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Proj ection Lithography Field of Art The present invention relates to a

met hod for el ectron beam projection |ithography and an appar a4 ISNUARY2006 ed
t herefor. Background Art It is known, for transcribing a very fine geonetric
pattern such as a sem conductor integrated circuit on an el ectron exposure
sanple such as a silicon wafer, to use a mask (stencil mask) provided with
a plurality of openings constituting the pattern and expose the pattern on
the exposure sanple by an el ectgPRCIFROATRO3Ed t hrough t he openings of the
stencil mask. The stencil mask with the pattern forned is set as one with a
very small thickness dinmension so as to nake its aspect ratio (the ratio of
the width di MythodrandoApperateptfor Hlexre Beaaf Paojeotieniliithogapphepri ate. Such
a thin stencil nmask has a property to be poor in nmechanical strength and
heat-resi sting strength. When an el ectron beam passes the openings of the
stenci | nBEsltd of Artr osses the openings, a part thereof hits the openi ng edges
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width dimension to the depth dimension of an opening) appropriate. Such a

thin stencil mask has a property to be poor in mechanical strength and
heat-resisting strength.

When an electron beam passes the openings of the stencil mask or
crosses the openings, a part thereof hits the opening edges or portions
between the openings of the stencil mask. The stencil mask absorbs the
electron beam hitting the mask and thermally deforms, which sometimes
caused deformation in the pattern formed in the stencil mask, spoiling the
accuracy in transcribing the pattern into the exposure sample.

Heretofore, in order to prevent such thermal deformation of a stencil
mask, it has been proposed to pass an electron beam which is slow in travel
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 (KOKAI) 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 x 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.



1 4 JANUARY 2006 Al so, because of a narrow space between the stencil mask
and the exposure sanple, lateral diffusion of the el ectron beamdue to

mut ual repul sive action of electrons under slow speed travel i BJANUARY 2006
(accordingly, long traveling) of the electron beamis mnimzed, and a
so-cal l ed out-of-focus pattern on the exposure sanple due to the |lateral
diffusion is prevented. However, even according to this, resolution is
insufficient. Al so, the electron beam being under the Iom#energy state due
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(50 keV) for high acceleration), and then, just before the stencil mask,
placing it in a low accelerated state (reduction by application of a low
acceleration voltage (5 keV)), and placing the electron beam after passing
through the openings of the stencil mask again in a high accelerated state
(acceleration by application of a high acceleration voltage (50 keV)).

According to this, by the reduction of the electron beam, a great heat
load to the stencil mask is avoided, and by the re-acceleration of the electron
beam having passed through the stencil mask, the arrival time of the
electron beam at the exposure sample is shortened to avoid narrowing of the
space between the exposure sample and the stencil mask, thereby enabling
to transcribe on a single layer thick film resist.

The re-acceleration of the electron beam, however, does not contribute
to preventing the electron beam from diffusing laterally due to the reduction
immediately before, thereby obliging a so-called out-of-focus pattern to be
generated.

Disclosure 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



Di sclosure of the Invention It is an object of the present invention to
provide a nethod of electron projection |ithography which inproves
resolution of the exposure on an 2 4 JANUARY 2006 exposure sanpglJANUARM2006
increasing a heat load to a stencil mask, and an apparatus therefor. The
met hod of el ectron projection |ithography according to the present
invention | eads an el ectron beamradiated froman electron emtter through
openings provided in a stencil mask to an exposure sanple to expose it, and
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The apparatus for electron projection lithography according to the
present invention comprises: an electron emitter, a stencil mask having an
openings which permit the electron beam radiated from the electron emitter
to pass through; a base for supporting an exposure sample to be exposed
upon receipt of the electron beam having passed through the openings of the
stencil mask; a low field generator for placing the electron beam under a low
field intensity so that the electron beam may progress at a slow speed until
reaching the openings of the stencil mask; and a high field generator for
placing the electron beam having passed through the openings of the stencil
mask under a high field intensity where the electron beam progresses at a
high speed.
The low field generator may include an electrode disposed on the
upstream side of the stencil mask relative to the progressing direction of the
electron beam and a power source connected to the electrode, and the high
field generator may include a power source connected to the electrode, using
the stencil mask as an electrode.
The apparatus for electron projection lithography can further comprise
a second stencil mask disposed on the upstream side of the above-mentioned
stencil mask in the progressing direction of the electron beam and having



