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INSPECTION APPARATUS FOR FOREIGN 
MATTER AND PATTERN DEFECT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an inspection appa 
ratus for foreign matter and pattern defects Which is used in 
the process of manufacturing semiconductor devices. 

[0003] 2. Description of the Background Art 

[0004] FIG. 12 is a perspective vieW of a prior art inspec 
tion apparatus for foreign matter and pattern defects Which 
is disclosed in Japanese Patent Application Laid-Open No. 
P11-51622A (1999). 

[0005] A foreign matter inspection apparatus 10P com 
prises an inspection illumination device 20P for directing 
inspection light (laser light) 21P angularly toWard a Wafer 
1P, and a scattered light detector 34P for detecting resultant 
scattered light 31P from the Wafer 1P under dark ?eld 
illumination, thereby determining the coordinate position of 
foreign matter SF. The foreign matter inspection apparatus 
10P further comprises a re?ection type illumination device 
40F and an image pickup device 45P. The image pickup 
device 45P photographs the coordinate position of the for 
eign matter 5P determined by a foreign matter judgement 
device 35P based on the detection of the scattered light 
detector 34P under bright ?eld illumination provided by the 
re?ection type illumination device 40P. The foreign matter 
inspection apparatus 10P extracts a foreign matter image, 
based on the photograph, and then speci?es the siZe, shape, 
color, and property of the foreign matter, based on the 
extracted foreign matter image. 

[0006] In FIG. 12, the reference character 2P designates a 
?rst main surface; 3P designates an orientation ?at; 4P 
designates a pellet; 11P designates a stage device; 12P 
designates an XY table; 13P designates a 0 table; 14P 
designates a controller; 22P designates a laser light irradi 
ating device; 23P designates a condensing lens; 30P desig 
nates a scattered light detecting device; 32P designates an 
objective lens; 33P designates a relay lens; 41P designates 
White light; 42P designates a White light irradiating device; 
43P designates a half mirror; 44P designates a lens; 46P 
designates an image processor; 47P designates a compara 
tor; 48P designates a veri?er; and 49P designates a classi?er. 

[0007] Foreign matter and defects are of a variety of types. 
For example, some foreign matter affects yields, and some 
foreign matter does not affect yields. Some objects look like 
foreign matter or defects, but actually are, for example, grain 
patterns such as an elongated grain boundary of an alumi 
num ?lm and scratches resulting from a chemical-mechani 
cal polishing (CMP) process. 

[0008] HoWever, the use of the image pickup device 45P 
for inspection for foreign matter and defects sometimes 
requires very long time. First, the image pickup device 45P 
performs focusing and magnifying actions to photograph the 
surface of the Wafer 1P, thereby detecting surface informa 
tion (a microscope image) from the Wafer 1P. Next, the 
foreign matter inspection apparatus 10P extracts image 
information regarding foreign matter and defects from the 
microscope image photographed by the image pickup device 
45F to identify foreign matter and defects. If numerous, e.g. 
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thousands of to tens of thousands of, pieces of foreign matter 
and defects are detected, the above described operations 
require quite long time and impractical, and it is very 
dif?cult to grasp an overvieW of all of the foreign matter and 
defects Within a predetermined length of time. Additionally, 
the microscope image is an image of the Wafer 1P as vieWed 
from above and shoWs only the plan con?guration of the 
foreign matter and defects. This makes it dif?cult to judge 
Whether or not the identi?ed foreign matter and defects 
affect the yields. 

[0009] Another method of identifying the foreign matter 
and defects on the Wafer surface uses laser light. Laser light 
directed onto the Wafer and scattered therefrom is detected 
for detection of surface information from the Wafer. This 
method does not require the focusing and magnifying 
actions to detect the surface information from the Wafer 
accordingly more quickly than the technique employing the 
image pickup device 45P. This shortens the time required for 
inspection for the foreign matter and defects. HoWever, this 
method is disadvantageous in that the light scattered from a 
pattern defect, a ?ne foreign particle and a scratch-type 
defect is loW in intensity, resulting in decreased sensitivity 
of detection of these defects or, in some cases, failure to 
detect these defects. 

