a9y United States

US 20200294757A1

12y Patent Application Publication o) Pub. No.: US 2020/0294757 Al

KAWAMOTO et al.

43) Pub. Date: Sep. 17, 2020

(54) CHARGED PARTICLE BEAM APPARATUS

(71) Applicant: Hitachi High-Technologies
Corporation, Tokyo (JP)

(72) Inventors: Yuta KAWAMOTO, Tokyo (IP); Akira
IKEGAMLI, Tokyo (JP); Yasushi
EBIZUKA, Tokyo (IP); Nobuo
FUJINAGA, Tokyo (IP)

(21)  Appl. No.: 16/782,521

(22) Filed: Feb. 5, 2020
(30) Foreign Application Priority Data
Mar. 11, 2019  (IP) e, 2019-043298

Publication Classification

(51) Int. CL

HO1J 37/153 (2006.01)
HO1J 37/10 (2006.01)
HO1J 37/147 (2006.01)

(52) U.S. CL
CPC oo, HO01J 37/153 (2013.01); HO1J 37/10
(2013.01); HOLJ 2237/0473 (2013.01); HO1J
2237/1534 (2013.01); HO1J 37/1472 (2013.01)

(57) ABSTRACT

An object of the present disclosure 1s to provide a charged
particle beam apparatus that can quickly find a correction
condition for a new aberration that 1s generated 1n associa-
tion with beam adjustment. In order to achieve the above
object, the present disclosure proposes a charged particle
beam apparatus configured to include an objective lens (7)
configured to focus a beam emitted from a charged particle
source and 1rradiate a specimen, a visual field movement
deflector (5 and 6) configured to detlect an arrival position
of the beam with respect to the specimen, and an aberration
correction unit (3 and 4) disposed between the visual field
movement deflector and the charged particle source, in
which the aberration correction umt 1s configured to sup-
press a change 1n the arrival position of the beam 1rradiated
under different beam 1rradiation conditions.
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CHARGED PARTICLE BEAM APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a charged particle
beam apparatus, and more particularly to a charged particle
beam apparatus capable of setting beam conditions when a
plurality of points on a specimen are 1rradiated with a beam.

BACKGROUND ART

[0002] A charged particle beam apparatus such as a scan-
ning electron microscope (SEM) 1s used for measuring and
ispecting fine semiconductor device patterns. A scanning
clectron microscope 1s an apparatus that performs measure-
ment and 1nspection using an 1mage obtained by scanning a
focused electron beam on a specimen. With recent advances
in complexity and mimiaturization of semiconductor devices,
there 1s an 1ncreasing demand for more measurements and
inspections 1n a shorter time. To improve the inspection
speed, 1t 15 ellective to shorten the time to 1mage and the time
to move a visual field.

[0003] There are two ways to move the visual field of
SEM: stage movement to move the specimen position and
image shift to move the 1rradiation position of the electron
beam. Since the 1mage shiit electrically moves the visual
field, the visual field can be moved faster and more accu-
rately than the stage movement accompanied by a mechani-
cal operation. However, 1f the electron beam 1s deflected for
image shift, oil-axis aberration of an objective lens 1is
generated and the spatial resolution of the SEM 1s deterio-
rated, and thus the image shift 1s usually used only for
minute movement of the visual field.

[0004] As a method for correcting ofl-axis aberration and
expanding the usable range of image shift, there 1s a method
for correcting ofl-axis chromatic aberration which i1s the
most dominant aberration. As disclosed 1n JP-A-2014-
053074 (PTL 1), for each point 1n the movable region of
image shift, ofl-axis chromatic aberration can be corrected
by adjusting an incident condition on an aberration corrector
so that the shift of the 1rradiation position of the electron
beam between two acceleration voltages 15 minimized.
[0005] JP-A-2010-251218 (PTL 2) discloses a technology
that can reduce the number of repetitions required to com-
plete correction by measuring off-axis chromatic aberration
from the shift of the 1rradiation position of the electron beam
between two acceleration voltages and performing correc-
tion based on this measurement result.

CITATION LIST

Patent Literature

[0006] PTL 1: JP-A-2014-053074
[0007] PTL 2: JP-A-2010-251218
SUMMARY OF INVENTION
Technical Problem
[0008] In order to suppress a reduction in spatial resolu-

tion during an image shift operation, 1t 1s necessary to
correct ofl-axis chromatic aberration of the objective lens.
As described 1n JP-A-2014-053074 and JP-A-2010-251218,
this 1s possible by adjusting the incident condition on the
aberration corrector so that the off-axis chromatic aberration
1s corrected at each point of the image shaft.
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[0009] However, 1n this means, the electron trajectory
alter passing through the aberration corrector changes due to
the correction, and thus the incident angle of electrons with
respect to the specimen changes. For this reason, the appear-
ance of the semiconductor device pattern changes depending
on the amount of 1image shift used, resulting 1n variations in
ispection/measurement accuracy. In addition, when the
clectron trajectory after passing through the aberration cor-
rector changes, the incident condition on the objective lens
also changes, and thus the amount of aberration generated 1n
the objective lens also changes. If correction i1s performed
under such a situation, a very large number of repetitions are
required until the aberration correction 1s completed, and
thus an enormous adjustment time 1s required.

[0010] Heremafter, a charged particle beam apparatus for
the purpose of quickly finding a correction condition for new
aberration that 1s generated as a result of beam adjustment

will be described.

Solution to Problem

[0011] As one aspect for achieving the above object, there
1s proposed a charged particle beam apparatus configured to
include an objective lens configured to focus a beam ematted
from a charged particle source and 1rradiate a specimen,
visual field movement detlectors configured to detlect an
arrival position of the beam with respect to the specimen,
and an aberration correction unit disposed between the
visual field movement detlectors and the charged particle
source, 1n which the aberration correction unit 1s configured
to suppress a change in the arrival position of the beam
irradiated under diflerent beam irradiation conditions.
[0012] Further, as another aspect for achieving the above
object, there 1s proposed a method or an apparatus for
positioning a visual field at a desired position on a specimen
by using a visual field movement deflector that changes an
arrival position of a beam emitted from a charged particle
source, the method or the apparatus including: deflecting the
beam to a desired arrival position by using the visual field
movement deflector, adjusting a deflection condition of the
visual field movement deflector so as to cancel an inclination
of an incident beam when the beam 1s detlected to the
desired arrival position, and adjusting an aberration correc-
tion unit disposed between the charged particle source and
the visual field movement detlector so as to cancel off-axis
chromatic aberration generated according to an amount of
visual field movement by the visual field movement deflec-
tor, off-axis chromatic aberration generated according to the
amount of visual field movement, and off-axis chromatic
aberration generated by setting the detlection condition of
the visual field movement deflector so as to cancel the
inclination of the incident beam.

