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speed, that is, of a low energy through openings of the stencil mask
(Japanese Patent Appln. Public Disclosure (KOKAI) No. 11-135424 and No.
9-274884).

Japanese Patent Appln. Public Disclosure (KOKAID) No. 11-135424
discloses placing an electron beam radiated from an electron emitter, by
applying a low voltage (2 KeV) to the electron emitter, under a low uniform
motion and making the interval between a stencil mask and an exposure
sample very small (50 1 m).

According to this, heating of the stencil mask is suppressed by the
electron beam progressing at a slow speed, that is, in a low-energy state.



~“On the other hand, Japanese Patent Appln. Public Disclosure (KOKAI) No.

9- 274884 di scl oses placing an el ectron beamradiated froman el ectron
emitter in a high accelerated state (acceleration by application of a

vol tage (50 keV) for high acceleration), and then, just before the stencil
mask, placing it in a |ow accelerated state (reduction by application of a
| ow accel eration voltage (5 keV)), and placing the electron beam after
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D1sclosure of the Invention

It is an object of the present invention to provide a method of electron

projection lithography which improves resolution of the exposure on an




“openi ngs of the sanme or a larger size as or than the correspondi ng openi ngs
of the above-nentioned stencil mask. In the exposure apparatus conpri sing
.the second stencil nmask, the low field generator can further include a
power source connected to the second stencil mask as an el ectrode. The base
for the exposure sanple may be one provided with a support position

changi ng nmechani sm for changi ng a position supporting the exposure sanple
and thereby to change the distance between the exposure sanple and the
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el ectron beam it is possible further to dispose a second stencil mask
havi ng correspondi ng openings | arger tfian the openings of the
above-nentioned stencil mask. Since the second stencil mask is disposed on
the upstream side of the original stencil mask (pattern form ng stenci
mask) relative to the progressing direction of the el ectron beam the
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“downstream si de thereof. Therefore, the thermal expansion of the first
stencil mask is further reduced, so that nore accurate fine pattern
.transcription can be realized. Al so, when providing the second stencil
mask, by di sposing a power source connected to the second stencil mask as
an el ectrode, the electron beamnoving at a sl ow speed can be one step
further accelerated. Brief Description of the Drawings Fig. 1is a
schematic draw ng% of the apparatus for electron projection |ithography
accor di ngpevingseoffhessame onvelargensizeiap opthan sthecayrespondingpnemngs| t age
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bet ween the trodes In aratus shown in Fig. 1. Fig, 3 is an
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a base 16losiepead up 4o dgampdiatslyp "B@fome rgachiag ibe speaingsmpf the stemeil al so a
6 mask, thereby suppressing a temperature rise of the stencil mask due to a

part of the electron beam which is incident on the stencil mask, hitting the
peripheral edge of the openings to be absorbed thereby, and its incidental
thermal deformation. Also, by placing the electron beam having passed
through the stencil mask under a high field intensity (under high
acceleration) where the electron beam progresses at a high speed, the
traveling time of the electron beam required until reaching the exposure
sample is reduced, avoiding a lateral diffusion of the electron beam during
this time, thereby preventing a so-called out-of-focus pattern in the exposure
sample from generating, which enables to attain high resolution exposure.

Further, by preventing a lateral diffusion of the electron beam, the
space between the exposure sample and the stencil mask can be set at a
comparatively wide one, thereby enabling to reduce contamination of the
stencil mask, that is, contamination by evaporation from the resist of the
exposure sample accompanying the exposure as well as the number of
cleaning times of the stencil mask, and to aim at reduction in breakage time
of the stencil mask while cleaning and to aim at longevity of the stencil mask
accompanying it. Further, it is possible to make an exposure sample with a
comparatively coarse surface or an exposure sample with a curvature an
object of exposure.

