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(57) ABSTRACT 

An actual pattern image including an auxiliary pattern in a 
periphery of a pattern of an object to be inspected is 
recognized. The image of the auxiliary pattern is deleted 
from the recognized image and an auxiliary-pattern-image 
deleted recognized image is produced. An inspection image 
to be used for inspection is produced from design data from 
Which the auxiliary pattern is removed. The auxiliary 
pattern-image-deleted recognized image is compared With 
the inspection image. 
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PATTERN INSPECTION METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a pattern inspection 
method and apparatus, and, in particular, to an inspection 
method and apparatus of a circuit pattern With an auxiliary 
pattern. The circuit pattern is a circuit pattern formed in a 
mask or the like and used in manufacturing of a semicon 
ductor device. 

[0003] Recently, high-density integration of semiconduc 
tor devices has been developed. As a result, circuit patterns 
has become ?ner. As shoWn in FIG. 1, When using a mask 
of a pattern of rectangles 10 and performing an exposure, a 
pattern 11 is formed on a Wafer. Due to limitations of 

resolution of an exposure device, as pattern becomes ?ner, 
the rounded pattern shapes 11 occur. When such a phenom 
enon occurs in a circuit pattern, the corners are rounded. As 

a result, although electrical connection is performed, it is 
likely that problems in circuit characteristics Will occur. 

[0004] In order to solve this problem, that is, in order to 
form a circuit pattern according to design, as shoWn in FIG. 
2, a technique of adding an auxiliary pattern 12 has been 
used. The auxiliary pattern 12 includes small rectangles, 
each of Which is positioned near a respective corner of the 
rectangles of the pattern 10. As a result of adding the 
auxiliary pattern 12, a pattern 13 formed on a Wafer is 
approximately rectangular. 

[0005] In order to perform inspection as to Whether or not 
defects are present in a circuit pattern including an auxiliary 
pattern, a pattern inspection method Which considers the 
presence of the auxiliary pattern is needed. 

[0006] 2. Description of the Related Art 

[0007] Up to this time, inspection of a circuit pattern 
including an auxiliary pattern has been performed by the 
same method as that for an ordinary circuit pattern not 
including an auxiliary pattern. Speci?cally, as shoWn in 
FIG. 3, an image of a pattern of a mask is recogniZed in a 
process 20. Thereby, a recogniZed image 23 including a 
pattern image 21 and an auxiliary pattern image 22 is 
obtained. On the other hand, design data including the 
auxiliary pattern is copied in a process 25. Then, in a process 
26, the design data is converted into inspection data Which 
is suitable for conducting inspection of the circuit. Then, in 
a process 27, the inspection data is converted into an image, 
and thus, an inspection image 28 including a pattern image 
21A and a auxiliary image 22A is obtained. In a process 29, 
the recogniZed image 23 is compared With the inspection 
image 28, and thus, it is determined Whether or not defects 
are present in a circuit pattern of the mask. 

[0008] The design data Which is converted in the process 
26 is design data including the auxiliary pattern. The amount 
of data of this design data is several times larger than the 
amount of data of the ordinary design data not including the 
auxiliary pattern. As a circuit pattern becomes ?ner as 
mentioned above, the amount of data of the ordinary design 
data not including the auxiliary pattern increases. Accord 
ingly, the amount of data of the design data including the 
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auxiliary pattern is enormous. As a result, a very long time 
is required for the data conversion in the process 26, and 
thus, a very long time is required for the pattern inspection. 

[0009] Further, due to limitation of data processing capa 
bility of the pattern inspection apparatus, as a circuit pattern 
becomes ?ner, the petter inspection is performed by dividing 
one mask into a plurality of divisions and data processing is 
performed. In such a situation, because the amount of data 
increases When design data including the auxiliary pattern is 
processed as mentioned above, it is necessary to divide one 
mask into an increasing number of divisions. Thereby, a 
longer time is required for the pattern inspection. 

[0010] Further, because each rectangle of the auxiliary 
pattern is very small in comparison to the ordinary pattern, 
the auxiliary pattern may result in false defects in the pattern 
inspection. Thus, reliability of the pattern inspection is 
degraded. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a 
pattern inspection method and apparatus in Which the above 
described problems are solved. 

[0012] In a pattern inspection according to the present 
invention: 

[0013] an actual pattern image including an auxiliary 
pattern in a periphery of a pattern of an object to be 
inspected is recogniZed; 

[0014] the image of the auxiliary pattern is deleted 
from the recogniZed image and an auxiliary-pattern 
image-deleted recogniZed image is produced; 

[0015] an inspection image to be used for inspection 
is produced from design data from Which the auxil 
iary pattern is removed; and 

[0016] the auxiliary-pattern-image-deleted recog 
niZed image is compared With the inspection image. 

