
(19) United States 
US 2015031 1 036A1 

(12) Patent Application Publication (10) Pub. No.: US 2015/0311036A1 
IDENO (43) Pub. Date: Oct. 29, 2015 

(54) CHARGED PARTICLE BEAM DRAWING HOIJ 37/31 7 (2006.01) 
APPARATUS HOI. 37/20 (2006.01) 

(52) U.S. Cl. 
(71) Applicant: Nuflare Technology, Inc., Yokohama CPC ............. H01J 37/3045 (2013.01); H01J 37/20 

(JP) 

(72) Inventor: Keita IDENO, Yokohama (JP) 
(73) Assignee: Nuflare Technology, Inc., Yokohama 

(JP) 
(21) Appl. No.: 14/674,054 

(22) Filed: Mar. 31, 2015 

(30) Foreign Application Priority Data 

Apr. 25, 2014 (JP) ................................. 2014-091558 
Publication Classification 

(51) Int. Cl. 
HOI. 37/304 
HOI. 37/302 

(2006.01) 
(2006.01) 

(2013.01); H01J 37/3026 (2013.01); H01.J 
37/3174 (2013.01); H01J 2237/063 (2013.01); 
H01J 2237/15 (2013.01); H01J 2237/20292 

(2013.01); HOIJ 2237/3173 (2013.01) 

(57) ABSTRACT 

A charged particle beam drawing apparatus according to an 
embodiment includes; a vacuum vessel including a base 
plate; a stage provided in the vacuum vessel. and Supporting 
a sample; a stage movement mechanism provided in the 
vacuum vessel and moving the stage; a two-dimensional scale 
provided on a lower Surface of the stage; a detection unit 
disposed under the two-dimensional scale and detecting a 
position of the stage by using the two-dimensional scale; and 
a Support body Supporting the detection unit. 
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CHARGED PARTICLE BEAMDRAWING 
APPARATUS 

CROSS-REFERENCE TO THE RELATED 
APPLICATION 

0001. This application is based on and claims the benefit 
of priority from Japanese Patent Application No. 2014 
091558, filed on Apr. 25, 2014; the entire contents of which 
are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
charged particle beam drawing apparatus. 

BACKGROUND 

0003. Along with higher integration and larger capacity of 
large scale integration circuits (LSI) in recent years, the cir 
cuit line width demanded for semiconductor devices has been 
becoming increasingly fine. The lithography technology is 
used to form a desired circuit pattern in a semiconductor 
device. In this lithography technology, pattern transfer is per 
formed using a defined image pattern called a mask (reticle). 
The charged particle beam drawing apparatus having excel 
lent resolution is used to manufacture highly accurate masks 
used for pattern transfer. 
0004. In a vacuum vessel, the charged particle beam draw 
ing apparatus irradiates a predetermined position of a sample 
on a stage with a deflected charged particle beam and draws a 
pattern on the sample while moving the stage that Supports the 
sample such as a mask or a blank. The charged particle beam 
drawing apparatus detects a stage position by means of a laser 
displacement measure provided on the lateral side of the 
vacuum vessel, and performs drawing control based on the 
detected Stage position. 
0005. However, when a vacuum is created in the vacuum 
vessel by decompression, the vacuum vessel is slightly 
deformed due to the effect of the atmospheric pressure (pres 
Sure difference). In this situation, the laser displacement mea 
sure provided on the lateral side may incline due to the defor 
mation of the lateral side of the vacuum vessel, and may fail 
in accurate measurement of the stage position. Thus, there is 
a need for avoiding reduction in the accuracy of the measure 
ment of the stage position. 

BRIEF DESCRIPTION OF DRAWINGS 

0006 FIG. 1 is a schematic diagram illustrating a sche 
matic configuration of a charged particle beam drawing appa 
ratus according to a first embodiment; 
0007 FIG. 2 is a transverse cross-sectional view (cross 
sectional view taken along line A1-A1 of FIG. 1) illustrating 
a schematic configuration of a drawing chamber, a stage 
movement mechanism, and a stage position measurement 
unit according to the first embodiment; 
0008 FIG. 3 is a longitudinal cross-sectional view (cross 
sectional view taken along line A2-A2 of FIG. 2) illustrating 
a schematic configuration of the drawing chamber, the stage 
movement mechanism, and the stage position measurement 
unit according to the first embodiment; 
0009 FIG. 4 is a longitudinal cross-sectional view illus 
trating a schematic configuration of a drawing chamber, a 
stage movement mechanism, and a stage position measure 
ment unit according to a second embodiment; 
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0010 FIG. 5 is a transverse cross-sectional view illustrat 
ing a schematic configuration of a drawing chamber, a stage 
movement mechanism, and a stage position measurement 
unit according to a third embodiment; 
0011 FIG. 6 is a longitudinal cross-sectional view (cross 
sectional view taken along line A3-A3 of FIG. 5) illustrating 
a schematic configuration of the drawing chamber, the stage 
movement mechanism, and the stage position measurement 
unit according to the third embodiment; 
0012 FIG. 7 is a transverse cross-sectional view illustrat 
ing a schematic configuration of a drawing chamber, a stage 
movement mechanism, and a stage position measurement 
unit according to a fourth embodiment; and 
0013 FIG. 8 is a longitudinal cross-sectional view (cross 
sectional view taken along line A4-A4 of FIG. 7) illustrating 
a schematic configuration of the drawing chamber, the stage 
movement mechanism, and the stage position measurement 
unit according to the fourth embodiment. 