[0013] Further, as still another aspect for achieving the
above object, there 1s proposed a charged particle beam
apparatus including an objective lens configured to focus a
beam emitted from a charged particle source and irradiate a
specimen, and a first lens disposed between the objective
lens and the charged particle source, a second lens, a first
deflector and a second deflector that detlect a beam passing
through each lens, and a control device that controls the first
lens, the second lens, the first deflector, and the second
deflector, 1n which the control device generates ofl-axis
chromatic aberration and ofl-axis coma aberration having
the same amount as ofl-axis chromatic aberration and ofl-
axis coma aberration generated by the objective lens, 1n a
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direction opposite to the off-axis chromatic aberration and
ofl-axis coma aberration generated by the objective lens, by
controlling the first lens, the second lens, the first deflector,
and the second deflector.

Advantageous Eflects of Invention

[0014] According to the above configuration, 1t 1s possible
to quickly find a correction condition for new aberration that
1s generated as a result of beam adjustment.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 1s a diagram showing an outline of a charged
particle beam apparatus including an aberration correction
lens that corrects aberration when a visual field 1s moved and
an aberration correction deflector.

[0016] FIG. 2 1s a diagram showing an outline of the
charged particle beam apparatus including a condenser lens
between the aberration correction lens and an objective lens.

[0017] FIG. 3 1s a diagram showing a trajectory of a beam
when visual field movement (1mage shift) 1s performed
ofl-axis of the objective lens by a visual field movement
deflector.

[0018] FIG. 4 1s a diagram showing a trajectory of a beam
when an incident angle of the beam 1s inclined with respect
to an optical axis without performing visual field movement
by the visual field movement detlector.

[0019] FIG. 5 1s a diagram showing an example of an
clectron beam trajectory used for correcting ofl-axis aber-
ration.

[0020] FIG. 6 1s a flowchart showing an adjustment pro-
cess of the aberration correction deflector.

[0021] FIG. 7 1s a flowchart showing the adjustment
process of the aberration correction deflector.

[0022] FIG. 8 1s a diagram showing an example of a
deflection condition adjustment specimen of the aberration
correction deflector.

[0023] FIG. 9 1s a diagram showing a state of image shiit
that occurs when an acceleration voltage i1s changed 1n a
state where the conditions of the aberration correction
deflector are fixed.

[0024] FIG. 10 1s a diagram showing a transition of shiit
according to a change in the conditions of the aberration
correction detlector.

[0025] FIG. 11 1s a flowchart showing an adjustment
process of an axis adjustment detlector.

[0026] FIG. 12 1s a diagram showing an outline of a
scanning electron microscope.

[0027] FIG. 13 1s a diagram showing an outline of a
control system that controls the scanning electron micro-
scope and a computer system that processes signals output
from the scanning electron microscope.

DESCRIPTION OF EMBODIMENTS

[0028] Heremafter, a charged particle beam apparatus
having a function of correcting oil-axis aberration will be
described with reference to drawings. In the following
description, a scanning electron microscope will be
described as an example of one aspect of the charged particle
beam apparatus, but application to other charged particle
beam apparatuses such as a focused 10n beam apparatus 1s
also possible.
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EXAMPLE 1

[0029] FIG. 1 shows a scanning electron microscope
capable of performing off-axis aberration correction while
maintaining the incident angle of a beam with respect to a
specimen. In the following description, a scanning electron
microscope will be described as an aspect of a charged
particle beam apparatus, but application to other charged
particle beam apparatuses such as a focused 10n beam
apparatus 1s also possible.

[0030] As shown in FIG. 1, electrons extracted from an
extraction electrode (not shown) from an electron source 1
are accelerated by an acceleration electrode 2 to become an
clectron beam. The electron beam 1s focused by an objective
lens 7 and 1rradiated onto a specimen 8. In addition, the
scanning electron microscope shown 1 FIG. 1 includes
visual field movement deflectors (image shift deflector) 5
and 6 for moving the scanning position (visual field posi-
tion) of the electron beam. Further, an aberration correction
lens 4 and an aberration correction deflector 3 are provided
for suppressing the influence of beam deflection by the
visual field movement deflectors 5 and 6. The operation of
these optical elements will be described later.

[0031] FIG. 12 15 a diagram showing a more specific
configuration of the scanning electron microscope shown 1n
FIG. 1, and a diagram showing an example of an electron
microscope system including a control system 1206 that
controls a scanning electron microscope 1200 and a com-
puter system 1207 that processes the obtained information.
[0032] Electrons extracted from the electron source 1 by
an extraction electrode 1201 are accelerated by the accel-
cration electrode 2 and irradiated on the specimen 8. The
specimen 8 1s placed on a specimen stage 1208 that can
move the specimen 8 at least in an x-y direction when the
clectron beam optical axis 1s 1 a z direction.

[0033] The clectron beam reaching the specimen 1is
scanned one-dimensionally or two-dimensionally on the
specimen 8 by scanning detlectors 1202 and 1203. Signal
clectrons 1208 such as secondary electrons (SE) and back-
scattered electrons (BSE) are emitted from the specimen 8
by beam scanning. The signal electrons 1208 are guided ofl
the optical axis of the electron beam by a signal electron
deflection deflector 1204 and detected by a detector 1105 to
generate a signal waveform and image data. For example, a
scintillator 1s disposed on the detection surface of a detector
1205, and light generated by the scintillator 1s guided by a
light guide or the like, converted again to electrons through
a photomultiplier tube, and amplified into an electric signal.
This electrical signal 1s sent to a display device or a frame
memory (not shown) to be displayed or stored. Since the
scanning ol the display device and the scanning of the
deflectors 1202 and 1203 are synchronized, a change 1n
brightness according to the amount of signal electrons
appears on the display device, and an SEM image 1s dis-
played.

