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CHARGED PARTICLE BEAM DRAWING
DEVICE AND METHOD OF CONTROLLING
CHARGED PARTICLE BEAM DRAWING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2020-136930 filed Aug. 14, 2020, the
disclosure of which is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a charged particle
beam drawing device and a method of controlling the
charged particle beam drawing device.

Description of Related Art

[0003] A conventional charged particle beam drawing
device is known in which a predetermined area of a material
is irradiated with a charged particle beam based on pattern
data stored in a storage unit so that a desired pattern is drawn
on the material (e.g., JP-A-6-112113).

[0004] Insuch aconventional charged particle beam draw-
ing device, figure data created by software such as CAD is
converted into pattern data and stored in the storage unit.
Depending on the figure data, this may require a huge
amount of data for the pattern data, which may result in a
problem that the pattern data occupies a larger space of a
disk.

SUMMARY OF THE INVENTION

[0005] The invention can provide a charged particle beam
drawing device and a method of controlling the charged
particle beam drawing device that are capable of reducing
the space that pattern data occupies in a disk.

[0006] According to a first aspect of the invention, there is
provided a charged particle beam drawing device including:
[0007] a storage unit that stores a pattern generation
program for generating pattern data, the pattern generation
program being a program in which an instruction for speci-
fying a type of a figure and an instruction for specifying a
regular arrangement of the figure are described;

[0008] an execution unit that executes the pattern genera-
tion program stored in the storage unit; and

[0009] a control unit that performs drawing control based
on the pattern data generated by the executed pattern gen-
eration program.

[0010] According to a second aspect of the invention,
there is provided a method of controlling a charged particle
beam drawing device including:

[0011] a storage step of storing in a storage unit a pattern
generation program for generating pattern data, the pattern
generation program being a program in which an instruction
for specifying a type of a figure and an instruction for
specifying a regular arrangement of the figure are described;
[0012] an execution step of executing the pattern genera-
tion program stored in the storage unit; and

[0013] a control step of performing drawing control based
on the pattern data generated by the executed pattern gen-
eration program.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a diagram schematically illustrating an
example of a configuration of an electron beam drawing
device according to an embodiment of the invention.
[0015] FIG. 2 illustrates the representation of figures
according to CAD data and pattern data.

[0016] FIG. 3 illustrates an example of pattern data includ-
ing two rectangles.

[0017] FIG. 4 illustrates an example of the arrangement of
figures and subfields in a field.

[0018] FIG. 5is a diagram for explaining the specification
of a position for position set in pattern data.

[0019] FIG. 6 is a diagram for explaining the specification
of a rectangular figure in the pattern data.

[0020] FIG. 7 is a diagram for explaining the specification
of an x-trapezoid figure in pattern data.

[0021] FIG. 8is a diagram for explaining the specification
of a y-trapezoid figure in pattern data.

[0022] FIG. 9 illustrates an example of figure groups in
which figures are regularly arranged.

[0023] FIG. 10 illustrates an example of figure groups in
which figures are regularly arranged.

[0024] FIG. 11 illustrates an example of a figure group in
which figures are regularly arranged.

[0025] FIG. 12 is a diagram for explaining the drawing
order of the figures.

[0026] FIG. 13 is a diagram for explaining the drawing
order of the figures.

[0027] FIG. 14 illustrates an example in which figure
groups are arranged over a plurality of subfields.

[0028] FIG. 15 illustrates an example of a donut-shaped
pattern represented by trapezoids.

[0029] FIG. 16 illustrates an example of a pattern of
concentric circles.

[0030] FIG. 17 illustrates an example of the screen layout
of an editor.
[0031] FIG. 18 is a diagram for explaining the parameters

of an x-trapezoid.
[0032] FIG. 19 is a diagram for explaining the parameters
of a y-trapezoid.

[0033] FIG. 20 is a diagram for explaining the parameters
of a circle.
[0034] FIG. 21 is a diagram for explaining the input

parameters of an orthogonal arrangement.

[0035] FIG. 22 is a diagram for explaining the input
parameters of an oblique arrangement.

[0036] FIG. 23 is a diagram for explaining the input
parameters of a circumferential arrangement.

[0037] FIG. 24 is a diagram for explaining a coordinate
system.

[0038] FIG. 25 illustrates a pattern in an editing example
A.

[0039] FIG. 26 illustrates an operation in the editing
example A.

[0040] FIG. 27 illustrates an operation in the editing
example A.

[0041] FIG. 28 illustrates an operation in the editing
example A.

[0042] FIG. 29 illustrates an operation in the editing
example A.

[0043] FIG. 30 illustrates a pattern in an editing example
B.

[0044] FIG. 31 illustrates an operation in the editing
example B.
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[0045] FIG. 32 illustrates an operation in the editing
example B.

DESCRIPTION OF THE INVENTION
[0046] (1) A charged particle beam drawing device

according to an embodiment of the invention includes:
[0047] a storage unit that stores a pattern generation
program for generating pattern data, the pattern generation
program being a program in which an instruction for speci-
fying a type of a figure and an instruction for specifying a
regular arrangement of the figure are described;

[0048] an execution unit that executes the pattern genera-
tion program stored in the storage unit; and

[0049] a control unit that performs drawing control based
on the pattern data generated by the executed pattern gen-
eration program.

[0050] Further, a method of controlling a charged particle
beam drawing device according to an embodiment of the
invention includes:

[0051] a storage step of storing in a storage unit a pattern
generation program for generating pattern data, the pattern
generation program being a program in which an instruction
for specifying a type of a figure and an instruction for
specifying a regular arrangement of the figure are described;
[0052] an execution step of executing the pattern genera-
tion program stored in the storage unit; and

[0053] a control step of performing drawing control based
on the pattern data generated by the executed pattern gen-
eration program.

[0054] According to the charged particle beam drawing
device and the method of controlling the charged particle
beam drawing device, by executing the pattern generation
program, in which an instruction for specifying a type of a
figure and an instruction for specifying a regular arrange-
ment of the figure are described, to dynamically generate
pattern data, the occupied space of a disk for the pattern data
can be reduced.

[0055] (2) In the charged particle beam drawing device,
the storage unit may store pattern data generated by con-
verting figure data, and the control unit may perform draw-
ing control based on the pattern data stored in the storage
unit and the pattern data generated by the pattern generation
program.

[0056] In the method of controlling the charged particle
beam drawing device, the storage step may store pattern data
generated by converting figure data, and the control step
may perform drawing control based on the pattern data
stored in the storage unit and the pattern data generated by
the pattern generation program.