[0010] As described above, the method employing the 
microscope and the method employing the laser light have 
both advantages and disadvantages and present great dif? 
culties in effectively distinguishing the above-mentioned 
types of foreign matter and defects from each other, based on 
the Wafer surface information. 

SUMMARY OF THE INVENTION 

[0011] According to a ?rst aspect of the present invention, 
an apparatus for inspecting a semiconductor Wafer surface 
for defects and foreign matter comprises: an optical portion 
including a microscope illumination optical system for 
acquiring an image of the semiconductor Wafer surface by 
using microscope illumination to detect the semiconductor 
Wafer surface in the form of a piece of ?rst surface infor 
mation, and a laser scattering type optical system for detect 
ing scattered laser light from the semiconductor Wafer 
surface by using laser light to detect the semiconductor 
Wafer surface in the form of a piece of second surface 
information; and an analyZer for detecting a plurality of 
pieces of defect/foreign matter information from the piece of 
?rst surface information and the piece of second surface 
information to categoriZe the plurality of pieces of defect/ 
foreign matter information into three modes comprised of a 
?rst mode containing pieces of defect/foreign matter infor 
mation represented only in the piece of ?rst surface infor 
mation, a second mode containing pieces of defect/foreign 
matter information represented only in the piece of second 
surface information, and a third mode containing pieces of 
defect/foreign matter information represented in both the 
piece of ?rst surface information and the piece of second 
surface information. 

[0012] Preferably, according to a second aspect of the 
present invention, in the apparatus of the ?rst aspect, the 
analyZer further categoriZes the pieces of defect/foreign 
matter information contained in the third mode into three 
modes comprised of a fourth mode containing pieces of 
defect/foreign matter information in Which a ?rst defect/ 
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foreign matter size represented in the piece of second 
surface information is greater than a second defect/foreign 
matter siZe represented in the piece of ?rst surface informa 
tion, a ?fth mode containing pieces of defect/foreign matter 
information in Which the ?rst defect/foreign matter siZe is 
approximately equal to the second defect/foreign matter 
siZe, and a siXth mode containing pieces of defect/foreign 
matter information in Which the ?rst defect/foreign matter 
siZe is smaller than the second defect/foreign matter siZe. 

[0013] Preferably, according to a third aspect of the 
present invention, in the apparatus of the second aspect, the 
analyZer counts the number of pieces of defect/foreign 
matter information contained in the fourth mode. 

[0014] According to a fourth aspect of the present inven 
tion, an apparatus for inspecting a semiconductor Wafer 
surface for defects and foreign matter comprises: an optical 
portion for detecting the semiconductor Wafer surface in the 
form of a piece of surface information; and an analyZer for 
detecting a plurality of pieces of defect/foreign matter 
information each including a horiZontal dimension, a verti 
cal dimension and the area of a defect/foreign matter from 
the piece of surface information to calculate a predetermined 
elongation factor indicating a degree to Which each defect/ 
foreign matter is elongate from the horiZontal dimension, the 
vertical dimension and the area thereof 

[0015] Preferably, according to a ?fth aspect of the present 
invention, in the apparatus of the fourth aspect, the elonga 
tion factor equals the area divided by the sum of the 
horizontal dimension squared and the vertical dimension 
squared; and the analyZer discriminates pieces of defect/ 
foreign matter information including the elongation factor of 
less than 0.5 and pieces of defect/foreign matter information 
including the area of less than a predetermined value from 
other pieces of defect/foreign matter information. 

[0016] Preferably, according to a siXth aspect of the 
present invention, in the apparatus of the fourth aspect, the 
analyZer eXcludes pieces of defect/foreign matter informa 
tion detected by the analyZer and including the elongation 
factor of less than a predetermined value from subjects of 
analysis When the semiconductor Wafer surface includes a 
metal ?lm. 

[0017] Preferably, according to a seventh aspect of the 
present invention, in the apparatus of the ?rst aspect, the 
optical portion and the analyZer operate in parallel With each 
other. 

[0018] Preferably, according to an eighth aspect of the 
present invention, in the apparatus of the ?fth aspect, the 
analyZer eXcludes pieces of defect/foreign matter informa 
tion detected by the analyZer and including the elongation 
factor of less than a predetermined value from subjects of 
analysis When the semiconductor Wafer surface includes a 
metal ?lm. 