The low and the high fields where the electron beam is to be placed can



‘plate-like stencil mask 18 in which the pattern to be projected is forned.
The radi oactive source 14, the base 16 and the stencil mask 18 are di sposed
wthin a vacuum space defined by a colum (not shown) which constitutes a
part of the exposure apparatus 10. In nore detail, the radi oactive source
14 and the base 16 are di sposed respectively in the uppernpst position and
the | owernost position of the colum, and the stencil mask 18 is
horlzontally di sposed at an interval from and above the base 16. Al so, the
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Va). The ste¥henmappontdng tbetexposuresamplawitotle base daxing grsuppert

gener at oin,agﬁmtlpcggﬂ%u@t ﬁxetcnﬁnmnﬂl al fglﬁﬁéﬁt&isﬁdrfcbd?f e“é% SRRREs Qﬁ?gyvat he

stenci | ording t eam 2 ectron r ted
fromthe“eahﬁewcmo Rt SO AL %e&t%@@ox angedwitheththode 24

by the I@Wrﬂ‘abelcdnﬂgﬁfﬁﬁémranaZtmngbﬂeml b@ﬂiﬁ@@ﬁﬁicﬁf af €kb bﬁﬁme §a|ﬂ©ﬁ)1@n0de 24
mask 1 s at a.slow s

beam 22 RAVT Y SERERE by BhuRREReT Diedad triSReaRRC SapRu R el |

bet ween the stencnil nasks khé Shighd fiehd iexeusty dVaangre bk2 chgngdte withbuf i eI d
generato I in
order t 05c§ﬁ€ n%r 9&% %Z)%ﬁ]% OI@aéHbearhs%ngxlfgmthteggg glggﬁggﬁﬁ@l%ﬁ here is
di sposedoht?tl@mﬁ SchfGICtSB bet ween t he anode 24 and the el ectrode 28

t her ebel ow. Im X8 P R Mk pRBRAL @hﬁﬁ)léoco fHer éIé@fnonab@é’ah iPhis PoRSibHland
| ower def,l ection am l's 40, ectron beam 22 can

scan on tHg %8s +Sé’°§%1r19p|%C%%?(%%ﬁnﬂirféaglét}éﬁ‘imgo‘ﬁ)rf’?@qné’é’i’%tOPR‘P)‘ngS
Accor di njaitgertthias, thdepehrgisr shthreabovZmentitirkd stencilamaeki t Simdeothiessi ng

Chr §ﬁtgh°§e€<¥@‘é§¢ CotiPRESk S diimBed ot R BoBaim, Pk ot B g ISR
(1 over) deddke atterncloirming stencibmeask) meldtiwe o the pregnegsidigrdicedtion ob as to
be inci dept 165tRERHeath 2R ePikthdE bedhd 368iabd  HEMCYROSIERrSR T ftek?-
when passing through the openings of the second stencil mask and the
openings of the mask for pattern formation successively, hits only the second
stencil mask but does not hit the pattern forming stencil mask located on the



“Exposure of a single layer resist, for exanple, in a production process of
a sem conductor can be set at about 10 kV (absol ute value) required
.therefor. For this reason, the total voltage of the power sources 26, 30
and 34 can be set at - 10 kV, and the total voltage of the sources 26 and
30 and the voltage of the source 34 can be set respectively at - 4 kV and -
6 kV According to the present invention, since the el ectron beam 22
progresses at a slow speed under the low field intensi ty, the energy |evel

i s conpadawinstrepn wide Hoezees e Tharefaregitbe drermalt expansien idfntheadivetl in the
stenci | gasieillinive 10 fuPQIACREEAN, ! U5 PhACUAOR DRRMAR | Bus OPIREAL I Vel Y

|l ow, so that a thernal %ﬂto the Stencil mask 18 can be reduced. Al so, it
is easy Fﬁn&*&r%m?ewh@re 7ed.or beam formation (not shown) sonetinmes used

gs aI part of Alse wheasprevidiigatlad lsécdxm @texﬁnﬂﬁidﬂ@tbwﬂl%hﬁg a0p oxﬁéﬁ t oI g
I'splay I ie

e el egtron, beam 22
i nt ensi tﬁg'd{c?ee%qqrif (f%?)rti%r %éscggg %F@@ﬁ aIP@Pb awh%]ﬁ{:trgﬁe,f %1?‘?1(?51‘?@50
posi t i onpeamnanoting pt eddeve speed dan beidrneostepfurtherexcpelevaedsanpl e 12, so
t hat exposure of a higher resolution as regards the exposure sanple can be
obt ai ned._ Fi g. 3 IS, referred to in the following: A so-called |lens effect
whi ch i s Briefddescriptign efsthecDrawingsof t he el ectron beam 22 havi ng passed

through the qrenings 3&%aﬁtﬂ€arﬁtﬁﬁgldf tHRSKp AL RE f@pb@c&% pi/mé&tcsﬂ ng the
Iowfrelﬁlhnten h™field intensity (V' 2), and’t