el ectron beam and a power source connected to the el ectrode, and the high
field generator may include a power source connected to the el ectrode, using
the stencil mask as an el ectrode. The apparatus for el ectron pAdA&EIARM2006

| i thography can further conprise a second stencil mask di sposed on the
upstream si de of the above nentioned stencil mask in the progressing
direction of the electron beam and having 3 4 JANUARY 2006 openi ngs of the
sanme or a larger size as or than the correspondi ng openings of the

above- mpLhNRS{RNEA e BISK 1atdbridige BXRASIHA) BRPRSALYSoCONY b5d g gkhe
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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



conparatively wide one, thereby enabling to reduce contam nation of the
stencil mask, that is, contam nation by evaporation fromthe resist of the
exposure sanpl e acconpanyi ng the exposure as well as the nunbed JAINUAREa6O6Ng
times of the stencil nmask, and to aimat reduction in breakage time of the
stencil mask while cleaning and to aimat |ongevity of the stencil mask
acconpanying it. Further, it is possible to nake an exposure sanple with a
conparatively coarse surface or an exposure sanple with a curvature an
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Also, by thlS it is possible to generate a gap enlarged by the resist of the
exposure sample.

When supporting the exposure sample with the base having a support
position changing mechanism, a relative distance of the exposure sample
with respect to the stencil mask can be properly set in accordance with the
surface configuration and the general configuration of the exposure sample.
Also, by changing the distance or the space between the exposure sample and
the stencil mask, the high field intensity (V’2) can be changed without
changing the applied voltage (V), thereby facilitating the field control for
obtaining the lens effect.

In exposing the exposure sample to the electron beam, it is possible
further to dispose a second stencil mask having corresponding openings
larger than the openings of the above-mentioned stencil mask. Since the
second stencil mask is disposed on the upstream side of the original stencil
mask (pattern forming stencil mask) relative to the progressing direction of
the electron beam, the electron beam radiated from the electron emitter,
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



the stencil mask, the high field intensity (V' 2) can be changed w t hout
changing the applied voltage (V), thereby facilitating the field control for
obtaining the lens effect. In exposing the exposure sanple to #HANEIAR) 2096
beam it is possible further to dispose a second stencil mask having
correspondi ng openings |larger than the openings of the above-nentioned
stencil mask. Since the second stencil nmask is disposed on the upstream
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Descri pti on f the Dra F| g. 1 is a schematic drawi ng of the apparatus

for ele reaphy according to the present invention.
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invention. Fig. |sasc hematic drawng simlar to Fig. 1, showng still
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example of the apparatus for electron projection lithography according to the
present invention.
Fig. 5 is a schematic drawing similar to Fig. 1, showing still another
example of the apparatus for electron projection lithography according to the
present invention.

Fig. 6 is a sectional view showing stratified two stencil masks.

Best Mode for Carrying Out the Invention

Referring to Fig. 1, an example of the apparatus for electron projection
lithography according to.the present invention is generally shown with a
reference numeral 10.

