk 1tdie, | IR BEIEON, PESIIH OB 9 hemount is
el ectron beamb to an appropriate position. Referring

to K cldadde by aéﬂgattioonlae-asdéieﬂecq”ffa'dipéﬁg}l‘l’o

erent fromthe focal position control part

: ' [ . hei gh
{sepdigyida L0 nol BEILEeeal ofora dhsaiel ot
Bla with a pragramuyniihen theresn fiar; 6AMULLAG AN part
irradi ati on position characteristic arithnetic
expr. for these dif.ferenc

es ion. Exgept : ferepn ggjathe o
conﬂ]g@rgﬁﬂéh Rt PrFati abFom Posi Ciort €6nthdf part
'100éogtg%T¥f%gygg§ %??%gga%m%n position of the
electron beam b according to the position of the
10 mobile body 45 (turntable 53) detected by the
position sensor 47 and the X-direction magnetic
flux density information (magnetic information)
and the Y-direction magnetic flux density
information (magnetic information) on each
15 position of the mobile body 45 acguired by the
| magnetic detector 36. The irradiation position
control part 100 adds this correction wvoltage to
a voltage to be applied for deflection from the
host controller 20 so as to adjust the
20 irradiation position of the electron beam b to
an appropriate position.
Referring to FIG. 10, the irradiation
position control part 100 is different from the

focal position control paft 21 (see FIG. 3) in

25 not being connected to the height sensor 38, not



configuration of the focal position control part 21.
In the irradiation position control part 100, as in
W b@7fiessat position control partd®2}, a CPU 80aPCHJP2007/055330
connected through a bus to the ROM 8la, a RAM 82a, a
magnetic flux density measuring circuit 83a, a DDA
converter circuit 85a, the position detecting part 23
(position sensor 47), and the inage processing part
28. hEhei n6PY Bdaaddeeads 6,0l ntihe LoIpYt af | ROMprooPgaamith a
for an irradiation position characteristic arithmetic
expipassy oA nf oM the RAh8kk oAnd LONPUR@eting an
irradiation position characteristic arithmetic
eXPr8Ssh QR ACCOR ARG £ 01 bhe OHLpUc S gl O B8 thmetic
position detecting part 23 (position sensor 47) and
the JIBORELISG 41 UX rdeNShEY AdY OF I ONyafr RREBNRASEL T @M
of te@m)%isl e l£kl)_ody 45 1 n tfhe X gi%ltrecti on and tnhe ©
gl Tl o0 by dist BY. (e EQTPUL BLLOM PLOGLAB QLA on
I rradiation position characteristic arit tic
expr%§§%ggj_ §r£rﬁ%ﬂ5QE%OQHggﬁ&%%PPyCQ§ﬂ90§§ E?tég the
ari tHmeti c e pression i S a hi ghorder- pol'ynonmal such
as, e. a quintic function. The CPU_80a cal cul at es
CoefrEr aat st ToRe ¢ ohbt derSgar rontar of BEALERL part

21.

In the irradiation position control
10 part 100, as in the focal position control part
21, a CPU 80a is connected through a bus to the
ROM 8l1la, a RAM 82a, a magnetic flux density
measuring circuit 83a, a D/A converter circuit
85a, the position detecting part 23 (position
15 sensor 47),'an& the image processing part 28.
The CPU 80a reads out the cbmputation
program for an irradiation position
characteristic arithmetic'expression from the
ROM 8la, and computes an irradiation position
20 characteristic arithmetic expression according
to the output signal of the position detecting
part 23 (position sensor 47) and the magnetic
flux density information of each position of the
mobille body 45 in the X difection aﬁd the Y

25 direction by using the computation program for



The magnetic flux density neasuring circuit 83a

nmeasures, e.g., magnetic flux density in the Z
wa@leoogaeison and magnetic flux deddity in the Y POT/ER001055330

based on the output signal of the magnetic detector

36. The RAM 82a holds the coefficients of the

irradiation position characteristic arithnetic

expression (high-order polynom al) cal culated by the

CPU;80a: r FHINeE j o G & eetiicon dingidattealiagect o be

applied to the electrostatic deflection electrode 7 4

(a palirc Rhefirst esi?;fﬂ £etiom el eplr oder lialLsi d4a pvdid ion

pair of second deflection el ectrode plates 74b)

necenary kQr cORRGCtd PO fradiat LeR POSALHGN a high-

cal cu ateg by the CPU 80a is converted to a

oSS FP BRA phokas Eobuest 199, Vo g b 4he A

converI o e tion sition
ont.rQ Lt 1 A nv I €l it i+ S:
%ong&ﬁégngTh%h%ma%ﬁig?%ﬁgga%%féﬁgﬁf?ggégﬁﬁ}gnts of

COMISE! L8 Sy FHle S gHn B8, T, a1 er 872
the mnreCtio%ﬁgﬂég%%éngl%%&9|E%¥?i£9 %%%E%%%ng
circuit 83a measures, e.g., magnetic flux
density in the Z direction and magnetic flux
10 density in the Y direction based on the output
signal of the magnetic detector 36.

The RAM 82a holds the coefficients of
the irradiation position characteristic
arithmetic expression (high-order polynomial)

15 calculated by fhe CPU 80a.

| Further, a correction digifal voltage

to be applied to the electrostatic deflection
electrode 74 (a pair of first deflection
electrode plates 74a and a pair of second

20 deflection electrode plates 74b) necessary for
correcting the irradiation position calculated
by the CPU 80a is converted to a predetermined
Aanalog correction voltage by the D/A converter
circuit 85a. |

25 In the irradiation position control



required by the electrostatic deflection electrode 7 4
. The drive circuit 88a is connected to the

we@b@ctossst ati c defl ecti on el ectrsade- 74. An out PCIE/JP2007/055330
signal (correction voltage) of the drive circuit 88a
changes the irradiation position of the el ectron beam |
b of the electrostatic deflection electrode 74, so
that the irradiation position of the electron beamb

I s a@jmst ed.o ,Thuset he/ Bl eetdwarbeam biiref DEUSEH 0DEO
predetern1ned irradiation position on the surface of

the sampbe+2 d ftBot: BE f aghadi by ea MpgRet ithéi elth1ifier
the el ectron beam recordi ng apparatus 10a of thi's

embedi Jrent, a@ﬁﬁe%éw% conrehierc2 Qdefl gafs the

electron beamb , the irradiation position contro

part 100 corregts 5R|1 gﬁg'méﬁg 2} 1&?&eé\SM3Hh2a

the focal position, ocal position control part

Jooptrohs the, [nedl ROSILIAN 50,35 LA fosus e
L 7 e

eIe tTon" beam g Surface o sanpl e as in
(e LSRN e o100 (L0, DS 002 8 TR 1cven
recgéhgg @%ﬁkgt%%éﬂgl%%ég%sta Odlmaflectlon

| electrode 74.

The drive circuit 88a is connected to

10 the electrostatic deflection electrode 74. An
output signal (correction voltage) of the drive
circuit 88a changes the irradiation position of
the electron beam b of the electrostatic
deflection electrode 74, so that the irradiation

15 position of thé electron beam b is adjusted.
Thus the electron beam b is focused onto a
predetermined irradiation position on the
surface of the sample S if not affected by a
magnetic field.

20 In the electron beam recording
apparatus 10a of this embodiment, when the host
controller 20 deflects the electron beam b, the
-irradiation position control part 100 corrects
the irradiation position.kAs for tﬁe focal

25 position, the focal position control part 21



The focal position controlling nmethod of the el ectron

beam recordi ng apparatus 10a of this enbodinent is
walpdo7aossmt from that of the el-eda on beam r ecoPdi/agp007/055330

apparatus 10 of the first enbodiment only in

i nspecting for focal position displacement using naked

eyes and is not described in detail. FIG 12Ais a

side el evational view schematically showi ng a test

subsgidrat £09% ©ne thechkhGpdeBrism pbamyiew focus the
schematically showi ng the test substrate 9 0 of FIG

12Ac IR & 83, 158 10EPBnTPWM RE & 1CPRYRIJEHEE tIAS| bb@ble S
characteristic of the electron beamb with respect to

t he jposi ti @, Of £t he, yohihe PPEH¥ 45, Where the vertical
axi s represents the convergence position and the

hori zontal axig Le nge&tﬁﬁtghedgggirliqjggdyé peskLLion.