[0057] (3) The charged particle beam drawing device may
further include:
[0058] a display control unit that displays on a display unit

a plurality of options of basic elements that define the type
of the figure and a plurality of options of structural elements
that define the regular arrangement of the figure;

[0059] an operation reception unit that receives a user
operation for making selection from among the basic ele-
ments and the structural elements to combine the selected
basic and structural elements; and

[0060] a program creation unit that creates the pattern
generation program based on a combination of the basic
elements and the structural elements selected in the opera-
tion.
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[0061] The method of controlling the charged particle
beam drawing device may further include:

[0062] a display control step of displaying on a display
unit a plurality of options of basic elements that define the
type of the figure and a plurality of options of structural
elements that define the regular arrangement of the figure;
[0063] an operation reception step of receiving a user
operation for making selection from among the basic ele-
ments and the structural elements to combine the selected
basic and structural elements; and

[0064] a program creation step of creating the pattern
generation program based on a combination of the basic
elements and the structural elements selected in the opera-
tion.

[0065] According to the charged particle beam drawing
device and the method of controlling the charged particle
beam drawing device, it is possible to create the pattern
generation program through an intuitive and easy-to-under-
stand operation of selecting a basic element and a structural
element to combine the selected basic and structural ele-
ments, and thus to improve user convenience.

[0066] Preferred embodiments of the invention will be
described in detail below with reference to the drawings.
Note that the embodiments described below do not unduly
limit the scope of the invention as stated in the claims. In
addition, all of the components described in the following
embodiments are not necessarily essential requirements of
the invention.

[0067] FIG. 1 is a diagram illustrating a configuration of
an electron beam drawing device (an example of a charged
particle beam drawing device) according to an embodiment
of'the invention. Note that the electron beam drawing device
according to the present embodiment may have a configu-
ration in which some or part of the components (respective
units) in FIG. 1 are omitted.

[0068] The electron beam drawing device includes an
electron beam drawing device main body 1, a storage unit
30, a control device 40 (an execution unit and a control unit),
and a data processing device 50. The electron beam drawing
device main body 1 includes an electron gun 10 that gen-
erates an electron beam B, a blanker 11 that blanks the
electron beam B, an irradiation lens system 12, an objective
lens 13, a sub deflector 14, a main deflector 15, and a stage
16 on which a drawing material M (chip, etc.) is placed. The
electron beam B generated from the electron gun 10 travels
through the irradiation lens system 12 and the objective lens
13 so that the drawing material M is irradiated with the
electron beam B. By moving the stage 16 and controlling the
sub deflector 14 and the main deflector 15, the irradiation
position on the drawing material M can be changed.
[0069] The storage unit 30 stores pattern data 31, a pattern
generation program 32, and a drawing job 33. The pattern
data 31 is data obtained by converting CAD data 21 (figure
data) created by CAD software 20 with data conversion
software 22. The pattern generation program 32 is a program
in which an instruction for specifying a type of a figure and
an instruction for specifying a regular arrangement of figures
(arrangement according to a given algorithm) are described,
and outputs pattern data 60 in the OTA format, which will be
described later. The pattern generation program 32 can be
created by a user using an editor described later. The
programming language used to create the pattern generation
program 32 may be of any type as long as it is available on
the control device 40 (computer). In a case where a major



US 2022/0051869 Al

programming language such as the Python language is used,
the storage unit 30 stores an auxiliary library 34 to facilitate
programming. The drawing job 33 is data in which condi-
tions such as arrangement (layout) of a drawing pattern on
the drawing material M and device calibration are specified,
and is created by the user. In the drawing job 33, the pattern
data 31 and the start command of the pattern generation
program 32 are specified as a drawing pattern.

[0070] The control device 40 performs processing of con-
trolling the electron beam drawing device main body 1. The
function(s) of the control device 40 can be implemented by
hardware such as various types of processors, or a program
or programs. The control device 40 includes a drawing job
control unit 41, a drawing control unit 42, and a data transfer
unit 43. The drawing job control unit 41 refers to the
drawing job 33 to perform drawing control (e.g., a control to
move the stage 16 to the position of a drawing target field,
a control to draw pattern data for the drawing target field,
and processing such as device calibration) in cooperation
with the drawing control unit 42 and the data transfer unit
43. The drawing job control unit 41 transmits the pattern
data 31 specified by the drawing job 33 to the data transfer
unit 43, and also executes the pattern generation program 32
based on the start command specified by the drawing job 33
to create (start) the pattern generation process 44. The
pattern generation process 44 outputs the pattern data 60 in
the drawing order. The output of the pattern generation
process 44 is transmitted to the data transfer unit 43 through
the FIFO function of the OS (operating system). The data
transfer unit 43 transmits the pattern data 31 to the data
processing device 50, converts the pattern data 60 into the
device-specific pattern data 61, transmits the resulting data
to the data processing device 50, and controls the sub
deflector 14, the main deflector 15, and the like via the data
processing device 50 based on a control signal from the
drawing job control unit 41. The drawing control unit 42
performs a control to move the stage 16, processing for
setting parameters related to the sub deflector 14 and the
main deflector 15, and the like, based on a control signal
from the drawing job control unit 41.

[0071] Further, the control device 40 may further include
a display control unit that displays a screen of an editor for
creating the pattern generation program 32 on a display unit
(display), an operation reception unit that receives user
operations through the editor, and a program generation unit
that generates the pattern generation program 32 based on a
user operation received through the editor.

[0072] FIG. 2 illustrates the representation of figures
according to CAD data (21) and pattern data (31). Both the
CAD data and the pattern data represent figures, but for the
CAD data, various representations such as polygons and
circles can be used. In addition, for the CAD data, overlap-
ping of figures is not taken into consideration, and its final
shape is set as a figure to be drawn. On the other hand, for
the pattern data, figures are represented only by rectangles
and trapezoids having sides parallel to the x-axis and y-axis
in an xy-Cartesian coordinate system, and each figure
directly involves the irradiation range of an electron beam,
so that overlapping of the figures is removed. As illustrated
in FIG. 2, for the CAD data, a figure is represented as being
two rectangles intersecting diagonally, whereas for the pat-
tern data, a figure is represented as being subdivided into 11
trapezoids.
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[0073] The main deflector 15 and the sub deflector 14 are
used to irradiate the drawing material M with the electron
beam B, but there is a limit on the range of angles at which
each deflector can deflect the beam. The beam irradiation
range of the main deflector 15 is called a field, and the beam
irradiation range of the sub deflector 14 is called a subfield.
The pattern data is composed of a combination of the
position of a field and figure data in the field whose origin
is the upper left of the field.

