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(57) ABSTRACT 

The distribution states of defects are analyzed on the basis 
of the coordinates of defects detected by an inspection 
apparatus to classify them into a distribution feature cat 
egory, or any one of repetitive defect, congestion defect, 
linear distribution defect, ring/lump distribution defect and 
random defect. In the manufacturing process for semicon 
ductor Substrates, defect distribution states are analyzed on 
the basis of defect data detected by an inspection apparatus, 
thereby specifying the cause of defect in apparatus or 
process. 
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METHOD FOR ANALYZING DEFECT DATA AND 
INSPECTION APPARATUS AND REVIEW SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is the second of two concurrently 
filed continuation applications of U.S. Ser. No. 11,095,614, 
filed Apr. 1, 2005, which is a continuation of U.S. Ser. No. 
10/119,018, filed Apr. 10, 2002 (now U.S. Pat. No. 6,876, 
445), the contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a defect data 
analyzing method for analyzing defect distribution states 
from the defect data detected by inspection apparatus in a 
semiconductor device manufacturing process in which cir 
cuit patterns are formed on a semiconductor Substrate. 
0003. In the semiconductor device manufacturing pro 
cess in which circuit patterns are formed on a semiconductor 
substrate (hereafter, referred to as semiconductor substrate 
production process), pattern defect inspection or foreign 
matter inspection is executed after each process, and the 
inspection results are analyzed, in order to improve and 
stabilize the yield. In other words, the operator observes the 
detected defects on an optical microscope or scanning 
electron microscope to know the kinds of the defects and 
identify the causes of the defects. This operation is called 
review. A method for making effective review is disclosed in 
JP-A-10-214866. In this method, the region in which defects 
are concentrated is recognized as a cluster from the defect 
distribution, and a review point is selected on the basis of the 
area and shape of the cluster. 
0004 Another method for analyzing the inspection result 

is proposed to try to estimate the cause of defects in 
apparatus or process from the analysis of defect distribution 
states. JP-A-6-61314 describes that wafers are grouped 
according to the state in which the defect map has clusters, 
and it is decided if they have similarities to known patterns, 
thereby identifying the cause of defects. In addition, U.S. 
Pat. No. 5,982,920 describes that each defect is classified as 
one of minute cluster, linear cluster, indefinite-form cluster 
and global type other than cluster, and related to a cause of 
defect. 

SUMMARY OF THE INVENTION 

0005. It is an object of the invention to provide a defect 
data analyzing method capable of extracting a relatively 
high-density region even if the detected defects have a 
low-density distribution. 
0006. It is another object of the invention to provide a 
defect data analyzing method capable of fast classifying 
clusters of high-density regions of detected defects at a 
practical level. 
0007. The method described in the above-given JP-A- 
10-214866 needs to understand the cluster and then specify 
the shape. Therefore, it cannot be used for the distribution 
that is so thin that the cluster cannot be recognized. The 
method disclosed in the above JP-A-6-61314 or U.S. Pat. 
No. 5,982,920 also similarly requires to recognize the clus 
ter, and thus cannot be used for thin defect distributions. 
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However, in order to early detect an abnormal state of 
apparatus or process, it is necessary to be capable of treating 
such thin defect distributions. 

0008. In addition, according to the method described in 
the above JP-A-6-61314, patterns of an indeterminate form 
are registered because known patterns to be used for com 
parison are produced on the basis of actual wafers. The 
method in the U.S. Pat. No. 5,982,920 makes clusters of 
various forms of lines or of indeterminate forms be classified 
mixed as one type. In either case, when the cause of defect 
is specified by manpower, skill is required. For automatic 
inspection, an enormous amount of data must be accumu 
lated, and as a result the computation time increases. There 
fore, information that makes the defect cause identification 
by manpower easy is required to be fast produced. 

0009. In order to achieve the above object, according to 
the invention, there is provided a defect data analyzing 
method for classifying defects, on the basis of the position 
coordinates of defects detected by an inspection apparatus, 
into at least one kind of distribution feature category, or any 
one of repetitive defect, congestion defect, linear distribu 
tion defect, ring/lump distribution defect and random defect. 
0010. According to the invention, since a high-density 
region image representing a high-density portion of defects 
is generated on the basis of the position coordinates of 
defects detected by an inspection apparatus, the high-density 
region is not required to recognize as cluster, and a relatively 
high-density region can be extracted even if the distribution 
is thin. Moreover, according to the invention, since the 
high-density region image is classified into any one of a 
plurality of previously registered geometric patterns, the 
defect distribution states can be analyzed at a practical level 
in both computing time and storage capacity. Since meaning 
can be previously created in each of the plurality of geo 
metric patterns, the cause of defect in apparatus or process 
can be identified with ease. 

0011. Other objects, features and advantages of the 
invention will become apparent from the following descrip 
tion of the embodiments of the invention taken in conjunc 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a process flow diagram showing the idea 
of the defect data analyzing method according to the inven 
tion. 

0013 FIG. 2 is a flowchart showing the procedure of 
repetitive defect identification processing. 

0014 FIG. 3 shows an example of a closest point 
Voronoi diagram. 

0015 FIGS. 4A and 4B are graphs useful for explaining 
the principle of Hough transform. 

0016 FIG. 5 is a flowchart of the procedure of identify 
ing linear distribution defects. 

0017 FIGS. 6A-6F are diagram useful for explaining a 
method of identifying linear distribution defects. 

0018 FIG. 7 is a diagram showing the idea of identifying 
ring/lump distribution defects. 
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0.019 FIG. 8 is a flowchart of the procedure for making 
a high-density region image. 

