
US 20200294757A1 
IN 

( ( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No .: US 2020/0294757 A1 

KAWAMOTO et al . ( 43 ) Pub . Date : Sep. 17 , 2020 

( 54 ) CHARGED PARTICLE BEAM APPARATUS 
( 71 ) Applicant : Hitachi High - Technologies 

Corporation , Tokyo ( JP ) 

( 52 ) U.S. CI . 
CPC HOIJ 37/153 ( 2013.01 ) ; HO1J 37/10 

( 2013.01 ) ; HOIJ 2237/0473 ( 2013.01 ) ; HOIJ 
2237/1534 ( 2013.01 ) ; HO1J 37/1472 ( 2013.01 ) 

( 57 ) ABSTRACT ( 72 ) Inventors : Yuta KAWAMOTO , Tokyo ( JP ) ; Akira 
IKEGAMI , Tokyo ( JP ) ; Yasushi 
EBIZUKA , Tokyo ( JP ) ; Nobuo 
FUJINAGA , Tokyo ( JP ) 

( 21 ) Appl . No .: 16 / 782,521 
( 22 ) Filed : Feb. 5 , 2020 

( 30 ) Foreign Application Priority Data 

An object of the present disclosure is to provide a charged 
particle beam apparatus that can quickly find a correction 
condition for a new aberration that is generated in 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 irradiate a specimen , a visual field movement 
deflector ( 5 and 6 ) configured to deflect 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 unit is configured to sup 
press a change in the arrival position of the beam irradiated 
under different beam irradiation conditions . 

Mar. 11 , 2019 ( JP ) 2019-043298 

Publication Classification 

( 51 ) Int . Ci . 
HOIJ 37/153 
HOIJ 37/10 
HO1J 37/147 

( 2006.01 ) 
( 2006.01 ) 
( 2006.01 ) 

1 

X 

* 



Patent Application Publication Sep. 17 , 2020 Sheet 1 of 11 US 2020/0294757 A1 

1 

1 

8 

ps 



Patent Application Publication Sep. 17 , 2020 Sheet 2 of 11 US 2020/0294757 A1 

FIG . 21 

Ana 

uro 

. 



Patent Application Publication Sep. 17 , 2020 Sheet 3 of 11 US 2020/0294757 A1 

1 



Patent Application Publication Sep. 17 , 2020 Sheet 4 of 11 US 2020/0294757 A1 

X pri 

i 

6 Aro 



Patent Application Publication Sep. 17 , 2020 Sheet 5 of 11 US 2020/0294757 A1 

Pr 

} 

Art 



Patent Application Publication Sep. 17 , 2020 Sheet 6 of 11 US 2020/0294757 A1 

START ADJUSTMENT 

MOVE VISUAL FIELD TO 
PREDETERMINED POSITION ( S601 ) 

SET CONDITION OF ABERRATION CORRECTION 
DEFLECTOR ACCORDING TO POSITION 
OF VISUAL FIELD MOVEMENT ( S602 ) 

B 
SET ACCELERATION VOLTAGE 1 ( S603 ) 

ACQUIRE IMAGE 1 ( S604 ) 

SET ACCELLERATION VOLTAGE 2 ( 5605 ) 

ACQUIRE IMAGE 2 ( 5606 ) 

CALCULATE SHIFT AMOUNT ( 5607 ) SET CONDITION OF ABERRATION 
CORRECTION DEFLECTOR SO THAT 
SHIFT AMOUNT BECOMES SMALL 

( 9608 ) IS SHIFT 
AMOUNT ZERO OR EQUAL TO 

OR LESS THAN PREDETERMINED 
VALUE ? 

REGISTER DEFLECTION CONDITION OF 
ABERRATION CORRECTION DEFLECTOR ( 9609 ) 

IS ADJUSTMENT AT 
PREDETERMINED POSITION OF VISUAL FIELD 

MOVEMENT COMPLETED ? 