[0074] FIG. 3 illustrates an example of pattern data includ-
ing two rectangles R1 and R2. The pattern data is repre-
sented by an xy-coordinate system with an x-axis whose
right side in the horizontal direction is positive and a y-axis
whose lower side in the vertical direction is positive. The
rectangle R1 is located in the field whose origin is (200,
200), and the rectangle R2 is located in the field whose
origin is (1000, 200).

[0075] The figure in the field is further subdivided into
subfields, and the figure is drawn in units of subfields. FIG.
4 illustrates an example of the arrangement of figures and
subfields in a field. In FIG. 4, the boundaries of the subfields
are indicated by a dashed grid. Basically, the position of each
subfield is set by a grid with equal intervals from the origin
of the field, and for figure data over a plurality of subfields,
a drawing system divides it by the subfield boundaries to
draw the resulting figure for each subfield in a group manner.
A rectangle R in FIG. 4 is contained within the subfield,
while a trapezoid T are over six subfields. Thus, the trap-
ezoid T is divided into six figures by the subfield boundaries
and drawn.

[0076] For the pattern data, there is a virtual coordinate
system called “position set area”, and its origin can be
specified as an offset from the origin of the field by a
command called “position set command”. The position of
the figure data is an offset from the origin of the latest
position set area. The position of the figure data on the field
is defined by the sum of the origin position of the position
set area and the position of the figure data on the position set
area, and the coordinates are used for placement in the
subfield. In this way, the position set command is basically
irrelevant to the position of a subfield, but a function that
regards the position specified by the position set command
as the origin of the subfield is added as an option.

[0077] The pattern data is stored in a storage (storage unit
30) such as a hard disk in a binary format, but, for conve-
nience, a part of the pattern data is represented herein in a
text format.

[0078] The position of a field is specified by an offset (fx,
fy) from the upper left of the drawing material M as follows.

FLD fx fy

[0079] The position set position (the origin of the position
set area) is specified by coordinates (px, py) in a field
coordinate system as follows (see FIG. 5).

PSET px py

[0080] A figure of rectangle is specified by the coordinates
(x1, y1) and (x2, y2) of two diagonal points of the rectangle
in a position set area coordinate system as follows (see FIG.
6).
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RECT x1 y1 x2 y2

[0081] An x-trapezoid (a trapezoid whose upper and lower
bases are parallel to the x-axis) is defined by four points (x1,
y1) to (x4, y4) to be specified as illustrated in FIG. 7 in the
position set area coordinate system as follows.

TRAPX x1 y1 x2 x3 x4 y4

[0082] A y-trapezoid (a trapezoid whose upper and lower
bases are parallel to the y-axis) is defined by four points (x1,
y1) to (x4, y4) to be specified as illustrated in FIG. 8 in the
position set area coordinate system as follows.

TRAPY x1 y1 y2 y3 x4 y4

[0083] The figure specified by the pattern data is generally
drawn as follows. (1) The stage 16 is moved to move the
field center position (obtained from the position and size of
the field) to a position directly below the beam. (2) All figure
data in the field is placed in the subfields. For a figure over
a plurality of subfields, it is placed in a subfield to which the
upper left point of the figure belongs. (3) The subfield(s) in
which the figure is placed is scanned in accordance with an
instruction in which device parameters are specified, and the
following (4) and (5) are performed for each subfield. Note
that, as the scanning method, several types of scanning
methods are defined, such as a method of zigzag scanning in
the horizontal direction from the upper left, a method of
raster scanning in the vertical direction, and a method of
scanning without sorting (maintaining the order of appear-
ance of figures). (4) The main deflector 15 is controlled so
that the beam is deflected to the center position of the
subfield in which the figure is placed. (5) All figures in the
subfields are sequentially taken out in accordance with an
instruction in which device parameters are specified, and for
each figure, the inside of the figure is scanned. Scanning the
inside of the figure is performed by controlling the sub
deflector 14. Note that, for a figure over a plurality of
subfields, the subfield to be scanned is temporarily switched.
[0084] The pattern data has a function of compacting
figure commands for regularly arranged figures. For
example, as illustrated in FIG. 9, in a case where groups of
figures in which each group is composed of three rectangles
and one trapezoid are arranged at equal intervals in 5 rows
and 5 columns in the x and y directions, the groups can be
represented by four figure commands along with a com-
pacted command (COMP command) as follows, instead of
100 (4x5x5) figure commands.

[0085] COMP 4 5 5 1000 1000

[0086] RECT 0 0 200 200

[0087] RECT 0 300 200 500

[0088] RECT 300 0 500 200

[0089] TRAPX 300 300 400 500 300 400

[0090] Here, the parameters for the COMP command are
the number of figures to be expanded in an array (4), the
number of expansions in the x direction (5), the number of
expansions in the y direction (5), the pitch in the x direction
(1000), and the pitch in the y direction (1000).

[0091] In some cases where an experimental or prototype
pattern in the field of nano-processing, a simple grid-like
arrangement is performed and further, for example, the shot
time (shot rank) is changed according to the arrangement
position to be expanded.

[0092] FIG. 10 is a diagram illustrating an example in
which the shot time (shot rank) is changed for each arrange-
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ment position of the figure groups of FIG. 9. In this example,
the shot rank for each figure group is changed in 15 steps in
the x direction and 90 steps in the y direction. In FIG. 10, the
difference in shot time is represented by the difference in
brightness. The shot time can be specified using a shot rank
command (SRA command), but in such a case, the compact
function for pattern data cannot be used, and a total of 125
commands are lined up as follows.

[0093] SRAO

[0094] RECT 0 0 200 200

[0095] RECT 0 300 200 500

[0096] RECT 300 0 500 200

[0097] TRAPX 300 300 400 500 300 400

[0098] SRA 90

[0099] RECT 0 1000 200 1200

[0100] RECT 0 1300 200 1500

[0101] RECT 300 1000 500 1200

[0102] TRAPX 300 1300 400 500 300 1400

[0103] SRA 180

[0104] ... (the rest is omitted)

[0105] An example illustrated in FIG. 11 is a pattern in
which the center positions of rectangles are arranged with a
radius of 1000 to 4000 in increments of 1000, an angle of 0
degrees to 90 degrees in increments of 18 degrees, and a
rectangle size of 150 to 600 in increments of 150, and the
shot rank is changed in the radial direction from 60 to 150
in steps of 30. In this way, even algorithmically regular
pattern data cannot be compacted. For this pattern data,
commands are lined up as follows.

