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APPARATUS AND METHOD FOR 
INSPECTING PATTERN 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a technique for 
inspecting pattern on an object. 
0003 2. Description of the Background Art 
0004. A comparison check method has been mainly used, 
conventionally, in a field of inspection of pattern formed on a 
semiconductor Substrate, a glass Substrate, a printed circuit 
board or the like. For example, in binary image, an image of 
exclusive OR of an inspection image (an image to be 
inspected) and a reference image is obtained, and ingrayscale 
image, an absolute difference value image which represents 
absolute values of the difference between pixel values in an 
inspection image and pixel values in a reference image is 
obtained and each pixel is binarized by a predetermined 
threshold value, to detect an area of a defect. 
0005. In the circuit formation process or the like of a 
semiconductor Substrate, a pattern inspection apparatus with 
a function to classify a class of a detected defect automatically 
(i.e., to classify a defect automatically) is used to specify the 
cause of a low yield and improve manufacturing conditions in 
each operation. In general, classification of a defect is per 
formed in accordance with classification conditions given by 
a user in advance (on a so-called rule base) or by using a 
method based on learning Such as discriminant analysis or 
neural network on the basis of a feature value obtained from 
an area in an inspection image or a reference image corre 
sponding to a defect. 
0006 Japanese Examined Patent Application Laid Open 
Gazette No. 5-13256 (Document 1) discloses a method where 
a binary image which represents defects is divided into partial 
areas by using a reference image divided into areas and a 
feature value of the defect is obtained in each partial area, to 
classify a class of the defect on a rule base. Japanese Patent 
Application Laid Open Gazette No. 9-186208 (Document 2) 
Suggests a method where a grayscale inspection image is 
separated into a wire portion and a background portion, and a 
feature value representing density of defect is acquired in 
each portion, to classify the defect on the basis of the feature 
value. Japanese Patent Application Laid Open Gazette No. 
8-21803 (Document 3) discloses a method where geometric 
feature values such as an area (i.e., the number of pixels), 
length of circumference, feret diameter, roundness, centroid 
position are mainly obtained and inputted to neural network, 
to perform a high-level classification of a defect. 
0007 Japanese Patent Application Laid Open Gazette No. 
2001-99625 (Document 4) suggests a method where average 
density, an autocorrelation feature value or the like of an area 
in an inspection image or a reference image corresponding to 
a specified defect candidate is obtained, to classify whether 
the defect candidate is true or false on a rule base. Japanese 
Patent Application Laid Open Gazette No. 2002-22421 
(Document 5) discloses a technique where two differential 
images between an inspection image and two reference 
images are generated, values of pixels in the two differential 
images are converted into error probability values by using a 
standard deviation of the pixel values to generate two error 
probability value images. Further, products of the values of 
corresponding pixels in the two error probability value 
images are obtained to generate a probability product image, 
and value of each pixel in the probability product image is 
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compared with a predetermined threshold value to determine 
whether there is a defect or not on an object. 
0008 Recently, it is required to increase the accuracy of 
classification of defects, however, even if geometric feature 
values or feature values representing density are obtained as 
the methods disclosed in Documents 1 or 3, it is difficult to 
classify classes of defects with high accuracy in Some cases. 
In this case, even if the method based on leaning such as 
neural network in Document 3 is used, since the accuracy of 
classification largely depends on a type of inputted feature 
value in general, it is not possible to meet the required accu 
racy. 
0009. On the contrary, by applying the method of Docu 
ment 4 obtaining an autocorrelation feature value to classifi 
cation of defects, it is expected to classify with certain accu 
racy, but depending on an object to be inspected, it is needed 
to increase the accuracy of classification. To classify by using 
an autocorrelation feature value on a rule base, normally, it 
needs to determine classification conditions by complicated 
operation. Thus, it is not possible to perform a classification 
of defects easily. 

