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MULII CHARGED PARTICLE BEAM
WRITING METHOD AND MULITT CHARGED
PARTICLE BEAM WRITING APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2012-126368 filed on Jun. 1, 2012 in Japan, the entire
contents of which are imcorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multi charged particle
beam writing method and a multi charged particle beam
writing apparatus, and for example, to a method of obtaining,
high accuracy of a plurality of irradiation positions of
multiple beams.

2. Description of Related Art

The lithography technique that advances microminiatur-
1ization of semiconductor devices 1s extremely important as
being a unique process whereby patterns are formed 1n the
semiconductor manufacturing. In recent years, with high
integration of LSI, the line width (critical dimension)
required for semiconductor device circuits 1s decreasing year
by year. The electron beam (EB) writing technique, which
intrinsically has excellent resolution, 1s used for writing or
“drawing” a pattern on a water and the like with an electron
beam.

As an example employing the electron beam writing
technique, there 1s a writing apparatus using multiple beams
(multi-beams). Compared with the case of writing a pattern
by using a single electron beam, since a multi-beam writing
apparatus can emit multiple radiation beams at a time, 1t 1s
possible to greatly increase the throughput. In such a writing
apparatus ol a multi-beam system, for example, multiple
beams are formed by letting an electron beam emitted from
an electron gun assembly pass through a mask with a
plurality of holes, blanking control 1s performed for each of
the beams, and each unblocked beam 1s reduced by an
optical system and detlected by a detlector so as to irradiate
a desired position on a target object or “sample” (refer to,
c.g., Japanese Patent Application Laid-open (JP-A) No.
2006-261342).

In such a writing apparatus of the multi-beam system,
irradiation 1s performed with a plurality of beams at a time,
and then, the irradiation positions of the multiple beams
need to be highly precisely adjusted. For example, as to the
s1ze ol a pattern to be written, 1t can be adjusted by altering
the dimension of each beam by calibrating the reduction
ratio of the lens 1n the optical system. However, if the lens
condition 1s changed, a phenomenon such as a pattern
rotation or a field distortion will occur. Theretfore, 1t will be
dificult to adjust the lens conditions to be 1 an optimized
state together with a lot of other parameters necessary for the
optical system to provide a highly accurate dimension. Then,
if performing a rotation adjustment mechanically, 1t requires
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2

to accurately adjust a rotation position on the order of nm,
which 1s not realistic. As to the field distortion, in the first
place, there exists a theoretical field distortion 1n the optical
system. For correcting this distortion, for example, 1t 1s
necessary to perform a significantly accurate design 1n order
to adjust a manufacturing accuracy of nm or below (e.g., 0.1
nm), which 1s also unrealistic. Moreover, even 1f the design
1s carried out highly precisely in the optical system design,
restriction exists in the setting range of other design param-
cters. Therefore, 11 1t 15 attempted to correct field distortion,
there 1s a possibility of preventing the optimization of other
conditions (for example, resolution performance, focus
depth, and the like). Further, if 1t 1s attempted to attain
equalization of a magnetic field 1n order to reduce distortion,
an enormously large lens barrel will be needed, for example.
Moreover, a lot of complicated correction systems are
necessary for reducing the distortion, which may become an
excessive burden to the apparatus. Furthermore, after manu-
facturing writing apparatuses, although adjustment for an
actual apparatus becomes needed, since parameters for writ-
ing processing are intricately related to each other, a param-
cter for correcting distortion 1s not an independent variable
even 1 the distortion 1s attempted to be corrected. Conse-
quently, 1t will be dithicult to execute the optimization or will
take a lot of time even 11 the optimization can be performed.

As described above, i the writing apparatus of the
multi-beam system, since irradiation 1s performed with a
plurality of beams at a time, 1t 1s required to highly accu-
rately adjust the irradiation positions of such multiple
beams. In the multi-beam system, a pattern of a desired
shape 1s formed by connecting the beams, which have been
formed by passing through the same forming hole or dii-
ferent forming holes, at predetermined shot intervals by a
raster scan method, for example. Thus, 1f a beam 1s shifted
(deviated) from a desired 1rradiation position due to distor-

tion of the optical system and the like, 1t becomes diflicult to
write a pattern highly precisely.

BRIEF SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a
multi charged particle beam writing method includes calcu-
lating first shot positions of multiple beams, each of the first
shot positions including a distortion amount of an irradiating
corresponding beam, in a case of wrradiating each beam of
multiple beams of a charged particle beam on a target object,
based on control grid intervals having been set 1n length and
width 1 advance, calculating first condition positions based
on a pre-set condition, each of the first condition positions
being arranged 1n a corresponding first region of a plurality
of first regions respectively surrounded by closest second
shot positions of 2x2 1n length and width of the first shot
positions, using the first shot positions including the distor-
tion amount of the corresponding beam, calculating, for each
of a plurality of second regions respectively surrounded by
a plurality of closest second condition positions of the first
condition positions, an area density ol a figure pattern to be
written 1n overlapping with a second region concerned in the
plurality of second regions, by using the first condition
positions, calculating an irradiation amount or an 1rradiation
time of each beam whose corresponding first shot position of
the first shot positions 1s 1n a corresponding second region of
the plurality of second regions, based on an area density of
a second region concerned, and writing a pattern on a target
object by wrradiating a beam of the irradiation amount or the
irradiation time calculated.




US RE47,5601 E

3

In accordance with another aspect of the present inven-
tion, a mult1 charged particle beam writing apparatus

includes a stage configured to mount a target object thereon
and to be movable, an emission unit configured to emit a
charged particle beam, an aperture member, in which a
plurality of openings are formed, configured to form mul-
tiple beams by letting a region including a whole of the
plurality of openings be wrradiated with the charged particle
beam and letting portions of the charged particle beam
respectively pass through a corresponding opening of the
plurality of openings, a plurality of blankers configured to
respectively perform blanking deflection of a corresponding
beam in the multiple beams having passed through the
plurality of openings of the aperture member, a blanking
aperture member configured to block each beam that has
been deflected to be mm an off state by the plurality of
blankers, a deflector configured to collectively deflect each
beam having passed through the blanking aperture member
to each 1rradiation position on the target object for the each
beam having passed through the blanking aperture member,
a shot position calculation umt configured to calculate first
shot positions of multiple beams, each of the first shot
positions 1ncluding a distortion amount of an 1rradiating
corresponding beam, 1n a case of irradiating each beam of
multiple beams of a charged particle beam on a target object,
based on control grid intervals having been set 1n length and
width 1 advance, a condition position calculation unit
configured to calculate first condition positions based on a
pre-set condition, each of the first condition positions being,
arranged 1n a corresponding first region of a plurality of first
regions respectively surrounded by closest second shot
positions of 2x2 1n length and width of the first shot
positions, using the first shot positions including the distor-
tion amount of the corresponding beam, an area density
calculation umt configured to calculate, for each of a plu-
rality of second regions respectively surrounded by a plu-
rality of closest second condition positions of the first
condition positions, an area density ol a figure pattern to be
written 1n overlapping with a second region concerned 1n the
plurality of second regions, by using the first condition
positions, an irradiation time calculation umt configured to
calculate an irradiation time of each beam whose corre-
sponding {irst shot position 1s 1n a corresponding second
region ol the plurality of second regions, based on an area
density of a second region concerned, and a deflection
control unit configured to perform blanking detlection con-
trol of the plurality of blankers so that each beam of the
irradiation time calculated wrradiates the target object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a configuration of
a writing apparatus according to Embodiment 1;

FIGS. 2A and 2B are schematic diagrams each showing
an example of a configuration of an aperture member
according to Embodiment 1;

FIG. 3 1s a schematic diagram showing a configuration of
a blanking plate according to Embodiment 1;

FIGS. 4A to 4C are schematic diagrams explaining a
writing operation according to Embodiment 1;

FIG. § 1s a schematic diagram explaining a writing
operation of raster scanning according to Embodiment 1;

FIG. 6 shows a schematic diagram explaining another
example of the raster scan writing operation according to
Embodiment 1;

FIG. 7 1s a flowchart showing main steps of a writing
method according to Embodiment 1;
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4

FIG. 8 1s a schematic diagram showing an example of
field distortion according to Embodiment 1;

FIG. 9 1s a schematic diagram showing an example of a
shot position according to Embodiment 1;

FIG. 10 1s a schematic diagram showing an example of a
shot position data map according to Embodiment 1;

FIG. 11 1s a schematic diagram showing an example of a
shot region mesh according to Embodiment 1;

FIG. 12 1s a schematic diagram showing an example of
shot region mesh data according to Embodiment 1;

FIG. 13 1s a schematic diagram showing an example of
overlapping between a shot region and a figure pattern
according to Embodiment 1;

FIGS. 14A and 14B show examples of an arca density
map according to Embodiment 1;

FIG. 15 shows an example of an 1rradiation time map
according to Embodiment 1;

FIG. 16 1s a schematic diagram showing another example
of the shot region mesh according to Embodiment 1; and

FIG. 17 1s a schematic diagram showing another example
of the shot region mesh according to Embodiment 1.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Embodiment 1

In the following Embodiment, there will be described a
writing apparatus and method that can suppress change of a
pattern shape or a dimension caused by deviation of 1rra-
diation positions ol multiple beams due to distortion of the
optical system and the like.

