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(57) ABSTRACT

An amount of pattern position displacement between obser-
vation images acquired by irradiating from two different
directions is changed depending on beam deflection for mov-
ing an image acquisition position. In a pattern evaluation
method that measures astigmatic difference or focus position
displacement having a small amount of dose at a high speed
using parallax caused by the tilted beam, a correction value
obtained in advance by measurement is reflected in an amount
of pattern position displacement between observation images
obtained by irradiating from at least two different directions
and generated in accordance with the amount of beam deflec-
tion for moving an image acquisition position. A processing
unit calculates an amount of correction of an amount of pat-
tern position displacement depending on beam deflection of a
beam deflecting unit for moving an image acquisition posi-
tion on the sample at a high speed.
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PATTERN EVALUATION METHOD, DEVICE
THEREFOR, AND ELECTRON BEAM
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a pattern evaluation
technology using a charged particle beam that can acquire a
two dimensional scanning image indicating a shape or a
dimension of a minute pattern formed on a surface of a sample
by scanning a charged particle beam onto a surface of the
sample (for example, a semiconductor wafer or a reticle) and
detecting a secondary charged particle or a reflection particle
generated from the sample charged particle microscope, and
easily judge irregularities on the surface of the sample.

BACKGROUND ART

[0002] Currently, a critical dimension scanning electron
microscope (hereinafter, abbreviated as CDSEM) is mainly
used to measure a dimension of a semiconductor device pat-
tern. The structure of the CDSEM is basically the same as a
scanning electron microscope. First of all, an electron dis-
charged from a thermal or field emission electron source is
accelerated. Thereafter, an electron beam obtained by reduc-
ing a diameter of the electron beam using a lens is formed. By
two dimensionally scanning the electron beam on the sample
(for example, a semiconductor wafer or a reticle) and detect-
ing a generated secondary electron or a reflection electron, it
is possible to acquire a minute pattern scanning image formed
on the sample.

[0003] Some new materials that are recently introducedto a
process have weak resistance against the electron beam.
Therefore, it is required to reduce the damage caused by
lowering energy of an incident electron. However, as the
energy of the electron beam becomes lower, the resolution
becomes deteriorated. Therefore, the lowering of energy con-
tradicts a trend of the high resolution of the CDSEM required
for the minuteness of a circuit pattern. Therefore, an acceler-
ating voltage after electrons are generated from the electron
source is set to be high, and then a mechanism that applies a
decelerating electric field (that is, applies retarding voltage)
before the electrons enter onto the sample is provided. There-
fore, it is possible to achieve both increasing of resolution and
lowering of damage of an image to be acquired.

[0004] Inthe meantime, some samples to be measured may
have a surface formed of an insulating material. A trajectory
of'an electron beam after reducing the speed is bent due to the
charging or distribution of the surface of the sample. Accord-
ingly, it is proved that the focus position displacement or
astigmatism of the CDSEM occurs. There are two reasons of
charging of the sample: one is that the sample is originally
charged, and the other is that the sample is charged by irra-
diating the electron beam by the CDSEM. As a reason that the
sample to be carried in is charged, the polarization of organic
materials that forms a resist, caused by the friction at the time
of resist applying process and the fixation thereof are esti-
mated. However, all reasons of charging cannot be explained.
It is considered that the charging is caused by fixed charges
that remain even when the sample is grounded.

[0005] Examples of charging caused by irradiating an elec-
tron beam include charging occurring by an incident primary
electron at the time of observing sample observation or
acquiring an image for measuring an automatic recipe. If the
above-mentioned charging occurs, a conversing position of
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the incident electron beam is displaced from the surface of the
sample by the change in the trajectory of the charged particle
incident onto the sample, such that focus position displace-
ment or astigmatism occurs. Therefore, it is required to adjust
the focus position displacement or to correct the astigmatic
difference, which results in lowering the throughput. Further,
if the charging has in-plane distribution and the charging
amount is varied between the chips on the sample, whenever
the measuring chip is changed, the focusing adjustment or
astigmatism correction described above is required, which
results in lowering the throughput.

[0006] In this regard, Patent Literature 1 discloses a tech-
nology of measuring the astigmatic difference from the dis-
tance between the focuses in which a contrast of a differential
image becomes maximum in perpendicular directions in dif-
ferent focal positions by image processing. Further, Patent
Literature 2 discloses a technology that one part of an on-axis
beam is blocked by an aperture and the astigmatism is cor-
rected so that the amount of movement of the beam on the
sample becomes minimum when the focal position is devi-
ated, in consideration of a parallax method.

[0007] The above-mentioned scanning electron micro-
scope accelerates a primary electron discharged from an elec-
tron source and converses the primary electron using an elec-
trostatic or electromagnetic lens to irradiate the primary
electron onto a surface of a sample. A secondary electron is
generated from the sample by irradiating the primary elec-
tron. If the irradiated electron beam is scanned on the surface
of'the sample to acquire an intensity of the secondary electron
signal, the amount of secondary electrons generated from
edge parts of various patterns formed on the surface of the
sample is increased. Therefore, an electron microscope image
(SEM image) onto which the shape of the sample is reflected
is acquired. A bright portion corresponding to the edge part
having the shape of the sample represented in the image is
referred to as a white band. Further, scanning electron micro-
scopes are disclosed, for example, in Patent Literatures 3 to 6.

CITATION LIST

Patent Literature
[0008] Patent Literature 1: JP-A No. 2003-16983
[0009] Patent Literature 2: JP-A No. 2002-134059
[0010] Patent Literature 3: JP-A No. H05-41195
[0011] Patent Literature 4: JP-A No. 2006-332069
[0012] Patent Literature 5: JP-A No. 2006-010375
[0013] Patent Literature 6: JP-B No. 2004-127930

SUMMARY OF INVENTION
Technical Problem

[0014] According to Patent Literature 1, in order to mea-

sure the astigmatic difference, it is required to acquire and
compare several tens sheets of images. Therefore, in the scan-
ning electron microscope that is observed before and after 10
pA, ittakes several tens of seconds to correct the astigmatism.
In the meantime, in Patent Literature 2, there is a limit in the
amount of movement of the beam on the sample when the
focal position is deviated, and a higher speed of correction is
expected as compared to the correction method disclosed in
Patent Literature 1. However, the accuracy is insufficient.

[0015] According to the reviews by the inventors, it is
proved that a method of registering and storing an electron
optical system setting condition that irradiates a tilted beam
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that is obtained by tilting the charged particle beam from a
normal line on the sample, comparing an observation image
acquired by the tilted beam with an observation image
acquired by a beam before being tilted to measure the amount
of movement and the moving direction, and calculating the
focus position displacement and an amount of astigmatic
difference from an amount of movement and a direction of the
image is efficient (Japanese Patent Application No. 2008-
247001 filed on Sep. 26, 2008).

[0016] According to the disclosure of the above patent
application, the beam can be tilted by appropriately setting
plural deflectors of the charged particle optical system. Plural
setting values are registered as a tilted trajectory in a storage
area of a memory unit provided in a charged particle beam
optical system controller for every tilted direction angle. With
respect to an incident beam which is a reference, it is prefer-
able the tilted direction for measuring the focus position
displacement be one and tilted direction for measuring the
astigmatic difference be four. The astigmatic difference and
the focus position displacement can be measured using two to
five sheets of images. Therefore, as compared to Patent Lit-
erature 2, this technology can increase the amount of move-
ment of the beam on the sample when the focal position is
deviated. Further, it is expected that accuracy and speed are
compatible in this technology.

[0017] In the meantime, a normal CDSEM includes an
electrical beam deflecting unit (for example, beam deflecting
unit such as an electromagnetic deflector or an electrostatic
deflector) in order to move an image acquisition position onto
a desired pattern, which is an essential function for error
correction of the amount of movement of the stage and focus
correction outside the image acquisition position. However, it
was proved through our reviews that the amount of pattern
position displacement between the images obtained before
and after tilting (that is, parallax) varies depending on the
amount of deflection of the electrical beam. In other words, a
technology that corrects astigmatism or a focus having a
small amount of dose at a high speed, which is disclosed in
Japanese Patent Application No. 2008-247001, has the error
caused by the beam deflecting unit that moves the image
acquisition position.

[0018] Similarly, it was also proved through our reviews
that if the height of the sample is varied, the amount of pattern
position displacement depending on the amount of beam
deflection is correspondingly varied. Further, it is confirmed
that the amount of pattern position displacement depends on
a tilting direction of the beam, a tilting angle, an accelerating
voltage of a beam, and an optical system mode (selects a
resolution priority mode or a focus depth priority mode in a
mode where beam opening angles are different).

[0019] In the above-mentioned scanning electron micro-
scope, generally, the primary electron is incident substan-
tially perpendicularly to the surface of the sample. However,
even though the edge position of the sample may be known
from one sheet of SEM image acquired with the perpendicu-
larly incident primary electron, it is difficult to judge whether
the shape is concave or convex (hereinafter, referred to as
judgment of irregularities).

[0020] For example, in case of a pattern in which concave
portions and convex portions are regularly arranged such as a
line and space pattern in which wiring lines are arranged at a
regular interval in a semiconductor circuit, it is difficult to
judge the irregularities from the SEM image acquired with
perpendicularly incident primary electron.
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[0021] Actually, the incidence of the primary electron may
deviated by £0.1° from 90 degree, but if the range is within a
range where the white-band width is not varied, similarly to
the above description, it is difficult to judge the irregularities.
[0022] FIGS. 15A and 15B show a principle to judge the
irregularities of the line and space pattern using two sheets of
images having different incident angles 1504 of the primary
electron. FIG. 15A shows that the primary electron 151 is
incident perpendicularly onto the sample and FIG. 15B shows
that the primary electron 151 is incident onto the sample with
a tilted incident angle 1504.

[0023] Inupper parts of the drawings, a cross-section 1502
of the sample having a line and space pattern formed on the
surface thereof and a status that the primary electron 1501 is
incident onto the sample are shown. In lower parts of the
drawings, acquired SEM images 1503 are shown. In the SEM
images, a white part 1505 indicates the white band and cor-
responds to an edge of a surface shape of the sample.

[0024] When paying attention to the rightmost white band
1505 of the two sheets of SEM images, it is understood that if
the incident angle 1504 of the primary electron is changed
from the right angle to a tilted angle, the white-band width
becomes larger. The change is caused because the primary
electron reaches the side of the edge corresponding to the
white band 1505 by tilting the incident angle of the primary
electron.

[0025] Therefore, when the white-band width becomes
larger, it is possible to judge that the side where the incident
angle is tilted becomes a concave part as seen from the edge
corresponding to the white band.

[0026] Patent Literature 3 discloses a method of measuring
a three-dimensional shape of a sample from a stereoscopic
view by acquiring two sheets of images having different
incident angles of a primary electron. Further, Patent Litera-
ture 4 discloses a method of judging irregularities from a
change in a white-band width of plural images having difter-
ent incident angles of primary electron. However, if the inci-
dent angle of the primary electron is changed, the irradiation
position of the primary electron moves in some cases. If the
position displacement occurs, it may be a problem in judging
the irregularities of periodic pattern.

[0027] FIG. 16 compares an SEM image 1601 acquired
with the perpendicularly incident primary electron with an
SEM image 1602 acquired with a tilted primary electron with
respect to a periodic pattern such as a line and space pattern
when the position displacement occurs. As shown in FIG. 16,
if the position displacement occurs Y4 or more of an interval
1603 of the pattern, it is not possible to correctly identify the
white band corresponding to the same edge in the two sheets
of images having different incident angles, and thus it is not
possible to judge irregularities with respect to the SEM image
1601.

[0028] Further, the above-mentioned position displace-
ment does not matter in case of a non-periodic pattern such as
an independent pattern because it is possible to identify the
white band on the image from the characteristics of the pat-
tern shape. Further, if it is possible to judge that irregularities
correspond to which part of design data from the character-
istics of the shape, it is not necessary to judge the irregularities
using the SEM image.

[0029] Patent Literature 5 discloses a method of identifying
the pattern and judging the irregularities by comparing
images with small position displacement which are obtained
by gradually changing the incident angle of the primary elec-
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tron little by little. Further, it is possible to logically cope with
the problems of position displacement accompanied by the
change in the incident angle of the primary electron. How-
ever, in the method of matching the image acquired by gradu-
ally changing the incident angle of the primary electron,
which is disclosed in Patent Literature 5, plural images are
required, and thus it takes time to judge the irregularities.
[0030] Specifically, when the irregularities of the minute
pattern are judged, an interval of a step that changes the
incident angle of the primary electron is reduced, the position
displacement occurring by a change in the incident angle of
the primary electron in one step should be sufficiently shorter
than % of the pattern interval, and the number of acquired
images is increased, which results in a serious problem in
measuring time. With the recent miniaturization of the semi-
conductor circuit, it is required to observe the minute pattern.
[0031] For example, it is also required to observe a circuit
whose pattern interval is 50 nm or less. If the above condition
is considered, the amount of position displacement should be
limited to about 10 nm or less. In the meantime, the incident
angle of the primary electron is changed by 2°, the position
displacement of 500 nm or more may occur.