A 
END ADJUSTMENT 



Patent Application Publication Sep. 17 , 2020 Sheet 7 of 11 US 2020/0294757 A1 

START ADJUSTMENT 

MOVE VISUAL FELD TO 
PREDETERMINED POSITION ( S601 ) 

SET CONDITION OF ABERRATION CORRECTION 
DEFLECTOR ACCORDING TO 

POSITION OF VISUAL FIELD MOVEMENT ( S602 ) 
B 

SET ACCELERATION VOLTAGE 1 ( 6603 ) 

ACQUIRE MAGE 1 ( S604 ) 

SET ACCELERATION VOLTAGE 2 ( S605 ) 

ACQUIRE MAGE 2 ( $ 6061 

DEFLECTION CONDITION OF 
ABERRATION CORRECTION 

DEFLECTOR + AA SETTING ( S701 ) CALCULATE SHIFT AMOUNT ( 6607 ) 

IS SHIFT 
AMOUNT ZERO OR EQUAL TO 

OR LESS THAN PREDETERMINED 

IS SETTING OF PREDETERMINED 
ABERRATION CORRECTION CONDITION 

COMPLETEDO 
Yes 

CALCULATE DEFLECTION CONDITION 
OF ABERRATION CORRECTION DEFLECTOR 
IN WHICH SHIFT AMOUNT IS ZERO ( S702 ) 

REGISTER DEFLECTION CONDITION OF 
ABERRATION CORRECTION DEFLECTOR ( S609 ) 

17641441NAXY 

IS ADJUSTMENT AT 
PREDETERMINED POSITION OF VISUAL FIELD 

MOVEMENT COMPLETED ? 
Yes A 

END ADJUSTMENT 



Patent Application Publication Sep. 17 , 2020 Sheet 8 of 11 US 2020/0294757 A1 

801 

802 

( FIG . 91 
ABy 

DOM 

Z 
$ 

a IMAGE SHFT OBTAINED BY CHANGING 
ACCELERATION VOLTAGE IN STATE OF 
ABERRATION CORRECTION DEFLECTOR 
CONDITION A 

( b ) IMAGE SHIFT OBTAINED BY CHAGING 
ACCLERATION VOLTAGE IN STATE OF 
ABERRATION CORRECTION DEFLECTOR 
CONDITION B ( AA ) 



Patent Application Publication Sep. 17 , 2020 Sheet 9 of 11 US 2020/0294757 A1 

SHIFT ( PARALLAX ) 
AB 

DEFLECTION CONDITION OF ABERRATION 
CORRECTION DEFLECTOR 

ABERRATION CORRECTION DEFLECTOR CONDITION 
THAT DOES NOT CAUSE IMAGE SHIFT EVEN 
WHEN ACCELERATION VOLTAGE IS CHANGED 

FIG . 11 ) 

SET CONDITION OF AXIS 
ADJUSTMENT DEFLECTOR ( S1101 ) 

ACQUIRE IMAGE 3 ( S1102 ) 

EVALUATE RESOLUTION ( S1103 ) 

IS PREDETERMINED 
SETTING OF AXIS ADJUSTMENT DEFLECTOR 

COMPLETED ? 

SELECT CONDITION OF AXIS 
ADJUSTMENT DEFLECTOR ( S1104 ) 

B 



Patent Application Publication Sep. 17 , 2020 Sheet 10 of 11 US 2020/0294757 A1 

( FIG . 121 

1201 
2 DA 

4 CONTROL 
SYSTEM 
1206 2 D ? 

1204 

1208 1206 

1202 

6 

7 COMPUTER 
SYSTEM 
1207 

1208 



Patent Application Publication Sep. 17 , 2020 Sheet 11 of 11 US 2020/0294757 A1 

COMPUTER READABLE MEDIUM 
1301 MEMORY 

1303 

PROGRAM COMMAND 
1302 

5 
INPUT / OUTPUT 

DEVICE 
1304 

COPUTER SYSTEM 
1207 

CONTROL SYSTEM 
1206 



US 2020/0294757 A1 Sep. 17 , 2020 
1 

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 irradiated with a beam . 

BACKGROUND ART 

[ 0009 ] However , in this means , the electron trajectory 
after 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 image shift used , resulting in variations in 
inspection / measurement accuracy . In addition , when the 
electron 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 in 
the objective lens also changes . If correction is performed 
under such a situation , a very large number of repetitions are 
required until the aberration correction is completed , and 
thus an enormous adjustment time is required . 
[ 0010 ] Hereinafter , a charged particle beam apparatus for 
the purpose of quickly finding a correction condition for new 
aberration that is generated as a result of beam adjustment 
will be described . 