[0017] In this arrangement, an image, obtained from delet 
ing an auxiliary pattern image from a pattern image Which 
includes the auxiliary pattern in a periphery of a pattern, is 
inspected. Therefore, an image to be compared With the 
above-mentioned image is an image Which is produced from 
design data from Which the auxiliary pattern has been 
removed. The amount of data of the design data Without the 
auxiliary pattern is very small in comparison to the design 
data With the auxiliary pattern. Accordingly, a time required 
for producing the inspection image from the design data can 
be decreased. Thereby, a time required for the inspection of 
the object to be inspected can be decreased. Thus, ef?ciency 
of the pattern inspection can be improved. Further, because 
the comparison is performed on the images Without the 
auxiliary patterns, occurrence of false defects is reduced. 
Thereby, the inspection of the circuit pattern of the mask is 
performed With high accuracy, and reliability of the inspec 
tion can be improved. 

[0018] In another pattern inspection according to the 
present invention: 

[0019] A picture of one position of an object to be 
inspected is taken through a ?rst optical system, and an 
actual pattern image including an auxiliary pattern in a 
periphery of a pattern is recogniZed. 
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[0020] The image of the auxiliary pattern is deleted from 
this recognized image, and a ?rst auxiliary-pattern-image 
deleted recognized image is produced. 

[0021] Apicture of another position, Which corresponds to 
the one position, of an object to be inspected, is taken 
through a ?rst optical system, and an actual pattern image 
including an auxiliary pattern in a periphery of a pattern is 
recogniZed. 

[0022] The image of the auxiliary pattern is deleted from 
this recogniZed image, and a second auxiliary-pattern-im 
age-deleted recogniZed image is produced. 

[0023] The ?rst auxiliary-pattern-image-deleted recog 
niZed image is compared With the second auxiliary-pattern 
image-deleted recogniZed image. 

[0024] In this arrangement, the ?rst auxiliary-pattern-im 
age-deleted recogniZed image is compared With the second 
auxiliary-pattern-image-deleted recogniZed image. As a 
result, because the comparison is performed on the images 
Without the auxiliary patterns, occurrence of false defects is 
reduced. Thereby, the inspection of the circuit pattern of the 
mask is performed With high accuracy, and reliability of the 
inspection can be improved. 

[0025] Other objects and further features of the present 
invention Will become more apparent from the folloWing 
detailed description When read in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 shoWs a relationship betWeen a pattern of a 
mask and a pattern formed on a Wafer (through the mask) in 
a case Where a ?ne circuit pattern is formed; 

[0027] FIG. 2 shoWs a relationship betWeen a pattern With 
an auxiliary pattern of a mask and a pattern formed on a 
Wafer (through the mask); 

[0028] FIG. 3 shoWs an outline of a pattern inspection 
method in the related art; 

[0029] FIG. 4 shoWs an outline of a data comparison 
pattern inspection method in a ?rst embodiment of the 
present invention; 

[0030] FIG. 5 shoWs a template of the auxiliary pattern, 
Which is used in a process 30 of FIG. 4; 

[0031] FIGS. 6A and 6B illustrate an operation of a 
process 32 of FIG. 4; 

[0032] FIG. 7 shoWs a data comparison pattern inspection 
apparatus in the ?rst embodiment of the present invention; 

[0033] FIG. 8 illustrates the pattern inspection method 
performed by the pattern inspection apparatus shoWn in 
FIG. 7; 

[0034] FIG. 9 shoWs an outline of a mask-to-mask com 
parison pattern inspection method in a second embodiment 
of the present invention; 

[0035] FIG. 10 shoWs a mask-to-mask comparison pattern 
inspection apparatus in the second embodiment of the 
present invention; 
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[0036] FIG. 11 illustrates the pattern inspection method 
performed by the pattern inspection apparatus shoWn in 
FIG. 10; and 

[0037] FIG. 12 shoWs a personal computer Which can be 
used in the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] FIG. 4 shoWs an outline of a data comparison 
pattern inspection method in a ?rst embodiment of the 
present invention. In FIG. 4, the same reference numerals 
are given to the processes Which are the same as the 
processes shoWn in FIG. 3. 

[0039] In the process 20, an image of a pattern of a mask 
is recogniZed, and a recogniZed image 23 including a pattern 
image 21 and an auxiliary pattern image 22 are obtained. 
Then, in a process 30, the auxiliary pattern image 22 is 
extracted from the recogniZed image 23, and an image 31 of 
only the auxiliary pattern image 22 is obtained. Then, in a 
process 32, the auxiliary pattern image 22 is deleted from the 
recogniZed image 23 including the pattern image 21 and the 
auxiliary pattern image 22, and an image of only the pattern 
image 21, that is, an auxiliary-pattern-image-deleted recog 
niZed image 33 is obtained. 