[0032] In order to make the amount of position displace-
ment occurring by changing the incident angle of the primary
electron in one step be 10 nm or less, the change of incident
angle of 2° should be divided into 50 steps or more. Therefore,
50 sheets or more of images should be acquired. If it is
assumed that it takes 30 ms to acquire one sheet of image, it
takes 1.5 second to judge one point of irregularity. In the
electron microscope used in a semiconductor inspection
device, inspection for one point is performed in several sec-
onds, and if the irregularity judgment is performed using the
above method, the throughput is seriously deteriorated.
[0033] Meanwhile, Patent Literature 6 discloses a method
of obtaining in advance the relationship between the incident
angle of the primary electron and the amount of position
displacement and then performing correction. This correction
method of position displacement predicts the amount of posi-
tion displacement only from the incident angle of the primary
electron to calculate the amount of correction. However, the
amount of position displacement depends on not only the
incident angle of the primary electron, but also the accelerat-
ing voltage of the primary electron, excitation of an objective
lens, and an amount of deflection of an image shift deflector.
[0034] Forexample, the amount of position displacement is
changed as follows when the amount of change in incident
angle is 2°: about 100 nm due to the difference in the change
in the accelerating voltage of the primary electron (from 300
V 10 800 V), about 50 nm due to the change in the excitation
of the objective lens (from 2.9 mm to 3.0 mm of a focal
distance), and about 100 nm due to the change in the amount
of deflection of the image shift deflector (from 0 um to 15
pm).

[0035] That is, if the amount of position displacement is
estimated only from the incident angle to be corrected, 100
nm or more of position displacement remains under the con-
dition of the electron optical system. Specifically, the image
shift deflector is used to correct the random variation in the
amount of the movement of the stage to determine the image
acquisition area on the sample. Therefore, it is difficult to
estimate because of a random amount of the deflection.
Accordingly, according to the correction method, it is not
possible to cope with the change in the condition of the
electron optical system.
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[0036] A first object of the present invention is to provide a
pattern evaluation method and a device therefor that do not
deteriorate the measurement accuracy in an astigmatism or
focus correction technology with a small dose amount at a
high speed using a tilted charged particle beam.

[0037] A second object of the present invention is to pro-
vide an electron beam device that is capable of judging irregu-
larities of the periodic pattern formed on a substrate in a short
time. Further, the second object of the present invention is to
provide an electron beam device that is capable of judging
irregularities under a predetermined optical condition.

Solution to Problem

[0038] In order to address the above first problem, as a
minute pattern evaluation method using a charged particle
beam of a charged particle beam device including a charged
particle optical system and a processing unit, the present
invention provides a method in which the charged particle
beam is irradiated on the sample based on an optical system
condition for irradiating a charged particle beam onto a
sample from at least two different directions, the images
acquired by irradiating the charged particle beam on the
sample from the at least two different directions are compared
to measure an amount of pattern position displacement
between the images, and the processing unit corrects the
amount of pattern position displacement based on the amount
of correction of the amount of the pattern position displace-
ment depending on the beam deflection of the charged par-
ticle beam for moving an image acquisition position on the
sample. Further, a pattern evaluation method in which the
processing unit calculates an amount of astigmatic difference
or an amount of focus position displacement from the amount
of'pattern position displacement corrected with the amount of
correction, or both of them is provided.

[0039] Further, in order to address the above problems, as a
pattern evaluation device using a charged particle beam, the
present invention provides a configuration including: a
charged particle optical system that irradiates a charged par-
ticle beam on a sample; a memory unit that registers and
stores an optical system condition of the charged particle
optical system for irradiating the charged particle beam from
at least two different directions; a processing unit that calcu-
lates an amount of pattern position displacement between
images by comparing images obtained by irradiating the
charged particle beam from the at least two directions based
on the optical system condition; and a beam deflector that
deflects the charged particle beam, in which the processing
unit calculates an amount of correction of the amount of the
pattern position displacement based on the beam deflection of
the beam deflector for moving an image acquisition position
on the sample and corrects the amount of the pattern position
displacement using the amount of correction. Further, the
processing unit calculates an amount of astigmatic difference
of the charged particle beam or an amount of focus position
displacement from the amount of pattern position displace-
ment corrected with the amount of correction, or both of
them.

[0040] That is, in order to address the above first problem,
the present invention includes a processing unit that calcu-
lates an amount of correction of the amount of the pattern
position displacement between images depending on the
beam deflection of the beam deflector for moving an image
acquisition position on the sample and corrects the amount of
the pattern position displacement using the amount of correc-
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tion to correct the above error. Further, since the processing
unit calculates in accordance with parameters such as an
accelerating voltage of the charged particle beam or a height
of the sample, a tilting direction and a tilting angle of the
charged particle beam to be irradiated, it is possible to prevent
the error in various usage conditions. Further, a controller that
feed backs the amount of the correction to the beam deflector
is provided, which allows the above problems to be
addressed.

[0041] As an example that addresses the above second
problem, the present invention provides an electron beam
device, including: an electron source; a stage that loads a
sample; a detector that detects an electrical signal from the
sample; a control operating unit that controls the electron
source, the stage, and the detector and creates image data by
the electrical signal detected by the detector. The control
operating unit includes: an incident angle/scanning coopera-
tive controller that controls the scanning and the incident
angle to the sample of the electron beam discharged from the
electron source; and an irregularity judgment operating unit
that judges irregularities on a surface of the sample using the
image data created based on the electrical signal from the
sample generated by the scanned electron beam while chang-
ing the incident angle to the sample by the incident angle/
scanning cooperative controller.

[0042] Further, the present invention provides an electron
beam device, including: an electron source; a stage that loads
a sample; a detector that detects an electrical signal from the
sample; a deflecting unit that changes an incident angle of
electron beam discharged from the electron source to the
sample; an accelerating unit that accelerates the electron
beam; an image shift deflector that changes an irradiation
range of the electron beam; an objective lens that converges
the electron beam; and a control operating unit that controls
controllers that controls the above elements and creates image
data by the electrical signal detected by the detector. The
control operating unit includes: a position displacement esti-
mation operating unit that estimates an amount of irradiating
position displacement of the electron beam on the surface of
the sample in accordance with an incident angle of the elec-
tron beam with respect to the sample that is changed by the
deflecting unit, an accelerating voltage of the electron beam
accelerated by the accelerating unit, an amount of deflection
changed by the image shift deflector, and the excitation of the
objective lens; a position displacement correction controller
that corrects the amount of position displacement estimated
by the position displacement estimation operating unit; and
an irregularity judgment operating unit that judges irregulari-
ties of a specific pattern of the sample from a plurality sheets
of'image data having different incident angles of the electron
beam whose position displacement is corrected by the posi-
tion displacement correction controller.

[0043] The present invention provides an electron beam
device, including: an electron source; a stage that loads a
sample; a detector that detects an electrical signal from the
sample; a deflecting unit that changes an incident angle of
electron beam discharged from the electron source to the
sample; an accelerating unit that accelerates the electron
beam; an image shift deflector that changes an irradiation
range of the electron beam; an objective lens that converges
the electron beam; and a control operating unit that controls
controllers that controls the above elements and creates image
data by the electrical signal detected by the detector. The
control operating unit includes: a position displacement esti-

Jan. 31, 2013

mation operating unit that estimates an amount of irradiating
position displacement of the electron beam on the surface of
the sample in accordance with an incident angle of the elec-
tron beam with respect to the sample that is changed by the
deflecting unit, an accelerating voltage of the electron beam
accelerated by the accelerating unit, an amount of deflection
changed by the image shift deflector, and the excitation of the
objective lens; and an irregularity judgment operating unit
that judges irregularities of a specific pattern of the sample
from a plurality sheets of image data whose incident angles of
the electron beam are different in consideration of the amount
of position displacement estimated by the position displace-
ment estimation operating unit.

[0044] The present invention provides an electron beam
device, including: an electron source; a stage that loads a
sample; a detector that detects an electrical signal from the
sample; a deflecting unit that changes an incident angle of
electron beam discharged from the electron source to the
sample; an accelerating unit that accelerates the electron
beam; an image shift deflector that changes an irradiation
range of the electron beam; an objective lens that converges
the electron beam; and a control operating unit that controls
controllers that controls the above elements and creates image
data by the electrical signal detected by the detector. The
control operating unit includes: a position displacement pro-
file estimation operating unit that estimates an amount of
irradiating position displacement of the electron beam on the
surface of the sample in accordance with an incident angle of
the electron beam with respect to the sample that is changed
by the deflecting unit, an accelerating voltage of the electron
beam accelerated by the accelerating unit, an amount of
deflection changed by the image shift deflector, and the exci-
tation of the objective lens; an incident angle/image shift/
scanning cooperative controller that corrects the scanning of
the electron beam discharged from the electron source, an
incident angle to the sample, and the amount of the position
displacement estimated by the position displacement profile
estimation operating unit; and an irregularity judgment oper-
ating unit that judges irregularities on the surface of the
sample using image data created based on the electrical signal
from the sample generated by the scanned electron beam
while changing the incident angle to the sample by the inci-
dent angle/image shift/scanning cooperative controller and
correcting the position displacement.

[0045] The electron beam device may include a unit that
acquires one or a plurality sheets of images by changing an
incident angle of an electron beam with respect to a sample
when one sheet of image is acquired and obtains the relation-
ship between an incident angle of an electron beam to the
sample and an amount of irradiating position displacement of
the electron beam on a sample surface from the image.

[0046] Further, the present invention provides an electron
beam device, including: a controller that acquires a plurality
sheets of images by changing an incident angle of an electron
beam and identifies a recorded shape of the sample by detect-
ing, from another image, a shape of the pattern in which the
electron beam is not irradiated on a side wall of the pattern
when the incident electron beam is tilted among patterns
formed on the sample surface from another image to judge
irregularities of a specific pattern of the sample from the
image.

[0047] The electron beam device may include a controller
that judges irregularities of a specific pattern of a sample and
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adjusts a focus position displacement using an image
acquired by changing an incident angle of an electron beam.

Advantageous Effects of Invention

[0048] According to the present invention with the above
configuration, by improving the measurement accuracy of the
amount of the focus position displacement or the amount of
astigmatic difference by the parallax method, it is possible to
improve the accuracy of the focus adjustment or the astigma-
tism correction. As a result, the speed of measuring the
dimension of the pattern with good measurement reproduc-
ibility may be improved as compared with a method that uses
a contrast in the related art.

[0049] Further, it is possible to provide an electron beam
device that is capable of judging irregularities of the periodic
pattern formed on a substrate in a short time. Further, it is
possible to provide an electron beam device that is capable of
judging irregularities under a predetermined optical condi-
tionincluding an accelerating voltage, excitation of the objec-
tive lens, and position displacement when the amount of
deflection of primary electron beam is changed.

BRIEF DESCRIPTION OF DRAWINGS

[0050] FIG.1is aschematic configuration diagram relating
to a casing of a minute pattern evaluation device using a
charged particle beam according to respective embodiments.
[0051] FIG. 2A is a diagram of a basic status which is in
focus, showing a principle of an astigmatism or focus correc-
tion method using a tilted beam according to a first embodi-
ment.

[0052] FIG. 2B is a diagram showing a parallax before and
after tilting in FIG. 2A.

[0053] FIG. 2C is a diagram of a basic status in which a
focus is deviated, showing a principle of an astigmatism or
focus correction method using a tilted beam according to the
first embodiment.

[0054] FIG. 2D is a diagram showing a parallax before and
after tilting in FI1G. 2C.

[0055] FIG. 3 is a projection view of a tilted beam onto an
XY plane in four different directions according to the first
embodiment.

[0056] FIG. 4 is a flow chart (first part) of an automatic
recipe according to the first embodiment.

[0057] FIG. 5 is a flow chart (second part) of an automatic
recipe according to the first embodiment.

[0058] FIG. 6A is a diagram showing the difference in a
sample irradiating positions before and after tilting the beam
depending on the amount of deflection of the beam before
tilting and the tilting direction according to the first embodi-
ment.

[0059] FIG. 6B is a diagram showing pattern position dis-
placement between images before and after tilting beam
caused by the amount of deflection before tilting the beam
according to the first embodiment.

[0060] FIG. 7A is a view showing an amount of pattern
position displacement (parallax) between images before and
after tilting beam at a 0 degree direction, which depends on
the amount of deflection before tilting the beam, according to
the first embodiment.

[0061] FIG. 7B is a view showing an amount of pattern
position displacement (parallax) between images before and
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after tilting beam at a 135 degree direction, which depends on
the amount of deflection before tilting the beam, according to
the first embodiment.

[0062] FIG. 8 is a diagram showing an example of a table
stored in a recording unit of a measuring device that uses a
charged particle beam according to the first embodiment.
[0063] FIG. 9A is a view showing an example of a display
of a usability condition of a screen display, according to the
first embodiment.

[0064] FIG. 9B is a view showing an example of a display
of'a warning that the screen display is not usable, according to
the first embodiment.

[0065] FIG. 10 is a flow chart (first part) of an automatic
recipe according to a second embodiment.

[0066] FIG. 11 is a flow chart (second part) of an automatic
recipe according to the second embodiment.

[0067] FIG. 12 is a projection view of tilted beam in one
direction onto an XY plane, according to a third embodiment.
[0068] FIG. 13 is a flow chart (first part) of an automatic
recipe according to the third embodiment.

[0069] FIG. 14 is a flow chart (second part) of an automatic
recipe according to the third embodiment.

[0070] FIG. 15A is a view showing a perpendicular inci-
dence as an example of irregularity judgment using an SEM
image having different incident angles of a primary electron.
[0071] FIG. 15B is a view showing a tilted incidence as an
example ofirregularity judgment using an SEM image having
different incident angles of a primary electron.