Solution to Problem 

[ 0002 ] A charged particle beam apparatus such as a scan 
ning electron microscope ( SEM ) is used for measuring and 
inspecting fine semiconductor device patterns . A scanning 
electron microscope is an apparatus that performs measure 
ment and inspection using an image obtained by scanning a 
focused electron beam on a specimen . With recent advances 
in complexity and miniaturization of semiconductor devices , 
there is an increasing demand for more measurements and 
inspections in a shorter time . To improve the inspection 
speed , it is effective to shorten the time to image 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 irradiation position of the electron 
beam . Since the image shift 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 , if the electron beam is deflected for 
image shift , off - axis aberration of an objective lens is 
generated and the spatial resolution of the SEM is deterio 
rated , and thus the image shift is usually used only for 
minute movement of the visual field . 
[ 0004 ] As a method for correcting off - axis aberration and 
expanding the usable range of image shift , there is a method 
for correcting off - axis chromatic aberration which is the 
most dominant aberration . As disclosed in JP - A - 2014 
053074 ( PTL 1 ) , for each point in the movable region of 
image shift , off - axis chromatic aberration can be corrected 
by adjusting an incident condition on an aberration corrector 
so that the shift of the irradiation position of the electron 
beam between two acceleration voltages is 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 irradiation position of the electron beam 
between two acceleration voltages and performing correc 
tion based on this measurement result . 

[ 0011 ] As one aspect for achieving the above object , there 
is proposed a charged particle beam apparatus configured to 
include an objective lens configured to focus a beam emitted 
from a charged particle source and irradiate a specimen , 
visual field movement deflectors configured to deflect an 
arrival position of the beam with respect to the specimen , 
and an aberration correction unit disposed between the 
visual field movement deflectors and the charged particle 
source , in which the aberration correction unit is configured 
to suppress a change in the arrival position of the beam 
irradiated under different beam irradiation conditions . 
[ 0012 ] Further , as another aspect for achieving the above 
object , there is 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 is deflected to the 
desired arrival position , and adjusting an aberration correc 
tion unit disposed between the charged particle source and 
the visual field movement deflector 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 deflection 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 is 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 deflect 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 , in which the control device generates off - axis 
chromatic aberration and off - axis coma aberration having 
the same amount as off - axis chromatic aberration and off 
axis coma aberration generated by the objective lens , in a 
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SUMMARY OF INVENTION 

Technical Problem 

[ 0008 ] In order to suppress a reduction in spatial resolu 
tion during an image shift operation , it is necessary to 
correct off - axis chromatic aberration of the objective lens . 
As described in JP - A - 2014-053074 and JP - A - 2010-251218 , 
this is possible by adjusting the incident condition on the 
aberration corrector so that the off - axis chromatic aberration 
is corrected at each point of the image shift . 
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EXAMPLE 1 direction 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 . 

Advantageous Effects of Invention 
[ 0014 ] According to the above configuration , it is possible 
to quickly find a correction condition for new aberration that 
is generated as a result of beam adjustment . 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0015 ] FIG . 1 is a diagram showing an outline of a charged 
particle beam apparatus including an aberration correction 
lens that corrects aberration when a visual field is moved and 
an aberration correction deflector . 
[ 0016 ] FIG . 2 is 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 is a diagram showing a trajectory of a beam 
when visual field movement ( image shift ) is performed 
off - axis of the objective lens by a visual field movement 
deflector . 
[ 0018 ] FIG . 4 is a diagram showing a trajectory of a beam 
when an incident angle of the beam is inclined with respect 
to an optical axis without performing visual field movement 
by the visual field movement deflector . 
[ 0019 ] FIG . 5 is a diagram showing an example of an 
electron beam trajectory used for correcting off - axis aber 
ration . 
[ 0020 ] FIG . 6 is a flowchart showing an adjustment pro 
cess of the aberration correction deflector . 
[ 0021 ] FIG . 7 is a flowchart showing the adjustment 
process of the aberration correction deflector . 
[ 0022 ] FIG . 8 is a diagram showing an example of a 
deflection condition adjustment specimen of the aberration 
correction deflector . 
[ 0023 ] FIG . 9 is a diagram showing a state of image shift 
that occurs when an acceleration voltage is changed in a 
state where the conditions of the aberration correction 
deflector are fixed . 
[ 0024 ] FIG . 10 is a diagram showing a transition of shift 
according to a change in the conditions of the aberration 
correction deflector . 
[ 0025 ] FIG . 11 is a flowchart showing an adjustment 
process of an axis adjustment deflector . 
[ 0026 ] FIG . 12 is a diagram showing an outline of a 
scanning electron microscope . 
[ 0027 ] FIG . 13 is 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 . 