Moreover, 1n the following Embodiment, there will be
described a configuration 1n which an electron beam 1s used
as an example of a charged particle beam. However, the
charged particle beam 1s not limited to the electron beam,
and other charged particle beam such as an 1on beam may
also be used.

FIG. 1 1s a schematic diagram showing a configuration of
a writing apparatus according to Embodiment 1. In FIG. 1,
a writing (or “drawing’) apparatus 100 includes a writing
umt 150 and a control unit 160. The writing apparatus 100
1s an example of a multi1 charged particle beam writing
apparatus. The writing unit 150 includes an electron lens
barrel 102 and a writing chamber 103. In the electron lens
barrel 102, there are arranged an electron gun assembly 201,
an 1llumination lens 202, an aperture member 203, a blank-
ing plate 204, a reducing lens 205, a limiting aperture
member 206, an objective lens 207, a detlector 208, and an
clectrostatic lens 211. An XY stage 1035 1s arranged in the
writing chamber 103, and a projector 212 of Z sensor and an
optical receiver 214 of Z sensor are arranged on the writing
chamber 103. The projector 212 and the optical recerver 214
may be arranged in the writing chamber 103 or the electron
lens barrel 102. On the XY stage, there 1s placed a target
object or “sample” 101 such as a mask serving as a writing
target substrate. The target object 101 1s, for example, an
exposure mask used for manufacturing semiconductor
devices, or a semiconductor substrate (silicon waler) on
which semiconductor elements are formed. The target object
101 may be, for example, a mask blank on which resist 1s
applied and a pattern has not yet been formed. On the XY
stage 103, there are arranged a mark 106 and a mirror 210
for measuring a position. The mark 106 has several mea-
suring planes of diflerent heights, for example.

The control unit 160 1ncludes a control computer 110, a
memory 112, deflection control circuits 130 and 132, digital-
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to-analog converter (DAC) amplifiers 134 and 136, an
amplifier 138, a stage position measurement unit 139, and
storage devices 140, 142, 144, 146, and 148 such as mag-
netic disk drives. The control computer 110, the memory
112, the deflection control circuits 130 and 132, the amplifier
138, the stage position measurement unit 139, and the
storage devices, 140, 142, 144, 146, and 148 are mutually
connected through a bus (not shown). Writing data 1s 1input
into the storage device 140 (storage unit) from the outside to
be stored therein.

In the control computer 110, there are arranged a mea-
surement unit 10, a shot position calculation unit 12, an
average position calculation unit 14, a shot region mesh
generation unit 16, an area density calculation unit 18, an
irradiation time calculation unit 21, a writing data process-
ing unit 23, and a writing processing control unit 25. Then,
cach function of them may be configured by hardware such
as an electronic circuit, or by software such as a program
implementing these functions. Alternatively, they may be
configured by a combination of soitware and hardware. Data
which 1s input and output to/from the measurement umt 10,
the shot position calculation unit 12, the average position
calculation unit 14, the shot region mesh generation unit 16,
the area density calculation umt 18, the irradiation time
calculation unit 21, the writing data processing unit 23, and
the writing processing control unmit 25, and data being
calculated are stored 1n the memory 112 each time.

As described above, FIG. 1 shows a structure necessary
for explaining Embodiment 1. Other structure elements
generally necessary for the writing apparatus 100 may also
be 1included. For example, according to Embodiment 1, as
will be described later, the irradiation time calculation unait
21 performs calculation of an 1rradiation time simultane-
ously with calculation of a dose (irradiation amount) of each
shot, but however, it 1s not limited thereto. For example, 1t
1s also preferable that a dose calculation unit that calculates
a dose and an 1rradiation time calculation unit that calculates
an 1rradiation time using the calculated dose are separately
included.

FIGS. 2A and 2B are schematic diagrams each showing
an example of the configuration of an aperture member
according to Embodiment 1. In FIG. 2A, holes (openings) 22
are formed at a predetermined arrangement pitch in the
aperture member 203, wherein mxn (m=2, n=2) holes 22 are
arranged 1 m columns 1 the vertical direction (the y
direction) and n rows in the horizontal direction (the x
direction). In FIG. 2A, holes 22 of 512 (rows)x8 (columns)
are formed, for example. Each hole 22 1s a quadrangle of the
same dimensions and shape. Alternatively, each hole may be
a circle of the same circumterence. In this case, there i1s
shown an example of each row having eight holes 22 from
A to H in the x direction. Multi-beams 20 are formed by
letting portions of an electron beam 200 respectively pass
through a corresponding hole of a plurality of holes 22.
Here, there 1s shown the case where the holes 22 are
arranged 1n a plurality of columns and rows 1n both the x and
the y directions, but 1t 1s not limited thereto. For example, it
1s also acceptable to arrange a plurality of holes 22 1n only
one row or in only one column, that 1s, 1n one row where a
plurality of holes are arranged as columns, or 1n one column
where a plurality of holes are arranged as rows. Moreover,
the method of arranging the holes 22 1s not limited to the
case of FIG. 2A where holes are aligned 1n a grnid. It 1s also
preferable to arrange the holes 22 as shown i FIG. 2B
where the position of each hole 1n the second row 1s shifted
from the position of each hole in the first row by a dimension

AN b B

a”’ 1n the horizontal direction (x direction), for example.
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Similarly, 1t 1s also preferable to arrange the holes 22 such
that the position of each hole 1n the third row 1s shifted from
the position of each hole 1n the second row by a dimension
“b” 1n the horizontal direction (x direction).

FIG. 3 1s a schematic diagram showing the configuration
of a blanking plate according to Embodiment 1. In the
blanking plate 204, a passage hole 1s formed to be corre-
sponding to the arrangement position of each hole 22 of the
aperture member 203, and a pair of electrodes 24 and 26
(blanker) 1s arranged for each passage hole. The electron
beams 20 respectively passing through a corresponding
passage hole are deflected by that voltage 1s independently
applied to the two electrodes 24 and 26 being a pair, or by
that voltage 1s applied to either one of them and the other one
1s connected to the earth (ground). Blanking control 1is
performed by this deflection. Thus, a plurality of blankers
respectively perform blanking deflection of a corresponding
beam in the multiple beams having passed through a plu-
rality of holes 22 (openings) of the aperture member 203.