[0072] FIG. 16 is a view illustrating an example of an SEM
image in which the irregularity judgment is not possible due
to the movement of the irradiation position of the primary
electron.

[0073] FIG. 17 is a configuration diagram of a casing of an
electron microscope according to a fourth embodiment.
[0074] FIG. 18A is a diagram of an image acquisition
method of an electron microscope according to the fourth
embodiment, which shows a status where the electron beam is
irradiated.

[0075] FIG. 18B is a diagram of an image acquisition
method of an electron microscope according to the fourth
embodiment, which shows an SEM image.

[0076] FIG. 19 is a flowchart of automatic dimension mea-
surement of a sample pattern according to the fourth embodi-
ment.

[0077] FIG. 20A is an explanatory diagram according to
fourth, fifth, and eighth embodiments, which shows a graph
showing a relationship between a scanning position and an
incident angle of a primary electron.

[0078] FIG. 20B is an explanatory diagram according to the
fourth, fifth, and eighth embodiments, which shows an
example of an acquired SEM image.

[0079] FIG. 21 is a diagram illustrating a method for iden-
tifying a white band corresponding to the same edge on a
surface of a sample in the SEM image acquired in the fourth,
fifth, and eighth embodiments.

[0080] FIG. 22 is a flowchart of automatic dimension mea-
surement of a sample pattern according to a fifth embodiment.
[0081] FIG. 23 is a schematic view showing a configuration
of'a memory unit and a controlling and operating unit of an
electron microscope according to a sixth embodiment.
[0082] FIG. 24 is a flowchart of automatic dimension mea-
surement of a sample pattern according to the sixth embodi-
ment.
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[0083] FIG.251s aschematic view showing a configuration
of'a memory unit and a controlling and operating unit of an
electron microscope according to a seventh embodiment.
[0084] FIG. 26 is a flowchart of automatic dimension mea-
surement of a sample pattern according to the seventh
embodiment.

[0085] FIG.27is aschematic view showing a configuration
of'a memory unit and a controlling and operating unit of an
electron microscope according to an eighth embodiment.
[0086] FIG. 28 is an explanatory diagram according to the
eighth embodiment, which is a graph showing a relationship
between the scanning position and an incident angle of the
primary electron and the relationship between the scanning
position and an estimated amount of position displacement of
the scanning position.

[0087] FIG. 29 is an explanatory diagram according to a
ninth embodiment, which shows an example of a typical line
edge roughness and an SEM image in which the line edge
roughness is reflected.

[0088] FIG. 30 is a flowchart of automatic dimension mea-
surement of a sample pattern according to the ninth embodi-
ment.

[0089] FIG. 31 is a diagram of relationship between focus
deviation and position displacement according to a tenth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0090] Hereinafter, the best modes of the present invention
will be described in detail with reference to the drawings.

First Embodiment

[0091] Inafirst embodiment, in case of correcting an astig-
matism and adjusting a focus from the image acquired in two
or more different directions, the amount of correction of a
pattern position displacement error depending on the amount
of beam deflection and a tilting direction is reflected into a
value of an acquired parallax to calculate the astigmatic dif-
ference and the amount of focus deviation, thereby correcting
the astigmatism and adjusting the focus with high accuracy at
a high speed.

[0092] FIG.1is aschematic configuration diagram relating
to a casing of a minute pattern evaluation device for measur-
ing a pattern dimension that uses a charged particle beam
according to a first embodiment. A wafer 11, which is a
sample, is conveyed into a predetermined position in a
vacuum sample chamber 124 directly below a casing 12a. In
order to observe the wafer 11 that is provided on a wafer
holder 13 that functions as a stage in the vacuum sample
chamber 1254, a primary electron beam 15 discharged from an
electron gun 14 passes through a convergence lens 16, an
astigmatism corrector 19, a deflector 9a, a deflector 95, and an
objective lens 10 to be irradiated onto the wafer 11 on the
wafer holder 13. A retarding voltage 2 having a predeter-
mined value, which is output from a focus controller 3, is
applied to the wafer holder 13 that holds the wafer 11, thereby
adjusting energy of the electron beam that is incident to the
sample watfer 11 to have a desired value. When the incident
electron is irradiated to the minute pattern on the wafer, a
secondary electron 17 generated from the sample wafer 11
enters a detector 18 to be detected as a signal. Further, even
though the connecting destination of an output of the detector
18 is not shown, the detected signal, which is an output of the
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detector 18, is input to a processing unit 5, a controller 8, or
the like by electric connection to be used for image creation
and the like.

[0093] Inother words, in this status, by two-dimensionally
scanning the primary electron that is incident onto the sample
by the first deflector 95 having a double stage structure, it is
possible to acquire a two dimensional image from the
detected signal. The scanning position in the first deflector
may be electrically moved by the second deflector 94 having
a double stage structure (a deflector for deflecting a beam to
move an image acquisition position). In order to adjust the
influence of difference in the height of the sample caused by
the image acquisition position in the wafer, a focus controller
3 controls the objective lens 10 and the retarding voltage 2 in
order to adjust a focus, and the astigmatism corrector control-
ler 4 adjusts the astigmatism corrector 19 in order to correct
the astigmatism. Accordingly, it is possible to obtain a sec-
ondary electron image required to accurately evaluate a
minute pattern shape. The above-mentioned minute pattern
evaluation device is used in a manufacturing line of a semi-
conductor device. Mostly, an automatic recipe that is pro-
grammed in advance is performed by a controller 8 for an
entire device, so that an image having a designated pattern
present in a measuring position on a wafer designated in the
recipe can be automatically acquired.

[0094] Further, in the minute pattern evaluation device
shown in FIG. 1, reference numeral 5 denotes a processing
unit such as a central processing unit (CPU) that performs
calculation of an amount of correction and the like, which is
described below, reference numeral 6 denotes a recording
unit such as a memory, reference numeral 7 denotes a light
source optical system controller such as the electron gun 14,
reference numerals 9¢ and 94 denote deflection controllers
that control the deflectors 9a and 95, and reference numeral
70 denotes a display unit that displays an image of the sample.
If necessary, an output unit such as a printer and an input unit
such as a key board, a mouse are connected to the controller
8. Further, in this specification, the controller 8 may include
the processing unit 5, or the focus controller 3, the astigma-
tism corrector controller 4, the electron gun controller 7, and
the first and second deflection controllers 9¢ and 9d. Further,
it should be noted that the processing unit 5 and the recording
unit 6 may be referred to as a controller. The processing unit
5, the recording unit 6, the controller 8, and the display unit 70
may be implemented by a normal computer such as a personal
computer (PC) including a CPU, a memory, a display device,
and the like, and the CPU executes programs such as various
computation processing or control processing stored in the
memory.

[0095] Next, when the beam is tilted, a method of correct-
ing the astigmatism and focus using a parallax will be
described with reference to FIGS. 2A, 2B, 2C, and 2D. when
the irradiation position of the beam onto the surface 20 of the
sample in FIG. 2A is represented using two perpendicular
axes on the plane of the sample, that is, an X-axis and a Y-axis
(X andY are same as the movement shaft of the wafer stage),
the focus or the astigmatism of a beam before being tilted is
adjusted with respect to point A that is a reference position.
Next, by overlapping different deflection amounts for each of
the double stage deflectors of the second deflector 9a, a tilted
beam 22 that is tilted with respect to the beam 21 in an X
direction and irradiates point A that is the same position as the
position before being tilted is formed. In this case, the amount
of'an angle at which the beam is tilted is denoted by reference
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numeral 25 and each of the amounts of deflection in the X
direction and the Y direction is recorded in the recording unit
6 of the device. In this case, the beam irradiates point A that is
the same position on the surface of the sample before and after
being tilted.

[0096] For example, the parallax is 0 when comparing an
image 21a and an image 22a in FI1G. 2B, which are the image
21a acquired by scanning a pattern having four holes with the
beam 21 before being tilted, and the image 22a acquired by
scanning a pattern having four holes with the beam 22 after
being tilted (the positions of four hole patterns in the image
are completely the same as each other).

[0097] Next, from this status, it is assumed that as a result of
moving the stage in order to observe near a point B, which is
at a different position in the same wafer, the height of the
sample is increased by Ad. As shown in FIG. 2C, the height of
the sample is changed to be increased by Ad, and as a result,
the focal position is moved downwardly by Ad as seen from
the wafer. In this case, when the beam without being tilted
matches the point B, the beam that is tilted under the same
condition as FIG. 2A is irradiated in the position of the point
C on the wafer. The images obtained by scanning using the
non-tilted beam 23 and the tilted beam 24 are shown as
images 23a and 24a in FIG. 2D, such that a parallax AX
occurs between the patterns of the image 215 and the image
22b. When the parallax A between the two sheets of images
obtained with the non-tilted beam and the tilted beam is
measured, the amount Ad of focus position displacement may
be calculated from the tilted angle of the beam and the paral-
lax AX, which is a basic principle of detecting the focus
position displacement by the parallax method.

[0098] For example, if the tilted angle which is a tilting
angle of the beam is set to, for example, 30 mrad, the amount
Ad of focus position displacement is calculated as follows.

Ad = parallaxx (1000/tilted angle (mrad)) ~ parallaxx 33 [Equation 1]

[0099] This value is fed back to the focus controller 3 so as
to adjust the focus. Since the focus position displacement is
obtained when the in-focus plane is changed only in the
Z-direction (direction perpendicular to X and Y), the focus
may be adjusted by using observation images obtained with
beams irradiated from at least two direction, that is, two
observation images obtained in a perpendicular direction and
one tilted direction. Further, if the focus position displace-
ment obtained in plural tilted directions (for example, tilted in
a direction parallel to the Y-axis) is averaged, it is possible to
more accurately adjust the focus.

[0100] Next, a method for correcting an astigmatism using
a parallax when the beam is tilted will be described in brief.
An amount of the focus position displacement when the astig-
matism does not occur is constant regardless of an angle of'a
direction where the incident electron is tilted. However, if the
astigmatism occurs, the amount of the focus position dis-
placement is varied depending on an angle of a direction
where the incident electron is tilted. In order to correct the
astigmatism, by tilting the beam at plural angles of the direc-
tion, the amount of the focus position displacement needs to
be measured in the respective directions. Here, the difference
in the amount of the focus position displacement in two tilted
directions is referred to as an astigmatic difference. For
example, when the astigmatism is corrected using the paral-
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lax method, it is preferable to tilt the beam in at least four
directions. When the Z-axis is seen from the above as shown
in FIG. 3, if the X-direction is 0 degree and the tilting direc-
tion is shown at a counterclockwise angle, for example, in
addition to the tilting of the beam in the X-axis direction (0
degree direction) described above, tilting ata 90 degree direc-
tion, a 225 degree direction, and a 315 degree direction cor-
responding to the tilting in a Y-axis direction may be used.
Here, if the parallaxes in the respective tilting directions are
D0, D90, D225, and D315, the value of the astigmatic difter-
ence in the 0 degree tilting direction and the 90 degree tilting
direction is calculated as follows.

D0x33-D90x33

[0101] Further, the value of the astigmatic difference in the
225 degree tilting direction and the 315 degree tilting direc-
tion is calculated as follows.

[Equation 2]

D225x33-D315%33

[0102] A graph showing the correlation between the value
of the astigmatic difference and the amount of correction of
the astigmatism corrector that can be obtained by using an
astigmatism correction method of the related art is acquired in
advance, so that the astigmatism may be corrected from the
value of the astigmatic difference obtained by the parallax
method.

[0103] From now, the first embodiment will be described
with reference to the flowcharts shown in FIGS. 4 and 5. First,
a wafer that is loaded and stored in a cassette is accommo-
dated in an airtight container which is referred to as a front-
opening unified pod (FOUP) in order to prevent dirt or con-
tamination and then set in a minute pattern evaluation device
shown in a schematic configuration diagram of FIG. 1. In this
status, if the automatic recipe starts, alid of the FOUP cassette
is automatically open, and a measurement wafer is conveyed
to a wafer holder 13, which moves from the cassette to a load
lock chamber 12¢ shown in FIG. 1, by a conveyance arm.
Next, the measurement wafer that is loaded in the wafer
holder 13 is introduced on a stage of the vacuum sample
chamber 126 (LOAD 40). In order to minutely adjust the
position of the wafer with respect to the stage, the wafer
alignment (41) is performed using a pattern on the wafer.
[0104] Further, if the stage is moved near a measurement
position of the pattern that is registered in the recipe in
advance (42), a Z sensor is automatically operated (43) to
calculate a height of the sample and the value is transmitted to
the processing unit 5. Simultaneously, in accordance with the
operating distance which is a distance between a principle
surface of a lens and a top edge of the sample or the height of
the sample, the current of the objective lens is automatically
set in order to adjust the focus of an image of the secondary
electron (44). Next, an image is acquired (45) in a compara-
tively low magnification and a position of an alignment pat-
tern is read out from the image (46), so that the relative
position of the beam and the wafer is detected. Based on the
above information, the beam is deflected by the second
deflector 9a (47) so that a pattern for measuring the focus
position displacement or the astigmatic difference is posi-
tioned in a center of the screen. Here, two-dimensional infor-
mation of the amount deflection is transmitted to the process-
ing unit 5.

