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(57) ABSTRACT 

In a pattern inspection apparatus for comparing images of 
corresponding areas of tWo patterns, Which are formed so as 
to be identical, so as to judge that a non-coincident part of the 
images is a defect, the in?uence of unevenness in brightness 
of patterns caused by a difference of thickness or the like is 
reduced, Whereby highly sensitive pattern inspection is real 
iZed. In addition, high-speed pattern inspection can be carried 
out Without changing the image comparison algorithm. For 
this purpose, the pattern inspection apparatus operates to 
perform comparison processing of images in parallel in plural 
areas. Further, the pattern inspection apparatus operates to 
convert gradation of an image signal among compared 
images using different plural processing units such that, even 
in the case in Which a difference of brightness occurs in an 
identical pattern among images, a defect can be detected 
correctly. 
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PATTERN INSPECTION METHOD AND ITS 
APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 12/230,362, ?led Aug. 28, 2008, Which is a 
Continuation of US. application Ser. No. 10/797,011, ?led 
Mar. 11, 2004, now US. Pat. No. 7,433,508, Which claims 
priority from Japanese Patent Application No. 2003-065886, 
?led on Mar. 12, 2003, the contents of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an inspection 
method and apparatus for comparing an image of an object, 
Which is obtained by using light, laser beams, or the like, and 
a reference image to detect a ?ne pattern defect, a foreign 
body, or the like from a difference betWeen the images. In 
particular, the present invention relates to a pattern inspection 
apparatus that is designed preferably for performing visual 
inspection of a semiconductor Wafer, a TFT, a photomask, 
and the like, and a method therefor. 

[0003] As an example of a conventional technique for com 
paring an inspection object image and a reference image to 
detect a defect, reference is made to a method described in 
JP-A-05-264467. This method involves sequentially sensing 
images of an inspection object specimen using a line sensor, 
in Which repetitive patterns are arranged regularly, comparing 
the sensed images With images delayed by a time for estab 
lishing a repetitive pattern pitch, and detecting a non-coinci 
dent part of the images as a pattern defect. 

[0004] Such a conventional inspection method Will be 
described in conjunction With the visual inspection of a semi 
conductor Wafer, as an example. In a semiconductor Wafer 
Which serves as an object of inspection, as shoWn in FIG. 6, a 
large number of chips having an identical pattern are arranged 
regularly. As shoWn in FIG. 7, each chip can be roughly 
divided into a memory mat section 71 and a peripheral circuit 
section 72. The memory mat section 71 consists of a set of 
small repetitive patterns (cells), and the peripheral circuit 
section 72 basically consists of a set of random patterns. In 
general, in the memory mat section 71, the pattern density is 
high, and an image thereof obtained by a bright-?eld illumi 
nation optical system tends to be dark. On the other hand, in 
the peripheral circuit section 72, the pattern density is loW, 
and an image thereof tends to be bright. 

[0005] In the conventional visual inspection, images in the 
same positions of tWo chips adjacent to each other, for 
example, an area 61, an area 62, and the like, as seen in FIG. 
6, are compared, and a difference betWeen the images is 
detected as a defect. In this case, since there may be a vibra 
tion of the stage Which holds the object, inclination of the 
object, or the like, the positions of the tWo images do not 
alWays coincide With each other. Thus, the amount of posi 
tional deviation of the image sensed by the sensor and the 
image delayed by the repetitive pattern pitch is determined, 
the tWo images are aligned on the basis of the amount of 
positional deviation, and then a difference betWeen the 
images is calculated. When the difference is larger than a 
speci?ed threshold value, it is judged that there is a defect in 
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the pattern; and, When the difference is smaller than the 
threshold value, it is judged that there is no defect in the 
pattern. 
[0006] In the alignment of tWo images in the comparative 
inspection, it is a general practice to set the edge parts in the 
images as one piece of information for calculation of the 
amount of positional deviation and to calculate the amount of 
positional deviation such that deviation of the edge parts 
betWeen the images is minimiZed. Actually, a method has 
been proposed using normalized cross correlation, as Well as 
a method using a sum of residuals, and the like. HoWever, in 
any of such methods, since the amount of calculation is enor 
mous, in order to realiZe speedup of the inspection, various 
measures have been required, such as changing the positional 
deviation calculation section to hardWare or increasing the 
number of arithmetic operation circuits, and change of the 
image processing algorithm, such as simpli?cation of the 
calculation of the amount of positional deviation. 
[0007] In addition, in a semiconductor Wafer Which serves 
as the object of inspection, a slight difference in thickness 
occurs in a pattern due to planariZation by CMP or the like, 
and so there is a difference in the brightness locally in images 
among chips. For example, reference numeral 41 in FIG. 4A 
denotes an example of an inspection object image, and refer 
ence numeral 42 in FIG. 4B denotes an example of a reference 
image. As indicated by the pattern 411 in FIG. 4A and the 
pattern 4b in FIG. 4B, a difference in the brightness occurs in 
an identical pattern of the inspection object image and the 
reference image. 
[0008] In addition, there is a defect 4d in the inspection 
object image 41 of FIG. 4A. A difference image in this case is 
as shoWn in FIG. 4C. The difference image is an image 
represented by a density difference according to a differential 
value in corresponding positions of an inspection object 
image and a reference image. A Waveform of a differential 
value in position 1D-1D' is as shoWn in FIG. 4D. With respect 
to such an image, if a part Where the differential value is equal 
to or more than a speci?c threshold value TN is regarded as a 
defect, as in the conventional system, a differential value 40 of 
the patterns 4a and 4b, Which are different in brightness, is 
detected as a defect. HoWever, this condition should not origi 
nally be detected as a defect. In other Words, this is a false 
defect or a nuisance defect (hereinafter referred to as a false 
defect). Conventionally, as one method of avoiding the occur 
rence of a false defect, such as indicated by the differential 
value 40 of FIG. 4C, the threshold value TN is increased (from 
TH to TH2 in FIG. 4D). HoWever, this leads to a decrease in 
the sensitivity, and the defect 4d With a differential value of 
the same or loWer level cannot be detected. 