SUMMARY OF THE INVENTION 

0010. The present invention is intended for an apparatus 
for inspecting pattern on an object. It is an object of the 
present invention to classify a class of a defect candidate of 
pattern on an object with high accuracy. It is another object of 
the present invention to perform a classification of a defect 
candidate easily. 
0011. The apparatus comprises a differential image gen 
erator for generating a differential image representing a dif 
ference between a grayscale inspection image representing 
pattern on an object and a grayscale reference image or a 
difference between two images obtained from the inspection 
image and the reference image, respectively, or a differential 
image obtained from an image representing the difference, a 
defect candidate image generator for generating a defect can 
didate image representing an area which includes a defect 
candidate in the inspection image by comparing the inspec 
tion image with the reference image, a differential image 
masking part for masking the differential image with the 
defect candidate image to obtain a masked differential image, 
a feature value calculation part for obtaining an autocorrela 
tion feature value from the masked differential image and a 
classifying part for performing a classification of the defect 
candidate on the basis of the autocorrelation feature value. 
0012. According to the present invention, it is possible to 
classify a class of the defect candidate on the basis of the 
autocorrelation feature value with high accuracy. 
0013. According to one preferred embodiment of the 
present invention, the apparatus further comprises an inspec 
tion image masking part for masking the inspection image 
with the defect candidate image to obtain a masked inspection 
image, and in the apparatus, the classification is also based on 
an autocorrelation feature value obtained from the masked 
inspection image. 
0014. According to another preferred embodiment of the 
present invention, the apparatus further comprises a reference 
image masking part for masking the reference image with the 
defect candidate image to obtain a masked reference image, 
and in the apparatus, the classification is also based on an 
autocorrelation feature value obtained from the masked ref 
erence image. 
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0015. According to still another preferred embodiment of 
the present invention, the classification is also based on an 
autocorrelation feature value obtained from the defect candi 
date image. 
0016. The other apparatus comprises a defect candidate 
image generator for generating a defect candidate image rep 
resenting an area which includes a defect candidate in a 
grayscale inspection image representing pattern on an object 
by comparing the inspection image with a reference image, an 
inspection image masking part for masking the inspection 
image with the defect candidate image to obtain a masked 
inspection image, a feature value calculation part for obtain 
ing an autocorrelation feature value from the masked inspec 
tion image and a classifying part for performing a classifica 
tion of the defect candidate on the basis of the autocorrelation 
feature value, and in the apparatus, the classifying part com 
prises a classifier construction part for constructing a classi 
fier by learning which outputs a classification result in accor 
dance with the autocorrelation feature value. It is thereby 
possible to easily perform the high accurate classification of 
defect candidate. 