DETAILED DESCRIPTION 

0014. According to one embodiment, a charged particle 
beam drawing apparatus includes: a vacuum vessel including 
a base plate; a stage provided in the vacuum vessel and Sup 
porting a sample; a stage movement mechanism provided in 
the vacuum vessel and moving the stage; a two-dimensional 
scale provided on a lower Surface of the stage; a detection unit 
disposed under the two-dimensional scale and detecting a 
position of the stage by using the two-dimensional scale; and 
a support body supporting the detection unit. 
00.15 Various Embodiments will be described hereinafter 
with reference to the accompanying drawings. 

FIRST EMBODIMENT 

0016. A first embodiment is described with reference to 
FIGS. 

0017. 1 to 3. 
0018. As illustrated in FIG. 1, a charged particle beam 
drawing apparatus 1 according the first embodiment includes 
a drawing unit 2 that draws using a charged particle beam, and 
a control unit 3 that controls the drawing unit 2. The charged 
particle beam drawing apparatus 1 is an example of a vari 
able-shaped beam drawing apparatus that uses, for example, 
an electron beam as a charged particle beam. It is to be noted 
that the charged particle beam is not limited to an electron 
beam, and may be other charged particle beam Such as an ion 
beam. 
0019. The drawing unit 2 includes a drawing chamber 2a 
that is a vacuum vessel that houses a sample W on which 
drawing is performed, and an optical lens barrel 2b connected 
to the drawing chamber 2a. The drawing chamber 2a has 
airtightness (hermetic sealing), and functions as a vacuum 
chamber (decompression chamber). The optical lens barrel 
2b is provided on the upper surface of the drawing chamber 
2a. An electron beam is formed and deflected by an optical 
system and the sample W in the drawing chamber 2a is 
irradiated with the electron beam. At this point, the inside of 
both the drawing chamber 2a and the optical lens barrel 2b is 
decompressed to a vacuum state. 
0020. In the drawing chamber 2a, there are provided a 
stage 11 that Supports the sample W. Such as a mask or a blank, 
a stage movement mechanism 12 that moves the stage 11, and 
a stage position measurement unit 13 that measures the posi 
tion of the stage 11. The stage movement mechanism 12 is a 
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mechanism that moves the stage 11 in the X-axis direction 
and the Y-axis direction (hereinafter simply referred to as the 
X direction and the Y direction) that are perpendicular to each 
other in a horizontal plane. The stage position measurement 
unit 13 is a measurement unit that measures the position of the 
stage 11 by detecting graduations of a two-dimensional scale 
13a with an encoderhead 13b, the two-dimensional scale 13a 
being provided on the lower surface of the stage 11 (the 
details will be described later). 
0021. In the optical lens barrel 2b, there are disposed an 
emitter 21 Such as an electrongun that emits an electronbeam 
B, an illumination lens 22 that concentrates the electronbeam 
B, a first shaping aperture 23 for beam shaping, a projecting 
lens 24 for projection, a shaping deflector 25 for beam shap 
ing, a second shaping aperture 26 for beam shaping, an objec 
tive lens 27 that forms a beam focus on the sample W. a 
secondary deflector 28 and a main deflector 29 for controlling 
the beam shot position on the sample W. In the drawing unit 
2, the electron beam B is emitted from the emitter 21 to the 
first shaping aperture 23 via the illumination lens 22. The first 
shaping aperture 23 has, for example, a rectangular opening. 
Thus, after the electron beam B passes through the first shap 
ing aperture 23, the cross-section of the electron beam B is 
shaped in a rectangular form and the electron beam B is 
projected on the second shaping aperture 26 via the projecting 
lens 24. The projection position may be deflected by the 
shaping deflector 25 and the shape and dimension of the 
electron beam B are controllable by changing the projection 
position. Subsequently, the electron beam B, which has 
passed through the second shaping aperture 26, is focused on 
and emitted to the sample Won the stage 11 by the objective 
lens 27. At this point, the shot position of the electronbeam B 
on the sample W on the stage 11 is may be changed by the 
secondary deflector 28 and the main deflector 29. 
0022. The control unit 3 includes a drawing data storage 
unit 3a that stores drawing data, a shot data generation unit 3b 
that processes the drawing data to generate shot data, and a 
drawing control unit 3c that controls the drawing unit 2. It is 
to be noted that the shot data generation unit 3b and the 
drawing control unit 3c may be implemented by hardware 
Such as an electric circuit, by Software Such as a program that 
performs each function, or by a combination of both hardware 
and Software. 