0020 FIG. 9 is a diagram to which reference is made in 
explaining a method of automatically producing ring-shaped 
dictionary patterns. 

0021 FIGS. 10A-10G are diagrams to which reference is 
made in explaining a method of automatically producing 
lump-shaped dictionary patterns. 

0022 FIG. 11 is a diagram useful for explaining a 
method of computing the degree of coincidence between the 
high-density region image and each of the dictionary pattern 
images. 

0023 FIG. 12 is a diagram useful for explaining a 
method of computing the degree of coincidence between the 
high-density region image and each of the dictionary pattern 
images. 

0024 FIG. 13 is a diagram showing a first method for 
user pattern registration. 

0.025 FIG. 14 is a diagram showing a second method for 
user pattern registration. 

0026 FIG. 15 is a block diagram of a first construction 
of the inspection apparatus according to the invention. 
0027 FIG. 16 is a block diagram of a second construc 
tion of the inspection apparatus according to the invention. 

0028 FIG. 17 is a front view of a displayed image 
showing one example of the image of the defect data 
analyzed result according to the invention. 
0029 FIG. 18 is a block diagram showing an example of 
the construction of the review system according to the 
invention. 

DESCRIPTION OF THE EMBODIMENTS 

0030 Embodiments of the invention will be described 
with reference to the accompanying drawings. 
0031 FIG. 1 is a diagram showing the idea of the defect 
data analyzing method according to the invention. 

0032. In the first embodiment of the defect data analyzing 
method according to the invention, defect data 102 produced 
from a semiconductor Substrate inspection apparatus 101 
includes at least the coordinates of defect position. Shown at 
103a, 103b are wafer maps for showing the positions of 
defects expressed by a coordinate system with its origin 
selected as one point from the wafer. The coordinates of 
defect that the inspection apparatus produces can be 
expressed by a coordinate system with its origin selected as 
one point from the wafer or by coordinate systems with their 
origins selected from the respective chips of the wafer. In the 
former case, the coordinate values X, Y of defect are used as 
they are, but in the latter case it is necessary that the 
coordinates of defect within a chip be converted to be on 
another coordinate system by using chip arrangement infor 
mation and chip size information. The defects on the wafer 
map are respectively classified on the basis of its defect 
distribution into distribution characteristic categories by the 
discrimination processing of repetitive defect, congestive 
defect, linear distribution, ring/line-shaped distribution and 
extraction processing of random defect. 
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0033. The repetitive defect occurs over a plurality of 
chips to be at Substantially the same positions within each 
chip. Shown at 104a, 104b is the repetitive defect as 
indicated by dots corresponding to those in the maps 103a, 
103b. FIG. 2 is a flowchart for the repetitive defect dis 
crimination. First, a chip overlap map is generated from the 
defect position coordinates so that all defect positions can be 
expressed by the coordinates based on the respective origins 
of chips (S201). When the coordinates of defect positions 
are expressed by the coordinate system covering all the 
wafer, it is necessary to convert them by use of chip 
arrangement and chip size information so that they can be 
shown on the coordinate systems having their origins on the 
respective chips. Then, a closest point Voronoi diagram is 
produced to determine the distances between the adjacent 
defects on the chip overlap map (S202). FIG. 3 shows an 
example of the closest point Voronoi diagram. The closest 
point Voronoi diagram represents the area of influence of 
each coordinate point. The area of influence of coordinate 
point P is defined as a set of closest points of P. The 
influential area is expressed by a polygon Surrounding the 
point P, and called Voronoi region of P. The corresponding 
points of other regions coming contact with the Voronoi 
region of P are the points adjacent to P. Defects having a 
cluster within a chip, or having adjacent defects within the 
same chip with the distance d between them equal or less 
than a predetermined threshold d1 are excluded not to be 
processed (S203). The remaining defects forming a cluster, 
i.e., defects with the distance d equal to or less than a 
predetermined threshold d2 are combined to be a group, and 
the group having defects of which the number is equal to or 
less than a specified value is detected as repetitive defect 
(S204). The repetitive defect has its group number attached 
for each group. The coordinates within chip, the constituent 
defect number, chip number that characterize the group are 
calculated and recorded. 

0034. The congestion defect has a very small distance to 
the adjacent defect on the wafer map, and normally called 
cluster defect. Shown at 105a, 105b are congestion defects 
that correspond to those of the maps 103a, 103b as indicated 
by dots. For congestion defect discrimination, defects with 
the distance equal to or less than a predetermined threshold 
are connected to form a group, and the group having a 
predetermined number of defects is detected as congestion 
defect. A closest point Voronoi diagram corresponding to the 
wafer map is generated to determine the distances between 
the adjacent defects, and it is checked if the distance to the 
adjacent defects is equal to or less than a threshold. Alter 
natively, the wafer map is partitioned into lattice areas, and 
it is previously examined which lattice each point belongs 
to. It is possible to check if the distance between the defects 
in the same lattice or in the adjacent lattices is equal to or 
less than a threshold. The congestion defect has its group 
number attached for each group, and the gravitation center 
coordinates, maximum X/y coordinates, minimum X/y coor 
dinates, area, defect density and constituent defect number 
that characterize the group are calculated and recorded. 

