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(57) ABSTRACT 

An object of the present invention is to provide a suitable 
method of observing a Wafer edge by using an electron micro 
scope. The electron microscope includes a column Which can 
take an image in being tilted, and thus alloWs a Wafer edge to 
be observed from an oblique direction. 
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INSPECTION METHOD FOR 
SEMICONDUCTOR WAFER FOR 

REVIEWING DEFECTS 

CLAIM OF PRIORITY 

[0001] The present application claims priority from Japa 
nese application JP 2005-352304 ?led on Dec. 6, 2005, the 
content of Which is hereby incorporated by reference into this 
application. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a method and an 
apparatus for reviewing defects that have occurred in pro 
cesses of manufacturing thin ?lm devices such as semicon 
ductor electronic circuit substrates and liquid crystal display 
substrates, by using a magni?cation image-pickup apparatus 
such as a scanning electron microscope. 
[0004] 2. Description of the Related Art 
[0005] Manufacturing of thin ?lm devices, such as semi 
conductors, liquid crystal displays, and magnetic heads for 
hard disks, includes a large number of processes. The number 
of such manufacturing processes sometimes sums to several 
hundreds. In a case Where defects such as particles and breaks 
in Wiring occur in thin ?lm devices due to unsatisfactory or 
malfunctioned manufacturing conditions in processing appa 
ratuses, this results in an increase of the probability at Which 
defects occur in products, and consequently, a decrease in a 
yield. With this taken into consideration, it is important that 
an apparatus in Which a problem occur be identi?ed, and that 
countermeasures be taken for the purpose of maintaining and 
improving the yield. To this end, a particle inspection, a 
pattern inspection and the like are performed for every main 
process, and thereby it is monitored Whether processing is 
normally performed. At this time, it is not possible to perform 
inspections on all the substrates to-be-processed due to 
restrictions on time and labor. For this reason, generally, 
inspections are performed on substrates to-be-processed 
sampled on a lot basis or on a substrate to-be-processed basis, 
for each series of several processes. Here, a substrate to-be 
processed denotes a minimum unit being processed. In a case 
of a semiconductor, a substrate is one sheet of Wafer. 
[0006] In a case Where a particle inspection is performed by 
using an inspection apparatus, for example, a Wafer surface is 
scanned by a laser, and thereby a detection is made as to 
Whether there is scattered light. Thus, information on the 
positions and the number of particles is obtained. In addition, 
in a case Where a defect inspection is performed on particles 
and pattern defects together, an image of a circuit pattern of a 
Wafer is captured With, for example, an optical magni?cation 
image pickup device, and information on the positions, the 
number and the like of defect points is obtained, by compar 
ing images in adjacent areas in the same pattern With one 
another. Here, a “defect point” denotes a point, Which is 
outputted as a point at Which an abnormality is found out by 
an inspection by using an inspection apparatus. Hereinafter, 
the inclusion of particles and pattern defects are referred to as 
“defects.” 
[0007] A determination as to a device malfunction is often 
made by using, as a control index, the number and the density 
of defects detected by an inspection apparatus. That is, it is 
determined that a device malfunction has occurred When the 
number of defects exceeds a predetermined reference value. 
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On the basis of defect coordinate information detected by the 
inspection apparatus, images of the defects are magni?ed, 
and the images thus magni?ed are taken by using a revieW 
apparatus such as an optical microscope or a scanning elec 
tron microscope (SEM). Thus, detail information on the siZes, 
shapes, textures and the like of the defects is obtained by 
taking images of magni?ed defects. In addition, detail inspec 
tions, such as an elemental analysis and a cross-sectional 
observation and the like, are performed, and thereby it is 
identi?ed Which of the apparatuses is malfunctioning and 
Which mode of defect occurs. By using these results, mea 
sures are taken for apparatuses and processes, thereby pre 
venting a yield from decreasing. 
[0008] In order to automate such revieW operations and 
make them more e?icient, revieW apparatuses having a func 
tion (Automatic Defect RevieW: ADR) have been recently 
developed (refer to Japanese Patent Application No. 2000 
30652). The ADR function causes magni?ed images of par 
ticles and defects to be automatically captured by using 
inspection data from a particle inspection apparatus and a 
defect inspection apparatus. Moreover, Japanese Patent 
Application No. Hei 7 (l995)-20l946 discloses a technique 
in Which captured images are automatically classi?ed (Auto 
matic Defect Classi?cation; abbreviated as ADC) according 
to a speci?c rule. 