[0019] Preferably, according to a ninth aspect of the 
present invention, in the apparatus of the fourth aspect, the 
optical portion and the analyZer operate in parallel With each 
other. 

[0020] In accordance With the ?rst aspect of the present 
invention, since defects/foreign matter is detected by the 
microscope illumination optical system and/or the laser 
scattering type optical system, the analyZer can easily cat 
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egoriZe all pieces of defect/foreign matter information into 
the three modes. These modes are used to easily control the 
quality, process and yield of products. 

[0021] In accordance With the second aspect of the present 
invention, the difference in property betWeen the illumina 
tion optical system and the laser optical system is utiliZed to 
assign the defect/foreign matter information having a high 
possibility of affecting the yield to the fourth mode, the 
defect/foreign matter information having a medium-level 
possibility thereof to the ?fth mode, and the defect/foreign 
matter information having a loW possibility thereof to the 
siXth mode, for eXample. 

[0022] In accordance With the third aspect of the present 
invention, the yield is accurately predicted from the number 
of pieces of defect/foreign matter information counted by 
the analyZer. 

[0023] In accordance With the fourth aspect of the present 
invention, Whether or not the possibility that a defect/foreign 
matter affects the yield is loW is found from the elongation 
factor of the defect/foreign matter. Thus, the yield is accu 
rately predicted. 

[0024] In accordance With the ?fth aspect of the present 
invention, elongated defects/foreign matter having a loW 
possibility of affecting the yield or extremely small defects/ 
foreign matter is found. Thus, the yield is more accurately 
predicted. 

[0025] In accordance With the siXth aspect of the present 
invention, even if a large number of grain patterns might be 
detected as defects/foreign matter When the semiconductor 
Wafer surface includes a metal ?lm, the eXclusion of the 
pieces of defect/foreign matter information including the 
elongation factor of less than the predetermined value from 
the subjects of analysis accomplishes accordingly accurate 
analysis. 

[0026] In accordance With the seventh aspect of the 
present invention, the result of the analysis of the semicon 
ductor Wafer is obtained immediately after the completion of 
all operations of the optical portion upon the semiconductor 
Wafer. 

[0027] In accordance With the eighth aspect of the present 
invention, even if a large number of grain patterns might be 
detected as defects/foreign matter When the semiconductor 
Wafer surface includes a metal ?lm, the eXclusion of the 
pieces of defect/foreign matter information including the 
elongation factor of less than the predetermined value from 
the subjects of analysis accomplishes accordingly accurate 
analysis. 

[0028] In accordance With the ninth aspect of the present 
invention, the result of the analysis of the semiconductor 
Wafer is obtained immediately after the completion of all 
operations of the optical portion upon the semiconductor 
Wafer. 

[0029] It is therefore an object of the present invention to 
provide an inspection apparatus for foreign matter and 
pattern defects Which is capable of easily distinguishing the 
types of foreign matter and defects from each other. 

[0030] These and other objects, features, aspects and 
advantages of the present invention Will become more 
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apparent from the following detailed description of the 
present invention When taken in conjunction With the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a schematic vieW of an inspection appa 
ratus for foreign matter and pattern defects according to a 
?rst preferred embodiment of the present invention; 

[0032] FIG. 2 is a plan vieW of an example of semicon 
ductor Wafers; 

[0033] FIGS. 3 and 4 shoW eXamples of surface infor 
mation according to the ?rst preferred embodiment; 

[0034] FIG. 5 is a Venn diagram shoWing a relationship 
betWeen three modes according to the ?rst preferred 
embodiment; 
[0035] FIG. 6 shoWs a data structure of an eXample of 
defect information according to the ?rst preferred embodi 
ment; 

[0036] FIG. 7 is a ?oWchart shoWing the operation of the 
inspection apparatus for foreign matter and pattern defects 
according to a third preferred embodiment of the present 
invention; 
[0037] FIGS. 8 and 9 shoW examples of the surface 
information according to the third preferred embodiment; 

