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(57) ABSTRACT 

The charged particle beam application device is provided 
with a charged particle source and an objective lens that 
converges charged particle beam generated by the charged 
particle source onto a sample. In this case, the charged 
particle beam application device is further provided with an 
aberration generating element installed between the charged 
particle beam source and the objective lens, a tilt-use deflec 
tor installed between the aberration generating element and 
the objective lens, a deflection aberration control unit for 
controlling the aberration generating element, a first elec 
tromagnetic field Superposing multipole installed between 
the aberration generating element and the objective lens, and 
an electromagnetic field Superposing multipole control unit 
for controlling the first electromagnetic field Superposing 
multipole. The aberration generating element has such a 
function that when the charged particle beam is tilted 
relative to the sample by the tilt-use deflector, a plurality of 
resulting aberrations are cancelled with one another. More 
over, the first electromagnetic field Superposing multipole 
has a function to change the orbit of a charged particle beam 
having energy different from that of the main charged 
particle beam in the charged particle beam. 

9 Claims, 10 Drawing Sheets 
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CHARGED PARTICLE BEAM APPLICATION 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority from Japanese 
Patent Application No. 2014-123015 filed on Jun. 16, 2014, 
the content of which is hereby incorporated by reference into 
this application. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a charged particle beam 
application device, and more particularly to such a device 
for executing inspection, measuring and/or observation pro 
cesses by utilizing a charged particle beam. 

BACKGROUND OF THE INVENTION 

As the charged particle beam application device, a 
charged particle beam length measuring device, a charged 
particle beam inspection device and the like have been 
known. The charged particle beam length measuring device 
and charged particle beam inspection device are used for 
manufacturing processes of, for example, semiconductors or 
magnetic discs. In this case, in the charged particle beam 
length measuring device, a charged particle beam (herein 
after, referred to also as a primary beam), such as an electron 
beam or an ion beam, is radiated onto a sample, and by 
acquiring a signal of a secondary charged particle beam 
(hereinafter, referred to also as a secondary beam) of sec 
ondary electrons or the like generated in accordance with the 
shape or size of a pattern formed on the sample, the shape 
or dimension of the pattern is measured. Moreover, in the 
charged particle beam inspection device, based upon the 
signal of the acquired secondary beam, a check is executed 
as to whether or not any pattern defect is present. As a 
specific example of these charged particle beam length 
measuring device and charged particle beam inspection 
device, a scanning electron microscope (hereinafter, referred 
to as “SEM) has been conventionally known. 

In recent years, in a semiconductor on which the length 
measurements or inspections are executed by using the 
SEM, high miniaturization of the semiconductor device has 
been developed and the miniaturization is coming to the 
limitation. For this reason, in order to further achieve high 
integration of the semiconductor device, a three dimensional 
configuration of the device has been developed in place of 
the miniaturization thereof. 

In the semiconductor device having the three dimensional 
configuration, in order to execute inspections and/or length 
measurements, it is necessary to acquire information in the 
height direction of a sample in addition to observations in 
the planar directions, that is, observations of the planar 
shape or the dimensions of the sample. By radiating a tilted 
primary beam onto a sample, as well as by acquiring a signal 
of the secondary beam generated by the radiation of the 
beam, it is possible to also obtain the information of the 
height direction in accordance with the three dimensional 
configuration. 
As the configuration for radiating the tilted primary beam 

to the sample, it is proposed to mechanically tilt a sample 
base or a sample stage on which a sample is mounted 
relative to the primary beam. In the general-use SEM, the 
sample can be cut out as a small piece. Therefore, by 
mounting the cut-out Small piece of the sample on the 
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2 
sample base, the sample base is mechanically tilted, so that 
a tilted primary beam relative to the sample is radiated onto 
the sample. 
On the other hand, the inspection and/or length measuring 

operations in the manufacturing process of a semiconductor 
are executed in a line for manufacturing the semiconductor 
device. That is, the SEM to be used for inspection and length 
measuring operations of the semiconductor is used as a 
process managing tool of the in-line. As a nature referred to 
as the process managing tool, a wafer on which a large 
number of semiconductor devices are formed is used as the 
sample. Therefore, the sample stage for use in mounting the 
wafer serving as the sample has a physically large size. 
When Such a large sample stage is mechanically tilted, the 
action distance from the objective lens to the sample in the 
SEM inevitably becomes long, with the result that the 
resolution is lowered. For this reason, it is desired to execute 
an observation in a beam tilt system in which a defector is 
installed on the SEM and the electron beam is tilted elec 
trically by the deflector. Although this system is advanta 
geous in the period of time required for the tilting process 
and the reproducibility, a problem is raised in that deflection 
chromatic aberration and deflection comma aberration are 
increased because the electron beam passes through the 
inside of the objective lens at a position greatly apart from 
the optical axis. 
A technique for cancelling the deflection chromatic aber 

ration is described in, for example, Japanese Patent Appli 
cation Laid-Open No. 2001-15055 (Patent Document 1). In 
Patent Document 1, a technique for cancelling the deflection 
chromatic aberration by installing a Wien filter is disclosed. 
Moreover, Japanese Patent Application Laid-Open No. 
2007-128893 (Patent Document 2) has a description in 
accordance with a chromatic aberration corrector in which a 
transmission optical part for use in crossing charged particle 
beams (beams) having different energies in the vicinity of a 
lens main Surface is indicated. 

SUMMARY OF THE INVENTION 

The deflection chromatic aberration to be cancelled at the 
time of a beam tilting process is represented by a polynomial 
expression relative to a tilt angle, that is, an amount of 
deflection. In this case, the polynomial expression has a 
linear term and a quadratic or more term relative to the 
amount of deflection. In the beam tilt system, in the case 
when the beam tilt angle is comparatively Small, that is, in 
a beam tilt with a small angle, the value of the quadratic or 
more term in the polynomial expression is Smaller than the 
value of the linear term, so that the influence relative to the 
aberration to be cancelled is small. However, in the case 
when the beam tilt angle is large, that is, in a beam tilt with 
a large angle of 10 degrees or more, the value of the 
quadratic or more term relative to the amount of deflection 
becomes large, with the result that the influence relative to 
the aberration to be cancelled becomes greater. 

In the technique disclosed in Patent Document 1, only the 
aberrations of two kinds represented by the linear term 
relative to the amount of deflection, that is, the deflection 
chromatic aberration and the deflection comma aberration, 
serve as the targets. That is, in an attempt to realize a beam 
tilt with a large angle, no influences from high-order chro 
matic aberrations that appear as a quadratic or more term 
relative to the amount of deflection are taken into consid 
eration. In the case when a deflection chromatic aberration 
to be cancelled is generated based upon a main charged 
particle beam of a charged particle beam, the high-order 
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chromatic aberration is considered to be generated by the 
fact that an orbit of a charged particle beam having an 
electron beam energy different from the energy (accelera 
tion) of the main charged particle beam is changed to cause 
a great difference in distances apart from the axis at the 
inside of the objective lens. 

In Patent Document 2, the transmission optical part also 
reacts with the orbit of the main beam having an average 
energy. For this reason, it is difficult to simultaneously make 
both the linear term and the quadratic or more term smaller 
in the polynomial expression. 

In both of Patent Document 1 and Patent Document 2, in 
an attempt to realize a large angle beam tilt, no consideration 
is given so as to reduce the deflection chromatic aberration, 
with the result that a problem still remains in executing a 
tilted observation with high resolution. 
An object of the present invention is to provide a charged 

particle beam application device capable of executing a 
tilted observation with high resolution. 

The above and other objects and novel characteristics of 
the present invention will be apparent from the description 
of the present specification and the accompanying drawings. 
The following is a brief description of an outline of the 

typical invention disclosed in the present application. 
That is, a charged particle beam application device is 

provided with a charged particle source and an objective lens 
that converges a charged particle beam generated by the 
charged particle source onto a sample. In this case, the 
charged particle beam application device is further provided 
with an aberration generating element installed between the 
charged particle beam source and the objective lens, a 
tilt-use deflector installed between the aberration generating 
element and the objective lens, a deflection aberration con 
trol unit for controlling the aberration generating element, a 
first electromagnetic field Superposing multipole installed 
between the aberration generating element and the objective 
lens, and an electromagnetic field Superposing multipole 
control unit for controlling the first electromagnetic field 
Superposing multipole. 
The aberration generating element has such a function 

that when the charged particle beam is tilted relative to the 
sample by the tilt-use deflector, a plurality of resulting 
aberrations are cancelled (eliminated) with one another. 
Moreover, the first electromagnetic field Superposing mul 
tipole has a function to change the orbit of a charged particle 
beam having energy different from that of the main charged 
particle beam in the charged particle beam. Thus, the deflec 
tion chromatic aberration and/or the deflection comma aber 
ration that appear in the linear term relative to the amount of 
defection in the polynomial expression is corrected by the 
aberration generating element, and the high-order chromatic 
aberration that appear in the quadratic or more term relative 
to the amount of deflection is suppressed by the first elec 
tromagnetic Superposing multipole. As a result, in an obser 
Vation process (including inspection and/or length measur 
ing operations), by using a large angle beam tilt with an 
enlarged tilt angle, it becomes possible to reduce the deflec 
tion chromatic aberration and consequently to execute an 
observation with high resolution. Moreover, since the 
amount of convergence of the charged particle beam is 
improved, it is possible to provide a charged particle beam 
application device with high sensitivity and high efficiency. 

