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CHARGED PARTICLE BEAM DRAWING
APPARATUS AND CHARGED PARTICLE
BEAM DRAWING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2013-093686 filed in Japan on Apr. 26, 2013; the entire con-
tents of which are incorporated herein by reference.

FIELD

[0002] The present invention relates to a charged particle
beam drawing apparatus and a charged particle beam drawing
method.

BACKGROUND

[0003] A charged particle beam drawing apparatus such as
electron beam drawing apparatus is configured of a plurality
of' chambers such as drawing chamber for drawing on a target
object with an electron beam and an alignment chamber for
aligning a target object transtferred into the drawing chamber.
[0004] A drawing accuracy in such a drawing apparatus
depends on a distribution of inplane temperature of a target
object, and thus a difference in inplane temperature of the
target object needs to be as little as possible. Thus, the target
object is kept at a constant temperature inside the alignment
chamber therefor, for example.

[0005] Along with miniaturization of devices, drawing
with a higher accuracy is required. However, the alignment
chamber is provided with heat sources such as motors for
aligning a target object and sensors for detecting a position of
the target object, and a difference in inplane temperature of
the target object is difficult to further reduce.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a diagram schematically illustrating a
structure of an electron beam drawing apparatus according to
one embodiment of the present invention;

[0007] FIG. 2 is a cross-section view of a soaking chamber
along the dotted line X-X' of FIG. 1;

[0008] FIG.3 is ahorizontal cross-section view of the soak-
ing chamber along the dotted line Y-Y" of FIG. 2; and
[0009] FIG. 4 is a block diagram of a control system for
explaining a target object temperature control method by the
soaking chamber.

DETAILED DESCRIPTION

[0010] A charged particle beam drawing apparatus accord-
ing to one embodiment of the present invention comprises a
load lock chamber provided for introducing a target object
from the outside and capable of switching an atmosphere
state and a vacuum state, a transfer chamber arranged so as to
be able to communicate with the load lock chamber and
transferring the target object, a soaking chamber arranged so
as to be able to communicate with the transfer chamber and
having a temperature adjustment container for housing the
target object therein and controlling a temperature of the
target object with radiation and a temperature adjustment part
for controlling a temperature of the temperature adjustment
container, and a drawing chamber arranged so as to be able to
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communicate with the transfer chamber and drawing on the
target object at a constant temperature.

[0011] A charged particle beam drawing method according
to the embodiment of the present invention comprises arrang-
ing a target object in a temperature adjustment container
inside a soaking chamber, controlling a temperature of the
temperature adjustment container by a temperature adjust-
ment part provided outside the soaking chamber, controlling
a temperature of the target object with radiation of the tem-
perature adjustment container thereby to set the target object
at a constant temperature, and drawing on the target object at
a constant temperature.

[0012] The charged particle beam drawing apparatus and
the charged particle beam drawing method according to the
embodiment of the present invention will be described below.
[0013] FIG. 1 is a diagram schematically illustrating a
structure of an electron beam drawing apparatus as one form
of the charged particle beam drawing apparatus according to
the present invention. The electron beam drawing apparatus
10 illustrated in FIG. 1 has a carry-in/out part 11 on which a
target object such as mask substrate is placed, a load lock
chamber 12 capable of switching an atmosphere state and a
vacuum state, an alignment chamber 13 for aligning the target
object, a mask cover housing chamber 14 capable of housing
a mask cover attachable/detachable to/from the target object
therein, a vacuum robot chamber 15 having a vacuum trans-
ferring robot 15a therein, and a drawing chamber 16 for
drawing on the target object. The electron beam drawing
apparatus 10 further has a soaking chamber 17 for setting the
target object at a constant temperature.

[0014] The carry-in/out part 11 has a plurality of placement
parts 11a capable of placing a target object thereon. The
carry-in/out part 11 has an atmosphere transferring robot 115
for transferring a target object in atmosphere therein.

[0015] The carry-in/out part 11 is arranged so as to be able
to communicate with the load lock chamber 12. The inside of
the load lock chamber 12 is in atmosphere or vacuum with air
supply or exhaust.