[0038] FIGS. 10 and 11 are ?oWcharts shoWing the opera 
tion of the inspection apparatus for foreign matter and 
pattern defects according to a fourth preferred embodiment 
of the present invention; and 

[0039] FIG. 12 is a schematic vieW of a prior art inspec 
tion apparatus for foreign matter and pattern defects. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] First Preferred Embodiment 

[0041] A ?rst preferred embodiment according to the 
present invention Will noW be described. FIG. 1 is a sche 
matic vieW of an inspection apparatus for foreign matter and 
pattern defects according to the ?rst preferred embodiment 
of the present invention. The inspection apparatus is an 
apparatus for inspecting a semiconductor Wafer surface for 
foreign matter and defects (pattern defects and the like). 

[0042] The inspection apparatus according to the ?rst 
preferred embodiment comprises an inspection stage (Wafer 
stage) 1, an optical portion D, and an analyZer AN. 

[0043] The inspection stage 1 is provided to move a 
semiconductor Wafer 2 placed thereon to a determined 
position. 
[0044] The optical portion D comprises a microscope 
illumination optical system D1 and a laser scattering type 
optical system D2. The microscope illumination optical 
system D1 detects the surface of the semiconductor Wafer 2 
in the form of a piece of ?rst surface information (more 
speci?cally, image information) by means of an illumination 
light source, and comprises a lens system 31, a detector 41, 
and an illumination light source 51. The laser scattering type 
optical system D2 detects the surface of the semiconductor 
Wafer 2 in the form of a piece of second surface information 
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(more speci?cally, the intensity of scattered laser light) by 
means of a laser light source, and comprises a detector 42 
and a laser light source 52. 

[0045] The analyZer AN comprises a signal processor 61, 
a signal processor 62 and a computer CP. The signal 
processor 61 detects foreign matter and defects (both of 
Which are generically referred to hereinafter as defects in a 
broad sense; i.e., a defect in a broad sense is meant to include 
foreign matter) on the surface of the semiconductor Wafer 2 
in the form of respective pieces of ?rst defect information 
from the ?rst surface information, and comprises a surface 
information storage circuit 61a and a defect information 
processing circuit 61b. The signal processor 62 detects 
defects on the surface of the semiconductor Wafer 2 in the 
form of respective pieces of second defect information from 
the second surface information, and comprises a surface 
information storage circuit 62a and a defect information 
processing circuit 62b. The computer CP comprehensively 
analyZes and outputs defects, based on the pieces of ?rst 
defect information from the signal processor 61 and the 
pieces of second defect information from the signal proces 
sor 62, and comprises a defect judgement device 7, a display 
device 8, and a database DB. 

[0046] The signal processor 61 and the signal processor 62 
may be included in the defect judgement device 7 of the 
computer CP. 

[0047] The operation of the inspection apparatus Will be 
described hereinafter. 

[0048] The semiconductor Wafer 2 has a plurality of 
semiconductor integrated circuit formation regions 21, as 
illustrated in FIG. 2. The inspection apparatus may regard a 
semiconductor Wafer having no patterns but only ?lms 
hypothetically as having a pattern, to thereby similarly 
handle the semiconductor Wafer. 

[0049] The operation of the microscope illumination opti 
cal system D1 Will be described ?rst. The illumination light 
source 51 directs light toWard a region P to be subjected to 
defect detection in a semiconductor integrated circuit for 
mation region 21 of the semiconductor Wafer 2. The lens 
system 31 receives light re?ected from the region P of the 
semiconductor Wafer 2 to form an image. The detector 41 
detects the image-formed light from the lens system 31 in 
the form of the piece of ?rst surface information (more 
speci?cally, image information) to output the piece of ?rst 
surface information to the signal processor 61. The lens 
system 31, the detector 41 and the illumination light source 
51 repeatedly perform the above-mentioned operation upon 
other semiconductor integrated circuit formation regions 21 
to output a plurality of pieces of ?rst surface information to 
the signal processor 61. 