The electron beam 200 emitted from the electron gun
assembly 201 (emission unit) almost perpendicularly 1llu-
minates the whole of the aperture member 203 by the
illumination lens 202. A plurality of holes (openings), each
being a quadrangle, are formed 1n the aperture member 203.
The region including all the plurality of holes of the aperture
member 203 1s wrradiated with the electron beam 200. For
example, a plurality of quadrangular electron beams (mul-
tiple beams) 20a to 20e¢ are formed by letting parts of the
clectron beam 200 pass through a corresponding hole of the
plurality of holes of the aperture member 203 respectively.
The multiple beams 20a to 20¢ respectively pass through a
corresponding blanker of the blanking plate 204. Each
blanker deflects the electron beam 20 which 1s passing
therethrough. The sizes of the multiple beams 20a to 20¢
having passed through the blanking plate 204 are reduced by
the reducing lens 205, and advance toward a hole at the
center of the limiting aperture member 206. At this point, the
clectron beam 20 which was detlected by the blanker of the
blanking plate 204 1s deviated from the hole of the center of
the limiting aperture member 206 (blanking aperture mem-
ber) and 1s blocked by the limiting aperture member 206. On
the other hand, the electron beam 20 which was not deflected
by the blanker of the blanking plate 204 passes through the
hole at the center of the limiting aperture member 206.
Blanking control 1s performed by on/off of the blanker so as
to control on/ofl of the beam. Thus, the limiting aperture
member 206 blocks each beam which was deflected to be in
the “beam ofl” state by each of a plurality of blankers. Then,
one-time shot beam of multiple beams 1s formed by a beam
which has been formed during from the “beam on™ state to
the “beam ofl” state and has passed through the limiting
aperture member 206. The multi-beams 20 having passed
through the limiting aperture member 206 are focused by the
objective lens 207 1n order to be a pattern 1mage of a desired
reduction ratio, and respective beams (the entire multi-
beams 20) having passed through the limiting aperture
member 206 are collectively deflected 1n the same direction
by the deflector 208 so as to irradiate respective 1rradiation
positions on the target object 101. While the XY stage 105
1s continuously moving, controlling i1s performed by the
deflector 208 so that irradiation positions of beams may
follow the movement of the XY stage 105, for example.
Ideally, the multi-beams 20 to irradiate at a time are aligned
at a pitch obtained by multiplying the arrangement pitch of
a plurality of holes of the aperture member 203 by a desired
reduction ratio described above. The writing apparatus 100
performs a writing operation by the raster scan method
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which continuously irradiates shot beams in order. When
writing a desired pattern, an unnecessary beam 1s controlled
by blanking control to be *“beam off””. With the recent
mimaturization and high integration of semiconductors, it 1s
required to perform pattern writing highly accurately. In
order to satisty this requirement, performance such as a
control grid (AU) of 10 nm, a beam size of 20 nmx20 nm,
and a beam resolution o of 10 nm, as an example, 1s needed
for a writing apparatus.

FIGS. 4A to 4C are schematic diagrams explaining a
writing operation according to Embodiment 1. As shown in
FIG. 4A, a wrniting region 30 of the target object 101 1is
virtually divided into a plurality of strip-shaped stripe
regions 32 each having a predetermined width 1n the vy
direction, for example. Each of the stripe regions 32 serves
as a writing unit region. First, the XY stage 105 1s moved
and adjusted such that an 1rradiation region 34 to be 1rradi-
ated with one-time wrradiation of the multi-beams 20 1is
located at the left end of the first stripe region 32 or at a
position more left than the left end, and then writing 1s
started. When writing the first stripe region 32, the writing
advances relatively 1 the x direction by moving the XY
stage 105 1n the —x direction, for example. The XY stage 105
1s continuously moved at a predetermined speed, for
example. After writing the first stripe region 32, the stage
position 1s moved 1n the —y direction and adjusted such that
the 1rradiation region 34 1s located at the right end of the
second stripe region 32 or at a position more right than the
right end and located to be relatively 1n the y direction. Then,
similarly, as shown in FIG. 4B, writing advances 1n the —x
direction by moving the XY stage 1035 in the x direction, for
example. That 1s, writing 1s performed while alternately
changing the direction, such as performing writing 1n the x
direction 1n the third stripe region 32, and 1n the —x direction
in the fourth stripe region 32, and thus, the writing time can
be reduced. However, the writing operation 1s not limited to
the case of performing writing while alternately changing
the direction, and 1t 1s also acceptable to perform writing in
the same direction when writing each stripe region 32. Then,
when writing each stripe 32, the raster scan method 1s
employed wherein while the XY stage 105 1s moved 1n the
x direction, the deflector 208 performs detlection such that
cach shot moves (scans) in the y direction 1n order and the
shot beam radiation 1s continuously performed 1n order. For
example, the deflector 208 performs deflection 1n the x
direction to follow the movement speed of the XY stage 105
such that each shot moves (scans) 1n the y direction 1n order.
Thus, as shown 1n FIG. 4C, with respect to a shot pattern 36
by a beam having passed through one hole A of the aperture
member 203, the beams are irradiated 1n order while being
deviated 1n the y direction from the position 1rradiated for
the first ttime. Similarly, with respect to another shot pattern
36 by a beam having passed through one hole B of the
aperture member 203, the beams are mrradiated in order
while being deviated in the y direction from the position
irradiated for the first time. Similarly, with respect to each
shot pattern 36 by a beam respectively having passed
through each of the holes C to H of the aperture member
203, the beams are wrradiated 1n order while being deviated
in the y direction from the position wrradiated for the first
time. Thus, writing 1s performed 1n each region surrounded
by beams of 2x2 in length and width, which are irradiated
at one time, by the raster scan method (technique). Each
region surrounded by beams of 2x2 in length and width
which are 1rradiated at one time 1s a quadrangle formed such
that one beam position being a reference 1s mncluded and
other three remaining beam positions are not included, 1n
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spite of the four beam positions being four corner points, and
the area of the quadrangle becomes the largest, for example.

FIG. 5 1s a schematic diagram explamning a writing
operation of raster scanning according to Embodiment 1.
For example, 1n the case there are eight holes A to H formed
in the x direction 1n the aperture member 203, each region
surrounded by beams of 2x2 1n length and width, which are
irradiated at a time, 1s 1irradiated with beams of a plurality of
shot times while the stage moves between the shot patterns
36 located adjacent to each other in the x direction and
irradiated at a time. Only the part concerming the holes A to
E 1s shown in the figure. AUs (Address Units) are control
orids arranged 1in a grnid shape, and the size between the
control grids 1s a predetermined quantization size. For
example, the size between AUs 1s set such that each region
surrounded by beams of 2x2 in length and width, irradiated
at a time, 1s to be a size of nAUxnAU. While the stage 1s
moving, each region surrounded by beams of 2x2 1n length
and width 1s 1rradiated by beam shots of n times at shot
intervals less than or equal to the AU (control grid) intervals.
In this case, the 1deal size of each region surrounded by
beams of 2x2 1n length and width, which are irradiated at a
time, 1s set to be eight AUs x eight AUs, and while the stage
1s moving, each region surrounded by beams of 2x2 1n
length and width 1s shot by beam 1rradiation of eight times
at the AU intervals. Even when each shot 1s controlled to be
at an interval of AU, the shot position may be actually
shifted due to field distortion and the like. In such a case, 1n
order to avoid poor precision caused by that the shot interval
becomes greater, 1t 1s preferable to control the shot interval
in advance to be less than or equal to a specified interval
(AU).

In FIG. 5, the number “1” surrounded by a circle indicates
a position shot by a beam having passed through the hole A
of the aperture member 203. The number “2” surrounded by
a circle idicates a position shot by a beam having passed
through the hole B of the aperture member 203. The number
“3” surrounded by a circle indicates a position shot by a
beam having passed through the hole C of the aperture
member 203. The number “4” surrounded by a circle indi-
cates a position shot by a beam having passed through the
hole D of the aperture member 203. The number “5”
surrounded by a circle indicates a position shot by a beam
having passed through the hole E of the aperture member
203. Further, 1n the part not shown 1n the figure, the number
“6” surrounded by a circle indicates a position shot by a
beam having passed through the hole F of the aperture
member 203. The number 77 surrounded by a circle indi-
cates a position shot by a beam having passed through the
hole G of the aperture member 203. The number *“8”
surrounded by a circle indicates a position shot by a beam
having passed through the hole H of the aperture member
203. Moreover, 1n FIG. 5, the numbers “11” to *15” respec-
tively indicate other holes located at one step upper 1in the y
direction than the holes A to H of the aperture member 203.
The positions each surrounded by a square respectively
indicate the positions of the holes A to H, for example, of the
aperture member 203. Shot patterns 36 formed by beams
respectively having passed through the holes A to H of the
aperture member 203 are irradiated at the positions 1deally
away Irom each other by a pitch between beams. 11 the stage
1s moved n times (1n this case, 8 times) the length of the pitch
between beams while performing shooting n times (1n this
case, 8 times) at intervals of AU (control grid) as the pitch
between beams, the inside of each region surrounded by
beams of 2x2 1n length and width, which are 1irradiated at a
time, 1s to be filled with shot patterns 36 formed by beams
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respectively having passed through the holes A to H of the
aperture member 203 as shown m FIG. 5. If beams of
unnecessary shots among these shots are turned ofl to
coincide with the shape of a pattern to be written, a pattern
of a desired shape can be written on the target object 101 by
connecting the remaining shot patterns 36 each other.