0017. The present invention is also intended for a method 
of inspecting pattern on an object. 
0018. These and other objects, features, aspects and 
advantages of the present invention will become more appar 
ent from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a view showing a construction of a pattern 
inspection apparatus; 
0020 FIG. 2 is a block diagram showing a structure of a 
computer; 
0021 FIG. 3 is a block diagram showing a structure of an 
operation part in accordance with a first preferred embodi 
ment, 
0022 FIG. 4 is a flowchart showing an operation flow for 
inspecting pattern on a Substrate; 
0023 FIG. 5 is a view showing a state where an inspection 
image and a reference image are masked: 
0024 FIG. 6 is a view illustrating an autocorrelation 
matrix; 
0025 FIGS. 7A, 7B and 7C are views illustrating other 
examples of autocorrelation matrixes: 
0026 FIG. 8 is a block diagram showing another exem 
plary structure of an operation part; 
0027 FIG. 9 is a flowchart showing part of an operation 
flow for inspecting pattern on a Substrate; 
0028 FIG. 10 is a block diagram showing still another 
exemplary structure of an operation part; 
0029 FIG. 11 is a block diagram showing a structure of an 
operation part in accordance with a second preferred embodi 
ment, 
0030 FIG. 12 is a flowchart showing an operation flow for 
inspecting pattern on a Substrate; 
0031 FIG. 13 is a block diagram showing another exem 
plary structure of an operation part; 
0032 FIG. 14 is a block diagram showing still another 
exemplary structure of an operation part; and 
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0033 FIG. 15 is a block diagram showing still another 
exemplary structure of an operation part. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0034 FIG. 1 is a view showing a construction of a pattern 
inspection apparatus 1 in accordance with the first preferred 
embodiment of the present invention. The pattern inspection 
apparatus 1 comprises a stage 2 for holding a semiconductor 
substrate (hereinafter, referred to as a “substrate”) 9 formed 
predetermined wiring pattern, an image pickup part 3 for 
performing an image pickup of the Substrate 9 to acquire a 
grayscale image of the Substrate 9, a stage driving part 21 for 
moving the stage 2 relatively to the image pickup part 3 and a 
computer 4 constituted of a CPU which performs various 
computations and memories which store various information 
and the like. Each constituent element of the pattern inspec 
tion apparatus 1 is controlled by the computer 4. 
0035. The image pickup part 3 comprises a lighting part31 
for emitting an illumination light, an optical system 32 for 
guiding the illumination light to the Substrate 9 and receiving 
the light from the substrate 9 and an image pickup device 33 
for converting an image of the substrate 9 formed by the 
optical system 32 into an electrical signal, and an image data 
of the substrate 9 is outputted from the image pickup device 
33. The stage driving part 21 has mechanisms for moving the 
stage 2 in the X direction and the Y direction of FIG. 1. 
Though the image is acquired by the image pickup part 3 with 
the illumination light which is a visible light in the first 
preferred embodiment, for example, an electron beam, an 
X-ray or the like may be used to acquire images. 
0036 FIG. 2 is a block diagram showing a structure of the 
computer 4. The computer 4 has a constitution of general 
computer system where a CPU 41 for performing various 
computations, a ROM 42 for storing a basic program and a 
RAM 43 for storing various information are connected to a 
bus line as shown in FIG. 2. To the bus line, a fixed disk 44 for 
storing information, a display 45 for displaying various infor 
mation Such as images, a keyboard 46a and a mouse 46b for 
receiving an input from a user, a reader 47 for reading infor 
mation from a computer-readable recording medium 8 Such 
as an optical disk, a magnetic disk, a magneto-optical disk, 
and a communication part 48 for transmitting and receiving a 
signal to/from other constituent elements in the pattern 
inspection apparatus 1 are further connected through an inter 
face (I/F) or the like as appropriate. 
0037. A program 80 is read out from the recording 
medium 8 through the reader 47 into the computer 4 and 
stored into the fixed disk 44 in advance. The program 80 is 
copied to the RAM 43 and the CPU 41 executes computation 
in accordance with a program stored in the RAM 43 (in other 
words, the computer executes the program), and the computer 
4 thereby serves as an operation part in the pattern inspection 
apparatus 1. 
0038 FIG. 3 is a block diagram showing a structure of 
functions implemented by the CPU 41, the ROM 42, the 
RAM 43, the fixed disk 44 and the like in an operation by the 
CPU 41 according to the program 80. In FIG. 3, each con 
stituent (an inspection part 51, an inspection image masking 
part 521, a feature value calculation part 531 and a classifying 
part 54) of the operation part 50 is a function implemented by 
the CPU 41 and the like. These functions of the operation part 
50 may be implemented by dedicated electric circuits, or may 
be partially implemented by dedicated electric circuits. 
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0039 FIG. 4 is a flowchart showing an operation flow of 
the pattern inspection apparatus 1 for inspecting pattern on 
the Substrate 9. In the pattern inspection apparatus 1, first, a 
predetermined inspection area (hereinafter, referred to as a 
“first inspection area') on the substrate 9 is moved to an image 
pickup position of the image pickup part 3 by the stage driv 
ing part 21 and an image of the first inspection area is 
acquired. Subsequently, a second inspection area which is 
located on the substrate 9, away from the first inspection area 
by a period of patterns (for example, a distance between 
centers of dies arranged on the substrate 9) and a third inspec 
tion area away from the second inspection area by the same 
distance as the period are Subsequently adjusted to the image 
pickup position and images of the second inspection area and 
the third inspection area are thereby acquired (Step S11). In 
the first inspection area and the third inspection area on the 
Substrate 9, the same pattern as that in the second inspection 
area is formed, and in the following operation, the image of 
the second inspection area serves as an inspection image (an 
image to be inspected) and the images of the first inspection 
area and the third inspection area serve as reference images. 
One inspection image and two reference images which are 
acquired thus are outputted to the operation part 50. In FIG.3, 
arrows assigned reference signs 61 and 62 show signals rep 
resenting one inspection image and two reference images, 
respectively. An image which can be acquired in advance by 
picking up an image of a Substrate with no defect oran image 
which can be obtained from design data may be prepared as a 
reference image. 
0040. In a defect candidate image generator 511 in the 
inspection part 51, a defect candidate image representing 
areas (oran area) each of which includes a defect candidate(s) 
in the inspection image (hereinafter, referred to as a “defect 
candidate area') is generated from one inspection image and 
two reference images (Step S12). As a process for generating 
the defect candidate image, for example, the method of Japa 
nese Patent Application Laid Open Gazette No. 2002-22421 
(Document 5) can be used partially, and the disclosure of 
which is herein incorporated by reference. In this case, first, a 
first image which is a simple differential image representing 
absolute difference values between the inspection image and 
the reference image of the first inspection area and a second 
image which is a simple differential image representing abso 
lute difference values between the inspection image and the 
reference image of the third inspection area are generated. 
Subsequently, a standard deviation of values of pixels of the 
first image is obtained and the value of each pixel in the first 
image is divided by the standard deviation, to generate a first 
error probability value image. Similarly, a standard deviation 
of values of pixels of the second image is obtained and the 
value of each pixel in the second image is divided by the 
standard deviation, to generate a second error probability 
Value image. 
0041 After the two error probability value images are 
generated, one probability product image is generated by 
obtaining the square root of a product of value of each pixel in 
the first error probability value image and value of the corre 
sponding pixel in the second error probability value image. 
The value of each pixel in the probability product image is 
compared with a predetermined threshold value, for example, 
“1” is assigned to pixels of values which are larger than the 
threshold value and “O'” is assigned to pixels of values which 
are not larger than the threshold value, to binarize the prob 
ability product image. In the binarized probability product 
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image, spatially continuously extending pixels of the value 
“1” are labeled as an area and dilation is performed on this 
area, to generate a binary defect candidate image representing 
defect candidate areas which include defect candidates. 