[0105] The importance of the second deflector 9a will be
described here. First, since the sample stage mechanically
moves, the accuracy of the actual arrival position with respect
to a target amount of movement is limited, and it is required to

[Equation 3]
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use the sample stage together with an electrical beam moving
unit in order to input the target pattern in a capturing visual
filed in a high magnification. Further, if the measurement of
the focus position displacement or the astigmatic difference is
performed by a measuring pattern, damage occurs in the
pattern before acquiring a measuring image, so that it is not
possible to perform accurate measurement. Therefore, by the
electrical beam moving unit, it is required to measure the
focus position displacement or the astigmatic difference
using another pattern proximate to a pattern to be measured.
Therefore, it can be told that the beam deflection for moving
the image acquisition position is necessary in the CDSEM.
[0106] An SEM image of afocus and astigmatism measure-
ment pattern is acquired (48), and then the beam is tilted (49)
in a determined direction (a tilting angle and direction) by the
second deflector 94 in accordance with the tilting condition
that is an optical system condition stored in the recording unit
6, so that the image is additionally acquired. According to the
present embodiment, tilted images are acquired (50) under
four conditions by changing directions at the same tilting
angle. After calculating each of the amounts of pattern posi-
tion displacement from the acquired images (51), the amount
of pattern position displacement is corrected (52) in accor-
dance with the amount of correction (the value of the correc-
tion of the position displacement) calculated by the process-
ing unit 5. The amounts of the focus position displacement
and astigmatic difference are calculated based on the above
data (54).

[0107] By feeding back (55) to the focus controller 3 and
the astigmatism corrector controller 4 based on the acquired
amounts of the focus position displacement and astigmatic
difference, it is possible to correct the focus position displace-
ment and the astigmatic difference. After the correction, the
beam is moved to a pattern position as a measurement target
(56), and an image is acquired in a high magnification (57).
Therefore, it is possible to perform the measurement (mea-
sure a pattern dimension) with high accuracy. After acquiring
an image, the stage is moved near a next measurement posi-
tion (58).

[0108] The above description is the entire flow of the first
embodiment. Next, the correction of the amount of the pattern
position displacement according to the present embodiment
will be described in detail with reference to FIGS. 6A and 6B.
[0109] Referring to FIGS. 6A and 6B, a beam irradiation
position of a beam on the surface 50 of the sample is repre-
sented by using two axes, that is, the X-axis and the Y-axis (X
andY are same as the moving shaft of the wafer stage) that are
perpendicular to the plane of the sample. FIG. 6A shows that
both a beam 61 before being tilted and a beam 62 after being
tilted are irradiated onto point A that is a reference position in
a status where the focus and the astigmatism match the sur-
face of the wafer and the beam is not deflected. In a status
where the focus position is not displaced or the astigmatic
difference does not occur, even when comparing an image 63
or an image 64 obtained by irradiating beams before and after
being tilted onto point A that is the same position on the
surface 60 of the sample and scanning the beam 61 or 62 using
the deflector, the positions of the patterns in the image are the
same as each other.

[0110] Intheimage obtained by capturing the surface of the
sample shown in FIG. 6 A, four holes are formed around point
A as the center. However, if the beam is moved to a position
where the beam is deflected by the second deflector to be
irradiated onto point B, as shown in FIG. 6B, a parallax of a
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distance (AX, AY) between irradiation point A of a beam 65
before being tilted and irradiation point C of a beam 66 after
being tilted occurs. Therefore, when comparing an image 67
obtained by scanning the beam 65 and an image 68 obtained
by scanning the beam 66, the positions of four hole patterns in
the image are different from each other. It is proved through
our experiments that the value of the amount (AX, AY) of
pattern position displacement on the image depends on the
amount of deflection. Further, if the amount of deflection is
large, the value may become several tens nm. The example
thereof will be described with reference to FIGS. 7A and 7B.
[0111] The graph 71 of FIG. 7A shows dependency of the
amount (AX, AY) of pattern position displacement on the
amount of beam deflection in case of being tilted at 800 V of
an accelerating voltage in the 0 degree direction. In FIG. 7A,
the amount (AX, AY) of pattern position displacement in
which the amount (X, Y) of beam deflection is generated in a
range of (£15, £15) (the width of a measurement point is 2.5
pitch) is represented by the length and the direction of a thick
line. For example, if the amount of the beam deflection is (15,
-15), the amount of the pattern position displacement is
approximately AX=20 nm, and AY=20 nm. The amount of
the pattern position displacement depending on the amount of
deflection on becomes an error when the focus position dis-
placement and the astigmatic difference are measured using
the parallax method. When the tilted angle is 30 mrad, the
error of the amount of the position displacement of 20 nm is
converted into an error of the focus deviation, the error is 670
nm, which is too big to ignore.

[0112] According to the present embodiment, the depen-
dency of the error of the amount of the position displacement
on the amount of the beam deflection is corrected to realize
the accurate measurement of the focus position displacement
and the astigmatic difference.

[0113] Now, the dependency of the amount of the position
displacement on the amount of the beam deflection, which is
an error, is approximated with a polynomial equation. Spe-
cifically, as the amount of the pattern position displacement
(AX, AY) and the amount of deflection (X, Y), the following
equations are used.

AX=a1 5X24+b1 5X*Y+C1*Y 2+d1 %X+el *Yf1 [Equation 4]

AY=a2* X 24b2 X Y4 C25Y 2+d2 X +e2* Va2 [Equation 5]

[0114] Here,al, a2,bl,b2,cl,c2,d1,d2,el,e2, f1, and 2
are a constant number.

[0115] In addition to the polynomial equation, a spline
function or a table look-up method may also be used. The
amount of deflection (X,Y) may be varied for every measure-
ment point, such that the amount (AX, AY) of the pattern
position displacement should be calculated in a predeter-
mined amount (X, Y) of the deflection. Therefore, even in the
table look-up method, the interpolation processing is required
for the amount (X, Y) of the deflection that does not exist in
the table. Further, the present embodiment uses a second
order polynomial equation because it is considered that the
reason of the error is caused by an off-axis distortion in the
objective lens and the oft-axis distortion may be represented
by the second order polynomial equation when considering to
a third order term. Therefore, if each of the above constant
numbers is stored in the recording unit 6 of the device, the
correction may be calculated in the processing unit 5. Further,
since the constant numbers depend on the height of the
sample, in order to measure a sample having a different
height, constant numbers for plural heights are calculated,
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and the sample having a height between the constant numbers
is interpolated to calculate the constant numbers again,
thereby copying with that. The parallax corrected as
described above may be replaced with a parallax of the above-
mentioned Equation 1.

[0116] The error depending on the amount of the deflection
depends on a tilting direction of the beam, that is, a tilting
angle and a tilting direction. A case of being tilted at 800 V of
the same accelerating voltage in the 135 degree direction is
shown in a graph 72 of FIG. 7B. Even though the dependency
is represented using a polynomial equation of X and Y which
is the same as that of FIG. 7A, FIG. 7B is apparently different
from FIG. 7A. That is, the correction according to the present
invention depends on both beam deflection for moving the
image acquisition position and a beam tilting condition.
Therefore, when plural tilted beams are used as in the astig-
matic difference measurement, it is required to store corre-
sponding constant numbers in the recording unit 6.

[0117] Further, it is confirmed that the constant numbers
are varied depending on a mode of an optical system or the
accelerating voltage. Therefore, a table 80 in which the con-
ditions such as the accelerating voltage 81 to be used, an
optical mode 82, a tilting direction 83, and the like and cor-
responding constant numbers al, a2, b1, and the like, which
are shown in FIG. 8 are set is stored in the recording unit 6. If
the trajectory of the beam is changed by switching the elec-
tron source or the aperture, the constant number may be
changed and at the time of regular maintenance, constant
numbers needs to be updated. However, if the constant num-
bers are updated for all available conditions, it is impractical
when the measurement time is considered, and the conditions
to be used are selected to update the constant numbers.
[0118] In the present embodiment, for the management, a
table 90 showing whether the parallax method can be used in
accordance with the measurement condition, which is shown
in FIG. 9A, may be displayed on the display unit 70. In FIG.
9A, a coefficient is adjusted with 800 V of accelerating volt-
age 91 and the optical mode 92 of a high resolution mode.
Further, as shown in an adjustment status, the focus or the
astigmatism may be corrected. But, it is also shown that in a
focus depth mode at 800 V, the correction cannot be per-
formed. Further, at 500V, both modes can be used. However,
as shown in the remark section 94, in the focus depth mode,
only focus correction is available. However, the present
invention is not limited to the display method and display
contents, but the display function that judges whether the
focus and astigmatism correction function according to the
present invention is available in accordance with the usage
condition of the device is an available function. In the present
embodiment, when a condition that the adjustment is not
available is selected, a warning message 95 of FIG. 9B is
additionally displayed.

[0119] As described above, by calculation for correction of
the amount of the pattern position displacement depending on
the amount of the beam deflection and direction thereof, it is
possible to correct astigmatism having a small amount of dose
and a focus with high accuracy and evaluate (measure) a
pattern with a high reproducibility. When the amount of does
is not small, the irradiating time of the electron is short.
Therefore, it is possible to improve the throughput of a device
required for evaluation or inspection.

[0120] Further, according to the present embodiment, since
there is no need to control a new machine, the error is not
increased, so that it is considered that the present embodiment
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is advantageous. A resist line of 65 nm is measured with a
reproducibility of 0.3 nm using the present embodiment.
[0121] Asaresult, athroughput when measuring 200 points
on the wafer can be improved from three sheets per hour of a
related art to six sheets per hour.

Second Embodiment

[0122] In a second embodiment, in case of correcting an
astigmatism and adjusting a focus from the image acquired in
two or more different directions, the amount of correction of
a pattern position displacement error depending on the
amount of beam deflection and a tilting direction is reflected
into a beam tilting condition which is a charged particle
optical system condition. Accordingly, without correcting in
calculating the astigmatic difference and the amount of focus
deviation, it is possible to correct the astigmatism and adjust
the focus at a high speed with high accuracy. The schematic
configuration of a casing of the measuring device that uses a
charged particle beam according to the second embodiment is
the same as that of FIG. 1.

[0123] FIGS. 10 and 11 show flowcharts of a recipe for
automatic measurement according to the second embodi-
ment. In the flowchart of the recipe, the steps before tilting a
beam (100 to 108) are the same as those of the first embodi-
ment (40 to 48). Next, when the beam is tilted to measure the
astigmatic difference and the amount of the focus position
displacement, a beam tilting condition that is a new charged
particle optical system condition created by feeding back the
amount of correction of the pattern position displacement
depending on the amount of beam deflection and the tilting
direction is used (109) and the beam is tilted in a determined
direction (tilting angle and direction) by the second deflector
9a of FIG. 1 to acquire the image. Specifically, based on the
tilting condition until now, the amount of beam deflection
corresponding to the amount of correction of the pattern
position displacement is added to be the tilting condition. As
a result, the pattern position displacement depending on the
amount of beam deflection and the tilting direction is cor-
rected, so that the image is acquired in this status (111), and
the amount of pattern position displacement before and after
tilting the beam (parallax) is measured (112).

[0124] Since an angle of tilting the beam is 30 mrad in all
directions, the amount Ad of focus position displacement is
calculated as follows.

Ad = parallaxx (1000 /tilted angle (mrad)) = parallaxx 33 [Equation 6]

[0125] The subsequent steps (113 to 117) are same as those
of the first embodiment (steps 54 to 58).

[0126] As described above, by correcting the amount of
pattern position displacement depending on the amount of
beam deflection, it is possible to perform the astigmatism
having a small amount of dose or focus correction method
with high accuracy and to evaluate (measure) the pattern with
high accuracy. Further, if the dose is small, the irradiating
time of the electron is short. Therefore, the throughput of the
device used for evaluation or inspection is improved. Further,
as described in the present embodiment, a method for cor-
recting the calculation result of the amount of focus deviation
and the amount of astigmatic difference may be considered
without reflecting the correction of the amount of the pattern
position displacement into the optical system. However, in



US 2013/0026361 Al

this case, the magnification to be used needs to be small in
some cases. According to the focus correction and astigma-
tism correction by the parallax method, as the amount of
correction becomes larger, the value of the parallax becomes
larger, and thus, the magnification needs to be small. Further-
more, if the amount of the pattern position displacement
depending on the amount of the beam deflection is added
thereto, the magnification needs to be much smaller. Since the
fact that the magnification is limited is disadvantageous and
the size of the deflector per pixel is fixed, the measurement
accuracy becomes worse as the magnification becomes
smaller. Therefore, it can be seen that the present embodiment
is advantageous.

[0127] A resistline of 45 nm is measured with a repeatabil-
ity of 0.35 nm using the present embodiment. As a result, a
throughput when measuring 100 points on the wafer can be
improved from four sheets per hour of a related art to eight
sheets per hour.

Third Embodiment

[0128] In a third embodiment, in case of adjusting a focus
from the image acquired in two or more different directions,
the amount of correction of a pattern position displacement
error depending on the amount of beam deflection and a
tilting direction is reflected into an acquired parallax value to
calculate the amount of focus deviation. Since there is no
tilting of beam in the plural directions, the focus may be
adjusted at a high speed with high accuracy. The schematic
configuration of a casing of the measuring device that uses a
charged particle beam according to the third embodiment is
the same as that of FIG. 1. In the present embodiment, only
focus correction is performed without performing the astig-
matism correction. The present embodiment is effective for a
conductive sample (for example, silicon and the like) in
which the astigmatic difference hardly occurs. Since in case
of the focus position displacement without astigmatism dis-
placement, the in-focus plane is changed only in the Z-direc-
tion (direction perpendicular to X and Y), focus may be
adjusted using observation images obtained by irradiation
from at least two directions, that is, two observation images
obtained in a perpendicular direction and one tilted direction.
[0129] Therefore, in addition to the perpendicular beam,
only a tilted beam 91 in a 0 degree direction represented by
reference numeral 121 in FIG. 12 may be used, and the
amount Ad of focus position displacement is calculated as
follows.