[0009] In addition, a difference in the brightness due to a 
difference in the thickness may occur only among speci?c 
chips Within a Wafer such as shoWn in FIG. 6, or it may occur 
only in a speci?c pattern Within a chip. HoWever, if the thresh 
old value TH is adjusted to these local areas, the overall 
inspection sensitivity Will be extremely decreased. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a pattern inspec 
tion apparatus for comparing images of corresponding areas 
of tWo patterns, Which are formed so as to be identical, to 
judge that a non-coincident part of the images is a defect, and 
serves to reduce the in?uence of unevenness in brightness of 
patterns caused by a difference in the thickness or the like, so 
as to realiZe a highly sensitive pattern inspection. In addition, 
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the present invention realizes high-speed pattern inspection 
Without the need for changing the image comparison algo 
rithm. Consequently, the problems of the conventional 
inspection technique can be solved. 
[0011] In other Words, in accordance With the present 
invention, a pattern inspection apparatus for comparing 
images of corresponding areas of tWo patterns, Which are 
formed so as to be identical, so as to judge that a non-coinci 
dent part of the images is a defect, includes means for per 
forming processing for detecting an image With an image 
sensor, processing for comparing images, and processing for 
judging a defect at different times. As a speci?c example of 
such means, the pattern inspection apparatus includes means 
for performing processing for comparing images in parallel in 
plural areas. Therefore, the pattern inspection apparatus 
includes plural units for performing processing for compar 
ing images and a number of memories equal to or less than the 
number of units. In addition, the pattern inspection apparatus 
includes means for Writing data in a memory of the image 
sensor and reading out data from the memory at different 
times. 
[0012] Further, the pattern inspection apparatus includes 
means for converting gradation of an image signal among 
compared images by different plural processing units. Con 
sequently, even in the case in Which an object of inspection is 
a semiconductor Wafer and a difference in brightness occurs 
in an identical pattern among images due to a difference in 
thickness in the Wafer, or Where there is a ?uctuation in the 
quantity of illumination light and a ?uctuation in the sensi 
tivity for each pixel of the image sensor, or unevenness in the 
quantity of light accumulation time, a defect can be detected 
correctly. 
[0013] These and other objects, features and advantages of 
the invention Will be apparent from the folloWing more par 
ticular description of preferred embodiments of the invention, 
as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] In the accompanying draWings: 
[0015] FIG. 1 is a block diagram shoWing an example ofthe 
structure of an inspection apparatus according to the present 
invention; 
[0016] FIG. 2 is an image diagram shoWing an example of 
the How of image data in the course of parallel processing by 
tWo image comparison processing units; 
[0017] FIG. 3 is an image diagram shoWing another 
example of the How of image data in the course of parallel 
processing by tWo image comparison processing units; 
[0018] FIG. 4A is a diagram shoWing an inspection object 
image at the time When there is unevenness in brightness 
among compared chips in an example of a conventional 
threshold value setting method; 
[0019] FIG. 4B is a diagram shoWing a reference image in 
the conventional threshold value setting method; 
[0020] FIG. 4C is a difference image in the conventional the 
threshold value setting method; 
[0021] FIG. 4D is a Waveform diagram of a differential 
value in position 1D-1D'; 
[0022] FIG. 5 is a plan vieW of a semiconductor Wafer and 
shoWs an enlarged vieW of an example of an image compari 
son processing unit; 
[0023] FIG. 6 is a plan vieW of a semiconductor Wafer and 
shoWs an enlarged vieW of a chip; 
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[0024] FIG. 7 is a plan vieW shoWing an example of the 
structure of a chip; 

