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(57) ABSTRACT

In one embodiment, a multi-charged-particle-beam writing
method includes performing a tracking operation such that,
while a substrate placed on a stage moving continuously is
being irradiated with multiple beams including a plurality of
charged particle beams, deflection positions of the multiple
beams follow movement of the stage, and applying the
multiple beams to the substrate having a writing area includ-
ing a plurality of rectangular regions arranged in a mesh
during the tracking operation such that each of the plurality
of rectangular regions is irradiated with the multiple beams.
Each rectangular region includes a plurality of pixels each
having a predetermined size and arranged in a mesh. At least
one subset of the plurality of pixels is irradiated with the
multiple beams in a first shot order and is then irradiated
with the multiple beams in a second shot order different from
the first shot order.
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1
MULTI-CHARGED-PARTICLE-BEAM
WRITING APPARATUS AND
MULTI-CHARGED-PARTICLE-BEAM
WRITING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application is based upon and claims benefit of
priority from the Japanese Patent Application No. 2021-
149612, filed on Sep. 14, 2021, the entire contents of which
are incorporated herein by reference.

FIELD

The present invention relates to a multi-charged-particle-
beam writing apparatus and a multi-charged-particle-beam
writing method.

BACKGROUND

As LSI circuits are increasing in density, the line width of
circuits of semiconductor devices is becoming finer. To form
a desired circuit pattern onto a semiconductor device, a
method of reducing and transferring, by using a reduction-
projection exposure apparatus, onto a wafer a highly precise
original image pattern (mask, or reticle, in particular, when
used in a stepper or a scanner) formed on a quartz is
employed. The highly precise original image pattern is
written by using an electron beam writing apparatus, in
which a technology commonly known as electron beam
lithography is used.

A writing apparatus using multiple beams enables irra-
diation with a large number of beams at a time as compared
with writing using a single electron beam, and thus markedly
increases throughput. Examples of such multi-beam writing
apparatuses include a multi-beam writing apparatus using a
blanking aperture array. In such a multi-beam writing appa-
ratus, for example, an electron beam emitted from a single
electron gun passes through a shaping aperture array mem-
ber having multiple apertures, thus forming multiple beams
(multiple electron beams). Each of the multiple beams
passes through a corresponding one of blankers arranged in
a blanking aperture array member. The blanking aperture
array member includes pairs of electrodes for individually
deflecting the beams, and has an aperture for beam passage
between each pair of electrodes. Controlling the pair of
electrodes (blanker) to the same potential or to different
potentials performs blanking deflection of an electron beam
that is to pass through the blanker. The electron beam
deflected by the blanker is blocked. The electron beam that
has not been deflected is applied to a substrate.

The multi-beam writing apparatus includes a main deflec-
tor and a subdeflector to deflect the beams and determine
beam irradiation positions on the substrate. The main deflec-
tor positions the whole of the multiple beams at predeter-
mined locations on the substrate, and the subdeflector
deflects the beams to fill beam pitches.

In such a multi-beam writing apparatus, multiple beams
are applied at a time, and beams formed by passing through
the same or different apertures of an aperture member are
combined or stitched together to write a desired pattern of
figure shapes. The shape (hereinafter, also referred to as a
“beam shape”) of an image of the whole of an array of beams
to be applied to the substrate affects the stitching accuracy
of written figures. The distortion of the image of the entire
array of beams is adjusted by an electronic optical system.
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Dose modulation correction has been developed to modu-
late a dose of each beam so that a distribution of doses
applied to a resist exposed to misaligned beams is not
affected by the misalignment of the beams. However, this
correction leads to a reduction in throughput and its effects
are unclear.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the configura-
tion of a writing apparatus according to an embodiment of
the present invention;

FIG. 2 is a plan view of a shaping aperture array member;

FIG. 3 is a diagram illustrating an exemplary writing
operation;

FIG. 4 is a diagram illustrating an exemplary irradiation
region for multiple beams and exemplary writing target
pixels;

FIG. 5 is a diagram illustrating an exemplary multi-beam
writing method;

FIG. 6A is a diagram illustrating radiation beams;

FIG. 6B is a diagram illustrating the order of shots;

FIG. 7A is a diagram illustrating an example of shifting a
shot position;

FIG. 7B is a diagram illustrating radiation beams;

FIG. 7C is a diagram illustrating the order of shots;

FIG. 8A is a diagram illustrating the order of shots;

FIG. 8B is a diagram illustrating a distribution of writing
positional errors;

FIG. 9A is a diagram illustrating the order of shots;

FIG. 9B is a diagram illustrating a distribution of writing
positional errors;

FIGS. 10A and 10B are diagrams each illustrating a
direction in which a writing process proceeds; and

FIG. 11 is a diagram illustrating cancelation of the errors.