[0016] The vacuum robot chamber 15 which is a transfer
chamber for transferring the target object is arranged so as to
be able to communicate with the load lock chamber 12. A
horizontal cross-section shape of the vacuum robot chamber
15 is substantially octagonal, for example. The vacuum robot
chamber 15 has a vacuum transferring robot 15a for transfer-
ring the target object in vacuum therein.

[0017] The alignment chamber 13 is arranged so as to be
able to communicate with the vacuum robot chamber 15 such
that a phase connected to the vacuum robot chamber 15 is
substantially perpendicular to the load lock chamber 12. The
mask cover housing chamber 14 is arranged at another side so
as to be able to communicate with the vacuum robot chamber
15.

[0018] The alignment chamber 13 performs a processing of
detecting a position misalignment and a rotation misalign-
ment of the transferred target object and correcting the posi-
tion misalignment and the rotation misalignment of the target
object, or an alignment processing.

[0019] The mask cover housing chamber 14 can house a
mask cover for suppressing charging of the target object
therein, and can attach or detach the mask cover to or from the
target object.

[0020] The drawing chamber 16 is arranged so as to be able
to communicate with the vacuum robot chamber 15 such that
a phase connected to the vacuum robot chamber 15 is oppo-
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site to the load lock chamber 12. A stage 16a movable inside
the drawing chamber 16 is arranged in the chamber 16. A
target object is placed on the stage 16a in the drawing cham-
ber 16, and drawing is performed.

[0021] Further, the soaking chamber 17 is arranged so as to
be able to communicate with the vacuum robot chamber 15
such that a phase connected to the vacuum robot chamber 15
is a phase between the load lock chamber 12 and the align-
ment chamber 13, for example.

[0022] In the electron beam drawing apparatus 10, the
vacuum robot chamber 15, the mask cover housing chamber
14, the alignment chamber 13, the drawing chamber 16 and
the soaking chamber 17 configure a vacuum unit.

[0023] FIG. 2 is a cross-section view of the soaking cham-
ber 17 along the dotted line X-X' of FIG. 1. FIG. 3 is a
horizontal cross-section view of the soaking chamber 17
along the dotted line Y-Y' of FIG. 2. The soaking chamber 17
is arranged so as to be able to communicate with the vacuum
robot chamber 15. A heat insulating member 20 is provided
on the outer periphery of the soaking chamber 17. The heat
insulating member 20 is a water cooling system (water cool-
ing jacket) through which constant temperature water at a
predetermined temperature flows, for example. The heat insu-
lating member 20 suppresses a temperature inside the soaking
chamber 17 from changing due to an outside temperature.

[0024] Theheat insulating member 20 can cause generation
of particles, and is preferably arranged outside the soaking
chamber 17 as illustrated.

[0025] A temperature adjustment container 19 made of a
member having a radiation property is arranged inside the
soaking chamber 17 in order to suppress a difference in
inplane temperature of a target object 21 and to control the
target object 21 at a predetermined temperature. A plurality of
support bodies 24 for supporting the target object 21 and a
temperature sensor 25 for detecting a temperature of the
target object 21 are arranged inside the temperature adjust-
ment container 19. Then, the temperature adjustment con-
tainer 19 is connected to a temperature adjustment part 22
provided outside the soaking chamber 17 via a heat transfer
member 23 made of Cu, for example.

[0026] The temperature adjustment container 19 is config-
ure of an upper plate 19a¢ and a lower plate 195, which are
parallel with each other, and side plates 19¢ connecting the
upper plate 19a and the lower plate 195. The upper plate 194
and the lower plate 196 are square, and an opening 19¢-1 for
transferring in and out the target object 21 is provided at part
of the side plate 19¢ as illustrated in FIG. 3.

[0027] The materials of the temperature adjustment con-
tainer 19 preferably have a relatively high heat conductivity
of about 391 W/mk and a high radiation rate in terms of
improvement in radiation efficiency (time required to set a
constant temperature) and enhancement in uniformity of
inplane temperature. For example, formed films such as
AlTiN-coated Cu (which will be denoted as Cu+AlTiN
below), Al+black nickel plate and Al+AITiN may be
employed, and Cu+DLC may be also employed as the mate-
rials. Bulk materials such as SiC and Cu may be employed as
the materials in order to suppress particles or contamination
from occurring.