[0040] In the process 30, by using a template 40 shoWn in 
FIG. 5, presence of the auxiliary pattern image 22 is 
recogniZed, and the auxiliary pattern image 22 is extracted 
from the image memory. In the process 30, as shoWn in 
FIGS. 6A and 6B, information ‘1’ of the auxiliary pattern 
image 22 is changed to ‘0’ and thus the auxiliary pattern 
image 22 is deleted from the image memory. 

[0041] On the other hand, in a process 34, design data of 
only the pattern, that is, the design data Without the auxiliary 
pattern is copied. Then, in the process 26, the design data 
Without the auxiliary pattern is converted into inspection 
data suitable for inspection, and, in the process 27, the 
inspection data is converted into an image. Thus, an inspec 
tion image 35 of only the pattern 21A is obtained. 

[0042] In the process 29, the auxiliary-pattern-image-de 
leted recogniZed image 33 is compared With the inspection 
image 35, and thus, it is determined Whether or not defects 
are present in a circuit pattern of the mask. 

[0043] In this method, because the design data is data 
Without the auxiliary pattern, the amount of data of the 
design data is very small in comparison to the design data 
With the auxiliary pattern. Accordingly, the process 26 
requires a shorter processing time. Thereby, inspection of 
the circuit pattern of the mask requires a shorter time. 

[0044] Further, because the comparison is performed in 
the process 29 Without the auxiliary pattern, occurrence of 
false defects is reduced. Thereby, the inspection of the 
circuit pattern of the mask is performed With high accuracy. 

[0045] The data comparison pattern inspection method 
shoWn in FIG. 4 Will noW be described in detail. 

[0046] FIG. 7 shoWs a data comparison pattern inspection 
apparatus 50. The pattern inspection apparatus 50 includes 
an XY stage 51, a light source 52, an objective lens 53, a 
CCD 54, an automatic focusing mechanism 55 and a control 
device 56. 
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[0047] The control device 56 includes a storage 60 storing 
the design data Without the auxiliary pattern, a data con 
verting device 61, a storage 62 storing inspection data, a 
converting-to-image portion 63, image memories 64 and 65, 
a pattern processing circuit 66, a slight defect detecting 
circuit 67, an auxiliary pattern image recogniZing and delet 
ing circuit 68 and a system control circuit 69. 

[0048] When inspection of a circuit pattern of a mask is 
performed, a mask 70 is ?xed onto the XY stage 51. The 
mask is to be inspected and the circuit pattern is formed in 
the mask. The light source 52 lights the mask 70. As a result, 
the mask transmit the light according to the circuit pattern. 
The automatic focusing mechanism 55 positions the objec 
tive lens 53. Through the objective lens 53, the image of a 
circuit pattern at a predetermined position of the mask 70 is 
magni?ed and projected onto the CCD 54. Thereby, the 
CCD 54 recogniZes the circuit pattern at the predetermined 
position of the mask 70. The image memory 64 temporarily 
stores the recogniZed circuit pattern image. 

[0049] The design data Without the auxiliary pattern of the 
above-mentioned recogniZed position of the design data 
Without the auxiliary pattern stored in the storage 60 is 
converted into inspection data through the data converting 
device 61. The converted data is stored in the storage 62. The 
stored data is then converted into an image (inspection 
image), through the converting-to-image portion 63, Which 
is then stored in the image memory 65. 

[0050] The recognized circuit pattern image is read from 
the image memory 64 and is provided to the auxiliary pattern 
recogniZing and deleting circuit 68. The auxiliary pattern 
recogniZing and deleting circuit 68 recogniZes and deletes 
the image of the auxiliary pattern. Thus, the auxiliary 
pattern-image-deleted recogniZed image is obtained. 

[0051] This auxiliary-pattern-image-deleted recogniZed 
image and the inspection image read from the image 
memory 64 are provided to the pattern processing circuit 66. 
The pattern processing circuit 66 produces an image Which 
is used in the comparison of the tWo images. Speci?cally, for 
example, the pattern processing circuit 66 superimposes the 
tWo images With one another, and, With use of the superim 
posed image, the slight defect detecting circuit 67 detects 
pattern defects such as unevenness. 

[0052] The XY stage 51 is moved and a picture of the 
circuit pattern in another position of the mask 70 is taken by 
the objective lens 53 and CCD 54. In response thereto, the 
design data Without the auxiliary pattern of the ?rst position 
of the design data, Without the auxiliary pattern stored in the 
storage 60, is converted into inspection data through the data 
converting device 61. The inspection data is converted into 
the inspection image through the converting-to-image por 
tion 63. This inspection image is compared With the above 
mentioned recogniZed mask circuit pattern image. For 
example, the tWo images are superimposed With one another 
and inspection is performed on the superimposed image. By 
repeating these operations for the entire circuit pattern of the 
mask 70, an inspection can be made for the presence of 
slight defects. 