In FIG. 5, controlling 1s performed such that the stage 1s
moved 1n the +x direction and the whole of the beams are
scanned 1n the y direction orthogonal to the +x direction
while performing deflection 1n the x direction in order to
follow (track) the movement speed of the XY stage 105.
This state 1s conceptually shown with the arrows at the right
side of FIG. 5. FIG. 5 shows the case by the arrow where the
deflection operation 1n the x direction for following the stage
movement 1s performed by a deflector (not shown) other
than the detlector 208, but however, 1t may be performed by
the detlector 208.

Moreover, the timing of starting scanning 1s denoted by
T=0 to T=7 on the basis of T=0, at the position under the
opening (hole) position of the aperture. FIG. 5 shows typical
writing positions where each beam starts scanning when
T=0. In this example, by performing y-scanning to follow
the stage movement in the +x direction, the whole surface 1s
to be filled with beam shots while the writing position 1s
relatively kept at the same position. After the 0-th y-direc-
tion scanning at T=0, the beam position has been shifted to
the adjoining beam position. Then, a tracking deflector or the
deflector 208 performs deflection-control so that the beam
position may be returned to a position deviated by one AU
(in the —x direction) from the original beam position, and
then, the first (T=1) scanning starts from this position. The
stage movement speed 1s controlled so that the beam posi-
tion may be shifted to the adjoining beam position when the
first y-scanning has been finished. Various patterns can be
written depending on a dose applied to each beam shot. As
described above, by performing a detlection operation 1n the
x direction to follow the stage movement by another deflec-
tor, 1t 1s sullicient for the deflector 208 to perform detlection
in the y direction of the scanning width, and therefore, the
resolution can be increased. Alternatively, the stage speed
may be controlled so that when the first y-scanning has been
finished, the beam position may be shifted by one AU 1n the
—x direction.

In FIG. 5, the deflector 208 detlects so that each shot may
be moved (scan) in the y direction 1n order while performing
deflection to follow (track) the movement speed of the XY
stage 105 1n the x direction (1n this case, —x direction). After
finishing 1rradiation of beams of n shots 1n the v direction,
it 1s moved to a position shifted by a shot interval which has
been set in advance 1n the —x direction, and similarly, the
deflector 208 deflects so that each shot may be moved (scan)
in the y direction 1n order while performing detlection to
follow (track) the movement speed of the XY stage 105 1n
the x direction. By performing this operation n times, the
inside of each region surrounded by the beams of 2x2 1n
length and width, which are irradiated at a time, 1s to be filled
with shot patterns 36 formed by beams respectively having
passed through the holes A to H of the aperture member 203
as shown 1 FIG. 5. As described above, by performing a
tracking control to follow the stage speed, the writing
processing which 1s the same as the so-called “step and
repeat” operation can be performed.

FIG. 6 shows a schematic diagram explaining another
example ol a raster scan writing operation according to
Embodiment 1. In FIG. 6, the relation between the number
surrounded by the circle and the position of each hole of the
aperture member 203 1s the same as that of FIG. 5 (similarly
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to FIG. 5, only the part of the holes A to E 1s shown).
Moreover, “117 to “15” respectively indicate other holes
located at one step upper 1n the y direction than the holes A
to H of the aperture member 203. The positions each
surrounded by a square respectively indicate the positions of
the holes A to H, for example, of the aperture member 203.
FIG. 6 shows a modified example of FIG. 5. In FIG. 6,
controlling 1s performed such that the stage 1s moved in the
+x direction and the whole of the beams are scanned 1n the
y direction orthogonal to the x direction while performing
deflection 1n the x direction 1n order to follow (track) the
movement speed of the XY stage 105. FIG. 6 shows the case
by the arrow where the deflection operation i the x direction
for following the stage movement 1s performed by the
deflector 208. Moreover, the timing of starting scanning 1s
denoted by T=-6 to T=3 on the basis of T=0, at the position
under the opening (hole) position of the aperture. After the
Oth (T=0) y scanning 1s finished, the origin point position
(scanning starting position) coincides with the position
shifted 1n the —x direction by one AU from the Oth scanning
starting position (1=0) of the beam having passed through
the left side hole in the example of FIG. 6. In other words,
the speed of the stage 1s controlled 1n such a manner. It 1s
preferable to control the interval between the beams to be
seven AUs. By this, 1t 1s possible to start y-scanning in the
state where the first scanning starting position (I=1) 1s
deviated to the left (in the —x direction) by one control unit
(one AU) 1n order not to overlap with the writing position of
the beam of the left hole. This processing 1s repeated in
series. By this operation, it 1s suflicient for the deflector 208
to perform deflection 1n the x direction with a deflection
width being the same as the scanning width in the y
direction, and therefore, the resolution can be increased.
As FIGS. 5 and 6 have shown examples of the 1rradiation
position of each shot, various scanning methods combined
with the movement of the stage can be selected. Although
the method of performing writing by only the y-direction
scanning has a merit 1n that control may be simple, tlex-
ibility 1s not suflicient because there 1s no x direction
scanning. By contrast, the method where x and vy directions
scanning are combined has a merit i that there are more
options. For example, by changing the scanning method as
shown 1n the examples of FIGS. 5 and 6, it 1s possible to
perform writing while changing the number of shots
between beams (that 1s, changing the control unit). These
should just be selected according to a design requirement.
As described above, in the writing processing, although 1t
1s 1deal that 1rradiation of each beam 1s delivered to each shot
position at a pre-set shot interval, a beam irradiation position
of each shot 1s actually deviated from a desired shot position
due to distortion caused by various factors. As factors of
distortion, there are, for example, a deflection distortion
(optical distortion) resulting from the change of the lens
conditions and the like as described above, a field distortion
(transfer/print distortion) that theoretically exists depending
upon design precision, installation position accuracy, etc. of
the optical system parts, and a distortion (7 correction
distortion) generated by expansion/reduction and rotation of
an 1mage when dynamically adjusting (Z position correc-
tion) a beam focal position because of irregularity of the
writing surface of the target object 101. Moreover, besides
these, there may exist distortion due to other factor. Thus, a
shot position 1s deviated by distortion resulting from these
factors, and therefore, a positional deviation and a shape
accuracy degradation of a desired pattern may occur.
Then, according to Embodiment 1, a positional deviation
amount of a shot position resulting from these distortion 1s
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calculated 1n advance, and a dose (irradiation time) of a
beam of each shot 1s set based on the shot position in which
the positional deviation due to such distortion 1s taken 1nto
account. Thereby, even 1t distortion occurs, since the dose
has already been adjusted considering 1t, a written pattern
has been highly accurately formed as a result.

FIG. 7 1s a flowchart showing main steps of a writing
method according to Embodiment 1. In FIG. 7, the writing
method according to Embodiment 1 executes a series of
steps: a distortion measurement/calculation step (S102), a
shot position calculation step (S104), an average position
calculation step (S106), an area density calculation step
(S108), an iwrradiation time calculation step (5110), a Z
correction step (S111) and a writing step (S112). As a
pre-processing step before writing, for example, the distor-
tion measurement step (S102), the shot position calculation
step (S104), and the average position calculation step (5106)
are performed. Then, using a result of the pre-processing
step before writing, the area density calculation step (S108),
the 1rradiation time calculation step (S110), the Z correction
step (S111), and the writing step (S112) are executed as a
writing processing step. However, 1t 1s not limited thereto,
and all or a part of the pre-processing step before writing
may be performed in the processing step.

First, 1n the distortion measurement/calculation step
(5102), the measurement unit 10 measures an amount of
distortion caused by each factor. In this case, the above-
described optical distortion, field distortion (transfer printing
distortion), and Z correction distortion are measured and
calculated, for example. Such an amount of distortion may
be measured by a conventional method. For example, a
distortion amount at each position on the evaluation sub-
strate 1s measured by writing an evaluation substrate by
using the writing apparatus 100 so as to generate a distortion
amount map. Alternatively, fitting i1s performed for an
amount of distortion at each position on the evaluation
substrate by a polynomial, to acquire a distortion amount
computing equation. Moreover, 1t 1s possible to measure a
distortion by performing scanning with a beam to measure
the position of a mark placed on the stage.

FIG. 8 1s a schematic diagram showing an example of
field distortion according to Embodiment 1. FIG. 8 shows an
example of a field distortion of the irradiation region 34 1n
the stripe region 32. This example of the field distortion
occurs, for example, 1n the case of writing each 1rradiation
region 34 by the scanning method of FIG. 5. In such a case,
for example, a distortion amount may be defined based on a
relative coordinate measured from the field origin point
(origin point of control) which 1s set for each irradiation
region 34. It should be understood that the whole of the
writing region of the target object 101 or a stripe region unit
may be defined as one coordinate system.