0035. The linear distribution defect has a linear distribu 
tion of high-density defects. The portion surrounded by a 
square in 106a, 106b shows the linear distribution defect 
corresponding to that of 103a, 103b. The linear distribution 
does not strictly show a straight line, but has a certain width. 
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0036) The ring/lump distribution is a distribution having 
a ring-shaped or lump-shaped distribution of high-density 
defects. The portions surrounded by the solid line in 107a, 
107b show the ring/lump distribution defect corresponding 
to those in 103a, 103b. 

0037. The other type of detect than the above types of 
defect is extracted as random defect. Shown at 108a, 108b 
are the random defects that correspond to those in 103a, 
103b. 

0038. The linear distribution defect identifying method 
according to the invention will be described in detail with 
reference to FIGS. 4A-6. 

0.039 Hough transform is often used for linear detection. 
FIGS. 4A, 4B are diagrams useful for explaining the prin 
ciple of Hough transform. As illustrated in FIG. 4A, a 
straight line on the x-y plane can be expressed by two 
parameters of the distance p from the origin and angle 0 of 
the perpendicular to the straight line. When a straight line 
passing through a point P1 on the X-y plane in FIG. 4A is 
plotted on a 0p plane in FIG. 4B, the locus becomes a curve 
passing through points (0, p), (0, p2) as shown in FIG. 
4B. For other points on the x-y plane, curves can be depicted 
similarly. When a group of points is distributed as a straight 
line as in FIG. 4A, the loci of straight lines passing through 
each point become curves intersecting at the point (0, p.) 
as shown in FIG. 4B. Therefore, the groups of points on the 
x-y plane are converted to the loci on the 6p plane, and of 
the points (0,p) at which those loci, or curves intersect, a 
maximal point (0,p) at which a maximum number of curves 
intersect is determined so that a straight line corresponding 
to the maximal point (0,p) can be detected. 

0040 Hough transform is also used for the identification 
of linear distribution defect according to the invention. FIG. 
5 is a flowchart of the linear distribution defect discrimina 
tion. FIGS. 6A-6F show an example of the processing. First, 
Hough transform is made for defect coordinates (S501), and 
a straight line corresponding to the point of coordinates (0. 
p) at which the maximum number of the curves intersect, or 
the number of ballots cast is the maximum, is detected as a 
proposed straight line (S502). FIG. 6B shows an image, 
after Hough transform, of wafer map of FIG. 6A. Since the 
linear distribution has a certain width as described above, the 
resolution of (0, p) is made rough. When normal Hough 
transform is performed, however, a problem occurs that, if 
congestion defect is located in two places, a straight line 
connecting the two congestion defects is detected. Since the 
congestion defect can be considered as being linearly dis 
tributed, removal of congestion defect also could adversely 
affect the results. To solve this problem, weighting propor 
tional to the distance between the defects or the square of the 
distance between the defects is performed at the time of 
casting ballots to (0,p), thus reducing the contribution of the 
congestion defects. To this end, it is necessary to previously 
generate a closest point Voronoi diagram for wafer map and 
calculate the distances between the defects. If the Voronoi 
diagram is already generated at the time of congestion defect 
discrimination, it may be used. In addition, since there is 
only one defect within the Voronoi region, the reciprocal of 
the area of the Voronoi region can be considered as the local 
defect density at the corresponding coordinates. The recip 
rocal of the defect density, i.e., the Voronoi region area may 
be used for the above weighting. 
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0041. Then, the width W in p-direction is determined of 
the portions of C.% of the maximum ballot number of the 
proposed straight line as shown in FIG. 6B (S503). The 
value C. is a predetermined threshold, and W can be con 
sidered as the width of the proposed straight line. Next, it is 
checked if W is equal to or less than the predetermined 
threshold. If it is larger than the threshold, i.e., if the width 
is too wide, it is decided that there is no linear distribution, 
and the processing ends (S504). If it, is smaller than the 
threshold, the wafer map is rotated by -0, and a dark and 
light image is generated that shows the density of the 
periphery of the proposed straight line (S505). At this time, 
the pixel size is made equal to W. The lattices shown in FIG. 
6C are associated with the pixels of the dark and light image. 
In the figure, however, the lattices are shown rotated 0 in 
place of rotating the wafer map by -0. The dark and light 
image is generated so that large pixel values are given for 
lattices of high-density defects and that the small pixel 
values are given for the lattices of low-density defects. For 
example, the pixel value is determined in proportion to the 
number of defects within lattice. The same weighting may 
be made as at the time of Hough transform processing for 
reducing the contribution of the congestion defect. 
0042. Then, a proper method such as discrimination 
analysis method is used to binarize the dark and light image 
as shown in FIG. 6D, and the presence or absence of any 
linear distribution is decided from the binary image (S506). 
The black sections in FIG. 6D can be considered as candi 
dates of linear distribution defect. Since the center line is 
associated with the position of the proposed line, the deci 
sion of the presence or absence of any linear distribution is 
performed by digitalizing the length of a proposed line of 
defects at the center, the continuity or not, the presence or 
absence of side distribution lines, and comparing them with 
specified thresholds. In the example of FIG. 6D, the square 
portion surrounded by the solid line in FIG. 6E can be 
decided to be a linear distribution. If there is no linear 
distribution, the processing ends (S507). If there is any 
linear distribution, the portion of FIG. 6E is rotated by 0 to 
be aligned with the corresponding portion on the wafer map 
as shown in FIG. 6F, and the defects within the solid-line 
square are detected as a linear distribution defect (S508). 
The detected linear distribution defect is removed not to be 
processed next (S.509), and the steps from S501 are repeated. 
Each linear distribution detected during one cycle of the 
processing is attached with a group number, and the amounts 
of characteristics Such as position, width, angle, length and 
defect density are calculated and recorded. 
0043. The ring/lump distribution defect identifying 
method of the invention will be described in detail. FIG. 7 
is a diagram showing the concept of the ring/lump distri 
bution defect identifying method of the invention. In the first 
step, a binary image having 1's indicating high defect 
density and 0's indicating low defect density is generated on 
the basis of the coordinates of defects. This image will be 
hereafter called a high-density region image 704. In the next 
step, a plurality of geometrical dictionary pattern images 
705 are automatically generated according to the size of the 
high density region image 704. Next, the degree of coinci 
dence between the high density region image 704 and each 
of the plurality of geometrical dictionary pattern images 705 
is calculated, and in the last step, a pattern image 706 of the 
highest degree of coincidence is selected. According to 
another aspect of the invention, dictionary patterns 707 are 
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previously registered by the user except the automatically 
generated geometrical dictionary pattern images 705, and 
the pattern image 706 of the highest degree of coincidence 
is selected from those patterns 705, 707. The pattern image 
706 and wafer map 103 are overlapped, and the defects 
included within the pattern portion are detected as a ring/ 
lump distribution defect. 