[0034] Instead of the detector that directly detects signal
clectrons emitted from the specimen as a detector, a con-
version electrode that generates secondary electrons by the
collision of signal electrons may be disposed on the trajec-
tory of the signal electrons, and a detector that pulls 1n and
detects the secondary electrons converted by the conversion
clectrode may be employed.

[0035] FEach component of the scanning electron micro-
scope 1201 1s controlled by the control system 1206. The
control system 1206 controls each component of the scan-
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ning electron microscope according to a program command
1302 stored in a computer-readable medium 1301 shown 1n
FIG. 13.

[0036] The scanming electron microscope 1200 1s coupled
to the computer system 1207 (computer subsystem) with one
or more transmission media, and the output of the detector
1205 1s transmuitted to the computer system 1207 through the
transmission medium as any appropriate output signal such
as an electric signal, signal data, or image data. The output
signal 1s processed according to at least one of the program
commands 1302 and the processing command input from an
input/output device 1304, and the processed data 1s stored 1n
a memory 1303 and displayed on a display device (not
shown) of the input/output device 1204.

[0037] The computer system can take a variety of forms
including a personal computer system, an 1mage computer,
a mainframe computer system, a workstation, network
equipment, mternet equipment, or other equipment.

[0038] The control system 1206 executes the program
command 1302 to set apparatus conditions according to the
steps described below.

[0039] Hereinafter, an example 1n which off-axis aberra-
tion generated when the visual field 1s moved by the visual
field movement detlector 1s corrected while maintaining the
incident angle with respect to the specimen will be described
with reference to FIG. 1 and the like. The primary electrons
emitted from the electron source 1 are accelerated by the
acceleration electrode 2 and then focused at the position on
the object surface of the objective lens 7 by at least one
condenser lens. Thereafter, the light 1s focused on the
specimen 8 by the objective lens 7.

[0040] In order to perform 1mage shift, primary electrons
are deflected by at least two visual field movement deflectors
5 and 6. The visual field movement deflectors 5 and 6 are
clectrostatic or magnetic field deflectors disposed between
the aberration correction lens 4 and the objective lens 7, and
may be disposed 1n the electromagnetic field of the objective
lens 7 and the aberration correction lens 4.

[0041] FIG. 1 shows an electron trajectory 100 1n the case
of perpendicular incidence with respect to the specimen 8.
At this time, since the electron trajectory 100 passes ofl-axis
of the objective lens 7, the spatial resolution 1s reduced due
to the influence of ofl-axis aberration.

[0042] On the other hand, when the primary electrons are
deflected by the aberration correction deflector 3 positioned
immediately above the aberration correction lens 4 to
change the incident condition on the aberration correction
lens 4, off-axis aberration 1s also generated 1n the aberration
correction lens 4. Thus, the combination of the aberration
correction lens 4 and the aberration correction deflector 3
constitutes an aberration correction unit.

[0043] The aberration correction lens 4 may be a rotation-
ally symmetric lens or may use a multipole element. By
adjusting the current and voltage applied to the aberration
correction detlector 3 so that the aberration correction lens
4 generates olf-axis aberration that has the same magnitude
as the ofl-axis aberration generated in the objective lens 7,
in the opposite direction, the ofl-axis aberration generated 1n
the objective lens 7 can be corrected.

[0044] The trajectory when the electron trajectory 100 is
deflected by the aberration correction detlector 3 to correct
the off-axis aberration with respect to the electron trajectory
100 that 1s perpendicularly incident on the specimen
becomes an electron trajectory 101. Since the position of the
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clectron trajectory 101 passing through the objective lens 7
1s different from that of the electron trajectory 100, the
amount of aberration generated 1n the objective lens 7 1s also
different. Therefore, 1n the electron trajectory 101, the
correction 1s not complete and off-axis aberration remains.

[0045] In order to find an appropriate oif-axis aberration
correction condition, a sequence for adjusting the current
and voltage applied to the aberration correction detlector 3
1s repeated again. Further, in the electron trajectory 101, the
incident angle of the primary electrons with respect to the
specimen 1s changed from the perpendicular incidence, and
the incident angle 1s changed and the image quality 1s
changed with the use amount of the image shift.

[0046] Therefore, 1n the present embodiment, the condi-
tion of each optical element 1s adjusted so that the trajectory
of the electron beam that has passed through the aberration
correction lens 4 passes through the electron trajectory 102.
The electron trajectory 102 shows the electron beam trajec-
tory when appropriate ofi-axis aberration correction 1s per-
formed. In the example of FIG. 1, the upper visual field
movement deflector 5 1s controlled, and the lower visual
field movement deflector 6 performs deflection so as to
return to the beam trajectory when the aberration correction
using the aberration correction lens 4 1s not performed. By
making the incident condition on the objective lens 7
unchanged before and after the ofl-axis aberration correc-
tion, the number of repetitions until the correction 1s com-
pleted can be reduced, and the incident angle of the primary
clectrons to the specimen can be maintained. Hereinafter, a
control method for realizing the electron trajectory 102 will

be described.

[0047] Usually, at the time of using 1image shiit, primary
clectrons are deflected by at least two visual field movement
deflectors 5 and 6. At this time, 1f the current or voltage
(deflection condition) to be supplied to the visual field
movement detlector 5 1s (Bx, By) and the deflection condi-
tion on the visual field movement detlector 6 1s (Cx, Cy),
these are given a relationship such as Equation 1.

[Cx} [HUL bULHBx}
Cy| |cUL dUL|| By

[0048] The coeflicients (aUL, bUL, cUL, and dUL) are
constants acquired by calculation and on an actual machine,
and do not change unless the current and voltage applied to
the objective lens 7 1s changed. The method for determiming
the coeflicients (aUL, bUL, cUL, and dUL) differs depend-
ing on the application of the SEM. For example, when
high-resolution observation 1s performed, it 1s determined so
that the primary electrons pass through the lens center of the
objective lens 7, and 1n a case where 1t 1s desired to 1rradiate
the specimen with a parallel beam, 1t 1s determined so that
the primary electrons pass through the front focal position of
the objective lens 7.