SUMMARY OF THE INVENTION 

[0009] In manufacturing processes of semiconductors, a 
process such as forming, processing and Washing a thin ?lm 
is repeated many times. During the manufacturing processes, 
there is a case Where the adhesion of a formed ?lm is dete 
riorated in an outermost periphery of a Wafer due to some 
factors such as the adhesion of particles and surface rough 
ness. In this case, sometimes, not only the poor adhesive ?lm 
tends to be easily peeled off in the process of forming the poor 
adhesive ?lm, but also ?lms tend to be easily peeled off from 
the outermost periphery in subsequent processes. The ?lms 
thus peeled off are adhered as particles to a processed circuit 
pattern, causing an electrical defect in some cases. For this 
reason, after forming ?lms, a Wafer edge is sometimes 
observed to check Whether or not there is a problem in the 
formation state of the ?lms such as roughness and peeling. 
Since the Width and interval of recent Wiring are on the order 
of submicrometers, the siZes of particles and defects to be 
observed are also on the same order. As means for performing 
a detail observation on such micro particles and defects, elec 
tron microscopes are mainly used. 
[0010] While a usual defect is generally observed from a 
vertically upper position of a Wafer, it is preferable that a 
defect be observed not from a vertically upper position but 
from an obliquely upper position so that a side surface is 
easily observed, in order to perform a detail observation on a 
Wafer edge. Such a technique for observing Wafer edges is 
described, for example, in Japanese Patent Application No. 
2001-221749. HoWever, the above-describe document does 
not disclose a preferable technique using an electron micro 
scope as an observation apparatus. 
[0011] An object of the present invention is to provide a 
suitable method for observing a Wafer by using an electron 
microscope. 
[0012] A semiconductor Wafer inspection method is char 
acteriZed by including the steps of: placing a semiconductor 
Wafer on a sample stage of an electron beam apparatus having 
a ?rst electron beam optical system for irradiating an electron 
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beam from a direction normal to a surface of a sample, and a 
second electron beam optical system for irradiating an elec 
tron beam from a direction tilted from the direction normal to 
the surface; obtaining defect position data on the semicon 
ductor wafer from an inspection apparatus; moving the stage 
to a position corresponding to a defect position obtained from 
the inspection data, and capturing a scanned image of a defect 
by using the ?rst electron beam optical system; discriminat 
ing a mode of the defect on the basis of the captured defect 
image; determining whether there is a defect which has been 
discriminated as one of a peeling mode; and capturing a 
scanned image of an edge portion of the semiconductor wafer 
by using the second electron beam optical system, when it is 
determined in the above determination that there is a defect of 
the peeling mode. 
[0013] An area to be imaged by the second electron beam 
optical system is determined in an edge portion of the semi 
conductor wafer according to a distribution of defects of the 
peeling mode on the semiconductor wafer. It is preferable that 
a scanning direction of an electron beam by the second elec 
tron beam optical system be controlled in proportion to a 
rotation angle of the stage so that the scanning direction 
would be tilted at the same angle as the rotation angle of the 
sample stage. 
[0014] A defect review apparatus of the present invention 
includes a sample stage, a ?rst electron beam optical system, 
a second electron beam optical system, a display unit, and 
later described means. The sample stage moves with a semi 
conductor wafer held. The ?rst electron beam optical system 
irradiates an electron beam from a direction normal to a 
surface of the semiconductor wafer held on the sample stage. 
The second electron beam optical system irradiates an elec 
tron beam from a direction tilted from the direction normal to 
the surface. The display unit displays an image of the surface 
of the semiconductor wafer, and the image is generated by the 
irradiation of the electron beam. As for the means, the fol 
lowing functions are carried out. Firstly, defects are classi?ed 
according to an image of the defects captured by using the 
?rst electron beam optical system. Secondly, the display unit 
is caused to display a wafer map showing the positions of the 
defects of a peeling mode on the semiconductor wafer in a 
manner discriminating the defects of the peeling mode from 
the defects of the other modes. Thirdly, a scanned image of an 
edge of the semiconductor wafer is captured by using the 
second electron beam optical system, and then display unit is 
cause to display the scanned image. 
[0015] When the sample stage is rotated, a scanning direc 
tion of an electron beam by the second electron beam optical 
system may preferably be tilted at the same angle as the 
rotation angle of the sample stage. 
[0016] According to the present invention, it is possible to 
effectively observe a wafer edge in a semiconductor wafer 
review by using an electron microscope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a view for showing an example of a con 
nection con?guration of apparatuses on a manufacturing line 
for wafers; 
[0018] FIG. 2 is a view showing an example of an apparatus 
con?guration of the present invention; 
[0019] FIGS. 3A and 3B are views describing a difference 
between captured images due to a difference between obser 
vation angles; 
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[0020] FIG. 4 is a ?owchart showing an example of an 
observation process using the apparatus of the present inven 
tion; 
[0021] FIGS. 5A and 5B are views each showing an 
example to explain a wafer edge observation position deter 
mination method of the present invention; 
[0022] FIG. 6 is a view showing an example to explain the 
wafer edge observation position determination method of the 
present invention; 
[0023] FIG. 7 is a ?owchart showing an example of an 
observation process using the apparatus of the present inven 
tion; 
[0024] FIG. 8 is a ?owchart showing an example of an 
observation process using the apparatus of the present inven 
tion; 
[0025] FIG. 9 is a view showing an example of a screen 
display of the present invention; 
[0026] FIG. 10 is a view showing an example of the screen 
display of the present invention; and 
[0027] FIG. 11 is a view showing an example of an image 
pickup method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] An embodiment of the present invention is 
described below by referring to the accompanying drawings. 