[0106] SRA 60

[0107] RECT 1425 425 1575 575

[0108] RECT 1376 734 1526 884

[0109] RECT 1234 1013 1384 1163

[0110] RECT 1013 1234 1163 1384

[0111] RECT 734 1376 884 1526

[0112] RECT 425 1425 575 1575

[0113] SRA 90

[0114] RECT 2350 350 2650 650

[0115] RECT 2252 968 2552 1268

[0116] RECT 1968 1526 2268 1826

[0117] RECT 1526 1968 1826 2268

[0118] RECT 968 2252 1268 2552

[0119] RECT 350 2350 650 2650

[0120] SRA 120

[0121] RECT 3275 275 3725 725

[0122] RECT 3128 1202 3578 1652

[0123] RECT 2702 2038 3152 2488

[0124] RECT 2038 2702 2488 3152

[0125] RECT 1202 3128 1652 3578

[0126] RECT 275 3275 725 3725

[0127] SRA 150

[0128] RECT 4200 200 4800 800

[0129] RECT 4004 1436 4604 2036

[0130] RECT 3436 2551 4036 3151

[0131] RECT 2551 3436 3151 4036

[0132] RECT 1436 4004 2036 4604

[0133] RECT 200 4200 800 4800

[0134] In the above pattern data, the figure commands are
arranged from the upper right to the lower left in order from
the smallest radius (see FIG. 12), and the order of drawing
the figures is ideal (theoretical) as intended by a user (e.g.,
designer of the prototype device). However, typically, when
CAD data is converted into pattern data by the data con-
version software 22, as illustrated in FIG. 13, the figures are
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sorted in a raster or zigzag order in parallel to the x-axis and
the y-axis, which results in failure to draw the figures in the
drawing order as intended by the user.

[0135] FIG. 14 illustrates an example in which figure
groups each of which is that of FIG. 11 are arranged
diagonally apart, and it is assumed that each figure group has
a size to be contained in one subfield but both figure groups
are not contained in the same subfield. In FIG. 14, broken
lines BL1 indicate subfield boundaries. In this example, a
figure group G1 is contained in a subfield, and a figure group
(2 is not contained in a subfield. In such a case, when the
CAD data is converted into pattern data by the data con-
version software 22, the information indicating the unity of
the figure group is lost, so that the figure group G1 and part
of the figure group G2 are drawn in the same subfield while
the rest of the figure group G2 is separated into three
subfields. This is not desirable because, for the field of
nano-processing devices, it is required to draw the same type
of group of figures under the same quality as possible. Note
that, although it is possible to draw the figure group G2 in
an independent subfield (the area surrounded by broken lines
BL2 in FIG. 14) by enabling the option of position set
command for setting the origin of the subfield, it is
extremely difficult to recognize the respective figure groups
and generate an appropriate position set command for each
figure group.

[0136] FIG. 15 illustrates an example of a donut-shaped
pattern represented by x- and y-trapezoids. In this example,
figures are combined so as to have symmetry as much as
possible. However, in general, when CAD data is converted
into pattern data by the data conversion software 22, the
CAD data is often divided into slices in the x-direction or the
y-direction by the computational geometry algorithm used
by the data conversion software 22, so that the converted
pattern cannot be expected to have the symmetry as in the
example of FIG. 15.

[0137] The electron beam drawing device according to the
present embodiment draws a pattern by using pattern data
generated by the pattern generation program being executed,
s0 as to solve the problems in using pattern data into which
CAD data is converted (including the problem that pattern
data cannot be compacted and as a result, the occupied space
of the disk increases, and the problem that the order of
drawing figures, the placement of a figure group in a
subfield, and the composition of figures cannot be as
intended by the user).

[0138] Hereinafter, a description example of a pattern
generation program in Python language will be taken as an
example. The following description example 1 is an example
of a pattern generation program that generates pattern data
for drawing the pattern of FIG. 10.

Description Example 1

[0139] import fig

[0140] import math

[0141] DIV=5

[0142] def draw_fig(dsg):
[0143] dsg.rect(0, 0, 200, 200) # Rectangle output
[0144] dsg.rect(0, 300, 200, 200) # Rectangle output
[0145] dsg.rect(300, 0, 200, 200) # Rectangle output
[0146] dsg.trapx (300, 300, 400, 500, 300, 400) # Trap-

ezoid output
[0147] dsg=fig.OTADesigner( )
[0148] dsg.subfield(0, 0)
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[0149] for x in range(5): # Repeat 5 times in x-axis
direction
[0150] for y in range(5): # Repeat 5 times in y-axis

direction (y-axis side changes first: draw vertically)
[0151] with dsg(fig.CadCoordinate(1000*x, 1000*y)):
# Set virtual coordinate system dsg.shotrank(90*y+
x*15) # Specify shot time based on x, y arrangement
draw_{fig(dsg)
[0152] dsg.end()
[0153] Here, the “import fig” at the beginning means the
use of an auxiliary library for the Python language. When
this program is executed, the following pattern data (60) in
the OTA format is output. The OTA format is a specification
imposed on the output of the pattern generation program,
and the field position, position set area position, rectangle,
trapezoid, and the like are defined in a format using readable
text. These are based on the above-mentioned representation
of the pattern data represented in text format for conve-
nience.
[0154]
[0155]
[0156]
[0157]
[0158]
[0159]
[0160]
[0161]
[0162]
[0163]
[0164]
[0165]
[0166]
[0167]
[0168]
[0169]
[0170]
[0171]
[0172]
[0173]
[0174]
[0175]
[0176]
[0177]
[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]
[0187]
[0188]
[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
[0198]