0042. The defect candidate image is not necessarily 
obtained by binarization of the probability product image, for 
example, a defect candidate image may be generated by bina 
rizing an absolute difference value image by the predeter 
mined threshold value which represents an absolute value of 
the difference between a value of each pixel of the inspection 
image and a value of the corresponding pixel of one reference 
image. In other words, a defect candidate image 71 represent 
ing defect candidate areas 7 may be generated by using vari 
ous methods where the inspection image 61 is compared with 
the reference image 62 as conceptually shown in the upper 
and middle positions of FIG.5. The defect candidate image is 
not needed to be a binary image. 
0043. After the defect candidate image 71 is generated, the 
inspection image 61 and the defect candidate image 71 are 
inputted to the inspection image masking part 521 and the 
inspection image 61 is masked with defect candidate image 
71, to obtain a masked inspection image 611 (Step S13). With 
this operation, as shown in the left of lower position of FIG. 5, 
values of pixels included in each area in the inspection image 
61 corresponding to the defect candidate area 7 (in the left of 
lower position of FIG. 5, the same reference sign 7 as the 
middle of FIG. 5 is assigned) do not change and values of 
pixels included in other areas change to, for example, “0”. In 
the feature value calculation part 531, an autocorrelation fea 
ture value is obtained from the masked inspection image 611 
(Step S14). 
0044) Discussion will be made on a basic method for 
obtaining an autocorrelation feature value. FIG. 6 is a view 
illustrating an exemplary autocorrelation matrix 81 used in 
obtaining an autocorrelation feature value. In the autocorre 
lation matrix 81 of FIG. 6, the elements are arranged in 3x3 (3 
rows and 3 columns), where the value “1” is assigned to the 
center element and the element adjacent to the upper of this 
element and the value “O'” is assigned to the other elements. In 
the feature value calculation part 531, the center element of 
the autocorrelation matrix 81 is overlapped to one pixel in the 
masked inspection image 611 (hereinafter, referred to as a 
“target pixel’) which is an image to be operated, to obtain a 
product of values of pixels in the masked inspection image 
611 corresponding to the elements of the value “1” in the 
autocorrelation matrix 81. Then, a new value of the target 
pixel is determined by dividing the obtained value by a pre 
determined value Such as the average pixel value, the largest 
pixel value or the like of inspection image 611. 
0045. The above operation is subsequently performed to 
each pixel included in (an area corresponding to) each defect 
candidate area 7 in the masked inspection image 611 and the 
Sum, the average or the like of new values of pixels included 
in one defect candidate area 7 is extracted as an autocorrela 
tion feature value of the defect candidate area 7. At that time, 
since the image to be operated in the feature value calculation 
part 531 is masked with the defect candidate image, the 
feature value which is obtained is not affected by areas other 
than the defect candidate area 7. In the feature value calcula 
tion part 531, the autocorrelation feature value is obtained 
relative to only the defect candidate area 7, thus the efficiency 
of the operation can be increased. When the function of fea 
ture value calculation part 531 is implemented by electric 
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circuits, the operation using the autocorrelation matrix 81 
may be performed to all the pixels of the masked inspection 
image 611. 
0046 When the operation using the autocorrelation matrix 
81 of FIG. 6 is performed to areas which represent longitu 
dinally (i.e., in a column direction of arrangement of pixels) 
continuous pattern, the autocorrelation feature value 
becomes large, and when the operation is performed to areas 
which represent transversely (i.e., in a row direction of 
arrangement of pixels) continuous pattern, the autocorrela 
tion feature value becomes Small. Thus, the feature value 
which is obtained by the operation using the autocorrelation 
matrix 81 indicates a feature including geometric feature with 
directivity on a specific direction (longitudinal direction in 
the autocorrelation matrix 81 of FIG. 6). 
0047 FIGS. 7A,7B and 7C may be used as otherexamples 
of autocorrelation matrixes. In the autocorrelation matrixes 
81A, 81B and 81C of FIGS. 7A to 7C, an autocorrelation 
feature value which indicates a feature with the directivities 
on the directions of 0°, 45° and 135° transversely can be 
obtained, respectively. 
0.048 Various kinds of autocorrelation matrixes combin 
ing some of the autocorrelation matrixes 81 and 81A to 81C 
or the like are known, and actually, Some (or all) kinds of 
autocorrelation matrixes are selected according to features of 
pattern to be inspected or features of Supposed defects, a 
plurality of autocorrelation matrixes are prepared, and thenan 
autocorrelation feature value relative to each defect candidate 
area 7 is obtained as a high-dimensional vector of which 
values of elements are obtained by using the plurality of 
autocorrelation matrixes, respectively. Such an autocorrela 
tion feature value can be used for a defect candidate having no 
geometric feature (for example, textured). In this case, for 
example, an autocorrelation feature value may be obtained 
after removing an effect in rotation of a defect candidate by 
mapping an inspection image to a R0 plane. 
0049. The autocorrelation feature value is obtained in the 
feature value calculation part 531 related to each defect can 
didate area 7 and the autocorrelation value is outputted to the 
classifying part 54. The classifying part 54 comprises a clas 
sifier 541 which outputs a classification result in accordance 
with an input of an autocorrelation feature value and a clas 
sifier construction part 542 for constructing the classifier 541 
by learning. The classifier construction part 542 uses dis 
criminant analysis method, neural network, genetic algo 
rithms or the like with creating training data. The classifier 
construction part 542 generates defect classification condi 
tions corresponding to the classifier 541 by learning, and 
inputs the defect classification conditions to the classifier 541. 
In the classifying part 54, the autocorrelation feature value of 
each defect candidate area 7 is inputted to the classifier 541 
and a classification result on a class of each defect candidate 
is outputted as a signal Raccording to the defect classification 
conditions. As mentioned above, the classification of defect 
candidate which is included in each defect candidate area 7 is 
performed on the basis of the autocorrelation feature value in 
the classifier 54 (Step S15). Then, the classification result is 
informed to a user if necessary. By taking a false defect 
(pseudo defect) as one of classes of defects, a defect candidate 
can be classified as the false defect. 
0050. As discussed above, in the pattern inspection appa 
ratus 1, the inspection image 61 is masked with the defect 
candidate image 71 which represents the defect candidate 
area(s) 7 to obtain the autocorrelation feature value of the 