It
pot ent i atttRORAAR %/‘t‘fér%‘f‘grf@rt?‘ed’é? entginyeniione| ect r ode so as to satr sfy the
rel ati ons hi p Figpadstahgml/showiivg ];hé4vo‘]r‘mge dppliedies @ack sdb@vedaaddsd ance

(focal t b o) enci,l. _nmask and th

conver ge pge% anltgltatﬁq%#e %qgc?‘? }h %éal%ﬁ é‘?en r}§ fef:ﬁe’dfe%d\?fs“ilk"glacpﬁaﬁﬁgﬂ%i ty V'
1={- vahowpm\)alg}/l(Lm- La), and the high field intensity V2 = {- W -
(- Vm}/ (Lw r Fb‘ife'%c vely a distance fromthe
cat hode 14 tf‘?ﬂ%%ﬁg %pl&ﬁato%ggghﬁ%/ {r;}gemrt e catt.hode 14 to the stencil
mask 18, and Bigdi%idark Schematin dragingsemilan §ot Rig. elpsbowing snathen  and
thei r uniekammpleef ghe éﬁﬁ@raﬁ:’u@ forlect¥o%Pro é&wﬁnhﬁhdéfra]\/ﬁ?f aviardngle Yovhe Vol t.
By the conveet?gence of the electron beam 22 due to the lens effect, it is
possi bl e P{%® RBVERHORY ectron beam 22 reach and expose the deep part of the
resi st 13 of E1ge5e>s|mosuhanaawpimmng sitdibaretyy Fig.r Bnsloowing stk fiither n nore

accuratel nyeption is
referred® %mrpn Pﬁéh$gﬁ¥\% 8?8% §gb&9% ém{é%‘plg %‘t@gpgﬁgﬁg}gf glgoglg this
enbodi nepresentdnveértient from the exposure apparatus 10 shown in Fig. 1 in
conprising amwec 18. The second
stenci| mask Igg Qfﬂéiana%ggﬁghél m?k%}?n%gi%%sétggﬁﬁ%&%ﬁd& gfrir%l% i anond- | i ke
carbon, tungsten, nolybdenum etc., and its thickness di mensi on can be

chosen aiBast Mdédd for Umvﬂomtmﬁﬁ%ﬂmaﬁsk 52 is disposed on the upstream
si de of the

t h f he d st I
sk 52, SoAr RS CATBL BAERRRIE of Wit gPERER R RLac o By o
detail, ﬂithogﬂqﬂrydasrtoedmg torethke piRsent dns@nsen iatgenerally eshosin atithea t he

pattern sk 18 in parallel thereto, constituting an
assenbl yfr?{? e 1?{1131%951[ éntahe pattern formng stencil nask 18 through a

frame 54 mcl'ﬁtﬁ agparatussfaraeleetronc preigctionylithogpaphie (herninafiar et been bot h
stenci|l pRAKE bRpasiekeSdpplratus”) 10 is used to project and transcribe a fine

geometrical pattern (hereinafter to be called “pattern”) for forming, for

example, a semiconductor integrated circuit on a resist 13 of an electron
exposure sample (hereinafter to be called “exposure sample”) such as a
silicon wafer.

The exposure apparatus 10 provided for such a purpose comprises a
radioactive source 14 such as an electron gun which projects the pattern on
the resist 13 of the exposure sample and radiates an electron for exposing,
a base 16 such as a stage for supporting the exposure sample 12 and also a



“The second stencil mask 52 has a plurality of openings 56 confronting the
pl ural openings 20 of the pattern formng stencil mask 18. In the
Jdllustration, the openings 56 are set to be larger than the openings 20,

but as shown in Fig. 5, it is possible to set to have the sane size and the
sanme shape as the openings 20. As shown in Fig. 5, both stencil masks 52
and 18 are forned by providing openings 56 and 20 in a SiN fil mdeposited
on the undersjdes of silicon base, plates 58, 60. Both silicon base plates
58, 60 haletendkestengil mask dSjncwhich thespattermtn by projecteddniformeds, 20, and