DETAILED DESCRIPTION

In one embodiment, a multi-charged-particle-beam writ-
ing method includes performing a tracking operation such
that, while a substrate placed on a stage moving continu-
ously is being irradiated with multiple beams including a
plurality of charged particle beams, deflection positions of
the multiple beams follow movement of the stage, and
applying the multiple beams to the substrate having a
writing area including a plurality of rectangular regions
arranged in a mesh during the tracking operation such that
each of the plurality of rectangular regions is irradiated with
the multiple beams. Fach rectangular region includes a
plurality of pixels each having a predetermined size and
arranged in a mesh. At least one subset of the plurality of
pixels is irradiated with the multiple beams in a first shot
order and is then irradiated with the multiple beams in a
second shot order different from the first shot order.

Hereinafter, an embodiment of the present invention will
be described based on the drawings. In the present embodi-
ment, a configuration will be described, which uses an
electron beam as an example of a charged particle beam.
However, the charged particle beam is not limited to an
electron beam, and may be an ion beam or the like.

FIG. 1 is a schematic diagram illustrating the configura-
tion of a writing apparatus according to an embodiment. The
writing apparatus includes a control unit 100, a storage unit
102, and a writing unit 200. The writing apparatus is an
example of a multi-charged-particle-beam writing appara-
tus. The writing unit 200 includes an electron optical column
20 and a writing chamber 30. The electron optical column 20



US 11,901,156 B2

3

contains, for example, an electron gun 21, an illumination
lens 22, a shaping aperture array member 23, a blanking
plate 24, a reduction lens 25, a limiting aperture member 26,
an objective lens 27, a deflector 28, and a deflector 29. Each
of the reduction lens 25 and the objective lens 27 is
configured as an electromagnetic lens. The reduction lens 25
and the objective lens 27 constitute a reduction optical
system.

The writing chamber 30 contains an XY stage 32. A
writing target substrate 40 is placed on the XY stage 32.
Examples of the substrate 40 include an exposure mask used
to fabricate a semiconductor device, a semiconductor sub-
strate (silicon wafer) on which semiconductor devices are to
be fabricated, and mask blanks that are coated with resist
and that have not yet been subjected to writing.

As illustrated in FIG. 2, the shaping aperture array mem-
ber 23 has apertures H arranged in an array of m rows by n
columns (m, n=2) at a predetermined arrangement pitch. The
apertures H have the same shape and dimensions, and are
rectangular. The apertures H may have a circular shape.

An electron beam B emitted from the electron gun 21 is
applied substantially perpendicularly to the entire shaping
aperture array member 23 through the illumination lens 22.
The electron beam B passes through the multiple apertures
H of the shaping aperture array member 23, thus forming
electron beams (multiple beams) MB in an array of m rows
by n columns.

The blanking plate 24 has passage holes aligned with the
apertures H of the shaping aperture array member 23. Each
passage hole has two paired electrodes (blanker: blanking
deflector). A control voltage is applied to one of the two
electrodes for each beam, and the other electrode is
grounded. Each of the electron beams passing through the
passage holes is independently deflected by a voltage
applied to the two paired electrodes. This electron beam
deflection achieves blanking control.

The multiple beams MB passing through the blanking
plate 24 are reduced by the reduction lens 25, and travel
toward a central opening of the limiting aperture member 26.
Electron beams deflected by the blankers of the blanking
plate 24 are deviated from the central opening of the limiting
aperture member 26 and are blocked by the limiting aperture
member 26. In contrast, electron beams that have not been
deflected by the blankers pass through the central opening of
the limiting aperture member 26.