0023 The drawing data storage unit 3a is a storage unit 
that stores drawing data for drawing a pattern on the sample 
W.The drawing data is data that is converted from design data 
(layout data) to a format for the charged particle beam draw 
ingapparatus 1, the design data being created by a designer or 
the like for an integrated circuit, and the drawing data is 
inputted and stored into the drawing data storage unit 3a from 
an external device. For example, a magnetic disk drive or a 
semiconductor disk drive (flash memory) may be used as the 
drawing data storage unit 3a. 
0024. It is to be noted that the design data normally gen 
erally include a large number offine patterns (such as figures) 
and thus have a considerably large data Volume. If the design 
data is converted to another format without any special pro 
cessing, the design data will have a further increased data 
Volume after the conversion. For this reason, data volume 
compression is performed in the drawing data by Such a 
method as data layering or array representations of patterns. 
Such drawing data specifies a drawing pattern for a chip area 
ora drawing pattern for a virtual chip area in which plural chip 
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areas having the same drawing conditions are virtually 
merged and regarded as a single chip. 
0025. The shot data generation unit 3b divides a drawing 
pattern specified by the drawing data into plural stripe areas 
(where longitudinal direction is the X direction and trans 
verse direction is the Y direction) each in reed shape, and 
further divides each stripe area into many Sub areas in a matrix 
form. In addition, the shot data generation unit 3b determines 
the shape, size, and position of each of the figures in each Sub 
area, and when it is not possible to draw the figures by a single 
shot, the shot data generation unit 3b divides a Sub area into 
plural partial areas each of which may be drawn by a single 
shot, and generates shot data. It is to be noted that the length 
of each stripe area in the transverse direction (the Y direction) 
is set to be a length by which the electron beam B may be 
deflected by the main deflection. 
0026. When the above-mentioned drawing pattern is 
drawn, the drawing control unit 3c positions the electron 
beam Bateach sub area by the main deflector 29 and shots the 
electronbeam Bata predetermined position of the sub area by 
the secondary deflector 28 to draw a figure while moving the 
stage 11 in the longitudinal direction (the X direction) of the 
stripe area by the stage movement mechanism 12. Subse 
quently, when drawing of one stripe area is completed, the 
drawing control unit 3c moves the stage 11 by a step in the Y 
direction and draws a figure on the next stripe area, and 
repeats this process to draw a pattern on the entire drawing 
area of the sample W using the electron beam B (example of 
drawing operation). Because the stage 11 is continuously 
moved in one direction during the drawing, the drawing ori 
gin of the sub area is tracked by the main deflector 29 so that 
the drawing origin follows the movement of the stage 11. 
0027. In this manner, the electron beam B is deflected by 
the secondary deflector 28 and the main deflector 29, and the 
shot position of the electron beam B is determined while the 
electron beam B follows the continuously moving the stage 
11. The drawing time may be shortened by moving the stage 
11 continuously in the X direction and controlling the shot 
position of the electronbeam B to follow the movement of the 
stage 11. Although the stage 11 is continuously moved in the 
X direction in the first embodiment, without being limited to 
this, the step-and-repeat drawing method may be adopted in 
which drawing on one Sub area is performed with the stage 11 
stopped and drawing on the next Sub area is not performed 
while the stage 11 is moved to the next sub area. 
0028. In this type of drawing using the electron beam B. 
the information on the position of the stage 11 measured by 
the stage position measurement unit 13 is used not only for 
control (feedback control) over the movement of the stage 11, 
but also for control over the secondary deflector 28 and the 
main deflector 29, that is, control over the shot position (con 
trol overdrawing). For this reason, the measurement accuracy 
of the stage position measurement unit 13 significantly 
affects the drawing accuracy. 
0029. Next, the stage movement mechanism 12 and the 
stage position measurement unit 13 are described in detail. 
0030. As illustrated in FIGS. 2 and 3, the stage movement 
mechanism 12 includes a Y-direction movement mechanism 
12a that moves the stage 11 in the Y direction, and a pair of 
X-direction movement mechanisms 12b and 12c that moves 
the Y-direction movement mechanism 12a in the X direction. 

0031. The Y-direction movement mechanism 12a is a 
mechanism that Supports the stage 11 and guides and moves 
the stage 11 in the Y direction. The pair of X-direction move 
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ment mechanisms 12b and 12c is a mechanism that Supports 
the Y-direction movement mechanism 12a and guides and 
moves the Y-direction movement mechanism 12a along with 
the stage 11 in the X direction. As the movement mechanisms 
12a to 12c, various movement mechanisms may be used, for 
example, a linear motor type movement mechanism using a 
linear motor as a drive source, and a feed screw type move 
ment mechanism using a servo motor as a drive source. 
0032. Another configuration of the stage movement 
mechanism 12 may be adopted in which X-direction move 
ment mechanism that moves the stage 11 in the X direction, 
and a pair of Y-direction movement mechanisms that moves 
the X-direction movement mechanism in the Y direction are 
used. 
0033. The stage position measurement unit 13 includes the 
two-dimensional scale 13a provided on the lower surface of 
the stage 11, and the encoder head 13b that functions as a 
detector that detects graduations of the two-dimensional scale 
13a. 
0034. The two-dimensional scale 13a has lattice-shaped 
graduations (for example, gratings) in the X direction and the 
Y direction. The graduations are detectable by the encoder 
head 13b and are spaced at regular intervals in the X direction 
and the Y direction. Any of various types of two-dimensional 
scales may be used as the two-dimensional scale 13a. It is to 
be noted that the two-dimensional scale 13a is a scale that has 
graduations in at least two directions (for example, the X 
direction and the Y direction). 
0035. The encoderhead 13b is a reflective laser sensor that 
emits a laser beam to the two-dimensional scale 13a and 
receives a laser beam reflected by the two-dimensional scale 
13a. The encoder head 13b measures a length by counting 
graduations of the two-dimensional scale 13a, that is, detects 
the position of the stage 11 by the two-dimensional scale 13a. 
In addition to reflective laser sensors, any of various types of 
encoder heads that are capable of detecting corresponding 
graduations of the two-dimensional scale 13a may be used as 
the encoder head 13b. 

0036. It is to be noted that the number of encoder heads 
13.b is not particularly limited, and for example, 2, 3 or more 
encoder heads 13b are preferably provided. When 3 or more 
encoder heads 13b are provided, a rotation (yaw) direction is 
detectable in addition to the X direction and the Y direction. 