Wth reference to Fi and 12B, according to the

£OC|O P%EU&”ESg@ Q%QEJHT%QQ%O &@e SCETE%QS?W beam

recordi ng apparatus I'S enbodi nent, the

substrate ,90 that i s used at r. b :
ohi dis Safeind cabp SryRRE (el o' b Ak NaRBoR Rlns -
| at ex spheres

_nanomﬂersthgﬁ%éﬁoﬁﬁﬁﬁéggiﬁqﬂgg%ﬁ§£%§l§ing method
of the electron beam recording apparatus 10a of
this embodiment is different from that of the

10 electron beam recording apparatus 10 of the
first embodiment only  in inspecting for focal
position displacement using naked eyes and is
not described in detail.

FIG. 12A is a side elevational view

15 schematically showing a test substrate 90, and
the FIG. 12B . is a plan &iew schematically
showing the test substrate 90 of FIG. 12A. FIG.
13 is a graph showing a cbnvergence position
characteristic of the electron beam b with

20 respect to the position of the mobile body 45,
where the vertical axis represents the
convergence position and the horizontal axis
represents the mobile body position.

With reference to.FIGS. 12A and 12B,

25 according to the focal position controlling



supplied . According to the focal position controlling
net hod of the el ectron beamrecordi ng apparatus 10a of

wao hiog/1essbodi ment, the host cortrid l-er 2 0 scanBCT/i2007/055330
el ectron beamb on the surface of the test substrate
90 in the X-Y plane by using the electrostatic
defl ection electrode 74. The secondary el ectron
detector 4 9 detects the secondary el ectrons generated

whemd hRoSiCanni 88.d Se PecftafdRdb.earheciotrg@ihet rd gt tus
part 27 forns a secondary electron reflection i mage

based pnotrhe: wlekeaiwagresah £ oft Hherseeondabstrate 90
el ectron detector 49. Then, the di splay part 2 9

di spliaye the secandady &l acipgn Aefbgeeld o2 i BROGH Tk
focal position displacenent (defocus) due to the

magnetlcifiheld gn each posifi gz)go.if,st. %ltd”]?égmva,ectzgés and

(the rotating nechHani sm uni't nspec

paked eyes sﬂ%getsh,e é?%%”dﬁ?ié{m%gtf%58%2“%88%@”4:egls of

i mage di Spl on 't he display nd the foc

position is adjiusted for .achiewvin c focus b
mandyt T 9mgchq E/Jl"S né‘thaO %/%Ptgalllggh 0 dtrhegd %I ég{ ?%% 3?‘]‘ ecé? E)r%s are
78. The ig%%ﬁge appl i ed for achieving accurate focus

s obit'aP R focal position adjustnent

According to the focal position

controlling method of the electron beam

10 recording apparatus 10a of this embodiment, the
host controller 20 scans the electron beam b on
the surface of the test substrate 90 in the X-Y
plane by using the electrostatic deflection
electrode 74. The secondary electron detector 49

15 detects the secondary electrons generated‘when
the scanning.is performed. The image retrieving
part 27 forms a secondary electron reflection
image based on the detection result of the
secondary electron defector 49. Then, the

20 display part 29 displays the secondary electron
reflection image. The focal position
displacement (defocus) due to the magnetic field
én each position of the turntable 53 (the
rotating mechanism unit 34) is inspécted with

25 naked eyes using the secondary electron



i nformati on (defocus anount). Then, a convergence
position characteristic of the electron beamb shown

WO 00781713 i s conmputed. The f-odd -position coPCT/@i2007/055330
part 21 calculates a correction voltage b a sed on the
convergence position characteristic of the electron
beam b . Based on the correction voltage, the foca
length of the electrostatic lens 7 8 is adjusted, so

t hatr d hee E@GAH n POBIald ®Ndafs g heyelecdnonheeatibplay part
relative to the surface of the sanple S is adj usted.

Thug,g t henlocah e PeTdd DNpRfs 10€ o0l ecér ar jaeateld i £6r
rel ocated to an appropriate position . In the electron

bea@éﬁf@%@lrﬂﬁ §E%&3§H§ Hac 0k Wy Smﬁ%%ﬁlﬂ?mapéb?lng a

turntable 53 1s noved to a position of X=O nm and

foctk&focjf ab%e 184 egﬁf On: beam Py i + 5 12k Usked; tpgtherp e

par a convergence pOSI tion, i.e.

S0C IR BT (I8, VPLLAGR- A0 £ A 2P Bocpo 1o

(oo e 2y bl o s oA papress o

the@n é%&% igﬁo gg%ggwénaggﬁ%éWOQE%en, a
convergence position characteristic of the
electron beam b shown in FIG. 13 is computed.

10 The focal position control part 21 calculates a
correction voltage based on the convergence
position characteristic of the electron beam b.
Based on the correction voltage, the focal
length of the electrostatic lens 78 is adjusted,

15 so that the foéal position of the electron beam
b relative to the surface of the sample S is
adjusted. Thus, the focal position of the
electron beam b is relocéted to an appropriate
position.

20 In the electron beam recording
apparatus 10a of this embodiment, the turntable
53 is moved to a position of X=0 mm, and the
focus of the electron beam b is édjusted to the
particles 94. |

25 Then, a convergence position, i.e., a



According to the el ectron beamrecordi ng apparatus 10a

of this enbodinent, it is preferable that the ROM 81
w@boorhessipcal position control- pért- 21 be a f|BSHIROM/055330

or the like so that coefficient data of the

convergence position characteristic conmputed by .

cal cul ating the defocus anbunt be witten at the tine

of, for exanple, recording (exposure) onto the sanple

S . d&m dasalameshi oz kentrdl tpard 23 plEye dade ran

I nput” part so that the coefficients of the approximate

eXPressi G il 4 BRuIr PYet F>d WYL cp@réacthh?aﬁsQHJchl\én@él on
descri bes a nethod of controlling the irradiation

posithicons gk Ahee ebecty vy Beae boion fhecalheciran feamn
irradi ati on device 14 of the el ectron beamrecording

appa;g{]yéxl%@é E'%Z:%@EEQFME%- Fohshit MtAsing the

refe ce to FIG 14, displacenent of the irradiation

FOSF YO T6 L B O DEAR bl SEL AT R REELR ineo
o SEHPRSAD B R s
magnet | c field areaai'd 8,MgnetLs fdix deliy B -
recording apparatus 10a of this embodiment, it
is preferable that the ROM 81 of the focal
10 position control part 21 be a flash ROM or the
like so that coefficient data of the convergence
position characteristic computed by calculating
the defocus amount be written at the time of,
for example, recording (exposure) onto the
15 sample S. The focal position control part 21 may
. have an input part so that . the coefficients of
the approximate expression are input by the
input part.
The following‘describes a method of
20 controlling the irradiation position of the
electron beam b in the electron beam irradiation
device 14 of the electron beam recording
apparatus 10a of this embodimentL

First, with reference to FIG. 14,

25 displacement of the irradiation position of the



this case, the expression R= (2m Va/e )1/2 c¢c 1/Bis

satisfied, where R represents cyclotron radius. The
web@ctosn e i s deviated from thé&6Z-axis by a PCT/JP2007/055330

di spl acenent anount dS vihen noved a distance dZ i from

a position Z0 to a position Zp . The rel ationship

between the distance dZ i and the displacenent annunt

dS i s represented by the follow ng expression

accanddgrb® »LERMR rd €ree) 4 d40psShi P mdShé 8Zic) R12Rd B

. Based on the cyclotron radius R and the rel ationship

bet weeny dd i 1andqt he di spl acenent anount dS , the

di spl acenent annunt dS is represented by the’ fol |l owi ng

expr essi on: |f t%gzl)ngzc@o) E/Idz 1@2m Y8/ @1 dé€rbn e

Accordi ngly, e magnetic fl ux denS|ty di stribution
T otn“%o%%f?l'oﬁa%ﬁ?@ 50T 5n BBar
5?§f POl T Gent  Bad Sp r SLetondsr 4 nEns aé§%§nf%agnetlc
bea ”‘befcfl FPAEAGHES at%?Q#i%%Wﬂf%uéﬂZr Pt

rv f
cu t%f% 2%%Pet'%HQL§xg%@¥§¥o

celeratlng

(2m-vVa/e)*/?x1/B is
satisfied, where R represents cyclotron radius.