[0053] With reference to FIG. 8, the pattern inspection 
operations of the above-described pattern inspection appa 
ratus 50 Will noW be described. 
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[0054] The control device 56 is a computer. The inspection 
operations of the pattern inspection apparatus 50 are a 
combination of operations performed by an operator and 
operations performed by the computer. The operations per 
formed by the computer are expressed by ‘ST’ (step). 

[0055] Prior to the pattern inspection, three operations 80, 
81 and 82 are performed. In the ?rst operation 80, the design 
data Without the auxiliary pattern is copied and the copy is 
stored in the storage 60 (ST90). Then, the design data 
Without the auxiliary pattern is converted into the inspection 
data Which is stored in the storage 62 (ST91). In the second 
operation 81, auxiliary pattern templates such as the tem 
plate 40 (shoWn in FIG. 5) are produced (ST92), and the 
produced templates are stored in a template memory (ST93). 
In the third operation 82, the operator sets the mark 70 onto 
the XY stage 51, sets inspection conditions such as an 
inspection range, an inspection sensitivity, light intensity of 
the light source 52, parallelism of the mask 70, and positions 
the mask 70. 

[0056] Then, the pattern inspection is started. 

[0057] The XY stage 51 is moved (ST94), an image of the 
circuit pattern of the mask 70 is obtained (ST95) and the 
obtained image is stored in the memory 64 (ST96). 

[0058] Further, data of the position, corresponding to the 
moved XY stage 51, of the inspection data stored in the 
storage 62 is read (ST97), the read data is converted into the 
inspection image (ST98), and the inspection image is stored 
in the image memory 65 (ST99). 

[0059] Further, after ST96, an auxiliary pattern template is 
read from the template memory (ST100), and the read 
template is compared With the image stored in the image 
memory 64 (ST101). Then, When a pattern image the same 
as the auxiliary pattern template is detected (ST102), the 
auxiliary pattern of the same pattern image is removed from 
the image memory 64 (ST104). When a pattern image the 
same as the auxiliary pattern template is not detected 
(ST102), another template is read from the template memory 
and operations the same as the above-mentioned operations 
are performed for the read template. These operations are 
performed for all the stored templates (ST103). 

[0060] Then, the inspection image stored in the image 
memory 65 and the auxiliary-pattern-image-deleted recog 
niZed image resulting from removing the auxiliary pattern 
through the auxiliary pattern recogniZing and deleting circuit 
68 are used and an image to be used for comparing the tWo 
images is produced. Speci?cally, for example, superimpo 
sition of the tWo images is performed (ST105), and defects 
in the circuit pattern recogniZed image read from the image 
memory 64 are detected (ST106). Then, defect information 
is stored in a defect information memory (ST107). 

[0061] The above-described operations are performed for 
all the positions of the circuit pattern of the mask 70 
(ST108). 
[0062] After the operations of detecting defects of pattern 
data have been performed for all the positions of the circuit 
pattern of the mask 70, a defect con?rmation (by the 
operator) is started. 

[0063] First, defect information is read from the defect 
information memory (ST109). This operation is repeated 
until the operator’s con?rmation of all the defects is ?nish 

(ST110). 
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[0064] After the con?rmation of the defects has been 
?nished, the operator removes the mask 70 from the XY 
stage 51. Thus, the inspection is ?nished. 

[0065] A mask-to-mask comparison pattern inspection 
method in a second embodiment of the present invention 
Will noW be described. 

[0066] FIG. 9 shoWs an outline of the mask-to-mask 
comparison pattern inspection method using regularity of a 
circuit pattern of a mask. In FIG. 9, the same reference 
numerals are given to the parts that are the same as the parts 
shoWn in FIG. 4. In the process 20, an image of a pattern at 
a predetermined position of a mask is recogniZed, and a 
recogniZed image 23 including a pattern image 21 and an 
auxiliary pattern image 22 are obtained. Then, in a process 
30, the auxiliary pattern image 22 is extracted from the 
recogniZed image 23, and an image 31 of only the auxiliary 
pattern image 22 is obtained. Then, in a process 32, the 
auxiliary pattern image 22 is deleted from the recogniZed 
image 23 including the pattern image 21 and the auxiliary 
pattern image 22, and an image of only the pattern image 21, 
that is, a ?rst auxiliary-pattern-image-deleted recogniZed 
image 33 is obtained. 