0037. As illustrated in FIG. 3, the above-described 
encoder head 13b is provided on a lid body 31. The lid body 
31 is S provided on the lower surface of a base plate 2a1 of the 
drawing chamber 2a with a hermetic seal member (not illus 
trated) Such as an O ring interposed in between so as to close 
an opening H1 which is a through hole formed in the base 
plate 2a1. The lid body 31 is fixed by plural fixing members 
32 such as bolts. It is to be noted that the four corners of the 
base plate 2a1 are each provided with a leg 2a2. 
0038. The lid body 31 includes a base 31a and a support 
plate 31b, and the encoder head 13b is provided on the upper 
surface of the base 31a which is fixed to the upper surface of 
the support plate 31b. The support body 31 functions as a 
Support body that determines a height position of the encoder 
head 13b by adjusting the height of the base 31a and that 
positions and supports the encoder head 13b below the two 
dimensional scale 13a. 
0039. The lid body 31 is detachable by mounting or 
removing the fixing members 32, thereby providing a struc 
ture to allow the opening H1 to be closed or opened. The lid 
body 31 is removed along with the encoder head 13b by a 
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maintenance worker at the time of maintenance Such as 
replacement (for example, replacement due to a failure or life 
expiry) of the encoder head 13b, and maintenance work for 
the encoder head 13.b over the lid body 31 is performed. 
0040. For example, in the case where maintenance work 
for the encoder head 13b is performed above the drawing 
chamber 2a, the stage 11 and the stage movement mechanism 
12 may interfere with the maintenance work. However, the lid 
body 31 is provided on the lower surface of the drawing 
chamber 2a, and the encoder head 13b is provided on the lid 
body 31, and thus the encoder head 13b may be removed 
along with the lid body 31, thereby enabling easy mainte 
nance of the encoder head 13b. In this manner, maintenance 
performance (maintainability) may be improved. 
0041. Next, a vacuum state (decompressed state) of the 
aforementioned charged particle beam drawing apparatus 1 is 
described. Before start of drawing, the inside of the drawing 
chamber 2a and the optical lens barrel 2b is decompressed to 
a predetermined degree of vacuum, and a vacuum state is 
created, and Subsequently, drawing using a charged particle 
beam is performed. At this point, the inside of both the draw 
ing chamber 2a and the optical lens barrel 2b is in a vacuum 
state, and the drawing chamber 2a is deformed by the atmo 
spheric pressure (pressure difference). However, since the 
base plate 2a1 of the drawing chamber 2a Supports the stage 
11 and the stage movement mechanism 12, the base plate 2a1 
is formed. to be thicker than the side wall of the drawing 
chamber 2a, and thus has high stiffness. 
0042. For this reason, when a vacuum is created inside the 
drawing chamber 2a, the side wall of the drawing chamber 2a 
is deformed. For example, the side wall is deformed so as to 
bend finely (for example, several tens to several hundreds um) 
outward or inward. At this point, the base plate 2a1 of the 
drawing chamber 2a is thick and has high stiffness, and thus 
is not deformed and the lid body 31 provided on the base plate 
2a1 is not inclined. Even when the lid body 31 is inclined, the 
degree of the inclination is not sufficient to decrease the 
accuracy of measurement of the stage position. 
0043. Therefore, even when a vacuum state is created in 
the drawing chamber 2a, the lid body 31 is not inclined due to 
deformation of the side wall of the drawing chamber 2a, and 
thus the position of the encoderhead 13.b on the lid body 31 is 
not moved relative to the two-dimensional scale 13a. Thus, 
occurrence of error in the measurement of the encoder head 
13b is avoidable and reduction in accuracy of the measure 
ment of the stage position is avoidable. It is to be noted that 
when the vacuum state of the drawing chamber 2a and the 
optical lens barrel 2b is released, the drawing chamber 2a and 
the optical lens barrel 2b return to the original forms. 
0044 As described above, according to the first embodi 
ment, the encoder head 13b is provided on the lid body 31 
located on the base plate 2a1 of the drawing chamber 2a, and 
thus even when the drawing chamber 2a is in a vacuum state, 
the lid body 31 is not inclined due to deformation of the side 
wall of drawing chamber 2a, and consequently, the position 
of the encoder head 13b is not moved relative to the two 
dimensional scale 13a. Thus, even when the drawing cham 
ber 2a is in a vacuum state, occurrence of error in the mea 
surement of the encoderhead 13b is avoidable and reduction 
in accuracy of the measurement of the stage position is avoid 
able. 

0045. In addition, by providing the encoder head 13.b on 
the lid body 31, the encoder head 13b may be removed along 
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with the lid body 31, thereby enabling easy maintenance of 
the encoder head 13b and maintenance performance may be 
improved. 