With respect to the Z correction, first, a voltage applied to
the electrostatic lens 211 1n the case of focusing on one plane
of a plurality of measuring planes of the mark 106 having
different heights 1s measured, and another voltage applied to
the electrostatic lens 211 1n the case of focusing on another
measuring plane 1s also measured. Moreover, an expansion/
reduction amount and a rotation amount of an image in the
case of focusing on the height position of each measuring
plane are measured. The expansion/reduction amount and
the rotation amount of an 1mage at each focal position may
be measured by actually performing writing onto the evalu-
ation substrate whose writing surface is set to coincide with
the height position of each measuring plane. Since the height
positions of a plurality of measuring planes of the mark 106
are known 1n advance, a voltage applied to the electrostatic
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lens 211 at each height of the target object surface can be
calculated by a linear proportion. Similarly, the expansion/
reduction amount and the rotation amount of an 1image at
cach height can be calculated. Specifically, 1t 1s possible to
obtain coeflicients each indicating an expansion/reduction
amount or a rotation amount corresponding to the height
position of the target object 101.

Next, a height position distribution of the writing surface
of the target object 101 used as a writing target 1s measured.
The height of the writing surface of the target object 101 1s
measured, for each stripe region 32, by emitting a laser from
the projector 212 to wrradiate, for example, the optical-axis
position of the target object surface and receiving the
reflected light by the optical receiver 214 while the XY stage
105 1s being moved. The output of the optical recerver 214
1s converted into digital data by the amplifier 138, and output
to the measurement umt 10. Thereby, the height distribution
of the target object 101 can be measured. Then, a Z correc-
tion distortion amount map 1s generated by calculating a Z
correction distortion amount at each position by multiplying
the height distribution by an acquired coeflicient. Alterna-
tively, a computing equation for a Z correction distortion
amount 1s acquired by fitting a Z correction distortion
amount at each position on the evaluation substrate by a
polynomial.

The distortion amount map or distortion amount data
obtained by the distortion amount computing equation 1s
stored 1n the memory 142. The distortion amount data may
be generated according to a factor of distortion or a distor-
tion amount of each factor may be added (synthesized) to be
collected.

In the shot position calculation step (S104), the shot
position calculation unmit 12 calculates shot positions (first
shot positions) of multiple beams, each of the shot positions
including a distortion amount of each beam to irradiate in the
case of wrradiating each beam onto the target object 101 at
shot intervals less than or equal to the control grid (AU)
intervals which has been set 1n length and width 1n advance
by using the multi-beam 20 of an electron beam. Specifi-
cally, the shot position of each beam in the case of writing
the whole writing region surface of the target object 101
with the multi-beam 20 1s calculated. In the calculating, the
shot position calculation unit 12 reads distortion amount
data from the storage device 142, and obtains a distorted
position R(X, y) by using each design shot position coordi-
nate r(X, v). In the case of using the distortion amount map,
what 1s necessary 1s to calculate a distorted position R(x, y)
by performing a linear interpolation on r(x, y) by a sur-
rounding map value, for example. In the case of using a
distortion amount computing equation, what is necessary 1s
to substitute r(x,y) in the distortion amount computing
equation 1n order to calculate a distorted position R(X, y). As
to the shot position of each beam whose size 1s finite, such
as from 10 nm to 20 nm, 1t 1s preferable to define 1t as the
central position of a beam or the center of gravity position
when especially the intensity distribution has asymmetry.

FIG. 9 1s a schematic diagram showing an example of a
shot position according to Embodiment 1. FIG. 9 shows a
shot position 22 of each beam at a partial region of the
writing region ol the target object 101. If there 1s no
distortion, each beam should be equally arranged at shot
intervals having been set in length and width, but when
distortion exists, as shown 1n FIG. 9, a deviation occurs at
the coordinate R of the shot position 22 of each beam.
Depending on the amount of deviation, there 1s a possibility
of a shot iterval becoming less than AU such as the shot
interval between the shot position 22 of coordinate R(x

Fi+1°
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y, . 1) and the shot position 22 of coordinate R(x,, v, ), for
example. Moreover, there 1s a possibility of a shot interval
becoming greater than AU such as the shot interval between
the shot position 22 of coordinate R(x, , v, ) and the shot
position 22 of coordinate R(x__,, v, ). Here, it 1s concerned
that precision degrades because of the shot interval becom-
ing greater than AU, and, 1in such a case, the degradation of
precision can be avoided by making the shot interval less
than AU beforehand. The shot position data calculated as
described above 1s stored as a shot position data map in the
storage device 144, for example.

FIG. 10 1s a schematic diagram showing an example of
the shot position data map according to Embodiment 1. In
the shot position data map, each shot position coordinate
R(X, y) 1n which a distortion amount 1s included 1s defined
as a map value as shown 1 FIG. 10, for example.

In the average position calculation step (5106), the aver-
age position calculation unit 14, using the shot position R 1n
which a distortion amount of each beam 1s included, calcu-
lates condition positions (first condition positions) based on
pre-set conditions, each of the first condition positions being,
arranged 1n a corresponding each region (the first region) of
a plurality of regions (the first regions) respectively sur-
rounded by the shot positions (second shot positions of the
first shot positions) of the closest beams of 2x2 1n length and
width. It 1s preferable for this condition position to be the
average position of a plurality of regions (the first regions)
or the position of the center of gravity. In this case, an
average position 1s calculated, for example.

FIG. 11 1s a schematic diagram showing an example of a
shot region mesh according to Embodiment 1. For example,
the coordinate P(x,, v ) of an average position 29 of a region

surrounded by the shot positions 22 of 2x2 1n length and
width designated by the coordinate R(x , vy, ), the coordinate
R(X, ., v,), the coordinate R(x , v,_,), and the coordinate
R(x, ., V..;) 1s calculated. The x-coordinate value of the
coordinate P(X,, vy, ) can be calculated by dividing the sum
of the added x-coordinate values of the shot positions 22 by
4. Similarly, the y-coordinate value of the coordinate P(x ,
y,) can be calculated by dividing the sum of the added
y-coordinate values of the shot positions 22 by 4. In the same
way, the coordinate P(x,_,, v ) of the average position 29 of
a region surrounded by the shot positions 22 of 2x2 1n length
and width designated by the coordmmate R(x, vy,), the
coordinate R(x, _,, v, ), the coordinate R(x__,, v,.,), and the
coordinate R(x , v, . ,) 1s calculated. In the same way, the
coordinate P(x__,, v._,) of the average position 29 of a
region surrounded by the shot positions 22 of 2x2 1n length
and width designated by the coordmmate R(x , y,), the
coordinate R(x, _,, v, ), the coordinate R(x__,, v,_,), and the
coordinate R(x,, v, _,) 1s also calculated. In the same way,
the coordinate P(x,, v, _,) of the average position 29 of a
region surrounded by the shot positions 22 of 2x2 in length
and width designated by the coordinate R(x , vy, ), the
coordinate R(x , vy, _,), the coordinate R(X,_,,v,_,), and the
coordinate R(x__,, v, ) 1s also calculated.

By this, it 1s possible to define the shot region 27 (the
second region) surrounding the shot position coordinate
R(x,, v,.) which 1s surrounded by each of the average
positions 29 designated by the coordinate P(x , vy ), the
coordinate P(x,_,, v, ), the coordinate P(x,_,, v,_,), and the
coordinate P(x , y,_,). Since the shot region 27 1s sur-
rounded by the average values of the shot positions 1n which
a distortion amount is taken into account, 1t 1s not a right
angle quadrangle such as a square or a rectangle 1n many
cases, as shown 1 FIG. 11. As mentioned later, a highly
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precise dose can be calculated by using the shot region 27
which 1s not a right angle quadrangle such as a square or a
rectangle.

Similarly, the average position 29 of a region surrounded
by shot position coordinates R of 2x2 1n length and width 1s
calculated 1n order all over the writing region of the target
object 101. Thereby, for almost the whole of the writing
region ol the target object 101, each shot region 27 (the
second region) which surrounds each shot position coordi-
nate R can be defined. Since the average position 29 1s used
as the point configuring the shot region 27, a plurality of shot
regions 27 (the second regions) defined as described above
are connected each other without any space. In other words,
the total of a plurality of shot regions 27 and a partial region,
which surrounds a plurality of shot regions 27 and does not
overlap with a plurality of shot region 27 in the writing
region of the target object 101, coincides with the writing
region of the target object 101. In addition, it 1s 1mpossible
for a shot position at the outer periphery of the writing
region of the target object 101 to define the shot region 27
because 1t cannot be surrounded by four shot positions, but
however, by virtually defining a shot position at the outside
of the writing region, a shot region 27 for the outer periphery
shot position may also be defined with respect to the partial
region surrounding the whole of a plurality of shot regions
27.