Ad2 = parallax X (1000 /tilted angle (mrad)) = parallaxx33  [Equation 7]

[0130] The focus may be adjusted by feeding this value
back to the focus controller 3. Further, the flowchart of the
third embodiment is shown in FIGS. 13 and 14. The respec-
tive steps (130 to 148) shown in FIGS. 13 and 14 are the same
as steps 40 to 58 shown in FIGS. 4 to 5, excluding steps 137
to 145. In steps 139 and 140, since the beam tilting is not
repeatedly measured in plural directions, the throughput may
be improved.

[0131] A polysilicon line of 30 nm is measured with a
repeatability of 0.25 nm using the present embodiment. As a
result, a throughput when measuring 100 points on the wafer
can be improved from eight sheets per hour only to nine sheets
per hour in case that astigmatism correction is included.
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[0132] Further, the above respective embodiments describe
an example that the present invention is applied to the
CDSEM. However, the present invention is not limited to the
CDSEM, but it is obvious that the present invention is widely
effective for a scanning charged particle beam device that
automatically corrects the focus deviation or the astigmatic
difference such as a defect review scanning electron micro-
scope (DRSEM) that identifies a defect on the wafer or a
scanning ion microscope (SIM) that is excellent in the surface
measurement and the like.

Fourth Embodiment

[0133] Further, one of the means for addressing the another
objects as described above is an image acquisition method
that continuously changes the incident angle of the primary
electron when one sheet of SEM image is acquired to acquire
an image in which regions obtained at different incident
angles are continuously connected in the same image.
[0134] When the above image acquisition method is used,
even though the irradiating position of the electron beam is
deviated due to the change in the incident angle, since the
white bands are continuously connected in the same image, it
is possible to easily identify the white band corresponding to
the same edge in a region obtained at different incident angle.
In this method, since it is possible to judge the irregularities
by obtaining at least one sheet of image, it takes only 30 ms.
[0135] Another means is a scanning electron microscope
that corrects the position displacement by moving the stage or
controlling the image shift deflector when the incident angle
is changed, in a status where, in addition to the incident angle
of the primary electron, an approximation formula that pre-
dicts the amount of position displacement using the acceler-
ating voltage of the primary electron, the excitation of the
electrostatic or electromagnetic lens, the deflection amount of
the deflecting unit that deflects the electron beam, as param-
eters or a correction table is stored in the recording unit of the
scanning electron microscope.

[0136] In the images having different incident angle
acquired using the scanning electron microscope, the devia-
tion of the electron beam irradiating position may be reduced
to about several nm, such that it is possible to identify the
white band corresponding to the same edge.

[0137] The fourth embodiment will be described with ref-
erence to FIGS. 17, 18A, 18B, 19, 20A, 20B, and 21.
[0138] FIG. 17 is a configuration diagram showing main
components of the scanning electron microscope of the fourth
embodiment.

[0139] A primary electron beam 1702 discharged from an
electron gun 1701 controlled by an electron gun controller
1711 is converged and irradiated onto a surface of a sample
1709 loaded on a stage 1710. The focus of the primary elec-
tron beam is adjusted by controlling the excitation of an
objective lens 1708 by an objective lens controller 1715 or
controlling the potential of the stage 1710 by the retarding
voltage controller 1716. In the drawings, even though an
electrostatic or electromagnetic lens other than the objective
lens is omitted, in addition to the objective lens, one or plural
lenses for converging the primary electron beam may be used.
[0140] A secondary electron 1704 generated from the sur-
face of the sample by irradiating the primary electron is
detected by a detector 1705.

[0141] The primary electron can be scanned on the surface
of'the sample by controlling a scanning deflector 1707 using
a scanning deflector controller 1714. Further, an image shift
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deflector 1706 is controlled by an image shift deflector con-
troller 1713 to move the irradiation range of the primary
electron without moving the stage.

[0142] Further, separately to the deflector, an alignment
deflector 1703 that deflects the primary electron is provided.
The incident angle of the primary electron may be changed by
controlling the amount of deflection using an alignment
deflector controller 1712. Further, the incident angle of the
primary electron may be changed using a method that uses a
deflector other than the alignment deflector or a method that
tilts the stage or a column 1720. In the drawings, even though
deflectors other than the image shift deflector, the alignment
deflector, and the scanning deflector are omitted, a deflector
that deflects the primary electron for the other purpose may be
provided. Further, two or more deflectors as the respective
deflectors may be provided.

[0143] A control operating unit 1718 for the entire device
sends a control signal to the respective controllers. Further, an
intensity of a secondary electron signal obtained from the
detector 1705 is displayed on a display unit 1719 in accor-
dance with a control signal to a scanning converter controller
1714. Therefore, the SEM image may be obtained. Further,
reference numeral 317 denotes a recording unit that records
image data, reference numeral 1721 denotes an incident angle
profile recording area, reference numeral 1722 denotes an
incident angle/scanning cooperative controller, and reference
numeral 1723 denotes an irregularity judgment operating
unit.

[0144] Hereinafter, a method of acquiring an SEM image
will be described in detail. FIG. 18A shows an example of a
method of scanning the primary electron beam 1702 when
observing an area on the surface of the sample (primary
electron beam irradiating area) 1801. Further, the observation
area 1801 is referred to as a visual field.

[0145] FIG. 18A shows a status where the primary electron
is irradiated in a position (X, Y) in the visual field by moving
the scanning position to lines 1803, 1804, and 1805 in this
order. Further, even though FIG. 18A illustrates a scanning
method of scanning the entire visual field surface by repeat-
edly scanning from the left to the right (scanning in the
X-direction) while shifting from the top to the bottom (Y
direction) little by little, other scanning methods may also be
used.

[0146] For example, the scanning direction at the time of
scanning in the X-direction may be reversed (from right to
left) or the scanning direction may be changed per line. Fur-
ther, the scanning is not sequentially performed in 1803,
1804, and 1805, and the Y-direction, but the order of scanning
lines may be changed. Using the scanning methods, it may be
expected to reduce the influence of the charging of the surface
of the sample caused by the irradiation of the primary elec-
tron. Using any of the scanning methods, the line scanning in
theY direction may be performed by changing the X direction
and the Y direction.

[0147] The secondary electron generated from the sample
by irradiating the primary electron is detected by the detector.
If the intensity of the detected secondary electron signal is
represented by a brightness of pixels in the image display unit
corresponding to the scanning position, the SEM image 1806
shown in FIG. 18B is acquired.

[0148] Lines1807,1808, and 1809 ofthe SEM image 1806
correspond to scanning lines 1803, 1804, and 1805 on the
sample and a position (Ix, Iy) in the SEM image 1806 corre-
spond to the position (X, Y) in the visual field. Further, even
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though FIG. 18B shows a small total number of SEM images
for simple explanation, the number of pixels at one side is
actually arbitrary, and for example, 512 pixels are used.

[0149] When the irregularities is judged, in accordance
with the incident angle data stored in an incident angle profile
recording area 1721 in the recording unit 1717, the image is
acquired using the incident angle/scanning cooperative con-
troller 1722 while changing the incident angle of the primary
electron.

[0150] Using the electron microscope having the above
configuration, the irregularities of the pattern is judged on
plural points on the semiconductor wafer in which the line
and space pattern is formed. FIG. 19 shows a flowchart when
a width of a line pattern or a space pattern is automatically
measured. Hereinafter, each step of the flowchart will be
described.

[0151] First, in step 1901, an incident angle profile is deter-
mined, and then the incident angle profile is stored in the
incident profile recording area 1721. The incident angle pro-
file, as shown in FI1G. 20A, refers to a relationship between an
electron beam scanning position in the Y-direction when an
image for performing the irregularity judgment is acquired
and the incident angle of the primary electron.

[0152] The incident angle profile may be set so as to be
automatically determined in accordance with the period of
the pattern to be measured, the accelerating voltage of the
primary electron, and the observation magnification so as to
acquire an optimal tilting angle. If the optimal tilting angle is
unclear, the same incident angle profile may be used every
time. Further, an operator of the device may manually deter-
mine.

[0153] Thereafter, in step 1902, the irradiation position of
the primary electron is moved to alocation of the sample to be
measured using the stage or the image shift deflector.

[0154] Next, in step 1903, with reference to the incident
angle profile that is previously recorded, a control signal is
sent to the alignment deflector controller 1712 and the scan-
ning deflector controller 1714 by the incident angle/scanning
cooperative controller 1722, so that the primary electron
beam is scanned while changing the incident angle of the
primary electron, thereby acquiring the SEM image.

[0155] For example, in accordance with the incident angle
profile shown in FIG. 20A, if the scanning is performed while
changing the incident angle of the primary electron, such that
the SEM image of the sample on which the line and space
pattern is formed is acquired, the SEM image shown in FIG.
20B is obtained. The upper part of the SEM image is an image
area acquired with the primary electron that is incident per-
pendicularly to the surface of the sample (incident angle: 0°),
the center part is an image area acquired while changing the
incident angle, and the lower part is an image area acquired by
tilting at a predetermined angle, 2° in the present embodi-
ment.

[0156] Inthe center part of the image, the width of the white
bandis changed in accordance with the tilted incident angle of
the primary electron, and simultaneously, the irradiating posi-
tion of the primary electron is displaced, such that the white
band istilted. Further, in the present embodiment, the variable
range of the incident angle is 0° to 2°, but is not limited
thereto. The width of the white band may be varied, and the
maximum incident angle may be set to, for example, a value
exceeding 0.1°. However, the maximum incident angle may
be practically 1° to 2°.
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[0157] Unlike an image for measuring a dimension, the
image for judging the irregularities acquired by the above
method does not need to be clear and is enough if the change
in the white band can be recognized. Therefore, only one
image may be acquired. Plural images are acquired and cal-
culated, so that the S/N of the image may be improved.
[0158] Further, since the time that takes to acquire one sheet
of'image is generally one second or shorter, it is required to
control the incident angle of the primary electron at a high
speed. However, if it is difficult to control the incident angle
of'the primary electron at a high speed, for example, due to the
reason that the response speed of the alignment deflector is
not sufficient, the image acquisition time may be lengthened
by lowering the scanning speed.

[0159] Further, it is described here that with respect to the
line and space pattern in the vertical direction (Y-direction),
the primary electron beam is line-scanned in the X-direction.
With respect to a predetermined periodic pattern other than
the above described pattern, if the primary electron beam is
line-scanned in the same direction as the period, the same
SEM image may be acquired.

[0160] For example, with respect to the line and space
pattern in the horizontal direction (X-direction), the primary
electron beam may be line-scanned in the Y-direction. In this
case, the incident angle profile is a relationship between the
scanning position in the X-direction and the incident angle of
the primary electron.

[0161] Instep 1904, the SEM image acquired in step 1903
is analyzed by the irregularity judgment operating unit 1723
while referring to the incident angle profile stored in the
recording area 1721, thereby judging the irregularities.
[0162] At first, in the SEM image, from the white bands of
the image area (upper part of the image) acquired with the
perpendicularly incident primary electron and the image area
(lower part of the image) acquired by being incident tilted, the
white band corresponding to the same edge of the sample is
identified. In the SEM image, the white bands corresponding
to the same edge of the sample are connected to each other
and the identification is possible by the below method. First,
as shown in FIG. 21, intensity ofthe secondary electron signal
in a horizontal line of the acquired SEM image is plotted,
which is referred to as secondary electron profile hereinafter.
In the drawing, only the secondary electron profile in the
horizontal line is shown.

[0163] Further, a peak position of the secondary electron
profile in respective lines is obtained. Before performing the
above process, the secondary electron profiles in plural lines
may be averaged to improve the S/N. Further, instead of using
the secondary electron profiles in all lines, some lines may be
extracted to use only secondary electron profiles thereof as
shown in FIG. 21.

[0164] Next, any one peak of the secondary electron pro-
files is selected and a peak at the closest position in the
secondary electron profiles in horizontal lines adjacent up and
down is determined, thereby determining the peak as a peak
corresponding to the same edge. By repeating the above pro-
cess, a peak corresponding to the same edge of the upper part
and the lower part of the image may be determined as shown
by circles in FIG. 21.

[0165] In the above process, when a peak position may not
be detected in the secondary electron profile of any horizontal
line or the distance from the closest peak in the secondary
electron profiles in adjacent horizontal lines is larger than a
predetermined ratio with respect to the period of the sample
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pattern, it is determined that the identification of the peak fails
and the first selected pick may be set as a different one to
perform the above process again.

[0166] After identifying the peak corresponding to the
same edge, the irregularities are judged. Specifically, the peak
widths of peaks corresponding to the same edge in the sec-
ondary electron profile of the vertically incident area (upper
part of the image) and the tilted incident area (lower part of the
image) are compared.

[0167] Itisunderstood that as compared with the vertically
incident area, the peak width of the tilted incident area is large
in the peaks denoted by the circles of FIG. 21 and at the time
of'being incident tilted, the primary electron is contacted with
a side wall. That is, the left side of the peak denoted by the
circle (a side where the primary electron is tilted) may be
judged as a concave.