[0067] In a process 20B, an image of a pattern at a position 
of a mask is recogniZed, at Which position the pattern is the 
same as the pattern formed at the above-mentioned prede 
termined position. A recogniZed image 23B including a 
pattern image 21B and an auxiliary pattern image 22B are 
obtained. Then, in a process 30B, the auxiliary pattern image 
22B is extracted from the recogniZed image 23B, and an 
image 31B of only the auxiliary pattern image 22B is 
obtained. Then, in a process 32B, the auxiliary pattern image 
22B is deleted from the recogniZed image 23B including the 
pattern image 21B and the auxiliary pattern image 22B, and 
an image of only the pattern image 21B, that is, a second 
auxiliary-pattern-image-deleted recogniZed image 33B is 
obtained. 

[0068] In the process 29, the ?rst auxiliary-pattern-image 
deleted recogniZed image 33 is compared With the second 
auxiliary-pattern-image-deleted recogniZed image 33B, and 
thus, it is determined Whether or not defects are present in 
a circuit pattern of the mask. 

[0069] Because the comparison is performed in the pro 
cess 29 Without the auxiliary pattern, occurrence of false 
defects is reduced. Thereby, the inspection of the circuit 
pattern of the mask is performed With high accuracy. 

[0070] The data comparison pattern inspection method 
shoWn in FIG. 9 Will noW be described in detail. 

[0071] FIG. 10 shoWs a mask-to-mask comparison pattern 
inspection apparatus 50B. In FIG. 10, the same reference 
numerals are given to parts that are the same as the parts 
shoWn in FIG. 7. The pattern inspection apparatus 50B 
includes the XY stage 51, the light source 52, the ?rst 
objective lens 53, the ?rst CCD 54, the ?rst automatic 
focusing mechanism 55, the second objective lens 53B, the 
second CCD 54B, the second automatic focusing mecha 
nism 55B and a control device 56B. 

[0072] The control device 56B includes the image memo 
ries 64 and 65, the pattern processing circuit 66, the slight 
defect detecting circuit 67, the ?rst auxiliary pattern image 
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recogniZing and deleting circuit 68, the second auxiliary 
pattern image recogniZing and deleting circuit 68B and a 
system control circuit 69B. 

[0073] When inspection of a circuit pattern of a mask is 
performed, a mask 70 is ?xed on the XY stage 51. The mask 
is to be inspected and the circuit pattern is formed in the 
mask. The light source 52 lights the mask 70. As a result, the 
mask transmit the light according to the circuit pattern. The 
?rst automatic focusing mechanism 55 positions the ?rst 
objective lens 53. Through the ?rst objective lens 53, the 
image of a circuit pattern at a ?rst predetermined position of 
the mask 70 is magni?ed and projected onto the ?rst CCD 
54. Thereby, the ?rst CCD 54 recogniZes the circuit pattern 
at the ?rst predetermined position of the mask 70. This 
predetermined position is a right position in FIG. 10. The 
?rst image memory 64 temporarily stores the recogniZed 
circuit pattern image. Further, the second automatic focusing 
mechanism 55B also positions the second objective lens 
53B. Through the second objective lens 53B, the image of 
a circuit pattern of another position (a second predetermined 
position) of the mask 70 is magni?ed and projected onto the 
second CCD 54B. Thereby, the second CCD 54B recogniZes 
the circuit pattern at the second predetermined position of 
the mask 70. 

[0074] The second predetermined position is a left posi 
tion in FIG. 10. At the second predetermined position, the 
circuit pattern is formed, Which circuit pattern is the same as 
the circuit pattern formed at the ?rst predetermined position. 
The second image memory 65 temporarily stores the rec 
ogniZed circuit pattern image. 

[0075] The recogniZed circuit pattern image is read from 
the ?rst image memory 64 and is provided to the ?rst 
auxiliary pattern recogniZing and deleting circuit 68. The 
?rst auxiliary pattern recogniZing and deleting circuit 68 
recogniZes and deletes the image of the auxiliary pattern. 
Thus, the ?rst auxiliary-pattern-image-deleted recogniZed 
image is obtained. 

[0076] Further, the recogniZed circuit pattern image is read 
from the second image memory 65 and is provided to the 
second auxiliary pattern recogniZing and deleting circuit 
68B. The second auxiliary pattern recogniZing and deleting 
circuit 68B recogniZes and deletes the image of the auxiliary 
pattern. Thus, the second auxiliary-pattern-image-deleted 
recogniZed image is obtained. 

[0077] The ?rst auxiliary-pattern-image-deleted recog 
niZed image and second auxiliary-pattern-image-deleted 
recogniZed image are provided to the pattern processing 
circuit 66. The pattern processing circuit 66 produces an 
image Which is used in a comparison of the above-men 
tioned tWo image. Speci?cally, for example, the pattern 
processing circuit 66 superimposes the tWo images With one 
another, and, in use of the superimposed image, the slight 
defect detecting circuit 67 detects pattern defects such as 
unevenness. 