As described above, the limiting aperture member 26
blocks the beams deflected in a beam OFF state by the
blankers. The beams formed for a period between the time
when the beams enter a beam ON state and the time when
the beams are switched to the beam OFF state and passing
through the limiting aperture member 26 correspond to
beams of one-time shot.

The multiple beams MB passing through the limiting
aperture member 26 are focused by the objective lens 27,
thus forming a pattern image at a desired reduction ratio. The
multiple beams are collectively deflected by the deflectors
28 and 29 and are then applied to the substrate 40. For
example, while the XY stage 32 is continuously moving, the
deflector 28 (main deflector) performs control such that the
beam irradiation positions follow the movement of the XY
stage 32.

Ideally, the multiple beams MB applied at a time are
arranged at a pitch obtained by multiplying the arrangement
pitch of the multiple apertures of the shaping aperture array
member 23 by the above-described desired reduction ratio.
The writing apparatus performs a writing operation in a
raster-scan manner such that shot beams are successively
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and sequentially applied. To write a desired pattern, the
blanking control is performed such that beams necessary for
the pattern are in the beam ON state.

For example, writing is performed based on the following
writing algorithm. As illustrated in FIG. 3, a writing area 50
of the substrate 40 is virtually divided into stripe regions 52,
each of which has a predetermined width and a strip shape
and which are arranged in, for example, the y direction. For
example, the XY stage 32 is moved and adjusted such that
an irradiation region 54, which can be irradiated with the
multiple beams MB at a time, is positioned at the left end of
the first stripe region 52. Then, writing is started. Moving the
XY stage 32 in the —x direction allows writing to proceed
relatively in the +x direction.

After writing in the first stripe region 52, the position of
the stage is shifted in the —y direction and is adjusted such
that the irradiation region is positioned at the right end of the
second stripe region 52. Then, writing is started. Moving the
XY stage 32 in, for example, the +x direction allows writing
to be performed in the —x direction.

Writing is performed in a zigzag manner such that writing
is performed in the third stripe region 52 in the +x direction
and such that writing is performed in the fourth stripe region
52 in the —x direction. This writing manner results in a
reduction in writing time. The manner of writing is not
limited to the above-described zigzag manner. For writing in
the stripe regions 52, writing may be performed in the same
direction.

FIG. 4 is a diagram illustrating an exemplary irradiation
region for multiple beams and exemplary writing target
pixels. In FIG. 4, the stripe region 52 is divided into mesh
regions arranged in a mesh and each corresponding to the
size of each of the multiple beams, for example. Each mesh
region serves as a writing target pixel 60 (unit irradiation
region or writing position). The size of the writing target
pixel 60 is not limited to the beam size, and may be any size,
irrespective of the beam size. For example, the writing target
pixel 60 may have a size that is 1/n (n is an integer of 1 or
more) of the beam size.

FIG. 4 illustrates an example in which the writing area of
the substrate 40 is divided into stripe regions 52 each having
a width that is substantially the same as the dimension in, for
example, the y direction, of the irradiation region 54 (writing
field), which can be irradiated with the multiple beams MB
at a time. The width of the stripe region 52 is not limited to
this example.

FIG. 4 illustrates the multiple beams in an array of 8x8.
In the irradiation region 54, multiple (in this example, 64)
pixels 44 (beam writing positions) that can be irradiated with
one-time shot of the multiple beams MB are illustrated. A
pitch between the adjacent pixels 44 corresponds to a pitch
between the beams of the multiple beams. In the example of
FIG. 4, a square region that is surrounded by four adjacent
pixels 44 and that includes one of the four pixels 44
corresponds to one grid 46. In the example of FIG. 4, each
grid 46 is composed of 4x4 pixels.

FIG. 5 is a diagram illustrating an exemplary multi-beam
writing method based on continuous movement. FIG. 5
illustrates grids in which writing is performed with eight
beams in the first row in the y direction of the multiple
beams for writing in the stripe region 52 of FIG. 4. The eight
beams in the first row in the y direction are beams that have
passed through apertures H1 to H8 of the shaping aperture
array member 23 illustrated in FIG. 2.