The shot region mesh generation unit 16 generates a shot
region mesh 1n which the writing region of the target object
101 1s divided 1nto a plurality of shot regions 27 by using the
coordinate P of each average position 29. Then, shot region
mesh data 1s stored 1n the storage device 146.

FIG. 12 1s a schematic diagram showing an example of
the shot region mesh data according to Embodiment 1. As
shown 1n FIG. 12, 1n the shot region mesh data, a coordinate
P(x, y) of each average position 29 1 which a distortion
amount 1s included 1s defined as a map value, for example.

In the area density calculation step (5108), first, the area
density calculation umt 18 reads writing data from the
storage device 140, and calculates, for each of a plurality of
shot regions 27, an area S of a figure pattern to be written
overlapped with the shot region 27 concerned. Then, the area
density calculation unit 18 calculates, for each shot region
277, an area density by dividing the area S of a figure pattern
to be written overlapped with the shot region 27 concerned
by a value (AU?) obtained by multiplying the control grid
intervals (AUs) 1n length and width each other.

FIG. 13 1s a schematic diagram showing an example of
overlapping between a shot region and a figure pattern
according to Embodiment 1. FIG. 13 shows the case where
a part of a figure pattern 50 1s overlapped with the shot
region 27 surrounding the shot position coordinate R(x_, v, )
which 1s surrounded by the average positions 29 (second
condition positions of the first condition positions) of 2x2 1n
length and width designated by the coordinate P(x, , vy, ), the
coordinate P(x_,, v, ), the coordmate P(x,_,, v,_,), and the
coordinate P(x , v, _,). The area density calculation unit 18
calculates an area density of the shot region 27 concerned by
obtaining an area S of the overlapping portion and dividing
the area S by AU”. The area density calculation unit 18
similarly calculates area densities of the other shot regions
277. The data obtained by the above procedure 1s stored as an
area density map 1n the storage device 148.

FIGS. 14A and 14B show examples of the area density
map according to Embodiment 1. Each mesh indicates the
shot region 27. Temporarily, an area density map 54 in the
case of a shot interval of all the beams accurately coincides

with AU 1s shown in FIG. 14B. In the example of FIG. 14B,
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when the mesh region (shot region) 1s completely covered
with the figure pattern 50, the area density becomes 100%.
As to the mesh regions (shot regions) including the figure
ends, their area densities are 8%, 20%, 20%, 20%, 20%,
12%, 60%, 60%, 48%, 80%, 80%, 80%, 80%, 32%, 40%,
and 40% from the lower leit end 1n a clockwise rotation.

However, actually, due to the distortion described above,
all of the shot mtervals of beams do not accurately coincide
with AU. The shot interval may become narrower than AU
or wider than AU. On the other hand, according to the
method of calculating an area density p of Embodiment 1,
the area S of the overlapping portion described above 1s not
divided by the area of the shot region 27 concerned, but
divided by AU* which is intentionally set as the reference
area. That 1s, the area density 1s obtained by the equation of
0=S/AU~”. Here, although it is acceptable to arbitrarily set
the reference area, when divided by AU as described above,
namely, when the reference area is set to be AU and the area
rat1o 1s set based on this reference area, even 1f the set value
of AU 1s changed, the area density of the portion covered
with the figure becomes 100% 1n the case of an 1deal shot
interval. Thus, 1t 1s easy to understand and convenient to
process.

By performing the processing described above, the area
density of the mesh region (shot region) which 1s completely
covered with the figure pattern 30 can be greater or less than
100%. Thereby, the conventionally known proximity eflect
correction that 1s achieved by correcting a dose becomes
applicable, for example. In the proximity effect correction,
the dose 1s increased or decreased to correct the ifluence of
a reflective scattered electron generated when writing a
pattern in the vicinity, and thus, pattern precision can be
obtained. As described above, by performing the processing
that defines a shot region (the second region) and divides the
area S of the overlapping portion between this shot region
and a figure pattern by a reference area, even when the shot
interval becomes narrower or wider than AU, there 1s an
cllect that the amount of reflective scattered electrons gen-
erated at the shot interval 1s the same as that in the case
where the shot interval accurately coincides with AU.
Thereby, the conventional method of dose correction can be
used as 1t 1s.

FIG. 14A shows an example of an area density map 52
according to Embodiment 1. In the case of FIG. 14A, the
area density ol the mesh region (shot region) completely
covered with the figure pattern 50 1s not 100% but 93% to
96%. Moreover, as to the mesh regions (shot regions)
including the figure ends, their area densities are 9%, 17%,
19%, 18%, 19%, 8%, 55%, 57%, 44%, 77%, 74%, 76%.,
75%., 26%, 38%, and 36% from the lower left end 1in a
clockwise rotation. Then, here, as described above, the area
density may be greater than 100%. In the case of exceeding
100%, since the dose of an actual beam irradiation may
exceed the design maximum value, it 1s preferable to set the
shot interval under the control to be less than or equal to AU
iI requested that the maximum wvalue should not exceed
100%. Theretore, even when an actual beam shot deviates
due to distortion and the like, precision degradation that
occurs when the shot interval 1s greater than AU can be
avoided. FIG. 14 A shows the case of suppressing to be 100%
or less.

In the wrradiation time calculation step (S110), the 1rra-
diation time calculation unit 21 calculates an irradiation time
t of a beam, whose shot position 1s within each shot region
277, according to the area density of each shot region 27. The
irradiation time t can be calculated by multiplying a value,
which 1s obtained by dividing a dose D by a beam current 1,

10

15

20

25

30

35

40

45

50

55

60

65

16

by an area density p of the shot region 27 concerned. That
1s, the 1rradiation time 1s obtained by the equation of
t=p-D-Sb/1, where Sb 1s the area of a beam. This equation
gives an wrradiation dose D of a region irradiated with a
single beam.

The beam size may be AUxAU or 2AUx2AU, for
example, and 1t can be set arbitranily. In the multi-beam
system, when the beam size 1s 2ZAUx2AU, for example, a
shot overlaps with an adjacent shot on the writing surface.
In such a case, it 1s considered that the synthesized dose 1s
equivalent to a dose of a region of AUxAU 1rradiated with
the beam of beam current I, even 1f the size 1s 2AUx2AU.
That 1s, the 1irradiation time does not depend upon the beam
size, and can be calculated by t=p-D-AU?/1. Although the
beam current I changes depending on the beam size Sb, the
beam size 1s usually defined to be fixed, and writing 1s
controlled by measuring the beam current. Therefore, 1t 1s
practical to treat the term of AU” to be included in a
conversion coethicient k which 1s practically set according to
the writing conditions (beam size, AU value, etc.). That 1s,
it is practical to define t=k"p-D-AU*/I=k-p-D/I. Here,
although k=k' AU, k' is usually a coeflicient of 1, and is
practically set as a correction coeflicient to be used when
needed under other writing conditions.

As to the dose D, 1t can be calculated by D=D,-Dp-o.f3
where a dose correction coellicient Dp for correcting dimen-
sion variation, such as a proximity eflect, a reference dose
D,, a current correction coetlicient o for each beam, and a
time dependent correction coeflicient p are used. It 1s only
necessary to previously calculate the dose correction param-
cters, such as the dose correction coeflicient Dp, the refer-
ence dose D,, the current correction coeflicient o for each
beam, and the time dependent correction coeflicient [3.
Alternatively, the writing data processing unit 23 may input
writing data i1n order to calculate a dose correction coetli-
cient Dp. Therefore, it 1s suflicient for the 1rradiation time
calculation unit 21 to just calculate t=k"pD,-Dp-a-f-AU~/
I=k-p-D,-Dp-a.-p/I.

In addition, in the case where the sensitivity of resist
changes depending upon time after writing or where a beam
current changes in time, the time dependent correction
coeflicient 3 1s set, and the time dependent correction
coellicient 5 may be used for correction. Moreover, since the
area density is p=S/AU?, the irradiation time can also be
calculated by t=k'-S-D,-Dp-a-p/I. This equation indicates
that the calculation can be also achieved by not using the
area density p but using the area S as it 1s, and which 1s to
be used may be determined depending on the design. There
may be a case where superimposed writing 1s performed by
multiplex exposure depending on a writing method, and 1n
such a case, a dose 1s added for the superimposing. In any
event, 1t 1s only necessary to perform calculation based on
the equation described above to be 1n accordance with the
writing method.