The apparatus for electron projection lithography (hereinafter to be
called “exposure apparatus”) 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



Referring to Fig. 1, an exanple of the apparatus for electron projection

| it hography according to. the present invention is generally shown with a
reference nuneral 10. The apparatus for el ectron projection |i #JANERY 2006
(hereinafter to be <called "exposure apparatus™) 10 is used to project and
transcribe a fine geonetrical pattern (hereinafter to be called "pattern")
for formng, for exanple, a sem conductor integrated circuit on a resist 13
of an electron exposure sanple (hereinafter to be called "exposure sanple")
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aiter pacchrbetas BhEIER oEReRts AR AR R SRl ot sl P Rr ey 157
reaches fbrmedemasspam’e afovehmn@rppsge é)ekvmphe stemdl waséskés By this, the
electron beam 22 progresses at a slow speed up to the openings 20 of the
stencil mask under the low field intensity, progresses at a high speed under
the high field intensity after passing through a part of the openings 20 of the
stencil mask 18, reaches the resist 13 of the exposure sample, and exposes it.
For radiation of the electron from a cathode 14 as the electron emitter,
an electrode (anode) 24 is disposed immediately below the cathode 14, a dc
power 26 is connected to both cathode 14 and anode 24, and voltages —Vc and
— Va (Fig. 2) are respectively applied. As shown in Fig. 2, these voltages —
Ve and — Va (- Ve < — Va) are respectively 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 1s connected to this electrode 28 and the stencil mask 18 located
therebelow, and the voltage i1s 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.
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For radiation of the electron froma cathode 14 as the electron emtter, an
el ectrode (anode) 24 is disposed i medi ately bel ow the cathode 14, a dc
power 26 is connected to both cathode 14 and anode 24, and vol # d48UARX:2Mnd
- Va (Fig. 2) are respectively applied. As shown in Fig. 2, these voltages -
Vc and - Va (- Vc < - Va) are respectively |ower voltages than the voltage
of the exposure sanple 12 set at zero voltage (Vw = 0) by ground connecti on
of the base 16. Bel ow t he anode 24, a blanking el ectrode 28 is disposed. A

do_power S04 e £ORAREE £AkaL ¢ Bl Snclieaioacle, gf Al cbhR.aLANG] boTBelialS

| ocat ed . t herebel ow, an eVOtaEIZaﬁ}.j  the anode 24 and the
el ect r ode cgBnected| wsapply pasdtagse th@% 22> of Vehe Bhestenml markaid8d from

the cat hoglethkAdc Bb®ePraVidRGtuld e 1HBRdR1d4 e il 3@ 8 bESeRAVRheSAYHCE 26,
t he el ectrode 2_,1£d(tehe st enci masﬁ 18 as._an gﬂ:i trode, and a dc power 30
g ;

| .
for therPtasaty neldeimthepagy kelgwykitestensy mo d generate the |ow
intensity figédbrithg betlsivagee bBEoMd BEthesdlebtibh rasktetromAt AN IMNGSY 2006 To

the stencil nmsk 1 n el ectrode, ,a ground-connect dc. .power i's
connect ed 5o? E‘?rﬁ%‘égj%ﬂ%‘f"ﬁﬁﬁ 2 e\ﬁa(ri‘rﬁPde\}i%nagg%h%’d)r}o‘ﬁenggﬁyeﬂg? \r(\g‘ﬂégédla and
t he dc peweratdd DA furthern abtgbrdtiedl sbtgerar Heoandbe t24 grdeathat sehbd hi gh
intensi%%(%f%i: g%d in the spg%eﬁlbel ow t.he stencil mask 18. According to this,

t he bea fchgr%grgg@la ]Yi Szﬂe&q‘ fromthe cathode 14 is accel erated
bet ween t he Axbhtlde elettemdbehm 2P ddei2d phygsddehtomglf tled stengeineraakol8,32 and
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progress at- a ! pee ron. béam vi ng passed through
t he st erwi thenkigh figld gendragomdecprosaesatsirétavbigh sheedt enci| mask 18 and the

ggggzur lensanﬂﬂ hel@xpddark 2@ pairgtud 1618 G8eL1EEORvI e HeQIEEESRDAIm 2201 gh

the exposure apparatus 10,. ip order to converge.t el ectron beam
22 havih?d%&@ééaei RBe e gﬁ:,t a¥eris d1gpese %§@avy%aﬁ\ﬁ@ﬂg§§d)eéme?nss
bet ween tht heicdeaieard thedlédieodd 28tthesshalSwt her ebel ow. In the exposure
apparatus 1 a pair of
e