[0049] In addition, in the case of changing the negative
voltage applied to the specimen 8 when changing the
irradiation voltage to the specimen, 1t 1s preferable to deter-
mine so that primary electrons pass through the center of the
clectrostatic lens formed by the negative voltage applied to
the specimen 8 1n order to prevent the shift of a visual field
at the time of changing the irradiation voltage.

|Equation 1]
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[0050] In the present example, as shown in Equations 2
and 3, the deflection conditions (Bx, By) and (Cx, Cy) of the
visual field movement detlectors 5 and 6 are determined
from a deflection condition (Ax, Ay) of the aberration
correction deflector 3 at the time of ofl-axis aberration
correction. The coeflicients (a, b, ¢, d, e, 1, g, and h) may be
obtained by calculation or may be acquired on the actual
machine. As shown in Equations 2 and 3, the detlection
conditions of the upper visual field movement detlector 5
and the lower visual field movement deflector are adjusted
at a predetermined ratio.

|Equation 2]

|Equation 3]

[0051] The change of the electron trajectory by the aber-
ration correction lens 4 when the primary electrons are
deflected by the aberration correction deflector 3 1s deter-
mined by the lens effect of the aberration correction lens 4.
That 1s, when the magnification or angular magnification of
the lens 1s applied to the off-axis amount and gradient of
primary electrons at the position on the object surface of the
lens, the off-axis amount and gradient of primary electrons
on the image surface of the lens are obtained. This calcu-
lation 1s a linear calculation, and the trajectory change of
primary electrons 1n free space 1s also expressed by a linear
calculation. Therefore, there 1s a linear relationship between
the deflection angle of the primary electrons by the aberra-
tion correction deflector 3 and the ofl-axis amount and
gradient of the primary electrons at the position of the visual
field movement deflector 5. Therefore, it 1s possible to keep
the incident condition on the objective lens 7 unchanged
during ofl-axis aberration correction by controlling the
visual field movement deflectors 5 and 6 according to
Equations 2 and 3 based on the current and voltage condi-
tions applied to the aberration correction deflector 3.

[0052] When the voltage applied to the acceleration elec-
trode 2 1s changed with respect to the electron trajectory 100,
a visual field shift occurs. This visual field shift 1s minimized
by adjusting the current and voltage conditions applied to
the aberration correction deflector 3 while maintaining the
relationship of Equations 2 and 3.

[0053] According to such a control method, since the
amount of ofl-axis chromatic aberration generated in the
objective lens 7 does not change before and after applying
the current and voltage to the aberration correction detlector
3, the incident angle with respect to the specimen 1s main-
tained, and correction can be completed with a very small
number of repetitions of about 2 or 3 times.

[0054] With the above control, 1t 1s possible to reduce the
number of repetitions of adjustment until ofl-axis aberration
correction 1s completed, and to perform 1mage shift while
maintaining the incident angle of primary electrons on the
specimen constant.

[0055] According to the present embodiment, the search
for off-axis chromatic aberration correction conditions and
the control of the incident angle of the electron beam with
respect to the specimen can be performed independently. As
a result, the number of repetitions required for searching for
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aberration correction conditions can be greatly reduced, and
the adjustment time can be shortened.

[0056] A method for finding out the conditions of an
aberration correction element (aberration correction detlec-
tor) according to a visual field movement condition will be
described below. In the present example, an example will be
described 1n which an appropriate control condition 1s found
by adjusting an i1mage shiit trajectory in which off-axis
chromatic aberration 1s corrected. FIG. 6 1s a flowchart
showing a process of finding an appropriate apparatus
condition. In the present example, for example, an adjust-
ment specimen 801 as shown in FIG. 8 1s used to set
conditions for the aberration correction deflector 3. For
example, the adjustment specimen 801 1s disposed on the
specimen stage 1208, and the control system 1206 controls
the sample stage 1208 so that the adjustment specimen 801
1s positioned at the 1rradiation position of the electron beam
when the aberration correction deflector 3 1s adjusted.
[0057] The adjustment specimen 801 1s provided with a
plurality of adjustment patterns 802 arranged at known
intervals. The adjustment pattern 802 1s a cross pattern as
shown 1n FIG. 9, for example, and 1s used to specity the shift
amount 1n the x-y direction on the image.

[0058] The control system 1206 performs control as
shown in Fig. according to the program command 1302
stored 1n the computer-readable medium 1301 shown 1n
FIG. 13. First, the specimen stage 1208 1s controlled so that
the center of the adjustment specimen 801 and the beam
optical axis coincide with each other, and beam detlection 1s
performed under a field movement condition for performing
aberration correction (step 601). Then, beam deflection 1s
performed by the aberration correction deflector 3 under a
pre-registered detlection condition (step 602).

[0059] Next, the acceleration voltage applied to the accel-
eration electrode 2 1s set to a condition 1, and an 1mage 1 1s
formed by emitting an electron beam and two-dimensionally
scanning the electron beam on the adjustment pattern 802 by
using the scanning deflectors 1204 and 1205 (steps 603 and
604). Further, the acceleration voltage applied to the accel-
eration electrode 2 1s set to a condition 2 different from the
condition 1, and an 1mage 2 1s formed by emitting an
clectron beam and two-dimensionally scanning the electron
beam on the adjustment pattern 802 by using the scanming

deflectors 1204 and 1205 (steps 605 and 606).

[0060] The computer system 1207 calculates a shait
between the patterns displayed 1n the 1mage 1 and the image
2 by 1mage processing (step 607), and 1n a case where the
shift 1s other than zero or exceeds a predetermined value, the
control system 1206 adjusts the conditions of the aberration
correction deflector 3 so as to reduce the shift amount, and
repeats the processing of steps 603 to 607 again. Also, the
control system 1206 adjusts the deflection conditions of the
visual field movement detlectors 5 and 6 so as to maintain
the above ratio according to a change i1n the deflection
condition (Ax, Ay) of the aberration correction detlector 3.

[0061] As a result of the above processing, the deflection
condition (Ax, Ay) when the shift amount 1s zero or equal to
or less than the predetermined value 1s stored as a deflection
condition of the aberration correction detlector 3 for the set
visual field movement condition in a predetermined storage
medium (step 609).

[0062] By repeating the above processing for a combina-
tion of the visual field movement amount and the visual field
movement direction to be subjected to aberration correction,
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it 1s possible to perform appropriate aberration correction for
a plurality of field movement conditions.