[0168] Asdescribed above, instead of indexing the increase
in the peak width, the increase in the peak intensity may be
indexed. Further, both may be used. Further, if there are plural
white bands in the SEM image, instead of judging the irregu-
larities from the peak corresponding to one edge, irregulari-
ties are judged similarly with respect to the plural adjacent
edges. It is possible to improve the accuracy of the judgment
considering that concaves and convexes of the sample pattern
for every edge are repeated.

[0169] In order to determine the peak width, a half width
where the peak intensity is 50% of the maximum value or a
reference that is separately defined but not 50% may be used.
Otherwise, by determining the peak width and the peak inten-
sity by fitting using a Gauss function and the like, it is possible
to reduce the influence thereof even when the S/N of the
image is bad and thus a large noise exists in the secondary
electron profile.

[0170] Asdescribed above, in addition to a method of judg-
ing the irregularities by comparing peaks corresponding to
the same edge in the secondary electron profile of different
lines, it is possible to judge irregularities by comparing dif-
ferent peaks in the secondary electron profile of the same line
in the tilted incident area. In this case, the width or the inten-
sity of the peak in the secondary electron profile alternately
and repeatedly becomes small and large, and a direction of the
incident angle of the primary electron as seen from a peak
having a large peak width (or large intensity) may be deter-
mined as a concave.

[0171] For example, when the peaks shown by an arrow in
FIG. 21 are compared, the widths of the first and third peaks
from the left are large and the left side (a side where the
incident angle of the primary electron is tilted) may be deter-
mined as a concave.

[0172] Further, the incident angle profile illustrated in FIG.
20A is only an example. If the incident angle of the primary
electron is changed from one incident angle to the other
incident angle, it is possible to judge the irregularities in any
incident angle profile. For example, the profile may be con-
figured only by an area where the incident angle of the pri-
mary electron is changed such as a center area of FIG. 20A.
Further, the incident angle is not changed between two dif-
ferent values as shown in FIG. 20A, but may be changed
between three or more different values. Further, the change in
the incident angle may not be in one direction.

[0173] Further, not only a method that compares two sec-
ondary electron profiles as described above, but also a method
that obtains the correlation between the intensity or width of
a peak corresponding to the same edge in three or more
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secondary electron profiles and the incident angle may be
available. When the intensity or the width of the peak is
increased in accordance with the tilting of the incident angle,
the direction where the incident angle becomes tilted as seen
from the peak may be judged as a concave.

[0174] Inthejudgment of the irregularities, it is determined
whether the judgment of irregularities succeeds or fails. If the
irregularity judgment fails, the branch on condition may be
set so as to change the incident angle profile to attempt to
judgeirregularities again. Otherwise, the branch may be setto
move to the next measurement point without measuring at the
measurement point. By performing the error processing
described above, it is possible to increase the reliability of the
result of the dimension measurement after judging the irregu-
larities.

[0175] Inorder to determine whether the irregularity judg-
ment succeeds or fails, a method described below may be
considered. First, when the size of the peak width or the
intensity of the peak is compared, if the difference is smaller
than a threshold value, it is determined that the irregularity
judgment fails. Otherwise, in case of a method that obtains the
correlation between the intensity or the width of the peak
corresponding to the same edge and the incident angle, if a
correlation coefficient is smaller than a predetermined thresh-
old value, it is determined that the irregularity judgment fails.
[0176] After judging the irregularities, in step 1905, an
SEM image for dimension measurement is acquired by mak-
ing the incident angle of the primary electron perpendicular.
Among the SEM images of FIG. 20B, the upper parts are
areas acquired with perpendicularly incident primary elec-
tron. Therefore, if the SEM image for dimension measure-
ment is acquired with a perpendicularly incident primary
electron without changing the sample position, as shown by
1601 in FIG. 16, an image formed with four parallel white
bands is acquired.

[0177] Among the white bands, since the second white
band from the left corresponds to a peak denoted by a circle in
FIG. 21, from the result of the irregularity determination
described above, it may be determined that the left side of the
second white band from the left is a concave of the pattern
formed on the sample, that is, a space part. If necessary, the
result of the irregularity judgment may be displayed on the
display unit separately from the SEM image or a marker
indicating the irregularities in the SEM image may be dis-
played.

[0178] By doing so, the result of the irregularity judgment
may be sequentially checked by the operator. Further, when
the SEM image is stored in the recording unit, the result of the
irregularity judgment may be stored separately from the
image data and the image data marked with the above marker
may be stored. Accordingly, the result of the irregularity
judgment may be referred later.

[0179] After judging the irregularities of the sample pattern
on the SEM image, a dimension of a target pattern is mea-
sured (1906). For example, when a line width is measured, an
interval between the second white band and the third white
band from the left may be measured. An algorism that calcu-
lates a line width by measuring the interval of the white bands
may be an algorism that has been used in the related art. The
same applies to the measurement of the space width.

[0180] Further, additional image can be acquired with per-
pendicularly incident primary electron because a resolution
of the SEM image acquired with tilted incidence is higher
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than that of the SEM acquired with perpendicular incidence,
such that it is possible to measure the dimension with high
accuracy.

[0181] By the procedures described above, measurement
for one point is completed. Thereafter, with movement to
another measurement point, the same sequence is repeated
until measurement for all set measurement points is com-
pleted and then the measurement is completed.

[0182] As described above, in the present embodiment, the
irregularities of the sample pattern are simply judged and the
dimension of the line and space pattern may be automatically
measured.

[0183] Inthe measurement ofthe dimension of the line and
space pattern according to the related art, complicated pro-
cesses for irregularity judgment is required, for example,
plural images having different incident angles of the primary
electron are acquired to judge the irregularities or estimate the
irregularities at the measurement points by counting the num-
ber of white bands from the pattern edge to the measurement
point. Further, it takes time for measurement. However,
according to the present embodiment, it is possible to
improve the throughput.

[0184] Further, even though the flowchart shown in FIG. 19
shows only steps relating to judging the irregularities and
measuring a dimension of the pattern, there may be a step of
adjusting a focus or a step of correcting the irradiating posi-
tion of the primary electron by detecting the position of a
pattern on the previously registered sample in order to pre-
cisely match the irradiating position with a position on the
sample.

[0185] According to the fourth embodiment describe
above, it is possible to provide an electron beam device that is
capable of judging the irregularities of a periodic pattern
formed on a substrate in a short time.

Fifth Embodiment

[0186] A fifth embodiment will be described with reference
to FIGS. 20A, 20B, and 22. Further, the matters that are
described in the fourth embodiment, but not described in the
present embodiment, are same as the fourth embodiment.
[0187] FIG. 22 is a flowchart, which is different from the
fourth embodiment, when the dimension of the line and space
pattern is measured using the present embodiment.

[0188] The fourth embodiment is a method of acquiring an
SEM image that measures the dimension of the pattern sepa-
rately from the SEM image used for irregularity judgment. In
the meantime, the present embodiment is a method that also
measures the dimension of the pattern using an image used for
the irregularity judgment. In the present embodiment, a par-
tial area of the SEM image that is used for irregularity judg-
ment is acquired with a perpendicularly incident primary
electron. Further, the dimension of the pattern in the image
area in the acquired image acquired with the perpendicularly
incident primary electron is measured.

[0189] For example, the incident angle profile of FIG. 20A
illustrated in the fourth embodiment includes a perpendicu-
larly incident area, which may be used for the present
embodiment. Here, an example that in accordance with the
incident angle profile, similarly to the fourth embodiment, the
SEM image is acquired by performing scanning while chang-
ing the incident angle of the primary electron using the inci-
dent angle/scanning cooperative controller, and a dimension
of the line width is measured using the acquired SEM image
shown in FIG. 20B is described.
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[0190] Steps 2201 and 2202 are same as steps 1901 and
1902 of the fourth embodiment. In next step 2203, it is
recorded which area of the image is acquired with the per-
pendicularly incident primary electron when the SEM image
is acquired, which is preferable if the incident angle profile is
stored in the incident angle profile recording area and then
will be referred later. Otherwise, by a method that writes a
marker indicating the perpendicularly incident area in the
image stored in the image recording area, the perpendicularly
incident area may be shown only by the image data. Accom-
panied with the image data, exclusive data that records the
perpendicularly incident area may be stored. In FIG. 20B, the
upper part is an area acquired with the perpendicularly inci-
dent primary electron. This area is stored so as to be refer-
enced as a perpendicularly incident area later.

[0191] In step 2204, similarly to step 1904, the irregulari-
ties are judged by the irregularity judgment operating unit,
and in step 2205, the dimension of a target pattern is mea-
sured. By the method described in the fourth embodiment, it
may be judged that a portion between the second white band
and the third white band from the right side is a convex, that
is, a line. Therefore, when the line width is measured, in the
image area previously stored where the incident angle of the
primary electron is perpendicular, the interval between the
white bands at both sides of a part judged as a line may be
measured. For example, by measuring the interval of the
white bands of an area 2001 surrounded by a solid line in FI1G.
20B, the line width may be measured.

[0192] As describe above, the dimension is sufficiently
measured if there are image data in an area where the incident
angle of the primary electron is 90 degree and the result of
irregularity judgment. Therefore, if it is required to save the
capacity of a memory, without storing the entire area of the
acquired image, only the image area where the incident angle
of the primary electron is 90 degree is combined to be com-
bined with the result of irregularity judgment to be stored.
[0193] According to the present embodiment, it is possible
to provide an electron beam device that is capable of judging
the irregularities of a periodic pattern formed on a substrate in
a shorttime. Further, it is possible to provide an electron beam
device that is capable of judging the irregularities and mea-
suring the dimension only by acquiring only one sheet of
image to further improve the throughput.

Sixth Embodiment

[0194] A sixth embodiment will be described with refer-
ence to FIGS. 23 and 24. Further, the matters that are
described in the fourth and fifth embodiments, but not
described in the present embodiment, are the same as the
fourth and fifth embodiments.

[0195] The present embodiment judges the irregularities
using a method that is different from the methods described in
the fourth and fifth embodiments. In the present embodiment,
the amount of irradiating position displacement of the pri-
mary electron is estimated from an incident angle of the
primary electron, an accelerating voltage of the primary elec-
tron, excitation of the objective lens, and the amount of
deflection of the image shift deflector, and the irradiating
position of the primary electron is corrected only by the
amount of position displacement estimated when the incident
angle of the primary electron is changed. Further, plural
images having different incident angles of the primary elec-
tron are acquired, and then compared to perform irregularity
judgment and measure the dimension of the target pattern.
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[0196] Inorderto perform the present embodiment, among
the configuration of FIG. 17, the control operating unit and
the recording unit of the entire device need to be changed to a
configuration as shown in FIG. 23 that includes a position
displacement approximation formula recording area 2301, a
position displacement estimation operating unit 2302, and a
position displacement correction controller 2303.

[0197] FIG. 24 shows a flowchart when the irregularities of
the pattern is judged on plural points on the semiconductor
wafer in which the line and space pattern is formed and the
width of the line pattern or the space pattern is automatically
measured, using the scanning electron microscope having the
configuration shown FIGS. 17 and 23. Hereinafter, each step
of the flowchart will be described.

[0198] First, in step 2401, the irradiating position of the
primary electron is moved to a location where the sample is
measured, using a stage or an image shift deflector.

[0199] In step 2402, the SEM image is acquired with per-
pendicularly incident primary electron, which is referred to as
an image 1.

[0200] Next, in step 2403, the position displacement oper-
ating unit is used to calculate an estimation value of the
amount of the irradiating position displacement of the pri-
mary electron by putting the accelerating voltage of the pri-
mary electron, the excitation of the objective lens, the amount
of deflection of the image shift deflector, and the incident
angle of the primary electron tilted in the next step into the
approximation formula stored in the position displacement
approximation formula recording area.

[0201] Further, a value stored in the memory unit may be
used as a tilted angle of the primary electron. An input widow
is displayed on the display unit and an operator may input the
tilted angle. Further, when the amount of position displace-
ment is estimated, instead of using a method that uses an
approximation formula defined in advance, a method that a
correction table that records the amount of position displace-
ment under various conditions in the memory unit is stored
and then refers to the table may be used.

[0202] Thereafter, in step 2404, the alignment deflector is
controlled to tilt the incident angle of the primary electron at
a set angle, and a control signal is sent from the position
displacement correction controller to the image shift deflector
controller so as to deflect the primary electron by an amount
that the amount of estimated position displacement is
inversed positive to negative or negative to positive, such that
the irradiating position of the primary electron is moved so as
to offset the position displacement. Further, the offset of the
estimated position displacement may be performed by mov-
ing the stage.

[0203] In step 2405, an SEM image is acquired with the
incident primary electron tilted with respect to the sample.
This SEM image is referred to as an image 2.

[0204] In step 2406, the matching of the image 1 acquired
with the perpendicularly incident primary electron and the
image 2 acquired with tilted incident primary electron with is
performed. Since the above position displacement is cor-
rected for the image 1 and the image 2, position displacement
hardly occurs. Therefore, the white bands corresponding to
the same edge by the matching may be identified.