In accordance with the embodiment, it is possible to 
provide a charged particle beam application device capable 
of executing a tilted observation with high resolution. 
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4 
BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a block diagram showing a configuration of an 
electron beam observation device in accordance with a first 
embodiment; 

FIG. 2A is a schematic view showing a configuration of 
a beam-tilt electron optical system in accordance with the 
first embodiment; 

FIG. 2B is a schematic view showing a configuration of 
the beam-tilt electron optical system in accordance with the 
first embodiment; 

FIG. 2C is a schematic view showing a configuration of 
the beam-tilt electron optical system in accordance with the 
first embodiment; 

FIG. 2D is a schematic view showing a configuration of 
the beam-tilt electron optical system in accordance with the 
first embodiment; 

FIG. 3A is a schematic view showing a configuration of 
a high-order chromatic aberration controlling electromag 
netic multipole in accordance with the first embodiment; 

FIG. 3B is a schematic view showing a configuration of 
the high-order chromatic aberration controlling electromag 
netic multipole in accordance with the first embodiment; 

FIG. 4 is a flow chart showing operations of a tilted 
observation in accordance with the first embodiment; 

FIG. 5 is an electron beam adjustment setting screen for 
use in executing the operations of the tilted observation in 
accordance with the first embodiment; 

FIG. 6A is a schematic view showing a configuration of 
a high-order chromatic aberration controlling electromag 
netic multipole in accordance with a second embodiment; 

FIG. 6B is a schematic view showing a configuration of 
the high-order chromatic aberration controlling electromag 
netic multipole in accordance with the second embodiment; 

FIG. 7 is a block diagram showing a configuration of an 
electron beam observation device in accordance with a third 
embodiment; 

FIG. 8 is a block diagram showing a configuration of an 
electron beam observation device in accordance with a 
fourth embodiment; 

FIG. 9 is a block diagram showing a configuration of an 
electron beam observation device in accordance with a fifth 
embodiment; and 

FIG. 10 is a schematic view showing a configuration of a 
beam-tilt electron optical system in accordance with the fifth 
embodiment. 

DESCRIPTIONS OF THE PREFERRED 
EMBODIMENTS 

Referring to the figures, the following description will 
explain embodiments of the present invention in detail. 
Additionally, in all the figures for explaining the embodi 
ments, in principle, the same members are indicated by the 
same reference numerals, and the repeated explanations will 
be omitted. In the following description, the charged particle 
beam application device will be explained by exemplifying 
an electron beam observation device that observes a sample 
by using an electron beam. However, the charged particle 
beam application device is not limited to the observation 
device, but includes an inspection device or a length mea 
Suring device for executing an inspecting operation or a 
length measuring operation. Moreover, explanations will be 
given by exemplifying an electron beam as a charged 
particle beam; however, an ion beam may be used as the 
charged particle beam. Furthermore, the present invention 
may also be applicable not only to an observation device, an 
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inspection device and a length measuring device, but also to 
a measuring device or an electron microscope. 

First Embodiment 

FIG. 1 is a block diagram showing a configuration of an 
electron beam observation device 100 in accordance with 
the first embodiment. When generally classified, the electron 
beam observation device 100 is provided with an electron 
optical system and a control system. 

In FIG. 1, although not particularly limited, the electron 
optical system is provided with an electron Source (charged 
particle source) 101, a condenser lens 103, an aberration 
generating deflector 104, an aberration generating lens 105. 
a high-order chromatic aberration controlling electromag 
netic multipole 106, a reflection plate 107, a beam separator 
108, a detector 109, a beam tilt-use deflector 110, a scan 
deflection-use deflector 111 and an objective lens 112. The 
electron source 101 generates an electron beam (charged 
particle beam) 102, and in FIG. 1, radiates the beam in the 
downward direction (downstream direction). In FIG. 1, a 
one-dot chain line indicates an optical axis of the electron 
beam 102 in the case when the electron beam 102 is not 
tilted. 

In a direction of the electron beam 102 radiated from the 
electron source 101, that is, toward a downstream direction 
of the electron source 101, along the optical axis of the 
electron beam 102, a condenser lens 103, an aberration 
generating deflector 104, an aberration generating lens 105. 
a high-order chromatic aberration controlling electromag 
netic multipole 106, a reflection plate 107, a beam separator 
108, a beam tilt-use deflector 110, a scan deflection-use 
deflector 111 and an objective lens 112 are disposed in this 
order. The detector 109 is disposed at a position separated 
from the optical axis of the electron beam 102 so as to detect 
the electron beam reflected by the reflection plate 107. The 
electron optical system shown in FIG. 1 illustrates only the 
portion required for explaining this embodiment, and 
although not shown in this figure, it should be understood 
that the electron optical system also includes a current 
limiting diaphragm, a center axis (optical axis) adjusting 
aligner for a primary beam and an aberration compensator, 
etc. 

With respect to the above-mentioned condenser lens 103. 
the aberration generating lens 105 and the objective lens 
112, explanations thereof will be given by exemplifying an 
electromagnetic lens whose focus is controlled by an exci 
tation current. Moreover, the explanations are also given by 
exemplifying a configuration in which each of them is 
formed by an electromagnetic lens with one stage; however, 
each of them may be formed by electromagnetic lenses with 
a plurality of stages. Furthermore, each of them may be 
formed by using a so-called electrostatic lens with one stage 
or with a plurality of stages, or may be formed by combining 
an electromagnetic lens and an electrostatic lens. 

In FIG. 1, reference numeral 113 represents a sample to be 
observed. In this embodiment, a semiconductor wafer cor 
responds to the sample 113. The sample 113 is mounted on 
a sample stage 114. The sample stage 114 is moved with the 
sample 113 mounted thereon by rotating a rotary member 
illustrated on the lower surface of the sample stage 114 in 
FIG. 1. Between the semiconductor wafer corresponding to 
the sample 113 and the sample stage 114, a wafer holder is 
interposed, although not shown in the figure. This wafer 
holder and the semiconductor wafer are electrically con 
ducted to each other, and a predetermined Voltage is Supplied 
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6 
to the wafer holder. Thus, a predetermined voltage is applied 
to the semiconductor wafer (sample 113). 
The above-mentioned scan deflection-use deflector 111 is 

connected to a scanning signal generation device 115, and 
the scanning signal generation device 115 is connected to the 
system control unit 117. Moreover, each of the above 
mentioned electron source 101, the condenser lens 103, the 
aberration generating deflector 104, the aberration generat 
ing lens 105, the high-order chromatic aberration controlling 
electromagnetic multipole 106, the beam separator 108, the 
beam tilt-use deflector 110 and the objective lens 112 is 
connected to an optical system control circuit 116, and the 
optical system control circuit 116 is connected to the system 
control unit 117. The sample stage 114 is connected to a 
stage control device 118, and the stage control device 118 
and the detector 109 are connected to the system control unit 
117 in the same manner. 
The system control unit 117 is functionally provided with 

a storage unit 119 and an operation unit 120. This system 
control unit 117 is connected to an input/output unit 121. The 
input/output unit 121 is provided with an input means for 
inputting information and/or instructions to the system con 
trol unit 117 and a display means for outputting information 
from the system control unit 117. 

Although not particularly limited, a control system of the 
electron beam observation device 100 includes the scanning 
signal generation device 115, the optical system control 
circuit 116, the system control unit 117, the stage control 
device 118 and the input/output unit 121. It is needless to say 
that constituent elements other than these control system and 
circuit system are disposed inside a vacuum container (not 
shown) and operated by vacuum-exhausting the inside of the 
vacuum container. Moreover, it is needless to say that a 
wafer transporting system (not shown) for mounting a wafer 
from the outside of the vacuum container onto the sample 
stage 114 is also provided. Additionally, for convenience of 
explanation, FIG. 1 shows the wafer serving as the sample 
113; however, it is needless to say that the sample 113 is not 
a constituent element of the electron beam observation 
device 100. 
The system control unit 117 is more specifically explained 

as follows: the storage unit 119 serving as a storage device 
is used for storing programs and various pieces of informa 
tion. Moreover, the operation unit 120 is an operation device 
included in a central processing unit (not shown in the 
figure). This central processing unit executes programs or 
the like stored in the storage unit 119, while using the 
operation unit 120. By allowing the central processing unit 
to execute programs or the like, an image processing process 
related to observation (defect inspection or dimension mea 
Surements) or control processes of the Scanning signal 
generation device 115, the stage control device 118, the 
optical system control circuit 116 or the like are executed. 
That is, through the scanning signal generation device 115, 
the stage control device 118, the optical system control 
circuit 116 and the like, control processes for elements 
included in the electron optical system are executed by the 
system control unit 117. In the present specification, ele 
ments including the system control unit 117, the input/output 
unit 121, the scanning signal generation device 115, the 
stage control device 118, the optical system control circuit 
116 and the like are referred to as a control unit in some 
CaSCS. 