[0063] FIG. 7 1s a flowchart showing a process of finding
a deflection condition of an appropriate aberration correction
deflector, and shows a different example from FIG. 6. The
same reference numerals are given to steps performing the
same processing in FIG. 6. In the adjustment process shown
in FIG. 7, as shown 1in FIG. 9, in the state of an aberration
correction deflector condition A, in a case where 1t 1s
determined that there 1s a shift between the image 1 and the
image 2 in step 607, steps 603 to 607 are repeated with the
aberration correction deflector condition set to a condition B
(A+AA).

[0064] Based on the plurality of pieces of shift information
obtained as described above, the deflection condition of the
aberration correction deflector in which the shift 1s zero 1s
calculated (step 702).

[0065] Here, a method for calculating a deflection condi-
tion using a plurality of pieces of shift information will be
described. As shown 1n FIG. 10, from the shift amount AA
in the condition A and the shift amount AB 1n the condition
B, the coeflicient (slope of straight line 1001 1n the example
of FIG. 10) included 1n the function having the shift amount
and deflection condition as varniables 1s obtained by using
simultaneous equations, for example, and by using the
function including the coeflicient, the condition of the aber-
ration correction detlector that does not cause 1mage shift
even when the acceleration voltage 1s changed 1s obtained.
By performing such adjustment, it 1s possible to find out the
proper conditions for the aberration correction detlector. In
this example, for the sake of simplicity, an example in which
only a shift 1n one direction is corrected has been described,
but 1n a case where a beam 1s deflected, 1t 1s necessary to set
conditions for the detlector for deflecting the beam 1n at least
two directions based on the identification of the shift 1n at
least two directions (shift in the x and y directions).

EXAMPLE 2

[0066] Next, a charged particle beam apparatus including
an optical system provided with a condenser lens 11 between
the aberration correction lens 4 and the objective lens 7 will
be described. In a case where the aberration generated 1n the
aberration correction lens 4 1s smaller than the aberration
generated 1n the objective lens 7, the condenser lens 11 can
be used to generate aberration for balancing these types of
aberration. As shown 1n FIG. 2, an axis adjustment deflector
10 1s disposed between the condenser lens 11 and the
aberration correction lens 4.

[0067] When primary electrons are deflected by the aber-
ration correction detlector 3 for correcting oil-axis aberra-
tion, the primary electrons pass ofl the axis of the condenser
lens 11 by the lens eflect of the aberration correction lens 4.
In this case, the trajectory of the primary electrons changes
due to the lens eflect of the condenser lens 11, and as a result,
the mcident condition on the objective lens 7 also change.
Further, since the primary electrons pass ofl the axis of the
condenser lens 11, an ofl-axis aberration 1s generated also 1n
the condenser lens 11, which causes unintentional aberra-
tion.

[0068] In order to solve the above problem, a deflection
condition (Dx, Dy) of an axis adjustment deflector 10 1is
determined based on the calculation of Equation 4 from the
deflection condition (Ax, Ay) of the aberration correction
deflector 3 applied during ofi-axis aberration correction, 1n
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addition to the mterlocking control of Equations 2 and 3. The
coellicients (1, j, k, and 1) may be obtained by calculation or
may be acquired on the actual machine.

ol 2l

[0069] If the coellicients (1, 7, k, and 1) are controlled so
that the primary electrons pass through the center of the
condenser lens 11, when the primary electrons are deflected
by the aberration correction deflector 3, the generation of
aberration in the condenser lens 11 can be suppressed, and
the off-axis aberration can be generated only by the aberra-
tion correction lens 4. According to such control, even 1n a
case where a different lens 1s disposed between the aberra-
tion correction lens 4 and the objective lens 7, 1t 1s possible
to reduce the number of repetitions of adjustment until
ofl-axis aberration correction 1s completed without causing
extra aberration, and to perform image shift while maintain-
ing the incident angle of primary electrons on the specimen
constant.

[0070] A plurality of condenser lenses may be disposed
between the aberration correction lens 4 and the objective
lens 7, or an electrostatic lens or a magnetic field lens may
be used. Further, 1t 1s possible to prevent the generation of
extra aberration by performing the same control as 1n
Equation 4 for each lens by disposing a deflector between
the lenses.

[0071] Further, as shown 1n FIG. 2, 1f the coeflicients (a,

b, ¢, d, e, 1, g, and h) for controlling the wvisual field
movement deflectors 5 and 6 are determined so that the
primary electrons passes through the center of the objective
lens 7 and the electron trajectory 1s perpendicularly imncident
on the specimen, it 1s possible to obtain the electron trajec-
tory 103 in which only the amount of aberration generated
in the aberration correction lens 4 1s different by changing
the amount of deflection of the primary electrons by the
aberration correction deflector 3. It 1s possible to veritly
variations 1 manufacturing and assembly of the aberration
correction lens 4 and the aberration correction deflector 3 by
measuring the amount of aberration in the electron trajectory

103.

[0072] FIG. 11 1s a flowchart showing an adjustment
process of the axis adjustment detlector 10. The flowchart
shown 1n FIG. 11 1s executed after step 609 of FIG. 6, for
example. First, the control system 1206 changes the condi-
tion (Dx, Dy) of the axis adjustment detlector 10 to acquire
an 1mage 3 (steps 1101 and 1102). At this time, (Bx, By) (Cx,
Cy) 1s also adjusted by linear calculation 1n accordance with
the change of (Dx, Dy). In this adjustment, (Ax, Ay) (Bx,
By) (Cx, Cy) (Dx, Dy) determined through the process of
FIG. 6 and (Ax, Ay) (Bx, By) (Cx, Cy) (Dx, Dy) to be
determined 1n the processing of FIG. 11 are superimposed to
determine (Ax, Ay) (Bx, By) (Cx, Cy) (Dx, Dy) 1in FIG. 11.
Further, resolution evaluation 1s performed on the acquired
image 3 (step 1103). For the resolution evaluation, for
example, 1t 1s possible to adopt a technique of obtaining
image resolution from Irequency analysis by two-dimen-
sional Fourier transform (FFT). The computer system 1207
evaluates the resolution of the image 3 by executing an
image processing algorithm for resolution evaluation stored
in advance in the memory 1303 or the like.

|Equation 4]
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[0073] The control system 1206 repeatedly executes steps
1101 to 1103 for predetermined (plurality of) axis adjust-
ment deflector conditions, and sets the resolution of the axis
adjustment deflector 10 to be the maximum or a predeter-
mined value or more, and then returns to step 603 1n FIG. 6.
Then, the processing in steps 603 to 609 1s performed again.
This loop 1s executed a plurality of times to find a combi-
nation of the aberration correction detlector 3 and the axis
adjustment deflector 10 1n which both the shift amount and
the resolution satisiy predetermined conditions. In this case,
alter step 609 1n FIG. 6, 1n a case where resolution evalu-
ation 1s performed and the resolution satisfies the predeter-
mined condition, 1t 1s determined whether or not the adjust-
ment at a predetermined visual field movement position has
been completed without transitioning to the processing of
FIG. 11, and i a case where the adjustment has been
completed, the adjustment 1s ended.