The electron e 1s deviated from the 2

10 axis by a displacement amount &S when moved a
distance 8%, from a position Zo, to a position Z;.

The relationship between the distance
571 and the displacement amount 38 is
represented by the following expression

15 according to a geometric relationship:
5S=(521)%/2R.

Based on the cyclotron radius R and the
relationship between 373 énd the displacement
amount &S, the displadement amount &S is

20 represented by the following expression:
5S=((5%1) 2xB)/(2- (2m-Va/e)'’?).

Accordingly, if the magnetic flux
density distribution is known, the displacement
amount oS of the irradiatibn positiﬁn of the

25 electron beam b is determined by integrating in



the X direction and the Y direction with respect to
nmobi | e body position, where the vertical axis

wo epraesnt s t he magnetic flux-dé&¥sity in the XpCT/JP2007/055330
direction and the Y direction and the horizontal axis
represents the nobile body position. In FIG 15, a
curve representing the X-direction magnetic fl ux
density on each position of the nobile body 45 is
ref eneedz t giase @cghar acteristic curve Di, and a curve
representing .the Y-direction magnetic flux density i

s referred toras areharsagi 8yl Hd SceuesDéordB@tion of
nobi | e body position indicates the position of the

turptabl @533 d Behitg X difRGit 0B Wi d Rer &feF 8RG&  Pohhe
position of "the rotational center of the turntable 53

(ro %LéinQiB%Cf@Ei %e@gn%&e%@&g% %aﬁﬁ Fh.e el ectron

bea is irradi at (r.e., nthis

£nbodi nent, the hagpetic,f 5”@4@% is%ox?&n@% 15 ar.e

Characteristic curves DT anc shown™ I n _
| DL B 0e 2 o Shiaridn LPLely, ol e iUy 1
oL e6iiote, Al € SRR RO PETLE B B enpec
| to mobile body position, where the vertical axis
represents the magnetic flux density in the X
10 direction and the Y direction and the horizontal
axis representé the mobile body position. In FIG.
15, a curve representing the X-direction
magnetic flux density on each position of the
mobile body 45 is referred to as a
15 characteriétic)curve D1, and a curve
representing.the Y-direction magnetic flux
density is referred to as a characteristic curve
Ds.
The mobile body position indicates the
20 position of the turntable 53 in the X direction
with reference to the position of the rotational
center of the turntable 53 (rotating mechanism
ﬁnit 34) on which the electron beam b is
irradiated (i.e., X=0 mm). |

25 In this embodiment, the magnetic flux



voltage i s to be applied fromthe drive circuit 88a

to the electrostatic deflection electrode 7 4 It is to
wheoonnosd’ t hat the turntable 5 38 —s stopped WhenJP2007/055330

calculating the correction voltage for the irradiation

position. In this enbodi ment, for calculation of the

correction voltage (the voltage to be applied to the

el ectrostatic deflection electrode 7 4 (the first

def heeld Phielsed Fode Pl ahas #4aeandihe saconds Dy and D
defl ection el ectrode plates 74b)) by the irradiation

poskhiam CORAt rok gpants 198e Siefmﬁégix\éﬂydofirt hehe 2
el ectrostatic deflection electrode 74 (the first

def hegtd op; glect £ ade pb gt e 7da18Rd A §et3/C0BE rrection
defl ection el ectrode plates 74b) i s nmeasured in

advgg%kaggtg%z ﬁ@xgﬂgﬁ@roé@ﬁﬁﬁws&é@@édtg%ﬁhe

el ectrostatic ection electrode 7 4 (the first

fl ' I I | .
%gf thge:étgﬁoglegg{égggnp 8%%% ;é‘lgfﬁ gléﬁeg%e%’ﬂg mobile

[ pl ates is, e.g., In arange

of t hrough 5 V. Furth i n this di .
bec l?SJ;yt?Ig in In%ér%”eno Bt ﬁEgICr:’rfag%eétq'i CTE%Odégﬁ%%%tlon
enent .,of the.irradi i

epBih t0Bn thet Bodi €| B Eor THe L | 8 ody -4y ® (ReFCuLt
.Cor%(gigg\gﬂéa%ﬁé8£rg§%§ngwé€%§gé%ion electrode 74.
It is to be noted that the turntable 53 is
10 stopped when calculating the correction voltage
for the irradiation position.

In this embodiment, for calculation of
the correction voltage (the voltage to be
applied to the electrostatic deflection

15 electrode 74 (the first deflection electrode

| plates 74a and the second deflection electrode

plates 74b)) by the irradiation position control
part 100, sensitivity of £he electrostatic
deflection electrode 74 (the first deflection

20 electrode plates 74a and the second deflection
electrode plates 74b) is measured in advance. In
this embodiment, the sensitivity of the
électrostatic deflection electrode 74 (the first
deflection electrode platés T4a and.the second

25 deflection electrode plates 74b) 1s, e.g., 1in a



defl ection electrode 7 4 (the first deflection

el ectrode plates 74a and the second defl ection
webk®@ctossde pl ates 74b) needs t+005Be-changed depRCirego70$5330

the position of the nobile body 45. Therefore, the

focal position control part 21 successively cal cul ates

the correction voltage for the electrostatic '

defl ection electrode 7 4 (the first deflection

el egbiefle plratiest K4 aqid Gheirsgyond defl ection
el ectrode plates 74b) based on the .nobile .body

posi tion infopyatdar, F ihftﬁ&ﬁWéﬁbdd&m&MﬂﬁZ@e@ﬁ@@e
coefficients of -polynom al approximation (a function

of the nPRihe Hody %'f:h%n)mé)%n\éhﬂl@ the1ld on the

characteristic shown in FIG 1b is approximated. Wth

thed@%ﬁf&@éﬂeﬁﬁpﬁ@“@ﬁé'q(ﬁgaféﬂf@haﬁdwlﬁgﬁﬁ'QBrles

correction voltage corresponding to t he pr esent nobi |
oS ILELIB 8 R Bty EpeCalosha 0t
P R PR R, 5 g Egetiust oot
Che gl st n giamam coa pu, Sy Gl 00
~ The ?ﬂg%k%ﬁé”b %%é 51;“§£3tgﬁgtggcggg deflection
electrode plates 74b) needs to be changed
10 depending on the position of the mobile body 45.
Therefore, the focal position control part 21
successively calculates the correction voltage
for the electrostatic deflection electrode 74
(the first deflection electrode plates 74a and
15 the second deflection electrode plates 74b)
| based on the mobile body position information.
For example, the RAM 82a holds coefficients of
polynomial approximation (a function of the
mobile body position)\by which the
20 characteristic shown in FIG. 16 is approximated.
With the polynomial approximation, an
irradiation position correction voltage
éorresponding to the present mobile position

information is calculated; The calculation of

25 the irradiation position correction voltage is



converter circuit 85a. If the anplification factor of
the anplifier 87a is 1 , the correction voltage shown

WO p00Fh@8171 6 i s out put fromtheeD/ A converter PBCT/ERA007/055330
85a to the anplifier 87a. If the anplification factor
of the anplifier 87a is 10, 1/10 of the correction
voltage shown in FIG 16 is output fromthe DA
converter circuit 85a to the anplifier 87a. Thus the

di spkacesent fb § henid radvatsios pesitégaiefg tbat
electron b eamb is corrected , Wth the irradiation

POsEbic: RO | HRG amed hod Haf & he fof PEL kIt HedMom the
recordi ng apparatus 10a of this enbodi nent, the

i rradhatd 9 %@é&keﬁﬁ the tq{@%%qrb@fa@lwaﬁrkaﬁ;ram

corrected not only i he above descri bed manner but

al sg % usi, g %p&gf%ﬁ@qu o £5t Loy rgthierd 1 90 tig®gedata

di sp ayed on t splay part 29. For correction using

I oo SRNENRL LA deLlantion Lmee, o3 [ ixgg St a0

(no? shomn) from an opéning of the tip end

o Ly 003,04 D Lars bacr o B0 v b gl
hosL contrellero 2.9 .86angsthe PEeeh{on.pg w00 ¢ 16
| factor of the amplifier 87a is 1, the correction
voltage shown in FIG. 16 is output from the D/A
10 converter circuit 85a to the amplifier 87a. If
the amplification factor of the amplifier 87a is
10, 1/10 of the correction voltage shown in FIG.
16 is output from the D/A converter circuit 85a
to the amplifier 87a. Thus the displacement of
15 the irradiatioﬁ position of the electron beam b
is corrected.