In FIG. 1, a keyboard and a mouse are illustrated as the 
input means of the input/output unit 121, and a liquid crystal 
display device is illustrated as the display means. However, 
the input/output unit 121 is not intended to be limited by 
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these devices, and for example, the respective configurations 
of the input means and the display means (output unit) may 
be different from the configurations shown in FIG. 1, or by 
utilizing a touch panel or the like, an input/output means 
integrally including the input means and the display means 
may be formed. 

Next, the following description will explain operations in 
the case when an observation (tilted observation) in a tilted 
state is executed on the sample 113. First, the electron beam 
102 is generated by the electron source 101. The electron 
beam 102 discharged from the electron source 101 is sub 
jected to a converging action from the condenser lens 103. 
so that an electron source image (a point where the beam 
diameter is minimized) 122 is formed on the same position 
as a position formed by the aberration generating deflector 
104. 

Although not shown in the figure, a current limiting 
diaphragm is installed between the electron source 101 and 
the electron Source image 122. By using the current limiting 
diaphragm, the electron beam 102 having a desired current 
range is allowed to pass through this diaphragm. When 
operation conditions are altered by controlling the emission 
current of the electron source 101 and/or controlling the 
excitation current of the condenser lens 103, the current 
amount of the electron beam 102 to pass through the current 
limitation diaphragm can be adjusted to a desired value. 
Moreover, although not shown in the figure, an aligner for 
correcting the optical axis of the electron beam 102 is 
disposed between the electron source 101 and the condenser 
lens 103. In the case when a center axis of the electron beam 
102 deviates from a center axis of the current limiting 
diaphragm or the electron optical system, a correcting pro 
cess is executed by the aligner So as to make the center axes 
coincident with each other. 

After the electron source image 122 has been formed, the 
electron beam 102 is subjected to a deflection by the 
aberration generating deflector 104 and deflected. By this 
deflection, the electron beam 102 is made to pass through a 
position spaced apart from the center axis within the aber 
ration generating lens 105, that is, in a state separated from 
the axis. Moreover, the electron beam 102 that has passed 
through the aberration generating lens 105 is allowed to pass 
through a high-order chromatic aberration controlling elec 
tromagnetic multipole 106, so that an electron Source image 
123 is formed at the same position as that of a beam tilt-use 
deflector 110. In this case, since the electron source image 
122 is formed on the same position as that of the aberration 
generating deflector 104, the electron source image 123 is 
also formed on the optical axis. 
The high-order chromatic aberration controlling electro 

magnetic multipole 106 is controlled in Such a manner that 
of the electron beam 102, forces derived from the magnetic 
field and from the electric field exerted on an electron beam 
(hereinafter, referred to also as a main electronbeam) having 
an average value of an electron beam energy are cancelled 
(eliminated) with each other by the optical system control 
circuit 116. Thus, of the electron beam 102, an orbit of the 
main electron beam is not influenced by the action of a force 
derived from the high-order chromatic aberration control 
ling electromagnetic multipole 106. In other words, when 
the electron beam 102 passes through the high-order chro 
matic aberration controlling electromagnetic multipole 106. 
no orbit change occurs in the main electron beam of the 
electron beam 102. 

After the formation of the electron source image 123, the 
electron beam 102 is deflected by the beam tilt-use deflector 
110. With this arrangement, the electron beam 102 passes 
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8 
through the inside of the objective lens 112 while being 
separated from its axis. At this time, the electron beam 102 
is Subjected to a converging action of the objective lens 112 
and reaches the sample 113. Since the electron beam 102 
receives the deflecting action by the beam tilt-use deflector 
111, it is tilted by 02 relative to the optical axis (one dot 
chain line) of the electron beam 102 on the sample 113. 
The scan deflection-use deflector 111 is controlled by the 

scanning signal generation device 115 So as to allow the 
electron beam 102 that has reached the sample 113 in a tilted 
manner to scan a predetermined region of the sample 113. 
The electron beam 102 that has reached the surface of the 
sample 113 mutually reacts with substances located near the 
Surface of the sample 113. Thus, secondary generated elec 
trons, such as reflected electrons, secondary electrons or 
Auger electrons, are generated from the sample 113 to form 
signals to be acquired. The case in which electrons generated 
from the sample 113 form secondary electrons is explained 
as follows. 

That is, secondary electrons 124, which are generated at 
a position where the electron beam 102 has reached the 
sample 113, pass through the objective lens 112, and are then 
deflected by the beam separator 108 having a deflection 
action to the secondary electrons, and allowed to reach the 
reflection plate 107. After having collided with the reflection 
plate 107 and having been reflected therefrom, the secondary 
electrons reach the detector 109 to be detected. The second 
ary electrons 124 detected by the detector 109 are supplied 
to the system control unit 117 as detection signals. In the 
system control unit 117, a signal processing is executed on 
the Supplied detection signals in Synchronism with a scan 
ning signal transmitted from the scanning signal generation 
device 115 to the scan defection-use deflector 111, and an 
image is formed based upon the detected signals, so that the 
resulting image is displayed on the input/output unit 121: 
thus, an observation of the sample 113 is executed. Addi 
tionally, in the present embodiment, the detection of the 
secondary electrons 124 is, for example, executed in the 
detector 109 through the beam separator 108 and the reflec 
tion plate 107; however, not limited by this, the secondary 
electrons may be directly introduced to the detector 109, 
without using the beam separator 108 and the reflection plate 
107. 

<Cancellation of Deflection Chromatic Aberration and 
Deflection Comma Aberration> 

First, the following description will explain cancellation 
(elimination) of deflection chromatic aberration and deflec 
tion comma aberration. The direction of the deflection by the 
beam tilt-use defector 110 for use in tilting the electron beam 
102 so as to execute a tilted observation, that is, for use in 
beam tilting, is set in a reversed direction that can cancel the 
tilt angle (01) of the electron beam 102 relative to the optical 
axis at the time when the electron beam 102 has reached the 
electron source image 123 by the aberration generating 
deflector 104. 

In the case of using this arrangement, of the electronbeam 
102, when a center light ray (indicated by a broken line in 
FIG. 1) and a light ray (indicated by an outside solid line in 
FIG. 1) in which an open angle is taken into consideration 
are tracked, the light ray in which the open angle is taken 
into consideration passes through an outside position (B1 in 
FIG. 1) relative to the passing position (A1 in FIG. 1) of the 
center light ray within the aberration generating lens 105. As 
a result, the aberration generated within the aberration 
generating lens 105 becomes smaller in the center light ray 
in comparison with the light ray (solid line) in which the 
open angle is taken into consideration. In this case, when the 
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direction of the deflection caused by the aberration gener 
ating deflector 104 is set in a direction reversed to the 
direction of the defection by the beam tilt-use deflector 110 
as described above, the passing position (indicated by B2 in 
FIG. 1) of the light ray (indicated by an inside solid line) in 
which the open angle within the objective lens 112 is taken 
into consideration is set to an inside position relative to the 
passing position (indicated by A2 in FIG. 1) of the center 
light ray (broken line). For this reason, the aberration 
generated in the objective lens 112 becomes greater in the 
center light ray (broken line). 

Therefore, by controlling the aberration generating 
deflector 104 and the aberration generating lens 105 to 
generate aberrations having the same amount as that of the 
aberration generated in the objective lens 112, the electron 
beam 102 is allowed to reach the sample while being tilted 
relative to the optical axis (one dot chain line), with the 
generated deflection chromatic aberrations being cancelled. 
Supposing that the spherical aberration coefficients on the 
image surface definitions of the aberration generating lens 
105 and the objective lens 112 are respectively set to Cs1 
and Cs2, with the chromatic aberration coefficients being 
respectively set to Cc1 and Cc2, while the tilt angles of the 
electron beam 102 relative to the optical axis at the time of 
the arrivals of the electron source image 123 and the sample 
113 being set to 01 and 02, in the case when the following 
formula (1) and formula (2) are satisfied, the deflection 
chromatic aberration and the deflection comma aberration 
can be cancelled and corrected. 