Here, the irradiation time calculation unit 21 performs
calculation 1including the dose D, but 1t 1s not limited thereto.
It 1s also preferable to perform calculation as follows: first,
a dose calculation unit (not shown) calculates a dose D of a
beam whose shot position 1s within each shot region 27, and
alter calculating the dose D, the rradiation time calculation
umt 21 calculates, using the dose D, an 1rradiation time t
depending on the area density of each shot region 27.

FIG. 15 shows an example of an 1rradiation time map
according to Embodiment 1. Fach mesh 1n an 1rradiation
time map 56 indicates the shot region 27. FIG. 15 shows
values each obtained by multiplying each map value in the
area density map 52 shown i FIG. 14A by a reference
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irradiation time T,. In such a case, the reference irradiation
time T, is defined by the equation of T,=D, AU*/I=k-D /1,
which 1s a control value inside the control circuit for giving
a reference dose. To multiply the reference 1rradiation time
T, 1ndicates to convert the rradiation time of each shot into
a control value 1nside the control circuit. FIG. 135 shows the
case of T,=500 and Dp-o-pf=1 as a simple example.

In the Z correction step (S111), by the electrostatic lens
211, it 1s set such that correction of the focal position of each
beam, where the focal position changes by the height
position shown in the height position distribution, advances
with the advance of writing processing. In other words, the
clectrostatic lens 211 corrects the focal position of each
beam due to change of the height position shown in the
height position distribution.

In the writing step (S112), the writing processing control
unit 25 performs controlling such that writing processing
advances at shot intervals each being less than or equal to
AU as described above. Then, the writing umt 150 con-
trolled by the writing processing control unit writes a pattern
on the target object by irradiating each beam of the 1rradia-
tion time t for each shot region 27 obtained by the method
described above. Specifically, a shot beam 1s variably con-
trolled to be corresponding to an irradiation time calculated
by the wrradiation time calculation unit 21. The irradiation
time calculation unit 21 outputs the irradiation time of each
shot to the deflection control circuit 130. Then, the deflection
control circuit 130, when performing a corresponding shot,
outputs a digital signal for controlling the blanker to turn the
beam on during the irradiation time t to the DAC amplifier
134. Then, the DAC amplifier 134 converts the digital signal
into an analog signal and amplifies it to be applied as a
deflection voltage to a corresponding blanker of the blanking
plate 204. As described above, the dose 1s variably con-
trolled depending upon a shot position. On the other hand,
the writing processing control unit 25 outputs detlection
position data to the detlection control circuit 132 so that each
beam may be deflected to a desired shot position. The
deflection control circuit 132 calculates a deflection amount,
outputs a digital signal for control to the DAC amplifier 136.
Then, the DAC amplifier 136 converts the digital signal into
an analog signal and amplifies 1t to be applied as a deflection
voltage to the deflector 208. Thereby, the multiple beams 20
ol one shot are collectively deflected.

As described above, according to Embodiment 1, by
defining a shot position based on not a design position but
a shot position including an amount of distortion, and
defining the shot region 27 based on such shot position R, 1t
becomes possible to radiate a shot beam having the dose D
for correcting a positional deviation due to distortion. As a
result, pattern shape change or size change due to deviation
of the irradiation position of multiple beams caused by
distortion of the optical system and the like can be sup-
pressed. Consequently, patterns can be highly precisely
written with multiple beams.

In the examples described above, although the shot region
277 1s defined by the quadrangle composed by connecting the
four average positions 29, 1t 1s not limited thereto.

FIG. 16 1s a schematic diagram showing another example
of the shot region mesh according to Embodiment 1. If the
shot position 22 designated by the coordinate R(x, _,, v,)
shifts largely by distortion, 1t 1s acceptable to calculate a
turther average position P' at the average position (middle
position) between the coordinate R(x , v, ) and the coordi-
nate R(x __,, v.). For example, 1t 1s preferable to determine
a set value concerning a deviation amount of the shot
position 22 1n advance, and, when the amount of deviation
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becomes greater than or equal to this set value (for example,
10% of AU), to calculate a further average position P'. In the
example of FIG. 16, the shot region 27 (the second region)
surrounding the shot position coordinate R(x, , v, ) 1s defined,
where the shot position coordinate R(x,, v, ) 1s surrounded
by average positions 29 each of which 1s designated by the
coordinate P(x , v, ), the coordinate P vy, ), the coordinate
P(x _,, v, _,)and the coordinate P(x , v, _,), and the further
average position P'. Therefore, even when the shot position
largely deviates, writing precision can be increased.

Although the shot region 27 1s defined by one quadrangle
composed by connecting the four average positions 29 in the
examples described above, 1t 1s not limited thereto.

FIG. 17 1s a schematic diagram showing another example
of the shot region mesh according to Embodiment 1. In FIG.
17, the area density p for calculating the dose D of the shot
position 22 designated by the coordinate R1 may be defined
not by one quadrangle s1 composed by connecting the four
average positions 29 designated by pl to p4 and surrounded
by the four average positions 29 designated by p1 to p4, but
by one shot region composed of quadrangles s1 to s9, where
the surrounding quadrangles s2 to s9 are added to sl to
configure one shot region. In such a case, although a shot
region for a shot position 22 1s overlapped with another shot
region for another shot position 22, when calculating an area
density p for obtaining a dose D of the shot position 22
designated by the coordinate R1, 1t 1s only necessary to
obtain a value by dividing the area S of the overlapping
portion between the quadrangles sl to s9 and the figure
pattern by the number of quadrangles (in this case, nine).
The area density p for other shot position 22 can also be
calculated 1n the same way. Thus, from the viewpoint of the
whole writing region, the sum of the area S defined using
one quadrangle s1 can be the same as the sum of the area S
defined using a plurality of quadrangles sl to s9. Alterna-
tively, 1t 1s also preferable to perform calculation by weight-
ing 1n which the area S of the center quadrangle s1 including
the shot position 22 designated by the coordinate R1 1s
divided by two (1/2) and the area S of each of the surround-
ing quadrangles s2 to s9 1s divided by sixteen (1/16), as an
example.

Moreover, the coordinate point which sections the shot
region based on the average position of the four shot
positions 1s calculated in the Embodiments described above,
but however, it 1s also acceptable to define a coordinate point
based on an average position or a gravity center of four or
more shot positions. With reference to FIG. 17, according to
the Embodiment described above, the coordinate point pl
which sections the shot region based on the average position
of the four shot positions (R1, R2, R4, R5) 1s calculated.
Furthermore, 1t 1s also preferable to define the coordinate pl
based on an average position obtained by increasing the shot
positions, such as obtaining an average position of the
sixteen shot positions (R1, R2, R3, R4, R5, R6, R7, R8, R9,
R10, R11, R12, R13, R14, R15, R16) in the surrounding
region, or obtaining an average position of the twelve shot
positions (R1, R2, R3, R4, R3, R6, R7, R8, R11, R12, R14,
R135) 1n the surrounding region, which are acquired by
excluding the four shot positions at the corners from the
sixteen shot positions described above. In the case of the
sixteen shot positions, each of the coordinate values of X
and Y of the coordinate point pl can be calculated by adding
sixteen X coordinate values or sixteen Y coordinate values,
and dividing the added value by sixteen. In the case of the
twelve shot positions, each of the X and Y coordinate values
of the coordinate point pl can be calculated by adding
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twelve X coordinate values or twelve Y coordinate values,
and dividing the added value by twelve.

Moreover, 1t 1s also preferable to define the coordinate
point pl by calculating the average or the center of gravity
which 1s obtained by weighting each coordinate point. For
example, depending on the distance from the target position,
the average or the center of gravity 1s calculated by weight-
ing the shot positions (R1, R2, R4, R5) close to the target
position by 2, and weighting the other shot positions (R3,
R6, R7, R8, R9, R10, R11, R12, R13, R14, R15, R16) by 1.
Then, 1n this case, each of the X and Y coordinate values of
the coordinate point pl 1s calculated by the processing in
which respective X and Y coordinate values of the shot
positions (R1, R2, R4, R5) are multiplied by 2 and added,
and respective X and Y coordinate values of the other shot
positions are multiplied by 1 and added, and the added value
1s divided by 20.