With the irradiation position
controlling method of thetelectron beam
recording apparatus 10a of this embodiment, the

20 irradiation position of the electron beam b can
be corrected not only in the above described
manner but also by using the secondary electron
ﬁeflection image displayed on the display part
29. |

25 For correction using the secondary



substrate 90 in the X-Y plane by using the

el ectrostatic deflection electrode 74. The secondary
webk®@ctossn’ det ect or 49 det ect s —a@Secondary el ecPCDIP204055330

the scanning is perfornéd. The inmmge retrieving part 2

7 forms a secondary electron reflection i mage. Then,

the display part 2 9 displays the secondary el ectron

reflection i mge. The positions of the particles 94 of

t heetlesd t substrare s- i ene iesd gopt ed Faxatvapgagdhénot

positions of the particles 9 4 of the test substrate

90 amdbwhe posihuery of rbhe aQ’abe@rﬁﬁngn dihet Becagr ¥nd
.electron reflection i mage displayed on the display

parbod 9 8he eeaPaed 88 aedo PRASHEE RAS) LhaRAlthe test
shitts of the particles 9 4 using the Iength measuri ng

fun%hwt e9hMBGE PrACRSSi HY RALd %ﬁxéar%cea@géon

position |sp acenent due to the magnetic field

gach positi ontﬁg 13%@%‘1‘1@“1@95% 5@0&%@%19&@'?@ scans the

mechani sm uni S 1 nspected wth ed eyes usi ng

the Ien@{gﬁ%eaggghn fupction of, .t : ag%ﬁgﬁe gfl %geg

a voltage is manual
SLE%@&PS tlgdfgélggglgﬁge&?c§ 8q%uZ§ bgpqulrr%ﬁlgﬁlon
| electrostatic deflection electrode 74. The
secondary electron detector 49 detects a
10 secondary electron when the scanning is
performed. The image retrieving part 27 forms a
secondary electron reflection image. Then, the
display part 29 displays the secondary electron
reflection image.
15 The poéitions of the particles 94 of
| the test substrate 90 afe estimated in advance.
The positions of the particles 94 of the test
substrate 90 and the posifion of the particles
in the secondary.elecfron reflection image
20 displayed on the display part 29 are compared so
as to measure positional shifts of the particles
94 using the length measuring function of the
image processing part 28.
Irradiation position displécement due

25 to the magnetic field on each position of the



appropriate position such that the particles appear in
the secondary electron reflection inage if there is no
WO pdornessee of the magnetic fiel®2 It is to be POL/ERR007/055330
that the turntable 53 is stopped when cal cul ating the
correction voltage for the irradiation position. The
vol tage applied for adjusting the irradiation position
to the appropriate position is obtained as irradiation
posictuirant adjlust BBnt( 4 né orretd ohng mghemnashravelt 34) is
di stance characteristic of the electron beamb shown
in EhGpdctdd sweamut £de dBasedsomd hagt riavel 1dirsgance
characteristic of the electron beamb , a correction

vol thagesh & ieQfpathied i Nohhe fi reBdi almogepastbtetsing part
control part 100, so that the irradiation position of

theogl ectram beamyb isa8dl usd eﬁahqlahgga@pm@mweﬁ eto the
irradi ation p05|t|on In the el ectron bea

g ecary! bcflg@e@af_r@w% 1029t dihi snerbodi peRfdethe . The

turnta 53 is moved to a position of X=O nmmand a

secandary s glectfop Jmge i 00t alapds 1 Then: opasy i onal

shi the par an irradiation

POSL L0 5Pl FECTR 1 PTRYN 4 Lhe e¥pL 245, APl ack £96 ¢

appear in the secondary electron reflection
image if there is no influence of the magnetic
10 field. It is to be noted that the turntable 53
is stopped when calculating the correction
voltage for the irradiation position.
The voltage applied for adjusting the
irradiation position to the appropriate position
15 is obtained asvirradiation position adjustment
information. Then, a travel distance
characteristic of the electron beam b shown in
FIG. 17 is computed. Based on the travel
distance characteristic of the electron beam b,
20 a correction voltage is computed in the
irradiation position control part 100, so that
the irradiation position of the electron beam b
is adjusted to the appropriate irradiation
position.

25 In the electron beam recording



adjusting to the appropriate irradi ati on position) of

each particle 94 on the surface of the base 92 is
wa@alcndssted using the | ength medsuring functi oPCT/IF2807/055330

irradiation position displacenent anmount (the voltage

applied for adjusting to the appropriate irradiation

position) is successively cal cul ated while changing

the position of the turntable 53. An approxi mate

expressa patiss chiputefl tdiing eéhbochiwehdtedthe turntable

irradiation position displacenent anounts and then

Wi t5tEni snhneide ROV 818 oasi ai phogy AnK=Accandi nghdoa

the el ectron beam recordi ng apparatus 10a of this

enbed dBAHa Ay &3 JUEfBhablea gbati 4 hebRAM Bdad .of the
irradiation position control part 100 be a flash ROM

or the |ike sqgg@; @ggitgdﬁgldghQﬂﬁst@q the

irradi ati on position characteristic conputed by

gal E:LH@E i g ddeoir radi ati on, Posivti odibenl AEePRIYi tion
amount be witten at the tine of, for exanple,

rec%ﬁ%§9a@?ﬁ@ﬁ%“§mgﬂh%t{@hﬁmggftggeTgﬁplied for

irra ion position control part 100 rmay have an

BR3Py PR 08 SPLLbEL ks o Fuza ot

| position) of each particle 94 on the surface of
the base 92 is calculated using the length

10 measuring function.

The irradiation position displacement
amount (the voltage applied for adjusting to the
appropriate irradiation position) is
successively calculated while changing the

15 position of'thé turntable 53. An approximate
expression 1s computed ﬁsing the calculated
irradiation position displacement amounts énd
then written into the ROM 8la as a program.