SRA 0

RECT 0 0 200 200

RECT 0 300 200 500

RECT 300 0 500 200

TRAPX 300 300 400 500 300 400
SRA 90

RECT 0 1000 200 1200

RECT 0 1300 200 1500

RECT 300 1000 500 1200

TRAPX 300 1300 400 500 300 1400
SRA 180

RECT 0 2000 200 2200

RECT 0 2300 200 2500

RECT 300 2000 500 2200

TRAPX 300 2300 400 500 300 2400
SRA 270

RECT 0 3000 200 3200

RECT 0 3300 200 3500

RECT 300 3000 500 3200

TRAPX 300 3300 400 500 300 3400
SRA 360

RECT 0 4000 200 4200

RECT 0 4300 200 4500

RECT 300 4000 500 4200

TRAPX 300 4300 400 500 300 4400
SRA 15

RECT 1000 0 1200 200

RECT 1000 300 1200 500

RECT 1300 0 1500 200

TRAPX 1300 300 1400 1500 1300 400
SRA 105

RECT 1000 1000 1200 1200

RECT 1000 1300 1200 1500

RECT 1300 1000 1500 1200
TRAPX 1300 1300 1400 1500 1300 1400
SRA 195

RECT 1000 2000 1200 2200

RECT 1000 2300 1200 2500

RECT 1300 2000 1500 2200
TRAPX 1300 2300 1400 1500 1300 2400
SRA 285

RECT 1000 3000 1200 3200

RECT 1000 3300 1200 3500

RECT 1300 3000 1500 3200
TRAPX 1300 3300 1400 1500 1300 3400
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[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
[0223]
[0224]
[0225]
[0226]
[0227]
[0228]
[0229]
[0230]
[0231]
[0232]
[0233]
[0234]
[0235]
[0236]
[0237]
[0238]
[0239]
[0240]
[0241]
[0242]
[0243]
[0244]
[0245]
[0246]
[0247]
[0248]
[0249]
[0250]
[0251]
[0252]
[0253]
[0254]
[0255]
[0256]
[0257)]
[0258]
[0259]
[0260]
[0261]
[0262]

SRA 375

RECT 1000 4000 1200 4200

RECT 1000 4300 1200 4500

RECT 1300 4000 1500 4200

TRAPX 1300 4300 1400 1500 1300 4400
SRA 30

RECT 2000 0 2200 200

RECT 2000 300 2200 500

RECT 2300 0 2500 200

TRAPX 2300 300 2400 2500 2300 400
SRA 120

RECT 2000 1000 2200 1200

RECT 2000 1300 2200 1500

RECT 2300 1000 2500 1200

TRAPX 2300 1300 2400 2500 2300 1400
SRA 210

RECT 2000 2000 2200 2200

RECT 2000 2300 2200 2500

RECT 2300 2000 2500 2200

TRAPX 2300 2300 2400 2500 2300 2400
SRA 300

RECT 2000 3000 2200 3200

RECT 2000 3300 2200 3500

RECT 2300 3000 2500 3200

TRAPX 2300 3300 2400 2500 2300 3400
SRA 390

RECT 2000 4000 2200 4200

RECT 2000 4300 2200 4500

RECT 2300 4000 2500 4200

TRAPX 2300 4300 2400 2500 2300 4400
SRA 45

RECT 3000 0 3200 200

RECT 3000 300 3200 500

RECT 3300 0 3500 200

TRAPX 3300 300 3400 3500 3300 400
SRA 135

RECT 3000 1000 3200 1200

RECT 3000 1300 3200 1500

RECT 3300 1000 3500 1200

TRAPX 3300 1300 3400 3500 3300 1400
SRA 225

RECT 3000 2000 3200 2200

RECT 3000 2300 3200 2500

RECT 3300 2000 3500 2200

TRAPX 3300 2300 3400 3500 3300 2400
SRA 315

RECT 3000 3000 3200 3200

RECT 3000 3300 3200 3500

RECT 3300 3000 3500 3200

TRAPX 3300 3300 3400 3500 3300 3400
SRA 405

RECT 3000 4000 3200 4200

RECT 3000 4300 3200 4500

RECT 3300 4000 3500 4200

TRAPX 3300 4300 3400 3500 3300 4400
SRA 60

RECT 4000 0 4200 200

RECT 4000 300 4200 500

RECT 4300 0 4500 200

TRAPX 4300 300 4400 4500 4300 400
SRA 150

RECT 4000 1000 4200 1200

RECT 4000 1300 4200 1500

RECT 4300 1000 4500 1200
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[0263] TRAPX 4300 1300 4400 4500 4300 1400

[0264] SRA 240

[0265] RECT 4000 2000 4200 2200

[0266] RECT 4000 2300 4200 2500

[0267] RECT 4300 2000 4500 2200

[0268] TRAPX 4300 2300 4400 4500 4300 2400

[0269] SRA 330

[0270] RECT 4000 3000 4200 3200

[0271] RECT 4000 3300 4200 3500

[0272] RECT 4300 3000 4500 3200

[0273] TRAPX 4300 3300 4400 4500 4300 3400

[0274] SRA 420

[0275] RECT 4000 4000 4200 4200

[0276] RECT 4000 4300 4200 4500

[0277] RECT 4300 4000 4500 4200

[0278] TRAPX 4300 4300 4400 4500 4300 4400

[0279] Such pattern data is converted into device-specific
pattern data by the data transfer unit 43, and the resulting
data is supplied to the data processing device 50, in which
groups of figures having different shot times depending on
the arrangement position are drawn as illustrated in FIG. 10.
[0280] The following description example 2 is an example
of a pattern generation program that generates pattern data
for drawing the pattern of FIG. 11.

Description Example 2

[0281] import fig

[0282] import math

[0283] DIV=5

[0284] def draw_fig(dsg, base_rank):
[0285] def draw_rects(dsg, rad, size):

[0286] for i in range (DIV+1): # Repeat downward
from x-axis in 18 degree increments angle=(math.
pi/(2*¥*DIV))*i
[0287] dsg.rect(rad, -angle, size, size, ref=fig.Ref-

pos.C) # Rectangle output; rad, -angle are polar
positions.

[0288] for i in range(1, 5): # Repeat from inside to
outside radius
[0289] dsg.shotrank(base_rank+(i+1)*30) #

Change shot rank according to radius
[0290] draw_rects(dsg, 1000*i, 150%1)
[0291] dsg=fig.OTADesigner( )
[0292] dsg.subfield(0, 0)
[0293] with dsg(fig.PolarCoordinate(500, 500)):
[0294] draw_fig(dsg, 0)
[0295] dsg.end( )
[0296] Here, “fig.PolarCoordinate(500, 500)” in the third
line from the last means a specification of polar coordinates.
In this example, the figures are drawn in the order illustrated
in FIG. 12 by combining the two for statements. When this
program is executed, the following pattern data in the OTA
format is output.
[0297] PSET 00
[0298] SRA 60
[0299] RECT 1425 425 1575 575
[0300] RECT 1376 734 1526 884
[0301] RECT 1234 1013 1384 1163
[0302] RECT 1013 1234 1163 1384
[0303] RECT 734 1376 884 1526
[0304] RECT 425 1425 575 1575
[0305] SRA 90
[0306] RECT 2350 350 2650 650
[0307] RECT 2252 968 2552 1268
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RECT 1968 1526 2268 1826
RECT 1526 1968 1826 2268
RECT 968 2252 1268 2552
RECT 350 2350 650 2650
SRA 120

RECT 3275 275 3725 725
RECT 3128 1202 3578 1652
RECT 2702 2038 3152 2488
RECT 2038 2702 2488 3152
RECT 1202 3128 1652 3578
RECT 275 3275 725 3725
SRA 150

RECT 4200 200 4800 800
RECT 4004 1436 4604 2036
RECT 3436 2551 4036 3151
RECT 2551 3436 3151 4036
RECT 1436 4004 2036 4604
[0325] RECT 200 4200 800 4800
[0326] The following description example 3 is an example
of a pattern generation program that generates pattern data
for drawing the pattern of FIG. 14.