FIG. 5 illustrates an example in which four pixels are
subjected to writing (exposure) while the XY stage 32 is
moving a distance of, for example, eight beam pitches (8p).
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The deflector 28 collectively deflects the whole of the
multiple beams MB so that, while four pixels are being
subjected to writing (exposure), the irradiation region 54 is
not shifted relative to the substrate 40 by movement of the
XY stage 32. Thus, the irradiation region 54 is caused to
follow the movement of the XY stage 32. In other words,
tracking control is performed. In the example of FIG. 5, one
tracking cycle is executed by subjecting four pixels to
writing (exposure) during movement over a distance of eight
beam pitches.

Let T denotes writing time for each pixel. For example,
the first pixel from the left of the bottom row in each of the
grids of interest is irradiated with a beam of the first shot for
a period from time t=0 to time t=T. The XY stage 32 moves
in the -x direction by, for example, two beam pitches (2p),
for the period from time t=0 to time t=T. The tracking
operation continues for this period. At time t=0in FIG. 5, the
grids are irradiated with beams #1 to #8 that have passed
through the apertures H1 to H8 of the shaping aperture array
member 23. For the grids at time t=T or later, the positions
irradiated with the beam #1 that has passed through the
aperture H1 are illustrated for convenience of description.
Pixels irradiated with the beam are illustrated by hatching.

At time t=T, the deflector 29 (subdeflector) collectively
deflects the multiple beams independently of beam deflec-
tion for the tracking control while the beam deflection for the
tracking control is being continued by the deflector 28. Thus,
the writing positions of the beams are shifted. In the example
of FIG. 5, each writing target pixel is shifted from the first
pixel from the left in the bottom row of the grid of interest
to the first pixel from the left in the second row from the
bottom. The tracking operation continues for this period
because the XY stage 32 is moving at constant speed.

For a period from time t=T to time t=2T, the first pixel
from the left in the second row from the bottom of the grid
of interest is irradiated with the beam of the second shot. The
XY stage 32 moves in the —x direction by two beam pitches
for the period from time t=T to time t=2T. The tracking
operation continues for this period.

At time t=2T, the deflector 29 collectively deflects the
multiple beams, so that each writing target pixel is shifted
from the first pixel from the left in the second row from the
bottom of the grid of interest to the first pixel from the left
in the third row from the bottom. Since the XY stage 32 is
moving, the tracking operation continues for this period.

For a period from time t=2T to time t=3T, the first pixel
from the left in the third row from the bottom of the grid of
interest is irradiated with the beam of the third shot. The XY
stage 32 moves in the —x direction by, for example, two
beam pitches, for the period from time t=2T to time t=3T.
The tracking operation continues for this period.

At time t=3T, the deflector 29 collectively deflects the
multiple beams, so that each writing target pixel is shifted
from the first pixel from the left in the third row from the
bottom of the grid of interest to the first pixel from the left
in the fourth row from the bottom. Since the XY stage 32 is
moving, the tracking operation continues for this period.

For a period from time t=3T to time t=4T, the first pixel
from the left in the fourth row from the bottom of the grid
of interest is irradiated with the beam of the fourth shot. The
XY stage 32 moves in the —x direction by, for example, two
beam pitches, for the period from time t=3T to time t=4T.
The tracking operation continues for this period. Writing on
the pixels in the first column from the left of the grid of
interest is completed in the above-described manner.

In the example of FIG. 5, after each beam writing position
shifted three times from the initial shot position is irradiated
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with the corresponding one of the beams, the beam deflec-
tion for the tracking control is reset, thereby returning a
tracking position to a tracking start position. In other words,
the tracking position is moved back in a direction opposite
to the direction in which the stage moves. In the example of
FIG. 5, at time t=4T, the grid of interest is released from
tracking, and the beam is deflected to another grid of interest
located away in the x direction from the released grid by
eight beam pitches. Although FIG. 5 illustrates the beam #1
corresponding to the aperture H1, writing is similarly per-
formed in the grids associated with the other beams.

Writing on the pixels in the first column from the left of
each grid is completed. After tracking is reset, the deflector
29 initially deflects the beams in the next tracking cycle such
that the beam writing position is adjusted (shifted) to the
second pixel from the left in the first row from the bottom
of each grid.

For a period from time t=4T to time t=8T, writing is
performed on the pixels in the second column from the left
of the grid of interest. At time t=8T, the grid of interest is
released from tracking, and the beam is deflected to another
grid of interest located away in the x direction from the
released grid by eight beam pitches.

