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mined machining of a sample by irradiating the sample with 
anion beam includes a beam spot former which forms a beam 
spot shape of the ion beam to be non-axially symmetric in a 
perpendicular plane with respect to an irradiation axis of the 
ion beam, and an axis orientator which orients one axis of the 
beam spot at the ion beam irradiation position on the sample 
in a predetermined direction. 
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ON BEAM SYSTEMAND MACHINING 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation application of 
U.S. Ser. No. 12/020,150, filed Jan. 25, 2008, which is a 
continuation application of U.S. Ser. No. 1 1/210.732, filed 
Aug. 25, 2005, now U.S. Pat. No. 7,326,942, the contents of 
which are incorporated herein by reference. 

CLAIM OF PRIORITY 

0002 The present application claims priority from Japa 
nese applications.JP 2004-283011, filed on Sep. 29, 2004 and 
JP 2005-167670 filed on Jun. 8, 2005, the contents of which 
are hereby incorporated by reference into this application. 

FIELD OF THE INVENTION 

0003. This invention relates to a method of inspecting/ 
analyzing of electronic components such as semiconductor 
devices, an electronic component manufacturing method, a 
method of machining a sample cross-section by an ion beam, 
a method of machining a sample which separates or prepares 
separation of a micro sample from the sample, and an ion 
beam system. 

BACKGROUND OF THE INVENTION 

0004 High yield manufacture is called for in the manu 
facture of electronic components, such as semiconductor 
devices, e.g., semiconductor memories like dynamic random 
access memories, microprocessors and semiconductor lasers, 
and magnetic heads. This is because a fall of product yield 
leads to lower profits. Therefore, early detection of and mea 
Sures needed to deal with defects, foreign matter and poor 
machining are major issues. For example, in electronic com 
ponent manufacturing plants, much effort is expended on 
discovery of defects by careful inspection, and analysis of 
their cause. In actual electronic component manufacturing 
processes using wafers, the wafers in the course of being 
processed are examined, the cause of abnormalities such as 
defects and foreign matter in circuit patterns is investigated, 
and methods to deal with them are considered. 
0005 Usually, a scanning electron microscope (SEM: 
Scanning Electron Microscope, hereafter SEM) of super 
resolution capacity is used for observation of sample abnor 
malities. In recent years, composite FIB-SEM devices which 
combine SEM and FIB (Focused Ion Beams) have also come 
to be used. With this FIB-SEM device, SEM observation of a 
cross-section can be performed by irradiating a FIB and form 
ing rectangular holes in a desired part. 
0006. In JP-A No. 150990/2002, “Micro Sample Machin 
ing Observation Method and Device', a device which 
observes and analyzes defects and foreign matter by forming 
rectangular holes near the abnormal spot of a sample by FIB, 
and observes the cross-section of these rectangular holes by a 
SEM device, is disclosed. 
0007. In international publication WO99/05506. “Sample 
Manufacturing Method and Device', a technique of extract 
ing a micro sample for TEM observation from a bulk sample 
by using FIB and a probe, is disclosed. 
0008. In JP-A No. 156393/2000, “Electronic Component 
Manufacturing Method’, a technique for removing a micro 
sample for inspection from a wafer without splitting the 
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wafer, and returning the wafer after taking out the micro 
sample to the production line, is disclosed. In the invention 
disclosed in this document, the progress of the machining 
process is monitored by a monitor, and the wafer is inspected 
and analyzed. 
0009. In JP-A No.320670/1995, “Processing Method and 
Device Using a Focused Ion Beam', a technique using a 
helicon wave ion source for machining a sample for SEM 
observation by an argon ion beam with a beam spot diameter 
of 0.1 um, is disclosed. 
O010 Patent document 1 JP-A No. 150990/2002 
0011 Patent document 2 International publication 
WO99/O5506 

0012 Patent document 3 JP-A No. 156393/2000 
0013 Patent document 4.JP-A 320670/1995 

SUMMARY OF THE INVENTION 

0014. In a machining technique to form a cross-section by 
an ion beam, or a technique for separating a micro sample 
from a sample by an ion beam, and observing the micro 
sample with an electron microscope, the following problems 
remain. 
0015. In the defect analysis of electronic components, 
Such as semiconductor memories and microprocessors, it is 
strongly desired to perform plural analyses simultaneously 
and feedback the analysis results in a short time. Specifically, 
it is important from the viewpoint of reducing manufacturing 
cost to extract and prepare an analysis sample as early as 
possible from a discovered faulty point, to conduct inspection 
and analysis, and to promptly feedback the obtained results to 
the manufacturing process. At present, about 5 to 10 minutes 
is required to form a cross-section by an ion beam, and about 
30 to 60 minutes is required to extract a micro sample by an 
ion beam, but this is not short enough for production line 
requirements, and shortening of the time required to prepare 
an observation/analysis sample from a (larger) sample is a 
current problem. 
0016. In the case of prior ion beam machining, an ion 
beam with a circular beam spot is used. When using a circular 
beam, the precision of machining a sample cross-section is 
determined by the beam diameter (curvature of ion beam 
spot). 
0017. The machining time by the ion beam is effectively 
inversely proportional to the ion irradiation current. Specifi 
cally, if the ion beam current is increased, the ion beam 
machining time can be shortened. However, if the ion beam 
diameter is determined, the maximum value of the ion beam 
current will be determined by the performance of the ion 
Source or the ion optical system. The ion current and beam 
diameter are determined by lens control values and aperture 
size. If the aperture size is increased the current increases, but 
as the lens aberration increases, the beam diameter also 
increases. 
0018 FIG. 2 schematically shows the machining proce 
dure employed when forming a cross-section by a prior ion 
beam using three beam modes which focus on the ion beam 
current. Three beam modes A, B, and C are distinguished by 
the beam diameter and current. In mode A, the beam diameter 
is about 1 Lum and the current is about 10 na, in mode B the 
beam diameter is about 30 nm and the current is about 3 nA, 
and in mode C, the beam diameter is about 200 nm and the 
current is about 200 p.A.. First, the beam is scanned over a 
rectangle using the ion beam in mode A to form a rectangular 
hole. However, although the current is large, since the beam 
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diameter is also large, the machined Surface is a gently-slop 
ing curved surface which is not suitable for observation. 
Therefore, next, the cross-section part is scanned by the ion 
beam in mode B to machine the cross-section more steeply. 
Finally, the cross-section to be observed is machined using 
the ion beam in mode C. In FIG. 2, it is seen that an electrode 
cross-section and a plug cross-section are exposed in an 
observed cross-section. In the case of a membrane for TEM 
observation also, the cross-section is similarly machined 
from both sides. Here, the ion beam in mode B or modeChas 
a small current, so a longtime which is inversely proportional 
to the current is required, the time to observation was long, 
and observation of the cross-section cannot be realized in a 
short time. 
0019. To avoid polluting a silicon wafer with gallium and 
to return the silicon wafer after observing a cross-section to 
the process line, ions of non-polluting ionic species such as 
inert gas and oxygen are used. In this case, the ion Source is 
changed to a liquid metal ion source or a plasma ion source, 
but the ion source luminosity falls by at least an order of 2 or 
3. At this time, if a beam diameter of 0.1 um is used to finish 
the cross-section, the current which can be obtained is several 
pA at most, so 1 hour or more is required to machine the 
cross-section. Therefore, perpendicular cross-sections of spe 
cific parts of the device could not be observed by non-con 
taminating ionic species. 
0020. It is therefore an object of the present application, 
which was conceived in view of the aforesaid problem, to 
improve the yield of a semiconductor device or the like by 
providing a machining method which can improve the 
machining precision of forming a cross-section by an ion 
beam without lengthening the machining time, by providing 
a machining method which shortens the time to separate or 
prepare separation of a micro sample without splitting a 
wafer, and by providing an ion beam system. It is a further 
object to provide a machining method which shortens the 
cross-section forming time, to provide a machining method 
which shortens the time to separate or prepare separation of 
an analysis sample from a wafer, and to provide an ion beam 
system when an inert gas, oxygen or nitrogen ions are used for 
the ion beam. 

0021. In the accordance with present invention, in order to 
improve machining precision while maintaining the machin 
ing time, the beam cross-section of the ion beam is formed in 
an elliptical shape. By forming it in an elliptical shape, anion 
beam having respectively two different diameters in the 
minor axis and major axis direction of the ellipse can be 
generated. To machine a sample cross-section, the minor axis 
direction of a beam spot with a small diameter is used. 
Thereby, the sample machining precision can be improved as 
compared with the case where a circular beam is used. 
0022. When a sample is machined, the relative position of 
the ion beam and sample is controlled so that the minor axis 
direction of a beam with a small beam diameter is oriented 
toward the machining Surface of the sample to be processed. 
The specific means for controlling the relative position will be 
described later in the embodiment. 