[0308]
[0309]
[0310]
[0311]
[0312]
[0313]
[0314]
[0315]
[0316]
[0317]
[0318]
[0319]
[0320]
[0321]
[0322]
[0323]
[0324]

Description Example 3

[0327]
[0328]
[0329]
[0330]
[0331]
[0332]
[0333]
[0334]
pos.C)
[0335] for i in range (5): # Repeat from inside to
outside radius
[0336] dsg.shotrank(base_rank+(i+1)*30) #
Change shot rank according to radius
[0337] draw_rects(dsg, 1000*i, 150%1)
dsg=fig.OTADesigner( )
dsg.subfield(0, 0)
with dsg(fig.PolarCoordinate(500, 500)):
draw_{fig(dsg, 0)
dsg.subfield(3000, 3000) # Change subfield posi-

import fig

import math

DIV=5

def draw_fig(dsg, base_rank):
def draw_rects(dsg, rad, size):

for i in range(DIV+1):
angle=(math.pi/(2*DIV))*i
dsg.rect(rad, -angle, size, size, ref=fig.Ref-

[0338]
[0339]
[0340]
[0341]
[0342]
tion
[0343] with dsg(fig.PolarCoordinate(3500, 3500)):
[0344] draw_fig(dsg, 256) # Change reference value for
shot rank
[0345] dsg.end()
[0346] In this example, the statements of the second to
fourth lines from the last are added to the description
example 2, which adds the figure group (G2) at the lower
right. The statement “dsg.subfield ( )” makes it possible to
draw the additional figure group in a subfield independent of
the upper left figure group (G1). Both the upper left figure
group and the lower right figure group maintain the same
relative positional relationship from their respective sub-
fields.
[0347] The following description example 4 is an example
of a pattern generation program that generates pattern data
for drawing the pattern of FIG. 15.

Description Example 4

[0348]
[0349]

import fig
dsg=fig.OTADesigner( )

Feb. 17, 2022

[0350]
[0351]
[0352]

dsg.subfield(0, 0)

dsg.shotrank(500)

fig.donut(dsg, 1000, 1000, 1000, 500, 16)

[0353] dsg.end()

[0354] In this example, the code is very short because the
output function “fig.donut( )” of the donut-shaped figure
defined in an auxiliary library is used. When this program is
executed, the following 139 commands are output as pattern
data in the OTA format.

[0355] PSET 00

[0356] SRA 500

[0357] TRAPX 1497 950 1998 2000 1500 1000

[0358] TRAPX 1490 901 1995 1998 1497 950

[0359] TRAPX 1477 853 1989 1995 1490 901

[0360] TRAPX 1460 804 1980 1989 1477 853

[0361] TRAPX 1436 757 1970 1980 1460 804

[0362] TRAPX 1407 709 1956 1970 1436 757

[0363] TRAPX 1369 663 1941 1956 1407 709

[0364] TRAPX 1353 646 1935 1941 1369 663

[0365] TRAPX 1382 617 1923 1935 1353 646

[0366] TRAPX 1427 572 1903 1923 1382 617

[0367] TRAPX 1471 528 1881 1903 1427 572

[0368] TRAPX 1514 485 1857 1881 1471 528

[0369] TRAPX 1555 444 1831 1857 1514 485

[0370] TRAPX 1595 404 1803 1831 1555 444

[0371] TRAPX 1634 365 1773 1803 1595 404

[0372] TRAPX 1671 328 1740 1773 1634 365

[0373] TRAPX 1707 292 1707 1740 1671 328

[0374] ——Omitted
[0375] TRAPX 1436 1242 1970 1956 1407 1290

[0376] TRAPX 1460 1195 1980 1970 1436 1242

[0377] TRAPX 1477 1146 1989 1980 1460 1195

[0378] TRAPX 1490 1098 1995 1989 1477 1146

[0379] TRAPX 1497 1049 1998 1995 1490 1098

[0380] TRAPX 1500 1000 2000 1998 1497 1049

[0381] The following description example 5 is an example
of a pattern generation program that generates pattern data
for drawing a pattern of concentric circles as illustrated in
FIG. 16. The concentric circles are composed of 10 circles,
and the shot time for and the line width of each circle change
according to the distance from the center.

Description Example 5

[0382]
[0383]
[0384]
[0385]
[0386]
[0387]
[0388]
[0389]
[0390]

import fig
N_CIRCLE=10
dsg=fig.OTADesigner( )
dsg.subfield(100, 100)
for i in range(N_CIRCLE):
outer_r=100%(i+1)
inner_r=outer_r—(N_CIRCLE-1)*3
dsg.shotrank(15*i+90)
fig.donut(dsg, 1000, 1000, outer_r, inner_r, 8)
[0391] dsg.end()
[0392] This short code outputs 732 commands. Note that
the description of the pattern data output by this program
being executed is omitted here.
[0393] As described above, according to the electron beam
drawing device of the present embodiment, the pattern data
(60, 61) may be dynamically generated at the time of
drawing by the pattern generation program instead of using
the static pattern data (31). This makes it possible to reduce
the occupied space of the disk for the pattern data. In
addition, without using the data conversion software 22, a
pattern generation program may be described to directly
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output subfield position, shot rank (shot time), and figures.
This makes it possible to ensure the characteristics for a
prototype device that draws and creates a pattern. Further,
the pattern generation program may be described in a
general-purpose interpreted language such as Python. This
makes it possible to easily prepare a test sample in which the
conditions are changed and thus to shorten the time required
for retrying trials and errors. As described above, according
to the electron beam drawing device of the present embodi-
ment, it is possible to provide efficient production of a
prototype device, particularly in the field of research and
development of optical devices and nanotechnology.