[0029] By using FIG. 1, descriptions will be given, as a 
speci?c example, of each of apparatuses on a wafer manufac 
turing line and a connection con?guration thereof. In FIG. 1, 
reference numeral 1 denotes a data control server; reference 
numeral 2, a semiconductor manufacturing apparatus; refer 
ence numeral 3, an inspection apparatus; reference numeral 4, 
a review apparatus; reference numeral 5, an analysis appara 
tus; reference numeral 6, a review/analysis apparatus; and 
reference numeral 7, a network. As shown in FIG. 1, the 
manufacturing line has a con?guration in which the semicon 
ductor wafer manufacturing apparatus 2, the inspection appa 
ratus 3, the review apparatus 4, the analysis apparatus 5 and 
the review/analysis apparatus 6 are connected to one another 
via the data control server 1 and the network 7. 
[0030] The manufacturing apparatus 2 has a function as a 
lithography machine, an etching system and the like, and is 
used for manufacturing of a semiconductor wafer. The 
inspection apparatus 3 inspects the positions of defects. For 
example, the inspection apparatus 3 causes a light beam spot 
or a light beam line to scan a semiconductor wafer and, 
thereby, identi?es the positions of defects on the basis of the 
degree of its diffuse re?ection. Alternatively, the inspection 
apparatus 3 obtains images of formed patterns of two chips, 
compares these images with each other, de?nes, as defects, 
portions whose images are different, and thus detects the 
positions of the defects. The review apparatus 4 observes the 
defects by using inspection information of the inspection 
apparatus 3. The review apparatus 4 moves a stage on which 
a semiconductor wafer is mounted, positions the stage for 
target defects on the semiconductor wafer by using defect 
position information outputted from the inspection apparatus 
3, and thereby, observes the defects. As an observation appa 
ratus, an SEM is used. The analysis apparatus 5 performs an 
elemental analysis by using, for example, energy-dispersive 
X-ray spectroscopy (EDX) and Auger electron spectroscopy. 
Auger electron spectroscopy is a generally-known method in 
which, when an electron beam is irradiated to a target, Auger 
electrons emitted from the target are detected and analyZed. 
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The revieW/analysis apparatus 6 is capable of observing 
defects and performing an elemental analysis on the defects. 
[0031] Incidentally, the apparatus for inspection, observa 
tion and analysis are not necessarily separated from one 
another. These functions may be combined With one another 
to form one apparatus. For example, an inspection and a 
revieW may be performed in the same apparatus. 
[0032] The data control server 1 controls data obtained by 
the inspection apparatus 3, the revieW apparatus 4, the analy 
sis apparatus 5, and the revieW/analysis apparatus 6. The 
revieW apparatus 4 and the analysis apparatus 5 can obtain 
information on defect position coordinates outputted from the 
inspection apparatus 3 through data control server 1, and the 
like. Speci?cally, the revieW apparatus 4, the analysis appa 
ratus 5 or the revieW/ analysis apparatus 6 obtains defect posi 
tion coordinate data obtained in the inspection apparatus 3, 
positions the stage to target defects by using the coordinate 
data, the apparatus 4, 5 or 6, and performs a revieW and an 
analysis. 
[0033] In the above, though one example of the connection 
con?guration is described, any connection con?guration can 
be employed as long as data can be sent and received betWeen 
the apparatuses, thus being used in the apparatuses. In addi 
tion, all the apparatuses in the present con?guration are not 
necessary, and any combination thereof may be made accord 
ing to an object. 
[0034] FIG. 2 is a vieW shoWing one example of an appa 
ratus con?guration. Reference characters WE denotes a semi 
conductor Wafer; reference characters EB, an electron beam; 
and reference numeral 8, a ?rst image-pickup device using a 
scanning electron microscope. This is referred to as a ?rst 
column. Reference numeral 9 denotes an electron source; 
reference numerals 10 and 11 condenser lenses of the ?rst 
column; reference numeral 12, a de?ection scan coil of the 
?rst column; reference numerals 13 and 14, objective lenses 
of the ?rst column; and reference numeral 15, a detector of the 
?rst column. Reference numeral 16 denotes a second column; 
reference numeral 17, an electron source of the second col 
umn; reference numerals 18 and 19, condenser lenses of the 
second column; reference numeral 20, a de?ection scan coil 
of the second column; reference numerals 21 and 22, objec 
tive lenses of the ?rst column; and reference numeral 23, a 
detector of the second column. Reference numeral 24 denotes 
an XYG stage; reference numeral 25, a storing device; refer 
ence numeral 26, a monitor; reference numeral 27, an input 
device; reference numeral 28, an entire control unit; reference 
numeral 29, an image calculation unit; reference numeral 30, 
an A/D converter; reference numeral 31, an electron optical 
system control unit; 32 a stage control unit; and 33 a defect 
data analysis calculation unit. Reference numerals 34 and 35 
denote detectors for element analysis, and 36 an element 
analysis control unit. In FIG. 2, the ?rst column 8 includes the 
electron source 9, the electron optical systems 10 to 14, and 
the detector 15, While the second column 16 includes the 
electron source 17, the electron optical systems 18 to 22, and 
the detector 23. The ?rst column 8, the second column 16, and 
the XYG stage 24 form an SEM, Which is used as an image 
pickup apparatus for a semiconductor Wafer WE mounted on 
the XYG stage 24. 
[0035] The semiconductor Wafer, Which is a target for a 
revieW, is mounted on the XYG stage 24. The stage control 
unit 32 controls the movement of the XYG stage 24 in the 
directions X andY, and the rotation 6 according to a control 
signal from the entire control unit 28. The ?rst column 8 
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magni?es an image of the semiconductor Wafer WE ?xed to 
the XYG stage 24, and takes the magni?ed image. To be more 
precise, an electron beam EB emitted from the electron 
source 9 is converged by the condenser lenses 10 and 11, and 
the objective lenses 13 and 14, and then is scanned by the 
de?ection scan coil 12. Thus, the electron beam EB is irradi 
ated to the semiconductor Wafer WE, Which is a measuring 
target. With this irradiation, secondary electrons and re?ec 
tion electrons are obtained from the semiconductor Wafer WE. 
Then, the secondary electrons and re?ection electrons are 
detected by the detector 15, and are processed by the A/D 
converter 30, thus generating an SEM image of the semicon 
ductor Wafer WF. 