[ 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 ion beam 
apparatus is 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 
electron beam . The electron beam is focused by an objective 
lens 7 and irradiated onto a specimen 8. In addition , the 
scanning electron microscope shown in 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 is a diagram showing a more specific 
configuration of the scanning electron microscope shown in 
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 
eration electrode 2 and irradiated on the specimen 8. The 
specimen 8 is placed on a specimen stage 1208 that can 
move the specimen 8 at least in an x - y direction when the 
electron beam optical axis is in a z direction . 
[ 0033 ] The electron beam reaching the specimen is 
scanned one - dimensionally or two - dimensionally on the 
specimen 8 by scanning deflectors 1202 and 1203. Signal 
electrons 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 off 
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 is disposed on the detection surface of a detector 
1205 , and light generated by the scintillator is 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 is sent to a display device or a frame 
memory ( not shown ) to be displayed or stored . Since the 
scanning of the display device and the scanning of the 
deflectors 1202 and 1203 are synchronized , a change in 
brightness according to the amount of signal electrons 
appears on the display device , and an SEM image is dis 
played . 
[ 0034 ] Instead of the detector that directly detects signal 
electrons 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 in and 
detects the secondary electrons converted by the conversion 
electrode may be employed . 
[ 0035 ] Each component of the scanning electron micro 
scope 1201 is controlled by the control system 1206. The 
control system 1206 controls each component of the scan 

DESCRIPTION OF EMBODIMENTS 

[ 0028 ] Hereinafter , a charged particle beam apparatus 
having a function of correcting off - 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 ion beam apparatus is 
also possible . 
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ning electron microscope according to a program command 
1302 stored in a computer - readable medium 1301 shown in 
FIG . 13 . 
[ 0036 ] The scanning electron microscope 1200 is coupled 
to the computer system 1207 ( computer subsystem ) with one 
or more transmission media , and the output of the detector 
1205 is transmitted 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 is 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 is stored in 
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 image computer , 
a mainframe computer system , a workstation , network 
equipment , internet 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 in which off - axis aberra 
tion generated when the visual field is moved by the visual 
field movement deflector is 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 is focused on the 
specimen 8 by the objective lens 7 . 
[ 0040 ] In order to perform image 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 
electrostatic or magnetic field deflectors disposed between 
the aberration correction lens 4 and the objective lens 7 , and 
may be disposed in the electromagnetic field of the objective 
lens 7 and the aberration correction lens 4 . 
[ 0041 ] FIG . 1 shows an electron trajectory 100 in the case 
of perpendicular incidence with respect to the specimen 8 . 
At this time , since the electron trajectory 100 passes off - axis 
of the objective lens 7 , the spatial resolution is reduced due 
to the influence of off - 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 is also generated in 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 deflector 3 so that the aberration correction lens 
4 generates off - axis aberration that has the same magnitude 
as the off - axis aberration generated in the objective lens 7 , 
in the opposite direction , the off - axis aberration generated in 
the objective lens 7 can be corrected . 
[ 0044 ] The trajectory when the electron trajectory 100 is 
deflected by the aberration correction deflector 3 to correct 
the off - axis aberration with respect to the electron trajectory 
100 that is perpendicularly incident on the specimen 
becomes an electron trajectory 101. Since the position of the 

electron trajectory 101 passing through the objective lens 7 
is different from that of the electron trajectory 100 , the 
amount of aberration generated in the objective lens 7 is also 
different . Therefore , in the electron trajectory 101 , the 
correction is not complete and off - axis aberration remains . 
[ 0045 ] In order to find an appropriate off - axis aberration 
correction condition , a sequence for adjusting the current 
and voltage applied to the aberration correction deflector 3 
is repeated again . Further , in the electron trajectory 101 , the 
incident angle of the primary electrons with respect to the 
specimen is changed from the perpendicular incidence , and 
the incident angle is changed and the image quality is 
changed with the use amount of the image shift . 
[ 0046 ] Therefore , in the present embodiment , the condi 
tion of each optical element is 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 off - axis aberration correction per 
formed . In the example of FIG . 1 , the upper visual field 
movement deflector 5 is 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 is not performed . By 
making the incident condition on the objective lens 7 
unchanged before and after the off - axis aberration correc 
tion , the number of repetitions until the correction is com 
pleted can be reduced , and the incident angle of the primary 
electrons 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 image shift , primary 
electrons are deflected by at least two visual field movement 
deflectors 5 and 6. At this time , if the current or voltage 
( deflection condition ) to be supplied to the visual field 
movement deflector 5 is ( Bx , By ) and the deflection condi 
tion on the visual field movement deflector 6 is ( Cx , Cy ) , 
these are given a relationship such as Equation 1 . 

AUL BUL ?? [ Equation 1 ] ( C1 - C cu CUL DUL ?? . 