According to the electron beam

20 recording apparatus 10a of this embodiment, it
is preferable that the ROM 8la of the
irradiation position control part 100 be a flash
ROM or the like so that coefficient data of the

irradiation position characteristic computed by

25 calculating the irradiation position



Al t hough the fixed stage (not shown) for the test

substrate 90 hung fromthe opening of the tip end
w@ororitess160a i s provided, the-cd#f i-gurati on i SPEDIP2007/055330

limted thereto. For exanple in an alternative

enbodi nent, the magnetic detector 3 6 is used a s a _

fixed stage. In this alternative enbodi ment, particles

such as e.g., gold particles and | atex spheres, with

di apel<es $acfertbout anedsnel Hanqrditetsnt ldrouge time of,

hundreds of nanoneters are. supplied on the surface of

t he ARENEkiae FIBE Ctad c 3@ 101 0 (ehigds i@ Jel eaticont heam

bis to be irradi ated, and a secondary el ectron i nage

i's Qhsepyed.s | nraROther adlitLE Nkl o eiRadiieBbntrol part

particles- such as e.g., gold particles and | atex

sphargs. n &’[ h &y di anret ef Qft aBguty te8s tofa hananet ers

t hor ough

ndreds of nanoneters are applied to the

Surfaces et Lihe, fur @@b{:ﬁessafaﬁéto%rﬁ?’&@ Pup@es i8n are

Cross oOr a square, and a seco

ary el ectroni mage on

theisI1 &%C%H?ftﬁpejhﬁéﬁEa £ 3 is observed . In the
odi nent, “even

second énb
characteri sti

en the convergence position
s _cal.cul

way, the sarre%%tv}%\%%lgélestgtseei nigﬁéh%%gggébqg%?%neodwm

are

10

15

20

25

for the test substrate 90 hung from the opening
of the tip end portion 60a is provided, the
configuration is not limited thereto. For
example, in an alternative embodiment, the
magnetic detector 36 is used as a fixed stage.
In this alternative embodiment, particles such
as e.g., gold particles and latex spheres, with
diameters of aBout tens of nanometers thorough
hundreds of nanometers are.supplied‘on the
surface of the magnetic detector 36 onto which
the electron beam b is to‘be irradiated, and a
secondary electron image is observed. In another
alternative embodiment, particles - such as e.g.,
gold particles and latex spheres, with a
diameter of about tens of nanometers thorough
hundreds of nanometers are applied to the
surface of the turntable 53 in the.form of, e.g.,

a cross or a square, and a secondary electron



obt ai ned. Moreover, the irradiation position in the X

direction and the Y direction i s corrected Therefore,
weowpassd’ with the first enbodi ment, the el ectPOnIReem55330

b is irradiated onto a predeterm ned position of the

sanple S with high focal position accuracy and high

irradiation position accuracy for recording

information. Simlarly, printing patterns are al so

recordesk 0Bt hen sarpler Scat df ghneuat iikbntdlEhiss is
enbodi nent, since the displacenent of the convergence

pospifan. {8 £xperimental |y conputed using the test
substrate 90 with the particles 9 4 on the surface,

the el ectron beam g scaidl ggaaRRs sl Ot | S < aBl arand tne

I nexpensi ve. scri bed above, according to the

pfe%%@}véﬂgt%@}diugnpgts{sgt fsave&gs%%tpgﬂtsi e is

di spl-acene e magnetic field under the point
L1OBASD | 8500 DO LUAOLELSH LBl oo, sans
L o 9Gal PO 100, B LIESIeCLON EAD e
{13 all9n posiLion dLebl aserent b Lo dle madneticn sn
L;Lg%éﬁg?éﬁ%gc%T%SaggéaEhgsfaéggégggo%’is corrected.
Therefore, compared with the first embodiment,
10 the electron beam b is irradiated onto a
predetermined position of the sample S with high
focal position accuracy and high irradiation
position accuracy for recording information.
Similarly, printing patterns are also recorded
15 on the sample S at high quality. In this
| embodiﬁent, since the displacement of the
convergence position is experimentally computed
using the test substréte'90 with the particles
94 on the surface, the electron beam recording
20 apparatus 10 is simple and inexpensive.
As described above, according to the
present invention, the convergence position
Adisplacement due to the magnetié field under the

point from which the laser beam b is irradiated

25 to the sample S is calculated or experimentally



cal cul ated, so that the irradiation position of the

el ectron beamb is controlled wth high accuracy. That
WO 2007tbs812] ectron beamb is irtra@bated to a  PCT/JP2007/055330

predeterm ned position of the sanple S with high foca

posi tion accuracy and high irradiation position

accuracy for recording information . The foca

position controlling method and the irradiation

posidd baugeri ¢ gl | iswy vRbhod e thecehegidontheamorf the
recordi ng apparatus 10a of this enbodi nent are not

|i metieglc t@ drheperinhod afs | dspectd DN lsi Y tmakedgeyesecuracy.
For exanple, the focal position controlling netﬁod and

thepdFadivald onepesi {08 ot keld ipgsTrifod ofi dhfacement
el ectron beam recordi ng apparatus 10a of this

enbegd] &rept, r@a{ebaaad&ﬁgeatcedfpx.ll@i@ﬂdw AMBGS nt from

processing part 28.” The follow ng describes a second

%sz?ﬂieé?fa GQNLr 9lld g e f %“is"fi}?%aei'%‘fghg;bl?ﬁgmthe

el ectron beamirradi ati on devi ce

o SO L0 R el OB LA ALy e
|1 e 36t0 g0, DoAn (g2 £ AMPRLALL 408 10408 0n o
| the electron beam b is controlled with high
accuracy. That i1s, the electron beam b is
10 irradiated to a predetermined position of the
sample S with high focal position accuracy and
high irradiation position accuracy for recording
information.
The focal position controlling method
15 and the irrédiétion position controlling method
of the electron beam recording appatatus 10a of
this embodiment are not limited to the method of
inspection using naked eyés. For example, the
focal position controiling method and the
20 dirradiation position controlling method of the
electron beam recording apparatus 10a of this
embodiment may be automated by using the image
processing part 28.

The following.deséribes a second method

25 of controlling the focus of the electron beam b



position controlling nmethod of the el ectron beam

recordi ng apparatus 10a except correcting foca
weomrhdsny di spl acenent by i mage §fotessi ng. TheRCHER200M55330

focus controlling method i s therefore not described

in detail. According to the second focus controlling

met hod, a fixed stage (not shown) is hung from an

opening of the tip end portion 60a of the | ens' barre

60, iandtaect estesibstnabe 80 isrpdted iomt Hevixedl4 of

stage. The test substrate 90 may be the one shown in

FI GtHRAedrek £+6n 128atthers cb el ihogt agpd relthey 208 of

scans the electron beamb on the surface of the sanple

subtth e ehWodAantder X- Y pl ane. The secondary el ectron

detector 49 detects the secondary el ectron generated

when the scanming k% d®hEOMEth o dhe # MBgR Y LS 18 0t he
part 2 7 forms a secondary el ectron reflection inage

Haseth @A st ke dehectd PR esih t b@fark N e3REPAURIY apparatus
el ectrodetector 49. Then, the inmage processing part 2

8 anal yzeg thgesecandary elggt 5%&@'&&%9%%4@%2019391

i mage processing part 2 8 conputes the size o

por L 0t LB A RO S0L LT BP0 5op benn

'94\M480Egiﬁézgpparatus 10a except correcting focal
position displacement by image processing. The

10 second focus controlling method is therefore not
described in detail.

According to the second focus
controlling method, a fixed stage (not shown) is
hung from an opening of the tip end portion 60a

15 of the lens barrel 60, and a test substrate 90
| is placed on the fixed stage. The test substrate
90 may be the one shown in FIG. 12A and FIG. 12B.

Then, the host controller 20 scans the

electron beam b on the surface of the sample

20 substrate 90 in the X-Y plane. The secondary
electron detector 49 detects the secondary
electron generated when the scanning is
éerformed. The image retrieving part 27 forms a
secondary electron reflection image.based on the

25 detection result of the secondary electro



of the particles 9 4 nmeasured in advance so as to
calcul ate a focal position displacenment anount

W@ df0esss7 anount) . Then, the si%e of the partPCH/ER00%055330
in the seco.ndary electfon reflection image i s
cal cul ated for each position of the turntable 53 so as.
to calculate a flocal position displacenent (defocus
anount) on each position due to a magnetic field. A
vol tdagee appld edld .f dthaahi evh @giacoye abedoegs iang part 28
cal cul ated for each position of the turntable 5 3 is
obt aimetyas  otale posictdra agj ust eentrdmf egml éetion image.
(def ocus anmount) Thus the convergence position

characteristi gid the @bepiloae Heamd psrabt@agnedmputes
Based on the convergence position characteristic of

the tg]€ckron beaMdhe BaGAI1ECEISOMN ¥OkiagehkS LORBHIRMN: v
in the focal position control part 21, so that the

§ 0cal) POBIlPN, 8f itder ebect 18RgREAMNE T afbusted toe
beat the appropriate focal position . In the electron

bea i r t:hd [ .
'Bc{ﬁg'&%d‘sglsﬁg%a Gk ug pl0a, of 4 %fe%”’;@% %‘%@h tRe size

u
turnta I’TDVGdtO&pOSItIOﬂO =0 mMmm an

thlemHﬁeO%JPQi%fﬁgr@Qt§@g@%féda@ﬂﬁﬁgggﬁ%éh§o as to

calculate a focal position displacement amount
(defocus amount).