[0036] In the same manner, the second column 16 magni 
?es an image of the semiconductor Wafer WE ?xed to the 
XYG stage 24, and takes the magni?ed image. That is, an 
electron beam emitted from the electron source 17 is con 
verged by the condenser lenses 18 and 19, and the objective 
lenses 21 and 22, and then is scanned by the de?ection scan 
coil 20. Thus, he electron beam EB is irradiated to the semi 
conductor Wafer WE, Which is a measuring target. With this 
irradiation, secondary electrons and re?ection electrons are 
obtained from the semiconductor Wafer WE. The secondary 
electrons and re?ection electrons are detected by the detector 
23, and are processed by the A/D converter 30, thus generat 
ing an SEM image of the semiconductor Wafer WF. 

[0037] The ?rst column 8 and the second column 16 are 
placed so that the angles of the axes of electron optical sys 
tems thereof are different. For example, While the axis of the 
electron optical system of the ?rst column 8 is parallel to the 
direction of the normal to a surface of a Wafer, the second 
column 16 is placed so that the axis of the electron optical axis 
thereof is tilted at some angle to the direction of the normal 
thereto. Thus, it is possible to obtain information by perform 
ing observations from different angles by using the ?rst col 
umn 8 and the second column 16. 

[0038] In a case Where, for example, an EDX analysis is 
used as the elemental analysis method, the detectors 34, 35 
detect X-rays generated after irradiating an electron beam on 
a measuring target. The element analysis control unit 36 
receives a control signal from the entire control unit 28, and 
controls ON/OFF of X-ray detection. The element analysis 
control unit 36 or the entire control unit 28 performs a spectral 
analysis on the thus detected X-ray spectra. As a result of the 
analysis, information on contained elements is extracted, and 
then is displayed to a user on the display device 26. 

[0039] FIGS. 3A and 3B shoWs an example of directions in 
Which a Wafer is observed. FIGS. 3A and 3B are vieWs shoW 
ing the Wafer vieWed from the vertical sectional direction. For 
example, the ?rst column is disposed so that a Wafer is imaged 
from the direction A, and the second column is disposed so 
that a Wafer is imaged in the direction B. In the case Where the 
columns are disposed as described above, FIG. 3A shoWs 
examples of observation images obtained When a particle of a 
rectangular shape is imaged, and FIG. 3B shoWs examples of 
observation images obtained When a Wafer edge is imaged. 
[0040] In a case Where the particle is imaged as shoWn in 
FIG. 3A, side surfaces of the particle canbe observed from the 
direction B. In a case Where the Wafer edge is imaged as 
shoWn in FIG. 3(b), it is not easy to obtain the information on 
the shape and the like of the particle adhering to the Wafer 
edge When vieWed from the direction A. In contrast, it is 
easier to obtain the information on the shape and the like of 
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the particle When vieWed from the direction B, since the edge 
can be observed from a more front side than vieWed from the 
direction A. 

[0041] Which column is used for imaging is instructed by a 
user through the input device 27, or is controlled by the entire 
control unit 28 using a result of a calculation performed by the 
entire control unit 28 according to a predetermined rule. On 
the basis of a control signal, the stage control unit 32 controls 
the stage position corresponding to a column to be used. The 
electron optical system control unit 31 transmits a control 
signal of the electron optical system to the column. Then, the 
A/ D converter 30 captures an image from the column. 

[0042] The defect data analysis calculation unit 33 per 
forms image processing such as defect detection processing. 
A user inputs input items such as defect observation condi 
tions from the input device 27. Defect coordinate data for 
revieWing is transmitted from the inspection apparatus to the 
entire control unit 28 through an unillustrated network. The 
stage control unit 32 performs a control based on detect 
coordinate data so that a defect comes in sight. In the case of 
this embodiment, only one detector is illustrated as each of 
the detectors 15 and 23, but a plurality of detectors may be 
disposed according to an application in Which, for example, 
detections are performed by dividing a range for the energy of 
electrons to be detected. 

[0043] Next, FIG. 4 is a ?oWchart of a ?rst example of an 
observation method in Which the ?rst column and the second 
column are used by sWitching When a Wafer is observed. First, 
in step S100, defect inspection data outputted from the defect 
inspection apparatus 3 are read. Subsequently, in step S101, 
as a column to be used, a usual defect observation column is 
set to be used. For example, the ?rst column, Whose axis of the 
electron optical system is parallel to the normal to a Wafer, is 
set to be used. The, in step S102, an alignment of a Wafer is 
performed. This is a step in Which a coordinate difference 
betWeen an observation apparatus and an inspection appara 
tus is corrected. For example, an alignment mark is observed 
by the observation apparatus, and the position of the align 
ment mark is manually speci?ed or automatically recognized. 
Then, the coordinates of the thus found position are compared 
With the outputted coordinates of the alignment mark in the 
inspection apparatus, so that a translational dislocation and 
differences in contraction scale and rotation are corrected. 