Expression 1 

CS1 1 Cs2 Formula (1) 
C1 M2C2 

Expression 2 

1 Ce2 d1 Formula (2) 81 = - - - - -62 
M Col d2 

In this case, M represents a magnification of the objective 
lens, and (p1 and p2 are electron beam energies of the main 
electron beam when the electron beam 102 has reached the 
electron source image 123 and the sample 113. In the present 
embodiment, the aberration generation for use in cancelling 
the deflection aberration of the objective lens 112 is 
executed by the deflection of the electron beam by the 
aberration generating deflector 104; however, this configu 
ration may be realized by installing a diaphragm for select 
ing an outer axis orbit on an upstream side of the beam 
tilt-use deflector 110, that is, between the beam tilt-use 
defector 110 and the electron source 101, because it is only 
necessary to allow the electron beam to pass through the 
outside of the axis of the aberration generating lens 105, so 
as to satisfy the formula (1) and formula (2). 

<Suppression of High-Order Chromatic Aberration> 
Next, referring to FIGS. 2A to 2D, the following descrip 

tion will explain Suppression of a high-order chromatic 
aberration by the use of the high-order chromatic aberration 
controlling multipole 106. FIGS. 2A to 2D are schematic 
views showing a configuration of a beam-tilt electron optical 
system. In FIGS. 2A to 2D, members that are the same as 
those of FIG. 1 are indicated by the same reference numer 
als. Moreover, for convenience of explanation, among those 
elements included in the electron optical system shown in 
FIG. 1, those except for the aberration generating lens 105, 
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10 
the objective lens 112 and the high-order chromatic aberra 
tion controlling electromagnetic multipole 106 are omitted. 

First, FIG. 2A shows a configuration in which the electron 
beam 102 is tilted only in the objective lens 112 without 
installing the aberration generating lens 105. In this case, the 
electron beam 102 proceeds into the objective lens 112 in a 
tilted state from an object side surface 201 of the objective 
lens 112, and is subjected to a converging action by the 
objective lens 112 to reach the sample 113. 

Here, the following description will explain the electron 
beam 102. The electron beam 102 includes a main electron 
beam having an average electron beam energy and other 
electronbeams having electronbeam energies different from 
that of the main electron beam. The electron beam having an 
electron beam energy lower than that of the main electron 
beam is defined as a low speed electron beam 202A in this 
case, and an electron beam having an electron beam energy 
higher than that of the main electron beam is defined as a 
high speed electron beam 202B. In FIGS. 2A to 2D, an 
electron beam including the main electron beam, the low 
speed electron beam 202A and the high speed electron beam 
202B is indicated by reference numeral 102. 
The main electron beam, the low speed electron beam 

202A and the high speed electron beam 202B pass through 
the same orbit without being influenced by an aberration 
until they have been made incident on the objective lens 112. 
However, since their electron beam energies are mutually 
different, they are subjected to aberration after having been 
made incident on the objective lens 112, and reach different 
positions on the sample 113. These positional deviations 
cause deflection chromatic aberrations. In order to correct 
these deflection chromatic aberrations, as shown in FIG. 
2(B), electron beams having different energies can be emit 
ted with a deviated state by a distance L determined by the 
chromatic aberration of the objective lens 112 so as to cancel 
the influences of the chromatic aberration by the objective 
lens 112 on the object side surface 201 of the object lens 112. 
In other words, in the case of the low speed electron beam 
202A that is more strongly influenced by the converging 
action of the objective lens 112 in comparison with the high 
speed electron beam 202B, the electron beam can be emitted 
from the inner side (on the left side relative to the optical 
axis in FIG. 2) than the main electron beam on the object 
side surface 201 of the objective lens 112. On the other hand, 
in the case of the high speed electron beam 202B that is 
hardly influenced by the converging action of the objective 
lens 112, the electron beam can be emitted from the outer 
side (on the right side relative to the optical axis in FIG. 2) 
than the main electron beam. At this time, a distance of 
passing positions between the low speed electron beam 
202A and the high speed electron beam 202B within the 
objective lens 112 is defined as D1. 
On the object side surface 201 of the objective lens 112, 

in order to bring the positions from which electron beams 
having different energies are emitted into a state as shown in 
FIG. 2B, by using the lens on the upstream side closer to the 
electron source 101 rather than the objective lens 112, that 
is, by the aberration generating lens 105, the state indicated 
by FIG. 2B can be formed, so that the deflection chromatic 
aberration can be cancelled; thus, this state is mathematized 
into the above-mentioned formula (2). 

FIG. 2C indicates a configuration in which in order to 
allow electron beams having different electron beam ener 
gies to reach the object side surface 201 of the objective lens 
112 with a distance L spaced apart from each other, the orbits 
of the electron beams 202A and 202B having energies 
different from that of the main electron beam are controlled 
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within the aberration generating lens 105. With this con 
figuration, in FIG. 2C, on the object side surface 201 of the 
objective lens 112, the distance of orbits between the low 
speed electron beam 202A and the high speed electron beam 
202B is set to L in the same manner as in FIG. 2B, which 
corresponds to the condition for cancelling the deflection 
chromatic aberration. 

However, as shown in FIG. 2C, a distance D2 of orbits 
between the low speed electron beam 202A and the high 
speed electron beam 202B within the objective lens 112 
forms a greatly expanded State in comparison with the 
distance D1 explained in FIG. 2B. For this reason, a high 
order chromatic aberration is generated, with the result that 
the low speed electron beam 202A and the high speed 
electron beam 202B having different electron beam energies 
are not allowed to reach the same position on the sample 
113. That is, in the case when a large angle of 10 degrees or 
more is selected as the tilt angle 02 on the sample 113, even 
when a controlling process is executed so as to satisfy 
formulas (1) and (2), it is not possible to execute an 
observation with high resolution because of the occurrence 
of a high-order chromatic aberration. Additionally, in FIG. 
2C, on the object side surface 201 of the objective lens 112, 
the deflection direction of the electron beam 102 is reversed 
by the beam tilt-use deflector 110 (FIG. 1). For this reason, 
on the object side surface 201 of the objective lens 112, the 
direction of the electron beam 102 including the low speed 
electron beam 202A and the high speed electron beam 202B 
is deflected as indicated by FIG. 2C. In the case when the 
deflection direction is not changed by the beam tilt-use 
deflector 110, the low speed electron beam 202A and the 
high speed electron beam 202B are emitted in a folding fan 
manner from the aberration generating lens 105 toward the 
downstream side. 

In order to solve this problem, in the present embodiment, 
the high-order chromatic aberration controlling electromag 
netic multipole 106 is installed. A configuration of an 
electron optical system using the high-order chromatic aber 
ration controlling electromagnetic multipole 106 is shown in 
FIG. 2D. As shown in FIG. 2D, the high-order chromatic 
aberration controlling electromagnetic multipole 106 is 
installed between the objective lens 112 and the aberration 
generating lens 105. The high-order chromatic aberration 
controlling electromagnetic multipole 106 is controlled so as 
to deflect the respective orbits of the low speed electron 
beam 202A and the high speed electron beam 202B having 
electron beam energies different from that of the main 
electron beam, without exerting any action onto the main 
electron beam contained in the electron beam 102. That is, 
within the objective lens 112, a distance of orbits between 
the low speed electron beam 202A and the high speed 
electron beam 202B is controlled by the optical system 
control circuit 116 so as to be a distance D3 shorter than the 
distance D2 shown in FIG. 2C. Thus, in addition to cancel 
lation between the deflection chromatic aberration and the 
deflection comma aberration, the high-order chromatic aber 
ration can be suppressed. 

Additionally, strictly speaking, the orbits of the electron 
beams having different energies deflected by the high-order 
chromatic aberration controlling electromagnetic multipole 
106 shown in the present embodiment are not coincident 
with the orbits at the time of the deflection chromatic 
aberration correction shown in FIG. 2B: therefore, the 
amount of the deflected chromatic aberration generated by 
the aberration generating deflector is slightly fluctuated, but 
no problem is raised in practical use. 
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12 
<Principle of High-Order Chromatic Aberration Control 

ling Electromagnetic Multipole> 
The following description will explain the principle of the 

controlling method of the high-order chromatic aberration 
controlling electromagnetic multipole 106, which prevents 
the orbits of electron beams (low speed electron beam 202A 
and high speed electron beam 202B) having different elec 
tronbeam energies from expanding within the objective lens 
112, without causing any action to the main electron beam 
contained in the electron beam 102. In the present embodi 
ment, the high-order chromatic aberration controlling elec 
tromagnetic multipole 106 is an electromagnetic field Super 
imposing dipole. FIGS. 3A and 3B are schematic views 
showing a configuration of the high-order chromatic aber 
ration controlling electromagnetic multipole 106. 