10 Then, the size of the particles 94 in
the secondary electron reflection image is
calculated for each position of the turntable 53
so as to calculate a focal position displacement
(defocus amount) on each position due to a

15 magnetic field.

A voltage applied for achieving
accurate focus and calculated for each position
of the turntable 53 is obtained as focal
position adjustment information (defocus amount).

20 Thus the convergence position characteristic of
the electron beam b is obtained. Based on the
convergence position characteristic of the
electron beam b, a correction voltage is
computed in the focal position confrol part 21,

25 so that the focal position of the electron beam



particles 94. Then, a convergence position, i.e., a
def ocus anount (the voltage applied for achieving
waewanetse’ f ocus) of each partitl@ 94 on the supCHERGT055330
the base 92 is cal cul ated. An approxi mate expression
is conputed using the cal cul ated defocus anounts and
then witten into the ROM 81 as a program The
foll owi ng describes a second nmethod of controlling the
i rradiasi enl positeicont of bidwet ekéct rapplregr baitre t iecal
el ectron beamirradiation device 1 4 of the electron
beampsetaridmg apparatus 10a of this enbodi nent. The
second nethod- of controlling the irradiation position

in the el ectran beam rececdingn apeamat ve cdading t he
same as the above-described irradiation position

conta{;@%hh:ragam@t hod ob £t ke £4 eetid bR@MY £C@Md NPurntable
apparatus 10a except correcting irradiation

posidi ondi sdpe@MBRY DY JJROL i ROCOBSKRAN ARer efQhethe
the second irradiation position controlling netho 'S

not gesgLi bed | deé@éhtﬁg,t;ogglé}lg Lo t§19a§ dEie q:a% the’

posi tion contro ['ing neth a fi1xed stage
is qugtEQgﬂggn9QQenlng of the tip end portion 60a

Then, a convergence position, i.e., a
defocus amount (the voltage applied for

10 achieving accurate focus) of each particle 94 on
the surface of the base 92 is calculated. An
approximate expression 1s computed using the
calculated defocus amounts and then written into
the ROM 81 as a program.

15 The foilowing describes a second method
of controlling the irradiation posiﬁion of the
electron beam b in the electron beam irradiation
device 14 of the electron'beam recording
apparatus 10a of this embodiment.

20 The second method - of controlling the
irradiation position in the electron beam
recording apparatus 10a is the same as the
ébove—described irradiation position controlling
method of the electron beam recordihg apparatus

25 10a except correcting irradiation position



of the lens barrel 60, and a test substrate 90 is

pl aced on the fixed stage. Then, the host controller 2
w@2®cams1t he el ectron beam b on the-surface of PETIEPAHER155330

substrate 90 in the X-Y plane. The secondary el ectron

detector 4 9 detects secondary el ectrons when the _

scanning is perfornmed. The image retrieving part 2 7

forms a secondary el ectron reflection i nage and

out plt spllhedmage toyt headjsppay past iy . Thhesigfoard +the

position of the particles 94 of the test substrate 9 0

ar e gwasuced i+ haddwahten awsthe dJeasvhed-Sl2d randmethod
position of the particles 9 4 are stored in the inmage

processhbg Rdec28.pddeinmegetpriocessing part 2 8
conpares the stored size and position of the particles

9 4 with the posééien f the Pattisde@sn@4rdtdheposition
secondary electron reflection image so a s tocal cul ate

3 p%%ﬂ%?%@l?ﬂbfhégﬁéag‘E"EHQé@ 2t4gdeinAd shown) is

voltage to be applied to'the electrostatic deflection

o SSHEIe S 25 LALaRI SN e S gt 08, Goa
Party£1 88 % o f DeheY, 631 G At LAY 3, CRUAC LR strate 90
| is placed on the fixed stage.
Then, the host controller 20 scans the
10 electron beam b on the surface of the test
substrate 90 in the X-Y plane. The secondary
electron detector 49 detects secondary electrons
when the scanning is performed. The image
retrieving part 27 forms a secondary electron
15 reflection'imaée and outputs the image to the
display part 28.
The size and position of the particles
94 of the test substrate 90 are measured in
advance, and the measured size and position of
20 the particles 94 are stored in the image
processing part 28.
The image processing part 28 compares
fhe stored size and position of fhe particles 94
with the position of the particles §4 in the

25 secondary electron reflection image so as to



vol tage for each position. It is to be noted that the
turntable 53 is stopped when cal cul ating the

weaeonraeision vol tage for the irTadlati on positiRET/IPRRS5330
a travel distance characteristic of the el ectron beam
b i s conputed. Based on the travel distance _
characteristic of the electron beamb , a correction
voltage is conputed in the irradiation position
contddl cparat40@, mosthdtonheé igshaditato Ontpesipratiotles 94.
the electron beamb is adjusted to beat the
appropriate irtadhat ionvpbsiddento et hepel eetirdre the
beam recordi ng apparatus 10a of this enbodinment,- the

tur i bdke B3s t at IOVEA @ @t Po3i té Dacelr & MYy fod a
secondary electron image i s obtained. Then, the inmage

pr owﬁb@@mﬁﬁg 2 cpheWiat Be sa POSkl e shifgiakl
the particles 94, i.e., an irradiation position

dli spl g e ANBURle d tHR ald age App bed T 05nadiwSbiENa he
to the appropriate irradi ati on position) of each

partd £1e 1% v Onolhe sHERAGS, OL 4N, DA% P2 aTh& rrection

irradi ation position displacenent anount {the voltage

apply & Lo afhustd NGt @ SPr 3B OPE kAt 1 Lpagi At 8R e g
position) 7s
| that the turntable 53 is stopped when
calculating the correction wvoltage for the
10 irradiation position.

" Thus a tfavel distance characteristic
of the electron beam b is computed. Based on the
travel distance characteristic of the electron
beam b, a correction voltage is computed in the

15 irradiation position control part 100, so that
the irradiation position of the electron beam b
is adjusted to beat the appropriate irradiation
position. |

In the electron beam recording

20 apparatus 1l0a of this embodiment,- the turntable
53 is moved to a position of X=0 mm, and a
secondary electron image is obtained.

Then, the image processing part 28
calculates a positional shift of tﬂe particles

25 94, i.e., an irradiation position displacement



successi vely cal cul ated whil e changing the position of
the turntable 53. An approxi mate expression is

W@ eosposse7 usi ng the cal cul at ed i'%4 adi ati on posPCT/air2007/055330
di spl acenment anounts and then witten into the- ROM
8la as a program The second focal position contro
nmet hod and the second irradiation position contro
net hod of the el ectron beam recordi ng apparatus 10a of
t hi srenbodi nenh edesckt bget ahop e iachi fve tddjsateing to the
advantages as the first described nethods. Wile the
el eatppnobeaim t ecdrirh ag 1appas at v Of ke pr esentach
i nvention has been described in terns of preferred
enbedimentd.e i 9 4widd beeappar €ak d 0o Fhagee Skildedonn
the art that the present inventionis not limted to

the preferredmendodi-FRd Satlildist pakad: heheidy spl@cement
variations and nodifications may be made w t hout

slepantd ALl r oM Ehe SEORE Ofa s BE 1idW erbi o JHE A B86Nk 0 the
application 1s based on"Japanese Priority Application

No. =067 fil : g —~yang Japanese
Prig%ﬁggo Qaﬁgggtfﬁﬁgig?ag%ﬁ%@oégﬁﬁéggg?gﬁ gﬁ January

L2 RO o JAPBLOSE AL Ol £ i R PN

| position of the turntable 53. An approximate
expression‘is computed using the calculated

10 irradiation position displacement amounts and
then written into the ROM 8la as a program.