[0044] Next, in step S103, the images of defects are auto 
matically captured on the basis of defect inspection data. In 
step S104, the thus captured images are automatically classi 
?ed according to a predetermined rule. At this time, as an 
unillustrated previous arrangement, it is necessary to make a 
rule for classi?cation and data on instruction to classify as 
Well, Which alloW particles/defects resulting from ?lm peel 
ing on a Wafer to be classi?ed. In step S105, it is determined 
Whether or not a defect classi?cation result indicates that a 
defect is a particle/defect resulting from ?lm peeling on a 
Wafer, i.e., Whether or not the defect belongs to a peeling 
mode. A particle/ defect resulting from ?lm peeling on a Wafer 
often has a shape of a small torn piece of a thin ?lm-like 
substance. For this reason, it is very likely that such a defect 
can be discriminated by checking the appearance features. If 
information on classi?cations in Which the particles/defects 
have similar appearance features, for example, the shapes and 
luminance of defects is collected, in advance, from images of 
the particles/defects on a process basis, highly reliable dis 
criminations can be achieved. If a defect belongs to the peel 
ing mode, a peeling mode ?ag is set in step S106 so that the 
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presence of the defect of the peeling mode can be stored. If it 
is determined that the defect does not belongs to the peeling 
mode, the process goes to step S107 Without performing step 
S106. 

[0045] In step S107, it is determined Whether or not there is 
the next defect to be observed. If there is a defect, data are read 
in step S108 and, thereafter, steps starting from step S103 are 
repeated in the same manner. If it is determined in step S107 
that there is no next defect to be ob served, it is determined in 
step S109 Whether or not there is a defect of the peeling mode 
in defects to be observed. That is, it is determined Whether or 
not a peeling mode ?ag is set. If the peeling mode ?ag is not 
set, the defect observation on the inspection data is termi 
nated. 
[0046] Ifthe peeling mode ?ag is set, the second column is 
set to be used as an observation column, in step S110. In step 
S111, a target area for observing a Wafer edge is set. This may 
be set in advance in a recipe in Which a procedure of observing 
defects is recorded, may be automatically set according to an 
analysis result of captured defect images, as is described later, 
or may be manually set by a user. As setting contents of the 
observation target area, for example, the entire circumference 
of a Wafer may be set, or a coordinate range may be set. The 
coordinates may be expressed by using an X-Y coordinate 
system or a polar coordinate system. Alternatively, an outline 
of a Wafer may be graphically displayed, and thus a user may 
designate Which area to be used as an observation target by 
using the outline draWing. Subsequently, in step S112, an 
image in a Wafer edge area thus designated is captured, and 
thereafter the process is terminated. 
[0047] Descriptions are given of an example of a method 
for setting automatically a target area for observing a Wafer 
edge according to an analysis result of captured defect 
images. 
[0048] A map shoWing the positions of defects in a Wafer is, 
hereinafter, referred to as a Wafer map. FIGS. 5A and 5B are 
vieWs shoWing examples of Wafer maps of Wafers to be 
observed. In FIGS. 5A and SE, a coordinate point of a defect 
Which is classi?ed into the peeling mode is represented as a 
White circle. Focusing only on defects of the peeling mode, it 
is understood in FIG. 5A that the defects are distributed only 
in the vertical direction and that many of them exist on the 
side of a V-notch. In this case, it is estimated that a ?lm is 
peeled off in an edge on the side of the V-notch due to some 
factor, and that particles are formed because of the ?lm peel 
ing, and spread in the vertical direction. In this case, an edge 
on the side of the V-notch may be set as an observation target 
area. On the other hand, in FIG. 5B, defects of the peeling 
mode are concentrated in a narroW area of a Wafer edge. In this 
case, the periphery of the edge in Which defects occur in 
concentration may be set as an observation target area. 

[0049] In order to make determinations such as above, as 
shoWn in FIG. 6, for example, a Wafer is divided into several 
radial regions, and a value shoWing a frequency of the pres 
ence of a defect of the peeling mode in each region, e.g., the 
number or the density thereof, is calculated. A Wafer edge of 
a region, the value of Which is high, may be set as an obser 
vation target area. 