[0394] Further, the electron beam drawing device of the
present embodiment can use a combination of pattern data
into which CAD data is converted and pattern data generated
by the pattern generation program. For example, the electron
beam drawing device may have a selective function of using
the pattern generation program to draw a figure having a
special shape (circle, one defined in polar coordinates, spiral
shape, etc.) or a figure group in which the order of drawing
figures is secured, and using pattern data into which CAD
data is converted to draw figures of other general shapes
(squares, etc.).

[0395] The pattern generation program can be created by
a user using an editor (software) available on the control
device 40 (or another computer). FIG. 17 illustrates an
example of the screen layout of an editor for creating a
pattern generation program. As illustrated in FIG. 17, a basic
element palette, a structural element palette, and a library
palette are arranged on the left side of the GUI of the editor.
In the basic element palette, options of basic elements that
define the type (shape) of a figure are displayed. In the
structural element palette, options of structural elements that
define the regular arrangement of the figure are displayed. In
the library palette, auxiliary libraries are displayed. Further,
an editing area and a code display area are arranged in the
center of the GUI. The editing area is an area for arranging
a combination (visual combination) of elements selected
from each palette on the left side. In the code display area,
the pattern generation program generated by the editor is
displayed. Further, a property editing area and a simple view
are arranged on the right side of the GUI. The property
editing area is an area for setting (editing) the property of the
elements selected in the editing area. In the simple view, a
pattern generated by the elements selected in the editing area
is simply displayed.

[0396] The basic elements are prepared including rect-
angle, x-trapezoid, y-trapezoid, circle, annulus, shot rank,
and subfield. The rectangle is a rectangle whose sides are
parallel to the x-axis and the y-axis, and has four parameters:
the coordinates (x, y) of the upper left vertex, a width (w),
and a height (h). As illustrated in FIG. 18, the x-trapezoid is
a trapezoid whose upper base is parallel to the x-axis, and
has six parameters: the coordinates (x, y) of the left end (A)
of the upper side, a height (h) with reference to A, an offset
(w1) to the right end (B) of the upper side, and an offset (w2,
w3) to both ends (C, D) of the base. The parameters w2 and
w3 are directional. For example, since D in FIG. 18 is on the
left side from A, w3 has a negative value. As illustrated in
FIG. 19, the y-trapezoid is a trapezoid whose upper base is
parallel to the y-axis, and has six parameters: the coordinates
(%, y) of the upper end (A) of the upper side, a height (h) with
reference to A, an offset (wl) to the lower end (B) of the
upper side, and an offset (w2, w3) to both ends (C, D) of the
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base. The parameters w2 and w3 are directional. For
example, since D in FIG. 19 is on the upper side from A, the
parameter w3 has a negative value. The circle is not a figure
that can be directly handled by the electron beam drawing
device, but is approximately represented by a plurality of
trapezoids. As illustrated in FIG. 20, the circle has four
parameters: the center coordinates (X, y), a radius (r), and the
number of divisions (n) of an octant. The annulus is also
approximately represented by a plurality of trapezoids like
the circle. While the circle has a single radius (r), the annulus
has five parameters: two radii (r1, r2) for the inner circum-
ference and the outer circumference, respectively, the center
coordinates (X, y), and the number of divisions (n) of an
octant. The shot rank has a shot rank number as a parameter.
The subfield is an element that defines the base point of a
subfield section, and has the coordinates (x, y) of the left end
of the section as parameters.

[0397] The structural elements are primarily used to regu-
larly arrange the basic elements, and are each a mechanism
that generate output parameters multiple times (a sequence
of output parameters) from input parameters. The structural
elements are prepared including, orthogonal arrangement,
oblique arrangement, circumferential arrangement, genera-
tor, group, and step. As illustrated in FI1G. 21, the orthogonal
arrangement is a structural element indicating an arrange-
ment in a grid parallel to the x-axis and the y-axis, has as
input parameters six parameters: the origin coordinates (X,
y), x- and y-direction pitches (d,, d,), x- and y-direction
repetitions (n,, n,), and has as output parameters coordinates
(X,Y) and x- and y-direction repetition indexes (I, I). The
oblique arrangement is a structural element indicating a
generalized orthogonal arrangement, uses vectors (u, v) (see
FIG. 22) instead of d, and d,,, and X and Y are calculated by
vector operation. The oblique arrangement has input param-
eters (X, y, u, v, n,, n), which are actually eight input
parameters taking into consideration the fact that vector is
two-dimensional. The orthogonal arrangement can be said to
be a special case of u=(d,, 0) and v=(0, d). In FIG. 23, the
circumferential arrangement is a structural element indicat-
ing an arrangement at equal intervals on a circumference,
has as input parameters six parameters: the center coordi-
nates (X, y), a radius (r), an initial angle (a), an incremental
angle (d), and the number of points (n), and has coordinates
(X, Y) and an arc direction repetition index (I) as output
parameters. The generator is a structural element for gener-
ating a new repetition structure having any input and output
parameters by directly defining a script for a generator
function in the Python language. Using this structural ele-
ment makes it possible to generate advanced patterns such as
arranging figures on any mathematical curves. The group is
a structural element indicating an orthogonal arrangement
with the number of repetitions (n,, n,) for n,=n =1. In this
case, the pitches (d,, d,) have no meaning. This structural
element is used for the purpose of simplifying the arrange-
ment of a plurality of figures. The step is a structural element
for outputting an arithmetic progression from input param-
eters, and is a tool for generating a more complicated
structure in combination with other structural element
instead of generating coordinates. For example, associating
the output parameters of the step with the radius parameter
(r) of the circumferential arrangement makes it possible to
provide repetition in the radial direction, which makes a
concentric structure.
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[0398] Most of the basic elements and the structural
elements have reference positions (X, y) as parameters. The
reference position depends on the currently enabled coordi-
nate system. There are three types of coordinate systems
illustrated in FIG. 24, and the standard is the J52 coordinate
system. The coordinate system is relative and have no
absolute origin or direction. For both a basic element and a
structural element, the meaning of the position (x, y) follows
the coordinate system specified by the element to which it
belongs. A coordinate system that depends on this context is
referred to as a local coordinate system or a current coor-
dinate system. The top level is the J52 coordinate system
with the upper left of the drawing material M being the
origin. For the structural elements other than the step, a
coordinate system with output parameters (X, Y) being the
origin is set in the repeating units. The type of coordinate
system is specified in the property of the structural element.

Editing Example A

[0399] Next, an editing example to create a pattern gen-
eration program using an editor will be described. An editing
example A is an example of creating a pattern generation
program for drawing a pattern illustrated in FIG. 25 (a figure
group in which three rectangles and three circles are
arranged at equal intervals on the circumference).