[0078] The XY stage 51 is moved and the ?rst objective 
lens 53 and the ?rst CCD 54, and the second objective lens 
53B and the second CCD 54B take pictures of different 
positions of the mask 70, the same circuit pattern being 
formed at the different positions. In the same Way as above, 
the auxiliary pattern images are removed from the circuit 
pattern images obtained by taking pictures. As a result, the 
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?rst auxiliary-pattern-image-deleted recognized image and 
the second auxiliary-pattern-image-deleted recognized 
image are obtained. These tWo images are compared and 
inspected. By repeating these operations, an inspection for 
the presence of slight defects is performed for the entire 
circuit pattern of the mask 70. 

[0079] With reference to FIG. 11, the pattern inspection 
operations of the above-described pattern inspection appa 
ratus 50B Will noW be described. 

[0080] The control device 56B is a computer. The inspec 
tion operations of the pattern inspection apparatus 50B are 
a combination of operations performed by an operator and 
operations performed by the computer. The operations per 
formed by the computer are expressed by ‘ST’ (step). 

[0081] Prior to the pattern inspection, three operations 81, 
81B and 82 are performed. In the ?rst operation 81, auxiliary 
pattern templates such as the template 40 (shoWn in FIG. 5) 
are produced (ST92), and the produced templates are stored 
in a template memory (ST93). In the second operation 81B, 
auxiliary pattern templates such as the template 40 are 
produced (ST92B), and the produced templates are stored in 
a template memory (ST93B). In the third operation 82, the 
operator sets the mark 70 on the XY stage 51, sets inspection 
conditions such as an inspection range, an inspection sen 
sitivity, light intensity of the light source 52, parallelism of 
the mask 70, and positions the mask 70. 

[0082] Then, the pattern inspection is started. 

[0083] The XY stage 51 is moved (ST94), the ?rst objec 
tive lens 53, ?rst CCD 54 and the second objective lens 53B, 
second CCD 54B take images of circuit patterns at tWo 
positions of the mask 70, respectively (ST95). The thus 
obtained images are stored in the image memories 64 and 
65, respectively (ST96). 

[0084] After ST96, an auxiliary pattern template is read 
from the template memory (ST100), and the read template 
is compared With the image stored in the image memory 64 
(ST101). Then, When a pattern image the same as the 
auxiliary pattern template is detected (ST102), the auxiliary 
pattern of the same pattern image is removed from the ?rst 
image memory 64 (ST104). When a pattern image the same 
as the auxiliary pattern template is not detected (ST102), 
another template is read from the template memory and 
operations the same as the above-mentioned operations are 
performed for the read template. These operations are per 
formed for all the stored templates (ST103). 

[0085] Further, an auxiliary pattern template is read from 
the template memory (ST100B), and the read template is 
compared With the image stored in the image memory 65 
(ST101B). Then, When a pattern image the same as the 
auxiliary pattern template is detected (ST102B), the auxil 
iary pattern of the same pattern image is removed from the 
second image memory 65 (ST104B). When a pattern image 
the same as the auxiliary pattern template is not detected 
(ST102B), another template is read from the template 
memory and operations the same as the above-mentioned 
operations are performed for the read template. These opera 
tions are performed for all the stored templates (ST103B). 

[0086] Then, the ?rst auxiliary-pattern-image-deleted rec 
ogniZed image resulting from the auxiliary pattern image 
being removed from the image stored in the ?rst image 

Aug. 9, 2001 

memory 64 and the second auxiliary-pattern-image-deleted 
recogniZed image resulting from the auxiliary pattern image 
being removed from the image stored in the second image 
memory 65 are used and an image to be used for the 
comparison of the tWo images is produced. Speci?cally, for 
example, superimposition of the tWo images is performed 
(ST105), and defects of the ?rst auxiliary-pattern-image 
deleted recogniZed image and the second auxiliary-pattern 
image-deleted recogniZed image are detected (ST106). 
Then, defect information is stored in a defect information 
memory (ST107). 

[0087] The above-described operations are performed for 
all the positions of the circuit pattern of the mask 70 
(ST108). 
[0088] After the operations of detecting defects of pattern 
data have been performed for all the positions of the circuit 
pattern of the mask 70, a defect con?rmation (by the 
operator) is started. 

[0089] First, defect information is read from the defect 
information memory (ST109). This operation is repeated 
until the operator’s con?rmation of all the defects is ?nish 

(ST110). 
[0090] After the con?rmation of the defects has been 
?nished, the operator removes the mask 70 from the XY 
stage 51. Thus, the inspection is ?nished. 

[0091] A mask-to-mask comparison pattern inspection 
method in a second embodiment of the present invention 
Will noW be described. 