0044) Each step will be described in detail. 
0045. A description will be first made of a method for 
producing the high density region image 704 on the basis of 
the defect position coordinates. 
0046 FIG. 8 is a flowchart for the generation of high 
density region image 704. 

0047 First, a closest point Voronoi diagram for all defect 
coordinates is generated, and the area of the Voronoi region 
at each point is determined (S801). If this calculation is 
made in the above linear distribution defect discrimination 
processing, the calculation result may be used. Then, the 
histogram of the area of the Voronoi region is calculated 
(S802). In this case, the defects classified as any type of 
repetitive defect, congestion defect and linear distribution 
defect are not included in the calculation of histogram. The 
highest frequency value is determined from the histogram, 
and multiplied by a predetermined number (assumed as N), 
and the square root of the multiplication result is calculated 
and used as the image size (S803). The image size is 
determined so that the whole wafer can be fallen just within 
a single image, and a dark and light image is generated with 
the number of defects per pixel being expressed by tint 
(S804). This image is generated by incrementing the pixel 
value at the coordinates of each defect with all pixels 
initially set to 0. At this time, when N is too large, the image 
size becomes Small, making it difficult to discriminate 
shapes, and thus N should be selected to be about 5. If N is 
too small contrary to the above case, the thickness difference 
between the high-density and low-density portions becomes 
Small, making it difficult to discriminate. Next, the image is 
binarized by use of a predetermined threshold (represented 
by T) to be a binary image of 1's indicating high density 
portion and 0's indicating low density portion (S805). Here, 
T and N should be made substantially equal. The obtained 
image has a pattern of a relatively high defect density. 
Finally this pattern undergoes expansion and contraction 
processing to form the high-density region image 704 
(S806). Thus, by generating the image using this method, a 
relatively high density region can be extracted with a proper 
image size set even if the image has a thin distribution. In 
addition, another method can be considered in which the 
dark and light image is generated in step S804 and binarized 
in step S805. Each defect is weighted in proportion to the 
shortest distance to the adjacent defect, the square of the 
shortest distance or the Voronoi region area, and added to the 
pixels at the corresponding positions, thereby generating the 
dark and light image. This image is binarized by use of a 
discrimination analysis method. 
0.048. A description will be made of the method for 
automatically producing the geometric dictionary pattern 
images 705. 
0049. The geometric dictionary pattern images 705 are 
automatically generated with the ring pattern and lump 
pattern separated. The image size is determined as with that 
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of high-density region image 704. The pattern is generated 
by using the largest circle to be depicted on the image as a 
reference according to the following method. 
0050. The ring patterns are generated by dividing the 
reference circle equally in the radius direction to be con 
centric circles, and combining Small regions resulting from 
equal fan-shape division of the circles toward the central 
angle as shown in FIG. 9. A method of combining the small 
regions will be described with reference to FIG. 9 that 
shows the patterns resulting from five division in the radius 
direction and eight divisions in the central angle direction. 
The circular rings (of which the innermost one is a circle) 
resulting from the division in the radius direction are 
attached with symbols of a, b, c, d, and e from the outside, 
and the eight fan-shaped regions resulting from the division 
in the central angle direction are numbered 1-8 in turn. The 
sizes of complete circular rings or circle are combined as 15 
combinations of a, b, c, d, e, ab, bc, cod, de.abc. bcd, cde, 
abcd, bcde, abcde. The segments of the circular rings, have 
seven different sizes, or variations of an eighth, two eighths, 
three eighths, four eighths, five eighths, six eighths and 
seven eighths. The segments of each equal size can be 
combined as 8 combinations. For example, the segments of 
two eighths can have 8 combinations of 12, 23, 34, 45, 56. 
67, 78 and 81. The total combinations resulting from these 
combinations plus one circular ring, or 57 combinations can 
be considered. In addition, since the above-mentioned 15 
combinations can be considered for each one of those 
combinations, a total of 855 patterns can be generated. 
0051. The circular rings are not always required to divide 
as in the radius direction and central angle direction. Also, 
they are not necessary to divide equally. However, equal 
division is desirable not to prevent the processing from 
being complicated. 