[0050] A method in Which an observation target is 
obliquely observed is not limited to the above. For example, 
a structure may be employed, in Which only the ?rst column 
is disposed in a tilting manner. Alternatively, a structure may 
also be employed, being capable of varying a tilt angle at 
Which the column is disposed. In a case of the structure in 
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which the tilt angle is variable, step S110 in the ?owchart 
shown in FIG. 4 is replaced with a step in which the tilt angle 
of the column is changed. Otherwise, by tilting the stage, an 
observation from an oblique direction may be performed. In 
this structure, step S110 in the ?owchart of FIG. 4 is replaced 
with a step in which the tilt angle of the stage is changed. An 
electron beam for irradiation may be de?ected and, thereby, 
images observed from an oblique direction may be captured 
by obliquely irradiating the electron beam thus de?ected. In 
this structure, step S110 in the ?owchart of FIG. 4 is replaced 
with a step in which the direction of a beam irradiation is 
changed. 
[0051] Next, descriptions are given of another example of a 
setting method in an observation target area of a wafer edge. 
The following may be an example of the ?owchart in FIG. 4 
or an example in the case only a wafer edge is set as an 
observation target. 
[0052] In a ?rst example of a setting method of an obser 
vation target area in a wafer edge, by using inspection data 
from an inspection apparatus for wafer edge inspection, an 
observation target area may be set with the outputted coordi 
nates of the inspection data set as the center of a viewing ?eld. 
The siZe of a viewing ?eld may be set as a ?xed value by a user 
or may be automatically changed on the basis of the siZe of 
defects. 
[0053] FIG. 7 is an example ofan observation ?ow in a case 
where only a wafer edge is to be observed by using the above 
setting method. The same reference numerals are given to 
steps that are the same as those in FIG. 4. First, in step S200, 
data from an inspection apparatus for wafer edge inspection is 
obtained. Subsequently, in step S1102, a wafer alignment is 
performed. Next, a viewing ?eld is moved according to the 
inspection data thus read, and an edge image is captured in 
step S201. The image is an image indicated by the coordinates 
outputted from the inspection apparatus as a position at which 
a defect exits, and is expected to be an image containing the 
defect. Thereafter, Steps S107 and S108 are performed, and 
then the process is terminated. 

[0054] In a second example, a user may designate an obser 
vation position and its area in advance. As the designated 
position, for example, a user may regularly set positions at a 
certain ?xed intervals, or may set a particular position such as 
a periphery of a V-notch or a chuck position of a processing 
apparatus. In a third embodiment, the entire periphery of a 
wafer may be set as an observation target. 

[0055] When an image of a wafer edge is captured, a wafer 
edge may be ?rstly imaged at a certain ?rst magni?cation. 
Then, only when a defect is found in an image captured at the 
?rst magni?cation, the wafer edge may be imaged at a second 
magni?cation higher than the ?rst magni?cation with the 
position of the defect set as the center of a viewing ?eld. An 
example of an imaging ?ow in the above case is shown in FIG. 
8. Steps S200 and S102 are performed as in the case of the 
example in FIG. 7, and the ?rst magni?cation is set in step 
S300. In consideration of coordinate output errors of an 
inspection apparatus and positioning errors of an observation 
apparatus, it is preferable that the ?rst magni?cation be set to 
be the one at which a defect is included in the area of a 
viewing ?eld even when the errors occur. Next, in step S301, 
an edge image is captured at the ?rst magni?cation. Then, in 
step S302, a determination is made as to the presence or 
absence of a defect, and the position of the defect is speci?ed 
when the defect exists. If it is determined that the defect 
exists, the magni?cation is set to the second one in step S303. 

Feb. 19, 2009 

The second magni?cation may be designated in advance by a 
user. Alternatively, in a case where defect siZe information is 
contained in inspection data from the inspection apparatus, 
the second magni?cation may be variable according to the 
information. Otherwise, the siZe of a defect is calculated in 
advance in a defect presence/ absence determination process 
of step S302, and the second magni?cation may be variable 
according to the thus calculated value. 
[0056] In general, the second magni?cation is set to be 
higher than the ?rst magni?cation so that a more detailed 
observation on a defect part can be performed. However, in a 
case where it is determined in a determination process of step 
S302 that a area in which defects exit is larger than the area of 
a viewing ?eld at the ?rst magni?cation, a magni?cation 
lower than the ?rst magni?cation may be set. In step S304, an 
edge image is captured at the second magni?cation. Next, 
Steps S107 and S108 are performed and, thereafter, the pro 
cess is terminated. In a case where it is determined in step 
S302 that there is no defect, the process goes to step S107. 
[0057] As a method for determining the presence/ absence 
of a defect and for detecting the position thereof, there are the 
following methods, for example. In one of the methods, an 
Image showing a normal state is registered in advance, and 
compared with images captured at the time of observation of 
a wafer edge. Thereby, a portion having a large difference is 
determined as a defect. In another one of the methods, a 
viewing ?eld is divided into a plurality of small regions, and 
the luminance dispersion of picture elements composing an 
image is calculated for each small region. When the disper 
sion exceeds a predetermined threshold, it is determined that 
the surface of the small region is rougher than is an expected 
normal portion, and consequently determined that the small 
region has a defect. At this time, when a wafer edge and a 
background are contained in the small region, the dispersion 
becomes so large that the small region is likely to be errone 
ously determined as a defect region. In this case, such a region 
may be eliminated from defect candidates. Alternatively, in 
this case, picture elements with the viewing ?eld lower than 
certain viewing ?eld are determined as those of a background 
by using a difference of the viewing ?eld of picture elements, 
so that the picture elements of the lower viewing ?eld are not 
used for calculation of the dispersion. In still another one of 
the methods, a differential value indicating the magnitude of 
a change in the viewing ?eld of images is calculated, and 
thereafter a region at which the differential value is large is 
determined as a defect region by excluding a boundary region 
of a wafer edge. Yet another one of the methods uses a phe 
nomenon that secondary electrons generated when an elec 
tron beam is irradiated generally increase at an uneven por 
tion of a target, that is, that the luminance of an image at the 
uneven portion becomes higher. Thus, the region of the high 
est luminance is determined as a defect region. At this time, 
since there is a possibility that luminance abruptly becomes 
high due to a noise, it is preferable to perform a preprocess for 
every small region. Examples of the preprocess include a 
process of averaging and a process using a low-pass ?lter. 
[0058] The number of methods to be selected from the 
above methods is not necessary one, and a plurality of meth 
ods may used. In addition, a user may select at least one 
method. 