[0074] It 1s possible to set the conditions of the aberration
correction deflector 3 and the axis adjustment deflector 10
appropriately by performing the processing as described
above.

[0075] In the above description, the example in which the
condition of the axis adjustment deflector 10 1s set based on
the resolution evaluation has been described, but the present
invention 1s not limited thereto, and the conditions of the
axis adjustment deflector 10 may be set based on other
image quality evaluation index values such as 1mage con-
trast and contrast noise ratio.

EXAMPLE 3

[0076] A means for independently controlling the incident
angle of the primary electrons on the specimen, the amount
of off-axis chromatic aberration, and the amount of visual
field movement due to 1image shift will be described. First,
cach electron trajectory used for control will be described.
[0077] The electron trajectory 103 shown 1 FIG. 2 1s a
trajectory that 1s perpendicular to the specimen surface
(parallel to the optical axis of the objective lens) and has no
visual field movement. In the electron trajectory 103, when
the primary electrons are deflected by the aberration correc-
tion deflector 3, the current and voltage applied to the visual
field movement deflectors 5 and 6 and the axis adjustment
deflector 10 are controlled based on the above-described
Equations 2, 3, and 4 so as not to change the incidence
condition on the objective lens 7. In the electron trajectory
103, there 1s a relationship of Equation 5 between the
deflection condition (Ax, Ay) of the aberration correction
deflector 3 and the amount Crcd=(Crcdx, Credy) of off-axis
chromatic aberration generated on the specimen. The coel-
ficients (aCA, bCA, cCA, and dCA) are determined from the
focusing conditions of the aberration correction lens 4
(excitation current for an electromagnetic lens and applied
voltage for an electrostatic lens) and focusing conditions of
the condenser lens 3 and the objective lens 7. Alternatively,
the amount of off-axis chromatic aberration can be measured
by measuring the amount of visual field movement when the
voltage applied to the acceleration electrode 2 1s changed,
and each coellicient may be determined from the result.

[ Credx } [ aCA bCA } [ Ax} |Equation 3]

Credy cCA dCA || Ay
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[0078] The electron trajectory 104 shown 1n FIG. 3 1s a
beam trajectory when visual field movement (1mage shiit) 1s
performed ofl-axis by the visual field movement detlectors
5 and 6. The electron trajectory 104 may be perpendicularly
incident on the specimen, or the incident angle may be
changed according to the image shift amount as in the case
where the center of the objective lens 7 1s used as a
deflection fulcrum. The detlection conditions of the visual
field movement detlectors 5 and 6 are determined based on
Equation 1. Further, the amount IS=(ISx, ISy) of visual field
movement by the image shift and the deflection condition
(Cx, Cy) of the visual field movement deflector 6 have a
linear relationship shown in Equation 6. The coethicients
(am, bm, cm, and dm) are determined from the focusing
condition of the objective lens 7 and Equation 1.

[ISX} [am bmHCx}
ISy | em dm Cy

[0079] Since the electron trajectory 104 passes ofl the axis
of the objective lens 7, ofl-axis aberration 1s generated.
There are relationships of Expressions 7 and 8 between the
amount IS=(ISx, ISy) of visual field movement, the incident
angle 0=(0x, Oy), and the amount rcd=(rcdx, rcdy) of
ofl-axis chromatic aberration. The coeflicients (aTl, bT, cT,
d1, aA, bA, cA, and dA) are determined based on the
focusing condition of the objective lens 7 and Equation 1.
Alternatively, the coeflicient (aTl, bT, ¢TI, and dT) may be
acquired on the actual machine by using any means for
measuring the incident angle with respect to the specimen.
Further, the coeflicients (aA, bA, cA, and dA) may be
acquired on the actual machine by measuring the amount of
visual field movement when the voltage applied to the
acceleration electrode 2 1s changed and calculating the
amount of ofl-axis chromatic aberration.

[Qx} [.ﬂT bTHISx}
Oy | | T dT || ISy

[rcalx] [.{IA E;JAHISX}
redy | | cA dA || ISy

[0080] The electron trajectory 105 shown i FIG. 4 1s a
trajectory when the incident angle of the beam 1s tilted with
respect to the optical axis without moving the visual field. In
FIG. 4, the trajectory 1n the case where the object surface of
the objective lens 7 1s located at the position of the visual
field movement deflector 6 1s shown. Even 1f the object
surface position of the objective lens 7 1s different, similar
to the electron trajectory 105, it 1s possible to obtain an
clectron trajectory without visual field movement by deter-
mining the upper/lower ratio of the visual field movement
deflectors 3 and 6 to be the rocking condition for the
objective lens 7.

[0081] Since the electron trajectory 105 passes ofl the axis
of the objective lens 7, ofl-axis aberration 1s generated. The
incident angle CO=(C0x, COy) and the amount Trcd=(Trcdx,
Trcdy) of off-axis chromatic aberration of the electron
trajectory 105 and the detlection condition (Cx, Cy) of the
visual field movement deflector 6 have the relationship of
Equations 9 and 10.

|Equation 6]

|Equation 7]

|Equation 8]
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[0082] The coethicients (a1C, bTC, c'TC, dTC, aTA, bTA,
cTA, and dTA) are determined from the focusing condition
of the objective lens 7. Alternatively, the coellicient (aTC,
bTC, cTC, and dTC) may be acquired on the actual machine
using a means for measuring the incident angle with respect
to the specimen. In this case, for example, it 1s conceivable
that an 1image before tilting, that 1s, a top-down 1mage and an
image aiter tilting, that 1s, a tilted image 1s obtained by using
a specimen having a known pyramid shape, and the tilted
angle of the electron beam 1s obtained by 1image processing.