[0025] FIG. 8 is a How diagram shoWing a How of process 
ing for adjusting a difference in brightness Which occurs in a 
belt shape; 
[0026] FIG. 9 is a How diagram shoWing a How ofprocess 
ing in the image comparison processing unit; 
[0027] FIG. 10A is a diagram illustrating processing for 
adjusting a difference in brightness Which occurs in a belt 
shape and shoWs an example of adjusting the brightness in a 
roW direction; 
[0028] FIG. 10B is a diagram illustrating processing for 
adjusting a difference in brightness Which occurs in a belt 
shape and shoWs an example of adjusting the brightness in a 
column direction; 
[0029] FIG. 10C is a diagram illustrating processing for 
adjusting a difference in brightness Which occurs in a belt 
shape and shoWs an example of adjusting the brightness in a 
roW direction and a column direction; 

[0030] FIG. 11A is a diagram shoWing an example of a 
result of processing by a brightness correction unit and shoWs 
a difference image after alignment; 
[0031] FIG. 11B a diagram shoWing an example of a result 
of processing by the brightness correction unit and shoWs an 
image in Which a difference in brightness is corrected at a 
high frequency (by a unit of linear or belt-like area); 
[0032] FIG. 11C a diagram shoWing an example of a result 
of processing by the brightness correction unit and shoWs an 
image in Which a difference in brightness is corrected at a loW 
frequency (by a unit of a Wide area); 
[0033] FIG. 11D is a diagram shoWing an example of a 
result of processing of the brightness correction unit and 
shoWs a luminance Waveform diagram along line 1D-1D' in 
FIG. 11A; 
[0034] FIG. 11E is a diagram shoWing an example of a 
result of processing by the brightness correction unit and 
shoWs a luminance Waveform diagram of FIG. 11C corre 
sponding to line 1D-1D' of FIG. 11A; 
[0035] FIG. 12 shoWs an example of a proper threshold 
value according to coordinates in a Wafer and coordinates in 
a chip in a plan vieW of a semiconductor Wafer; 

[0036] FIG. 13 is a How diagram shoWing a How of pro 
cessing for setting a threshold value for each of the coordi 
nates in a Wafer and the coordinates in a chip; 

[0037] FIG. 14 is a plan vieW of a semiconductor Wafer 
shoWing an example of inspection chip setting at the time of 
trial inspection; 
[0038] FIG. 15 is a front vieW of a displayed screen shoW 
ing an example of superimposed indication of design data of 
a chip and processing results; 
[0039] FIG. 16A is a graph shoWing an example of setting 
a threshold value from characteristic amounts of a defect and 
a false defect and shoWs a relation betWeen a density differ 
ence value and the frequency of the defect and the false 
defect; 
[0040] FIG. 16B is a graph shoWing an example of setting 
a threshold value from characteristic amounts of a defect and 
a false defect and shoWs a relation betWeen an area and a 