[0059] In a case where, when performing the defect deter 
minations such as above, a defect is found or the frequency of 
defects exceeds a predetermined threshold, a warning may be 
issued to let a user know that a wafer edge is abnormal. Such 
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a Warning may be displayed on the monitor 26 of an electron 
microscope, or on another display device connected to 
another netWork through the netWork 7. Otherwise, an e-mail 
may be sent as such a Warning to a person in charge through 
a mail system not shoWn. 

[0060] When a Wafer edge is observed, not only images but 
also element analysis information such as EDX may be 
obtained. 

[0061] FIGS. 9 and 10 are vieWs each shoWing an example 
of a GUI in Which operational functions for an edge revieW 
and captured images are displayed. In FIG. 9, reference 
numeral 37 denotes a unique identi?er of a defect added in an 
inspection apparatus or an observation apparatus. Reference 
numeral 38 denotes a classi?cation identi?er in a case of the 
automatic classi?cation. Reference numeral 39 denotes a 
map display shoWing a position of a Wafer edge in Which a 
captured image is located. In the map display, a large circle 
represents the contour of a Wafer, each of small ?lled circles 
represents a position at Which an image is captured, and a 
large ?lled circle represents a position of an image displayed 
in an image display area located to the right-hand side of the 
map display. Each of arroW buttons beloW the map is a sWitch 
for changing the image to be displayed to a subsequent or 
previous one. In a case Where the entire periphery of a Wafer 
is a revieW target, an amount of movement may be automati 
cally adjusted, as a function for an operation, according to an 
image magni?cation With one of the buttons pressed, so that 
a vieWing ?eld may be moved Without having discontinuity 
betWeen the areas of vieWing ?elds. 

[0062] Reference numeral 40 denotes a display used for 
designating a format of an image display among a format in 
Which one image is displayed on the display area and a format 
in Which a plurality of images are displayed by dividing the 
display area. Reference numeral 41 denotes a display used for 
selecting a function to be performed on a display image. For 
example, When Measure is selected, tWo line-shaped cursors 
are displayed overlapping the display image, and a user can 
move the cursors. Then, a dimension betWeen the cursors is 
displayed in actual dimension in relation to an image magni 
?cation of an image. Reference numeral 42 denotes an image 
display area, in Which an image under observation or a cap 
tured image is displayed. A display format is designated by 
use of reference numeral 40. In addition, a list including other 
Zoomed-out images is displayed in the display area, a selected 
image may be displayed on the display area. A display mag 
ni?cation of the Zoomed-out image may be changed, or the 
entire image may be scrolled, and thus be displayed. In rela 
tion to a selected image in the list area shoWing Zoomed-out 
images, the siZe of a ?lled circle corresponding to the selected 
display image is enlarged so that a user can knoW a position 
Where the image being displayed is imaged on the map dis 
play 39. 
[0063] Reference numeral 43 denotes a display shoWing an 
element analysis result. This shoWs, for example, a Waveform 
of an element analysis result, the symbols of detected ele 
ments, and the name and symbol of elements of a substance 
estimated from the Waveform. Reference numeral 44 denotes 
a display used for causing an automatic detection process to 
be performed on a defect, and shoWing a condition and a 
result of a process. Parameters for a defect detection process 
are adjusted on the basis of the process result. Thus, by using 
the adjusted parameters, process parameters in a defect detec 
tion operation of an observation apparatus can be updated. 
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[0064] The display screen shoWn in FIG. 9 is just an 
example, and the display screen may display only part of 
display items shoWn in FIG. 9. In addition, displayed contents 
are not necessarily the same as those as above, but may be 
similar thereto. As shoWn in a display 45 of FIG. 10, a Wafer 
map of detect inspection data on a Wafer may be displayed 
along With a defect observation image Which a ?rst column 
takes corresponding to the inspection data. The display area 
45 shoWs at least an image, an ID number and a classi?cation 
result of a selected defect on the Wafer map. 
[0065] FIGS. 11A and 11B are vieWs each shoWing an 
example in Which a scanning direction is changed according 
to an observation position of a Wafer When an image of a 
Wafer edge is captured. Here, descriptions are given of a case 
Where the change of the observation position is performed by 
rotating the stage. When an image is taken With, for example, 
a position of a quadrangle as shoWn in FIG. 11A used as a 
vieWing ?eld, for example, an imaged shoWn in a loWer part 
of FIG. 11A is taken. Even in a case Where an image corre 
sponding to a different position of the edge is taken, there is 
no change in the composition of the taken image in Which the 
Wafer is shoWn in the loWer part of the display, and in Which 
the background is shoWn in the upper part thereof. Thus, it is 
necessary to refer to a map denoted by reference numeral 39 
shoWn in FIG. 9 in order to knoW the position of an imaged 
part of the Wafer, and it is not possible to intuitively knoW the 
position. Then, an image is taken by changing the scanning 
direction to the one depending on an angle at Which the stage 
is rotated. For example, as shoWn in FIG. 11B, an area of a 
Wafer edge to be imaged is scanned in a direction tilted at the 
same angle as the rotation angle 6 of the stage. By scanning as 
is described, an image shoWn in the loWer part of FIG. 11B 
can be taken. The image has the composition in Which a Wafer 
is shoWn in a loWer right part of the image, and in Which the 
background is shoWn in an upper left part thereof. Thus, it can 
be intuitively grasped that an image of the upper left part of 
the Wafer edge is taken. 
[0066] On the other hand, in a case Where a beam can be 
de?ected Whereby an angle for imaging can be changed, the 
scanning direction is not necessarily changed, and the same 
effect can be obtained in the folloWing Way. Speci?cally, 
Without rotating the stage, the stage is moved to a position 
corresponding to an edge position needing imaging, and then 
an image thereof is taken With the angle for imaging changed 
in an arbitrary direction in Which the edge is easily observed. 
[0067] Alternatively, a microscope With an optical system 
using a Wavelength in the range of visible light to ultraviolet 
light may be also installed, and thus may be used for observ 
ing the same position as that to be observed by the electron 
optical system. With this con?guration, instead of obtaining 
inspection data from the inspection apparatus, a Wafer edge is 
observed in the optical system; the presence of a defect and 
the position thereof are calculated using a method such as 
above for determining the presence of defects; the position is 
recorded; the optical system to be used for observation is 
sWitched to the electron optical system; and then the defect 
position is observed. 