[0092] FIG. 9 shoWs an outline of the mask-to-mask 
comparison pattern inspection method using regularity of a 
circuit pattern of a mask. In FIG. 9, the same reference 
numerals are given to parts that are the same as the parts 

shoWn in FIG. 4. In the process 20, an image of a pattern at 
a predetermined position of a mask is recogniZed, and a 
recogniZed image 23 including a pattern image 21 and an 
auxiliary pattern image 22 are obtained. Then, in a process 
30, the auxiliary pattern image 22 is extracted from the 
recogniZed image 23, and an image 31 of only the auxiliary 
pattern image 22 is obtained. Then, in a process 32, the 
auxiliary pattern image 22 is deleted from the recogniZed 
image 23 including the pattern image 21 and the auxiliary 
pattern image 22, and an image of only the pattern image 21, 
that is, a ?rst auxiliary-pattern-image-deleted recogniZed 
image 33 is obtained. 

[0093] In a process 20B, an image of a pattern at a position 
of a mask is recogniZed, at Which position the pattern is the 
same as the pattern formed at the above-mentioned prede 
termined position. A recogniZed image 23B including a 
pattern image 21B and an auxiliary pattern image 22B are 
obtained. Then, in a process 30B, the auxiliary pattern image 
22B is extracted from the recogniZed image 23B, and an 
image 31B of only the auxiliary pattern image 22B is 
obtained. Then, in a process 32B, the auxiliary pattern image 
22B is deleted from the recogniZed image 23B including the 
pattern image 21B and the auxiliary pattern image 22B, and 
an image of only the pattern image 21B, that is, a second 
auxiliary-pattern-image-deleted recogniZed image 33B is 
obtained. 



US 2001/0012391 A1 

[0094] In the process 29, the ?rst auxiliary-pattern-image 
deleted recognized image 33 is compared With the second 
auxiliary-pattern-image-deleted recognized image 33B, and 
thus, it is determined Whether or not defects are present in 
a circuit pattern of the mask. 

[0095] Because the comparison is performed in the pro 
cess 29 Without the auxiliary pattern, occurrence of false 
defects is reduced. Thereby, the inspection of the circuit 
pattern of the mask is performed With high accuracy. 

[0096] An object to be inspected in the present invention 
is not limited to a circuit pattern of a mask. In the present 
invention, any of a circuit pattern of a reticle, a circuit 
pattern on a Wafer, a circuit pattern of a printed circuit board, 
a pattern of a liquid crystal display and a pattern of a plasma 
display may be an object to be inspected. 

[0097] A general-purpose computer such as a personal 
computer shoWn in FIG. 12 can be used for performing the 
above-described functions of each of the ?rst embodiment 
and second embodiment. The general-purpose computer is 
speci?cally con?gured by softWare (stored in any informa 
tion storage medium such as a ?oppy disk shoWn in FIG. 12) 
executed thereby to carry out the above-described functions. 

[0098] Further, the present invention is not limited to the 
above-described embodiments, and variations and modi? 
cations may be made Without departing from the scope of the 
present invention claimed in the folloWing claims. 

_ What is claimed is: _ _ 
1. A pattern inspection method, comprising the steps of: 

a) recogniZing an actual pattern image of an object to be 
inspected including an auxiliary pattern in a periphery 
of a pattern; 

b) deleting the image of said auxiliary pattern from the 
recogniZed image and producing an auxiliary-pattern 
image-deleted recogniZed image; 

c) producing an inspection image for inspection, from 
design data from Which the auxiliary pattern is 
removed; and 

d) comparing said auxiliary-pattern-image-deleted recog 
niZed image With said inspection image. 

2. A pattern inspection method, comprising the steps of: 

a) taking a picture of one position of an object to be 
inspected, through a ?rst optical system, and recogniZ 
ing an actual pattern image including an auxiliary 
pattern in a periphery of a pattern; 

b) deleting the image of said auxiliary pattern from the 
image recogniZed in said step a), and producing a ?rst 
auxiliary-pattern-image-deleted recogniZed image; 

c) taking a picture of another position, Which corresponds 
to said one position, of an object to be inspected, 
through a ?rst optical system, and recogniZing an actual 
pattern image including an auxiliary pattern in a periph 
ery of a pattern; 

d) deleting the image of said auxiliary pattern from the 
image, recogniZed in said step c), and producing a 
second auxiliary-pattern-image-deleted recogniZed 
image; 
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e) comparing said ?rst auxiliary-pattern-image-deleted 
recogniZed image With said second auxiliary-pattern 
image-deleted recogniZed image. 