SECONDEMBODIMENT 

0046. A second embodiment is described with reference to 
FIG. 4. In the second embodiment, the difference (the support 
structure for encoder head) from the first embodiment is 
described, and other description is omitted. It is to be noted 
that the same components are denoted by the same symbol. 
0047. As illustrated in FIG. 4, in the second embodiment, 
the opening H1 of the drawing chamber 2a is closed by a lid 
body 41 which is provided on the outer surface of the base 
plate 2a1 of the drawing chamber 2a. Also, a Support body 42 
that supports the encoder head 13b is provided spaced away 
from the lid body 41 in the opening H1. 
0048. The lid body 41 is formed in a plate shape and is 
provided on the lower surface of the base plate 2a1 via a 
hermetic seal member (not illustrated) Such as an O ring so as 
to close the opening H1 of the drawing chamber 2a. The lid 
body 41 is fixed by plural fixing members 43 such as bolts. 
The lid body 41 is detachable by mounting or removing the 
fixing members 43, thereby providing a structure to allow the 
opening H1 to be closed or opened. 
0049. The support body 42 is provided in the opening H1 
located below the stage 11 and supports the encoderhead 13b. 
The Support body 42 includes a base 42a and a Support plate 
42b, and the encoder head 13b is provided on the upper 
surface of the base 42a which is fixed to the upper surface of 
the support plate 42b. The support body 42 functions as a 
Support body that determines a height position of the encoder 
head 13b by adjusting the height of the base 42a and that 
positions and supports the encoder head 13b below the two 
dimensional scale 13a. 
0050. It is to be noted that an annular mounting portion 44 
extending inwardly of the opening H1 is formed near the 
upper end of the opening H1, and the support plate 42b of the 
support body 42 is fixed to the lower surface of the mounting 
portion 44 by plural fixing members 45 such as bolts. The 
mounting portions 44 are part of the inner wall of the opening 
H1. The support plate 42b is detachable by mounting or 
removing the fixing members 45. 
0051. The support body 42 is a support member that Sup 
ports the encoder head 13b, and divides (partitions) the inter 
nal space of the drawing chamber 2a into a first space R1 and 
a second space R2. The support plate 42b of the support body 
42 has plural through holes 46 via which the first space H1 
and the second space R2 communicate with each other. The 
encoder head. 13b is provided. on the support plate 42b so as 
not to close the through holes 46. Thus, the first space R1 and 
the second space R2 communicate with each other and have 
the same pressure. 
0.052. It is to be noted that the number of the above-de 
scribed through holes 46 is not limited to a particular number, 
and so may be one, for example. Also, a communicating 
portion via which the first space R1 and the second space R2 
communicate with each other is not limited to the through 
holes 46, and for an example, the Support plate 42b may be 
provided so that a gap (gap portion) having a predetermined 
distance is formed between the mounting portion 44 and the 
Support plate 42b. As an example, when the Support plate 42b 
is fixed to the mounting portion 44 by the fixing members 45 
Such as bolts, it is possible to form a gap by providing a 
member Such as a washer between the mounting portion 44 
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and the Support plate 42b. It is also possible to form a gap 
therebetween by fixing a rectangular Support plate 42b to the 
annular mounting portion 44, the rectangular Support plate 
42b having a width smaller than the opening diameter of the 
annular mounting portion 44. 
0053. The lid body 41 and the support body 42 are 
removed by a maintenance worker at the time of maintenance 
such as replacement of the encoder head 13b, and mainte 
nance work for the encoder head 13.b over the lid body 41 is 
performed. For example, in the case where maintenance work 
for the encoder head 13b is performed above the drawing 
chamber 2a, the stage 11 and the stage movement mechanism 
12 may interfere with the maintenance work. However, by 
providing the lid body 41 on the lower surface of the drawing 
chamber 2a, and further providing the encoder head 13.b on 
the support body 42 located over the lid body 41, the encoder 
head 13b may be removed along with the lid body 41 and the 
Support body 42, thereby enabling easy maintenance of the 
encoder head 13b. In this manner, maintenance performance 
may be improved. 
0054 Next, a vacuum state (decompressed state) of the 
aforementioned charged particle beam drawing apparatus 1 is 
described. 
0055. Before start of drawing, the inside of the drawing 
chamber 2a and the optical lens barrel 2b is decompressed to 
a predetermined degree of vacuum, and a vacuum state is 
created, and Subsequently, drawing using a charged particle 
beam is performed. At this point, the first space R1 and the 
second space R2 in the drawing chamber 2a are in a vacuum 
state. In the vacuum state, similarly to the first embodiment, 
the base plate 2a1 of the drawing chamber 2a is not deformed 
but the side wall is deformed. In addition, the lid body 41 
located below the lower surface of the base plate 2a1 is curved 
and deformed inward of the drawing chamber 2a due to the 
atmospheric pressure (pressure difference). When the 
vacuum state is released, the lid body 41 and the side wall 
return to its original form. 
0056. When the drawing chamber 2a is in a vacuum state, 
the lid body 41 is deformed due to the atmospheric pressure. 
However, since the first space R1 and the second space R2 
communicate with each other via the through holes 46 of the 
support body 42, the support body 42 that supports the 
encoder head 13b, that is, the base 42a and the support plate 
42b are not deformed due to the atmospheric pressure. There 
fore, the position of the encoder head 13b is not moved 
relative to the two-dimensional scale 13a, and occurrence of 
error in the measurement of the encoderhead 13b is avoidable 
and reduction in accuracy of the measurement of the stage 
position is avoidable. In addition, even when the lid body 41 
is in a thin plate shape and has low stiffness, deformation of 
the lid body 41 does not cause a problem as described above, 
and thus the lid body 41 may be formed in a thin plate shape 
and cost reduction and reduction of apparatus weight may be 
achieved. 

0057. As described above, according to the second 
embodiment, the through holes 46 are provided in the support 
body 42 that supports the encoder head 13b, and thus when 
the drawing chamber 2a is in a vacuum state, the atmospheric 
pressure is not applied to the Support body 42 and the same 
pressure is applied to the upper Surface and the lower Surface 
of the support body 42. As a result, even when the lid body 41 
is deformed by the atmospheric pressure, the support body 42 
is not deformed. Consequently, even when the drawing cham 
ber 2a is in a vacuum state, the position of the encoder head 
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13b is not moved relative to the two-dimensional scale 13a, 
and occurrence of error in the measurement of the encoder 
head 13b is avoidable, and thus reduction in accuracy of the 
measurement of the stage position is avoidable. 
0058. In addition, by providing the encoder head 13.b on 
the support body 42 located over the lid body 41, the encoder 
head 13b may be removed along with the support body 42 
after the lid body 41 is removed, thereby enabling easy main 
tenance of the encoder head 13b, and thus maintenance per 
formance may be improved. 