0023 The problem can be resolved by other means 
besides forming the ion beam spot in an elliptical shape. For 
example, the beam shape on the sample may be formed rect 
angularly using a frame like a stencil mask. In this case, the 
ion beam is formed so that, among the four sides of the 
rectangle, the steepness of at least one side is Smaller than the 
steepness of the other three sides. 
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0024 “Steepness” is a concept which indicates the gradi 
ent with which the beam intensity of the ion beam falls from 
its maximum to Zero, and is quantitatively expressed by the 
skirt width of the ion beam profile. The means used to control 
steepness and the ion beam profile will be described later in 
the embodiment. 
0025. As described above, in accordance with the present 
invention, this problem is resolved by forming the ion beam 
so that the beam on the sample is asymmetrical with respect to 
the ion beam irradiation axis (ion beam optical axis) (this 
includes “non-axial symmetry” and asymmetry with respect 
to 90° rotation around the irradiation axis). 
0026. According to the present application, therefore, 
there is provided a machining method which can improve the 
machining precision of forming a cross-section by an ion 
beam without lengthening the machining time, a machining 
method which shortens the time to separate or prepare sepa 
ration of a is micro sample without splitting a wafer and anion 
beam system. Further provided are a machining method 
which shortens the cross-section forming time, a machining 
method which shortens the time to separate or prepare sepa 
ration of an analysis sample from a wafer and anion beam 
system, when an inert gas, oxygen or nitrogen ions are used 
for the ion beam. Also provided is a novel inspection/analysis 
method which does not require wafers to be discarded due to 
testing, and does not generate defects even if wafers from 
which samples were removed for inspection are returned to 
the process. By using the electronic component manufactur 
ing method according to the present application, wafers can 
be tested without splitting the wafer, new defects are not 
created and expensive wafers are not rendered useless. As a 
result, the manufacturing yield of electronic component pro 
duction improves. Finally, there is provided an ion beam 
system which can implement the method of separating or 
preparing separation of analysis samples, the inspection/ 
analysis method, and the electronic component manufactur 
ing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a diagram showing an ion beam machining 
system according to one embodiment of the present applica 
tion; 
0028 FIG. 2 is a schematic view showing the essential 
features of prior known ion beam machining; 
0029 FIG. 3 is a comparative diagram showing a plan 
view of an axially symmetric beam limiting aperture, and a 
non-axially symmetric beam limiting aperture; 
0030 FIG. 4 is a diagram showing an ion beam intensity 
profile in a short axis direction and a long axis direction; 
0031 FIG. 5A is a diagram of a display screen of a central 
processing unit; 
0032 FIG. 5B is a diagram of a display screen of a central 
processing unit; 
0033 FIG.5C is a diagram of a display screen of a central 
processing unit; 
0034 FIG. 6 is a diagram illustrating a flow for separating 
a micro sample from a sample: 
0035 FIGS. 7A and 7B are diagrams showing a method of 
sample separation by electrostatic deposition; 
0036 FIG. 8 is a diagram showing the overall appearance 
of an ion beam machining system according to a second 
embodiment; 
0037 FIG. 9 is a diagram showing an argon ion beam 
intensity profile in the second embodiment; 
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0038 FIG. 10 is a diagram which shows the rotation of a 
stencil mask: 
0039 FIG. 11 is a diagram showing the overall appearance 
of an ion beam machining system according to a third 
embodiment; 
0040 FIG. 12A shows a top view, and FIGS. 12B and 12C 
show a plan view and side view of the ion beam machining 
system of the third embodiment; 
0041 FIGS. 13A and 13B are cross-sectional views as 
seen from the side of a machined cross-section of a sample 
machined by the ion beam machining system of the third 
embodiment; 
0042 FIG. 14 is a diagram showing the overall appearance 
of an ion beam machining system according to a fourth 
embodiment. 
0043 FIGS. 15A to 15C show cross-sectional views from 
the side of a machined cross-section of a sample machined by 
the ion beam machining system of the fourth embodiment; 
0044 FIG.16 is a diagram showing the overall appearance 
ofanion beam machining system according to a fifth embodi 
ment, 
004.5 FIGS. 17A to 17C show cross-sectional views from 
the top, front and side of a machined cross-section of a sample 
machined by the ion beam machining system of the fifth 
embodiment; 
0046 FIG. 18 is a diagram showing a typical construction 
of an ion beam-forming aperture; 
0047 FIGS. 19A and 19B are diagrams illustrating an ion 
beam intensity profile, respectively, from the long axis and 
short axis directions; and 
0048 FIGS. 20A to 20O show a top view, plan view and 
side view of an ion beam machining system according to a 
sixth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0049. In this embodiment, an example will be described 
wherein the shape of the ion beam spot is formed by an 
aperture having an elliptical or rectangular opening. FIG. 1 is 
a schematic view of an ion beam system according to this 
embodiment. This ion beam system 23 comprises a vacuum 
chamber 41, this vacuum chamber containing an ion beam 
irradiation system comprising a liquid metal ion source 31 
which emits gallium ions, condenser lens 32, beam limiting 
aperture 33, aperture rotating mechanism 37, ion beam scan 
ning deflector 34 and objective lens 35. An electron beam 
irradiation system comprising an electron Source 7, electron 
lens 9 which converges the electron beam 8 emitted from the 
electron source 7 and electronbeam scanning deflector 10 are 
also provided therein. Further provided are a secondary par 
ticle detector 12, Sample stage 13, probe 14, precursor gas 
dispenser 17 and sample 11. This system is controlled by an 
ion source controller 81, lens controller 82, sample stage 
controller 14, manipulator controller 16, precursor gas dis 
penser controller 18, controller 19 of a secondary particle 
detector, aperture rotation controller 38, ion beam scanning 
controller 83 and central processing unit 85. Here, the central 
processing unit 85 is provided with a display which displays 
a data input means for a system user to input required data, the 
image generated based on the detection signal of the second 
ary particle detector and the data inputted by the data input 
means. The sample stage comprises a linear transposition 
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mechanism which transposes it directly in two directions in 
the sample mounting plane, a linear transposition mechanism 
which transposes it in a direction perpendicular to the sample 
plane, a mechanism which rotates it in the sample mounting 
plane, and an inclination mechanism having an inclination 
axis in the sample mounting plane, these controls being per 
formed by the sample stage controller 14 by a command from 
the central processing unit 85. 
0050. With this system, gallium ions emitted from the 
liquid metalion source 31 are converged on the sample by the 
condenser lens and objective lens. The convergence condition 
setup is input to the central processing unit 85. The beam 
diameter irradiated on the sample is determined by imaging 
on the sample using the ion source as a light Source and by the 
lens aberration. The lens aberration increases as the opening 
of the beam limiting aperture becomes larger, and the beam 
diameter increases. 
0051. In FIG.3, (a) and (b) represent examples of the plane 
shape of the beam limiting aperture. In FIG. 3, (a) shows an 
example of plural circular holes of different diameter with a 
prior art aperture 3. In FIG. 3, (b) shows an example of plural 
holes of non-axial symmetry, such as circular holes, elliptical 
holes and rectangular holes. The circular shape is the same as 
in the prior art, and is mainly used for image observation. The 
elliptical and rectangular shapes are used for forming cross 
sections, and the direction of the major axis of the ellipse or 
the direction of the long side of the rectangle, i.e., the Y 
direction of FIG. 3, is the direction parallel to the cross 
section. Further, when a beam is scanned over a rectangle, the 
direction of one side is made parallel to the Y direction. If the 
ion beam current density is almost uniform in the opening of 
the beam limiting aperture, and the ion beam current which 
reaches the sample is effectively proportional to the surface 
area of the opening. In this embodiment, although an ellipse 
or rectangle was taken as the beam limiting aperture, any 
shape with non-axial symmetry such that the width in a direc 
tion approximately perpendicular to the maximum width 
direction of the hole is effectively the minimum width may be 
used, and in the present application, this shape is referred to as 
elliptical or rectangular. Although it need not be mentioned, 
ellipse means a shape which does not have clear corners, and 
rectangle means a shape which has plural corners. The rect 
angular shape may not necessarily have four corners, and may 
have five or more, or three. 
0.052 FIG. 4 shows the intensity profile obtained by pass 
ing the ion beam through the aperture having a non-axially 
symmetric opening (b) shown in FIG. 3. In FIG. 4, (a) is a 
profile cross-section of the beam projected on the sample 
when viewed from the X direction, and in FIG. 4, (b) is a 
profile cross-section of the beam projected on the sample 
when viewed from the Y direction. It is seen that the profile is 
finer in the X direction, broader in the Y direction and is 
formed with non-axial symmetry. If for example the length of 
the major axis is made twice that of the minor axis, since the 
surface area of the opening will be double that of a circle 
having the minor axis as diameter, the ion beam current will 
be approximately doubled. The beam diameter in the major 
axis direction will then be larger than in the minor axis direc 
tion, but its magnitude depends on the magnitude of the 
aberration. 

0053. In cross-section machining, the ion beam passing 
through the circular hole is first made to scan the sample by an 
ion beam scanning deflector 34. The secondary particle detec 
tor 12 then detects the secondary particles emitted from the 
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sample. The intensity of the detection signal of the secondary 
particle detector 12 is modulated, and an image of the sample 
is displayed on the screen of the display of the central pro 
cessing unit 85. 
0054 FIG. 5A shows a typical display 401 of the central 
processing unit 85. With this sample, a plug. 501 is observed 
from the direction of an arrow 503 at the position of a broken 
line 502. However, on this screen, it is seen that the broken 
line is inclined at an angle 0 to the Y direction. While the 
operator observes the screen, the sample stage is rotated until 
the broken line is parallel to the Y direction. By inputting 
position data concerning the broken line in FIG. 5A, the 
rotation angle can be calculated by the central processing 
unit, and the sample stage can also be rotated automatically. 
The position data concerning the broken line may for example 
be the position coordinate of the end point of the broken line. 
A system user inputs the position coordinate of the broken 
line to the central processing unit by for example specifying 
the end point of the broken line with a pointer. 
0055 FIG. 5B shows the screen after rotation. When the 
sample image is displayed on this screen, the rectangular area 
to be processed is set. For this setting, the operator may use a 
pointer on the screen, or input numbers from a keyboard. A 
sample image display area 403 is located in a scanning area 
setting window 402, and the sample image is displayed here. 
A beam scanning area 404 is set therein. For example, the 
positions 1-4 of the four corners of this rectangular area 
are specified using a pointer 405 on the Screen, or coordinate 
numbers are inputted into a coordinate input display area 406. 
0056 Next, cross-section machining is performed by 
scanning the rectangular area using the ion beam which has 
passed through the elliptical hole whereof the length of the 
major axis is twice that of the minor axis. When cross-section 
machining is performed using this beam, since the ion beam 
current is twice that of the prior art circular beam, the machin 
ing time can be reduced to approximately /2 that of the prior 
known machining. In other words, by controlling the ratio of 
the major axis and minor axis, the ion beam current value can 
be controlled to an arbitrary magnitude for the case when the 
ion beam spot is formed in an axially symmetrical shape Such 
as a circle having the length of the minor axis as a diameter. 
Hence, since the ion beam is not restricted in the major axis 
direction, the ion beam current increases, and since machin 
ing of the sample is performed in the direction of the minor 
axis of the beam spot, machining precision does not fall. 
0057 Here, it is important to set the system to have the 
non-axial symmetry characteristic and the cross-section 
forming direction described above. This setup can be fixed 
when the system is designed, but an aperture rotating mecha 
nism may also be provided and a command issued from the 
central processing unit. Specifically, when setup is performed 
so that the direction of the major axis of the ellipse of the beam 
limiting aperture 33, i.e., the Y direction of FIG.3, is parallel 
to the cross-sectional Surface and the ion beam is made to Scan 
the rectangular area on the sample by the ion beam scanning 
deflector 34, it is important to adjust the setting by the central 
processing unit so that the direction of one side of the rect 
angular area is parallel to the Y direction. 
0058. Likewise, if the beam scanning direction is made to 
coincide with the direction parallel to the cross-section, effi 
cient cross-section machining can be performed. If the aper 
ture rotating mechanism 37 which rotates the aperture around 
the ion beam irradiation axial center is provided, the direction 
of the minor axis of the ion beam can be set as desired. It is 
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seen that the broken line on the display 401 of FIG. 5A is 
inclined at an angle 0 to the Y direction. Hence, the operator 
may observe the screen, calculate the angle 0, and operate the 
aperture rotating mechanism to rotate the aperture by the 
angle 0 so that the major axis direction of the aperture is 
parallel to the broken line (FIG.5C). The rotation angle can 
also be calculated by the central processing unit by inputting 
position data concerning the broken line in FIG. 5A, and the 
aperture rotating mechanism operated based on rotation angle 
data from the central processing unit so that the aperture is 
rotated automatically. 
0059 Next, the procedure for observing the cross-section 
will be described. The electronbeam 8 emitted by the electron 
gun 7 is converged, and irradiates the sample 11. When the 
sample cross-section is irradiated while scanning with the 
electronbeam 8, the secondary particle detector 12 detects the 
secondary electrons emitted from the sample cross-section, 
and if the intensity is converted into an image luminosity, the 
sample cross-section can be observed. Specifically, if a rect 
angular hole is formed by FIB6 in an abnormal spot such as a 
defect or foreign matter in a circuit pattern, a cross-section of 
the defect or foreign matter can be observed by the electron 
beam 8, and the reason for its occurrence can be analyzed. 
0060. In TEM sample manufacture, if identical machining 

is performed from both sides of the surface to be observed, the 
same effect can be obtained, but in this case also it is neces 
sary to control the non-axial symmetry and the cross-section 
forming direction of the aperture as described hereinabove. 
0061 The machining procedure for micro sample produc 
tion of TEM samples will now be described with reference to 
FIG. 6. 

0062. In FIG. 6, at (a): First, two double-end marks 130 
which form an observation cross-section are made using an 
ion beam current of approximately 100 pA. The line connect 
ing these marks is equivalent to the broken line shown in FIG. 
6 at (a). The observation positions are pinpointed by the 
marks while observing the image of the sample on the Screen 
of the display of the central processing unit 85. In this case, a 
circular aperture is used, but here, the stage or aperture may 
be rotated beforehand so that the machining direction of the 
observation cross-section is aligned with the major axis direc 
tion of an elliptical aperture. Next, the aperture is changed to 
a larger circular hole and the current is increased to about 30 
nA. Then, on the straight line which connects the two marks 
130, two rectangular holes 132 are formed on either side of 
the marks 130. 

0063. In FIG. 6 at (b): Next, the aperture is changed over to 
an elliptical hole wherein the length of the major axis is twice 
that of the minor axis. The change-over operation may be 
performed when the system user inputs a change-over com 
mand via a data input means, or when the central processing 
unit transmits a change-over control signal to the aperture 
rotation controller 38. A current of about 10 nA is obtained. 
Under this condition, a long, thin perpendicular trench 133 is 
formed to intersect with one rectangular hole which does not 
intersect with the other rectangular hole. A small area which 
does not intersect with one of the rectangular holes 132 is a 
micro bridge 134 supporting the sample which is to be 
extracted later. Here, the long direction of the elliptical hole is 
parallel to the length direction of the trench. In this arrange 
ment, although machining was performed by a current of 
about 5 nA with a prior art circular aperture, machining can 
now be performed with about twice the current, so the 
machining time can be reduced to about/2. Further, since the 
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beam diameter in the direction of the cross-section to be 
observed is the same, steep machining can be performed 
toward the observation cross-section. 
0064. In FIG. 6 at (c): After the steps of (a) and (b), the 
sample stage is inclined by the sample stage controller so that 
the sample Surface is slightly inclined (in this embodiment, by 
25). Hence, a long, thin trench 135 is formed so that the 
aforesaid rectangular holes 132 are connected. The oblique 
trench 135 is formed by a FIB which impinges obliquely to 
the sample Surface, and it intersects with the perpendicular 
trench 133 which was formed previously. The micro bridge 
134 is left by the steps (a)-(c), and the orthogonal triangular 
wedge-shaped micro sample having an apex of 25°, including 
the marks 130, is held in a cantilever state. 
0065. In FIG. 6 at (d): Next, the sample stage controller is 
operated, and the sample stage is returned to the horizontal. 
Here, the probe is driven by a probe controller, and a probe 
137 at the tip of a transport means is brought in contact with 
the end of the sample 136 to be extracted which is opposite to 
the micro bridge 134. Next, a change-over is made to a cir 
cular aperture and the current is adjusted to about 200 p.A. A 
change-over operation is also performed when the system 
user inputs a change-over command via the data input means 
or the central processing unit transmits a change-over control 
signal to the aperture rotation controller 38. To fix the probe 
137 to the sample 136 to be extracted, a FIB131 is then used 
to Scan the sample while passing a precursor gas into an area 
including the tip of the probe 137. A deposition layer 138 is 
thereby formed in the FIB irradiation area, and the probe 137 
and sample 136 to be extracted are connected. 
0066. In FIG. 6 at (e), (f): To extract a micro sample from 
the sample Substrate, it is released from the Support state by 
performing FIB irradiation and sputtering of the micro bridge 
134. 