[ 0048 ] The coefficients ( 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 is changed . The method for determining 
the coefficients ( aUL , LUL , CUL , and dUL ) differs depend 
ing on the application of the SEM . For example , when 
high - resolution observation is performed , it is determined so 
that the primary electrons pass through the lens center of the 
objective lens 7 , and in a case where it is desired to irradiate 
the specimen with a parallel beam , it is 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 , it is preferable to deter 
mine so that primary electrons pass through the center of the 
electrostatic lens formed by the negative voltage applied to 
the specimen 8 in order to prevent the shift of a visual field 
at the time of changing the irradiation voltage . 
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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 deflectors 5 and 6 are determined 
from a deflection condition ( Ax , Ay ) of the aberration 
correction deflector 3 at the time of off - axis aberration 
correction . The coefficients ( a , b , c , d , e , f , g , and h ) may be 
obtained by calculation or may be acquired on the actual 
machine . As shown in Equations 2 and 3 , the deflection 
conditions of the upper visual field movement deflector 5 
and the lower visual field movement deflector are adjusted 
at a predetermined ratio . 

[ Equation 2 ] [ es = la 143 
C1 14 : ] ? f [ Equation 3 ] 

g 

[ 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 is deter 
mined by the lens effect of the aberration correction lens 4 . 
That is , when the magnification or angular magnification of 
the lens is 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 is a linear calculation , and the trajectory change of 
primary electrons in free space is also expressed by a linear 
calculation . Therefore , there is a linear relationship between 
the deflection angle of the primary electrons by the aberra 
tion correction deflector 3 and the off - axis amount and 
gradient of the primary electrons at the position of the visual 
field movement deflector 5. Therefore , it is possible to keep 
the incident condition on the objective lens 7 unchanged 
during off - 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 is changed with respect to the electron trajectory 100 , 
a visual field shift occurs . This visual field shift is 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 off - axis chromatic aberration generated in the 
objective lens 7 does not change before and after applying 
the current and voltage to the aberration correction deflector 
3 , the incident angle with respect to the specimen is 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 , it is possible to reduce the 
number of repetitions of adjustment until off - axis aberration 
correction is completed , and to perform image 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 

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 deflec 
tor ) according to a visual field movement condition will be 
described below . In the present example , an example will be 
described in which an appropriate control condition is found 
by adjusting an image shift trajectory in which off - axis 
chromatic aberration is corrected . FIG . 6 is 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 is used to set 
conditions for the aberration correction deflector 3. For 
example , the adjustment specimen 801 is disposed on the 
specimen stage 1208 , and the control system 1206 controls 
the sample stage 1208 so that the adjustment specimen 801 
is positioned at the irradiation position of the electron beam 
when the aberration correction deflector 3 is adjusted . 
[ 0057 ] The adjustment specimen 801 is provided with a 
plurality of adjustment patterns 802 arranged at known 
intervals . The adjustment pattern 802 is a cross pattern as 
shown in FIG . 9 , for example , and is used to specify the shift 
amount in 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 in the computer - readable medium 1301 shown in 
FIG . 13. First , the specimen stage 1208 is controlled so that 
the center of the adjustment specimen 801 and the beam 
optical axis coincide with each other , and beam deflection is 
performed under a field movement condition for performing 
aberration correction ( step 601 ) . Then , beam deflection is 
performed by the aberration correction deflector 3 under a 
pre - registered deflection condition ( step 602 ) . 
[ 0059 ] Next , the acceleration voltage applied to the accel 
eration electrode 2 is set to a condition 1 , and an image 1 is 
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 is set to a condition 2 different from the 
condition 1 , and an image 2 is 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 605 and 606 ) . 
[ 0060 ] The computer system 1207 calculates a shift 
between the patterns displayed in the image 1 and the image 
2 by image processing ( step 607 ) , and in a case where the 
shift is 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 deflectors 5 and 6 so as to maintain 
the above ratio according to a change in the deflection 
condition ( AX , Ay ) of the aberration correction deflector 3 . 
[ 0061 ] As a result of the above processing , the deflection 
condition ( Ax , Ay ) when the shift amount is zero or equal to 
or less than the predetermined value is stored as a deflection 
condition of the aberration correction deflector 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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addition to the interlocking control of Equations 2 and 3. The 
coefficients ( i , j , k , and 1 ) may be obtained by calculation or 
may be acquired on the actual machine . 