What is claimed is: 
1. A semiconductor Wafer inspection method comprising 

the steps of: 
placing a semiconductor Wafer on a sample stage of an 

electron beam apparatus having a ?rst electron beam 
optical system for irradiating an electron beam from a 
direction normal to a surface of a sample, and a second 
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electron beam optical system for irradiating an electron 
beam from a direction tilted from the direction normal to 
the surface; 

obtaining defect position data on the semiconductor Wafer 
from an inspection apparatus; 

moving the stage to a position corresponding to a defect 
position obtained from the inspection data, and captur 
ing a scanned image of a defect by using the ?rst electron 
beam optical system; 

discriminating a mode of the defect on the basis of the 
captured defect image; 

determining Whether or not there is a defect Which has been 
discriminated as one of a peeling mode; and 

capturing a scanned image of an edge portion of the semi 
conductor Wafer by using the second electron beam opti 
cal system, When it is determined in the above determi 
nation that there is a defect of the peeling mode. 

2. The semiconductor Wafer inspection method according 
to claim 1, Wherein an area of an edge portion of the semi 
conductor Wafer is determined on the basis of a distribution of 
defects of the peeling mode on the semiconductor Wafer, the 
area to be imaged by using the second electron beam optical 
system. 

3. A semiconductor Wafer inspection method comprising 
the steps of: 

placing a semiconductor Wafer on a sample stage of an 
electron beam apparatus having a ?rst electron beam 
optical system for irradiating an electron beam from a 
direction normal to a surface of a sample, and a second 
electron beam optical system for irradiating an electron 
beam from a direction tilted from the direction normal to 
the surface; 

obtaining defect position data on the semiconductor Wafer 
from an inspection apparatus; 

moving the stage to a position corresponding to a defect 
position obtained from the inspection data, and captur 
ing a scanning image of a defect by using the ?rst elec 
tron beam optical system; 

discriminating a mode of the defect on the basis of the 
captured defect image; and 

controlling a scanning direction of an electron beam by the 
second electron beam optical system in proportion to a 
rotation angle of the sample stage so that the scanning 
direction Wouldbe tilted at the same angle as the rotation 
angle, and thus capturing an image. 
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4. A defect revieW apparatus comprising: 
a sample stage Which moves With a semiconductor Wafer 

held thereon; 
a ?rst electron beam optical system for irradiating an elec 

tron beam from a direction normal to a surface of the 
semiconductor Wafer held on the sample stage; 

a second electron beam optical system for irradiating an 
electron beam from a direction tilted from the direction 
normal to the surface; 

a display unit for displaying an image of the surface of the 
semiconductor Wafer, the image generated by the irra 
diation of the electron beam; and 

means Which classi?es defects on the basis of an image of 
the defects captured by using the ?rst electron beam 
optical system, Which causes the display unit to display 
a Wafer map shoWing the positions of defects of a peel 
ing mode on the semiconductor Wafer in a manner dis 
criminating the defects of the peeling mode from the 
defects of the other modes, and Which causes the display 
unit to display a scanned image of an edge of the semi 
conductor Wafer, the image captured by using the second 
electron beam optical system. 

5. A defect revieW apparatus comprising: 
a sample stage Which moves With a semiconductor Wafer 

held thereon; 
a ?rst electron beam optical system for irradiating an elec 

tron beam from a direction normal to a surface of the 
semiconductor Wafer held on the sample stage; 

a second electron beam optical system for irradiating an 
electron beam from a direction tilted from the direction 
normal to the surface; 

a display unit for displaying an image of the surface of the 
semiconductor Wafer, the image generated by the irra 
diation of the electron beam; and 

a calculation unit Which classi?es defects on the basis of an 
image of defects captured by using the ?rst electron 
beam optical system, Which generates a Wafer map 
shoWing the positions of the defects, and then causes the 
display unit to display the Wafer map, and Which causes 
the display unit to display an image captured With a 
scanning direction of an electron beam by the second 
electron beam optical system tilted at the same angle as 
a rotation angle of the sample stage, When the sample 
stage is rotated. 