THIRD EMBODIMENT 

0059. A third embodiment is described with reference to 
FIGS. 5 and 6. 
0060. In the third embodiment, the difference (drawing 
chamber and the support structure for encoder head) from the 
second embodiment is described, and other description is 
omitted. It is to be noted that the same components are 
denoted by the same symbol. 
0061. As illustrated in FIGS. 5 and 6, in the third embodi 
ment, the base plate 2a1 of the drawing chamber 2a includes 
plural Supports 51 that Support the stage 11 and the stage 
movement mechanism 12, and a convex-shaped curved part 
52 that is curved and projects outwardly of the drawing cham 
ber 2a. The supports 51 and the curved part 52 are formed 
integrally with the side wall of the drawing chamber 2a. 
0062. The supports 51 are provided in respective four cor 
ners of drawing chamber 2a, that is, four corners of the base 
plate 2a1, separately, and form part of the base plate 2a1. 
Each of the upper surfaces of the supports 51, that is, indi 
vidual Support side is placed on a corresponding one of ends 
of a pair of X-direction movement mechanisms 12b and 12c, 
and so the X-direction movement mechanisms 12b and 12e 
are provided on the supports 51. 
0063. The curved part 52 is disposed in the middle of the 
base plate 2a1 and connected to each Support 51, and along 
with the supports 51, form the base plate 2a1. The curved part 
52 is formed in a cup shape (hollow hemispherical shape) 
which is curved outwardly of the drawing chamber 2a, that is, 
curved in the direction opposite to the stage 11 inside the 
chamber. That is, the curved part 52 has a curved surface that 
continues to the each support side of the supports 51. 
0064. For example, the curved part 52 has a uniform thick 
ness which is thinner than the thickness of the supports 51. 
The diameter of the curved part 52 in plan view is the same as 
the longitudinal and transverse length of the square base plate 
2a1. The degree of curve (curvature) of the curved part 52 is 
determined based on the thickness of the curved part 52 and 
the thickness of the side wall of the drawing chamber 2a so 
that the supports 51 are not deformed when the drawing 
chamber 2a is in a vacuum state. 
0065. The curved part 52 has an opening H2 that is a 
through hole located below the encoderhead 13b. Similarly to 
the second embodiment, the opening H2 is closed by the lid 
body 41. The lid body 41 is formed in a plate shape and is 
provided on the lower surface of the drawing chamber 2a via 
a hermetic Seal member (not illustrated) such as an O ring. 
The lid body 41 is fixed by plural fixing members 43 such as 
bolts. The lid body 41 is detachable by mounting or removing 
the fixing members 43, thereby providing a structure to allow 
the opening H2 to be closed or opened. 
0066. A support body 61 includes a support plate 61a 
having a through hole H3, and a Support plate 61b that posi 
tions and supports the encoder head 13b in the through hole 
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H3. The support plate 61a is formed in a rectangular shape 
Such as a rectangle, and is provided on the upper Surfaces of 
the supports 51 of the base plates 2a1 so as to straddle and 
cover the curved part 52 of the base plate 2a1. The support 
plate 61a is fixed by plural fixing members 62 such as bolts. 
The support plate 61b also supports the encoder head 13b, is 
provided on the lower surface of the support plate 61a with 
the encoderhead 13b positioned in the through hole H3 of the 
support plate 61a, and is fixed by plural fixing members 63 
such as bolts. The support plate 61a or 61b is detachable by 
mounting or removing the fixing members 62 or 63. 
0067. The support body 61 is a support member that Sup 
ports the encoder head 13b, and divides the internal space of 
the drawing chamber 2a into a first space R1 and a second 
space R2. Since the support body 61 is provided to straddle 
the curved part 52 of the base plate 2a, plural gap portions 64 
are formed between the support plate 61a of the support body 
61 and each support 51 of the base plate 2a1, whereby the first 
space R1 and the second space R2 communicate with each 
other via the gap portions 64. Thus, the first space R1 and the 
second space R2 communicate with each other and have the 
same pressure. 
0068. The lid body 41 and the support plate 61b of the 
support body 61 are removed by a maintenance worker at the 
time of maintenance Such as replacement of the encoderhead 
13b, and maintenance work for the encoder head 13b on the 
support plate 61b is performed. For example, in the case 
where maintenance work for the encoder head 13b is per 
formed above the drawing chamber 2a, the stage 11 and the 
stage movement mechanism 12 may interfere with the main 
tenance work. However, by providing the lid body 41 on the 
lower surface of the drawing chamber 2a, and further provid 
ing the encoderhead 13.b on the support plate 61b located over 
the lid body 41, the encoder head 13b may be removed along 
with the lid body 41 and the support plate 61b, thereby 
enabling easy maintenance of the encoder head 13b. In this 
manner, maintenance performance may be improved. 
0069. When the above-described drawing chamber 2a is in 
a vacuum state, the lid body 41 and the curved part 52 of the 
base plate 2a1 are deformed due to the atmospheric pressure. 
However, since the first space R1 and the second space R2 
communicate with each other via the gap portions 64, the 
support body 61 that supports the encoder head 13b, that is, 
the support plates 61a and 61b are not deformed due to the 
atmospheric pressure. Therefore, the position of the encoder 
head 13b is not moved relative to the two-dimensional scale 
13a, and occurrence of error in the measurement of the 
encoder head 13b is avoidable and reduction in accuracy of 
the measurement of the stage position is avoidable. 
0070. When the drawing chamber 2a is in a vacuum state, 
the curved part 52 of the base plate 2a1 is deformed, for 
example, inward of the chamber due to the atmospheric pres 
Sure. At this point, a force, which pushes out the curved part 
52 in the outer radial direction of the chamber, is applied to 
each support 51 and tries to restore the inclination (inclination 
due to the atmospheric pressure) of each Support side of the 
supports 51 to original state. That is, because of the curved 
structure of the curved part 52, deformation of each support 
51 caused by the force pushing out the curved part 52 may 
cancel deformation of each support 51 caused by the atmo 
spheric pressure. Thus, by applying curved structure to the 
base plate 2a1, deformation of each Support 51 is Suppressed, 
and it is possible to avoid inclination of the upper surface of 
each support 51, that is, the support side. Therefore, the 
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support body 61 on each support 51 is not inclined, and thus 
the position of the encoderhead. 13.b on the lid body 31 is not 
moved relative to the two-dimensional scale 13a. 
0071. In addition, even when the base plate 2a1, that is, the 
curved part 52 is in a thin plate shape and has low stiffness, 
deformation of the curved part 52 suppresses deformation of 
each Support 51 and does not cause a problem as described 
above. For this reason, the thickness of the base plate 2a1 does 
not have to be increased to avoiddeformation of the base plate 
2a1, and the base plate 2a1 may be formed in a thin plate 
shape, and thus cost reduction and reduction of apparatus 
weight may be achieved. 
0072. As described above, according to the third embodi 
ment, it is possible to obtain the same effect as in the second 
embodiment, and reduction in accuracy of the measurement 
of the stage position is avoidable. In addition, after the lid 
body 41 is removed, the encoder head 13b may be removed 
along with the Support plate 61b, thereby enabling easy main 
tenance of the encoder head 13b and maintenance perfor 
mance may be improved. 