base ol ate. 00 b traonbtTRTERIs Ll the Biie® “ﬁ”ﬁd tH@Sﬁ“eﬁ&l %ﬂ?ﬁ o et The
frane 54 dlﬁpsﬁas‘ﬁggﬁ%ga kel éﬁac%tdléﬁé’ieﬁ ‘t’% n&Bo g‘r“?h form ng
slt enci | ﬂﬁﬁ&lﬂlﬂesm@:ﬁﬁCGﬂdhﬁt enpbdn;r@aaispéfameceovesInaknmel td@faull geheusel |e|SS
el ectron ich t ajtern, for S . shoul d_jnor ma
Fecel ve. TRARPEASe, Sifite nLf R 1Bl hat, A Aed Epbiad Mtk laly drelg ™ 1Y
stenci| mpperm®st posmlonsamhdmﬂorvmrmosﬂ:qopsitmn of ther@lumnp andithedtenab power
62 vhi ch RS54 0% ,5EEARM Hi%{}:%laﬁl S BibeA] 05 BAY BBED. LAS Whod 18! enci |

i ectrode an

mask 18 respectively a ne at positive_el ect
Accor di né\le® tha exppsuresspmpde Hi% iy doxizantrlly brlly HispRegH; QHdéleobafE%éGI Bw field

i ntensitya¥allelts mmtghmrﬂ@gkt @g_es to both stencil masks 52, 18, without
changi ng t he ,yol tage .of th wer source, 30,,and g.h f ocal

di st ance (focﬁ?e d@%ﬂ‘ﬂf ‘Pa?ﬁ Eﬁelsl é?l%él"ef‘ﬁee’f fram e%gg ﬁkﬁ %éﬁﬁ‘é’&dand

contr ol | diamoandrlikegatioor,her the dikesslrothe heteneidimtsik 318)f a tglarskpostr e
sample. FEi.Q.:.6 S i Sy Il 0 r d| d i n tion is
referred ok) gn}n%st K@%g%o}\t}\%ﬂﬁg t‘ipgpfS%{?g appasgt(EPs ‘%ggc@gf@% ﬂg‘pt hi s

enbodi mepattegsnf urt her different fromthe exposure apparatus 50 shown in

g N L nakn {AEchARCLBRPlod 2a5RAS o SR R alacki® BofiRPAY! 9OST L1 on
f or

changi ng nechani sm 7 e exposure sanp e support position
changi ng afealaeaedany 2 JoMc Lrieasityn laldbapéaa >hlgh rl&é@rw&y é@,@gwpmﬁtw ®Xi ng t he
base 16 lﬂ&*&ﬁé&'n@&% @%%Vé’and@sﬁyce%diﬁtﬂh@%téﬁlﬁl SUHRROTE, PR khisQPh& hangi ng
mechani s of changi ng t he hei postl tions of. th%@ﬁ?f 16 and

t he expoaﬁ'C %Ih PB‘ 3 RY08T b@ ﬁ%‘fﬁoﬁn% d e taddecrRaTHy et ther eby
ar bi t r ar istenathargkngnddrethi bivafiekd hetenwsiy, ﬂmmgwmstata higipkpedduaddr st enci |
mask 18. C ed

w thout SAABiPhEEH Bialsled deflitadsiity PARLBRGE pALEE thyHocliie B0 BERRECT,

hi gh fi elstlenomlt @r&l§kt158 veaqhe@anheb@smh cthemtpasumsampler, Ia@deX@@Besﬂtst ance F
in the lens qfcfrexcédﬁﬁﬁﬂro@'tﬁg etlébti*é}?ﬁto%% ﬁ§dé’f14t -5 'eéﬁroﬂ:’erﬂfttézhe

exposure sa e ed an spaceé

necessar ¥ §9R§nﬂ<§e)a§ é%ééﬁfmﬂég JEHpe aw 930\5'0 @@9@? dde 2 8¢,

exposure p@fwml% wcbhn@cﬂédrma:tduhe;aamaet Mahdla@lod@mélbanda&ﬂtla}geﬁb% aved!

betvveenthﬁgi) re sa dth t.he nC|I gﬁ{)é)eort

osi 1 on-CRANAIR D e amPeivY AR i L ER 18 o 2t FREBap)

appar at u¥clind hoVim (+ Ve g- Va) are respectlvely lower voltages than the voltage of
the exposure sample 12 set at zero voltage (Vw = 0) by ground connection of
the base 16.