0052 The lump-shaped patterns are generated by divid 
ing the reference circle equally in the horizontal direction by 
elliptical shapes with the long axis selected as the vertical 
diameter, dividing equally in the vertical direction by ellip 
tical shapes with the long axis selected as the horizontal 
diameter and combining the resulting Small regions. FIG. 
10A shows 8 divisions of the circle in each direction of the 
horizontal and vertical directions. The total number of 
combinations of horizontal sizes and positions is 36 since 8 
sizes from 1 to 8 and (9-N) positions when the size is N can 
be considered. The total number of combinations of vertical 
sizes and positions is the same. Therefore, since the hori 
Zontal and vertical sizes and positions can be freely com 
bined, 1296 different patterns can be generated. FIGS. 
10B-10D show examples of these patterns generated in this 
way as indicated by the black areas. The combinations of 
separate regions and a pattern having a recess as shown in 
FIG. 10F cannot be generated in this way. It can also be 
considered that a pattern generated in the above way is 
rotated 45 degrees around the center of the reference circle 
to be another lump-shaped pattern. FIG. 10G shows the 
Small regions formed by division in this case. Either case or 
both cases may be used. The number of divisions may be 
other than 8. 

0053. By automatically generating the geometrical dic 
tionary pattern images 705 in the above way it is possible to 
Suppress the pattern number to a practical level, and thus 
achieve fast processing. 
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0054) A description will be made of a method for calcu 
lating the degree of coincidence between the high-density 
region image 704 and each of dictionary pattern images 705 
with reference to FIG. 11. Each pixel value of high-density 
region image 704 is compared with that of dictionary pattern 
image 705 at the same address. If coincidence is reached, +1 
is produced. If coincidence is not reached, -1 is produced. 
All the pixels are compared similarly. The results of the 
comparison of all pixels are added up, and the total is 
regarded as the degree of coincidence. FIG. 11 shows the 
high-density region image 704 and parts 705a, 705b of the 
dictionary pattern image with the pixel value 1 indicated by 
black and 0 by white. Also 708a and 708b represent mis 
matched portions of the high-density region image 704 with 
the dictionary pattern image 705a, 705b as indicated by 
black. In other words, the pixel values of the white portions 
of these images are 1, those of the black portions are -1, and 
the total of all pixel values is the degree of coincidence. 
When compared with image 708b, the image 708a is found 
to have a smaller black area, and thus the degree of coin 
cidence of the pattern 705a with the high-density region 
image 704 is higher than the pattern 705b. 
0055. In the above method, the pattern 706 is detected 
without fail, but in practice, it should be decided that any 
pattern is not produced at all when the density is very low 
or when the density difference is small. Therefore, the 
detected pattern 706 is verified so that the presence and 
absence of pattern is decided. A description will be made of 
a method for deciding the presence or absence of pattern and 
a method for adjusting the sensitivity of pattern detection. In 
order to decide the presence or absence of pattern, it is 
necessary that a dark and light image be generated by a 
weighting method and used when the high-density region 
image 704 is produced. The detected pattern image 706 and 
the dark and light image are Superimposed on each other, 
and the ratio C of decision analysis values of the inside and 
outside of pattern is calculated from the pixel values of the 
dark and light image according to the following equation. 

C = copop (He-He) (1) 
copoi + (ob Of 

co, cob: numbers of pixels in and Out of pattern 
pur, up:average values of pixel values of dark and 
light image in and out of pattern 

O, O, standard deviations of pixel values of dark 
and light image in and out of pattern 

The ratio C is compared with a predetermined threshold. If 
it is equal to or smaller than the threshold, it is decided that 
there is no pattern. In addition, if the highest frequency is 
lower than a predetermined value in the histogram obtained 
in step S802, it is decided that there is no pattern without 
making the following processing. If the former threshold is 
selected to be small, a pattern with a smaller density 
difference can be detected. If the latter threshold is set to be 
Small, a pattern with a smaller defect density can be 
detected. Therefore, if these thresholds are specified by the 
user, the user can adjust the sensitivity. 
0056 Incidentally, the semiconductor substrate is not 
always examined for all surface because of the restriction to 
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the throughput, but it is often partially examined by speci 
fying inspection or no inspection for each row of chips. In 
this case, it is difficult for the pattern detection to be made 
by the above ring/lump discrimination method. Another 
method for discriminating ring/lump distributions with the 
above problem solved will be described with reference to 
FIG. 12. FIG. 12 is a diagram showing the idea of ring/lump 
distribution discrimination that can be used for the defect 
data on the wafer to be partially examined. When partial 
examination is executed, the wafer map 103 is, for example, 
as illustrated. The high-density region image 704 is gener 
ated, and geometric dictionary pattern 705 is automatically 
produced, by the same method as above. On the other hand, 
a region image 709 to be inspected is generated on the basis 
of inspection condition information and chip matrix data. 
The region image 709 to be inspected and each geometric 
dictionary pattern 705 are superimposed, and the degree of 
coincidence is calculated with the non-inspection region 
used as a mask. In other words, the dictionary pattern image 
705 and region image 709 to be inspected of high-density 
region image 704 are simultaneously scanned, and the 
following operations are made. The pixel value is 0 for the 
non-inspection region. In the case of inspected region, if the 
pixel values of high-density region image 704 and dictionary 
pattern image 705 are matched, +1 is given, and if they are 
not matched, -1 is given. Those values are added up over all 
pixels, and the total is regarded as the degree of coincidence. 
In this way, the degree of coincidence is calculated to each 
dictionary pattern image 705, and the pattern image 706 with 
the highest degree of coincidence is selected. According to 
this method, the degree of coincidence to dictionary pattern 
705 can be calculated with high precision even in the case 
of partial inspection, thus making it possible to discriminate 
ring/lump distribution defects. 
0057 The user pattern registration method will be 
described below. 