The second focal position control
method and the second irradiation position
control method of the electron beam recording

15 apparatus 10a of this embodiment described above
achieve the same advantages as the first
described methods.

While the electron beam recording
apparatus of the presént invention has been

20 described in terms of preferred embodiments, it
will be apparent to those skilled in the art
that the present invention is not limited to the
preferred embodiments illustrated herein, and
variations and modifications may be.made without

25 departing from the scope of the invention.



by reference. CLAIMS 1 . An electron beamrecording

apparatus that records information onto the surface of
w@2®anpise’ by usi ng an el ectrom B€am conpri si NBCT/JEM07/055330

el ectron source that irradiates the el ectron beam a

magnetic detector that is configured to nove onto and

out of an irradiation axis and acquires nagnetic

information on the irradiation axis ; a convergence

posi tion cont mele park ddwt edlpcll abes. gn carves gepde on

position correction anount for correcting a

CONVaRIeNEs ePOSHE bdt ©f hhe el eatriasn baam we b g-espeot7 7

to the surface of the sanple based on the magnetic

i nf @rined g 0B racayi-ked by, the omgneti £ detRiOEe andiarity

convergence position adjusting part that adjusts the

CONYeS, & tRosht Q. 0 oohe- b soturoNs e Wb hh JBsR8SY 12,
to %ﬁgg§ﬂ§f§£%§%fm?ﬂe sanple ; wherein the convergencg

Poshlhpn cantypl t'ﬂaertJQ?lé% L Ne QAT GBNELCe, the

positionadj usting part to adjust the convergence
entire contents of which are hereby incorporated

by reference.



position of the electron beamw th respect to the
surface of the sanple based on the convergence
wW@o®iTndsn correcti on anount. 2 .74The el ectron BERAR2007/055330
recordi ng apparatus as clainmed in Claim1l , wherein
t he convergence position includes a focal position of
the el ectron beam the convergence position adjusting
part adjusts the focal position of the el ectron beam
with respect to the surface OLLAINeSsanpl e; and the
convergence position control part calculates a foca
position correction anount for correcting the foca
position of the electron beamin a direction in which

the irradiatiqn axian exiekdSsoRndecansesddieding
convergence position adjusting part to adjust the

focalpposhtho ©hatther 8Leatd Onibeadr Math d€SB@Gio t fhe
the surface of the sanple based on the focal position

£OT IRCA £ 9B ATDENG. SmpThe @eggriq%bsﬁméfsertdﬂm_ beam,
apparatus as claimed th daim1 or aim2 , wherein

t he d .positionincludes an irradiation
RSP R

posit el ectron beamin at | east one of two

di rections th%tn aéje_e%rttﬁggog%ufeee%c}hagt h&r- 289 A'Es the

~orthogonal to

electron beam;
a magnetic detector that is configured
10 to move onto and out of én irradiation axis and
acquires magnetic information on the irradiation
axis;
a convergence position control part
that calculates a convergence position
15 correction‘amoﬁnt for correcting a convergence
position of the electron beam with respect to
the surface of the sample based on the magnetic
information acquired.by the magnetic detector:;
and
20 a convergence position adjusting part
that adjusts the convergence position of the
electron beam with respect to the surface of the
sample;
wherein the convergence poéition

25 control part causes the convergence position



the direction in which the irradiation axis extends;

the convergence position adjusting part adjusts the

WO peoaddsmtT on position of the el €& r-on beam w t PCT/ERPEI55330
to the surface of the sanple in at |east said one of

the two directions orthogonal to each other; and the
convergence position control part calculates an ‘
irradi ati on position correction anount for correcting

t he sigy@diatiPrp esi ti Onaefjive eect conengeint at

| east said one of the two directions orthogonal to

each 1 hek onandle cameese 1 Be copMegantewpasi trepect to
adj usting part to adjust the irradiation position of

the . g]ect (0% feam,wi t’@hée%‘?ﬁ&}% 160 gdgeaurdmcenef the

sanple in at |east salid one

the two directions

or t hagonal, gte% @@Cgo%féao@@sc,egr% 5@fow rAgh ahiton

position C
ecording apparatus as claimed in daim1 , further

rrecti on anount he el ectron beam

conprising:a rotating nmechanismunit that includes a

r ot at abl e turat abl %hteha%@ Q}Qﬁh}meriestcﬁ)l:aﬁ%dzj a

f eed mechani smuni

10

15
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apparatus as claimed in Claim 1,

wherein the convergence position
includes a focal position of the electron beam;

the convergence position adjusting part
adjusts the focal position of the electron beam
with respect to the surface of the sample; and

the convergence position control part
calculates a focal position correction amount
for correctingAthe focal position of the
electron beam in a direction in which the
irradiation axis extends, and causes the
convergence position adjﬁstiné part to adjust
the focal position of the electron beam with
respect to the surface of the sample based on

the focal position correction amount.

3. The electron beam recording
apparatus as claimed in Claim 1 or Claim 2,

wherein the convergence position



turntable of the rotating nechanismunit into a plane

orthogonal to the irradiation axis of the electron
whemmioss1posi ti on sensor that is7frovided in tPer/irea /055330

mechani smunit and detects a position of the sanple to

acquire position information of the sanple; and a ‘

hei ght sensor that detects a height of the surface of

the sanple being rotated by the rotating nechani sm

uni t 1zued Wéeag arved riad t &t ifeeedp owchanosmauhi thteo electron

acquire height information of the sanple; .wherein the _

conveegaencenpedi tieasitncdndes @ feoald posicthiomnef et are

el ectron beam the convergence position adjusting part

adj ustcs Hdgo hadal t posiatdonoath d heanel egteom heRW A L] to

respect to the surface of the sanple; and the

convehgenterpesiiié wnigonik ok Hpaf hecalcth at ek Bohocali s

position correction amount for correcting the focal |

posi ék@rrdsthe el ectron beam based on the magnetic

fieldinformation in the direction in which the

irradiation axtgeesends, (?(@l@cgagj’@§h‘€ifdr?l f8djusting part

i nformati on being acquired by the magnetic defector

and ggrrespondinRg {prbhe hei gh position of the electron

| beam with respect to the surface of the sample
in at least said one of the two directions

10 orthogonal to each other; and

the convergence position control part

calculates an irradiation position correction
amount for correcting the irradiation position
of the electron beam in at least said one of the

15 two directions'orthogonal to each other, and
causes the convergence position adjusting part
to adjust the irradiation position of the
electron beam with respect to the surface of the
sample in at least said one of the two

20 directions orthogonal to each other based on the

irradiation position correction amount.

4. The electron beam recording
apparatus as claimed in Claim l, further

25 comprising:



i nformati on of the sanple acquired by the height

sensor and the position information of the sanple
wa@ewailessa? by the position sensor!7and causes tPEI/JP2007/055330

convergence position adjusting part to adjust the

focal position of the electron beamw th respect. to.

the surface of the sanple based on .the focal position

correction anount. 5 . The el ectron beam recording

appar atus as & arptetimg sienlanifamt hed cobpritsiimec Ludes

a rotating nmechanismunit that includes a rotatable

t ur it abbé adra whiecht 4 hetednipd eoin svipiatedtha seetple is

mechani smunit that noves the turntable of the

rot atliagedechani smunit into a plane orthogonal to the

irradiation axis of the electron beam a position

sensor that is previddesk thathiesheeth IeChan MuRids afle
detects a position of the sanple to acquire position

s nf arglhicab DEt Be san®l eoddida Nehghh Sensar et into a
detects a height of the surface of the sanple being

rot 3iegn By Jhenbetcaia N9 Lrechaal Sm Hakl Andoheidig: oved the
by the feed nmechanismunit to acquire hei ght
electron beam;
a position sensor that is provided in
the feed mechanism unit and detects a position
10 of the sample to acgquire position information of
the sample; and
a height sensor that detects a height
of the surface of the sample being rotated by
the rotating mechanism unit and being moved by
15 the feed mebhaﬁism unit to acquire height
information of the sample; wherein
the convergence position includes a
focal position of the electron beam;
the convergenée position adjusting part
20 adjusts the focal position of the electron beam
with respect to the surface of the sample; and
the convergence position control part
éalculates a focal position correction amount
for correcting the focal pbsition of the