are di sposegfnsgg%’thgg’?%e F‘BB??%W%EEQ;n@gt lﬁﬁ“’ﬁé&hlgg(;f ﬁf’h}égg C‘gls,]:f??"«f%gérrglze
12 (i n neflecdenhaiolils 40 4here dsipsed 3p.thAt che dilegron kelains 22 can scan on
the exposure sample 12 (in more detail, on the resist 13). According to this,
the electron beam 22 is made to change its progressing direction by one
(upper) of the deflection coils 40, and then passed through a predetermined
opening 20 of the stencil mask 18 by the other (lower) deflection coil 42 to
determine its progressing direction so as to be incident perpendicularly on
the surface of the exposure sample 12.

Exposure of a single layer resist, for example, in a production process of
a semiconductor can be set at about 10 kV (absolute 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 electron beam 22
progresses at a slow speed under the low field intensity, the energy level is
comparatively low; therefore, the degree of heat generation caused in the
stencil mask 18 due to incidence of the electron beam 22 is comparatively low,
so that a thermal load to the stencil mask 18 can be reduced. Also, it is easy
for a converging coil for beam formation (not shown) sometimes used as a
part of the exposure apparatus 10 or a deflection coils 30, 32 to display its
performance.

Also, the electron beam 22 under the high field intensity directly



the el ectron beam 22 is made to change its progressing direction by one
(upper) of the deflection coils 40, and then passed through a predeterm ned
opening 20 of the stencil nask 18 by the other (lower) defl ect HdANSBRY 2006t o
determne its progressing direction so as to be incident perpendicularly on
the surface of the exposure sanple 12. Exposure of a single |layer resist,
for exanple, in a production process of a sem conductor can be set at about
10 kV (absolute value) required therefor. For this reason, the total
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By the convergence of the electron beam 22 due to the lens effect, it is

possible to make the electron beam 22 reach and expose the deep part of the
resist 13 of the exposure sample and, thereby, transcribe 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.



the cathode 14 to the stencil mask 18, and a distance fromthe cathode 14 to
t he exposure sanple 12, and their unit is neter (see Fig. 2). Also, the unit
of Va, Vin and W is volt. By the convergence of the el ectron HJANUARYI2¥6t O
the lens effect, it is possible to nmake the el ectron beam 22 reach and
expose the deep part of the resist 13 of the exposure sanple and, thereby,
transcribe the pattern nore accurately. Fig. 4 show ng anot her enbodi nent
of the present invention is referred to in the follow ng. The exposure
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frame 54mask 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.

10



By disposing the second stencil mask 52 above the pattern formng stenci
mask 18, the second stencil mask 52 receives a part of the useless electron
beam 22 which the pattern form ng stencil nmask 18 shoul d nor naHIJANGARE RGOS,

t hereby reducing thermal deformation of the pattern form ng stencil mask
18. In this enbodinent, further, there is provided a dc power 62 which

makes the second stencil mask 52 and the pattern formng stencil mask 18
respectively a negative electrode and a positive electrode. According to

this, it i i o a : i tud 0 i i ity V1
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di stance” “between he exposure sa 2 and stencil mask 18. 10 4 JANUARY
2006 Accor difg mentisned sheveli in dheeexposurel gppabatuse 16hdyed0wet hibet
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and t he fohpatteencransmsiktidBor 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
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The support position changi ng nmechanism 72 can be also applied to the
exposure apparatus 10 shown in Fig. 1. As nentioned above, in the exposure
apparatus 10, 50, 70 of the present invention, a voltage requddJaNUARY 2@0ch
el ectrode (cathode 14, anode 24, stencil mask 18, exposure sanple 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,

i nci dence on the masks 18, 52 for pattern transcription or the |ike, the
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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/i-2kV/-2kV/+2kV  (an example of setting the earth potential
halfway between the stencil mask 18 and the exposure sample 12)

(2) -2kV/~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 1s 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