Below the anode 24, a blanking electrode 28 is disposed. A dc power
30 is connected to this electrode 28 and the stencil mask 18 located
therebelow, and the voltage is applied. In the anode 24 and the electrode 28,
holes for passing the beam 22 of the electron radiated from the cathode 14
are provided.

The anode 24 as well as its power source 26, the electrode 28, the
stencil mask 18 as an electrode, and a dc power 30 for them constitute a low
field generator 32, and generate the low intensity field in the space above the
stencil mask 18.




“As mentioned above, in the exposure apparatus 10, 50, 70 of the present

i nvention, a voltage required for each el ectrode (cathode 14, anode 24,
.stencil mask 18, exposure sanple 12, etc.) relative to addition of the
irradiation energy to the el ectron beam 22 fromthe generation of the

el ectron beam 22 to its reshaping, deviation, incidence on the masks 18, 52
for pattern transcription or the like, the arrival up to the exposure
sanple 12 is divided and applied. Usually, as mentioned above, the voltage

of the exposdochestpnel masks1$aaanslectrpde,qr sroind-eomessteddc nowerndki mim
vol t age Y@bé&?néd%@&%'é{ﬁ)lf@ Folthye AU §4n O ViR e et ciidmagkapried, a

mek 16 addcbecbraver R adhsristte oeBiio rerereros Stne BT Rt Bigh each
ST Do e el et it 8 0 e o L,
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| t requi ﬂésseacpelmeatesbhe@emothegmthodel]mgandd:hamadenE&d»b’tﬁ@elomafmhi Al so,
in tg%ﬁr@ra‘%r 99ea 1 @?@%9%{3{1&&@&*&%@ QH{)%% 24' éx? %@Qﬁé}?aaf‘d

|ts devidtion, ther Ive voltage val ue es relating
to them il%ttomrasgess atta slomespesds happens that the reI atl on of a

Iheci 1 LIRSS a0 SO poANeT b i AL AL
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r eshapi n e%ag‘i?i‘?ré‘tt?%r}?e&we%‘i‘ Eg? rSB‘?PCI ﬁfﬁ?‘eig thesexpgsure samplekd e t o
apply a byehd Iﬁbhéield\gbnefatows;aﬁrmebseelaam higlespeedchange in the field
relatlvetotI sur

I te th res ect anpl e
(e 0., an oxgBatFEuplefl Sidsllos 80 Prortsbde GERVERS o8 AheRERBRLR
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Anot her exanp rvely
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accel eration A/&bi'di&% it§ Ehd\pRseht Cinvehdidnal 5ide eﬂ@&"él@@tx@ﬁa'ﬂehﬁl sgpwn in
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cat hode t
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characteristigs c be opt ai rt SItIOI’l setting
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and the characteristics of its deviation are stabilized, thereby enabl i ng
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“characteristics of the apparatus for changing the energy applied to the

el ectron beam 22. The exposure nethod and exposure apparatus according to
.the present invention can be also applied not only to the wafer and
exposure of the exposure resist but also to production of the nask,
production of MEMS (mcro electro nechanical system and the |ike. 13
SCOPE OF CLAIMS 1. A nethod of electron projection |lithography for |eading
and exposing an el ectron beamradiated froman electron enmtter through
openi ngsPIAEoswSRICHT atedy, snibhpubgbidting i4s pesibtaiutewasda predgterminedsai d

el ect r onpHQfBh én Eh@‘éﬁﬁoéﬁi‘éeéaxﬁfieomfécﬁﬂgaﬁ Sk SRRk bf"&“ﬁogf%efr%s@lhﬁﬂnr on beam

progressed at ow speed unti] rea t he openi ngs sai d stencil
mask, anasﬁ?\%ﬁ‘rasﬁ CIOXOPRAFG AP en"é“réﬁ B&b‘ﬁegeam havi ng passed through the
openi ngs of Fag.B i wferredrtadks the f@]lawﬁgg under a high field intensity where
t he el ectron ,beam resses  at met hod cco

i m 1) wheroid R Ff 8 ekt BBIREC o6 FonerERha?or BEF 81 i 1y
(V' 2), abeam 22haxirg pe¥sesphrought thesepeahivge 20 ¢f thesitenoi rgesnlelcanlbeg sai d
hi gh f'ebgtf/llﬂ&? BYdo¥iAE thA9bRT IR SRIASTD), 3R é'}ﬁ% Y (R4 BhRhsRysrp, (V. 1-