Writing on the pixels in the first and second columns from
the left of each grid is completed. After tracking is reset, the
deflector 29 initially deflects the beams in the next tracking
cycle such that the beam writing position is adjusted
(shifted) to the third pixel from the left in the first row from
the bottom of each grid.

For a period from time t=8T to time t=12T, writing is
performed on the pixels in the third column from the left of
the grid of interest. At time t=12T, the grid of interest is
released from tracking, and the beam is deflected to another
grid of interest located away in the x direction from the
released grid by eight beam pitches.

Writing on the pixels in the first to third columns from the
left of each grid is completed. After tracking is reset, the
deflector 29 initially deflects the beams in the next tracking
cycle such that the beam writing position is adjusted
(shifted) to the fourth pixel from the left in the first row from
the bottom of each grid.

As described above, the deflector 28 performs control so
that the irradiation region 54 is held at the same position
relative to the substrate 40 during the same tracking cycle.
In this state, each shot of irradiation is performed while the
pixels are being shifted one by one through the deflector 29.
After completion of one tracking cycle, the tracking position
in the irradiation region 54 is returned so that the first shot
position of each beam is adjusted to a position shifted by one
pixel. During the next tracking control, each shot of irra-
diation is performed while the pixels are being shifted one
by one through the deflector 29.

Repeating the above-described operation writes a pattern.
For example, as illustrated in FIG. 6A, one grid is subjected
to writing with the beams #1, #3, #5, and #7 corresponding
to the apertures H1, H3, H5, and H7 such that the pixels in
each column are irradiated with the same beam.

FIG. 6B illustrates the order of shots on the pixels of this
grid. The pixels in the first column from the left of the grid
are irradiated in sequential order from the bottom with the
beam #7. Then, the pixels in the second column from the left
of'the grid are irradiated in sequential order from the bottom
with the beam #5. Then, the pixels in the third column from
the left of the grid are irradiated in sequential order from the
bottom with the beam #3. After that, the pixels in the fourth
column from the left of the grid are irradiated in sequential
order from the bottom with the beam #1.
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In such a writing process based on the above-described
writing algorithm, the control unit 100 reads writing data
from a storage device (not illustrated) and calculates a
pattern area density p of each of the pixels in each stripe
region 52 by using a pattern defined in the writing data. The
control unit 100 multiplies the pattern area density p by a
reference dose DO to calculate a dose pD0 of a beam to be
applied to the pixel 60.

In the examples of FIGS. 5, 6A, and 6B, tracking is reset
after completion of writing on the pixels (four pixels) in one
column, and writing is then performed on the pixels in the
next column. The writing apparatus can use a variety of
writing methods.

For example, in a writing method illustrated in FIG. 7A,
writing is performed on the first pixel from the left in the
bottom row of the grid of interest and the second pixel from
the left in the second row from the bottom, and after that,
tracking is reset. The beam is deflected to another grid of
interest shifted by four beam pitches. While the tracking
operation is being performed, writing is performed on the
third pixel from the left in the third row from the bottom of
this grid and the fourth pixel from the left in the fourth row
from the bottom.

Then, tracking is reset. The beam is deflected to the next
grid of interest. The writing position is adjusted to the first
pixel from the left in the second row from the bottom of the
grid. While the tracking operation is being performed,
writing is performed on the first pixel from the left in the
second row from the bottom of this grid and the second pixel
from the left in the third row from the bottom.

For a normal pattern written by this writing method, for
example, as illustrated in FIG. 7B, one grid is subjected to
writing with the beams #1 to #8 corresponding to the
apertures H1 to H8 such that two pixels are irradiated with
the same beam. FIG. 7C illustrates the order of shots for the
pixels in the grid.

As described above, any number of beams to be applied
to one grid and any order of shots for the pixels in the grid
can be set.

In multi-beam writing, the difference in beam accuracy
between the beams occurs due to the difference in positional
accuracy between the apertures H arranged in the shaping
aperture array member 23 or distortion of the beam shape
(the shape of the image of the entire array of beams). As
described above, irradiating one grid with multiple beams or
irradiating adjacent pixels with different beams can smooth
writing errors caused by the difference in accuracy between
the individual beams. However, some pattern-writing posi-
tional errors remain.