12



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 sanple 12, the renmining energy required for4JANUARIC2G06N
beam 22 which has passed these regions, in a region for accelerating the

el ectron beam 22. This is because it is easier taking nmeasures to counter
voltage variable in the region for performng only accel eration than taking
nmeasures to counter when the voltage varies in the region where the

el ectro a hape - t n

i nter val%h%gf%\/\%ggsmdse()f 3?1 Ign%?? a%@ %)3 g}rllgﬂglﬁ%e\éggo% REIEEH go :)tgr%al lel to
each ot igéectrenpeamndey ow and the interval between the hou5|ng and the

exposure sanphg egigosufeeﬁﬁﬁbdi\é‘%ﬂd)’e)lﬂbsh%’ a%%%&@tt&oé&%&ﬂﬁi td %@?r&@e@ﬁ the
i nfluence due to a e fiel fu3|o mhen t e vol ge i ncreases

can be rBYeREAN 940 ¢ 95% ?Bﬂl 3¢t aRBhito ddearalsr i1t 83ROSWepPEItBRaD v
applied etx@owﬁe Qé@@slmet &Peﬂiplt@ pléaa&ﬁi@ﬁ ﬁxmlrﬁagi prRluceidnage MaMSs to be
applled res .%IV%“%. g th e1 %@pﬁ Bé ode 24/ stencil mask 18/ exposure
sanpl e {mig ERNEREA §EE tage is 6 kV of the irradiation
el ectron beamis shown in the followng. (1) - 4 kV/- 2 kVI - 2 kVI + 2 kV
(an exanple of setting the earth potential halfway between the stencil mask
18 and the exposure sanple 12) (2) - 2 kV/- 0 kV/ - 0 kV/ + 4 kV (an exanpl e
of setting the anode 24 and the stencil mask 18 in the earth potential and
setting the exposure sanple 12 in a positive potential) In either exanple,
it is possible to choose an arbitrary voltage value between the voltage

val ue applied to the cathode 14 and the voltage value applied to the
exposure sanple 12. In exanple (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 el ectron beam 22, its reshapi ng and
deviation, and stability in the characteristics can be obtained. Further, by
changi ng positions for setting the earth potential, the radiation of the

el ectron beam 22, its reshaping and the characteristics of its deviation are
stabilized, thereby enabling to ensure the stability of the constitution and
12 4 JANUARY 2006 characteristics of the apparatus for changing the energy
applied to the electron beam 22.
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The exposure net hod and exposure apparatus according to the present

i nvention can be also applied not only to the wafer and exposure of the
exposure resist but also to production of the mask, producti ot BANWERE 2006
(mcro electro mechanical systen) and the like. 13 4 JANUARY 2006 SCOPE OF
CLAEvV4S 1. A method of electron beam projection |ithography for |eading and
exposing an el ectron beam radi akeehder @mcaneiectron emtter through

openings provided in a stencil mask to an exposure sanple, wherein said

el ectron beamis placed under a low field intensity where the electron beam
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deter i 98330 RREI A Tr PLAW QRN ulrdachiEl A Gochifs of%sd, here F

is adis e openings of said stencil mask and a_convergent
poi nt ofsteacd mekelet ron beam havi ng . passed through said openings), so that

said el %%épélpb%ﬁg% appn%ea@é ohNiBUOR-IAI6; 9ReBEAGR: Glch $hE Grehbha | mask

may conver ar at us beam pr oj ect on |.ithography
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beam pr ogresses,
P o%enlngs) S0 t%at saad eP ctron beam having passed through the opemings of

said stericil mask mav converge.