FOURTHEMBODIMENT 

0073. A fourth embodiment is described with reference to 
FIGS. 7 and 8. In the fourth embodiment, the difference (the 
support structure for encoder head) from the third embodi 
ment is described, and other description is omitted. It is to be 
noted that the same components are denoted by the same 
symbol. 
0074 As illustrated in FIGS. 7 and 8, in the fourth embodi 
ment, a support body 71 includes a pair of support plates 71a 
and 71b, and a support plate 71c that supports the encoder 
head 13b. 
0075. The pair of support plates 71a and 71b is formed in 
a rectangular shape, and is provided on the upper Surfaced of 
the supports 51 so as to straddle the curved part 52 of the base 
plate 2a1 in the Y direction. The support plates 71a and 71b 
are each fixed by plural fixing members 72 such as bolts. The 
pair of support plates 71a and 71b are separately positioned 
on both end sides of the base plate 2a. The support plates 71a 
and 71b are each detachable by mounting or removing the 
fixing members 72. Similarly to the above-described support 
plates 71a and 71b, the support plate 71c is formed in a 
rectangular shape Such as a rectangle. The Support plate 71c 
bridges between the support plates 71a and 71b so as to 
straddle the curved part 52 of the base plate 2a1 in the X 
direction, and is provided on the lower surface of the support 
plates 71a and 71b. The support plate 71c is fixed by plural 
fixing members 73 such as bolts. It is to be noted that the 
support plate 71c is positioned to pass through the middle of 
the base plate 2a1. The support plate 71c is detachable by 
mounting or removing the fixing members 73. 
0076. The support body 71 is a support member that Sup 
ports the encoder head. 13b, and divides the internal space of 
the drawing chamber 2a into a first space R1 and a second 
space R2. Since the support body 71 is provided to straddle 
the curved part 52 of the base plate 2a1, plural gap portions 74 
are formed between the support body 71 and each support 51 
of the base plate 2a1, where the first space R1 and the second 
space R2 communicate with each other via the gap portions 
74. Thus, the first space R1 and the second space R2 commu 
nicate with each other and have the same pressure. 
0077. The lid body 41 and the support plate 71c of the 
support body 71 are removed by a maintenance worker at the 
time of maintenance Such as replacement of the encoderhead 
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13b, and maintenance work for the encoder head 13b on the 
support plate 71c is performed. For example, in the case 
where maintenance work or the encoder head 13b is per 
formed above the drawing chamber 2a, the stage 11 and the 
stage movement mechanism 12 may interfere with the main 
tenance work. However, by providing the lid body 41 on the 
lower surface of the drawing chamber 2a, and further provid 
ing the encoderhead 13.b on the support plate 71c located over 
the lid body 41, the encoder head. 13b may be removed along 
with the lid body 41 and the support plate 71c, thereby 
enabling easy maintenance of the encoder head 13b. In this 
manner, maintenance performance may be improved. 
0078. When the above-described drawing chamber 2a is in 
a vacuum state, the lid body 41 and the curved part 52 of the 
base plate 2a1 are deformed due to the atmospheric pressure. 
However, as similarly to the third embodiment, since the first 
space R1 and the second space R2 communicate with each 
other via the gap portions 74, the support body 71 that Sup 
ports the encoder head 13b, that is, the pair of support plates 
71a and 71b and the support plate 71 are not deformed due to 
the atmospheric pressure. Therefore, the position of the 
encoder head 13b is not moved relative to the two-dimen 
sional scale 13a, and occurrence of error in the measurement 
of the encoder head. 13b is avoidable and reduction in accu 
racy of the measurement of the stage position is avoidable. 
0079. In addition, even when the base plate 2a1, that is, the 
curved part 52 is in a thin plate shape and has low stiffness, 
similarly to the third embodiment, deformation of the curved 
part 52 suppresses deformation of each support 51 and does 
not cause a problem. For this reason, the thickness of the base 
plate 2a1 does not have to be increased to avoid deformation 
of the base plate 2a1, and the base plate 2a1 may beformed in 
a thin plate shape, and thus cost reduction and reduction of 
apparatus weight may be achieved. 
0080. As described above, according to the fourth embodi 
ment, it is possible to obtain the same effect as in the third 
embodiment, and reduction in accuracy of the measurement 
of the stage position is avoidable. In addition, after the lid 
body 41 is removed, the encoder head 13b may be removed, 
along with the Support plate 71c, thereby enabling easy main 
tenance of the encoder head 13b and maintenance perfor 
mance may be improved. 