Dx Ax [ Equation 4 ] 
Dy Ay 

it is possible to perform appropriate aberration correction for 
a plurality of field movement conditions . 
[ 0063 ] FIG . 7 is 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 in FIG . 9 , in the state of an aberration 
correction deflector condition A , in a case where it is 
determined that there is 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 is zero is 
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 in FIG . 10 , from the shift amount AA 
in the condition A and the shift amount AB in the condition 
B , the coefficient ( slope of straight line 1001 in the example 
of FIG . 10 ) included in the function having the shift amount 
and deflection condition as variables is obtained by using 
simultaneous equations , for example , and by using the 
function including the coefficient , the condition of the aber 
ration correction deflector that does not cause image shift 
even when the acceleration voltage is changed is obtained . 
By performing such adjustment , it is possible to find out the 
proper conditions for the aberration correction deflector . In 
this example , for the sake of simplicity , an example in which 
only a shift in one direction is corrected has been described , 
but in a case where a beam is deflected , it is necessary to set 
conditions for the deflector for deflecting the beam in at least 
two directions based on the identification of the shift in at 
least two directions ( shift in the x and y directions ) . 

[ 0069 ] If the coefficients ( i , j , k , and I ) 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 in a 
case where a different lens is disposed between the aberra 
tion correction lens 4 and the objective lens 7 , it is possible 
to reduce the number of repetitions of adjustment until 
off - axis aberration correction is 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 , it is possible to prevent the generation of 
extra aberration by performing the same control as in 
Equation 4 for each lens by disposing a deflector between 
the lenses . 
[ 0071 ] Further , as shown in FIG . 2 , if the coefficients ( a , 
b , c , d , e , f , g , and h ) for controlling the visual 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 is perpendicularly incident 
on the specimen , it is possible to obtain the electron trajec 
tory 103 in which only the amount of aberration generated 
in the aberration correction lens 4 is different by changing 
the amount of deflection of the primary electrons by the 
aberration correction deflector 3. It is possible to verify 
variations in 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 is a flowchart showing an adjustment 
process of the axis adjustment deflector 10. The flowchart 
shown in FIG . 11 is executed after step 609 of FIG . 6 , for 
example . First , the control system 1206 changes the condi 
tion ( Dx , Dy ) of the axis adjustment deflector 10 to acquire 
an image 3 ( steps 1101 and 1102 ) . At this time , ( Bx , By ) ( Cx , 
Cy ) is also adjusted by linear calculation in 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 in the processing of FIG . 11 are superimposed to 
determine ( Ax , Ay ) ( Bx , By ) ( Cx , Cy ) ( Dx , Dy ) in FIG . 11 . 
Further , resolution evaluation is performed on the acquired 
image 3 ( step 1103 ) . For the resolution evaluation , for 
example , it is possible to adopt a technique of obtaining 
image resolution from frequency 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 . 

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 in the 
aberration correction lens 4 is smaller than the aberration 
generated in the objective lens 7 , the condenser lens 11 can 
be used to generate aberration for balancing these types of 
aberration . As shown in FIG . 2 , an axis adjustment deflector 
10 is disposed between the condenser lens 11 and the 
aberration correction lens 4 . 
[ 0067 ] When primary electrons are deflected by the aber 
ration correction deflector 3 for correcting off - axis aberra 
tion , the primary electrons pass off the axis of the condenser 
lens 11 by the lens effect of the aberration correction lens 4 . 
In this case , the trajectory of the primary electrons changes 
due to the lens effect of the condenser lens 11 , and as a result , 
the incident condition on the objective lens 7 also change . 
Further , since the primary electrons pass off the axis of the 
condenser lens 11 , an off - axis aberration is generated also in 
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 is 
determined based on the calculation of Equation 4 from the 
deflection condition ( Ax , Ay ) of the aberration correction 
deflector 3 applied during off - axis aberration correction , in 
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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 in FIG . 6 . 
Then , the processing in steps 603 to 609 is performed again . 
This loop is executed a plurality of times to find a combi 
nation of the aberration correction deflector 3 and the axis 
adjustment deflector 10 in which both the shift amount and 
the resolution satisfy predetermined conditions . In this case , 
after step 609 in FIG . 6 , in a case where resolution evalu 
ation is performed and the resolution satisfies the predeter 
mined condition , it is 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 in a case where the adjustment has been 
completed , the adjustment is ended . 
[ 0074 ] It is 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 is set based on 
the resolution evaluation has been described , but the present 
invention is 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 image con 
trast and contrast noise ratio . 

[ 0078 ] The electron trajectory 104 shown in FIG . 3 is a 
beam trajectory when visual field movement ( image shift ) is 
performed off - axis by the visual field movement deflectors 
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 is used as a 
deflection fulcrum . The deflection conditions of the visual 
field movement deflectors 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 coefficients 
( am , bm , cm , and dm ) are determined from the focusing 
condition of the objective lens 7 and Equation 1 . 