25 electron beam based on the magnetic field



informati on of the sanple; wherein wherein the

convergence position includes an irradiation position
woboorhesset ect ron beamin at | east8 one of two dPCEHIRWGMESS330

that are orthogonal to each other and are orthogona

to the direction in which the irradiation axis

extends; the convergence position adjusting part

adjusts the irradiation position of the el ectron beam

Wt iir@spectt t ont hen sthikackl oécttheosanpl evhficat tkeast

said one of the two directions orthogonal to each

ot hdry r sbgreet hohhe shiagnetdtoe S&@BSOrt AeqUWd g8 eBanetie 1 d

informatrion in at |east said one of the two

di ragif ORm0f 1 BA0WE n {0 Laghietherbyanthé hflagnetic

conver gence position control part cayculates an

'rra@&%bQ%fm§hH<Hb£9%@§8h9&d§mﬂetHH% perireet! ng

the irradiation position of the electron beamin at

3 easty £8k-6hHNE 01 dher hwo dipgeld %égﬁ%@#‘%&o%‘}} {Re .height

each ot her based onthe magnetic fi el ntormation in

at 's%?%}o%aiétjﬂgnﬁahgéne}%% itE",fé?gi {iﬁrff&?%%@l&ﬁg?;gf‘ga{hteo

each ot her, Ic fi or mat | on
: 4 orr ;
| ?gqﬁéﬁﬁé%%gﬁﬁ e b tgféf%éooéléﬂ%ncoééﬁi%oﬂ '884q

causes the convergence position adjusting part
to adjust the focal position of the electron
10 beam with respect to the surface of the sample

based on the focal position correction amount.

5. The electron beam recording
apparatus as claimed in Claim 1, further
15 comprising:’ |
a ro;ating mechanism unit that includes
a rotatable turntable on which the sample is
placed;
a feed mechanism unit that moves the
20 turntable of the rotating mechanism unit into a
plane orthogonal to the irradiation axis of the
electron beam;
a position sensor that is provided in
the feed mechanism unit and detects.a position

25 of the sample to acqguire position information of



sanpl e acquired by the height sensor and the position

i nformati on of the sanple acquired by the position
wWa09300581and causes the convergeh®e position aefTSRA00MN55330

part to adjust the irradiation position of the

el ectron beamw th respect to the surface of the

sanple in at |east said one of the two directions

orthogonal to each other based on the irradiation

positth®nsamp ketl;i andnmount. 6 . The el ectron beam

recordi ng apparatus as clained in daim1l , further

conprising: a4 ohatigig: neehav smttzt tkate d el udeseaight

rotatable turntable on which the sanple i s placed; a

f eed freehani savnide t bt dvesalisl buDY Bhhe rftdhed by
rotating nmechanismunit into a plane orthogonal to the

i rradiat b 2Ki 8 Ofmé Be 28] £shr om Peagin AndaipRpi hbed by
sensor that is provided in the feed nechanismwunit and

gdetegls aRAF Lib®h £f i GhHe SRR & 4 022CHAH £F€ RQS{ Lhen
infornmation of the sanple; wherein the convergence
Egg'r#ﬂPBrHH%EQ%S Frfoedl Posbhieon ghdde; gl ectron
wherein the convergence position
includes an irradiation position of the electron
beam in at least one of two directions that are
10 ocrthogonal to each other and are érthogonal to
the direction in which the irradiation axis
extends;
the convergence position adjusting part
adjusts the irradiation position of the electron
15 Dbeam with fespéct to the surface of the sample
in at least said one of the two directions
orthogonal to each other;
wherein the magnetic sensof acquries
magnetic informatrion in at least said one of
20 the two directions orthogonal to each other; and
the convergence position control part
calculates an irradiation position correction
'amount for correcting the irradiation position
of the electron beam in at least séid one of the

25 two directions orthogonal to each other based on



the convergence position adjusting part adjusts the
focal position of the electron beamw th respect to

wao bw740ssiace of the sanple; the 8dnvergence poRCT/iR07/055330
control part acquires focal position adjustnent
informati on for each position of the sanple by A
adj usting the focal position of the electron beam onto
a particle applied to a surface of a test substrate
pl acelde omatdree tuirnt Abkd;d ahd fohenzbhwer gence tposehisan said
control part causes the convergence position adjusting
partote adj ushet hevd oddlr posibinan of ttthegehedt res keadn
based on the focal position adjustnment information. 7

. Thetpkest ronebepiy heeordi pg eappal attsrms t6lch Med iy
Caim1 wherein the convergence position includes an

| 11 agt@hiiane OBt I 1OReOmddigc€hiectdonkeam kn a3fq | east
one of two directions that are orthogonal to each

gt hes o and A enantheoeRal £ 9 hlae fh£eqtdO9-ia b h dherhe

irradi ation axis extends ; the convergence position

20 S48 UL 0Lt e AT LB 95T e
Samﬁgsition information of the sample acquired by
the position sengor, and causes the convergence
position adjusting part to adjust the
10 dirradiation position of the electron beam with
respect to the surface'of the sample in at least
said one of the'two directions orthogonal to
each other based on the irradiation position
correction amount.
15
6. _The electron beam recording
apparatus as claimed in Claim 1, further
comprising:
a rotating mechanism unit that includes
20 a rotatable turntable on which the sample is
placed;
a feed mechanism unit that moves the
furntable of the rotating mechanism unit into a
plane orthogonal to the ifradiationhaxis of the

25 electron beam; and



in at |l east said one of the two directions orthogonal
to each other; the convergence position control part
W@ewailosss? i rradi ation -position &dj ust ment i nf RCTER20E1055330
for each position of the sanple by adjusting the
irradi ation position of the electron beamonto a
particle applied to a surface of "a test substrate
pl aced on the turntable; and the convergence position
control part caudessihédonyengencetpedi tienpadpustiony in
part to adjust the irradiation position of the .
el eckEhén heam ine ahandasm saild oasdofdé¢hectv® a position
directions orthogonal to each other based on the
i rradfattiton pesinlen tadj asgmente i pberimai ben.i8fotheation of
el ectron beam recording apparatus as clainmed in Caim
1 , Wher gampheconvargente position adjusting part
includes an electrostatic lens for adjusting the focal
position of thehel ecénoepAite position includes a
focal position of the electron beam;
the convergence position adjusting part
adjusts the focal position of the electron beam
with respect to the surface of the sample;

10 the convergence position control part
acquires focal position adjustment information
for each position of the sample by adjusting the
focal position of the electron beam onto a
particle applied to a surface of a test

15 substrate placed on the turntable; and

the convergence position control part
causes the convergence position adjusting part
to adjust the focal posifion of the electron

beam based on the focal position adjustment

20 information.

7. The electron beam recording
apparatus as claimed in Claim 1,
wherein the convergence position

25 includes an irradiation position of the electron
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beam in at least one of two directions that are
orthogonal to each other and are orthogonal to
the direction in which the irradiation axis
extends;

the convergence position adjustiﬁg part
adjusts the irradiation position of the electron
beam with respect to the surface of the sample
in at least said one of the two directions
orthogonal to each other;

the convergence position control part
acquires irradiation position adjustment
information for each position of the sample by
adjusting the irradiation position O&f the
electron beam onto a particle applied to a
surface of 'a test substrate placed on the
turntable; and

the convergence position control part
causes the convergence pdsition adjusting part
to adjust the irradiation position of the
electron beam in at least -said one of the two
directions orthogonal to each other based on the

irradiation position adjustment information.

8. The electron beam recording

apparatus as claimed in Claim 1, wherein the
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convergence position adjusting part includes an
electrostatic lens for adjusting the focal

position of the electron beam.