[0050] The operation of the laser scattering type optical 
system D2 Will be described. The laser scattering type 
optical system D2 detects the surface of the same region P 
in the form of the piece of second surface information (more 
speci?cally, the intensity of scattered laser light) simulta 
neously With the microscope illumination optical system D1. 
The laser scattering type optical system D2 can eXtract the 
information about the surface of the semiconductor Wafer 2 
more ?nely than the microscope illumination optical system 
D1. More speci?cally, the laser light source 52 directs laser 
light onto the region P (or the vicinity of the region P) in a 
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semiconductor integrated circuit formation region 21 of the 
semiconductor Wafer 2. The Width of the laser light is 
reduced to about one to several micrometers so that ?ne 
defects are extracted. The laser light source 52 causes the 
laser light of reduced Width to scan, thereby directing the 
laser light of reduced Width throughout the region P (or a 
region having the same area as the region P When directing 
the laser light onto the vicinity of the region P) Preferably, 
the laser light is directed throughout the region P for a short 
time so that the ?rst defect information and the second defect 
information are obtained at the same time. The detector 42 
receives light re?ected and scattered from the region P (or 
the vicinity of the region P) of the semiconductor Wafer 2 to 
detect the re?ected and scattered light in the form of the 
piece of second surface information, outputting the piece of 
second surface information to the signal processor 62. The 
detector 42 and the laser light source 52 repeatedly perform 
the above-mentioned operation upon other semiconductor 
integrated circuit formation regions 21 to output a plurality 
of pieces of second surface information to the signal pro 
cessor 62. The piece of second surface information outputted 
from the detector 42 is one-dimensional information 
obtained by scanning the tWo-dimensional region P. 

[0051] In this manner, the microscope illumination optical 
system D1 and the laser scattering type optical system D2 
Which differ in type from each other are used to detect 
defects in the same region P on the Wafer surface in the form 
of the piece of ?rst surface information and the piece of 
second surface information, respectively. 

[0052] Next, the operation of the signal processor 61 Will 
be described. The surface information storage circuit 61a of 
the signal processor 61 receives and stores therein the 
plurality of pieces of ?rst surface information. The defect 
information processing circuit 61b determines differences 
betWeen the plurality of pieces of ?rst surface information 
stored in the surface information storage circuit 61a to 
eXtract surface information (image information) Which is 
likely to be associated With defects from the ?rst surface 
information. The defect information processing circuit 61b 
compares the surface information Which is likely to be 
associated With defects With a predetermined defect siZe to 
eXtract defects in the form of respective pieces of ?rst defect 
information from the ?rst surface information. The defect 
siZe is suitably set by a user based on his empirical judge 
ment in accordance With device design rules or the sensi 
tivity setting of the inspection apparatus or automatically set 
by the inspection apparatus based on a discriminant. 

[0053] The operation of the signal processor 62 Will be 
described. The signal processor 62 converts the one-dimen 
sional second surface information into tWo-dimensional 
second surface information (image information correspond 
ing to a piXel array herein). The surface information storage 
circuit 62a receives and stores therein the plurality of pieces 
of tWo-dimensional second surface information. The defect 
information processing circuit 62b determines differences 
betWeen the plurality of pieces of second surface informa 
tion stored in the surface information storage circuit 62a to 
eXtract surface information Which is likely to be associated 
With defects from the second surface information. The defect 
information processing circuit 62b compares the surface 
information Which is likely to be associated With defects 
With a predetermined defect siZe to eXtract defects in the 
form of respective pieces of second defect information from 

Nov. 29, 2001 

the second surface information. The defect siZe is suitably 
set by a user in accordance With device design rules or the 
sensitivity setting of the inspection apparatus or automati 
cally set by the inspection apparatus based on a discriminant. 

[0054] Each piece of the ?rst and second defect informa 
tion contains surface information and parameters as shoWn 
in FIGS. 3 and 4, that is, the area S, the horiZontal 
dimension X and the vertical dimension Y of a defect. FIG. 
3 shoWs a relatively round defect A, and FIG. 4 shoWs a 
relatively elongated defect B. The area S is the total number 
of piXel blocks in Which a defect is present, the dimension 
X is the total number of horiZontally arranged piXel blocks 
in Which the defect is present, and the dimension Y is the 
total number of vertically arranged piXel blocks in Which the 
defect is present. 