0058 FIG. 13 is a diagram useful for explaining the user 
pattern registration method. First, the user designates a 
wafer map 901 that has patterns to be wanted to register, and 
allows it to be displayed on the screen. This designation may 
be omitted, and in this case nothing is displayed. Then, one 
pattern is selected from divided patterns 902a-902c that are 
used for automatic generation of geometric dictionary pat 
terns. Reference numeral 902a represents the same as the 
ring-shaped pattern shown in FIG. 9, and 902b and 902c are 
the same as the lump-shaped patterns shown in FIGS. 10A 
and 10G, respectively. The selected pattern 902 is displayed 
overlapped on the wafer map 901. The respective small 
regions of the selected divided pattern 902 are switched to 
be selected or not selected by the user's designation, and the 
selected region is displayed in a different color. The user 
selects Small regions at high-density positions or selects 
those freely, and after the selection the user orders to 
register. The combination of specified Small regions is 
compared with the automatically generated pattern. If no one 
is included in the automatically generated pattern, a pattern 
image 903 is stored as the user's registrated pattern 707. 
According to this method, if the combination of selected 
Small regions but not pattern image is encoded and recorded 
as user's registrated pattern, satisfactory results can be 
obtained. 

0059 FIG. 14 is a diagram to which reference is made in 
explaining a user pattern registration method different from 
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the above. The user designates the wafer map 901 that has 
patterns to be wanted to register, and allows it to be 
displayed on the screen. A high-density region 904 is gen 
erated and displayed by the above-mentioned high-density 
region image generation method. The high-density region 
904 is compared with the automatically generated dictionary 
pattern and the previously registered user's registered pat 
tern so that the degree of coincidence thereto can be calcu 
lated. If the maximum degree of coincidence is equal to or 
Smaller than a predetermined threshold, it is registered as 
user's registered pattern 707. In this case, the user's regis 
tered pattern 707 can be recorded as image data. 
0060. The user pattern registration method may include 
both types of method or either one. Also, it may be different 
from the above one. 

0061. In the second embodiment of the defect data analy 
sis method according to the invention, information associ 
ated with the automatically generated geometrical dictionary 
pattern 705 and user's registered pattern 707 is added in the 
ring/lump distribution defect discrimination processing, and 
the pattern image 706 is selected according to the same 
method as in the first embodiment. 

0062) The information to be added includes pattern posi 
tion, size, shape, degree of importance, and specified items. 
The pattern position, size and shape of the geometrical 
dictionary pattern 705 are roughly classified according to a 
constant rule, and default information is added. The posi 
tions of the lump-shaped pattern are grouped into upper 
right, top, upper left, right, center, left, lower right, bottom 
and lower left. The sizes thereof are classed as large, 
medium and Small, and the shapes are lump. For example, 
FIG. 10B shows a lump-shaped pattern of small size on the 
upper left, FIG. 10C a lump-shaped pattern of medium size 
on the right, and FIG. 10D a lump-shaped pattern of large 
size at the center. The ring-shaped pattern is selected to be 
a fourth of a large-radius ring on the upper right. In this case, 
even if the ring-shaped patter is derived from a lump-shaped 
patter, it is regarded as a ring-pattern provided that the 
pattern has only the single outermost row. Even if it is 
derived from a ring-shaped pattern, it is regarded as a 
lump-shaped pattern provided that it includes the innermost 
circle. 

0063 Moreover, means is provided for manually group 
ing the geometrical dictionary pattern 705 and user's regis 
tered pattern and collectively adding information, and the 
same information can be added to the pattern that the user 
decides to be the same. Accordingly, the resolution of 
position and size information can be adjusted. The degree 
of-importance information is entered by the user. The spe 
cific items to be entered include information directly asso 
ciated with cause of defect. 

0064. The first embodiment of the inspection apparatus 
having the defect data analysis method according to the 
invention will be described. Hereafter, repetitive defect, 
congestion defect, linear distribution defect, ring/lump dis 
tribution defect and random defect are called distribution 
feature category. Known inspection apparatus for semicon 
ductor Substrate include foreign Substance inspection appa 
ratus, optical type pattern defect inspection apparatus and 
SEM type pattern defect inspection apparatus. The inspec 
tion apparatus according to the invention makes inspection 
for semiconductor Substrate by the same known method as 
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either one of these inspection apparatus, classifies the 
obtained defect data into the distribution feature category by 
the above method and produces the category information 
together with the defect data information. 
0065 FIG. 15 is a diagram of the construction of the first 
embodiment of the inspection apparatus according to the 
invention. 