density difference value of the defect and the false defect; 
[0041] FIG. 17 is a How diagram shoWing a How of pro 
cessing for adjusting a difference of brightness Which occurs 
at random; 
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[0042] FIG. 18A is a diagram showing a reference image, a 
detected image, and a difference image for Which the bright 
ness by a unit of belt-like area is adjusted; 
[0043] FIG. 18B is a graph showing a characteristic amount 
space Which is formed by the reference image and the 
detected image; 
[0044] FIG. 18C is a scatter diagram in a characteristic 
amount space With a brightness of the detected image plotted 
on the X axis and a brightness of the reference image plotted 
on the Y axis; 
[0045] FIG. 18D shoWs scatter diagrams in Which the scat 
ter diagram of FIG. 18C is divided for each characteristic 
amount; 
[0046] FIGS. 19A and 19B are diagrams shoWing an 
example of a segment dividing method for a characteristic 
space; and 
[0047] FIG. 20 is a How diagram shoWing a processing 
procedure for calculating a divided threshold value for the 
segment division. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0048] An embodiment of the present invention Will be 
described in detail With reference to FIGS. 1 to 20. 
[0049] As an example of the present invention, a defect 
inspection method employed in an optical visual inspection 
apparatus targeting a semiconductor Wafer Will be consid 
ered. FIG. 1 shoWs an example of the structure of the appa 
ratus. Reference numeral 11 denotes a specimen (an object to 
be inspected, such as a semiconductor Wafer). The apparatus 
includes a stage 12 on Which the specimen 11 is placed and 
moved; and a detection unit 13, including a light source 101, 
Which illuminates the specimen 11, an illumination optical 
system 102, Which condenses light emitted from the light 
source 101, an object lens 103, Which illuminates the speci 
men 11 With the illumination light condensed by the illumi 
nation optical system 102 and focuses an optical image 
obtained by re?ection of the illumination light, an image 
sensor 104, Which receives the focused optical image and 
converts the focused optical image into an image signal cor 
responding to a value of brightness, and an A/D conversion 
unit 105, Which converts an input signal received from the 
image sensor 104 into a digital signal. 
[0050] Here, a lamp is used as the light source 101 in the 
example shoWn in FIG. 1. HoWever, a laser may be used. In 
addition, light emitted from the light source 101 may be light 
of a short Wavelength, or it may be light of a Wavelength in a 
Wide band (White light). In the case in Which light having a 
short Wavelength is used, in order to increase the resolution of 
an image to be detected (to detect a ?ne defect), light having 
a Wavelength in the ultraviolet region (ultraviolet light: UV 
light) may be used. 
[0051] In addition, it is possible to detect a defect at a 
relatively high speed and With a high sensitivity by adopting 
a time delay integration image sensor (TDI image sensor), 
Which is constituted by arranging plural one-dimensional 
image sensors tWo-dimensionally, as the image sensor 104, to 
transfer a signal detected by each one-dimensional image 
sensor to the one-dimensional image sensor in the next stage 
in synchronization With movement of the stage 13 and to add 
up the signals. 
[0052] The apparatus also includes an image editing unit 
14, Which includes a pre-processing section 106, Which 
applies image correction, such as shading correction and dark 
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level correction, to a digital signal of an image detected in the 
detection unit 13, and image memories 107-1 and 107-2 in 
Which digital signals of a detected image to be an object of 
comparison and a reference image are stored. 
[0053] The apparatus further includes an image compari 
son processing unit Which calculates defect candidates in a 
Wafer used as a specimen. The apparatus uses plural image 
comparison processing units (15-1, 15-2). The image com 
parison processing unit 15-1 compares tWo images (a 
detected image and a reference image) stored in an image 
memory 107-1 of the image editing unit 14 and judges that a 
part Where a differential value is larger than a threshold value 
is a defect. First, the image comparison processing unit 15-1 
reads out digital signals of the detected image and the refer 
ence image stored in the image memory 107-1, calculates an 
amount of positional deviation for adjusting the deviation of 
positions in a positional deviation detection section 108-1, 
and calculates an amount of signal correction for adjusting 
the deviation of the brightness betWeen the detected image 
and the reference image in a brightness correction section 
109-1. Then, the image comparison processing unit 15-1 
compares corresponding positions of the detected image and 
the reference image in brightness in an image comparison 
section 110-1 using the calculated amount of positional 
deviation and amount of signal correction, and identi?es a 
part Where a differential value is larger than a speci?c thresh 
old value as a defect candidate. A threshold value setting 
section 111-1 sets a threshold value, Which is used in extract 
ing a defect candidate from a differential value for each area 
and gives the threshold value to the image comparison section 
110-1. 

[0054] In the image comparison processing unit 15-2, pro 
cessing is performed according to the same procedure as the 
image comparison processing unit 15-1 using tWo images 
stored in an image memory 107-2. 
[0055] The apparatus has an overall control unit 16, includ 
ing a user interface section 112 Which provides display means 
and input means for receiving a change of inspection param 
eters (a threshold value and the like used in image compari 
son) from a user and for displaying information on a detected 
defect, a storage 113 Which stores a characteristic amount of 
a detected defect candidate, an image, and the like, and a CPU 
(incorporated in the overall control unit 16) Which performs 
various controls. This is a mechanical controller 114 Which 
drives the stage 12 on the basis of a control command received 
from the overall control unit 16. Note that the image compari 
son processing units 15-1 and 15-2, the detection unit 13, and 
the like are also driven according to a command from the 
overall control unit 16. 
[0056] In the semiconductor Wafer 11 Which serves as an 
object of inspection, a large number of chips of an identical 
pattern are arranged regularly as shoWn in FIG. 6. In the 
inspection apparatus of FIG. 1, the semiconductor Wafer 11 is 
continuously moved by the stage 12 in response to the overall 
control unit 16, and in synchroniZation With this, images of 
the chips are sequentially captured from the detection unit 13, 
digital image signals of the same positions of tWo adjacent 
chips, for example, the area 61 and the area 62 in FIG. 6, are 
compared as a detected image and a reference image, respec 
tively, according to the above-mentioned procedure, and a 
difference betWeen the images is detected as a defect. 

[0057] Here, the inspection apparatus of this example has 
the tWo image comparison processing units 15-1 and 15-2 and 
performs processing in parallel. In addition, the image memo 
