[0028] A radiation rate may be different between the inner
wall and the outer wall of the temperature adjustment con-
tainer 19. A radiation rate of the inner wall is set at 0.5 or more
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and a radiation rate of the outer wall is 0.2 or less with the
surface processing, for example, thereby efficiently adjusting
a temperature.

[0029] A plurality of support bodies 24 for supporting the
target object 21 are provided inside the temperature adjust-
ment container 19 as illustrated in FIG. 2. The support bodies
24 are preferably provided such that a distance La between
the top face of the placed target object 21 and the inner wall of
the upper plate 19¢ is substantially equal to a distance Lb
between the bottom face of the target object 21 and the inner
wall of the lower plate 195. As illustrated in FIG. 3, the target
object 21 is preferably provided such that a rotation center O
of the upper plate 19a and the lower plate 195 substantially
matches with a rotation center of target object 21. Each sup-
port body 24 preferably has conductivity in order to suppress
the target object 21 from being charged, and each support
body 24 is preferably made of resin in order to suppress the
generation of particles from the back face of the placed target
object 21.

[0030] The temperature adjustment part 22 controls a tem-
perature of the temperature adjustment container 19, and is
configured of a Peltier device 224 and a cooling part 225 for
cooling the peltier device 224, for example. The temperature
adjustment container 19 is controlled at a predetermined tem-
perature via the heat transfer member 23 by the Peltier device
22a. The temperature adjustment part 22 may be configured
of'a water cooling system.

[0031] The temperature sensor 25 is provided among a
plurality of support bodies 24 on the lower plate 195 of the
temperature adjustment container 19. The temperature sensor
25 preferably has a high resolution of 0.002° C. or more, for
example.

[0032] FIG. 4 is a block diagram of a control system for
explaining a target object temperature control method by the
soaking chamber 17 described above. As illustrated in FIG. 4,
the temperature sensor 25 is connected with a temperature
adjuster as a temperature control part 26, for example. The
temperature control part 26 is connected with a Peltier driver
for driving the Peltier device as a temperature adjustment part
driver 27 for driving the temperature adjustment part 22.
Then, the Peltier device 22a as the temperature adjustment
part 22 is connected to the temperature adjustment part driver
27, for example.

[0033] When a temperature of the target object 21 is
detected by the temperature sensor 25, the detected tempera-
ture data is sent to the temperature control part 26. The tem-
perature control part 26 compares the resultant temperature
data with a desired target object temperature. Further, the
temperature control part 26 controls the temperature adjust-
ment part driver 27 such that the target object 21 substantially
matches with the desired target object temperature. The tem-
perature adjustment part driver 27 drives the temperature
adjustment part 22 such that the target object 21 is substan-
tially at a predetermined target object temperature. Conse-
quently, the target object 21 inside the temperature adjust-
ment container 19 reaches the predetermined temperature.
[0034] As described above, the temperature adjustment
container 19 is temperature-controlled by the temperature
adjustment part 22 but the temperature adjustment part 22 is
connected to the bottom face of the temperature adjustment
container 19 via the heat transfer member 23, and thus a
temperature is the highest at the position connected to the heat
transfer member 23 and a temperature gradually lowers away
from the position. As illustrated in FIG.2, the position con-
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nected to the heat transfer member 23 (the position as the
rotation center of the lower plate 195) is assumed as position
a, the surrounding part of the lower plate 195 of the tempera-
ture adjustment container 19 is assumed as position b, the
center part of the side plate 19¢ is assumed as position c, the
surrounding part of the upper plate 194 is assumed as position
d, and the position as the rotation center of the upper plate 19«
is assumed as position e. Then, a temperature at the position
ais assumed as Ta, a temperature at the position b is assumed
as Th, a temperature at the position ¢ is assumed as Tc, a
temperature at the position d is assumed as Td, and a tem-
perature at the position e is assumed as Te. At this time, the
temperatures at the respective positions are in
Ta>Tb>Tc>Td>Te (where Ta+Te=Tz and Tb+Td=Tz). In this
way, a temperature variation occurs also in the temperature
adjustment container 19.