V' 2)/4V = i s a djstance bet'ween’t enings o tenci
mask and2addébapetertaal pdimwofshe stenribmask hapanmlectyodrspas segatiihough

sai d Opeﬂhc?ﬁeﬂhtmﬁghiﬂ‘é‘xhoﬁg'tﬂeﬁi (1241 L%)Ia@m&amng passed through the
openlngs 0]

nci | sk nma 3, An ar at f ectron

proj ection I g? %® ?Q@Fﬁéf PSI’]W%‘?'H ?]Egpp%n@fggr?gipf%
havi ng opﬁymlcﬂgmafshramblthe tcgnngrmtqio&nt roﬁrthb@emﬁraﬂllmaml 22 oAlsai theelbect ron
emtter S [ an ml e e
exposed Ipagﬁ%ﬁéclé%ﬁé‘ﬁf Ve o e’éﬁv LI?S’%I%@SH ORI Fhe MBkCrke:
openi ngsinensityi ¥'3t= thwmars N mdMIiw et mgd neH&r@r LﬁorLIpI awd Ngwsared

I I
el ectron, %ﬁ%@%ﬁ?@% d"i’st'a Be fffo‘i+ Ghb 'Uaﬁl:i‘(zdet i’%%@ thBanodd At &l Sistd e B8

progress unt e openln s of, sal d stenci nask
and a hi paféxoaleg% %h@bﬁ engH nﬂﬂ llﬁgagﬁlad oteree BAHEharH dbissed

t hrough tlﬁ@eﬂﬂmr@%nﬁ)ﬁesﬁz Chrid ekt luniBskmetee(sed Migdl2) fi Alsd, thé st ty
wher e sai Elye gctrﬁa eam ogresses at a high speed. 4. An apparat us

accor di n§ W\}Iﬁﬁg fn said | ow field generator includes an
el ectrode di ﬂgod&dcmdrgencqoef tlenolestida ndamBAdae eoche lens kffeet, dat isve to

(e D 095G B EEEHB At il 220680 RERRARE o ROUEE iR B
a resist 13 of the exposure sample and, thereby, transcrlbe the pattern more
accurately.

Fig. 4 showing another embodiment of the present invention is referred
to in the following.

The exposure apparatus 50 relative to this embodiment is different
from the exposure apparatus 10 shown in Fig. 1 in comprising a second
stencil mask 52 besides the stencil mask 18.

The second stencil mask 52 is mde of or from Si, SiC, SiN, diamond,
diamond-like carbon, tungsten, molybdenum, etc., and its thickness
dimension can be chosen arbitrarily. The second stencil mask 52 is disposed
on the upstream side of the stencil mask (in order to distinguish from “the
second stencil mask 52,” sometimes called “pattern forming stencil mask”) 18.
In more detail, the second stencil mask 52 is disposed at an interval above
the pattern forming stencil mask 18 in parallel thereto, constituting an
assembly integrated with the pattern forming stencil mask 18 through a
frame 54 including an insulator such as a glass plate disposed between both
stencil masks 18 and 52.



~14 power source connected to said stencil mask as an el ectrode. 5. An
apparatus according to claim 3, further conprising a second stencil nmask
_di sposed on the upstream side of said stencil mask relative to the noving
direction of said electron beam and havi ng openings |arger than the
correspondi ng openi ngs of said stencil mask. 6. An apparatus according to
claim4, further conprising a second stencil mask di sposed on the upstream
side of said stencil nmask relative to the noving direction of said electron
beam and havilhg sssentsjencilmask bR dast & eleplity P ompeningope ronfronsingai d

stencil pRsklupiiebpéning’i do ! amKd %Ja@t&ﬁ“fdr%&l’g éﬁé&ﬁ:ﬂefnds!kc Ilgdeqnaﬂ{@ower
source c nected tQ said.secgond stenci an, el ect rode

appar at u dlustasion ihe pening arﬁﬁ@t&qh o Javuer ihes hﬁppﬁﬁgl@(%%sll}%teassanpl e

has a sughewh ipddkt 50ib is pasdblectonset hahiaverthesasleadigeé agdpbsisainnshdpe support