0067. In FIG. 6 at (g),(h): A micro sample 139 which is 
connected to the tip of the probe 137 is moved to the sample 
holder, and FIB irradiation is performed on the micro sample 
139, sample holder 140 and contact part while introducing a 
precursor gas. Due to this operation, the micro sample can be 
connected to the sample holder 140. 
0068. In FIG. 6 at (i): Next, the probe 137 is separated 
from the micro sample 139 by irradiating the deposition layer 
138 which connects the probe 137 with the micro sample 139 
to perform Sputter removal. 
0069. In FIG. 6 at (): Finally, membrane machining is 
performed using elliptical apertures with 3 diameters. A thin 
finish is given to produce a wall 143 with an observation area 
having a thickness of about 100 nm or less using a small 
diameter hole in the order roughing, intermediate machining 
and finishing to give a TEM sample. As a result of the afore 
said machining, a TEM observation area is produced. Here, 
when the beam shape is elliptical, the machined shape is 
unsymmetrical. If this is done, membrane machining can be 
performed at about twice the speed as in the prior art. Here, an 
example was described where the operator controls the sys 
tem using the input unit of the central processing unit, but it is 
also possible to provide a memory means such as a memory in 
the central processing unit, and store the control conditions of 
all the steps as a control sequence so that sampling is fully 
automated. 
0070. In the example shown in FIG. 6, the sample piece 
was extracted from the sample Substrate using a probe, but the 
sample piece can also be extracted by electrostatic adsorp 
tion. FIGS. 7A and 7B show an example of extraction of the 
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sample piece by electrostatic adsorption. FIG. 7A shows a 
case where both sides of a target position which forms the 
extraction sample are processed by the FIB131 in stepwise 
fashion on a membrane 202 formed on a wafer 201. A sample 
membrane 203 is produced, FIG. 7B showing a case where 
the circumference around the sample membrane 203 is cut 
out by the FIB131 leaving one part. The wafer 201 is removed 
from the ion beam system, the sample membrane 203 is 
completely separated from the wafer 201 in the atmosphere 
using the static electric charge of a glass stick, and is then 
moved to a TEM sample holder 204. By this method also, the 
separated sample membrane can be analyzed by TEM. 
0071. The peeling off of the sample piece by electrostatic 
adsorption may be performed inside a vacuum chamber. In 
this case, the sample manufacturing device shown in FIG. 1 is 
provided with a means for extracting a piece of micro sample 
made from a material which is easily charged with static 
electricity, Such as a glass stick or a probe made of an insu 
lating material. Specifically, provided that an ion beam with 
non-axial symmetry is used, the system and method used to 
machine the micro sample for observation/analysis are within 
the scope of this embodiment of the invention. 
0072 After performing wall machining as described 
above, the micro sample is introduced into the TEM sample 
chamber. In TEM observation, cross-sections of defects and 
foreign matter can be observed with higher resolution than in 
SEM observation, and the cause of defects can be analyzed in 
more detail from the observation results. The ion beam sys 
tem of this embodiment of the invention includes not only a 
FIB-SEM device which combines the ion beam case 
described above with an electronbeam case, but also a device 
wherein cross-section machining is performed by an ion 
beam system having only an ion beam case, and the sample is 
transported to an electron microscope for observation. 
0073. According to above embodiment of the invention, to 
improve the yield of a semiconductor device or the like, there 
is therefore provided a machining method which shortens the 
machining time required to form cross-sections by an ion 
beam, a machining method which separates the micro sample 
without splitting the wafer, and an ion beam machining sys 
tem. 

Second Embodiment 

0074. In this embodiment of the invention, an ion beam 
system which forms a beam shape on a sample with a stencil 
mask, and makes the beam profile unsymmetrical with 
respect to two perpendicular directions, is described. Specifi 
cally, in this embodiment, the case is described wherein a 
stencil mask with an opening of specified shape is inserted 
midway in the ion beam irradiation system, and the formed 
beam wherein the opening shape is projected on the sample, 
is used. By enlarging the opening area of the stencil mask 
even under conditions which make the skirt shape of the beam 
profile about the same as that of the focused ion beam 
described in the aforesaid first embodiment, such a formed 
beam can increase the ion beam current. 
0075 FIG. 8 shows a schematic view of the ion beam 
system of this embodiment. This ion beam system comprises 
a vacuum chamber 41, this vacuum chamber having an ion 
beam irradiation system comprising a duoplasmatron 51 
which emits gaseous ions such as argon, neon, Xenon, kryp 
ton, oxygen and nitrogen, a non-axially symmetric ion beam 
lens 52, objective lens 55, stencil mask 57 and stencil mask 
rotating mechanism 58. Also disposed thereinare a secondary 
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particle detector 12, Sample stage 13, probe 15, precursor gas 
dispenser 17 and sample 11. The device which controls this 
system comprises a duoplasmatron controller 91, lens con 
troller 92, sample stage controller 14, manipulator controller 
16, precursor gas dispenser controller 18, secondary particle 
detector controller 19, stencil mask rotation controller 59 and 
central processing unit 95. Here, the central processing unit 
95 is provided with a display which displays an image gen 
erated based on the detection signal of the secondary particle 
detector, or the data inputted by a data input means. The 
sample stage comprises a linear transposition mechanism 
which transposes the sample directly in two directions in the 
plane of the sample mounting device, a linear transposition 
mechanism which transposes the sample in a direction per 
pendicular to the plane of the sample mounting device, a 
rotating mechanism in the plane of the sample mounting 
device and an inclination mechanism having an inclination 
axis in the plane of the sample mounting device, these con 
trols being performed by a sample stage controller 14 on a 
command from the central processing unit 95. 
0076. Here, by opening a gas valve midway in the piping 
from an argon cylinder, argon gas is introduced into the duo 
plasmatron 51 and a plasma is generated by a gas discharge. 
An ion beam 58 is then extracted from the duoplasmatron 51. 
These operations are performed by the duoplasmatron con 
troller on a command from the central processing unit. This 
ion beam 58 is converged near the center of the objective lens 
55 by the non-axially symmetric ion beam lens 52 which is a 
double quadrupole lens. The voltage applied to the electrode 
of the non-axially symmetric ion beam lens 52 is set by the 
central processing unit 95 as a value calculated beforehandso 
that that this condition is satisfied. Here, the lens is designed 
so that the image Surfaces of the double quadrupole lens 
coincide in the X and Y directions while the magnifications 
are different, and is set by the central processing unit 95 by a 
voltage value under the condition that both X and Y directions 
converge near the center of the objective lens 55. The ion 
beam 58 passes through the stencil mask 57 which has a 
rectangular hole. The objective lens 55 is controlled such that 
the stencil mask is projected on the sample 11. Here also, the 
voltage applied to the electrode of the objective lens 55 is set 
by the central processing unit 95 as a value calculated before 
hand so that the to aforesaid condition is satisfied. Then, a 
rectangular formed ion beam is irradiated on the sample. 
0077. Here, if the voltage is set so that the magnification in 
the X direction of the double quadrupole lens is small com 
pared with the magnification in the Y direction, the ion beam 
which passes through the objective lens has a smaller diver 
gence in the X direction compared with the Y direction, so the 
effect of aberration of the objective lens becomes small. The 
skirt shape of the beam profile in the X direction therefore 
becomes steep compared with the Y direction, the end face 
shape of the hole machined by the forming beam becomes 
steep in the X direction as compared with the Y direction, and 
the shape is then Suitable for cross-section observation. 
0078 Referring to FIG. 9, the non-axial symmetry in the 
X, Y directions of the beam profile of the non-axially sym 
metrical beam will now be described. In order to quantita 
tively describe the steepness of the beam profile edge, in this 
embodiment, the skirt width of the beam profile is used as a 
measure of steepness. In this embodiment, as shown in FIG. 
9, the skirt width of the beam profile was defined as the 
distance from 16% to 84% of the beam intensity. In the beam 
profile shown in FIG.9, it is seen that the skirt width in the X 
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direction is narrower than the skirt width in the Y direction, 
therefore in the rectangular beam shape shown in FIG.9, the 
longside is steeper than the short side. To define the steepness 
of the edge part of the beam spot, a definition other than the 
width of the skirt may also be used. 
007.9 Here, it is important to control the unsymmetrical 
symmetry of convergence by the ion lens and the cross 
section forming direction as described above. Specifically, it 
is important that the Voltage is set by the central processing 
unit 95 so that the magnification of the double quadrupole 
lens in the X direction is Smaller than the magnification in the 
Y direction, and that as shown in FIG.9, when the skirt shape 
of the beam profile is made steeper in the X direction than in 
the Y direction, it is set parallel to the cross-section which will 
form the Y direction. In particular, if the stencil mask position 
is adjusted so that the ion beam irradiation axis overlaps with 
the cross-section position, and the rectangular hole end side 
of the stencil mask 57 overlaps with the irradiation axis, the 
skirt width of the beam can be controlled smaller. 
0080 When an ion beam scanning deflection electrode is 
added to this ion beam system in an intermediate position 
between the stencil mask 57 and objective lens 55, and scan 
ning is performed by the beam to produce a cross-section, if 
the beam Scanning direction is made to coincide with the 
cross-section parallel direction, efficient cross-section 
machining can be performed. Specifically, as shown in FIG. 
9, it is important that when the skirt shape of the beam profile 
is made steeper in the X direction than in the Y direction, the 
rectangular area scanned by the beam is set by the central 
processing unit 95 so that the direction of at least one side in 
the beam scanning direction is parallel to the Y direction. 
0081. Also, if a mechanism which limits the size of the 
mask hole in the stencil mask is provided, and the machining 
position is set by scanning the sample with the forming beam 
projected through this hole to acquire a sample image, a 
precise position setting can be performed. The mechanism 
which limits the size of the mask hole may for example be a 
structure which Superimposes a fine aperture on the stencil 
mask. 
I0082 In TEM sample manufacture, if the same machining 
is performed from both sides of the surface to be observed, an 
identical effect can be acquired, but in this case also, the 
unsymmetrical convergence by the ion lens and the cross 
section forming direction must be controlled as described 
above. 
I0083. The machining procedure for micro sample produc 
tion can be made identical to that of the method shown in FIG. 
6, but care must be taken that the final machined shape is 
unsymmetrical by making the beam shape rectangular and the 
skirt width of the beam unsymmetrical in the X direction and 
the Y direction. This can be done by system design. 
I0084 Specifically, the design is such that in forming the 
thin, long trench 133 in step (b) of FIG. 6 and the thin, long 
trench 135 in step (b) of FIG. 6, the direction perpendicular to 
the thin, long trench 133 and the thin, long trench 135 is the 
direction in which the skirt width of the beam profile is 
Smaller. 
I0085. If the stencil mask rotating mechanism 58 which 
rotates the stencil mask around the ion beam irradiation axis 
is provided, the shape of the forming beam can be rotated in 
any direction, as shown in FIG. 10. For this purpose, if the 
voltage applied to the electrodes of the double quadrupole 
lens is set by the central processing unit 95 so that the skirt 
width of the profile is smaller towards the edge of the forming 
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beam, a forming beam which can form a cross-section in any 
direction of the sample surface can be obtained. In other 
words, a cross-section in any direction of the sample structure 
can be observed, and cross-sections in many directions can be 
observed without driving the sample stage any further. 
0.086 To control the skirt width of the beam in this 
embodiment, a double quadrupole lens was taken as an 
example of a non-axially symmetric ion beam lens, but as 
long as non-axial symmetry control is possible, another qua 
drupole lens, an 8 pole lens or a 16 pole lens may also be used. 
Combinations thereof, and combinations thereof with sym 
metrical lenses, may also be used. Also, in the above embodi 
ment, an example was described where the forming beam 
projected the shape of a mask opening on the sample, but the 
spot shape of the ion beam may be formed by an aperture 
having an elliptical or rectangular opening instead of the 
forming beam. 
0087 An unsymmetrical beam-forming technique as 
described in this embodiment can increase the ion beam cur 
rent as compared with the case when control is performed so 
that the X and Y directions are both steep profiles, i.e., the case 
where the beam is formed symmetrically. Therefore, the 
beam forming technique of this embodiment is preferably an 
ion beam of gaseous elements such as argon or oxygen. In the 
first embodiment, an example was described where a Gaion 
beam was converged, but Ga remains in the machining area. 
In the manufacture of semiconductor devices such as silicone 
devices, since Ga which is a heavy metal is very likely to 
cause defects when a sample piece is produced, it is desirable 
to use an ion beam of gaseous elements such as an inert gas, 
oxygen or nitrogen, which do not much affect the sample 
properties. However, with the ion sources presently available, 
using plasma ion sources which generate gaseous element 
ions, the luminosity of the ion beam which can be generated 
is lower by 2 or 3 orders of magnitude than with liquid metal 
ion sources such as Ga. Therefore, by deliberately forming 
the ion beam asymmetrically and performing the actual 
machining using the beam profile's steeperpart, anion Source 
of low luminosity can be used without reducing the machin 
ing precision. This approach is effective not only with ion 
beams of gaseous elements (for example elements such as 
nitrogen, oxygen, neon, Xenon and krypton, or mixed ion 
beams thereof), but when using any ion source of low lumi 
nosity. 
0088 Regarding the steepness of the skirt of the beam 
profile, by controlling the steepness ratio in two perpendicu 
lar directions compared to the case where the skirt of the beam 
profile is made symmetrical in the X direction and Y direc 
tion, the ion beam current value can be controlled to any 
desired magnitude. In other words, since there is a direction 
which is not so steep, the ion beam current increases, but as 
machining of the sample is performed in the steep direction of 
the beam profile, machining precision does not fall. 
0089. In this embodiment, to control the skirt width of the 
beam, an ion beam lens with non-axial symmetry was used, 
but a combination of an aperture which makes the ion optical 
Source non-axially symmetric and a symmetrical ion beam 
lens may also be used. Specifically, the aperture through 
which ions from the ion source are emitted can be made 
elliptical or rectangular, or a similar non-axially symmetric 
aperture can be provided midway and the lens adjusted using 
this aperture as a light source. In this case also, the lens 
condition setup can be performed by the central processing 
unit. 
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0090. To produce micro samples for an analysis means 
such as TEM and SEM, the forming beam of this embodiment 
can be used for the sample piece production flows shown in 
FIG. 6 or FIGS. 7A and 7B. The ion beam system of this 
application includes not only the ion beam system described 
in this embodiment, but also an ion beam system wherein 
cross-section machining is performed by an ion beam and 
cross-section observation is performed by an electron beam, 
which is a FIB-SEM device combining an ion beam case with 
an electron beam case. 
0091. According to the sample manufacturing method and 
sample manufacturing device described in this embodiment, 
in addition to the effect of the sample manufacturing method 
and sample manufacturing device described in the first 
embodiment, high-precision machining can be performed 
with a larger current by using a stencil mask. The beam 
current can be increased and machining precision can be 
increased even with an ion Source of low luminosity, and 
cross-section machining and micro sample production can be 
performed in a short time. This means that ion beams of 
gaseous elements such as inert gases, oxygen and nitrogen 
which have little effect on sample properties can be used 
instead of Ga which is very likely to cause defects. To increase 
semiconductor device yield, cross-sections can be formed by 
an ion beam without contaminating wafers with metals such 
as Ga, and micro samples can be separated or separation 
prepared without splitting wafers. Hence, according to this 
new inspection/analysis method, wafers do not have to be 
discarded for evaluation, and wafers from which samples 
have been removed for inspection can be returned to the 
process without causing defects. Wafers can also be evaluated 
without splitting, there are no new defects and expensive 
wafers are not rendered useless. As a result, semiconductor 
device manufacturing yield is improved. 