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defect candidate area 7 from the masked inspection image 
611. The autocorrelation feature value is inputted to the clas 
sifier 541 constructed in advance by learning and the defect 
candidate included in the defect candidate area 7 is classified 
automatically. In many cases, since autocorrelation feature 
value obtained by using a plurality of autocorrelation 
matrixes includes elemental features which are hardly 
grasped at the human vision, it is hard to characterize the 
autocorrelation feature value as compared with geometric 
feature value or feature value representing density. Therefore, 
it is difficult for a user to determine classification conditions 
for autocorrelation feature value in classifying on a so-called 
rule base. Conversely, in the pattern inspection apparatus 1, 
since the classifier 541 is constructed by learning and it out 
puts a classification result in accordance with an autocorre 
lation feature value, various classifications can be performed 
flexibly and the classification(s) of defect candidate(s) using 
autocorrelation feature(s) values can be performed easily 
with high accuracy. 
0051. In the feature value calculation part 531, other type 
(s) of a feature value(s) such as geometric feature value, 
feature value representing density in each defect candidate 
area 7 is further obtained and a classification of defect can 
didate may be performed together with the autocorrelation 
feature value with high accuracy. When it is important that a 
true defect is detected by classifying whether a defect candi 
date is true or false, it is preferable to make the threshold value 
Small used in binarization of the probability product image or 
the simple differential image. By this operation, more defect 
candidate areas 7 are extracted and possibility for missing 
true defect is reduced. Also in this case, it is possible to reduce 
a probability of detecting a false defect by classifying on the 
basis of the autocorrelation feature value in the classifying 
part 54. 
0.052 FIG. 8 is a block diagram showing another exem 
plary structure of an operation part. FIG. 9 is a flowchart 
showing part of an operation flow for inspecting pattern on a 
substrate and the operation is performed between Step S13 
and Step S14 of FIG. 4. An operation part 50a of FIG. 8, in 
comparison to the operation part 50 of FIG. 3, further com 
prises a reference image masking part 522 where signals of a 
reference image 62 and a defect candidate image 71 are 
inputted and a feature value calculation part 532 where a 
signal of a masked reference image 62 is inputted. Other 
constituent elements are the same as those described in the 
operation part 50 of FIG.3 and are represented by the same 
reference signs. 
0053. In the operation part 50a, when the defect candidate 
image 71 is generated (FIG. 4: Step S12), concurrently with 
masking the inspection image 61 in the inspection image 
masking part 521 (Step S13), the reference image 62 (when 
two reference images are acquired, any one of reference 
images or one new reference image which is generated by 
calculating the average of values of corresponding pixels in 
the two reference images) is masked by the reference image 
masking part 522 with the defect candidate image 71, to 
obtain a masked reference image 621 as shown in the right of 
lower position of FIG.5 (Step 5.13a). Then, an autocorrelation 
feature value of each defect candidate area 7 is obtained from 
the masked inspection image 611 and an autocorrelation fea 
ture value of each defect candidate area 7 is also obtained 
from the masked inspection image 621 (FIG. 4: Step S14). In 
the classifying part 54, the two autocorrelation feature values 
of each defect candidate area 7 obtained from the two masked 
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images 611 and 612 are inputted to the classifier 541, to 
classify a class of defect candidate (Step S15). 
0054 As discussed above, in the operation part 50a of 
FIG. 8, the classification by the classifying part 54 is also 
based on the autocorrelation feature value obtained from the 
masked reference image 621 in addition to the autocorrela 
tion feature value obtained from the masked reference image 
611. As a result, in the pattern inspection apparatus 1 with the 
operation part 50a, it becomes possible to classify classes of 
defect candidates with high accuracy. 
0055 FIG. 10 is a block diagram showing still another 
exemplary structure of an operation part. An operation part 
50b of FIG. 10 is a part added a feature value calculation part 
530 to the operation part 50a of FIG.8. In the operation part 
50b, a defect candidate image which is generated in the 
inspection part 51 is outputted to the feature value calculation 
part 530. In Step S14 of FIG.4, autocorrelation feature values 
of each defect candidate area are extracted from the defect 
candidate image, the masked inspection image and the 
masked reference image, respectively, in the feature value 
calculation parts 530 to 532. Thus, the classification which is 
also based on the autocorrelation feature value obtained from 
the defect candidate image is performed in the classifying 
part 54. As a result, in the pattern inspection apparatus 1 with 
the operation part 50b, it is possible to classify classes of 
defect candidates with high accuracy. 
0056 FIG. 11 is a block diagram showing a structure of an 
operation part 50c of the pattern inspection apparatus 1 in 
accordance with the second preferred embodiment of the 
present invention. The operation part 50c of FIG. 11 com 
prises an inspection part 55 and the inspection part 55 com 
prises the same defect candidate image generator 551 as the 
defect candidate image generator 511 of FIG.3 and a differ 
ential image generator 552 for generating a differential 
image. The operation part 50c further comprises a differential 
image masking part 523 to which a differential image is 
inputted and a feature value calculation part 533 to which a 
masked differential image is inputted. 
0057 FIG. 12 is a flowchart showing an operation flow of 
the pattern inspection apparatus 1 with the operation part 50c 
for inspecting pattern on a Substrate 9 and the operation is 
performed instead of Step 13 of FIG. 4. In the pattern inspec 
tion apparatus 1, after a grayscale inspection image represent 
ing pattern on the Substrate 9 and a grayscale reference image 
(s) are acquired (FIG. 4: Step S11), in the defect candidate 
image generator 551 a defect candidate image representing 
defect candidate areas (or a defect candidate area) in the 
inspection image is generated by comparing the inspection 
image with the reference image (Step S12) and at the same 
time in the differential image generator 552 an differential 
image between the inspection image and the reference image 
is generated (Step S21). Actually, as described in the first 
preferred embodiment, in generating the defect candidate 
image, the first image and the second image which are the 
simple differential images are generated, and any of these 
images serve as the differential image generated in Step S21. 
Thus, in the inspection part 55 in the second preferred 
embodiment, it is not needed to distinguish each function of 