sai d expos e sang&%‘g(f t her eby change the di stance between said exposure

sanpl e aﬁﬁ %PBG’% mask. 8. An apparatus according to claim5, wherein

sai d base fOIAst shownpos Ufig. Sanbdth stencl supde 62pandt 19 mrehforguedy hyechani sm

for Cha”g _ \Agéfﬁ'hg t?ﬁa APy EnsaanN%ﬁHP b&sﬁ%ﬂl}hetﬂeo}xh&@fsg&’éfs gf‘ange
nce en sai sal

t he di st exposure sanpl.e an

2 ~~| ~Jp8s 1conatm§|e|1ggtq,805$ Lo dBethasidicondase plates 58, 60 have holes 59, 61
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stenc11 mask 18, the second stencil mask 52 receives a part of the useless

electron beam 22 which the pattern forming stencil mask 18 should normally
receive, thereby reducing thermal deformation of the pattern forming stencil
mask 18.

In this embodiment, further, there is provided a dc power 62 which
makes the second stencil mask 52 and the pattern forming stencil mask 18
respectively a negative electrode and a positive electrode.

According to this, it is possible to change the magnitude of the low field
intensity V'1 by applying voltages to both stencil masks 52, 18, without
changing the voltage of the power source 30, and thereby, the focal distance
(focal depth) F in the lens effect can be readily changed and controlled
according to the thickness of the resist 13 of the exposure sample.

Fig. 6 showing still another embodiment of the present invention is
referred to in the following.

An exposure apparatus 70 according to this embodiment is further
different from the exposure apparatus 50 shown in Fig. 4 in that the base 16
of the exposure sample 12 has a support position changing mechanism 72 for
the exposure sample 12.

The support position changing mechanism 72 includes an arbitrary
structure capable of moving the base 16 upward and downward, and by
operating the support position changing mechanism 72, capable of changing
the height positions of the base 16 and the exposure sample 12 thereon by
ascending and descending them, thereby arbitrarily changing the distance
between he exposure sample 12 and stencil mask 18.
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According to this, the distance (Lw — Lm) can be changed without
changing the value of the applied voltage — Vm, and by this, the high field
intensity V'1 can be changed. As a result, the focal distance F in the lens
effect according to the thickness of the resist 13 of the exposure sample can
be readily changed and controlled.

Also, a space necessary for disposing an exposure sample with a coarse
surface, an exposure sample with a curvature and the like can be easily
obtained between the exposure sample and the the stencil mask 18.

The support position changing mechanism 72 can be also applied to the
exposure apparatus 10 shown in Fig. 1.

As mentioned above, in the exposure apparatus 10, 50, 70 of the
present invention, a voltage required for each electrode (cathode 14, anode
24, stencil mask 18, exposure sample 12, etc.) relative to addition of the
irradiation energy to the electron beam 22 from the generation of the
electron beam 22 to its reshaping, deviation, incidence on the masks 18, 52
for pattern transcription or the like, the arrival up to the exposure sample 12
is divided and applied.

Usually, as mentioned above, the voltage of the exposure sample 12 is
made zero in ground connection, the maximum voltage value (negative
polarity) required for the cathode 14 is added, a low voltage (negative
polarity) is applied to the anode 24 and the stencil mask 18 successively, and
the irradiation electron beam is made to reach the exposure sample 12.
While this enables to avoid a breakdown of the electronic circuit and the like
formed inside the exposure sample 12, by maintaining the exposure sample
12 at an earth potential (zero potential), it requires a power source for
generating the maximum voltage value.

Also, if, in terms of the radiation of the electron beam 22, its reshaping
and its deviation, the relative voltage value between the electrodes relating
to them does not change, it sometimes happens that the relation of a housing
of the above-mentioned apparatus which has the earth potential to the field
changes and influences the characteristics of the radiation, reshaping and
deviation of electron. To prevent this, it is desirable to apply a field shield
which causes each electrode no change in the field relative to the earth
potential.