Third Embodiment 

0092. In this embodiment, an example will be described 
wherein an ion source is disposed at an inclination to a FIB 
column, and the ion beam shape is formed using a stencil 
mask. Here, assume that the ion source uses a plasma ion 
Source from which an ion beam of gaseous elements, such as 
inert gases, oxygen and nitrogen, is extracted. If an element 
Such as an inert gas, oxygen or nitrogen is selected as the ion 
species of the ion Source, since the electrical properties of the 
device are not affected, there are few defects even if processed 
wafers after ion beam machining are returned to the process. 
However, in Such an in-line application, there was still the 
problem that defects occasionally occurred when metallic 
impurities were generated in minute amounts in the plasma 
ion source, and reached the sample. One of these impurities is 
metal ions, and another is metal neutral particles. Neutral 
particles cannot be controlled by the lens or an electrostatic 
deflection device, and the sample is extensively irradiated by 
them. There was also the problem that, when the sample was 
irradiated by neutral particles of gaseous ions, parts other than 
desired parts were also machined, and the sample deterio 
rated. 
0093. In this embodiment, an example is first described 
concerning a structure wherein the axis along which the ion 
beam from the ion Source is extracted and the axis along 
which the ion beam irradiates the sample are inclined with 
respect to each other to avoid neutral particle impurities from 
reaching the sample. In general, the luminosity of the plasma 
ion source which can be generated is lower than that of a 
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liquid metal ion source such as Gaby at least 2 or 3 orders of 
magnitude. Hence, in this embodiment, a stencil mask with an 
opening of predetermined shape is inserted midway in the ion 
beam irradiation system, and a forming beam which projects 
the opening shape with non-axial symmetry onto the sample 
is used. 

0094 FIG. 11 shows the ion beam system of this embodi 
ment. The ion beam system comprises anion beam irradiation 
system comprising a duoplasmatron 51 which emits gaseous 
ions such as argon, neon, Xenon, krypton, oxygen and nitro 
gen, a condenser lens 2, an objective lens 55, a stencil mask 
57, anion beam deflector 60 and a FIB column tube 42 which 
houses these items. The system further comprises an electron 
beam irradiation system comprising an electron source 7. 
electron lens 9 which converges an electron beam 8 emitted 
from the electron source 7, electron beam scanning electrode 
10 and electron beam column tube 22 housing these items. 
0095. A vacuum sample chamber 41 is disposed in the 
lower part of the FIB column tube 42 and SEM column 22, 
and a secondary particle detector 12, sample stage 13 on 
which a sample 11 is placed, probe 15, precursor gas dis 
penser 17 and manipulator 43 are housed in the vacuum 
sample chamber 41. The interior of the FIB column tube 42 is 
of course also maintained under vacuum. The system is con 
trolled by a duoplasmatron controller 91, lens controller 92, 
sample stage controller 14, manipulator controller 16, precur 
sor gas dispenser controller 18, secondary particle detector 
controller 19, ion beam deviation controller 20 and central 
processing unit 95. Here, the central processing unit 95 is 
provided with a display which displays an image generated 
based on the detection signal of the secondary particle detec 
tor or data inputted by the data input means. The sample stage 
is provided with a linear transposition mechanism which 
transposes it directly in two directions in the sample mounting 
plane, a linear transposition mechanism which transposes it in 
a direction perpendicular to the sample plane, a mechanism 
which rotates it in the sample mounting plane, and an incli 
nation mechanism which has an inclination axis in the sample 
mounting plane, these controls being performed by the 
sample stage controller 14 by a command from the central 
processing unit 95. Although not clear from FIG. 11, the 
duoplasmatron 51 of this device is inclined with respect to the 
tube of the FIB column. Specifically, it is inclined in the Y 
direction of FIG. 11, and the direction in which the ion beam 
is extracted from the ion source and the irradiation axis of the 
ion beam are inclined to each other. 

0096. Next, the operation of this system will be described. 
First, by opening a gas valve midway in the piping from the 
argon cylinder, argon gas is introduced into the duoplasma 
tron 51 and a plasma is generated by a gas discharge. An ion 
beam 56 is then extracted from the duoplasmatron 51. Since 
the ion beam extraction axis and the sample irradiation axis 
are inclined to each other, the ion beam is refracted by the ion 
beam deflector 60. However, the neutral particles generated 
by the ion source are not deflected by the ion beam deflector 
60, and continue straight on as they are. The operation of the 
duoplasmatron 51 and ion beam deflector 60 is controlled by 
the duoplasmatron controller 91, ion beam deflector control 
ler 20 or central processing unit 95 upon a command from the 
central processing unit. This ion beam 56 is converged near 
the center of the objective lens 55 by the condenser lens 2. 
Specifically, the voltage applied to the electrode of the con 
denser lens 2 is set by the central processing unit 95 as a value 
calculated beforehand to satisfy this condition. The ion beam 
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58 passes through the stencil mask 57 which has a rectangular 
hole. The objective lens 55 is controlled so as to project the 
stencil mask on the sample 11. Here too, the Voltage applied 
to the electrode of the objective lens 55 is set by the central 
processing unit 95 as a value calculated beforehand to satisfy 
this condition. Hence, a rectangular forming ion beam is 
irradiated on the sample. If this forming ion beam continues 
to be irradiated, a rectangular hole will be formed in the 
sample. 
0097 Next, the cross-section observation procedure will 
be described. The electron beam 8 emitted from the electron 
source 7 is converged to irradiate the sample 11. At this time, 
if a sample cross-section is irradiated while scanning with the 
electron beam 8, the secondary electrons emitted from the 
sample cross-section are detected by the secondary particle 
detector 12 and their intensity is changed into an image lumi 
nosity, the sample cross-section can be observed. If depres 
sions (rectangular holes, etc.) are formed by the forming 
beam in abnormal parts such as defects or foreign matter of a 
circuit pattern, the wall Surfaces of these depressions such as 
defects or foreign matter can be observed by the electron 
beam 8, and the reason for their occurrence can be analyzed. 
(0098 FIG. 12A is a top view, FIG.12B is a front view and 
FIG. 12C is a side view of the device. In FIG. 12A, 1001 is a 
tube which houses the duoplasmatron, 1002 is a FIB column 
tube disposed in the lower part of the duoplasmatron and 1003 
is a SEM column tube, and the broken dotted lines in the 
Vertical and horizontal directions in the figure are central lines 
in the X direction and the Y direction of the sample stage. The 
intersection point of the broken dotted lines is the intersection 
point of the center axis of the FIB column tube and the sample 
mounting Surface of the sample stage, and generally coin 
cides with the center of the sample mounting Surface. From 
the top view of FIG. 12A, it is seen that the duoplasmatron 
1001 is inclined with respect to the FIB column 1002 (upper 
part of FIG. 12A). A segment 1104 is a line connecting the 
intersection of an extrapolation of the center axis of the duo 
plasmatron tube 1001 with the sample stage, and the inter 
section of the center axis of the SEM column tube with the 
sample stage, while a segment 1105 is a line which is a 
projection of the center axis of the SEM column tube on the 
sample stage. The feature of this invention is a construction 
wherein the axis 1101 along which the ion beam is extracted 
from the ion source and the axis 1100 along which the sample 
is irradiated can be inclined with respect to each other, and the 
aforesaid segment 1104 and segment 1105 can be made not 
parallel to each other but preferably arranged orthogonal to 
each other. To describe this more simply, the center axis of the 
FIB column tube and the center axis of the SEM column tube 
are in the same plane perpendicular to the sample mounting 
Surface of the sample stage, the center axis of the duoplasma 
tron being inclined at a predetermined angle to the Surface 
formed by the aforesaid FIB column center axis and SEM 
column center axis. 

(0099 Referring now to FIG. 12B and FIG. 12C, the rela 
tion of the columns will be described in further detail. In FIG. 
12B, the FIB column tube 1002 and the SEM column tube are 
arranged so that the center axes 1100 and 1003 of each inter 
sect at the center of the sample mounting Surface of the 
sample stage 1006. In the case of SEM observation, a primary 
electron beam is irradiated effectively parallel to the center 
axis 1102. Next, referring to FIG. 12C which is a side view, it 
is seen by comparing with FIG. 12A and FIG. 12B that the 
duoplasmatron 1001 is inclined with respect to the FIB col 
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umn 1002. It is also seen that, since the center axis 1100 of the 
FIB column 1002 appears to pass through the center of the 
SEM column 1003, the SEM column 1003 and FIB column 
1002 are disposed so that their center axes are in the same 
plane. The duoplasmatron 1001 is inclined with respect to the 
aforesaid plane. In a construction where the ion source is 
inclined with respect to the FIB column, neutral particles 
generated by the ion source are scattered in the ion emission 
direction, and since they are interrupted by a fixed aperture on 
the way, they do not reach the sample and contaminate the 
sample with neutral particle impurities, so the device manu 
facturing yield is not decreased. However, it was found that 
since the ion beam extracted from the ion source is refracted 
in the direction of the FIB column, the skirt width of the 
intensity profile of the projected beam expands, and became 
a hindrance to forming a steep cross-section. This is due to the 
fact that the energy of the ions, varies for each ion. When the 
ion beam is deflected by the ion beam deflector, a spread 
appears in the ion beam orbit in the deflection direction due to 
this energy difference. It was found that this effect extends 
also to a forming ion beam, and the skirt width is expanded in 
the direction in which the ion beam is refracted by the ion 
beam deflector, i.e., in the direction of the segment 1104 of 
FIG. 12A. Therefore, a steep machining edge is formed in the 
direction of the segment 1105, and a blunt machining edge is 
formed in the direction of the segment 1104 in the beam spot 
which actually irradiates the sample. Of course, the part 
formed with a steep edge has good machining precision and 
the machined cross-section is also good, so with this system, 
the SEM column was disposed so that SEM observation could 
be performed from a direction parallel to the direction of the 
segment 1105. However, the direction of the SEM column is 
not necessarily parallel to the direction of the segment 1105, 
and provided that it is disposed so as to avoid the direction 
parallel to the segment 1104, SEM observation in the direc 
tion of worst machining precision can be avoided. 
0100 FIG. 13A is a cross-sectional view of the machined 
hole formed in the sample by FIB from the system as seen in 
FIG. 12B. In FIG. 13A, the direction shown by the arrow as 
“SEM observation direction' is the machined cross-section 
on the steep side of the beam spot, and a steep cross-section is 
formed. On the other hand, FIG.13B is a cross-sectional view 
of the machined hole formed in the sample by FIB from the 
system as seen in FIG. 12C. In FIG. 13B, the part shown by a 
circle is a cross-section machined on the blunt side of the FIB 
beam spot, and an ill-defined cross-section is formed com 
pared with the machined surface of FIG. 13A. 
0101. In this embodiment, an axially symmetric lens was 
used for the condenser lens, but it may be substituted by a 
non-axially symmetric lens which is a double quadrupole 
lens. In this case, the ion beam 56 is converged near the center 
of the objective lens 55 by the non-axially symmetric lens. 
Here, the lens is designed so that the image surfaces of the 
double quadrupole lens coincide in the X and Y directions 
while the magnifications are different, and is set by the central 
processing unit 95 to a voltage value such that both X and Y 
directions converge near the center of the objective lens 55. 
The ion beam 56 passes through the stencil mask 57 which 
has a rectangular hole. The objective lens 55 is likewise 
controlled so that the stencil mask is projected on the sample 
11. The sample is then irradiated by a rectangular formed ion 
beam. Here, if the Voltage is set so that the magnification in 
the X direction of the double quadrupole lens is small com 
pared with the magnification in the Y direction, the ion beam 
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which passes through the objective lens has a smaller diver 
gence in the X direction than in the Y direction, so the effect 
of aberration of the objective lens becomes small. At this 
time, the skirt shape of the beam profile is steeper in the X 
direction than in the Y direction as shown in FIG. 9. The end 
face shape of the hole machined by the forming beam is 
therefore steeper in the X direction than in the Y direction, and 
this shape is suitable for cross-section observation. Also, the 
ion beam current is increased compared with the case where 
control is performed so that both X and Y directions have a 
steep profile. If the stencil mask position is adjusted so that 
the ion beam irradiation axis overlaps with the cross-section 
position, and the rectangularhole end side of the stencil mask 
57 overlaps with the irradiation axis, the skirt width of the 
beam can be controlled to be smaller. It is important here to 
ensure that the inclination direction of the axis along which 
the ion beam is extracted from the ion Source is at least 
parallel to the machined surface to be observed. This is in 
order that the ion source inclination does not affect the cross 
section formation to be observed. Also in this embodiment, to 
quantitatively deal with the steepness of the skirt shape of the 
beam profile, the skirt width of the beam profile was defined 
as the distance from 16% to 84% of the beam intensity (FIG. 
9). 
0102) However, the steepness of the edge part of the beam 
spot may be defined other than by the skirt width, as in the 
second embodiment. 