[0083] Further, the coeflicients (aTA, bTA, cTA, and dTA)

may be acquired on the actual machine by measuring the
amount of visual field movement when the voltage applied
to the acceleration electrode 2 1s changed and calculating the
amount of ofl-axis chromatic aberration.

CHx alC bTC|[Cx
COy | | cTC dTC || Cy

[Trecix} [aTA bTAHCx]
Tredy | | ¢cTA dTA || Cy

[Equation 9]

|Equation 10]

[0084] The procedure for obtaining an electron trajectory
with corrected perpendicular incidence and ofl-axis chro-
matic aberration by using the above three types of electron
trajectories will be described below. First, the visual field 1s
moved by the electron trajectory 104. Next, the trajectory of
the electron trajectory 105 1s added so as to cancel the
incident angle=(0x, 0y) of the electron trajectory 104. That

1s, the deflection condition of the wvisual field movement
deflector 6 1s adjusted so that CO=(C0x, COy)=(-0x, —0y).

[0085] Next, the electron trajectory 103 1s added so as to
cancel the amount rcd+Trcd=(rcdx+Trcdx, rcdy+Trcdy) of
ofl-axis chromatic aberration generated in the electron tra-
jectories 104 and 105. In other words, the aberration cor-
rection deflector 3, the visual field movement deflectors 5
and 6 and the axis adjustment deflector 10 are controlled so

that Crcd=(Crcdx, Credy )=(-(rcdx+Trcdx), —(rcdy+Trcdy)).

[0086] From the above, the deflection conditions of each
deflector are determined based on the following Equations
11, 12, 13, and 14. As an operation performed on the actual
apparatus, first, the amount IS=(ISx, ISy) of visual field
movement by the image shift 1s mput, and based on the
input, the deflection condition (Ax, Ay) of the aberration
correcting deflector 3 are determined based on Equation 11.
Further, the deflection conditions of the visual field move-
ment detlectors 5 and 6 and the axis adjustment detlector 10
are determined based on the mputs of IS and (Ax, Ay) to

Equations 12, 13, and 14.

Ax] [aCA bCA]f[aA bA

[Ay}_[eCA dCAH[cA m}_
aTA bTA[aTC bTCT[aT bTT)[ISx
[cim dTAHeTC dTC} LT dT]}[ISy}

a b1rAx1 [Equation 12]
)l

|Equation 11]

[Bx} [aUL bUL}l[am bm}l[ISx .

By| |cUL dUL| |em dm| |isy
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-continued
|Equation 13]

Cx am bm 1!
[CyH[em dm} -
aTC bTC1[al bT ) [ISx
[C‘TC dTC} [CT dT}}[ISy
Dx [ J] Ax
[Dy]z[k JHAJJ

[0087] The above-described interlocking control of the
deflector enables an 1image shift by an electron trajectory 1n
which perpendicular incidence and off-axis chromatic aber-
ration are corrected. In addition, 1 an offset of the incident
angle Ooflset=(0xofllset, Oyollset) 1s added to the obtained
trajectory by the electron trajectory 1035, and the ofl-axis
chromatic aberration generated at that time i1s canceled by
the electronic trajectory 103, image shiit can be performed
at an arbitrary incident angle.

[0088] In addition, when the adjustment of each trajectory
1s different from the 1deal state, for example, 1n a state where
there 1s a minute change in the incident angle and visual field
movement 1n the electron trajectory 103 and 1n a state where
there 1s a minute visual field movement in the electron
trajectory 105, in one time of adjustment, off-axis chromatic
aberration may remain, or the electron trajectory may have
an mcident angle shifted from a desired value.

[0089] In that case, the amount of remaining ofi-axis
chromatic aberration 1s measured by measuring the amount
of visual field movement when the voltage applied to the
acceleration electrode 2 i1s changed 1n a state where the
control based on Equations 11, 12, 13, and 14 1s performed,
and the amount of off-axis chromatic aberration can be
reduced by adding the electron trajectory 103 again based on
the measurement result. Even when the incident angle 1s
shifted, the incident angle 1s measured by a means for
measuring the incident angle with respect to the specimen,
and based on the result, the incident angle can be close to a
desired value by adding the electron trajectory 105. By
repeating such a sequence, a desired electron trajectory can
be obtained.

+

il

|Equation 14]

EXAMPLE 4

[0090] In addition to the control of Example 3, FIG. 5
shows an electron trajectory 106 newly added to simulta-
neously correct two types of off-axis aberration among the
oll-axis aberration generated in the objective lens 7 during
image shift. The off-axis aberration generated 1n the objec-
tive lens 7 1s not limited to the off-axis chromatic aberration,
and other types of aberration may also be generated, which
may cause resolution deterleratlen Hereinafter, a means for
simultaneously correcting off-axis chromatic aberration and
oll-axis coma aberration will be described by taking ofi-axis
coma aberration as an example of the second type of ofi-axis
aberration. In the present example, a charged particle beam
apparatus including a plurality of (two or more) aberration
generating lenses and a deflector that deflects a beam
passing through the aberration generating lens will be
described as an example.

[0091] The electron trajectory 106 1s controlled by the axis
adjustment deflector 10 (second deflector) so as to pass ofl
the axis of the condenser lens 11 (seeend lens). At this time,
ofl-axis chromatic aberration and off-axis coma aberration
are generated in the condenser lens 11. The generation




US 2020/0294757 Al

.

direction and amount of off-axis chromatic aberration and
ofl-axis coma aberration are determined from the applied
current and voltage of the condenser lens 11 and the applied
current and voltage of the axis adjustment detlector 10. In
addition, the applied currents and voltages of the visual field
movement deflectors 5 and 6 are determined from the
applied current and voltage of the axis adjustment deflector
10 by linear calculation in order not to change the incident
condition on the objective lens 7 after the beam passes
through the condenser lens 11.

[0092] In the electron trajectory 103, off-axis chromatic
aberration and oil-axis coma aberration are generated in the
aberration correction lens 4 (first lens) due to deflection by
the aberration correction detlector 3 (first deflector). The
direction and amount of off-axis chromatic aberration and
ofl-axis coma aberration are determined from the applied
current and voltage of the aberration correction lens 4 and
the applied current and voltage of the axis adjustment
deflector 10.