[0400] In an example illustrated in FIG. 26, “rectangle”,
“circle”, and “x-trapezoid” are displayed as options of basic
elements in the basic element palette of the editor, and
“orthogonal arrangement”, “oblique arrangement”, and “cir-
cumferential arrangement” are displayed as options of struc-
tural elements in the structural element palette. In FIG. 26,
the library palette, the code display area, and the simple view
are omitted. First, the user drags and drops the “circumfer-
ential arrangement” icon from the structural element palette
to the editing area. Then, a C-shaped block is displayed in
the editing area, and the input parameters (X, y, 1, a, d, n) and
output parameters (X, Y, I) of the circumferential arrange-
ment and the property (coordinate system) are displayed in
the property editing area. “X— . .. ” displayed in that block
is synchronized with the variable setting of the output
parameters in the property editing area, but it is not used in
this example.

[0401] Next, as illustrated in FIG. 27, the user sets values
for the input parameters of the circumferential arrangement
in the property editing area, and selects and sets “math-
ematical coordinate system” as the coordinate system for the
property.

[0402] Next, as illustrated in FIG. 28, the user drags and
drops the “rectangle” icon from the basic element palette to
the “circumferential arrangement” block (C-shaped part)
arranged in the editing area (performs the operation of
combining the basic element, “rectangle” with the structural
element, “circumferential arrangement”). Then, a “rectan-
gular” block combined with the “circumferential arrange-
ment” block is displayed in the editing area, and the input
parameters (X, y, w, h) of the rectangular are displayed in the
property editing area. Next, the user sets values for the input
parameters of the rectangular in the property editing area.
[0403] Next, as illustrated in FIG. 29, the user drags and
drops the “circle” icon from the basic element palette to the
“circumferential arrangement™ block arranged in the editing
area (performs the operation of combining the basic element,
“circle” with the structural element, “circumferential
arrangement”). Then, a “circle” block combined with the
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“circumferential arrangement” block is displayed in the
editing area, and the input parameters (X, y, r, n) of the circle
are displayed in the property editing area. Next, the user sets
values for the input parameters of the circle in the property
editing area. By the editing operation as described above, a
pattern generation program for generating pattern data for
drawing the pattern illustrated in FIG. 25 is created.

Editing Example B

[0404] In the editing example A, the input parameters of
each figure are fixed values, while in an editing example B,
circles have a radius increased by the repetition index
(output parameter 1) as illustrated in FIG. 30. The combi-
nation of a structural element and basic elements is also
displayed in the same way, except that expressions with
variable names are set for the parameters of the circle instead
of their immediate values. Hereinafter, the differences from
the editing example A will be mainly described.

[0405] As illustrated in FIG. 31, after displaying a “cir-
cumferential arrangement” block in the editing area, the user
sets values for the input parameters of the circumferential
arrangement in the property editing area, and selects and sets
“mathematical coordinate system” as the coordinate system
for the property. The user also assigns a variable name to the
parameter name “I” among the output parameters of the
circumferential arrangement. Here, the variable name is
“index”. Then, “index” is displayed after “I—" displayed in
the “circumferential arrangement” block.

[0406] As illustrated in FIG. 32, the user drags and drops
the “circle” icon from the basic element palette to the
“circumferential arrangement™ block arranged in the editing
area to display a “circle” block combined with the “circum-
ferential arrangement” block, and then sets values for the
input parameters of the circle in the property editing area. At
this time, the variable name “index” assigned to the output
parameter of the circumferential arrangement is used to set
values for the input parameters (X, vy, r) of the circle. Note
that the output parameter name “I” is not used because the
output parameter names conflict when the structural ele-
ments are nested. By the editing operation as described
above, a pattern generation program for generating pattern
data for drawing the pattern illustrated in FIG. 30 is created.
[0407] In this way, it is possible to create a pattern
generation program for drawing a pattern in which figures
are regularly arranged through an intuitive and easy-to-
understand operation of selecting a basic element or basic
elements and a structural element to combine the selected
basic and structural elements, and thus to improve user
convenience.

[0408] Note that the invention is not limited to the above-
described embodiments, and various modifications are pos-
sible. The invention includes configurations that are sub-
stantially the same (for example, in function, method, and
results, or in objective and effects) as the configurations
described in the embodiments. The invention also includes
configurations in which non-essential elements described in
the embodiments are replaced by other elements. The inven-
tion also includes configurations having the same effects as
those of the configurations described in the embodiments, or
configurations capable of achieving the same objectives as
those of the configurations described in the embodiments.
The invention further includes configurations obtained by
adding known art to the configurations described in the
embodiments.
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[0409] Some embodiments of the invention have been
described in detail above, but a person skilled in the art will
readily appreciate that various modifications can be made
from the embodiments without materially departing from the
novel teachings and effects of the invention. Accordingly, all
such modifications are assumed to be included in the scope
of the invention.
What is claimed is:
1. A charged particle beam drawing device comprising:
a storage unit that stores a pattern generation program for
generating pattern data, the pattern generation program
being a program in which an instruction for specifying
a type of a figure and an instruction for specifying a
regular arrangement of the figure are described;
an execution unit that executes the pattern generation
program stored in the storage unit; and
a control unit that performs drawing control based on the
pattern data generated by the executed pattern genera-
tion program.
2. The charged particle beam drawing device according to
claim 1, wherein
the storage unit stores pattern data generated by convert-
ing figure data, and
the control unit performs drawing control based on the
pattern data stored in the storage unit and the pattern
data generated by the pattern generation program.
3. The charged particle beam drawing device according to
claim 1, further comprising:
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a display control unit that displays on a display unit a
plurality of options of basic elements that define the
type of the figure and a plurality of options of structural
elements that define the regular arrangement of the
figure;

an operation reception unit that receives a user operation
for making selection from among the basic elements
and the structural elements to combine the selected
basic and structural elements; and

a program creation unit that creates the pattern generation
program based on a combination of the basic elements
and the structural elements selected in the operation.

4. A method of controlling a charged particle beam
drawing device, the method comprising:

a storage step of storing in a storage unit a pattern
generation program for generating pattern data, the
pattern generation program being a program in which
an instruction for specifying a type of a figure and an
instruction for specifying a regular arrangement of the
figure are described;

an execution step of executing the pattern generation
program stored in the storage unit; and

a control step of performing drawing control based on the
pattern data generated by the executed pattern genera-
tion program.