(0103 FIG. 11 shows a construction wherein an ion beam 
scanning deflection electrode is added at an intermediate 
position between the stencil mask 57 and the objective lens 55 
of the ion beam system, and the sample is scanned by the 
beam to manufacture a cross-section. In this case, if the beam 
scanning direction is made to coincide with the direction 
parallel to the cross-section, efficient cross-section machin 
ing can be performed. Taking the case of the beam profile 
shown in FIG.9 as an example, if the skirt shape of the beam 
profile is made steeper in the X direction than in the Y direc 
tion, it is important to set the rectangular area Scanned by the 
beam by the central processing unit 95 so that the direction of 
at least one side in the beam scanning direction is parallel to 
the Y direction. If beam scanning is not performed, the 
machined shape is limited to the beam shape, but if ion beam 
scanning is performed, the beam machining shape will be 
flexible. There is also the advantage that the machining area 
can be set as desired beyond the beam shape. 
0104. Also, if a mechanism which limits the size of the 
mask hole in the stencil mask is provided, and the top of the 
sample is scanned by a forming beam projected through that 
hole to acquire a sample image and set the machining posi 
tion, accurate positioning can be performed. The mechanism 
which limits the size of the mask hole may for example be a 
structure whereina fine aperture is Superimposed on the sten 
cil mask. Also, in TEM sample production, if the same 
machining is performed from both sides of the surface to be 
observed, an identical effect can be obtained. 
0105. The machining procedure for obtaining a micro 
sample for TEM sample production is almost identical to the 
procedure shown in FIG. 6 of the first embodiment. Here, the 
beam shape is rectangular, and care must be taken that the 
final machining shape is unsymmetrical due to the skirt width 
of the beam being unsymmetrical in the X direction and the Y 
direction. In particular, the setting must be such that the 
direction perpendicular to the cross-section to be observed is 
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the direction in which the skirt width of the beam profile 
becomes Smaller. This can be implemented by System design. 
0106. In FIG. 6, at (a): First, an ion beam current of about 
100 pA is prepared using a mask as a circular aperture. The 
two end marks 130 which form an observation cross-section 
are produced, and an observation position is pinpointed by the 
marks as in the first embodiment. Next, the mask is changed 
to a rectangular hole shape for rectangular hole machining. 
Here, a current of about 30 nA is obtained. Then, on the 
straight line connecting the two marks 130, the two rectan 
gular holes 132 are formed on both sides of the marks 130 
using the forming beam. 
0107. In FIG. 6, at (b): Next, the mask is changed over for 

thin, long trench machining. 
0108. In this change-over operation, the system user 
inputs a change-over command via the data input means. 
Here, the current acquired is about 10 nA. A thin long, per 
pendicular trench 133 is formed so that it intersects with one 
rectangular hole under this condition, and therefore does not 
intersect with the other rectangularhole. Also, in forming the 
thin, long perpendicular trench 133 in FIG. 6 at step (b), and 
forming the thin, long trench 135 in FIG. 6 at step (c), it is 
arranged that the direction perpendicular to a cross-section on 
the micro sample side of the thin, long perpendicular trench 
133 and thin, long trench 135 is the direction in which the skirt 
of the beam profile is smaller. Here, from FIG. 6, step (c).- 
FIG. 6, step (d), the procedure of forming a wedge type micro 
sample and bringing the probe 137 into contact is the same as 
that of the first embodiment. Next, the system is changed over 
to a circular aperture and the current is adjusted to about 200 
pA. This change-over operation can be performed also when 
the system user inputs a change-over command via the data 
input means. The probe 137 and sample 136 to be extracted 
are connected as in the first embodiment. Up to FIG. 6, steps 
(e), (f), (g), (h), (i), the operation is identical to that of the first 
embodiment. 
0109 At FIG. 6, step (): Finally, membrane machining is 
performed. Here, the mask is changed over to a membrane 
machining mask. Specifically, rectangular masks are changed 
over so that the beam current decreases in the order roughing, 
intermediate machining and finishing. Finally, a thin finish is 
applied to produce a wall 143 with an observation area having 
a thickness of about 100 nm or less so as to give a TEM 
sample. Here, an example was described where the operator 
controls the system using the input unit of the central pro 
cessing unit, but it is also possible to provide a memory means 
Such as a memory in the central processing unit, and store the 
control conditions of all the steps as a control sequence so that 
sampling is fully automated. 
0110. After wall machining as described above, the micro 
sample is introduced into the TEM sample chamber. In TEM 
observation, cross-sections of defects and foreign matter can 
be observed with higher resolution than in SEM observation, 
and the cause of the defects can be analyzed in more detail 
from the observation results. 

0111. In this embodiment, the case was described where a 
double quadrupole lens was used as the non-axially symmet 
ric ion beam lens to control the skirt width of the beam, but 
provided that non-axially symmetric control is possible, 
another quadrupole lens, an 8 pole lens or a 16 pole lens may 
be used. Combinations thereof, and combinations thereof 
with symmetric lenses, may also be used. 
0112. In the aforesaid embodiment, an argon ion beam 
was used, but it is clear that an identical effect can be obtained 
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if another element Such as nitrogen, oxygen, neon, Xenon or 
krypton, or a mixed ion beam of these gases, is used. 
0113. In this embodiment, a non-axially symmetric ion 
beam lens was used to control the skirt width of the beam, but 
an aperture which makes the ion optical Source shape non 
axially symmetric and a symmetric ion beam lens may also be 
used. Specifically, the aperture through which ions are emit 
ted from the ion Source may be made elliptical or rectangular, 
or an identical non-axially symmetric aperture may be pro 
vided midway, and the lens adjusted using this aperture as the 
optical source. In this case also, the lens condition setting may 
be performed by the central processing unit. This will be 
described later. 
0114. Above, according to the sample manufacturing 
method or sample manufacturing device described in this 
embodiment, in addition to the effect of the sample manufac 
turing method or sample manufacturing device described in 
the first and second embodiments, neutral particles are 
removed, so metal neutral particles generated in the plasma 
ion Source do not reach the sample, and even if the machined 
wafer is returned to the process, it very rarely causes defects. 
Also, as neutral particles of gas no longer extensively irradi 
ate the sample, the machining of positions other than desired 
locations which would lead to sample deterioration no longer 
OCCU.S. 

Fourth Embodiment 

0.115. In the sample manufacturing device having the con 
struction shown in the third embodiment, neutral particles 
generated in the plasma ion Source or neutral particles gen 
erated midway in the column do not reach the sample. How 
ever, ions of impurities such as metals generated in the plasma 
ion source do reach the sample. Hence, in this embodiment, a 
sample manufacturing device is described where a mass sepa 
rator is installed midway in the ion beam path to trap ion 
impurities. In this embodiment also, a formed beam wherein 
the shape of the mask opening is projected on the sample, is 
used. 
0116 FIG. 14 shows the ion beam machining system of 
this embodiment. The ion beam machining system of this 
embodiment comprises a vacuum chamber 41, this vacuum 
chamber 41 containing an ion beam irradiation system com 
prising a duoplasmatron 51, condenser lens 2, objective lens 
55, stencil mask 57 and mass separator 61, together with the 
sample 11, secondary particle detector 12, sample stage 13, 
probe 15, precursor gas source 17 and manipulator 43. This 
system is controlled by a duoplasmatron controller 91, lens 
controller 92, sample stage controller 14, manipulator con 
troller 16, precursor gas source controller 18, secondary elec 
tron detector controller 19, together with the mass separator 
controller 62 and central processing unit 95. Here, the central 
processing unit 95 is provided with a display which displays 
an image generated based on the detection signal of the sec 
ondary particle detector or data inputted by the data input 
means. Also, the sample stage comprises a linear transposi 
tion mechanism which transposes the sample directly in two 
directions in the plane of the sample mounting device, a linear 
transposition mechanism which transposes the sample in a 
direction perpendicular to the plane of the sample mounting 
device, a rotating mechanism in the plane of the sample 
mounting device and an inclination mechanism having an 
inclination axis in the plane of the sample mounting device, 
these controls being performed by a sample stage controller 
14 on a command from the central processing unit 95. In the 
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ion beam machining system of this embodiment, in addition 
to the ion beam irradiation system, an electron beam tube 22 
is disposed which comprises an electron Source 7. electron 
lens 9 and electron beam scanning deflector 10. 
0117 The operation of this device is essentially identical 
to that of the device of the first embodiment, but the mass 
separator is operated instead of the ion beam deflector to 
remove ions of impurities contained in the ion beam. The 
function of the mass separator is performed when the mass 
separator controller operates on a command from the central 
processing unit. The formed ion beam which has passed 
through the mass separator, condenser lens, mask and objec 
tive lens irradiates the sample and forms a rectangular hole. 
Subsequently, the sample cross-section can be observed by 
the electron beam emitted from the electron beam irradiation 
system. 
0118. To clarify the positional relationship between the 
construction of the mass separator and electronbeam towerin 
the device of FIG. 14, and its relation to the cross-section 
forming direction, FIG. 15A shows the top surface, FIG. 15B 
shows the front surface and FIG. 15C shows the side surface 
of this system. FIGS. 15A to 15C also show the internal 
construction of the mass separator 61. In these figures, the 
secondary particle detector, precursor gas source and 
manipulator are omitted. 
0119. In the top surface view, front surface view and side 
surface view shown in FIGS. 15A to 15C, respectively, 1006 
is the sample stage which holds the sample, 1001 is the ion 
source which generates the ion beam, 1002 is the irradiation 
optical system which irradiates the sample held in the sample 
stage by the ion beam, 1003 is the charged particle beam 
irradiation optical system for observing a cross-section 
machined by the ion beam, and 1010 is a mass separator. The 
mass separator 1010 of this embodiment is a so-called ExB 
mass separator wherein the electric field and magnetic field 
are respectively perpendicular to the ion beam, and the elec 
tric field and magnetic field are also perpendicular to each 
other. 1012 is a permanent magnet, and 1011 is an electro 
static deflector for applying an electric field disposed in a 
direction perpendicular to the permanent magnet 1012. In this 
embodiment, a permanent magnet was used, but an electro 
magnet may be used instead. A mass separation using only a 
magnetic field may also be used. In this case, the ion beam 
path is refracted, but it is sufficient that a segment which is the 
projection of the mass dispersion direction of mass separation 
on the sample mounting Surface of the stage is at least not 
parallel to the segment 1105 which is the projection of the 
irradiation axis of the charged particle beam used for obser 
Vation on the sample mounting Surface of the stage. The 
relation between the mass separation direction and column 
arrangement will be described later. 
0120. In the right-handside of FIG. 15A, the arrow 1015 in 
the figure shows the direction in which mass dispersion 
occurs. Among ions which entered the mass separation 
device, only ions of a mass for which the magnetic field of the 
permanent magnet and the electric field are balanced, pass 
through a mass separation aperture 1013. However, it was 
found that the skirt width of the intensity profile of the pro 
jection beam is expanded by mass separation, and this was a 
hindrance to forming a steep cross-section. This is due to the 
fact that the energy of the ions, varies for each ion. When the 
ion beam is deflected by the ion beam deflector, a spread 
appears in the ion beam orbit in the deflection direction due to 
this energy difference. It was found that this effect extends 
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also to the forming ion beam, and the skirt width is expanded 
in the direction of mass dispersion by the mass separation 
device. For this reason, in this device, the effect on the 
machining cross-section was avoided by arranging the mass 
separation device so that the mass dispersion direction of the 
mass separation device was not parallel to the machining 
direction in which a cross-section was tunneled. Hereafter, 
this will be described with reference to the left-hand side of 
FIG. 15A. 