[0093] In general, the generation direction and generation
amount of off-axis chromatic aberration and ofl-axis coma
aberration generated 1n the electron trajectory 103 and the
clectron trajectory 106 are different. Therefore, by adding
these electron trajectories, an electron trajectory in which
only off-axis chromatic aberration 1s generated or an elec-
tron trajectory in which only off-axis coma aberration 1s
generated can be obtained.

[0094] The off-axis chromatic aberration and oil-axis
coma generated in the objective lens 7 are determined by the
incidence condition on the objective lens 7. Therefore, the
ofl-axis chromatic aberration and oil-axis coma aberration
of the objective lens 7 can be corrected simultaneously by
adding these electron trajectory 103 and electron trajectory
106 together and controlling the generation direction and
generation amount of the total off-axis chromatic aberration
and the total off-axis coma aberration generated in the
aberration correction lens 4 and the condenser lens 11 to be
the same generation amount 1n the opposite direction to the
oil-axis chromatic aberration and ofl-axis coma aberration
generated 1n the objective lens 7.

REFERENCE SIGNS LIST

[0095] 1: electron source

[0096] 2: acceleration electrode

[0097] 3: aberration correction deflector

[0098] 4: aberration correction lens

[0099] 5: visual field movement deflector

[0100] 6: visual field movement deflector

[0101] 7: objective lens

[0102] 8: specimen

[0103] 10: axis adjustment deflector

[0104] 11: condenser lens

[0105] 100: electron trajectory before correction of ofl-
axis aberration

[0106] 101: electron trajectory after correction of off-axis
aberration

[0107] 102: electron trajectory after correction of off-axis
aberration

[0108] 103: clectron trajectory that causes only off-axis
aberration

[0109] 104: clectron trajectory that moves visual field
[0110] 105: electron trajectory that changes incident angle
[0111] 106: clectron trajectory that causes only off-axis

aberration
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1. A charged particle beam apparatus comprising;:

an objective lens configured to focus a beam emitted from
a charged particle source and 1rradiate a specimen;

visual field movement deflectors configured to detlect an
arrival position of the beam with respect to the speci-
men; and

an aberration correction unit disposed between the visual
field movement deflectors and the charged particle
source, wherein

the aberration correction unit 1s configured to suppress a
change 1n the arrival position of the beam irradiated
under different beam 1rradiation conditions.

2. The charged particle beam apparatus according to claim

1, wherein

the aberration correction unit includes one or more lenses
and one or more deflectors that detlect the beam
passing through the one or more lenses.

3. The charged particle beam apparatus according to claim

2, wherein

the one or more lenses are rotationally symmetric lenses
or multipole lenses.

4. The charged particle beam apparatus according to claim

1, further comprising:

a control device that controls an acceleration electrode for
accelerating the beam emitted from the charged particle
source toward the specimen and a voltage applied to the
acceleration electrode, wherein

the control device controls the aberration correction unit
so as to suppress the change in the arrival position of
the beam when a voltage applied to the acceleration
clectrode 1s changed.

5. The charged particle beam apparatus according to claim

1, wherein

the control device controls the visual field movement
deflector so as to return to a trajectory when aberration
correction using the aberration correction unit 1s not
performed.

6. The charged particle beam apparatus according to claim

5, wherein

the visual field movement deflector includes at least an
upper visual field movement deflector and a lower
visual field movement deflector, and

the control device controls deflection conditions of the
upper visual field movement deflector and the lower
visual field movement deflector according to aberration
correction conditions of the aberration correction unit.

7. The charged particle beam apparatus according to claim
6, wherein

the control device adjusts the deflection conditions of the
upper visual field movement deflector and the lower
visual field movement deflector to have a predeter-
mined ratio.

8. The charged particle beam apparatus according to claim

1, wherein

one or more condenser lenses and one or more axis
adjustment deflectors that deflect a beam passing
through the condenser lenses are provided between the
aberration correction unit and the objective lens.

9. A method of positioning a visual field at a desired
position on a specimen by using a visual field movement
deflector that changes an arrival position of a beam emitted
from a charged particle source, the method comprising:

deflecting the beam to a desired arrival position by using
the visual field movement deflector;




US 2020/0294757 Al

adjusting a detlection condition of the visual field move-
ment detflector so as to cancel an inclination of an
incident beam when the beam 1s deflected to the desired
arrival position; and

adjusting an aberration correction unit disposed between
the charged particle source and the visual field move-
ment deflector so as to cancel ofl-axis chromatic aber-
ration generated according to an amount of visual field
movement by the visual field movement detlector,
ofl-axis chromatic aberration generated according to
the amount of visual field movement, and off-axis
chromatic aberration generated by setting the deflection
condition of the visual field movement deflector so as
to cancel the inclination of the incident beam.

10. A charged particle beam apparatus comprising:

an objective lens configured to focus a beam emitted from
a charged particle source and 1rradiate a specimen;

a visual field movement detlector configured to detlect an
arrival position of the beam with respect to the speci-
men;

an aberration correction unit disposed between the visual
field movement deflector and the charged particle
source; and

a control device that controls the visual field movement
deflector and the aberration correction unit, wherein

the control device

deflects the beam to a desired arrival position by using
the visual field movement deflector,

adjusts a deflection condition of the visual field move-
ment deflector so as to cancel an inclination of an
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incident beam when the beam 1s deflected to the
desired arrival position, and

adjusts the aberration correction unit so as to cancel
oll-axis chromatic aberration generated according to
an amount of visual field movement by the visual
field movement deflector, off-axis chromatic aberra-
tion generated according to the amount of visual field
movement, and off-axis chromatic aberration gener-
ated by setting the deflection condition of the visual
field movement deflector so as to cancel the incli-
nation of the mcident beam.

11. A charged particle beam apparatus comprising:

an objective lens configured to focus a beam emitted from
a charged particle source and irradiate a specimen; and

a first lens disposed between the objective lens and the
charged particle source;

a second lens;

a first detlector and a second detlector that detlect abeam
passing through each lens; and

a control device that controls the first lens, the second
lens, the first deflector, and the second deflector,
wherein

the control device generates off-axis chromatic aberration
and ofl-axis coma aberration having the same amount
as olil-axis chromatic aberration and ofl-axis coma
aberration generated by the objective lens, 1n a direc-
tion opposite to the off-axis chromatic aberration and

off-axis coma aberration generated by the objective

lens, by controlling the first lens, the second lens, the

first deflector, and the second deflector.
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