ISx am bm ?? [ Equation 6 ] C ) ISy cm dm 

[ 0079 ] Since the electron trajectory 104 passes off the axis 
of the objective lens 7 , off - axis aberration is generated . 
There are relationships of Expressions 7 and 8 between the 
amount IS = ( ISx , ISy ) of visual field movement , the incident 
angle O = ( 8x , @y ) , and the amount rcd = rcdx , rcdy ) of 
off - axis chromatic aberration . The coefficients ( aT , bT , CT , 
dT , aA , BA , CA , and dA ) are determined based on the 
focusing condition of the objective lens 7 and Equation 1 . 
Alternatively , the coefficient ( aT , bT , CT , 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 coefficients ( aA , LA , 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 is changed and calculating the 
amount of off - axis chromatic aberration . 

EXAMPLE 3 

?x ?? bT ISx [ Equation 7 ] llis ?? cT dT ISy 

rcdx aA bA ISx [ Equation 8 ] 
= 

CA dA ISy 

[ 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 image shift will be described . First , 
each electron trajectory used for control will be described . 
[ 0077 ] The electron trajectory 103 shown in FIG . 2 is a 
trajectory that is 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 is a relationship of Equation 5 between the 
deflection condition ( AX , Ay ) of the aberration correction 
deflector 3 and the amount Crcd = ( Crcdx , Crcdy ) of off - axis 
chromatic aberration generated on the specimen . The coef 
ficients ( aCA , bCA , CA , 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 is changed , 
and each coefficient may be determined from the result . 

[ 0080 ] The electron trajectory 105 shown in FIG . 4 is a 
trajectory when the incident angle of the beam is tilted with 
respect to the optical axis without moving the visual field . In 
FIG . 4 , the trajectory in the case where the object surface of 
the jective lens 7 is located at the position of the visual 
field movement deflector 6 is shown . Even if the object 
surface position of the objective lens 7 is different , similar 
to the electron trajectory 105 , it is possible to obtain an 
electron trajectory without visual field movement by deter 
mining the upper / lower ratio of the visual field movement 
deflectors 5 and 6 to be the rocking condition for the 
objective lens 7 . 
[ 0081 ] Since the electron trajectory 105 passes off the axis 
of the objective lens 7 , off - axis aberration is generated . The 
incident angle Co = ( COX , Côy ) and the amount Trcd = ( Trcdx , 
Trcdy ) of off - axis chromatic aberration of the electron 
trajectory 105 and the deflection condition ( Cx , Cy ) of the 
visual field movement deflector 6 have the relationship of 
Equations 9 and 10 . 

Crcdx aCA bCA [ Equation 5 ] JI ASI Crcdy CCA CA 
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-continued 
1 ?? am bm [ Equation 13 ] SKI ?? dm 

aTC ETC aT bT 7 ] [ ES ] + [ JA ] CTC DTC cT dT 

Dx Ax [ Equation 14 ] 

[ 0082 ] The coefficients ( aTC , bTC , CTC , dTC , aTA , ETA , 
cTA , and dTA ) are determined from the focusing condition 
of the objective lens 7. Alternatively , the coefficient ( aTC , 
bTC , TC , 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 is conceivable 
that an image before tilting , that is , a top - down image and an 
image after tilting , that is , a tilted image is obtained by using 
a specimen having a known pyramid shape , and the tilted 
angle of the electron beam is obtained by image processing . 
[ 0083 ] Further , the coefficients ( aTA , BTA , TA , 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 is changed and calculating the 
amount of off - axis chromatic aberration . 

Dy 

??? ?? [ Equation 9 ] [ Cox ] aTC ETC 
CTC DTC TCC ) 

lo Trcdx aTA b?? ?? [ Equation 10 ] 
Trcdy CTA dTA 

[ 0084 ] The procedure for obtaining an electron trajectory 
with corrected perpendicular incidence and off - axis chro 
matic aberration by using the above three types of electron 
trajectories will be described below . First , the visual field is 
moved by the electron trajectory 104. Next , the trajectory of 
the electron trajectory 105 is added so as to cancel the 
incident angle = ( 0x , Oy ) of the electron trajectory 104. That 
is , the deflection condition of the visual field movement 
deflector 6 is adjusted so that CO = ( Cox , C0y ) = ( - ox , -Oy ) . 
[ 0085 ] Next , the electron trajectory 103 is added so as to 
cancel the amount rcd + Trcd = ( rcdx + Trcdx , rcdy + Trcdy ) of 
off - 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 , Crcdy ) = ( - 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 is input , 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 deflectors 5 and 6 and the axis adjustment deflector 10 
are determined based on the inputs of IS and ( Ax , Ay ) to 
Equations 12 , 13 , and 14 . 