I0121. On the left-hand side of FIG. 15A, a segment 1106 
is a segment which is the projection of the mass dispersion 
direction of the mass separation device 1010 on the sample 
mounting Surface of the stage, and the segment 1105 is a 
segment which is the projection of the irradiation axis of the 
charged particle beam for machined cross-section observa 
tion on the sample mounting Surface of the stage. An essential 
feature of the sample manufacturing device of this embodi 
ment is that the segment 1105 and segment 1106 are not 
parallel. 
I0122) If the segment 1105 and segment 1106 were paral 
lel, the machined cross-section would be observed on the side 
where mass dispersion of the ion beam occurs, so a clear 
machined cross-section cannot be observed. 

(0123. The machined cross-section can also be observed on 
the side where the sample stage is rotated and machined by 
the sharp side, but as the sample stage must be rotated, obser 
Vation efficiency is poor and the sample piece manufacturing 
throughput therefore declines. By determining the correlation 
between the mass separator and charged particle beam irra 
diation optical system so that the segment 1105 and segment 
1106 are not parallel, observation of the cross-section 
machined by the bluntest edge of the ion beam spot can be 
avoided. It is also preferred that the segment 1105 and seg 
ment 1106 are orthogonal to each other. This is because, if 
Such an arrangement is adopted, the cross-section machined 
by the sharpest edge of the ion beam spot can be observed 
from the beginning. The relative positions of the segment 
1105 and segment 1106 described above are the same even if 
the electronbeam tube 22 of FIG. 14 and the mass dispersion 
direction of the mass separation device 61 are defined so that 
they are not mutually parallel. Therefore, due to the construc 
tion described with reference to FIG. 14, and FIG. 15A to 
15C, a sharp cross-section can beformed in a short time by the 
forming ion beam, and the cross-section can be observed 
without rotating the sample stage after cross-section machin 
ing. Hence, high throughput cross-section observation can be 
performed by the electron beam. 
0.124. In this embodiment, an axially symmetric lens was 
used for the condenser lens, but this can be substituted by a 
non-axially symmetric ion beam lens comprising a double 
quadrupole lens. Concerning the skirt width of the intensity 
profile of the rectangular ion beam projected on the sample, 
control is performed so that the width in the direction perpen 
dicular to the sample cross-section to be observed, is less than 
in the direction perpendicular to the ion beam irradiation axis 
and parallel to the machined cross-section. The segment 
which is the projection of the mass dispersion direction of the 
mass separation on the sample mounting Surface of the stage, 
is arranged to be at least parallel to the machined cross 
section to be observed. The end face shape of the hole 
machined by the forming beam at this time is steeper in the X 
direction than in the Y direction, and is a suitable shape for 
cross-section observation. The ion beam current is large com 
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pared with the case where control is performed so that there is 
a steep profile in both the X and Y directions. 
0.125. When an ion beam scanning deflection electrode is 
added to this ion beam machining device in an intermediate 
position between the stencil mask 57 and objective lens 55. 
and the sample is scanned by the beam to produce a cross 
section, if the beam Scanning direction coincides with the 
cross-section parallel direction, efficient cross-section 
machining can be performed. 
0126. Also, if a mechanism which limits the size of the 
mask hole in the stencil mask is provided, and the machining 
position is set by Scanning the sample with the forming beam 
projected through this hole to obtain a sample image, a pre 
cise position setting can be performed. The mechanism which 
limits the size of the mask hole may for example be a structure 
which Superimposes a fine aperture on the stencil mask. 
0127. In TEMsample production, if the same machining is 
performed from both sides of the surface to be observed, an 
identical effect can be obtained. 
0128. As for the machining procedure for micro sample 
production, this can be identical to the method shown in FIG. 
SA to FIG.SC. 
0129. To control the skirt width of the beam in this 
embodiment, a double quadrupole lens was taken as an 
example of a non-axially symmetric ion beam lens, but as 
long as non-axially symmetric control is possible, another 
quadrupole lens, an 8 pole lens or a 16 pole lens may also be 
used. Combinations thereof, and combinations thereof with 
symmetrical lenses, may also be used. Further, instead of a 
non-axially symmetric ion beam lens, an aperture which 
gives the ion optical source shape non-axial symmetry and a 
symmetrical ion beam lens may be used. Specifically, the 
aperture through which ions from the ion source are emitted 
can be made elliptical or rectangular, or a similar aperture 
with non-axial symmetry can be provided midway, and the 
lens adjusted by using this aperture as a light source. In this 
case also, the lens condition setup can be performed by the 
central processing unit. This is described later. 
0130. In this embodiment, although an argon ion beam 
was used, it is clear that the same effect can be obtained with 
elements, such as nitrogen, oxygen, neon, Xenon, and kryp 
ton, and mixed ion beams thereof. 
0131. Also, in this embodiment, a duo plasma ion source 
was used, but even if a plasma ion Source or liquid metalion 
Source using microwaves is used, an identical effect is 
obtained. In particular, if gold and impurities are removed 
from a gold silicon alloy with a mass separation device and 
the sample is irradiated with a silicon ion beam, in silicon 
device manufacture, the sample is not contaminated by impu 
rities and a fine beam, which was difficult to obtain with a 
plasma ion Source, can be obtained. 
0.132. As described above, in the sample manufacturing 
method and sample manufacturing device described in this 
embodiment, in addition to the effect of the sample manufac 
turing method and sample manufacturing device described in 
the first to third embodiments, ions of impurities such as 
metalions which are generated by the ion source are removed 
from the mass separator and do not reach the sample, and the 
sample is not contaminated with impurities, therefore the 
device manufacturing yield is not decreased. 

Fifth Embodiment 

0133. In this embodiment, the case will be described 
where the skirt width of the ion beam intensity profile which 
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irradiates the sample is formed with non-axial symmetry 
without inclining the ion beam. 
0.134. In the third embodiment, a stencil mask was used for 
forming the cross-sectional shape of the ion beam, and a 
stencil mask is also used in this embodiment. The skirt width 
of the intensity profile of the ion beam which irradiates by the 
sample is controlled by an aperture disposed near the ion 
source. In this way, the skirt width of the intensity profile of 
the ion beam which irradiates the sample and the ion beam 
cross-sectional shape are controlled independently. 
0.135 FIG. 16 shows the ion beam machining system of 
this embodiment. 
0.136 The ion beam machining device of this embodiment 
comprises a vacuum chamber 41, this vacuum chamber con 
taining anion beam irradiation system comprising a duoplas 
matron 51, condenser lens 2, objective lens 55, stencil mask 
57 and ion source aperture 1016, together with the sample 11, 
secondary particle detector 12, sample stage 13, probe 15, 
precursor gas source 17 and manipulator 43. The device 
which controls this system comprises the duoplasmatron con 
troller 91, lens controller 92, sample stage controller 14, 
manipulator controller 16, precursor gas dispenser controller 
18, secondary particle detector controller 19, and anion beam 
aperture controller1017, mask controller1018 and the central 
processing unit 95. 
0.137 The ion source aperture 1016 has plural openings, 
the opening shape being an ellipse, rectangle, square or circle. 
0.138 Here, the central processing unit 95 is provided with 
a display which displays the image generated based on the 
detection signal of the secondary particle detector, and data 
input by a data input means. Also, the sample stage is pro 
vided with a linear transposition mechanism which trans 
poses it directly in two directions in the sample mounting 
plane, a linear transposition mechanism which transposes it in 
a direction perpendicular to the sample plane, a mechanism 
which rotates it in the sample mounting plane, and an incli 
nation mechanism which has an inclination axis in the sample 
mounting plane, these controls being performed by the 
sample stage controller 14 upon a command from the central 
processing unit 95. 
0.139. An electronbeam irradiation system comprising the 
electron gun 7, electron lens 9 and electron beam scanning 
deflector 10 is disposed in this device. 
0140. This device has an almost identical composition to 
that of the device of the first embodiment, but it is not pro 
vided with an ion beam deflector. The ion beam irradiated 
from the ion source passes through the ion Source aperture 
1016, condenser lens 2, stencil mask 57 and objective lens 55 
to irradiate the sample. A machining hole is formed in a 
sample Surface by the ion beam irradiation, and the machined 
cross-section in the sample is observed by the electron beam 
emitted by the electron beam irradiation system. 
0.141. To clarify the positional relationship between the 
ion beam aperture and the electronbeam tower in the system 
of FIG. 16, and FIGS. 17A to 17C show the top surface, front 
Surface and side Surface of this system, respectively. In these 
figures, the secondary particle detector, precursor gas source 
and manipulator are omitted. In the top Surface, front Surface 
and side surface shown in FIGS. 17A to 17C, respectively, 
1006 is the sample stage which holds a sample, 1001 is the ion 
source which generates the ion beam and 1002 is the irradia 
tion optical system which irradiates the sample held in the 
sample stage by the ion beam. In the ion beam irradiation 
system, two or more masks having desired openings are pro 
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vided midway in the ion beam path, and the opening shape of 
at least one of the masks 57 is projected on the sample. The 
opening of the first mask, i.e., the ion source aperture 1016, 
has a non-axially symmetric shape, and the ion beam intensity 
profile projected on the sample also has a non-axially sym 
metric shape. 
0142 FIG. 18 shows an example of the ion source aperture 
1016 having a non-axially symmetric opening used in this 
embodiment. In the ion source aperture 1016, plural types of 
opening shapes are provided, these shapes being changed 
over according to the machining method. 
0143 For the sake of convenience during changeover, a 
notch is provided in each opening in the aperture end part. 
Although not shown in FIG. 16, in the machining device of 
the present embodiment, an ion source aperture feed mecha 
nism is provided to select each opening by the notch. The 
dashed and dotted lines in the figure are respectively the 
center axes in the X direction and Y direction, and their 
intersection point forms the center axis of the opening. When 
an ion beam passes through the aperture, the beam center 
effectively passes along this axis. Here, “non-axially sym 
metrical shape’ generally refers to any shape other than a 
circle, but in this application it also excludes a square shape. 
This is because, when the aperture shape is a square, the skirt 
width of the beam is identical in the X direction and Y direc 
tion. 

0144. In this embodiment, inside the machining system, 
the ion source aperture of FIG. 18 is disposed so that the long 
axis direction of the opening coincides with the X direction of 
FIG. 17, and the short axis direction of the opening coincides 
with the Y direction of FIGS. 17A to 17C. If a setting is 
adopted wherein the long axis of the opening of the ion Source 
aperture 1016, i.e., the rectangular shape or major diameter of 
the ellipse, coincides with the Y direction, the spread of the 
ion beam which passes through the objective lens is less in the 
X direction than in the Y direction, so the effect of aberration 
of the objective lens is reduced. Therefore, the skirt shape of 
the beam profile is steeper in the X direction than in the Y 
direction, and as a result, the end Surface shape of the hole 
machined by the forming beam is steeper in the X direction 
than in the Y direction. The ion beam current is larger com 
pared with the case where control is performed to give a steep 
profile in both the X and Y directions. In particular, if the 
stencil mask position is adjusted so that the rectangular hole 
end side of the stencil mask 57 is superimposed on the irra 
diation axis, the skirt width of the beam can be controlled to 
be smaller. This is because the aberration of the lens becomes 
a minimum on the ion beam irradiation axis. FIGS. 19A and 
19B show the ion source aperture and the forming beam shape 
obtained by selecting the stencil mask and the beam profile. 
The selected aperture is indicated by an arrow in each figure. 
FIG. 19A shows a case where an ion source aperture with a 
rectangular opening and stencil mask with a rectangular 
opening are selected. The forming beam has a long intensity 
profile in the Y direction and a steep intensity profile in the X 
direction. FIG. 19B shows a case where an ion source aper 
ture with a rectangular opening and a stencil mask with a 
square opening are selected. The forming beam is square, but 
it has a steep intensity profile in the X direction as seen in FIG. 
19A. Thus, by choosing the ion source aperture, the skirt of 
the intensity profile can be controlled independently of the 
forming beam shape. In other words, the machining area 
setting and machining precision setting can be performed 
independently. According to this, as shown in FIG. 19B, a 
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steep cross-section is formed in the X direction in the square 
area, and the plane of the machining hole is observed from the 
Y direction. Next, to enlarge the observation area for another 
region, the machining area in the Y direction is enlarged as 
seen in FIG. 19A, machining is performed with an identical 
specification as regards steepness, and observations are made 
in the same way from the Y direction. At this time, since only 
the plane which it is required to observe is machined steeply, 
the machining throughput increases, and by adopting an iden 
tical specification for the steepness of the cross-section, the 
observation area can be set freely. 
(0145 As mentioned above, the feature of the device of this 
embodiment is that the ion beam irradiation system is a pro 
jection ion optical system comprising two or more masks 
having a desired opening midway in the ion beam path, which 
projects at least one of the mask shapes on the sample, and 
wherein the opening shape of the aperture mask is non-axially 
symmetric. In this construction, a segment which is the pro 
jection of the major axis direction on the sample mounting 
Surface of the stage can be made at least perpendicular to a 
segment which is the projection of the irradiation axis of the 
electron beam irradiation optical system on the sample 
mounting Surface of the stage. Due to this construction, a 
steep cross-section can be formed in a short time by the 
forming ion beam and the cross-section can be observed 
without rotating the sample stage after cross-section machin 
ing, so cross-section observation by the electronbeam can be 
performed with high throughput. In this embodiment, 
although an argonion beam was used, it is clear that the same 
effect can be obtained with elements such as nitrogen, oxy 
gen, neon, Xenon and krypton, and mixed ion beams thereof. 
0146 According to the present embodiment, an identical 
effect is obtained to that of the sample manufacturing method 
and sample manufacturing device described in the second 
embodiment. In the sample manufacturing device described 
in the second embodiment, the steepness of the ion beam 
profile was controlled using a non-axial symmetry ion beam 
lens, but it its adjustment was rather troublesome. However, 
in this embodiment, since the steepness of the ion beam 
profile is controlled by change-over of the ion beam aperture, 
its adjustment is simple. 