Also, with respect to an exposure sample (e.g., an exposure resist
presented for evaluation of an irradiation characteristic of the exposure

11
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constant, to fix the characteristics of the radiation, reshaping and deviation
of the electron beam 22, and to add, between the stencil mask 18 and the
exposure sample 12, the remaining energy required for the electron beam 22
which has passed these regions, in a region for accelerating the electron
beam 22. This is because it is easier taking measures to counter voltage
variable in the region for performing only acceleration than taking measures
to counter when the voltage varies in the region where the electron beam 22
is radiated, reshaped and deviated. By setting the interval between the
stencil mask 18 and the exposure sample 12 parallel to each other to be
narrow and the interval between the housing and the exposure sample 12,
respectively in the.earth potential, to be wide, the influence due to a change
in the field diffusion when the voltage increases can be reduced. At this
time, a straight polarity voltage is preferably applied to the exposure sample.

Another example of the voltage values to be applied respectively to the
cathode 14/anode 24/stencil mask 18/exposure sample 12 in case when the
acceleration voltage is 6 kV of the irradiation electron beam is shown in the
following.

(1)-4kV/-2kV/-2kV/+2kV (an example of setting the earth potential
halfway between the stencil mask 18 and the exposure sample 12)

(2 -2kVi~0kV/-0kV/+4kV (an example of setting the anode 24 and
the stencil mask 18 in the earth potential and setting the exposure sample
12 in a positive potential)

In either example, it is possible to choose an arbitrary voltage value
between the voltage value applied to the cathode 14 and the voltage value
applied to the exposure sample 12. In example (2), on account of the
constitution of the apparatus, the cost can be reduced to the least in realizing
the characteristics of the radiation of the electron beam 22, its reshaping and
deviation, and stability in the characteristics can be obtained. Further, by
changing positions for setting the earth potential, the radiation of the
electron beam 22, its reshaping and the characteristics of its deviation are
stabilized, thereby enabling to ensure the stability of the constitution and
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The exposure method and exposure apparatus according to the present
invention can be also applied not only to the wafer and exposure of the
exposure resist but also to production of the mask, production of MEMS

(micro electro mechanical system) and the like.
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1. A method of electron projection lithography for leading and exposing an
electron beam radiated from an electron emitter through openings provided
in a stencil mask to an exposure sample, wherein said electron beam is
placed under a low field intensity where the electron beam progressed at a
slow speed until reaching the openings of said stencil mask, and wherein,
thereafter, the electron beam having passed through the openings of said
stencil mask is placed under a high field intensity where the electron beam
progresses at a high speed.

2. A method according to claim 1, wherein said low field intensity (V'1),
said high field intensity (V’2), and a voltage (V) applied to said stencil mask
for generating said high field intensity are determined so as to satisfy a
relationship (V'1- V’2)/4V = 1/F (where F is a distance between the openings
of said stencil mask and a convergent point of said electron beam having
passed through said openings), so that said electron beam having passed
through the openings of said stencil mask may converge.

3. An apparatus for electron projection lithography comprising:

an electron emitter;

a stencil mask having openings for permitting an electron beam
radiated from said electron emitter to pass throughs;

a base for supporting an exposure sample to be exposed upon receipt of
the electron beam having passed through the openings of said stencil mask;

a low field generator for placing said electron beam under a low field
intensity so that said electron beam may progress at a slow speed until
reaching the openings of said stencil mask; and

a high field generator for placing said electron beam having passed
through the openings of said stencil mask under a high field intensity where
said electron beam progresses at a high speed.

4, An apparatus according to claim 3, wherein said low field generator
includes an electrode disposed on the upstream side of said stencil mask
relative to the progressing direction of said electron beam and a power source
connected to said electrode; and wherein said high field generator includes a
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5. An apparatus according to claim 3, further comprising a second stencil
mask disposed on the upstream side of said stencil mask relative to the
moving direction of said electron beam and having openings larger than the
corresponding openings of said stencil mask.

6. An apparatus according to claim 4, further comprising a second stencil
mask disposed on the upstream side of said stencil mask relative to the
moving direction of said electron beam and having openings larger than the
corresponding openings of said stencil mask, wherein said low field
generator further includes a power source connected to said second stencil
mask as an electrode.

7. An apparatus according to claim 3, wherein said base for the exposure
sample has a support position changing mechanism for changing positions to
support said exposure sample to thereby change the distance between said
exposure sample and said stencil mask.

8. An apparatus according to claim 5, wherein said base for the exposure
sample has a support position changing mechanism for changing positions to
support said exposure sample to thereby change the distance between said
exposure sample and said stencil mask.
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