[0035] Herein, the target object 21 is controlled at a prede-
termined temperature with radiation from the upper plate 194
and radiation from the lower plate 1956 in the temperature
adjustment container 19. Thus, the target object 21 is
arranged at the center of the temperature adjustment con-
tainer 19 so that a temperature near the rotation center of the
target object 21 is defined by the temperature Ta at the posi-
tion a and the temperature Te at the position e (Iz/2-c) and a
temperature near the surrounding part of the target object 21
is defined by the temperature Tb at the position b and the
temperature Td at the position d (Tz/2-c). That is, the target
object 21 can be controlled at a predetermined temperature
and a difference in inplane temperature of the target object 21
can be made at 0.026° C. or less required for realizing a
predetermined drawing accuracy, for example.

[0036] An electron beam drawing method using the elec-
tron beam drawing apparatus 10 described above will be
described below. When the target object 21 is placed on the
placement part 11a of the carry-in/out part 11, the atmosphere
transferring robot 115 transfers the target object 21 into the
load lock chamber 12.

[0037] When the target object 21 is transferred into the load
lock chamber 12, the inside of the load lock chamber 12 is
subjected to vacuuming to be vacuumed.

[0038] After the inside of the load lock chamber 12 is
vacuumed, the target object 21 inside the load lock chamber
12 is transferred to the soaking chamber 17 by the vacuum
transferring robot 15a.

[0039] When the target object 21 is transferred to the center
of'the temperature adjustment container 19 inside the soaking
chamber 17, the temperature adjustment part 22 is driven for
apredetermined temperature so that the target object 21 is set
at a constant temperature.

[0040] When the target object 21 is completely set at a
constant temperature, the target object 21 is transferred to the
alignment chamber 13, the mask cover housing chamber 14,
and the drawing chamber 16 in this order.

[0041] After the inside of the load lock chamber 12 is
vacuumed, the target object 21 inside the chamber 12 may be
transferred to the alignment chamber 13 and the mask cover
housing chamber 14 in this order, and then transferred into the
soaking chamber 17, and then transferred to the drawing
chamber 16.

[0042] The target object 21 is transferred onto the stage 16a
in the drawing chamber 16 and a temperature of the target
object 21 and a temperature inside the drawing chamber 16
are equilibrated so that drawing is performed on the target
object 21. The drawn target object 21 is transferred to the
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mask cover housing chamber 14 and the load lock chamber 12
in this order by the vacuum transferring robot 15a.

[0043] When the target object 21 is transferred into the load
lock chamber 12, the inside of the load lock chamber 12 enters
atmospheric.

[0044] After the inside of the load lock chamber 12 is made
atmospheric, the target object 21 inside the chamber 12 is
transferred onto the placement part 11a in the carry-in/out
part 11 by the atmosphere transferring robot 115. The target
object 21 placed on the placement part 11a is returned to a
mask storage (not illustrated), for example.

[0045] With the charged particle beam drawing apparatus
and the charged particle beam drawing method described
above, the target object 21 is set at a constant temperature by
the soaking chamber 17, thereby obtaining an excellent draw-
ing accuracy.

[0046] 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.

[0047] Forexample, the present invention can be applied to
all the charged particle beam drawing apparatuses including
an ion beam irradiation apparatus, not limited to an electron
beam drawing apparatus.

What is claimed is:

1. A charged particle beam drawing apparatus comprising:

a load lock chamber provided for introducing a target
object from the outside and capable of switching an
atmosphere state and a vacuum sate;

a transfer chamber arranged so as to be able to communi-
cate with the load lock chamber and transferring the
target object;

a soaking chamber arranged so as to be able to communi-
cate with the transfer chamber and having a temperature
adjustment container for housing the target object
therein and controlling a temperature of the target object
with radiation, and a temperature adjustment part for
controlling a temperature of the temperature adjustment
container; and

a drawing chamber arranged so as to be able to communi-
cate with the transfer chamber and drawing on the target
object at a constant temperature.

2. The charged particle beam drawing apparatus according

to claim 1,

wherein the soaking chamber has a heat insulating member
on the outer periphery.