Sixth Embodiment 

0.147. In this embodiment, the case will be described of a 
converging ion beam system having a structure wherein, in 
addition to the impurity blocking function in the ion source 
due to the mass separator and the beam profile control func 
tion due to the inclined ion source arrangement described in 
the fourth embodiment, the ion beam column in which an 
inclined ion source is mounted, is itself inclined. In this 
embodiment, for convenience, the case where the skirt width 
of the ion beam is controlled using a non-axial symmetric 
aperture will be described, but the ion beam profile can also be 
formed using a stencil mask and plural non-axially symmetric 
apertures as described for the aforesaid embodiments. 
0.148. In the device having the structure of the first to 
fourth embodiments, when the micro sample described in 
FIG. 6 is manufactured, the sample stage is inclined. How 
ever, when large wafers are handled, a considerable time was 
required to incline the stage. There was also the problem that 
the development of a large inclined stage was inherently 
difficult. Hence in this embodiment, the ion beam column is 
itself inclined to manufacture a micro sample by stage rota 
tion without inclining the stage. 
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014.9 The appearance of the converging ion beam system 
of this embodiment is identical to that of the system shown in 
FIG. 14 except that the FIB column is inclined. Therefore, in 
this embodiment, the description using drawings of the whole 
device is omitted, and only a description using diagrams of 
essential parts will be given. 
0150 FIG. 20A-FIG.20C show the top surface, front sur 
face and side surface of the ion beam device of this embodi 
ment. In the top Surface, front Surface and side surface, as 
respectively shown in FIG.20A-FIG.20C, 1006 is the sample 
stage on which the sample is mounted, 1001 is the ion source 
which generates the ion beam, 1002 is the irradiation optical 
system, i.e., anion beam column, which irradiates the sample 
held in the sample stage by the ion beam, and 1003 is the 
charged particle beam irradiation optical system, i.e., an SEM 
column, for observing the cross-section machined by the ion 
beam. 

0151. The internal structure of the ion beam irradiation 
system 1003 is essentially identical to the structure of the 
system shown in FIG. 16, wherein the ion source aperture 
1016 and stencil mask57 are disposed on the ion beam optical 
axis emitted from the ion source. The ion source aperture 
1016 has a non-axially symmetric opening, the spot shape of 
the ion beam which passes through this aperture is formed 
with non-axial symmetry, and the stencil mask 57 projects the 
ion beam formed by the ion source aperture 1016 on the 
sample. Here, the segment 1105 is a segment which is the 
projection of the irradiation axis of the charged particle beam 
used for observation on the sample mounting surface of the 
sample stage, and 1106 is the segment which is the projection 
of the mass dispersion direction of the mass separator 1010 on 
the sample mounting Surface of the sample stage. 
0152 Next, the inclination of the ion beam column 1002 to 
the SEM column 1003 will be described with reference to 
FIG. 20B and FIG.20C. For convenience, the X and Y axes 
are taken in the plane of the sample stage, the Z axis is taken 
in the normal direction to the sample stage, and the center of 
the sample stage is taken as the origin of the sample system. 
In FIG. 20B, the SEM column 1003 is disposed at an incli 
nation to the ZX plane, the inclination angle being 45° with 
respect to the Z axis. Likewise, in FIG. 20O, the ion beam 
column 1002 is disposed at an inclination to the YZ plane, the 
inclination angle being 60° with respect to the Y axis. 1101 is 
the extraction axis along which the ion beam is extracted from 
the ion source, and 1102 is the ion beam irradiation axis along 
which the ion beam irradiates the sample. Both 1101 and 
1102 are inclined to the YZ plane, so the projection directions 
of 1101, 1102 on the sample stage are perpendicular to the 
segment 1105. By disposing the SEM column and the ion 
beam column in this way, and adjusting the mass separator 
1010 so that the mass separation direction coincides with the 
segment 1106, the cross-section machined by the sharpest 
edge of the ion beam spot can be observed from the begin 
ning. Also, the ion beam column and SEM column are dis 
posed so that the segment 1105 and segment 1106 are at least 
not parallel. Alternatively, by adjusting the mass separator 
1010, observation of the cross-section machined by the blunt 
est edge of the ion beam spot can be avoided. 
0153. The feature of the ion beam device of this embodi 
ment is a structure wherein not only the ion source, but also 
the ion beam column is inclined. In the case of this structure, 
when a micro sample is manufactured by the ion beam, the 
micro sample can be manufactured by rotating the sample 
stage without inclining the stage, manufacturing throughput 
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can be increased, and the micro sample can be manufactured 
even if the stage has no slanting degree of freedom. 
0154) In a system having this construction, when the long 
axis of the opening, i.e. the long side of the rectangle or the 
major axis of the ellipse of the ion beam aperture 1016 is 
aligned with the Y direction as shown in FIGS. 20A to 200, 
the spread of the ion beam which passes through the objective 
lens is less in the X direction than in the Y direction, so the 
effect of the aberration of the objective lens is smaller. At this 
time, the skirt shape of the beam profile in the X direction is 
sharper than in the Y direction. Therefore, the shape of the end 
face of the hole machined by the forming beam is steeper in 
the X direction than in the Y direction, and the shape is 
suitable for cross-section observation. Also, the ion beam 
current is larger than if control were performed to give a steep 
profile in both the X and Y directions. 
0155 According to the sample manufacturing method and 
sample manufacturing device described in this embodiment, 
impurities such as metal ions generated by the ion Source are 
removed from the mass separator and do not reach the sample, 
so the sample is not contaminated by impurities and device 
manufacturing yield does not decline. At the same time, neu 
tral particles are removed and neutral particles of metals 
generated in the plasma ion source do not reach the sample, so 
even if a wafer is returned to the process after machining is 
complete, defects only rarely occur. Further, as neutral gas 
particles no longer extensively irradiate the sample, points 
other than desired locations are not machined, which would 
lead to sample deterioration. In addition to the sample manu 
facturing method or sample manufacturing device described 
in the first to fifth embodiments, a micro sample can be 
manufactured by the ion beam by rotating the sample stage 
without inclining the stage, so manufacturing throughput can 
be increased and the micro sample can be manufactured even 
if there is no degree of freedom in the inclination of the stage. 
Finally, the construction of a device which can handle large 
wafers is thereby simplified. 

Seventh Embodiment 

0156. In accordance with the present invention, the fol 
lowing ion machining system and the ion beam machining 
method are described. 
(1) An ion beam machining system which performs a prede 
termined machining by irradiating a sample with a converg 
ing ion beam, wherein the spot shape of the ion beam in a 
perpendicular plane with respect to the ion-beam-irradiation 
axis is non-axially symmetric, and machining is performed so 
that one of the cross-sections of the machined trenches 
formed on the sample is parallel to the short axis direction of 
the non-axially symmetric shape. 
(2) An ion beam machining system which performs a prede 
termined machining by irradiating a sample with anion beam, 
comprising a means for forming the beam spot shape in a 
perpendicular plane with respect to the ion beam irradiation 
axis to be non-axially symmetric, and a means for orienting 
one axis of the beam spot at the ion beam irradiation position 
in a predetermined direction. 
(3) An ion beam machining device comprising a stage for 
mounting a sample to be machined, an ion beam column 
which irradiates or scans a sample by an ion beam, and an 
SEM column which irradiates the sample by an electron 
beam, wherein the ion beam column comprises a mass sepa 
ratOr. 
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(4) A structure comprising a sample stage for holding a 
sample, an ion source which generates an ion beam, an irra 
diation optical source which forms an image of the ion optical 
Source on the sample as a beam spot, a means which adjusts 
the shape of the beam spot to a non-axially symmetric shape 
to form the image, and a control means which, when the 
sample held on the sample stage is machined, arranges the 
machined cross-section of the sample and the long axis of the 
beam spot to be parallel, wherein the axis along which the ion 
beam is extracted from the ion source and the axis along 
which the ion beam irradiates the sample are inclined to each 
other, and wherein the segment which is the projection of this 
inclination direction on the sample mounting Surface of the 
stage and the segment which is the projection of the long axis 
of the beam spot on the sample mounting Surface of the stage 
are at least parallel to each other. 
(5) An ion beam machining system comprising a sample stage 
for holding a sample, an ion source which generates an ion 
beam, a projection ion beam irradiation system which irradi 
ates the sample by an ion beam extracted from the ion Source 
through a mask having a hole of desired shape, and a control 
means which, controls the width of the skirt of the intensity 
profile of the rectangularion beam projected on the sample in 
the direction perpendicular to the sample cross-section to be 
observed, to be less than that in the direction perpendicular to 
the ion beam irradiation axis and parallel to the machined 
cross-section, wherein the axis along which the ion beam is 
extracted from the ion source and the axis along which the ion 
beam irradiates the sample are inclined to each other, and the 
inclination direction is at least parallel to the machined cross 
section to be observed. 
(6) An ion beam machining system comprising a sample stage 
for holding a sample, an ion source which generates an ion 
beam, an irradiation optical system which irradiates the 
sample held in the sample stage by the ion beam, and a 
charged particle irradiation optical system for observing the 
cross-section machined by the ion beam, further comprising a 
mechanism for mass separation of the ion beam extracted 
from the ion source, wherein a segment which is the projec 
tion of the mass dispersion direction of mass separation on the 
sample mounting Surface of the stage and a segment which is 
the projection of the irradiation axis of the charged particle 
beam used for observation on the sample mounting Surface of 
the stage can be arranged to be at least orthogonal to each 
other. 
(7) An ion beam machining system comprising a sample stage 
for holding a sample, an ion source which generates an ion 
beam, an irradiation optical system which forms an image of 
the ion optical source on the sample as a beam spot, a means 
which adjusts the shape of the beam spot to be non-axially 
symmetric to form the image, and control means which, when 
the sample held in the sample stage is machined, arranges the 
machined cross-section of the sample to be parallel to the long 
axis of the beam spot, further comprising a mechanism which 
mass separates the ion beam extracted from the ion source, 
wherein a segment which is the projection of the mass dis 
persion direction of mass separation on the sample mounting 
Surface of the stage and a segment which is the projection of 
the long axis of the beam spot on the sample mounting Surface 
of the stage are arranged to be at least parallel to each other. 
(8) An ion beam machining system comprising a sample stage 
for holding a sample, an ion source which generates an ion 
beam, an irradiation optical system which irradiates the 
sample held in the sample stage by the ion beam, wherein this 
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irradiation optical system forms an image of the ion optical 
Source on the sample as a beam spot and its shape is adjusted 
to have non-axial symmetry, a control means which, when the 
sample held in the sample stage is machined, arranges the 
machined cross-section of the sample to the parallel to the 
long axis of the beam spot, and an irradiation optical system 
which irradiates the machined cross-section of the sample by 
a charged particle beam, wherein a segment which is a pro 
jection of this irradiation axis on the sample mounting Surface 
of the stage can be arranged to be at least orthogonal to the 
long axis of the beam spot. 
(9) An ion beam machining system comprising a sample stage 
for holding a sample, an ion source which generates an ion 
beam and an irradiation optical system which irradiates the 
sample held in the sample stage by the ion beam, wherein the 
ion beam irradiation system is a projection ion optical system 
comprising two or more masks having a desired opening 
midway in the ion beam path and at least one of the mask 
shapes is projected on the sample, the first mask has non-axial 
symmetry, and is arranged to be non-axially symmetric 
regarding the skirt of the intensity profile of the ion beam 
projected on the sample in the long axis direction and short 
axis direction. 
(10) An ion beam machining system comprising a sample 
stage for holding a sample, an ion source which generates an 
ion beam and an irradiation optical system which irradiates 
the sample held in the sample stage by the ion beam, wherein 
a sample cross-section can be machined by this ion beam, the 
ion beam irradiation system is a projection ion optical system 
comprising two or more masks having a desired opening 
midway in the ion beam path wherein at least one mask shape 
is projected on the sample, at least one mask has non-axial 
symmetry, and by making its long axis direction parallel to 
the sample cross-section, the skirt width of the intensity pro 
file of the ion beam projected on the sample is arranged to be 
Smaller in the direction perpendicular to the sample cross 
section to be observed, than in the direction perpendicular to 
the ion beam irradiation axis and parallel to the machined 
cross-section. 
(11) An ion beam machining system comprising a sample 
stage for holding a sample, an ion source which generates an 
ion beam, an irradiation optical system which irradiates the 
sample held in the sample stage by the ion beam, wherein a 
sample cross-section can be machined by this ion beam, and 
a charged particle beam irradiation optical system for observ 
ing the cross-section machined by the ion beam, wherein the 
ion beam irradiation system is a projection ion optical system 
comprising two or more masks having a desired opening 
midway in the ion beam path and at least one mask shape is 
projected on the sample, at least one mask has a non-axially 
symmetric shape, and a segment which is a projection of its 
long axis direction on the sample mounting Surface of the 
stage can be arranged to be at least perpendicular to a segment 
which is a projection of the irradiation axis of the charged 
particle beam irradiation optical system on the sample mount 
ing Surface of the stage. 
(12) An ion beam machining system wherein the aforesaid 
ion Source is a plasma ion Source, and the aperture through 
which ions are extracted from the plasma is the aforesaid 
non-axially symmetric mask. 
(13) The aforesaid ion beam machining system, wherein the 
non-axially symmetric shape is an ellipse. 
(14) The aforesaid ion beam machining system, wherein the 
means used to adjust to an elliptical shape comprises an 
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aperture having an elliptical or longitudinal opening, the sys 
tem comprising an irradiation optical system which irradiates 
the machined cross-section of the sample by a charged par 
ticle beam, and wherein a segment which is a projection of its 
irradiation axis of the sample mounting Surface of the stage 
can be arranged to be at least perpendicular to a segment 
which is a projection of the major axis of the ellipse or long 
side of the rectangle of the opening on the sample mounting 
Surface of the stage. 
(15) An ion beam machining method which forms a sample 
cross-section by an ion beam system comprising an ion 
Source, an irradiation optical system which irradiates a 
sample by an ion beam extracted from the ion source, a 
sample stage which holds the sample and anion beam control 
means which machines a sample cross-section, wherein the 
axis along which the ion beam is extracted from the ion Source 
and the axis along which the ion beam irradiates the sample 
are inclined with respect to each other, the method comprising 
a step wherein the machined cross-section is observed by a 
charged particle beam from a direction in which a segment 
which is the projection of the inclination direction of the axis 
along which the ion beam is extracted from the ion source on 
the sample mounting Surface of the stage and a segment 
which is the projection of the observation direction on the 
sample mounting Surface of the stage, are perpendicular to 
each other. 
(16) An ion beam machining method which forms a sample 
cross-section by an ion beam system comprising an ion 
source, an irradiation optical system which irradiates a 
sample by an ion beam extracted from the ion source, a 
sample stage which holds the sample and anion beam control 
means which controls the ion beam to machine a sample 
cross-section, and further comprising a mechanism which 
mass separates the ion beam extracted from the ion source, the 
method comprising a step wherein the machined cross-sec 
tion is observed by a charged particle beam from a direction 
in which a segment which is the projection of the mass dis 
persion direction of the mass separation mechanism on the 
sample mounting Surface of the stage and a segment which is 
the projection of the observation direction on the sample 
mounting Surface of the stage, are perpendicular to each other. 
(17) An ion beam machining method which forms a sample 
cross-section by an ion beam system comprising an ion 
Source, an irradiation optical system which irradiates a 
sample by an ion beam extracted from the ion source, a 
sample stage which holds the sample and anion beam control 
means which controls the ion beam to machine a sample 
cross-section, comprising a step wherein the beam spot of the 
ion beam is adjusted to be non-axially symmetric by the 
irradiation optical system, a step wherein, when the sample 
held in the sample stage is machined, the sample cross-sec 
tion and long axis of the beam spot are adjusted to be parallel, 
and a step wherein the machined cross-section is observed by 
a charged particle beam from a direction in which a segment 
which is the projection of the observation direction on the 
sample mounting Surface of the stage is perpendicular to the 
long axis of the beam spot. 
(18) The aforesaid ion beam machining method, wherein the 
ion beam is anion beam formed by a projection ionirradiation 
system. 
(19) The aforesaid ion beam machining method, wherein the 
forming ion beam is rectangular, and the method comprises a 
step wherein control is performed so that the skirt width of the 
intensity profile of the beam in the direction perpendicular to 
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the machined cross-section to be observed, is less than in the 
direction perpendicular to the ion beam irradiation axis and 
parallel to the machined cross-section. 
(20) The aforesaid ion beam machining method, wherein the 
ion beam comprises any one of an inert gas, oxygen or nitro 
gen as an element. 