[ 0087 ] The above - described interlocking control of the 
deflector enables an image shift by an electron trajectory in 
which perpendicular incidence and off - axis chromatic aber 
ration are corrected . In addition , if an offset of the incident 
angle Ooffset = ( Oxoffset , Oyoffset ) is added to the obtained 
trajectory by the electron trajectory 105 , and the off - axis 
chromatic aberration generated at that time is canceled by 
the electronic trajectory 103 , image shift can be performed 
at an arbitrary incident angle . 
[ 0088 ] In addition , when the adjustment of each trajectory 
is different from the ideal state , for example , in a state where 
there is a minute change in the incident angle and visual field 
movement in the electron trajectory 103 and in a state where 
there is 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 incident angle shifted from a desired value . 
[ 0089 ] In that case , the amount of remaining off - axis 
chromatic aberration is measured by measuring the amount 
of visual field movement when the voltage applied to the 
acceleration electrode 2 is changed in a state where the 
control based on Equations 11 , 12 , 13 , and 14 is 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 is 
shifted , the incident angle is 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 . 

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 
off - axis aberration generated in the objective lens 7 during 
image shift . The off - axis aberration generated in the objec 
tive lens 7 is not limited to the off - axis chromatic aberration , 
and other types of aberration may also be generated , which 
may cause resolution deterioration . Hereinafter , a means for 
simultaneously correcting off - axis chromatic aberration and 
off - axis coma aberration will be described by taking off - axis 
coma aberration as an example of the second type of off - 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 is controlled by the axis 
adjustment deflector 10 ( second deflector ) so as to pass off 
the axis of the condenser lens 11 ( second lens ) . At this time , 
off - axis chromatic aberration and off - axis coma aberration 
are generated in the condenser lens 11. The generation 

( 1 ) - ( CCA ACA [ Equation 11 ] 

aTA ETA ?? bT 

c?? « ?? 

HICA ] 
Letc arctica 1 } List 

T'lom T'lis + JUANVI 
cT dT 

?? am bm [ Equation 12 ] - L cm AUL BUL 
CUL DUL By dm 
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direction and amount of off - axis chromatic aberration and 
off - 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 deflector 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 off - axis coma aberration are generated in the 
aberration correction lens 4 ( first lens ) due to deflection by 
the aberration correction deflector 3 ( first deflector ) . The 
direction and amount of off - axis chromatic aberration and 
off - 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 off - axis coma 
aberration generated in the electron trajectory 103 and the 
electron trajectory 106 are different . Therefore , by adding 
these electron trajectories , an electron trajectory in which 
only off - axis chromatic aberration is generated or an elec 
tron trajectory in which only off - axis coma aberration is 
generated can be obtained . 
[ 0094 ] The off - axis chromatic aberration and off - axis 
coma generated in the objective lens 7 are determined by the 
incidence condition on the objective lens 7. Therefore , the 
off - axis chromatic aberration and off - 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 in the opposite direction to the 
off - axis chromatic aberration and off - axis coma aberration 
generated in the objective lens 7 . 

1. A charged particle beam apparatus comprising : 
an objective lens configured to focus a beam emitted from 

a charged particle source and irradiate a specimen ; 
visual field movement deflectors configured to deflect 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 is configured to suppress a 
change in the arrival position of the beam irradiated 
under different beam irradiation 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 deflect 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 
electrode is 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 is 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 ; 

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 off 
axis aberration 
[ 0106 ] 101 : electron trajectory after correction of off - axis 
aberration 
[ 0107 ] 102 : electron trajectory after correction of off - axis 
aberration 
[ 0108 ] 103 : electron trajectory that causes only off - axis 
aberration 
[ 0109 ] 104 : electron trajectory that moves visual field 
[ 0110 ] 105 : electron trajectory that changes incident angle 
[ 0111 ] 106 : electron trajectory that causes only off - axis 
aberration 
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adjusting a deflection condition of the visual field move 
ment deflector so as to cancel an inclination of an 
incident beam when the beam is 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 off - axis chromatic aber 
ration generated according to an amount of visual field 
movement by the visual field movement deflector , 
off - 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 irradiate a specimen ; 
a visual field movement deflector configured to deflect 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 

incident beam when the beam is deflected to the 
desired arrival position , and 

adjusts the aberration correction unit so as to cancel 
off - 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 incident 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 deflector and a second deflector that deflect 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 off - axis coma aberration having the same amount 
as off - axis chromatic aberration and off - axis coma 
aberration generated by the objective lens , in 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 . 