0066 Pattern information adding means 301 adds pat 
tern-related information Such as pattern position, size, shape, 
degree of importance and specified item to a plurality of 
automatically generated geometrical dictionary patterns and 
user's registered dictionary patterns. It has a portion to add 
default information to the geometrical dictionary pattern, 
and a portion to manually add information to the geometrical 
dictionary pattern and user's registered dictionary pattern. 
The addition of pattern information is made offline. The 
result is at least once stored as a pattern information file 311 
in storage means 302 Such as hard disk. 
0067. The defect data analysis can be executed in both 
in-line mode and offline mode. 

0068. Inspection means 303 makes wafer inspection by a 
well known method, and causes defect data 102 including at 
least defect position coordinates to be stored in the storage 
means 302. 

0069. In in-line mode, the inspection means 303 sends 
notice of inspection completion to defect data analysis 
means 304 when inspection of each wafer is finished. The 
defect data analysis means 304 reads in defect data 102 of 
each wafer from the storage means 302. Alternatively, it may 
be so constructed as to transmit and receive defect data 102 
without the intervention of storage means 302. 
0070. In offline mode, the defect data analysis means 304 

is ordered to read in defect data 102 of wafer by the operator. 
0071. The defect data analysis means 304 classifies 
defect data into distribution feature category on the basis of 
defect position coordinates, and adds distribution feature 
category number and intra-category group number to defect 
data of each defect. When a ring/lump distribution defect is 
detected, it causes the pattern information file 311 to be read 
from the storage means 302, adds pattern image number or 
pattern information to the defect data of the ring/lump 
distribution defect, and makes it be stored in the storage 
means 302 as defect data 102 including the results of both 
inspection and analysis. In in-line mode, the inspection 
means 303 is informed of analysis completion. 

0072 The result of classification to distribution feature 
category is displayed on display means 305. It may be 
displayed on a wafer map with a different color for each 
category, or a wafer map may be generated for each category 
and displayed as shown in FIG. 1. Also, chip overlap maps 
may be displayed at the same time. In addition, the pattern 
image 706 selected in the ring/lump distribution discrimi 
nation is displayed on the display means 305 together with 
information associated with the wafer to be inspected and 
pattern information added to pattern. At the same time, it is 
stored as an image file in association with the wafer to be 
inspected. Moreover, when a linear distribution defect is 
detected, a rectangle that indicates its position is displayed 
Superimposed on the wafer map, and at the same time, 
information such as position, width, angle, length and defect 
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density is displayed. These information are stored in asso 
ciation with the wafer to be inspected. 
0.073 User pattern registration means 306 generates 
user's registered patterns according to the order by the 
operator, and causes pattern code or pattern image to be 
stored in the storage means 302, depending on the difference 
in the above method. It is also possible to construct with the 
user pattern registration means 306 not provided. 

0074. A description will be made of the second embodi 
ment of the inspection apparatus having the defect data 
analysis method according to the invention. The second 
embodiment inspects the semiconductor substrate by a well 
known method, makes the classification to distribution fea 
ture category on the basis of the obtained defect data 
information by the above method, makes sampling on the 
basis of a specified rule for each category, and produces the 
classification result and sampling result together with defect 
data. 

0075 FIG. 16 shows the construction of the second 
embodiment of the inspection apparatus according to the 
invention. 

0.076 The pattern information adding means 301 adds 
sampling condition number in addition to the above infor 
mation. It manually groups the dictionary patterns using the 
same sampling condition, and attaches the same sampling 
number. When there is no sampling condition corresponding 
to the number, sampling condition generation means 307 
generates the sampling condition. 

0077. The sampling condition generation means 307 gen 
erates the sampling condition for determining a defect for 
review. It manually generates the sampling conditions asso 
ciated with the patterns of ring/lump distribution defects, 
and sampling conditions at each of the other distribution 
feature categories, and makes them be stored as a sampling 
condition file 312 in the storage means 302. The sampling 
conditions are, for example, sampling number, sampling rate 
and sampling method. The values of sampling number and 
sampling rate are entered after selecting either one for the 
designation. The sampling number is determined by the 
sampling rate to the number of defects within a pattern. 
Sampling manners such as random and defect number order 
are listed so that the user can select them. When defect 
number order is specified, sampling is made at intervals 
matched with the sampling rate. 

0078. The operations of the inspection means 303 and 
defect data analysis means 304 are the same as in the first 
embodiment. 

0079 Sampling means 308, after completion of defect 
analysis, reads in the sampling condition 312 and the single 
wafer defect data 102 with distribution feature information 
added from the storage means 302. The transmission and 
reception of defect data 102 may be made without the 
intervention of the storage means 302. The condition of 
sampling is determined by the distribution feature category 
of defect data. If the category is ring/lump distribution 
defect, sampling is made by use of the condition associated 
with the added pattern information. If the category is the 
other one, sampling is made by use of the condition of each 
distribution feature category. As the result of the sampling, 
a flag of review or not is added to the defect data, and the 
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defect data 102 including the results of inspection, analysis 
and sampling is stored in the storage means 302. 