[0205] Ifthe peak corresponding to the same edge may be
identified, the sequence proceeds to step 2407 and the irregu-
larities of the sample pattern in the image 1 are judged by the
method described in the fourth embodiment. When the white
bands corresponding to the same edge are compared, if the
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width of the white band in the image 2 acquired with the tilted
primary electron is larger than the width of the white band in
the image 1 acquired with the perpendicularly incident pri-
mary electron, it can be seen that the primary electron is
contacted with a side wall of the edge corresponding to the
white band at the time when the incident primary electron is
tilted. That is, a side where the primary electron is tilted as
seen from the white band may be judged as a concave.
[0206] Instead of increasing the width of the white band,
the increase in the peak intensity may be indexed. Or both
methods may be used. Further, when there are plural white
bands in the SEM image, instead of judging the irregularities
by paying attention to the white band corresponding to one
edge, the irregularities are judged for plural adjacent edges in
the same way and it is possible to improve the accuracy of the
judgment considering that convexes and concaves of the
sample pattern for every edge are repeated.

[0207] Further, instead of comparing the white bands cor-
responding to the same edge as shown in the above, the
irregularities may be judged by comparing the adjacent white
bands of the image 2. In this case, the width of the white band
or the peak intensity alternately and repeatedly becomes
small and large, and a side where the incident angle of the
primary electron is tilted as seen from a peak having a large
width (or large intensity) may be judged as a concave. There
is almost no irradiating position displacement of the primary
electron between the image 1 and the image 2. Therefore, if it
is possible to judge the irregularities in the image 2, it is also
possible to judge the irregularities for the sample pattern in
the image 1.

[0208] If it is possible to judge the irregularities in the
image 1, it may be understood which part of the image 1
corresponds to the line of the sample pattern and which part
corresponds to the space, and therefore in step 2408, the
dimension of the target pattern may be measured.

[0209] Infinal step 2409, the change in the incident angle of
the primary electron performed in step 2404 and the correc-
tion of the position displacement are cancelled. Therefore, the
measurement at one point is completed.

[0210] When the measurement at one point is completed,
the sequence moves to another measurement point and then
the same sequence is repeated until the measurement for all
set measurement points is completed.

[0211] By using the present embodiment as described
above, it is possible to automatically and precisely measure
the dimension of the line and space pattern with a predeter-
mined accelerating voltage of the primary electron, the exci-
tation of the objective lens, and the amount of deflection of the
image shift deflector.

[0212] According to the present embodiment, it is possible
to provide an electron beam device that is capable of judging
the irregularities of a periodic pattern formed on a substrate in
a short time. Further, it is possible to provide the electron
beam device that is capable of judging the irregularities under
a certain optical condition.

Seventh Embodiment

[0213] A seventh embodiment will be described with ref-
erence to FIGS. 25 and 26. Further, the matters that are
described in any of the fourth to sixth embodiments, but not
described in the present embodiment, are the same as the
fourth to sixth embodiments.

[0214] The seventh embodiment relates to a method that
estimates the amount of position displacement, and controls
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the image shift deflector so as to offset the position displace-
ment. However, the present embodiment does not perform the
correction. Instead of correction, the amount of position dis-
placement is considered when the image 1 acquired with the
perpendicularly incident primary electron and the image 2
acquired with the tilted incident primary electron match each
other.

[0215] In order to implement the present embodiment,
among the configurations of FIG. 17, the control operating
unit and the recording unit of the entire device need to be
changed as shown in FIG. 25. A position displacement
approximation formula recording area 2301 and the position
displacement estimation operating unit 2302 are the same as
those of the sixth embodiment and a position displacement
correction matching operating unit 2501 is additionally pro-
vided.

[0216] FIG. 26 is a flowchart of another embodiment that
estimates the amount of the irradiating position displacement
of the primary electron. Hereinafter, each step of the flow-
chart will be described.

[0217] Steps 2601, 2602, and S2603 are the same as steps
2401, 2402, and 2403 of the sixth embodiment. Thereafter, in
step 2604, the incident angle of the primary electron is
changed without correcting the position displacement to
acquire the image 2. In step 2605, the image 1 and the image
2 match each other using the position displacement correction
matching operating unit. However, in this case, the position
displacement estimated in step S2603 is considered for
matching the images.

[0218] Specifically, after performing the image processing
that moves the image by an amount of the estimated position
displacement for any of the images, the matching is per-
formed. Otherwise, when a white band to be matched with a
specific white band of one image is determined from some
white bands of the other image, a method that selects a white
band so that the positional difference on the image is the
closest to the amount of estimated position displacement may
be used.

[0219] By using the above method, without correcting the
position displacement using the image shift deflector, a white
band corresponding to the same edge in the image 1 and the
image 2 may be identified, such that it is possible to judge the
irregularities.

[0220] If the white band may be identified, similarly to
steps 2407 and 2408 of the sixth embodiment, the irregulari-
ties are judged in step 2606. In step 2607, the dimension of the
target pattern is measured. Finally, in step 2608, the incident
angle of the primary electron is returned to the right angle and
the measurement at one point is completed.

[0221] When the measurement at one point is completed,
the sequence moves to another measurement point and then
the same sequence is repeated until the measurement for all
set measurement points is completed.

[0222] Even by using the present embodiment as described
above, it is possible to automatically and precisely measure
the dimension of the line and space pattern with an acceler-
ating voltage of a certain primary electron, the excitation of
the objective lens, and the amount of deflection of the image
shift deflector. The present embodiment may not be applied to
a case when a white band corresponding to the same edge of
the image 1 and the image 2 does not exist because the amount
of the position displacement is too big. On the contrary, the
present embodiment is advantageous in that the image dis-
placement correction controller, which is required in the sixth
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embodiment, does not need to be provided and the present
embodiment may be implemented only using the operating
unit.

[0223] According to the present embodiment, it is possible
to provide an electron beam device that is capable of measur-
ing the irregularities of a periodic pattern formed on a sub-
strate in a short time. Further, it is possible to provide an
electron beam device that is capable of judging the irregulari-
ties under a certain optical condition.

Eighth Embodiment

[0224] An eighth embodiment will be described with ref-
erence to FIGS. 27 and 28. Further, the matters that are
described in any of the fourth to seventh embodiments, but not
described in the present embodiment, are the same as the
embodiments.

[0225] The present embodiment is a method that is com-
bined with the method of correcting the position displace-
ment described in the sixth embodiment when one sheet of
SEM image is acquired while continuously changing the
incident angle of the primary electron in the fourth and fifth
embodiments.

[0226] In the fourth and fifth embodiments, as shown in
FIG. 20B, the position displacement becomes larger as the
incident angle is changed larger. In the meantime, in order to
identify the peak in the method shown in FIG. 21, the amount
of irradiating position displacement of the electron beam by
the change in the incident angle of the primary electron needs
to be smaller than the size of the visual field. Therefore, there
is an upper limit for an available amount of change in the
incident angle. Accordingly, when the ratio of the irradiating
position displacement of the electron beam with respect to the
amount of change in the incident angle of the primary electron
is large, if the fourth and fifth embodiments are performed
with a high magnification in which the visual field becomes
narrow, an available amount of change in the incident angle of
the primary electron becomes small.

[0227] If the amount of change in the incident angle of the
primary electron is small, the change in the width of the peak
or the peak intensity shown in FIG. 21 is correspondingly
small. As a result, the accuracy of the irregularity judgment is
degraded. When it is determined whether the irregularity
judgment succeeds or fails by setting a threshold value in the
amount of change in the peak width or peak intensity, a
success rate is lowered.

[0228] In this regard, in the present embodiment, by cor-
recting the irradiating position displacement of the primary
electron using the method described in the sixth embodiment,
it is possible to significantly reduce the movement of the
pattern on the image due to the change in the incident angle.
[0229] In order to implement the present embodiment,
among the configurations of FIG. 17, the control operating
unit and the recording unit of the entire device need to be
changed as shown in FIG. 27. The incident angle profile
recording area 1721 and the irregularity judgment operating
unit 1723 are the same as those of the fourth embodiment, and
the position displacement approximation formula recording
area 2301 is the same as that of the sixth embodiment. In
addition thereto, a position displacement amount profile
recording area 2701, a positional displacement amount pro-
file estimation operating unit 2702, and an incident angle/
image shift/scanning cooperative controller 2703 may be pro-
vided.
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[0230] Before step 1903 when the fourth embodiment and
the sixth embodiment are combined, or before step 2203
when the fifth embodiment is used, a step of estimating a
position displacement amount profile is inserted. The position
displacement amount profile refers to an amount of position
displacement (position displacement) in the respective scan-
ning positions as shown in the right side of FIG. 28. Here, the
position displacement amount profile estimation operating
unit 2702 is used to calculate the position displacement
amount profile from an incident angle profile stored in the
incident angle profile recording unit and an approximation
formula stored in the position displacement approximation
formula recording area, and then stored in the position dis-
placement amount profile recording area.

[0231] Further, in the right side of FIG. 28, since the pri-
mary electron beam is perpendicularly incident to the upper
part of the scanning area, the amount of estimated position
displacement is correspondingly 0. However, generally, it
may not be limited to 0. In step 1903 after estimating the
amount of position displacement (2203 in the fifth embodi-
ment), referring to the incident angle profile and the position
displacement amount profile previously stored, by sending a
control signal from the incident angle/image shift/scanning
cooperative controller to the alignment deflector controller,
the image shift deflector controller, and the scanning deflector
controller, at the same time when the incident angle of the
primary electron is changed in accordance with the incident
angle profile while scanning the primary electron beam, the
primary electron beam is deflected by an amount that the
position displacement amount profile is inversed positive to
negative or negative to positive to correct the position dis-
placement.

[0232] As aresult, even in case of observation with a high
magnification, it is possible to use the incident angle profile
having a large amount of change in incident angle, thereby
improving the accuracy of the irregularity judgment. Further,
it is possible to improve the success rate of the irregularity
judgment.

[0233] According to the present embodiment, it is possible
to provide an electron beam device that is capable of judging
the irregularities of a periodic pattern formed on a substrate in
ashorttime. Further, it is possible to provide an electron beam
device that is capable of judging the irregularities under a
certain optical condition.

Ninth Embodiment

[0234] A ninth embodiment will be described with refer-
ence to FIGS. 29 and 30. Further, the matters that are
described in any of the fourth to eighth embodiments, but not
described in the present embodiment, are the same as the
fourth to eighth embodiments.

[0235] The present embodiment is a method of using
roughness occurring in the sample. An actual sample has
roughness of an edge in a direction direct to the period of the
pattern. For example, as shown in the upper part of FIG. 29, in
the actual line pattern, roughness called a line edge roughness
is present in a direction where the line extends.

[0236] This roughness is random and different for every
edge. Further, the line roughness is reflected as a shape of a
white band in the SEM image as shown in the lower part of
FIG. 29. Therefore, when the SEM image acquired with a
perpendicularly incident primary electron is compared with
the SEM image acquired with a tilted incident primary elec-
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tron, by selecting a white band in which the roughness
matches, it is possible to identify the white band correspond-
ing to the same edge.

[0237] FIG. 30 is a flowchart when the irregularity judg-
ment is performed using the roughness at plural points on a
semiconductor wafer on which a line and space pattern is
formed and a width of a line pattern or a space pattern is
automatically measured. Hereinafter, each step of the flow-
chart will be described.

[0238] First, in step 3001, the irradiating position of the
primary electron moves to a location to be measured.

[0239] Further, in step 3002, an SEM image is acquired
with a perpendicularly incident primary electron, which is
referred to as animage 1. Further, in step 3003, an SEM image
is acquired with a tilted incident primary electron, which is
referred to as an image 2.

[0240] Next, in step S3004, irregularities in the image 2 are
judged. The irregularity judgment is performed using the
method of comparing the adjacent white bands in the image
(image 2) acquired with tilted incident primary electron
among the methods described in the sixth embodiment.
[0241] After judging the irregularities in the image 2, in
step S3005, white band matching is performed. In this case, a
white band corresponding to an edge at a side where the
primary electron is not contact with the side of the pattern
when the incident primary electron is tilted, that is, one of
white bands whose white band width is small (or the peak
intensity is small) is selected. Further, a white band in which
the selected white band most matches roughness is deter-
mined from the white bands of the image 1.

[0242] By doing so, since the white band corresponding to
the same edge may be identified, it is possible to judge the
irregularities in the image 1. When the white band is identi-
fied, if the correlation value is below a certain threshold value,
it may be judged that the identification fails. In this case, the
white band selected first from the image 2 may be considered
as a different one and then identified again.

[0243] Further, in this identification method, as the white
band selected first from the image 2, the edge side where the
primary electron is not contact with the side of the pattern
when the incident primary electron is tilted is selected by the
above reason. When the primary electron is perpendicularly
incident, roughness of the highest portion (top) of the pattern
is reflected in the white band of the SEM image. Even when
the incident angle of the primary electron is tilted in a direc-
tion where the primary electron is not contacted with the side
wall of the pattern, roughness of the top of the pattern is also
reflected in the white band.

[0244] Inthe meantime, when the incident primary electron
is tilted so as to irradiate the primary electron on the side wall
of the pattern, not only the top of the pattern, but also the
shape of the root (bottom) are reflected in the white band.
Therefore, the change in the roughness of the white band from
the time when the primary electron is perpendicularly inci-
dent is large. Accordingly, in order to correctly identify the
white bands corresponding to the same edge at the time of
being perpendicularly incident and at the time of being inci-
dent tilted, it is required to use a white band corresponding to
an edge where the primary electron is not contacted with the
side of the pattern when the incident primary electron is tilted.
[0245] Ifthe irregularities may be judged in the image 1 by
the above method, it can be seen which part of the image 1
corresponds to the line of the sample pattern and which part
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corresponds to the space, such that, in step 3006, the dimen-
sion of the target pattern may be measured.