The present inventor has found that pattern-writing posi-
tional errors vary depending on the order of shots for pixels
in a grid and that the effects of the writing positional errors
can be reduced by irradiating the pixels in the grid with
beams in a first shot order and then irradiating the pixels in
the same grid with the beams in a second shot order different
from the first shot order. For irradiation of a grid with
multiple beams, the multiple beams are beams in a certain
column of an array of beams and reflect a tendency toward
distortion in beam shape. A shot order that reduces errors can
be estimated based on the tendency.

FIG. 8A illustrates a first shot order J1 for pixels in a grid
composed of 10x10 pixels. FIG. 8B illustrates a distribution
of writing positional errors in the grid subjected to irradia-
tion in the first shot order J1.

FIG. 9A illustrates a second shot order J2 for the pixels in
the grid composed of 10x10 pixels. The second shot order J2
differs from the first shot order J1. In the second shot order
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J2, a pixel irradiated with the j-th (1=j=50) shot in the first
shot order J1 is irradiated with the (j+50)-th shot, and a pixel
irradiated with the j-th (51=j=<100) in the first shot order J1
is irradiated with the (j—50)-th shot. In this example, the shot
number of each of the pixels in the grid in the first shot order
J1 differs from that in the second shot order J2.

FIG. 9B illustrates a distribution of writing positional
errors in the grid subjected to irradiation in the second shot
order J2.

Control is performed such that one stripe region 52 is
subjected to at least two writing operations and such that one
grid is subjected to writing in different shot orders.

For example, as illustrated in FIG. 10A, the irradiation
region 54, which can be irradiated with the multiple beams
MB at a time, is adjusted to and positioned at the left end of
the stripe region 52. Then, writing is started. Moving the XY
stage 32 in the —x direction causes writing to proceed
relatively in the x direction. At this time, the beams are
applied in the first shot order J1. Hereinafter, one-time
writing in the stripe region 52 will also be referred to as one
pass.

After completion of the first writing (first pass) in the
stripe region 52, as illustrated in FIG. 10B, the irradiation
region 54 is adjusted to and positioned at the right end of the
same stripe region 52. Moving the XY stage 32 in the x
direction causes writing (second pass) to proceed relatively
in the —x direction. At this time, the beams are applied in the
second shot order J2.

One grid is irradiated with the beams applied in the first
shot order J1 and the second shot order J2, thereby writing
a pattern. As illustrated in FIG. 11, positional errors in the
shot orders are added to cancel each other.

The first shot order J1 and the second shot order J2 are
calculated in advance by simulation and are stored as shot
order data in the storage unit 102. In this case, the second
shot order J2 is preferably determined to cancel writing
positional errors in writing in the first shot order J1. For
example, the second shot order J2 may be determined based
on the first shot order J1 obtained by simulation such that the
second shot order J2 is the reverse of the first shot order.
Furthermore, the second shot order J2 may be obtained by
dividing the grid by 2x2 pixels and interchanging the shot
numbers of the pixels diagonally arranged in the four pixels.

The control unit 100 reads the shot order data from the
storage unit 102, causes a grid of one stripe region 52 in the
first writing in the stripe region 52 to be irradiated with the
beams in the first shot order J1, and causes the same grid in
the second wiring to be irradiated with the beams in the
second shot order J2. This causes writing positional errors
depending on the shot orders to cancel each other, thus
preventing a reduction in writing accuracy.

The above-described embodiment illustrates the exem-
plary writing algorithm in which pixels in grids, obtained by
division of a writing area by a beam pitch of multiple beams,
are irradiated with the beams in different shot orders. The
writing area may be divided by a size or a unit based on the
writing algorithm, such as an integral multiple of (e.g., two
times) the beam pitch or an integral submultiple (e.g., one
half) of the beam pitch, into multiple rectangular regions. A
subset or all of the pixels in each rectangular region are
irradiated with the multiple beams in the first shot order and
are then irradiated with the beams in the second shot order
different from the first shot order. For irradiation of a subset
of the pixels in the rectangular region, gaps may be com-
pensated for by multiple writing.