3. The charged particle beam drawing apparatus according

to claim 1,

wherein the temperature adjustment container has support
bodies for arranging the target object thereon such that a
distance between the top face of the target object and the
upper inner wall of the temperature adjustment con-
tainer is substantially equal to a distance between the
bottom face of the target object and the lower inner wall
of the temperature adjustment container.

4. The charged particle beam drawing apparatus according

to claim 3,
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wherein the support bodies are provided such that the target
object can be arranged to substantially match a rotation
center of the target object with a rotation center of the top
and the bottom of the temperature adjustment container.
5. The charged particle beam drawing apparatus according
to claim 3,
wherein the support bodies have conductivity.
6. The charged particle beam drawing apparatus according
to claim 3,
wherein the support bodies are made of resin.
7. The charged particle beam drawing apparatus according
to claim 1,
wherein a radiation rate of the inner wall of the temperature
adjustment container is different from a radiation rate of
the outer wall of the temperature adjustment container.
8. The charged particle beam drawing apparatus according
to claim 7,
wherein the radiation rate of the inner wall of the tempera-
ture adjustment container is 0.5 or more and the radia-
tion rate of the outer wall of the temperature adjustment
container is 0.2 or less.
9. The charged particle beam drawing apparatus according
to claim 1,
wherein the temperature adjustment container further has a
temperature sensor for detecting a temperature of the
target object placed on the support bodies, and
the temperature adjustment part controls a temperature of
the temperature adjustment container based on a tem-
perature of the target object detected by the temperature
sensor.
10. The charged particle beam drawing apparatus accord-
ing to claim 1,
wherein the temperature adjustment part is arranged out-
side the temperature adjustment container.
11. The charged particle beam drawing apparatus accord-
ing to claim 10,
wherein the temperature adjustment container is connected
to the temperature adjustment part via a heat transfer
member.
12. The charged particle beam drawing apparatus accord-
ing to claim 10,
wherein the heat transfer member is connected to the bot-
tom of the temperature adjustment container at a rotation
center of the bottom of the temperature adjustment con-
tainer.
13. The charged particle beam drawing apparatus accord-
ing to claim 1, further comprising:
an alignment chamber arranged so as to be able to commu-
nicate with the transfer chamber between the load lock
chamber and the drawing chamber and performing an
alignment processing on the target object,
wherein the soaking chamber is arranged so as to be able to
communicate with the transfer chamber between the
alignment chamber and the load lock camber.
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14. The charged particle beam drawing apparatus accord-
ing to claim 13,
wherein the transfer chamber, the soaking chamber, the
drawing chamber and the alignment chamber configure
a vacuum unit.
15. A charged particle beam drawing method comprising:
arranging a target object in a temperature adjustment con-
tainer inside a soaking chamber, controlling a tempera-
ture of the temperature adjustment container by a tem-
perature adjustment part provided outside the soaking
chamber, and controlling a temperature of the target
object with radiation of the temperature adjustment con-
tainer to set the target object at a constant temperature;
and
drawing on the target object at a constant temperature.
16. The charged particle beam drawing method according
to claim 15,
wherein the target object is arranged in the temperature
adjustment container such that a distance between the
top face of the target object and the upper inner wall of
the temperature adjustment container is substantially
equal to a distance between the bottom face of the target
object and the lower inner wall of the temperature
adjustment container.
17. The charged particle beam drawing method according
to claim 16,
wherein the target object is arranged in the temperature
adjustment container such that a rotation center of the
target object substantially matches with a rotation center
of the top and the bottom of the temperature adjustment
container.
18. The charged particle beam drawing method according
to claim 15,
wherein the temperature adjustment part controls a tem-
perature of the temperature adjustment container based
on a temperature of the target object detected by a tem-
perature sensor for detecting a temperature of the target
object arranged in the temperature adjustment container.
19. The charged particle beam drawing method according
to claim 18,
wherein the temperature adjustment part controls a tem-
perature of the temperature adjustment container via a
heat transfer member connecting the temperature adjust-
ment part and the temperature adjustment container.
20. The charged particle beam drawing method according
to claim 19,
wherein the temperature adjustment part controls a tem-
perature of the temperature adjustment container via the
heat transfer member connecting the temperature adjust-
ment part and a rotation center of the bottom face of the
temperature adjustment container.
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