the defect candidate image generator 551 and the differential 
image generator 552 clearly. 
0058. The differential image and the defect candidate 
image are inputted to the differential image masking part 523 
and masked with the candidate defect image (Step S22). In 
other words, the differential image in which areas other than 
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the defect candidate area(s) are masked is generated. In the 
feature value calculation part 533, an autocorrelation feature 
value of each defect candidate area is obtained from the 
masked differential image (Step S14), the autocorrelation 
feature value(s) is outputted to the classifying part 54. At this 
time, other type(s) of feature value(s) such as geometric fea 
ture value, feature value representing density may be further 
obtained. Then, the autocorrelation feature value is inputted 
to the classifier 541 constructed by learning performed in the 
classifier construction part 542 in advance (refer to FIG. 3), 
and the signal R representing the classification result is out 
putted by the classifier 541, the defect candidate(s) included 
in the defect candidate area(s) 7 is classified. 
0059. As discussed above, in the pattern inspection appa 
ratus 1 with the operation part 50c of FIG. 11, the simple 
differential image which represents the difference of density 
information between the inspection image and the reference 
image is generated and the classification of the defect candi 
date is performed on the basis of the autocorrelation feature 
value obtained from the simple differential image which is 
masked with the defect candidate image. Generally, a simple 
differential image is an image which represents geometric 
feature of defect candidate in defect candidate area directly, 
however, when defect candidate is not clear, textured or the 
like in a simple differential image, even if geometric feature 
value or feature value representing density is obtained from 
the simple differential image, it is hard to perform a classifi 
cation of defect candidate with high accuracy. Conversely, in 
the pattern inspection apparatus 1, since an autocorrelation 
feature value is obtained from the simple differential image, it 
is possible to classify a class of defect candidate with high 
accuracy. Since the classifying part 54 comprises the classi 
fier construction part 542 for constructing the classifier 541 
by learning which outputs a classification result in accor 
dance with the autocorrelation feature value, it is possible to 
perform the high accurate classification of defect candidate 
by using the autocorrelation feature value easily. 
0060. The differential image generated in the differential 
image generator 552 may be an image other than the simple 
differential image between the inspection image and the ref 
erence image. For example, the differential image may be the 
error probability value image or the probability product 
image in the first preferred embodiment, an image represent 
ing the difference between two images which represent edge 
information generated from the inspection image and the 
reference image, respectively, or a derivative image of an 
image representing this difference, the error probability value 
image or the probability product image, or the like. In other 
words, a differential image representing a difference between 
the inspection image and the reference image or a difference 
between two images obtained from the inspection image and 
the reference image, respectively, or a differential image 
obtained from the image representing this difference is gen 
erated as a image from which the autocorrelation feature 
value is extracted in the differential image generator 522 by 
using various methods. 
0061. In inspecting pattern, since the inspection image and 
the reference image are acquired and the differential image is 
generated on the basis of these images, even if density of an 
acquired image changes by change overtime of light intensity 
of the illumination light emitted from the lighting part 31 
(refer to FIG. 1) or the like, it becomes possible to perform a 
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robust classification. According to methods for generating the 
differential image and the defect candidate image, whichever 
image may be generated first. 
0062 FIG. 13 is a block diagram showing another exem 
plary structure of an operation part. An operation part 50d of 
FIG. 13 is a part added the inspection image masking part 521 
and the feature value calculation part 531 in the operation part 
50 of FIG. 3 to the operation part 50c of FIG. 11. In the 
operation of the operation part 50d, the operation of FIG. 12 
is performed between Step S12 and Step S13 of FIG. 4. 
0063. In inspecting pattern of the pattern inspection appa 
ratus 1 with the operation part 50d of FIG. 13, concurrently 
with masking the differential image (FIG. 12: Step S22), in 
the inspection image masking part 521 the inspection image 
is masked with the defect candidate image to obtain a masked 
inspection image (FIG. 4: Step S13), and autocorrelation 
feature values of each defect candidate area are obtained from 
the masked differential image and the masked inspection 
image, respectively (Step S14). In the classifying part 54, a 
classification of defect candidate is performed, and the clas 
sification is also based on the autocorrelation feature value 
obtained from the masked inspection image in addition to the 
autocorrelation feature value obtained from the masked dif 
ferential image. As a result, in the pattern inspection appara 
tus 1 with the operation part 50d, it is possible to classify 
classes of defect candidates with high accuracy. 
0064 FIG. 14 is a block diagram showing still another 
exemplary structure of an operation part. An operation part 
50e of FIG. 14 is a part added the reference image masking 
part 522 and the feature value calculation part 532 in the 
operation part 50a of FIG.8 to the operation part 50d of FIG. 
13. In the operation of the operation part 50e, the operation of 
FIG. 12 is performed between Step S12 and Step S13 of FIG. 
4 and the operation of FIG. 9 is performed between Step S13 
and Step S14 of FIG. 4. 
0065. In the pattern inspection apparatus 1 with the opera 
tion part 50e of FIG. 14, the differential image, the inspection 
image and the reference image are masked with the defect 
candidate image in the differential image masking part 523, 
the inspection image masking part 521 and the reference 
image masking part 522, respectively (FIG. 12: Step S22. 
FIG. 4: Step S13, FIG. 9: Step 5.13a) to obtain a masked 
differential image, a masked inspection image and a masked 
reference image, and autocorrelation feature values of each 
defect candidate area are obtained from the masked differen 
tial image, the masked inspection image and the masked 
reference image, respectively (FIG. 4: Step S14). In the clas 
Sifying part 54, a classification of defect candidate is per 
formed on the basis of the autocorrelation feature value 
obtained from the masked reference image in addition to the 
autocorrelation feature values obtained from the masked dif 
ferential image and the masked inspection image. It is there 
fore possible to classify classes of defect candidates with high 
accuracy. 