[0055] The defect judgement device 7 of the computer CP 
comprehensively analyZes defects, based on the ?rst and 
second defect information. 

[0056] As above described, defects are detected by the 
microscope illumination optical system D1 and the laser 
scattering type optical system D2. Thus, the defect judge 
ment device 7 can easily categoriZe a set U of defects all 
detected by the microscope illumination optical system D1 
and the laser scattering type optical system D2 into three 
modes (sets) U1, U2 and U12, as shoWn in FIG. 5. 

[0057] In the inspection apparatus shoWn in FIG. 12, the 
scattered light detector 34P and the image pickup device 45P 
do not simultaneously operate, but the scattered light detec 
tor 34P speci?es the coordinate position of the foreign 
matter SP and a host computer 36P or the like performs the 
conventional inspection for foreign matter and defects, fol 
loWing Which the image pickup device 45P detects (photo 
graphs) the foreign matter 5P at the coordinate position. This 
requires much time for inspection. In the inspection appa 
ratus of the ?rst preferred embodiment, on the other hand, 
the microscope illumination optical system D1 and the laser 
scattering type optical system D2 detect the same defect at 
the same time, as above discussed, to reduce the time 
required for inspection. 

[0058] The mode U1 is a set of pieces of defect informa 
tion represented only in the ?rst surface information, the 
mode U2 is a set of pieces of defect information represented 
only in the second surface information, and the mode U12 
is a set of pieces. of defect information represented in both 
the ?rst and second surface information. 

[0059] Preferably, the defect judgement device 7 further 
categoriZes the modes U1, U2 and U12 into sub-modes. 

[0060] In the instance shoWn in FIG. 5, the mode U1 
contains an intra-?lm defect mode Ed and a stain-type defect 
mode Sp. The mode U2 contains a defect candidate mode 
Nd. The mode U12 contains a surface foreign matter depo 
sition mode Pa, a foreign matter deposited pattern defect 
mode Pp, and a pattern defect mode Pd. 

[0061] The intra-?lm defect mode Ed and the stain-type 
defect mode Sp contained in the mode U1 are described ?rst. 
The microscope illumination optical system D1 detects not 
only defects on the ?lm of interest but also a defect in the 
?lm (intra-?lm defect) and a slightly differently colored 
stain (stain-type defect). The defect judgement device 7 
judges that, among the defects included in the mode U1, 
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defects of a size not greater than a predetermined value (e.g., 
about 3 pm) are included in the intra-?lm defect mode Ed 
and other defects are included in the stain-type defect mode 
Sp. 

[0062] Next, the surface foreign matter deposition mode 
Pa, the foreign matter deposited pattern defect mode Pp, and 
the pattern defect mode Pd contained in the mode U12 Will 
be described. The image detected by the microscope illu 
mination optical system D1 is an image of the semiconduc 
tor Wafer 2 as vieWed from above and therefore has dimen 
sions equaling the actual dimensions. HoWever, the image 
detected by the laser scattering type optical system D2 
appears such that a pattern image is elongated since the laser 
light source 52 directs light angularly, and the image of some 
pattern shapes (e.g., a tall pattern) has dimensions greater 
than the actual dimensions. The taller the pattern having a 
defect, the higher the possibility that the defect becomes a 
fatal defect to the pattern. UtiliZing this characteristic, the 
defect judgement device 7 makes a comparison betWeen the 
siZe Is of the defect (the dimension X, the dimension Y or the 
area S of the defect) given from the ?rst surface information 
and the siZe Ps of the defect (the dimension X, the dimension 
Y or the area S of the defect) given from the second surface 
information. The defect judgement device 7 judges that the 
defect is included in the surface foreign matter deposition 
mode Pa if the siZe Ps is greater than the siZe Is, in the 
foreign matter deposited pattern defect mode Pp if the siZe 
Ps is approximately equal to the siZe Is, and in the pattern 
defect mode Pd if the siZe Ps is smaller than the siZe Is. This 
assigns a defect having a high possibility of becoming the 
fatal detect to the surface foreign matter deposition mode Pa, 
a defect having a medium-level possibility thereof to the 
foreign matter deposited pattern defect mode Pp, and a 
defect having a loW possibility thereof to the pattern defect 
mode Pd. 