As illustrated in the above-described embodiment, the
first pass writing is performed in the first shot order J1 while
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the XY stage 32 is being moved in the —x direction, and the
second pass writing is performed in the second shot order J2
while the XY stage 32 is being moved in the x direction. The
first pass writing and the second pass writing may be
performed while the XY stage 32 is being moved in the —x
direction. The first pass writing and the second pass writing
may be performed while the XY stage 32 is being moved in
the x direction.

In this case, it is preferred that the origin point of each
stripe region in the first pass coincide with that in the second
pass without being deviated from each other in the y
direction.

In the above-described embodiment, the configuration
includes the deflectors 28 and 29 arranged in two stages, and
the deflector 29 moves the beams within a grid while the
deflector 28 is performing tracking control. The configura-
tion may include a single deflector.

In multi-pass writing in the same stripe region through a
single beam writing apparatus, the shot order may be
changed for each pass.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:
1. A multi-charged-particle-beam writing method com-
prising:

performing a tracking operation such that, while a sub-
strate placed on a stage moving continuously is being
irradiated with multiple beams including a plurality of
charged particle beams, deflection positions of the
multiple beams follow movement of the stage; and

applying the multiple beams to the substrate having a
writing area including a plurality of rectangular regions
arranged in a mesh during the tracking operation such
that each of the plurality of rectangular regions is
irradiated with the multiple beams,

wherein each rectangular region includes a plurality of
pixels each having a predetermined size and arranged
in a mesh, and

wherein at least one subset of the plurality of pixels is
irradiated with the multiple beams in a first shot order
and is then irradiated with the multiple beams in a
second shot order different from the first shot order.

2. The method according to claim 1,

wherein the writing area includes a plurality of stripe
regions each having a predetermined width,

wherein each of the plurality of stripe regions is irradiated
with the multiple beams in multiple passes, and

wherein irradiation with the multiple beams in a first pass
is performed in the first shot order, and irradiation with
the multiple beams in a second pass is performed in the
second shot order.
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3. The method according to claim 2, wherein a direction
in which writing proceeds in one stripe region in the first
pass differs from a direction in which writing proceeds in the
stripe region in the second pass.

4. The method according to claim 2, wherein an origin
point of the stripe region in the first pass coincides with an
origin point of the stripe region in the second pass.

5. The method according to claim 1,

wherein the tracking operation is performed by using a

first deflector, and

wherein irradiation positions in the rectangular region are

shifted by using a second deflector.

6. The method according to claim 1, wherein the second
shot order is a reverse of the first shot order.

7. A multi-charged-particle-beam writing apparatus com-
prising:

a writer performing a tracking operation such that, while

a substrate placed on a stage moving continuously is
being irradiated with multiple beams including a plu-
rality of charged particle beams, deflection positions of
the multiple beams follow movement of the stage, and
applying the multiple beams to the substrate having a
writing area including a plurality of rectangular regions
arranged in a mesh during the tracking operation such
that each of the plurality of rectangular regions is
irradiated with the multiple beams, each rectangular
region including a plurality of pixels each having a
predetermined size and arranged in a mesh; and

a controller controlling the writer such that at least one

subset of the plurality of pixels is irradiated with the
multiple beams in a first shot order and is then irradi-
ated with the multiple beams in a second shot order
different from the first shot order.

8. The apparatus according to claim 7,

wherein the writing area includes a plurality of stripe

regions each having a predetermined width,

wherein the controller controls the writer such that each of

the plurality of stripe regions is irradiated with the
multiple beams in multiple passes, irradiation with the
multiple beams in a first pass is performed in the first
shot order, and irradiation with the multiple beams in a
second pass is performed in the second shot order.

9. The apparatus according to claim 8, wherein the
controller controls the writer such that a direction in which
writing proceeds in one stripe region in the first pass differs
from a direction in which writing proceeds in the stripe
region in the second pass.

10. The apparatus according to claim 8, wherein the
controller controls the writer such that an origin point of the
stripe region in the first pass coincides with an origin point
of the stripe region in the second pass.

11. The apparatus according to claim 7, further compris-
ing:

a first deflector configured to perform the tracking opera-

tion; and

a second deflector configured to shift irradiation positions

in the rectangular region.

12. The apparatus according to claim 7, wherein the
second shot order is a reverse of the first shot order.

#* #* #* #* #*