FIG. 3A shows a plane shape of the high-order chromatic 
aberration controlling electromagnetic multipole 106 that is 
projected in a direction perpendicular to the optical axis. 
Moreover, FIG. 3B shows a cross-sectional shape obtained 
when the high-order chromatic aberration controlling elec 
tromagnetic multipole 106 is viewed along the optical axis. 
Additionally, in FIG. 3B, the X direction is coincident with 
the X direction in FIG. 3A. 

In FIGS. 3A and 3B, each of reference numerals 301 to 
304 represents the electromagnetic poles, and the high-order 
chromatic aberration controlling electromagnetic multipole 
106 shown in FIGS. 3A and 3B is provided with four 
electromagnetic poles 301 to 304. Coils are wound around 
each of the four electromagnetic poles 301 to 304, and each 
coil is connected to the optical system control circuit 116 
through the corresponding current supply system 305. By an 
excitation current supplied from the current supply system 
305 to each coil, the magnetic field generated in each of the 
electromagnetic poles 301 to 304 is controlled. Moreover, 
each of the electromagnetic poles 301 to 304 is also con 
nected to a Voltage Supply system 306. In the same manner 
as in the current supply system 305, the voltage supply 
system 306 is also controlled by the optical system control 
circuit 116, so that electric fields formed by the respective 
electromagnetic poles 301 to 304 are controlled. That is, as 
shown on the upper right side of FIG. 3A, the current supply 
system 305 and the voltage supply system 306 of each of the 
four electromagnetic poles 301 to 304 are connected to the 
optical system control circuit 116. Thus, the magnetic field 
and electric field formed by each of the electromagnetic 
poles are controlled by the optical system control circuit 116. 
As shown in FIG. 3, the electron beam 102 passes through 

a space surrounded by the four electromagnetic poles 301 to 
304. A force to be exerted on the electron beam 102 passing 
through the inside of the high-order chromatic aberration 
controlling electromagnetic multipole 106 can be indicated 
by a resultant force derived from forces derived from the 
electric field and magnetic field generated by the electro 
magnetic poles 301 to 304. In this case, explanations will be 
given to a case where a force derived from the electric field 
in a +X direction and a force derived from the magnetic field 
in a -X direction, shown in FIG. 3B, are exerted on the 
electron beam 102, which proceeds from the front side of the 
drawing paper toward the rear side thereof. 
Now suppose that a synthesized electric field in the X 

direction generated by the electromagnetic poles 301 to 304 
is E (vector) and a synthesized magnetic field in the Y 
direction generated thereby is B (vector). In this case, 
suppose that the electric field in the Y direction and the 
magnetic field in the X direction are 0. It has been known 
that the force derived from the electric field exerted on the 
electron beam 102 is not dependent on the speed of the 
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electron beam and that the force derived from the magnetic 
field exerted thereon is in proportion to the speed of the 
electron beam 102. A force F (vector) to be exerted on the 
electron beam 102 is represented by formula (3). 

Expression 3 

F=eE+evB Formula (3) 

In this case, e represents a charged element amount, and 
V represents the velocity of the electron beam 102. In this 
case, since the main electron beam is prevented from being 
subjected to the action by the high-order chromatic aberra 
tion controlling electromagnetic multipole 106, in the veloc 
ity V of the main electron beam, the left side of formula (3) 
becomes 0, so that the relationship between the synthesized 
electric field E and the synthesized magnetic field B is 
determined by formula (4). 

Expression 4 

O=eE+ev'B Formula (4) 

Based upon formula (4), depending on the case when the 
Velocity V of the electronbeam is greater than V, and the case 
when the velocity V of the electron beam is smaller than V, 
the plus and minus of the left side of formula (3), that is, the 
direction of the received force is inverted. As shown in FIG. 
3B, in the case of the low speed electron beam 202A, since 
the force derived from the electric field becomes greater, the 
deflection is exerted in the +X direction, while in the case of 
the high speed electron beam 202B, since the force derived 
from the magnetic field becomes greater, the deflection is 
exerted in the -X direction. This is coincident with the 
change in orbits explained in FIG. 2D, so that it becomes 
possible to positively suppress the high-order chromatic 
aberration in addition to the cancellation of the deflection 
chromatic aberration and the deflection comma aberration 
by using the configuration shown in FIG. 3. In this case, for 
simplicity of explanation, the explanations have been given 
on the bipolar field exerted in the X direction; however, the 
same processes may be executed even in the case when the 
direction of the bipolar field is rotated in accordance with the 
tilt direction of the electron beam 102. Moreover, although 
the number of the electromagnetic multipoles for forming 
the bipolar field is set to 4, the same effects can be obtained 
by controlling the applied Voltage and coil current to each of 
the electromagnetic poles so as to form an electromagnetic 
field superposing bipolar field, even in the case when the 
number of the electromagnetic multipoles is set to four or 
O. 

<Operation of Tilted Observation> 
Next, referring to FIG. 4 and FIG. 5, the following 

description will explain operations of a tilted observation 
executed by using the electron beam observation device 100 
shown in FIG. 1. FIG. 4 is a flow chart showing operations 
at the time of executing the tilted observation on the sample 
113, which includes a step of adjusting an electron beam and 
a step of executing the tilted observation. Moreover, FIG. 5 
shows an example of an image displayed on the display 
means in the input/output unit 121 shown in FIG. 1. In this 
embodiment, the input/output unit 121 has a configuration in 
which the display means and the input means are integrally 
formed. That is, an image display is executed on the screen, 
and an inputting process is also executed by touching a 
predetermined position of the image. 

First, in step S400, an operator operates the input/output 
unit 121, so that the system control unit 117 is activated so 
as to start a tilted observation with high resolution. By 
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14 
operating the system control unit 117, the system control 
unit 117 is allowed to display an image as shown in FIG. 5 
on the display means of the input/output unit 121. FIG. 5 
shows a setting screen for use in setting conditions or the 
like of electron beam adjustments. Although not particularly 
limited, this setting screen is designed to also display an 
image acquired in an electron beam adjusting step so as to 
improve convenience of use. 
When the setting screen as shown in FIG. 5 is displayed, 

the operator executes settings of conditions of the electron 
optical system on the setting screen. First, by operating a 
“reference' button and an “open' button of a “setting file 
selection' unit 500 shown in FIG. 5, a desired file is selected. 
Of course, by directly inputting a file name, as well as 
operating the “open' button, a desired file may be selected. 
A plurality of preset data are preliminarily stored in the 
storage unit 119 of the system control unit 117, and from 
these preset data, preset data corresponding to a desired file 
are read out from the storage unit 119. The preset data thus 
read out are reflected to a “control parameter' unit 501 
shown in FIG. 5. Simultaneously with this, a control signal 
corresponding to the read preset data is generated in the 
system control unit 117, and Supplied to the scanning signal 
generation device 115, the optical system control circuit 116 
or the like. 

In accordance with the control signal Supplied from the 
system control unit 117, the Scanning signal generation 
device 115, the optical system control circuit 116 or the like 
control the condenser lens 103, the aberration generating 
deflector 104, the aberration generating lens 105, the high 
order chromatic aberration controlling electromagnetic mul 
tipole 106, the beam separator 108, the beam tilt-use deflec 
tor 110, the scan deflecting deflector 111, the objective lens 
112 and the like (step S401). The preset data stored in the 
storage unit 119 may be preliminarily determined so as to 
match theoretical values, or preliminarily determined values 
may be used. 

Next, the operator inputs electron optical conditions 
required for a sample observation (in this example, tilted 
observation). Such as an acceleration energy, a tilt angle, an 
open angle (incident angle) or the like of the electron beam 
102, into the “control parameter unit 501. The system 
control unit 117 Supplies the control signal in accordance 
with the contents of the inputted optical conditions to the 
scanning signal generating device 115, the optical system 
control circuit 116, and the like. By this control signal, the 
condenser lens 103, the aberration generating deflector 104, 
the aberration generating lens 105, the high-order chromatic 
aberration controlling electromagnetic multipole 106, the 
beam separator 108, the beam tilt-use deflector 110, the scan 
deflecting deflector 111, the objective lens 112 and the like 
are set to electron optical conditions in accordance with the 
contents of the inputted optical conditions (step S402). 