[0063] The defect candidate mode Nd contained in the 
mode U2 Will be described. The defect candidate mode Nd 
contains defects Which are detected by the laser scattering 
type optical system D2 but are not included in the mode 
U12. Thus, the defect judgement device 7 judges that defects 
Which are included in neither the mode U1 nor the mode 
U12 among the multiplicity of detected defects in the set U 
are included in the defect candidate mode Nd. The detector 
42 of the laser scattering type optical system D2, When 
increased in detection sensitivity to the re?ected and scat 
tered light, detects mere roughness of the surface of the 
semiconductor Wafer 2 and mere irregular edge shapes of the 
pattern formed on the surface of the semiconductor Wafer 2 
as defects, as Well as the intended defects. Such defects are 
included in the defect candidate mode Nd. 

[0064] Thus, the detection of defects using the microscope 
illumination optical system D1 and the laser scattering type 
optical system D2 alloWs the defects to be categoriZed into 
the various modes. These modes are used to easily control 
the quality, process and yield of products. 

[0065] The ?rst preferred embodiment not only combines 
the microscope illumination optical system D1 and the laser 
scattering type optical system D2 simply together but also 
utiliZes Well a difference in property betWeen the microscope 
illumination optical system D1 and the laser scattering type 
optical system D2. For example, the difference in siZe 
betWeen the image detected by the microscope illumination 
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optical system D1 and the image detected by the laser 
scattering type optical system D2 is used as above described 
to assign the defect having the high possibility of becoming 
the fatal detect to the surface foreign matter deposition mode 
Pa, the defect having the medium-level possibility thereof to 
the foreign matter deposited pattern defect mode Pp, and the 
defect having the loW possibility thereof to the pattern defect 
mode Pd. This is not accomplished by simply combining the 
microscope illumination optical system D1 and the laser 
scattering type optical system D2. Further, the microscope 
illumination optical system D1 has the disadvantage of 
requiring much time for inspection but has the advantage of 
having good detection sensitivity to a recess-type defect, a 
stain-type defect, a short defect Which establishes a short 
circuit betWeen patterns, and a defect hidden in the bottom 
of a stepped pattern. On the other hand, the laser scattering 
type optical system D2 has the disadvantage of having poor 
detection sensitivity to these defects or failing to detect these 
defects because of the loW intensity of the scattered light, but 
has the advantage of requiring short time for inspection. The 
microscope illumination optical system D1 and the laser 
scattering type optical system D2 overcome their disadvan 
tages in a mutually complementary fashion to accomplish 
ef?cient inspection. 
[0066] The optical portion D performs an operation upon 
regions other than the region P of the semiconductor Wafer 
2. During the operation of the optical portion D, the defect 
judgement device 7 of the computer CP comprehensively 
analyZes the pieces of ?rst and second defect information 
from the optical portion D. Thus, the optical portion D and 
the computer CP operate in parallel With each other, thereby 
providing the result of the analysis of the semiconductor 
Wafer 2 immediately after the completion of all operations of 
the optical portion D upon the semiconductor Wafer 2. 

[0067] The computer CP stores the analytical result such 
as the above-mentioned modes in the database DB, and 
displays on the display device 8 as required. 

[0068] FIG. 6 shoWs an example of a piece of defect 
information constituting the above-mentioned analytical 
result of a single defect. The single piece of defect infor 
mation comprises a defect number for identi?cation of the 
defect, the surface information (image data) shoWn in FIGS. 
3 and 4, the optical system that detected the defect (the 
microscope illumination optical system D1 or the laser 
scattering type optical system D2), the horiZontal dimension 
X of the defect for each optical system, the vertical dimen 
sion Y of the defect, the area S of the defect, the intensity of 
the scattered laser light and the coordinates of the defect on 
the semiconductor Wafer 2 in addition to the abovemen 
tioned modes. 

[0069] All of the multiplicity of defects on the semicon 
ductor Wafer 2 do not alWays become fatal defects. 