[0246] When the measurement at one point is completed,
the sequence moves to another measurement point and the
same sequence is repeated until the measurement for all set
measurement points is completed, and then the measurement
is completed.

[0247] By using the present embodiment, it is possible to
judge the irregularities of the sample pattern without per-
forming correction to automatically measure the dimension
of'the line and space pattern.

[0248] Further, even in the present embodiment, a method
of correcting the position displacement described in the sixth
embodiment may be combined to be used. If the amount of
position displacement between the image 1 and image 2 is
large or the magnification is high, since the overlapping ofthe
capturing area of the image 1 and the image 2 becomes small
or does not exist, there is a possibility that there will be no
white band captured in both images. In this case, in step 3005,
it is not possible to accurately identify the white band.

[0249] In this regard, if the position displacement correc-
tion in the sixth embodiment is combined to be used, the
amount of position displacement between the image 1 and the
image 2 may be significantly reduced, thereby avoiding the
problem that the same white band does not exist. Specifically,
before step 3003, steps of correcting the position displace-
ment corresponding to steps 2403 and 2404 may be inserted
and after step 3006, a step of cancelling the correction in step
2409 may be inserted.

[0250] According to the present embodiment, it is possible
to provide an electron beam device that is capable of judging
the irregularities of a periodic pattern formed on a substrate in
ashorttime. Further, it is possible to provide an electron beam
device that is capable of judging the irregularities under a
certain optical condition.

Tenth Embodiment

[0251] A tenth embodiment will be described with refer-
ence to FIG. 31. Further, the matters that are described in any
of the fourth to ninth embodiments, but not described in the
present embodiment, are the same as the fourth to ninth
embodiments.

[0252] The present embodiment is an embodiment that the
image used for irregularity judgment is also used for correct-
ing the focus when the fourth embodiment and the sixth
embodiment among the fourth, sixth, seventh, ninth, and
eighth embodiments are combined to be used. In this method,
the focus is corrected using that the amount of the position
displacement of the image has a linear relationship with the
amount of focus deviation.

[0253] Even though not shown in the flowcharts shown in
FIGS.19,22,24,26,and 30, generally, a step of correcting the
focal position of the incident electron exists. The general
focus correction method acquires plural SEM images while
changing an objective lens current or retarding voltage, and
then compares the SEM images to obtain the in-focus condi-
tion, which takes so long time.

[0254] In the present embodiment, since the focus is cor-
rected in a short time, the same dimension measurement as
the fourth, sixth, seventh, eighth, and ninth embodiments may
be measured in a short time. Further, the irregularity judg-
ment method in the fourth, sixth, seventh, eighth, and ninth
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embodiments may be applied if the SEM image has a notice-
able white band even though the SEM image is blurred due to
the focus deviation.

[0255] Therefore, the precise focus correction may be per-
formed after the irregularity judgment, and the image for
judging the irregularities may be used for focus correction.
Hereinafter, the focus correction method of the present
embodiment will be described in detail.

[0256] FIG. 31 is a cross-sectional view illustrating a status
where the primary electron is incident onto the sample when
there is focus deviation. If the deviation from the in-focus
condition (dotted line) of the sample position (solid line) is
denoted by reference character L, the amount d of irradiating
position displacement of the primary electron occurring when
the incident angle of the primary electron is changed by A8
with respect to the amount d,, of the position displacement
under the in-focus condition is as follows.

d=dy+L-AO

[0257] Therefore, if the measurement is performed under
the in-focus condition in advance to obtain d,, to store in the
recording unit, the amount d of the position displacement in
the image for performing the irregularity judgment is evalu-
ated to obtain the amount L of focus deviation. Or in an
electronic optical system in which d_/A6 is smaller than the
focus adjustment accuracy to be obtained, the d0 is neglected,
and [.=d/A8 and the amount L. of the focus deviation may be
obtained only from the amount d of the position displace-
ment. Further, by using the method described in the sixth
embodiment, if the d  becomes sufficiently small, it is pos-
sible to obtain L only from d in a certain potential optical
system.

[0258] By the above method, it is possible to obtain the
amount L. of the focus deviation using the SEM image for
judging the irregularities. Further, by using the relationship
between the amount of focus deviation obtained in advance
and the amount of change in excitation of the objective lens,
the amount of change in excitation of the objective lens
required to correct the amount L. of the focus deviation is
obtained, and then the focus may be adjusted by the objective
lens controller. Or, instead of controlling the excitation of the
objective lens, the retarding voltage may be controlled to
adjust the focus.

[0259] Inthe present embodiment, after adjusting the focus
by the above-described method, a SEM image for measuring
the dimension of the target pattern is acquired. Specifically, in
a method that combines the fourth embodiment and the sixth
embodiment among the fourth embodiment and the eighth
embodiment, after step 1904, the focus correcting is per-
formed, so that addition image does not need to be acquired.
Therefore, it is possible to significantly shorten the time spent
for focus adjustment in the related art.

[0260] Further, in the sixth, seventh, and ninth embodi-
ments, after steps S2409, S2608, and S3006, acquisition of an
image for focus correction and dimension measurement is
required. However, as compared with the case of using the
focus adjustment method of the related art, totally high speed
dimension measurement may be expected. Further, in the fifth
embodiment, if the focus correction according to the present
embodiment is performed, instead of step 2205, it is required
to acquire an image for the focus correction and the dimen-
sion measurement, which is substantially the same as the
fourth embodiment but is not applied to the present embodi-
ment.

[Equation 8]
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[0261] Ifitis required to measure the dimension with high
accuracy, before acquiring the SEM image, the focus needs to
be adjusted. Further, if the sample is charged and the focus is
deviated, the focus adjustment is essential. In the present
embodiment, since an image for irregularity judgment may be
used to adjust the focus, it is not required to acquire a new
image only for focus adjustment, thereby improving the
throughput.

[0262] Even in the present embodiment, it is possible to
provide an electron beam device that is capable of judging the
irregularities of a periodic pattern formed on a substrate in a
short time. Further, it is possible to provide an electron beam
device that is capable of judging the irregularities under a
certain optical condition. Furthermore, it is possible to pro-
vide an electron beam device having high throughput.

INDUSTRIAL APPLICABILITY

[0263] The present invention is applicable as a minute pat-
tern evaluation technology that scans a charged particle beam
ona surface of asample to detect a secondary charged particle
or a reflective particle generated from the sample, thereby
acquiring a two dimensional scanning image that indicates a
shape or a dimension of a minute pattern formed on the
surface of the sample. Further, the present invention is appli-
cable as a device that observes a shape of a sample using an
electron beam, specifically, an electron beam device that may
simply judge irregularities on a surface of the sample.
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[0346] 1803 to 1805 . . . Order that scans primary elec-
tron

[0347] 1806 ... SEM image

[0348] 1807 to 1809 . . . Order that SEM images are
formed
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1. A minute pattern evaluation method that uses a charged
particle beam of a charged particle beam device including a
charged particle optical system and a processing unit,

wherein the charged particle beam is irradiated on the

sample based on an optical system condition for irradi-
ating a charged particle beam onto a sample from at least
two different directions,

the images acquired by irradiating the charged particle

beam on the sample from the at least two different direc-
tions are compared to measure an amount of pattern
position displacement between the images, and

the processing unit corrects the amount of pattern position

displacement based on the amount of correction of the
amount of the pattern position displacement depending
on the beam deflection of the charged particle beam for
moving an image acquisition position on the sample.

2. The pattern evaluation method according to claim 1,
wherein the processing unit calculates an amount of astig-
matic difference or an amount of focus position displacement
from the amount of pattern position displacement corrected
with the amount of correction, or both of them.

3. The pattern evaluation method according to claim 2,
wherein the processing unit calculates the amount of correc-
tion in accordance with an accelerating voltage of the charged
particle beam or a height of the sample.

4. The pattern evaluation method according to claim 2,
wherein the processing unit calculates the amount of correc-
tion in accordance with a tilting direction and a tilting angle of
the charged particle beam to be irradiated.

5. The pattern evaluation method according to claim 1,
wherein the charged particle beam is irradiated by feeding
back the amount of correction of the amount of the pattern
position displacement to the optical system condition.

6. The pattern evaluation method according to claim 5,
wherein the processing unit calculates the amount of correc-
tion of the amount of the pattern position displacement in
accordance with an accelerating voltage of the charged par-
ticle beam or the height of the sample.

7. The pattern evaluation apparatus and a method using the
same according to claim 5, wherein the processing unit cal-
culates the amount of correction of the amount of the pattern
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position displacement in accordance with a tilting direction
and a tilting angle of the charged particle beam to be irradi-
ated.

8. The pattern evaluation method according to claim 1,
wherein the amount of correction is obtained by a polynomial
equation depending on the amount of beam deflection of the
charged particle beam.

9. The pattern evaluation method according to claim 1,
wherein the processing unit compares the images obtained by
irradiating the charged particle beam on the sample from four
different directions to measure the amount of pattern position
displacement between the images and calculates the astig-
matic difference from the amount of pattern position dis-
placement corrected by the amount of correction.

10. The pattern evaluation method according to claim 1,
wherein information regarding the optical system condition
that calculates the amount of correction is displayed on a
display unit of the charged particle beam device.

11. A pattern evaluation device using a charged particle
beam, including:

a charged particle optical system that irradiates a charged

particle beam on a sample;

a memory unit that registers and stores an optical system
condition of the charged particle optical system for irra-
diating the charged particle beam from at least two dif-
ferent directions;

aprocessing unit that calculates an amount of pattern posi-
tion displacement between images by comparing
images obtained by irradiating the charged particle
beam from the at least two directions based on the opti-
cal system condition; and

a beam deflector that deflects the charged particle beam,

wherein the processing unit calculates an amount of cor-
rection of the amount of the pattern position displace-
ment based on the beam deflection of the beam deflector
for moving an image acquisition position on the sample
and corrects the amount of the pattern position displace-
ment using the amount of correction.

12. The pattern evaluation device according to claim 11,
wherein the processing unit calculates an amount of astig-
matic difference of the charged particle beam or an amount of
focus position displacement from the amount of pattern posi-
tion displacement corrected with the amount of correction, or
both of them.

13. The pattern evaluation device according to claim 12,
wherein the processing unit calculates the amount of correc-
tion in accordance with an accelerating voltage of the charged
particle beam or a height of the sample.

14. The pattern evaluation device according to claim 12,
wherein the processing unit calculates the amount of correc-
tioninaccordance with atilting direction and a tilting angle of
the charged particle beam to be irradiated.

15. The pattern evaluation device according to claim 11,
further comprising:

a controller that controls the charged particle beam to be
irradiated by feeding back the amount of correction of
the amount of the pattern position displacement to the
optical system condition.

16. The pattern evaluation device according to claim 15,
wherein the processing unit calculates the amount of correc-
tion of the amount of the pattern position displacement in
accordance with an accelerating voltage of the charged par-
ticle beam or the height of the sample.
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17. The pattern evaluation device according to claim 15,
wherein the processing unit calculates the amount of correc-
tion of the amount of the pattern position displacement in
accordance with a tilting direction and a tilting angle of the
charged particle beam to be irradiated.

18. The pattern evaluation device according to claim 12,
wherein the processing units calculates the amount of correc-
tion by a polynomial equation depending on the amount of
beam deflection of the beam deflector.

19. The pattern evaluation device according to claim 12,
wherein the memory unit registers and stores the optical
system condition of the charged particle optical system for
irradiating from at least four different directions.

20. A pattern evaluation device by a charged particle beam
device, comprising:

a stage that loads a sample;

a charged particle optical system that irradiates a charged
particle beam on a sample on the stage to detect a sec-
ondary charged particle generated from the sample;

a controller that controls the charged particle optical sys-
tem by determining an optical system condition of the
charged particle optical system and controls so as to
acquire an image of the sample from the detected sec-
ondary charged particle;

a beam deflector that deflects the charged particle beam in
order to move the image acquisition position of the
sample; and

a display unit that displays the image,

wherein the controller includes:

a memory unit that stores the optical system condition for
irradiating the charged particle beam on the sample from
at least two different directions; and

a processing unit that calculates an amount of pattern posi-
tion displacement between images by comparing
images of the sample obtained by irradiating the charged
particle beam from the at least two directions based on
the optical system condition, calculates an amount of
correction of the amount of the pattern position displace-
ment based on the beam deflection of'the beam deflector,
corrects the amount of the pattern position displacement
using the calculated amount of correction, and calcu-
lates an amount of astigmatic difference of the charged
particle beam or an amount of focus position displace-
ment from the amount of corrected pattern position dis-
placement, or both of them.

21. An electron beam device, comprising:

an electron source;

a stage that loads a sample;

a detector that detects an electrical signal from the sample;

a control operating unit that controls the electron source,
the stage, and the detector and creates image data by the
electrical signal detected by the detector,

wherein the control operating unit includes:

an incident angle/scanning cooperative controller that con-
trols the scanning and the incident angle to the sample of
the electron beam discharged from the electron source;
and

an irregularity judgment operating unit that judges irregu-
larities on a surface of the sample using the image data
created based on the electrical signal from the sample
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21
generated by the scanned electron beam while changing cally measuring a dimension of a designated pattern of the
the incident angle to the sample by the incident angle/ sample after judging the irregularities by the irregularity
scanning cooperative controller. judgment operating unit.

. . . 23.-30. (canceled)
22. The electron beam device according to claim 21,

wherein the control operating unit has a function of automati- * ok k& ok