OTHER EMBODIMENTS 

0081. In the above-described first to fourth embodiments, 
as the two-dimensional scale 13a, a scale having lattice 
shaped graduations in the X direction and the Y direction is 
used. However, without being limited to this, a scale having 
graduations in a direction other than the X direction and the Y 
direction may be used as long as the scale has graduations in 
at least 2 directions, for example. 
0082 In the third embodiment described above, the 
curved part 52 is not completely covered by the support body 
61 and the gap portions 64 are provided as communicating 
portions. However, without being limited to this, for example, 
the curved part 52 may be completely covered by the support 
body 61 which may be provided with a through hole as a 
communicating portion. Although the plate-shaped Support 
plates 61a and 61b are used as the support body 61, without 
being limited to this, for example, a Support member other 
than a plate-shaped member may be used. 
I0083. In the fourth embodiment described above, the Sup 
port plate 71c of the support body 71 is provided to straddle 
the curved part 52 in the X direction. However, without being 
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limited to this, the support plate 71c of the support body 71 
may be provided to straddle the curved part 52 in another 
direction, for example, in a slanting direction with respect to 
the X direction. Although the plate-shaped support plates 71a 
and 71b are used as the support body 71, without being 
limited to this, for example, a Support member other than a 
plate-shaped member may be used. 
0084. While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 
What is claimed is: 
1. A charged particle beam drawing apparatus, comprising: 
a vacuum vessel including a base plate; 
a stage provided in the vacuum vessel and Supporting a 

sample: 
a stage movement mechanism provided in the vacuum 

vessel and moving the stage; 
a two-dimensional scale provided on a lower Surface of the 

Stage, 
a detection unit disposed under the two-dimensional scale 

and detecting a position of the stage by using the two 
dimensional scale; and 

a Support body Supporting the detection unit. 
2. The charged particle beam drawing apparatus according 

to claim 1, wherein the base plate has an opening. 
3. The charged particle beam drawing apparatus according 

to claim 2, wherein 
the Support body is mounted on the base plate, and 
the opening is closed by the Support body. 
4. The charged particle beam drawing apparatus according 

to claim 3, wherein the support body is detachable. 
5. The charged particle beam drawing apparatus according 

to claim 2, wherein 
an outer surface of the base plate is further provided with a 

lid body that closes the opening, 
the Support body is spaced away from the lid body, and 
an upper area and a lower area above and below the Support 
body communicate with each other. 

6. The charged particle beam drawing apparatus according 
to claim 5, wherein the lid body is detachable. 
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7. The charged particle beam drawing apparatus according 
to claim 5, wherein the opening is further provided with a 
mounting portion for installing the Support body. 

8. The charged particle beam drawing apparatus according 
to claim 5, wherein the support body has a first through hole. 

9. The charged particle beam drawing apparatus according 
to claim 5, wherein at least part of the support body is spaced 
away from an inner wall of the opening. 

10. The charged particle beam drawing apparatus accord 
ing to claim 1, wherein 

the base plate includes a plurality of Supports that Support 
the stage movement mechanism, and a curved part that is 
curved outwardly of the vacuum vessel, 

both ends of the support body are disposed on the plurality 
of Supports in Such away that the Support body straddles 
the curved part, and 

an upper area and a lower area above and below the Support 
body communicate with each other. 

11. The charged particle beam drawing apparatus accord 
ing to claim 10, wherein 

the base plate has an opening in the curved part, and further 
includes a lid body that closes the opening. 

12. The charged particle beam drawing apparatus accord 
ing to claim 11, wherein the lid body is detachable. 

13. The charged particle beam drawing apparatus accord 
ing to claim 10, wherein the support body includes: 

a first Support plate including a second through hole, and 
both ends of the first support plate disposed on the Sup 
ports in such a way that the first support plate straddles 
the curved part; and 

a second Support plate mounted on the first Support plate in 
Such a way as to close at least part of the second through 
hole and the second Support Supporting the detection 
unit. 

14. The charged particle beam drawing apparatus accord 
ing to claim 10, wherein the support body includes: 

a pair of third support plates each of which has both ends 
disposed on the Supports in Such a way that the third 
Support plate straddles the curved part, and 

a fourth Support plate mounted on the pair of third Support 
plates in such a way as to bridge between the third 
Support plates, and the fourth Support plate Supporting 
the detection unit. 

15. The charged particle beam drawing apparatus accord 
ing to claim 10, wherein the curved part has a thickness less 
than a thickness of each of the Supports. 
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