In accordance with the electron optical conditions thus 
set, the electron beam 102 is radiated to the sample 113, so 
that a tilted observation in the electron beam adjusting step 
is executed. In this tilted observation, an image formed 
based upon the data from the detector 109 is displayed on an 
“acquired image' unit 502 shown in FIG. 5. While observing 
the image displayed on the “acquired image' unit 502, the 
operator alters the input value to the “control parameter' 
unit 501, and executes optical axis adjustments by adjusting 
set values of an astigmatism corrector, an aligner, the 
aberration generating lens and the like, by the use of 
adjusting dials (not shown) provided in the input/output 
device 121 (step S403). 
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Next, while confirming the image displayed on the 
“acquired image' unit 502, the operator adjusts high-order 
chromatic aberration controlling parameters inside the “con 
trol parameter' unit 501 so as to provide a state in which the 
high-order chromatic aberration is suppressed (step S404). 
Additionally, in FIG. 5, of the high-order chromatic aberra 
tion controlling parameters inside the “control parameter 
unit 501, those parameters starting with a letter I correspond 
to excitation currents that are allowed to flow through coils 
of the high-order chromatic aberration controlling electro 
magnetic multipoles, and those parameters starting with a 
letter V correspond to voltage values to be applied to the 
high-order chromatic aberration controlling electromagnetic 
multipoles. That is, by the values set to the parameters 
starting with the letter I, the excitation currents are deter 
mined, and by the values set to the parameters starting with 
the letter V, the voltage values are determined. The system 
control unit 117 determines whether or not the respective 
parameters adjusted (set) in step S404 are included within 
permissible ranges (step S405), and the step S404 is repeated 
until they have been included within the predetermined 
ranges. For example, the system control unit 117 determines 
whether or not an adjustment exceeding the permissible 
range of the electron beam observation device 100 is 
instructed by each of the parameters, and directs the operator 
So as to set the parameter within the permissible range of the 
electron beam observation device 100. 

Thereafter, if necessary, the operator presses an “execu 
tion button' of a “sharpness degree measuring unit 503 
shown in FIG. 5 so as to measure the sharpness degree of the 
image (acquired image) displayed on the “acquired image' 
unit 502 (step S406). In response to this, the operation unit 
120 inside the system control unit 117 derives the sharpness 
degree of the image based upon the acquired image. The 
system control unit 117 determines whether or not the 
measured sharpness degree is included within the permis 
sible range, and displays the measured sharpness degree and 
the results of determination on the 'sharpness degree mea 
suring unit 503 (step S407). In the case when the sharpness 
degree is not included within the permissible range, the 
operator repeatedly executes the operations from step S403 
to S407 until the sharpness degree has been included within 
the permissible range. When it is confirmed that the sharp 
ness degree has been included in the permissible range in 
step S407, the operator, if necessary, stores the electron 
optical conditions determined in the above-mentioned steps 
by using a “condition storing unit 504 shown in FIG. 5 (in 
FIG. 5, with a description “store conditions?) (step S408). 
In other words, by pressing a “Save” button down, the 
conditions are stored in the storage unit 119. After the 
electron beam adjustments from step S401 to S408 have 
been executed, based upon the conditions acquired in these 
adjustments, the operator executes a tilted observation on 
the sample in step S409, thereby completing the tilted 
observation (step S410). 

Additionally, FIG. 4 shows an example in which the 
operator manually executes all the electron beam adjust 
ments and the operator also executes the determination. 
However, the operations and determinations may be auto 
matically executed by using a method in which, for example, 
based upon the sharpness degree measured by the image, a 
feed-back process to the control system or the like is 
executed. Moreover, explanations have been given on the 
premise that no special material is prepared as the sample 
113 in the electron beam adjustments; however, a standard 
pattern may be preliminarily prepared as the sample 113 for 
use in adjustments. Moreover, the setting screen as shown in 
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FIG. 5 is exemplary only, and it is needless to say that 
without being limited by this example, various modifications 
may be made therein. 
As described above, according to the electron beam 

observation device 100 in accordance with the first embodi 
ment, the deflection chromatic aberration and the deflection 
comma aberration that tend to cause a problem upon execut 
ing a tilted observation by using a beam tilt-system can be 
cancelled, with the high-order chromatic aberration being 
also Suppressed; therefore, it becomes possible to realize a 
tilted observation with high resolution. 

In the present embodiment, the aberration generating 
deflector 104 and the aberration generating lens 105 may be 
respectively regarded as aberration generating elements, the 
beam tilt-use deflector 110 may be regarded as a tilt-use 
deflector, and the high-order chromatic aberration control 
ling electromagnetic multipole 106 may be regarded as a 
first electromagnetic field Superposing multipole. Moreover, 
the system control unit 116 may be regarded as being 
provided with a deflection aberration control unit for con 
trolling the aberration generating element and an electro 
magnetic field Superposing multipole control unit for con 
trolling the first electromagnetic field Superposing multipole. 
Furthermore, the electric field and magnetic field formed by 
the high-order chromatic aberration controlling electromag 
netic multipole 106 serving as the first electromagnetic field 
Superposing multipole may be regarded as the first electro 
magnetic field Superposing field. 

Second Embodiment 

The first embodiment has been explained by exemplifying 
a configuration in which the high-order chromatic aberration 
controlling electromagnetic multipole 106 is used as the 
electromagnetic Superposing dipole. The second embodi 
ment is explained by exemplifying a configuration in which 
an electromagnetic field Superposing quadrupole is used as 
the high-order chromatic aberration controlling electromag 
netic multipole 106. The configuration of the electron beam 
observation device 100 and the cancellation of the deflection 
chromatic aberration and the deflection comma aberration 
are the same as those of the first embodiment. Moreover, the 
operations for executing a tilted observation are the same as 
those of the first embodiment. For this reason, explanations 
will be omitted on these points, and only the high-order 
chromatic aberration controlling electromagnetic multipole 
106 different from that of the first embodiment will be 
explained. 

FIGS. 6A and 6B are schematic views showing a con 
figuration of the high-order chromatic aberration controlling 
electromagnetic multipole 106 in accordance with the sec 
ond embodiment. In the same manner as in FIGS. 3A and 3B 
preliminarily explained, FIG. 6A shows a plane shape of the 
high-order chromatic aberration controlling electromagnetic 
multipole 106 that is projected in a direction perpendicular 
to the optical axis, and FIG. 6B shows a cross-sectional 
shape of a cross section taken in an X direction along the 
optical axis. 
The high-order chromatic aberration controlling electro 

magnetic multipole 106 in accordance with the second 
embodiment is provided with eight electromagnetic poles 
601 to 608. Coils are wound around each of the eight 
electromagnetic poles 601 to 608, and each coil is connected 
to the optical system control circuit 116 through the corre 
sponding current Supply system 305. The optical system 
control circuit 116 controls the respective current supply 
systems 305, so that an excitation current to be supplied 



US 9,704,687 B2 
17 

from each of the current supply systems 305 to the corre 
sponding coil is controlled and a magnetic field to be 
generated in each of the electromagnetic poles 601 to 608 is 
consequently controlled. Moreover, each of the electromag 
netic poles 601 to 608 is also connected to the corresponding 
Voltage Supply systems 306. In the same manner as in the 
current supply system 305, the voltage supply system 306 is 
also controlled by the optical system control circuit 116. 
Thus, electric fields generated by the respective electromag 
netic poles 601 to 608 are also controlled by the optical 
system control circuit 116. Additionally, on the upper right 
side of FIG. 6A, a connection relation among the current 
supply system 305, the voltage supply system 306 and the 
optical system control circuit 116 is shown. 
A force to be exerted on the electron beam 102 passing 

through the inside of the high-order chromatic aberration 
controlling electromagnetic multipole 106 can be indicated 
by a resultant force derived from forces derived from the 
electric field and magnetic field generated by the electro 
magnetic poles 601 to 608. In the second embodiment also, 
explanations will be given to a case where, with respect to 
the electron beam 102 that proceeds from the front side of 
the drawing paper toward the rear side thereof in FIG. 6A, 
a force derived from an electric field is converged in an X 
direction, and a dispersing force is exerted in a Y direction. 
Conditions in which these forces are exerted can be realized 
by applying positive Voltages to the electromagnetic multi 
poles 601 and 605, as well as applying negative voltages to 
the electromagnetic multipoles 603 and 607. Moreover, 
although not shown in the figures, a force derived from a 
magnetic field is controlled to be cancelled by a force 
derived from an electric field by allowing a dispersing force 
to be exerted in the X direction and a converging force to be 
exerted in the Y direction. In this case, by allowing an 
electric current to flow through the coils of the electromag 
netic multipoles 602, 604, 606 and 608 with a phase shift of 
45 degrees from the electromagnetic multipole that gener 
ates an electric field, it becomes possible to generate a 
magnetic field that cancels the force derived from the 
electric field. 
As described in the first embodiment, the force derived 