Thus, by increasing the number of shot positions being
calculation targets, a coordinate point can be defined based
on a result retlecting deviation of the surrounding shot
positions 1n a larger range, and even when there is locally a
shot position which 1s largely deviated, since a correction
calculation result equalized among shots can be obtained,
the precision can be improved.

Generally, when the number of calculation targets 1s
increased, calculation processing takes much time, but how-
ever, concrete calculation to be performed may be selected
by design depending on precision requirement.

Embodiments have been explained referring to concrete
examples described above. However, the present invention
1s not limited to these specific examples.

While the apparatus configuration, control method, and
the like not directly necessary for explaining the present
invention are not described, some or all of them may be
suitably selected and used when needed. For example,
although description of the configuration of a control unit for
controlling the writing apparatus 100 1s omitted, it should be
understood that some or all of the configuration of the
control unit 1s to be selected and used appropriately when
necessary.

In addition, any other multi charged particle beam writing
apparatus and a method thereof that include elements of the
present invention and that can be appropnately modified by
those skilled in the art are included within the scope of the
present mvention.

Additional advantages and modification will readily occur
to those skilled i1n the art. Therefore, the immvention 1n its
broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A multi charged particle beam writing method com-
prising;:

calculating first shot positions of multiple beams, each of

the first shot positions including a distortion amount of
an 1rradiating corresponding beam, 1n a case of 1rradi-
ating each beam of multiple beams of a charged particle
beam on a target object, based on control grid intervals
having been set in length and width in advance;
calculating first condition positions based on a pre-set
condition, each of the first condition positions being
arranged 1n a corresponding first region of a plurality of
first regions respectively surrounded by closest second
shot positions of 2x2 1n length and width of the first
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shot positions, using the first shot positions including
the distortion amount of the corresponding beam:;

calculating, for each of a plurality of second regions
respectively surrounded by a plurality of closest second
condition positions of the first condition positions, an
area density of a figure pattern to be written in over-
lapping with a second region concerned in the plurality
of second regions, by using the first condition posi-
tions;

calculating an 1rradiation amount or an 1rradiation time of
cach beam whose corresponding first shot position of
the first shot positions 1s 1n a corresponding second
region of the plurality of second regions, based on an
area density of a second region concerned; and

writing a pattern on a target object by 1rradiating a beam
of the 1rradiation amount or the 1rradiation time calcu-
lated.

2. The method according to claim 1,

wherein the plurality of second regions are connected
without any space.

3. The method according to claim 1,

wherein the first condition position 1s an average position
or a gravity center position of the closest second shot
positions surrounding the corresponding first region of
the plurality of first regions.

4. The method according to claim 1 further comprising;

measuring a height position distribution of a writing
region of the target object; and

correcting a focal position of each beam, where the focal
position changes by a height position 1n the height
position distribution, wherein distortion of the each
beam includes a distortion resulting from the correcting
the focal position.

5. The method according to claim 1,

wherein each of the plurality of second regions 1s sur-
rounded by closest second condition positions of 2x2 1n
length and width as the plurality of closest second
condition positions, and 1n a case there 1s an additional
condition position which 1s to be added based on a
pre-set condition, the each of the plurality of second
regions 1s surrounded by the closest second condition
positions of 2x2 in length and width and the additional
condition position.

6. A mult1 charged particle beam writing apparatus com-

prising:

a stage configured to mount a target object thereon and to
be movable;

an [emission unit] emitter configured to emit a charged
particle beam:;

an aperture member, 1n which a plurality of openings are
formed, configured to form multiple beams by letting a
region including a whole of the plurality of openings be
irradiated with the charged particle beam and letting,
portions of the charged particle beam respectively pass
through a corresponding opening of the plurality of
openings;

a plurality of blankers configured to respectively perform
blanking deflection of a corresponding beam 1n the
multiple beams having passed through the plurality of
openings of the aperture member;

a blanking aperture member configured to block each
beam that has been deflected to be 1n an off state by the
plurality of blankers;

a detlector configured to collectively detlect each beam
having passed through the blanking aperture member to
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cach irradiation position on the target object for the
cach beam having passed through the blanking aperture
member:;

a shot position calculation unit configured by a circuit or
a computer, to calculate first shot positions of multiple
beams, each of the first shot positions including a
distortion amount of an irradiating corresponding

beam, 1n a case of wrradiating each beam of multiple

beams of a charged particle beam on a target object,
based on control grid intervals having been set 1n length
and width 1n advance;

a condition position calculation unit configured by a
circuit or the computer, 1o calculate first condition
positions based on a pre-set condition, each of the first
condition positions being arranged 1n a corresponding
first region of a plurality of first regions respectively
surrounded by closest second shot positions of 2x2 in
length and width of the first shot positions, using the
first shot positions including the distortion amount of
the corresponding beam;

an area density calculation umt configured by a circuit or
the computer, to calculate, for each of a plurality of
second regions respectively surrounded by a plurality
of closest second condition positions of the first con-
dition positions, an area density of a figure pattern to be
written in overlapping with a second region concerned
in the plurality of second regions, by using the first
condition positions;

an 1rradiation time calculation unit configured by a circuit
or the computer, 10 calculate an 1rradiation time of each
beam whose corresponding first shot position 1s 1n a
corresponding second region of the plurality of second
regions, based on an area density of a second region
concerned; and

a deflection control unit configured by a circuit or the
computer, 10 perform blanking deflection control of the
plurality of blankers so that each beam of the irradia-
tion time calculated irradiates the target object.

7. The apparatus according to claim 6,

wherein the plurality of second regions are connected
without any space.

8. The apparatus according to claim 6,

wherein the first condition position 1s an average position
or a gravity center position of the closest second shot
positions surrounding a first region of the plurality of
first regions.

9. The apparatus according to claim 6 further comprising:
a sensor configured to measure a height position distri-
bution of a writing region of the target object; and
an electrostatic lens configured to correct a focal position
of each beam, where the focal position changes by a
height position 1n the height position distribution,

wherein distortion of the each beam includes a distortion
resulting from correcting the focal position.

10. The apparatus according to claim 6,

wherein each of the plurality of second regions 1s sur-
rounded by closest second condition positions of 2x2 in
length and width as the plurality of closest second
condition positions, and 1n a case there 1s an additional
condition position which 1s to be added based on a
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pre-set condition, the each of the plurality of second
regions 1s surrounded by the closest second condition
positions of 2x2 1n length and width and the additional
condition position.

11. The method according to claim 1,

wherein when calculating said arvea density of the figure
pattern for the each of the plurality of second vegions,
said avea density is calculated using a plurality of
second regions surrounding the second region con-
cerned.

12. The method according to claim 11,

wherein area densities in the second rvegion concerned
and the plurality of second rvegions surrounding the
second region concerned ave respectively calculated by
weighting, for the each of the plurality of second
regions, and

said area demnsity used for calculating the irradiation
amount or the irradiation time, becomes a statistical
value of area densities weighted in the second region
concerned and the plurality of second regions sur-
rounding the second region concerned.

13. The method according to claim 12,

wherein a weighting value for the second vegion con-
cerned is different from weighting values for the plu-
rality of second regions surrounding the second region
concerned.

14. The method according to claim 12,

wherein one of a sum and an average of area densities
weighted in the second region concerned and the
plurality of second regions surrounding the second
region concerned is used as the statistical value.

15. The method according to claim 1,

wherein the irradiation amount or the irradiation time is
corrected by using a dose corrvection parameter.

16. The apparatus according to claim 6,

wherein the area density calculation unit calculates said
area density using a plurality of second regions sur-
rounding the second region concerned for each of a
plurality of second regions.

17. The apparatus accovding to claim 16,

wherein the arvea density calculation unit calculates by
weighting, arvea densities in the second rvegion con-
cerned and the plurality of second regions surrounding
the second region concerned respectively, and

the area density calculation unit calculates a statistical
value of area densities weighted in the second region
concerned and the plurality of second regions sur-
rounding the second region concerned, as said area
density used for calculating the irradiation amount or

the irradiation time.

18. The apparatus according to claim 6 further compris-

Ing:

a sensor configured to measure a height position distvi-
bution of a writing region of the target object; and

a lens configured to correct a focal position of each beam,
whevre the focal position changes by a height position in

the height position distribution,
wherein distortion of the each beam includes a distortion

resulting from correcting the focal position.
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