0066 FIG. 15 is a block diagram showing still another 
exemplary structure of an operation part 50f. An operation 
part 50f of FIG. 15 is a part added the feature value calculation 
part 530 in the operation part 50b of FIG. 10 to the operation 
part 50e of FIG. 14 and an autocorrelation feature value of the 
defect candidate image is further obtained. The autocorrela 
tion feature values of each defect candidate area obtained 
from the masked differential image, the masked inspection 
image, the masked reference image and the defect candidate 
image, respectively, are inputted to the classifying part 54 in 
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the operation part 50f of FIG. 15, it is therefore possible to 
classify classes of defect candidates with high accuracy. 
0067 Though the preferred embodiment of the present 
invention has been discussed above, the present invention is 
not limited to the above-discussed preferred embodiment, but 
allows various variations. 
0068. In the second preferred embodiment, if the autocor 
relation feature value extracted from the differential image is 
obtained as low-dimensional vector (i.e., only a few autocor 
relation matrixes are used), the classification of defect candi 
date may be performed on a rule base. 
0069. While the autocorrelation matrix in which the ele 
ments are arranged in 3x3 is used in the preferred embodi 
ments, by using an autocorrelation matrix representing large 
area in which elements are arranged in 5x5, 9x9 or the like, 
high-level texture analysis or the like may be performed. In 
this case, it is preferable to enlarge a defect candidate area 
where a feature value is extracted by performing a larger 
dilation or the like on the defect candidate area in the opera 
tion of the inspection part. 
0070. In a plurality of divided areas obtained by dividing a 
defect candidate image, the whole divided area including 
defect candidates specified by the operation of the inspection 
part may be served as a defect candidate area. 
0071. The functions of the operation part in the pattern 
inspection apparatus may be added to a defect reviewing 
apparatus which picks up images of defects inspected by 
other inspecting apparatus or the like and confirms defects. In 
this case, for example, an image picked up by the defect 
reviewing apparatus is served as an inspection image and a 
classification of a defect is performed on the basis of the 
inspection image. 
0072. In the preferred embodiment, the inspection is per 
formed to pattern formed on a semiconductor Substrate, but 
the pattern inspection apparatus can be utilized to inspect 
pattern formed on, for example, a printed circuitboard, a glass 
Substrate for manufacturing a flat panel display or the like. An 
object inspected by the pattern inspection apparatus may be 
Something other than the Substrate. 
0073. While the invention has been shown and described 
in detail, the foregoing description is in all aspects illustrative 
and not restrictive. It is therefore understood that numerous 
modifications and variations can be devised without depart 
ing from the scope of the invention. 
0074 This application claims priority benefit under 35 
U.S.C. Section 119 of Japanese Patent Application No. 2004 
283003 filed in the Japan Patent Office on Sep. 29, 2004, the 
entire disclosure of which is incorporated herein by reference. 