from the electric field exerted on the electron beam 102 is 
not dependent on the velocity of the electron beam 102. On 
the other hand, the force derived from the magnetic field is 
in proportion to the velocity V of the electronbeam 102. That 
is, at the velocity V of the main electron beam, the force 
derived from the electric field and the force derived from the 
magnetic field are cancelled with each other (eliminated), 
and in the case of vov, the force derived from the magnetic 
field is exerted stronger, while in the case of v-v the force 
derived from the electric field is exerted stronger, so that 
when the directions of force vectors in a state separated from 
the axis are aligned so as to become the same as in the 
electromagnetic field Superposing multipole shown in the 
first embodiment, the same effects can be obtained. Based 
upon this fact, as shown in FIG. 6B, by preliminarily 
executing an optical axis adjustment to allow a force derived 
from an electric field exerted on the electron beam 102 to be 
exerted in a +X direction, and also to allow a force derived 
from a magnetic field exerted on the electron beam 102 to be 
exerted in a -X direction so as to be separated from the axis, 
it becomes possible to obtain orbit changes as indicated by 
FIG. 2D in the first embodiment. That is, the low speed 
electron beam 202A has its orbit separated from the axis on 
the right side in FIG. 6B, while the high speed electron beam 
202B has its orbit separated from the axis on the left side in 
FIG. 6B; thus, the respective orbits are changed. 
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In the same manner as in the description of the first 

embodiment, also in the second embodiment, the deflection 
chromatic aberration and the deflection comma aberration 
are cancelled with each other, and by the configuration 
shown in FIG. 6, the high-order chromatic aberration can 
also be suppressed. Additionally, in the embodiment, for 
simplicity of explanation, explanations have been given on 
a quadrupolar field having a converging action in the X 
direction; however, the same processes can be executed even 
in the case when the direction of the quadrupolar field is 
rotated in accordance with the direction of the tilt of the 
electron beam. Moreover, the number of the electromagnetic 
multipoles forming the quadrupolar field is set to eight; 
however, even when the number of the electromagnetic 
multipoles is set to eight or more, and, for example, to 
twelve, the same effects can be obtained by controlling the 
applied Voltages to the respective electromagnetic poles and 
the excitation currents applied to the coils so as to form the 
electromagnetic field Superposing quadrupolar field. 

In the present embodiment also, the high-order chromatic 
aberration controlling electromagnetic multipole 106 may 
be regarded as the first electromagnetic field Superposing 
multipole, and the first electromagnetic field Superposing 
field formed by the first electromagnetic field superposing 
multipole may be regarded as the quadrupolar field. When 
considered together with the first embodiment, the first 
electromagnetic field superposing field formed by the first 
electromagnetic field Superposing multipole may be 
regarded as the bipolar field or the quadrupolar field. 

Third Embodiment 

In the first and second embodiments, explanations are 
given by exemplifying a configuration in which an aberra 
tion generating deflector of one stage (aberration generating 
deflector 104) is installed. However, the aberration gener 
ating deflectors of a plurality of stages may be installed on 
an optical axis. In the third embodiment, explanations will 
be given by exemplifying a configuration in which the 
aberration generating deflectors of two stages are installed as 
the example of the plurality of stages. In the case of the 
aberration generating deflector of only the one stage, in 
order to form an electron source image 123 on the optical 
axis (one dot chain line) after passing through the aberration 
generating lens 105, it is not possible to move the position 
of the electron source image 122 from the position of the 
aberration generating deflector, with the result that the 
degree of freedom in optical conditions is limited; however, 
by installing aberration generating deflectors of the plurality 
of stages, it becomes possible to increase the degree of 
freedom in the optical conditions. That is, in the third 
embodiment, the aberration generating deflectors of two 
stages are installed, and a hypothetical deflection fulcrum 
can be controlled. 

FIG. 7 is a block diagram showing a configuration of the 
electron beam observation device 100 in accordance with 
the third embodiment. The configuration of the electron 
beam observation device and the operations of the tilted 
observation are the same as those of the above-mentioned 
first and second embodiments, except that in place of the 
aberration generating deflector 104 of the one stage, aber 
ration generating deflectors 701 and 702 of two stages are 
used. For this reason, the following description will mainly 
discuss only the aberration generating deflectors 701 and 
702 that are different from that of the first and second 
embodiments. 
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Each of the aberration generating deflectors 701 and 702 
deflects the electron beam 102 in the mutually same direc 
tion or in the mutually reversed directions to change a 
deflection signal, so that the ratio of the deflection angles is 
controlled and changed. Thus, the hypothetical defection 
fulcrum can be changed. 

In the case when the deflection angles generated by the 
aberration generating deflectors 701 and 702 are deflected to 
be S and S. respectively, the deflection fulcrum of the 
general deflection generated by the two deflectors of the 
aberration generating deflectors 701 and 702 corresponds to 
a position obtained by internally dividing the distance 
between the aberration generating deflectors 701 and 702 by 
a ratio of Si:S when mutually deflected in the same direc 
tion. On the other hand, when deflected in mutually reversed 
directions, S or S has a negative value and a position on the 
upstream side of the aberration generating deflector 701 
(electron source 101 side) or a position on the downstream 
side of the aberration generating deflector 702 (objective 
lens 112 side) can be selected as a hypothetical deflection 
fulcrum. By controlling the ratio of deflections of the 
aberration generating deflectors 701 and 702 in this manner, 
a desired hypothetical deflection fulcrum can be selected. 
Additionally, in the third embodiment, the number of stages 
of the aberration generating deflector is set to two stages of 
701 and 702; however, these may be set to a desired number 
of a plurality of stages of two stages or more, and the same 
effects can be obtained. 

Fourth Embodiment 

In the first to third embodiments, a configuration with a 
beam tilt-use deflector of one stage (beam tilt-use deflector 
110) has been exemplified. In the fourth embodiment, beam 
tilt-use deflectors of a plurality of stages are installed 
between the high-order chromatic aberration controlling 
electromagnetic multipole 106 and the objective lens 112. 
As described in the third embodiment, in the case when the 
beam tilt-use deflector of only one stage is used, even in an 
attempt to form a crossover on the optical axis over the 
sample 113 after passing through the objective lens 112, the 
position of the electron Source image 123, that is, the 
position of the object side surface of the objective lens 112, 
cannot be moved from the position of the beam tilt-use 
deflector, with the result that the degree of freedom in optical 
conditions is limited. In the fourth embodiment, however, 
the beam tilt-use deflectors of two stages are prepared, so 
that the hypothetical deflection fulcrum becomes control 
lable. 

FIG. 8 is a block diagram showing a configuration of the 
electron beam observation device 100 in accordance with 
the fourth embodiment. The configuration of the electron 
beam observation device and the operations of the tilted 
observation are the same as those of the above-mentioned 
first and second embodiments, except that in place of the 
beam tilt-use deflector 110 of the one stage, beam tilt-use 
deflectors 801 and 802 of two stages are used. For this 
reason, the following description will mainly discuss only 
the beam tilt-use deflectors 801 and 802 that are different 
from that of the above-mentioned first and second embodi 
mentS. 
Each of the beam tilt-use deflectors 801 and 802 deflects 

the electron beam 102 in the mutually same direction or in 
the mutually reversed directions to change a deflection 
signal, so that the ratio of the deflection angles is controlled 
and changed. Thus, the hypothetical defection fulcrum can 
be changed. In the case when the deflection angles generated 
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by the beam tilt-use deflectors 801 and 802 are deflected to 
be S and S. respectively, the deflection fulcrum of the 
general deflection generated by the two deflectors of the 
beam tilt-use deflectors 801 and 802 corresponds to a 
position obtained by internally dividing the distance 
between the beam tilt-use deflectors 801 and 802 by a ratio 
of Si:S when mutually deflected in the same direction. On 
the other hand, when deflected in the mutually reversed 
directions, S or S has a negative value and a position on the 
upstream side of the beam tilt-use deflector 801 (electron 
source 101 side) or a position on the downstream side of the 
beam tilt-use deflector 802 (objective lens 112 side) can be 
selected as a hypothetical deflection fulcrum. 

In this manner, by controlling the ratio of deflections of 
the beam tilt-use deflectors 801 and 802, a desired hypo 
thetical deflection fulcrum can be selected. Additionally, in 
the present embodiment, the number of stages of the beam 
tilt-use deflector is set to two stages of 801 and 802: 
however, these may be set to a desired number of a plurality 
of stages of two stages or more, and the same effects can be 
obtained. 

Fifth Embodiment 

In the first to fourth embodiments, a configuration with a 
high-order chromatic aberration controlling electromagnetic 
multipole of one stage (high-order chromatic aberration 
controlling electromagnetic multipole 106) has been exem 
plified. In the case of the high-order chromatic aberration 
controlling electromagnetic multipole of one stage, it is 
possible to simplify the configuration of the electron optical 
system and the control thereof. However, as described in the 
first embodiment, since strictly speaking, the orbits of the 
electron beams having different energies deflected by the 
high-order chromatic aberration controlling electromagnetic 
multipole 106 are not coincident with the orbits at the time 
of the deflection chromatic aberration correction shown in 
FIG. 2B: therefore, the amount of the deflected chromatic 
aberration generated by the aberration generating deflector is 
slightly fluctuated. In the fifth embodiment, in order to solve 
this problem, the high-order chromatic aberration control 
ling electromagnetic multipoles of a plurality of stages are 
installed. Here, explanations will be given by exemplifying 
a configuration in which high-order chromatic aberration 
controlling electromagnetic multipoles 901 and 902 of two 
stages are installed along the optical axis. 