Eighth Embodiment 
0157. In accordance with the present invention, the fol 
lowing ion beam machining system is disclosed. 
(1) An ion beam machining system comprising anion source, 
a lens which converges an ion beam emitted from the ion 
Source, a sample stage which holds the sample and an ion 
beam control means which controls the ion beam to machine 
a sample cross-section, and the system further comprises a 
control means which performs control so that at least one of 
the lenses which converges the ion beam is a lens which 
functions such that the aberrations in two directions perpen 
dicular to the ion beam irradiation axis are different, and so 
that the relative positions of the sample held in the sample 
stage and the ion beam are Such that the direction in which the 
aberration is the smaller of the two directions, faces the 
machined cross-section of the sample. 
(2) An ion beam machining system comprising anion source, 
two or more lenses which converge anion beam emitted from 
the ion source, a sample stage which holds a sample and an 
ion beam control means which controls the ion beam to 
project a stencil mask on the sample to machine the sample 
cross-section, wherein at least one of the lenses which con 
verges the ion beam has a different lens function in the two 
directions perpendicular to the ion beam irradiation axis, and 
the system further comprises a control means which performs 
control Such that the lens function in the direction perpen 
dicular to the machining cross-section and the direction per 
pendicular to the ion beam irradiation axis and parallel to the 
machining cross-section, are different. 
(3) The aforesaid ion beam machining system, further com 
prising a control means which performs control so that, to 
observe the machined cross-section by the electron beam or 
ion beam, when a rectangular hole is formed in the sample by 
ion beam irradiation, the lens magnification in the direction 
perpendicular to the sample cross-section to be observed is 
less than in the direction perpendicular to the ion beam irra 
diation axis and parallel to the machined cross-section. 
(4) The aforesaid ion beam machining system, further com 
prising a control means which performs control so that, to 
observe the machined cross-section by the electron beam or 
ion beam, the skirt width of the intensity profile of the rect 
angular formed ion beam projected on the sample in the 
direction perpendicular to the machined cross-section to be 
observed, is less than in the direction perpendicular to the ion 
beam irradiation axis and parallel to the machined cross 
section. 
(5) The aforesaid ion beam machining system, further com 
prising a mechanism which rotates the stencil mask around 
the ion beam irradiation axis as center. 
(6) The aforesaid ion beam machining system, used to sepa 
rate sample pieces machined by the ion beam from the 
sample. 
(7) The aforesaid ion beam machining system, wherein the 
ion beam generated by the ion source comprises any one of an 
inert gas, oxygen or nitrogen as the element. 
(8) An ion beam machining method for forming a sample 
cross-section by an ion beam system comprising an ion 



US 2011/0204225A1 

source, two or more lenses which converge the ion beam 
emitted from the ion source, an aperture through which the 
ion beam passes, a sample stage which holds a sample, and an 
ion beam control means which controls the ion beam to 
machine the sample cross-section, the method comprising a 
step wherein, in order to observe the machined cross-section 
by an electron beam or the ion beam, control is performed to 
form the cross-section so that the beam width in the direction 
perpendicular to the machined cross-section to be observed is 
less than the beam width in the direction perpendicular to the 
ion beam irradiation axis and parallel to the machined cross 
section. 
(9) The aforesaid ion beam machining method, comprising a 
step for rotating the aperture relative to the ion beam irradia 
tion axis. 
(10) An ion beam machining method, comprising a step for 
controlling an ion beam to project a stencil mask on a sample 
by ion beam machining system comprising an ion source, two 
or more lenses which converge the ion beam emitted from the 
ion source, a sample stage which holds a sample and a stencil 
mask so as to form a cross-section, wherein control is per 
formed to form the cross-section so that at least one of the 
lenses which converges the ion beam has a different lens 
function in the direction perpendicular to the machined cross 
section, and the direction perpendicular to the ion beam irra 
diation axis and parallel to the machined cross-section. 
(11) The aforesaid ion beam machining method, comprising 
a step for performing control so that, to observe the machined 
cross-section by the electron beam or ion beam, when a 
rectangular hole is formed in the sample by ion beam irradia 
tion, the lens magnification in the direction perpendicular to 
the machined cross-section to be observed is less than that in 
the direction perpendicular to the ion beam irradiation axis 
and parallel to the machined cross-section. 
(12) The aforesaid ion beam machining method, comprising 
a step which performs control so that the skirt width of the 
intensity profile of the rectangular formed ion beam in the 
direction perpendicular to the machined cross-section to be 
observed, is less than in the direction perpendicular to the ion 
beam irradiation axis and parallel to the machined cross 
section. 
(13) The aforesaid ion beam machining method, comprising 
a step which rotates the stencil mask relative to the ion beam 
irradiation axis. 
(14) The aforesaid ion beam machining method, wherein the 
ion beam contains any one of an inert gas, oxygen or nitrogen 
as the element. 
(15) The aforesaid ion beam machining method, wherein the 
scanning direction of the ion beam is the direction parallel to 
the machined cross-section. 

What is claimed is: 
1. An ion beam machining system which performs a pre 

determined machining of a sample by irradiating the sample 
with an ion beam, comprising: 

means for forming a beam spot shape of the ion beam to be 
non-axially symmetric in a perpendicular plane with 
respect to an irradiation axis of the ion beam; and 

means for orienting one axis of the beam spot at the ion 
beam irradiation position on the sample in a predeter 
mined direction. 

2. The ion beam machining device according to claim 1, 
further comprising: 
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a stage for mounting the sample to be machined; and 
an ion beam column which irradiates or scans the sample 
by the ion beam; and 

is an SEM column which irradiates the sample by an elec 
tron beam; 

wherein the ion beam column includes a mass separator. 
3. The ion beam machining system according to claim 1, 

wherein the non-axially symmetric shape of the beam spot is 
an ellipse. 

4. An ion beam machining method which machines a cross 
section of a sample by an ion beam system including an ion 
source, an irradiation optical system which irradiates the 
sample by an ion beam extracted from the ion source, a 
sample stage which holds the sample, and an ion beam con 
troller which controls the ion beam to machine the cross 
section of the sample, comprising the steps of: 

adjusting a shape of a beam spot of the ion beam to be 
non-axially symmetric with respect to an irradiation axis 
of the ion beam, the cross-section of the sample and a 
long axis of the beam spot of the ion beam being parallel 
when the sample held on the sample stage is machined: 
and 

observing the machined cross-section of the sample by a 
charged particle beam from a direction in which a seg 
ment which is a projection of the observation direction 
on a sample mounting surface of the sample stage is 
perpendicular to the long axis of the beam spot of the ion 
beam. 

5. The ion beam machining system according to claim 4. 
further comprising the step of forming the ion beam utilizing 
a projection ion irradiation system. 

6. An ion beam machining system comprising: 
an ion source: 
at least one lens which converges an ion beam emitted from 

the ion source: 
a sample stage which holds a sample to be machined; and 
an ion beam controller which controls the ion beam to 

machine a cross-section of the sample: 
wherein the ion beam controller performs control so that 

the at least one lens which converges the ion beam is a 
lens which enables aberrations in two directions perpen 
dicular to an ion beam irradiation axis to be different; 
and 

wherein relative positions of the sample held in the sample 
stage and the ion beam are such that one of the two 
directions in which the aberration is smaller than an 
other of the two directions faces the machined cross 
section of the sample. 

7. The ion beam machining system according to claim 6. 
further comprising an observation controller which performs 
control to enable observation of the machined cross-section 
of the sample by an electron beam or the ion beam, and 
control of lens magnification of the at least one lens in a 
direction perpendicular to the cross-section of the sample 
when a rectangular hole is formed in the sample by ion beam 
irradiation to be less than lens magnification of the at least one 
lens in the direction perpendicular to the ion beam irradiation 
axis and parallel to the machined cross-section of the sample. 

8. The ion beam machining system according to claim 6. 
wherein the ion beam emitted from the ion source comprises 
one of an inert gas, oxygen, and nitrogen as an element 
thereof. 