3. A pattern inspection apparatus, comprising: 

means for recogniZing an actual pattern image of an 
object to be inspected including an auxiliary pattern in 
a periphery of a pattern; 

means for deleting the image of said auxiliary pattern 
from the recogniZed image and producing an auxiliary 
pattern-image-deleted recogniZed image; 

means for producing an inspection image for inspection, 
from design data from Which the auxiliary pattern is 
removed; and 

means for comparing said auxiliary-pattern-image-de 
leted recogniZed image With said inspection image. 

4. A pattern inspection apparatus, comprising: 

?rst recogniZing means for taking a picture of one posi 
tion of an object to be inspected, through a ?rst optical 
system, and recogniZing an actual pattern image includ 
ing an auxiliary pattern in a periphery of a pattern; 

means for deleting the image of said auxiliary pattern 
from the image recogniZed by said ?rst recogniZing 
means, and producing a ?rst auxiliary-pattern-image 
deleted recogniZed image; 

second recogniZing means for taking a picture of another 
position, corresponding to said one position, of an 
object to be inspected, through a ?rst optical system, 
and recogniZing an actual pattern image including an 
auxiliary pattern in a periphery of a pattern; 

means for deleting the image of said auxiliary pattern 
from the image recogniZed in said second recogniZing 
means, and producing a second auxiliary-pattern-im 
age-deleted recogniZed image; 

means for comparing said ?rst auxiliary-pattern-image 
deleted recogniZed image With said second auxiliary 
pattern-image-deleted recogniZed image. 

5. A pattern inspection apparatus, comprising: 

a recogniZing unit Which recogniZes an actual pattern 
image of an object to be inspected including an auxil 
iary pattern in a periphery of a pattern; 

a deleting unit Which deletes the image of said auxiliary 
pattern from the recogniZed image and produces an 
auxiliary-pattern-image-deleted recogniZed image; 

a data converting unit Which produces an inspection 
image used for inspection, from design data from 
Which the auxiliary pattern is removed; and 

a comparing unit Which compares said auxiliary-pattern 
image-deleted recogniZed image With said inspection 
image. 

6. A pattern inspection apparatus, comprising: 

a ?rst recogniZing unit Which takes a picture of one 
position of an object to be inspected, through a ?rst 
optical system, and recogniZes an actual pattern image 
including an auxiliary pattern in a periphery of a 
pattern; 
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a ?rst deleting unit Which deletes the image of said 
auxiliary pattern from the image recognized by said 
?rst recognizing unit, and produces a ?rst auXiliary 
pattern-image-deleted recogniZed image; 

a second recogniZing unit Which takes a picture of another 
position, corresponding to said one position, of an 
object to be inspected, through a ?rst optical system, 
and recogniZes an actual pattern image including an 
auxiliary pattern in a periphery of a pattern; 

a second deleting unit Which deletes the image of said 
auXiliary pattern from the image recogniZed by said 
second recogniZing unit, and produces a second auXil 
iary-pattern-image-deleted recogniZed image; 

a comparing unit Which compares said ?rst auXiliary 
pattern-image-deleted recogniZed image With said sec 
ond auXiliary-pattern-image-deleted recogniZed image. 

7. A computer program product, comprising a computer 
usable medium having computer readable program code 
means embodied in said medium, said computer readable 
program code means comprising: 

?rst program code means for recogniZing an actual pattern 
image of an object to be inspected including an auXil 
iary pattern in a periphery of a pattern; 

second program code means for deleting the image of said 
auXiliary pattern from the recogniZed image and pro 
ducing an auXiliary-pattern-image-deleted recogniZed 
image; 

third program code means for producing an inspection 
image used for inspection, from design data from 
Which the auXiliary pattern is removed; and 
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fourth program code means for comparing said auXiliary 
pattern-image-deleted recogniZed image With said 
inspection image. 

8. A computer program product, comprising a computer 
usable medium having computer readable program code 
means embodied in said medium, said computer readable 
program code means comprising: 

?rst program code means for taking a picture of one 
position of an object to be inspected, through a ?rst 
optical system, and recogniZing an actual pattern image 
including an auXiliary pattern in a periphery of a 
pattern; 

a second program code means for deleting the image of 
said auXiliary pattern from the image, recogniZed by 
said ?rst program code means, and producing a ?rst 
auXiliary-pattern-image-deleted recogniZed image; 

a third program code means for taking a picture of another 
position, corresponding to said one position, of an 
object to be inspected, through a ?rst optical system, 
and recogniZing an actual pattern image including an 
auXiliary pattern in a periphery of a pattern; 

a fourth program code means for deleting the image of 
said auXiliary pattern from the image recogniZed by 
said third program code means, and producing a second 
auXiliary-pattern-image-deleted recogniZed image; 

?fth program code means for comparing said ?rst auXil 
iary-pattern-image-deleted recogniZed image With said 
second auXiliary-pattern-image-deleted recogniZed 
image. 