0080. The pattern image 706 selected by the defect data 
analysis means 304 is displayed on the display means 305 
together with information associated with the wafer to be 
inspected, and the pattern information added to pattern. The 
defect sampled on the wafer map is displayed in a different 
color or symbol from the other defects. FIG. 17 shows one 
example of the result image. 

0081. The user pattern registration means 306 is operated 
in the same way as in the first embodiment, but may be 
omitted. 

0082. A description will be made of a review system 
having the defect data analysis method according to the 
invention. 

0083 FIG. 18 is a diagram of the review system accord 
ing to the invention. 

0084. On a network are connected a foreign substance 
inspection apparatus 401, an optical type pattern defect 
inspection apparatus 402, an SEM type pattern defect 
inspection apparatus 403, a defect data analysis apparatus 
404 and a review apparatus 405. Each inspection apparatus 
401-403 and the review apparatus 405 are installed within 
a clean room. The defect data analysis apparatus 404 may be 
installed anywhere. 

0085. The results from the inspection apparatus 401-403 
are produced as a file of defect data 102 of the same format, 
and transferred to the defect data analysis apparatus 404. 
The defect data analysis apparatus 404 is constructed as in 
FIG. 12, but has no inspection means 303. It reads in the 
defect data 102 of the wafer to be analyzed in its defects, and 
makes classification to distribution feature category and the 
sampling based on the classification result. The distribution 
feature information and sampling flag are also added to the 
defect data 102, produced as a file and transferred to the 
review apparatus 405. 

0086) The review apparatus 405 reads in the defect data 
102 with the sampling flag added of the wafer to be 
reviewed, reviews the defect according to the information 
and manually or automatically classifies the defect. As a 
result of classification, a category number is added to the 
defect data 102, and the defect data is produced as a file and 
transferred to the defect data analysis apparatus 405. At the 
same time, the related review image is also transferred. The 
defect data analysis apparatus 405 generates a report and 
stores it on the basis of the defect distribution pattern of the 
wafer to be analyzed, and the defect review result. The 
content of the report includes information of wafer to be 
inspected, the result of classification to distribution feature 
category, and review image. Since distribution feature and 
defect review image are simultaneously displayed, the cause 
can be easily presumed. According to user's request, the 
detailed information such as estimated rate of defect types or 
other analyzed results by a well known analysis means may 
be given which are calculated from the sampling position 
information, review result and sampling rate. Any format 
may be used for the report, but HTML format is used. The 
report is uploaded to a data server 406 connected via the 
Internet or intranet so that it can be read from an arbitrary 
terminal 407 that can be connected to the server. 
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0087 While an example of three kinds of inspection 
apparatus and one review apparatus connected was shown 
above, at least one inspection apparatus and one review 
apparatus may be connected. Moreover, a plurality of vari 
ous inspection apparatus and review apparatus may be 
provided. If each inspection apparatus has the same con 
struction as in the second embodiment of the inspection 
apparatus according to the invention, the function of defect 
data analyzing apparatus can be achieved by any one of the 
inspection apparatus, and thus it is not necessary to sepa 
rately provide the defect data analyzing apparatus. 
0088 While the above defect data analyzing method, and 
the inspection apparatus or review system having this 
method are provided to fundamentally process defect data of 
a single wafer, a plurality of wafers can be analyzed together 
as long as the defect distribution discrimination but not 
sampling is tried to make. In this case, first the defect 
position coordinates of a plurality of wafers are Superim 
posed, and a high-density region image is generated on the 
basis of the Superimposed defect position coordinates. 
0089. It should be further understood by those skilled in 
the art that the foregoing description has been made on 
embodiments of the invention and that various changes and 
modifications may be made in the invention without depart 
ing from the spirit of the invention and the scope of the 
appended claims. 
What is claimed is: 

1. A method of analyzing defect data, comprising: 
generating a wafer map using information of positions of 

defects detected by an inspection apparatus; 
grouping defects on said wafer map based on a distribu 

tion density of said defects; and 
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classifying said grouped defects into one of a plurality of 
defect categories by calculating a degree of coincidence 
between said grouped defects and a plurality of geo 
metric patterns generated in accordance with a prede 
termined parameter of an image region of said grouped 
defects. 

2. A method of analyzing defect data according to claim 
1, wherein said geometric patterns stored in a memory are 
generated by calculation. 

3. A method of analyzing defect data according to claim 
1, wherein said geometric patterns stored in a memory 
include a ring pattern and a part of the ring pattern. 

4. An apparatus for analyzing defect data, comprising: 
a first processor which generates a wafer map using 

information of positions of defects detected by an 
inspection apparatus; 

a second processor which groups defects on said wafer 
map by a distribution density of said defects; and 

a third processor which classifies said grouped defects 
into one of a plurality of defect categories by calculat 
ing a degree of coincidence between said grouped 
defects and a plurality of geometric patterns generated 
in accordance with a predetermined parameter of an 
image region of said grouped defects. 

5. An apparatus for analyzing defect data according to 
claim 4, wherein said geometric patterns stored in a memory 
are generated by calculation in said third processor. 

6. An apparatus for analyzing defect data according to 
claim 4, wherein said geometric patterns stored in a memory 
include a ring pattern and a part of the ring pattern. 

k k k k k 