1. An apparatus for inspecting pattern on an object, com 
prising: 

a differential image generator for generating a differential 
image representing a difference between a grayscale 
inspection image representing pattern on an object and a 
grayscale reference image or a difference between two 
images obtained from said inspection image and said 
reference image, respectively, or a differential image 
obtained from an image representing said difference; 

a defect candidate image generator for generating a defect 
candidate image representing an area which includes a 
defect candidate in said inspection image by comparing 
said inspection image with said reference image: 

a differential image masking part for masking said differ 
ential image with said defect candidate image to obtain 
a masked differential image; 
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a feature value calculation part for obtaining an autocorre 
lation feature value from said masked differential image: 
and 

a classifying part for performing a classification of said 
defect candidate on the basis of said autocorrelation 
feature value. 

2. The apparatus according to claim 1, further comprising 
an inspection image masking part for masking said inspec 

tion image with said defect candidate image to obtain a 
masked inspection image, wherein 

said classification is also based on an autocorrelation fea 
ture value obtained from said masked inspection image. 

3. The apparatus according to claim 2, further comprising 
a reference image masking part for masking said reference 

image with said defect candidate image to obtain a 
masked reference image, wherein 

said classification is also based on an autocorrelation fea 
ture value obtained from said masked reference image. 

4. The apparatus according to claim 1, wherein 
said classification is also based on an autocorrelation fea 

ture value obtained from said defect candidate image. 
5. The apparatus according to claim 1, wherein 
said classifying part comprises a classifier construction 

part for constructing a classifier by learning which out 
puts a classification result in accordance with autocor 
relation feature value. 

6-8. (canceled) 
9. A method for inspecting pattern on an object, comprising 

the steps of: 
a) generating a differential image representing a difference 

between a grayscale inspection image representing pat 
tern on an object and a grayscale reference image or a 
difference between two images obtained from said 
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inspection image and said reference image, respectively, 
or a differential image obtained from an image repre 
senting said difference; 

b) generating a defect candidate image representing an area 
which includes a defect candidate in said inspection 
image by comparing said inspection image with said 
reference image: 

c) masking said differential image with said defect candi 
date image to obtain a masked differential image: 

d) obtaining an autocorrelation feature value from said 
masked differential image; and 

e) performing a classification of said defect candidate on 
the basis of said autocorrelation feature value. 

10. The method according to claim 9, further comprising 
the step of 

masking said inspection image with said defect candidate 
image to obtain a masked inspection image, wherein 

said classification is also based on an autocorrelation fea 
ture value obtained from said masked inspection image. 

11. The method according to claim 10, further comprising 
the step of 

masking said reference image with said defect candidate 
image to obtain a masked reference image, wherein 

said classification is also based on an autocorrelation fea 
ture value obtained from said masked reference image. 

12. The method according to claim 9, wherein 
said classification is also based on an autocorrelation fea 

ture value obtained from said defect candidate image. 
13. The method according to claim 9, wherein 
said classification is performed by a classifier constructed 
by learning which outputs a classification result in 
accordance with said autocorrelation feature value. 

14-16. (canceled) 