2.  An apparatus for electron beam projection lithography comprising:
an electron emitter:
a stencil mask having openings for permitting an electron beam
radiated from said electron emitter to pass through;
2 base for supporting an exposure sample 1o be exposed vpon receipt of
the electron beam having passed through the openings of said stencil mask:
2 low field generator for placing said electron beam under a low field
intensity (V1) so that said electron beam mey progress at a2 slow speed wntil
reaching the openings of said stencil mask; and
2 high field generator for placing said electron heam having passed
through the openings of szid stencil mask under a high field intensity (V2)
where said electron beam progresses 2t 2 high speed.
wherein said high field intensity (V'2) has 2 magnitude such as to satisfy a
relationship (V1- V'2)/4V = 1/F (where V is a voltage applied to said stencil
mack to generate the high field intensity znd F is a distance between the
openings of said stencil mwask and a convergent point of said electron heam
having pasced through szid openings), so that cz2id eleciron beam having

passed threugh the openings of said stencil swask meay converge.
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wherein said high field intensity (V2) has a magnitude such as to satisfy a
relationship (V' 1- V2)14V = 1/F (where Vis a voltage applied to said
stencil mask to generate the high field intensity and F is a qijaNaNGey 2006
bet ween the openings of said stencil mask and a convergent point of Sa|$
el ectron beam having passed through said openings), so that said electron
hears having passed through the openings of said stencil mask nma; converge.
14 4 JANUARY 2006 3. An apparatus according to claim?2, wherein said | ow
field generator, includes an el ectrode dis oggd_gn,tge}g §I¥%?“%§Ldef f said
stenci| mask rel @TRAE 8BS tHEOPrEgr s Siang &i rattFoh 61¢ s5id "8l e & Sh Beam
and a powerncREWCENCORBEGLEd kposAl dnellectpodeanansinhgreiid saindilhinghk Mel d
generator includes a power source, connected ta}saL _stﬁpgillnask as_an

el ectrode. T&20ye iboaglbar]%f't‘)&e%?é]&%rc&? R0 €1 0 SIECHIAnT DEETR dritit 1%
second st ergikce MBSkedisPasad:PrIdACANSIAE N Sede BhdSiaigth $etd Gichermsk
relative to the noving direction of said el ectron beam and hayi ng openi ngs
| ar ger thah“?%%kmd%PP@@ﬁ@ﬁﬂFﬁbcﬁﬁéﬁﬁ%géO6?“%%ﬁﬁciﬁ%ﬁ t PSS RIECH OGN
apparatus according to claim3, further conprising a second stencil nask

di sposed on the upstream side of said stencil nask relative to the noying
direction 6f sdbd SEIEEEFShaHEAMENE FNENG %ﬁ@?ﬁrn@%mp‘é]r%%ig i ﬁ‘%ﬁ‘?ngh%tenmy

corr espondiigsiopERbhBgSd @h slad dipsteneh | siFRS, salhestehoilsaiatl ewlatiel @ the
generator further lnqyudez a. oggr source %gfﬂected tqﬁsai%»seconf signci
Taok as anTBPEE GHECUED Okt e Sk s PEEEHH RG e BPAPHEE JATRET GPA Saf
base for thermsgosidieg cpamies dfasid sseifppoitasposi ti on changi ng nmechani sm f or
changi ng positions to Support said exposure sanple to thereby Change the

di stance between said exposure sanple and said stencil mask. 7. An

appar at us &ccordin mpiteo 2th ek motdingher elanms3i it basecoprisheg exposmcestesadmpl e
has a SuppekLopasihhoi CRangl RERENAN 5iNdsar,; €NaRGENG, PRI LERRR 10 LBUPPOT

sai d exposure sanple to thereby change t I Stance between said exposure
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sanpl e and YOV P & (L RE PPN fa Siead glectron beam and having operungs larger than the
corresponaing openings of said stencil mask, wherein said low field
generator further includes a2 power source connected to said second stencil

mask as an electrode.

6.  Axm apparatus according to claim 2, wherein said base for the exposure
sample has & support position chznging mechanism for changing positions
to support sa2id exposure sample to thereby change the distance between

sa1d exposure sample and said siencd mack.

7. An spparatus according to claim 4, wherein said base for the exposure
sample has a support position changing mechanism for changing positions
10 suppert szid exposure sample to thereby change the distance hetween

sz1d exposure sample and said stencil mask.