FIG. 9 is a block diagram showing a configuration of the 
electron beam observation device 100 in accordance with 
the fifth embodiment. The configuration of the electron 
beam observation device and the operations of the tilted 
observation are the same as those of the above-mentioned 
first and fourth embodiments, except that in place of the 
high-order chromatic aberration controlling electromagnetic 
multipole 106 of one stage, high-order chromatic aberration 
controlling electromagnetic multipoles 901 and 902 (first 
electromagnetic field Superposing multipole and second 
electromagnetic field Superposing multipole) of two stages 
are used. For this reason, the following description will 
mainly discuss only the high-order chromatic aberration 
controlling electromagnetic multipoles 901 and 902, which 
are different from those of the above-mentioned first to 
fourth embodiments. Moreover, FIG. 10 is a schematic view 
showing a configuration of a beam-tilt optical system in 
accordance with the present embodiment. In the same man 
ner as in FIGS. 2A to 2D, FIG. 10 shows only the portions 
in accordance with the explanations. That is, among the 
elements included in the electron optical system, those 
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elements except for the aberration generating lens 105, the 
objective lens 112 and the high-order chromatic aberration 
controlling electromagnetic multipoles 901 and 902 are 
omitted. In FIG. 2D, the beam-tilt optical system which uses 
the high-order chromatic aberration controlling electromag 
netic multipole 106 of the first stage has been schematically 
shown. In contrast, in FIG. 10, a beam-tilt optical system 
which uses high-order chromatic aberration controlling elec 
tromagnetic multipoles 901 and 902 of two stages is sche 
matically shown. 

Next, referring to FIGS. 2, 9 and 10, the following 
description will explain points different from the first to 
fourth embodiments. As has been already described in the 
first embodiment, strictly speaking, the orbits of the electron 
beams having different energies shown in FIG. 2D are not 
coincident with orbits at the time of the deflection chromatic 
aberration correction shown in FIG. 2B. This is because the 
fulcrum of a change in the orbit caused by the high-order 
chromatic aberration controlling multipole 106 is not coin 
cident with the object side surface 201 of the objective lens 
112. 
By using the high-order chromatic aberration controlling 

electromagnetic multipoles 901 and 902 of two stages as the 
high-order chromatic aberration controlling electromagnetic 
multipole, as well as by allowing the directions in which the 
electromagnetic field Superposing fields, formed by each of 
the high-order chromatic controlling electromagnetic mul 
tipoles 901 and 902, are exerted, that is, the directions of 
deflections, to be directed in the mutually same direction or 
in the mutually reversed directions, with the respective 
intensities of the deflections being changed, so that the ratio 
of intensities are controlled and changed. At this time, in the 
same manner as in the example shown in the first to fourth 
embodiments, each of the high-order chromatic aberration 
controlling electromagnetic multipoles 901 and 902 is con 
trolled such that forces derived from the electric field and the 
magnetic field are cancelled with each other so as not to 
change the orbit of the main electron beam. By preparing the 
high-order chromatic aberration controlling electromagnetic 
multipoles 901 and 902 of two stages, it becomes possible 
to simultaneously control two parameters, and consequently 
to control a difference D4 between positions of the electron 
beams 202A and 202B having different energies within the 
objective lens 112, so as to be coincident with the difference 
D1 of the position shown in FIG. 2B. Moreover, when the 
orbits of the electron beams 202A and 202B are externally 
inserted (indicated by thin broken lines) onto the object side 
surface 201, it becomes possible to control the position 
externally inserted on the object side surface 201, so as to be 
coincident with a position at the time when no high-order 
chromatic aberration controlling electromagnetic multipole 
is used. 
As described above, by preparing the high-order chro 

matic aberration controlling electromagnetic multipoles 901 
and 902 of two stages, it becomes possible to suppress the 
high-order chromatic aberration without causing fluctua 
tions in the deflection chromatic aberration amount gener 
ated by the aberration generating deflector. Additionally, in 
the present embodiment, the number of stages of the high 
order chromatic aberration controlling electromagnetic mul 
tipole is set to two stages of 901 and 902; however, these 
may be set to a desired number of a plurality of stages of two 
stages or more, and the same effects can be obtained. 

In the first to fifth embodiments, the high-order chromatic 
aberration is Suppressed by the high-order chromatic aber 
ration controlling electromagnetic multipole disposed 
between the detection-use reflection plate 107 and the aber 
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ration generating lens 105. For this reason, since no lens for 
Suppressing the high-order chromatic aberration need to be 
disposed at a crossover position where many detection 
system devices are disposed, it becomes possible to increase 
the degree of freedom at the crossover position. 

In the foregoing, the invention made by the inventors of 
the present invention has been concretely described based on 
the embodiments. However, it is needless to say that the 
present invention is not limited to the foregoing embodi 
ments and various modifications and alterations can be made 
within the scope of the present invention. Of course, a 
plurality of embodiments may be combined with one 
another. 

What is claimed is: 
1. A charged particle beam application device for con 

Verging a charged particle beam generated by a charged 
particle source on a sample by using an objective lens, the 
device comprising: 

an aberration generating element installed between the 
charged particle beam source and the objective lens; 

a tilt-use deflector installed between the aberration gen 
erating element and the objective lens; 

a deflection aberration control unit for controlling the 
aberration generating element; 

a first electromagnetic field Superposing multipole 
installed between the aberration generating element 
and the objective lens; and 

an electromagnetic field Superposing multipole control 
unit for controlling the first electromagnetic field Super 
posing multipole, 

wherein the first electromagnetic field superposing mul 
tipole is controlled to deflect respective orbits of a low 
speed electron beam and a high speed electron beam 
such that a controlled distance between said orbits 
within the objective lens is less than an uncontrolled 
distance between said orbits within the objective lens, 
thereby controlling a high-order chromatic aberration, 
and 

wherein the first electromagnetic field Superposing mul 
tipole is controlled to cause no orbit change in a main 
electron beam, the main electron beam being disposed 
between the low speed electron beam and the high 
speed electron, and wherein the first electromagnetic 
field Superposing multipole is controlled to cause the 
low speed electron beam and the high speed electron 
beam to maintain a substantially constant distance with 
respect to each other until reaching the objective lens. 

2. The charged particle beam application device according 
to claim 1, 

wherein when the charged particle beam is made incident 
on the objective lens, the deflection aberration control 
unit controls the aberration generating element so as to 
cancel a deflection chromatic aberration or a deflection 
comma aberration that is determined by a position in 
the objective lens. 

3. The charged particle beam application device according 
to claim 1, 

wherein the electromagnetic field Superposing multipole 
control unit controls the first electromagnetic field 
Superposing multipole so as to allow the first electro 
magnetic field Superposing multipole to form a first 
electromagnetic field Superposing field for canceling a 
change in an orbit of a main charged particle beam in 
the charged particle beam. 

4. The charged particle beam application device according 
to claim 3, 
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wherein the first electromagnetic field Superposing field is 
a bipolar field or a quadrupolar field. 

5. The charged particle beam application device according 
to claim 1, 

wherein the aberration generating element is further pro 
vided with a lens of at least one stage and a deflector of 
at least one stage, both of which are installed on an 
optical axis of the charged particle beam. 

6. The charged particle beam application device according 
to claim 1, 

wherein the tilt-use deflector is further provided with 
deflectors of at least two stages respectively installed 
on an optical axis of the charged particle beam. 

7. The charged particle beam application device according 
to claim 1, further comprising: 

a second electromagnetic field Superposing multipole that 
is installed between the aberration generating element 
and the objective lens, and controlled by the electro 
magnetic field Superposing multipole control unit. 

8. The charged particle beam application device according 
to claim 7. 

wherein the electromagnetic field Superposing multipole 
control unit controls the first electromagnetic field 
Superposing multipole and the second electromagnetic 
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field Superposing multipole so as to allow the first 
electromagnetic field Superposing multipole and the 
second electromagnetic field Superposing multipole to 
form the first electromagnetic field Superposing field 
and second electromagnetic field Superposing field for 
canceling a change in an orbit of a main charged 
particle beam in the charged particle beam, and 

the electromagnetic field Superposing multipole control 
unit controls the first electromagnetic field Superposing 
multipole and the second electromagnetic field Super 
posing multipole Such that a direction in which the first 
electromagnetic field Superposing field is exerted and a 
direction in which the second electromagnetic field 
Superposing field is exerted are set in a same direction 
or reversed directions, relative to charged particle 
beams having energies different from energy of the 
main charged particle beam. 

9. The charged particle beam application device according 
to claim 8, 

wherein each of the first electromagnetic field Superpos 
ing field and the second electromagnetic field Super 
posing field is a bipolar field or a quadrupolar field. 
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