[0070] For example, there is a high possibility that an 
extremely small defect (referred to hereinafter as a minimum 
defect) does not become the fatal defect. Whether or not a 
defect is too small to become the fatal defect is found from 
the area included in the defect information shoWn in FIG. 6. 
In particular, there is a loW possibility that the defects in the 
pattern defect mode Pd (Wherein Ps<Is) are the fatal defects 
(Which Will be described in detail later in a third preferred 
embodiment). 
[0071] As described above, Whether or not a defect is fatal 
is found from the piece of defect information regarding the 
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defect. Therefore, the yield is accurately predicted by, for 
example, counting the number of pieces of defect informa 
tion included in the surface foreign matter deposition mode 
Pa and indicating the fatal defects among the multiplicity of 
pieces of defect information and then determining the ten 
dency of the number of fatal defects (by a line monitor). 

[0072] Second Preferred Embodiment 

[0073] The mode of defects to be judged about the pos 
sibility of becoming the fatal defect contains an elongated 
defect in addition to the minimum defect. Whether a defect 
Which does not become the fatal defect is the elongated 
defect or not is not found only from the defect information 
shoWn in FIG. 6. 

[0074] To solve the problem, the defect judgement device 
7 calculates an elongation factor indicative of the degree to 
Which a defect is elongate, and causes the defect information 
of FIG. 6 to contain the elongation factor. Thus, Whether or 
not a defect becomes the fatal defect is found from the defect 
information. 

[0075] The elongation factor may be calculated, for 
example, from 

[0076] In Expression (1), the elongation factor Ge equals 
the area S divided by the sum of the dimension X squared 
and the dimension Y squared. 

[0077] The elongation factor Will be described, taking the 
defect Aof FIG. 3 and the defect B of FIG. 4 as an example. 
The horiZontal and vertical dimensions X and Y of the defect 
A equal those of the defect B. The defect A of FIG. 3 
Wherein S=25 and X=Y=5 has an elongation factor Ge=0.5, 
and the defect B of FIG. 4 Wherein S=9 and X=Y=5 has an 
elongation factor Ge=0.14. The smaller the elongation factor 
Ge is, the more elongated the defect is. The elongation factor 
Ge shoWs that the defect B is much more elongated than the 
defect A and has a very loW possibility of becoming the fatal 
defect. 

[0078] As above described, Whether or not a defect is the 
elongated defect is found from the defect information con 
taining the elongation factor. Accordingly, Whether or not 
the defect is the fatal defect is accurately found from the 
defect information. This alloWs more accurate prediction of 
the yield. 

[0079] Third Preferred Embodiment 

[0080] The minimum defect and the elongated defect Will 
be described in further detail according to a third preferred 
embodiment of the present invention. 

[0081] FIG. 7 is a ?oWchart shoWing the operation of the 
inspection apparatus according to the third preferred 
embodiment of the present invention. 

[0082] The inspection apparatus initially categoriZes the 
detected defects into the modes (Steps S3a, S3b, S3ba, S3e, 
S3g), and then judges Whether or not the defects categoriZed 
into the modes are the fatal defects (Steps S3c, S3a', S3f, 
S3h, S3i). The judgement about the minimum defects and 
the judgement about the elongated defects are separately 
described hereinafter. 
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[0083] (Elongated Defect) 
[0084] The elongated defects include a grain pattern and a 
scratch knoWn as a scratch defect. 

[0085] The grain pattern is a defect, for example, like an 
elongated grain boundary of an aluminum ?lm, and has a 
small area and an elongated linear con?guration. The grain 
pattern is not the fatal defect. 

[0086] The scratch is, for example, a small cut made in the 
CMP process, and has an elongated con?guration and a large 
area. There is a high possibility that the scratch is the fatal 
defect. 

[0087] Thus, the elongated defects detected by the micro 
scope illumination optical system D1 and the laser scattering 
type optical system D2 are classi?ed into grain patterns and 
scratches. 

[0088] The defect judgement device 7 judges Whether a 
defect is a small elongated defect or a large elongated defect 
(Step S3b). If the defect is the small elongated defect (Step 
S3ba), the defect judgement device 7 judges that the defect 
is not the fatal defect (Step S3c); otherWise the defect 
judgement device 7 judges that the defect is the fatal defect 
(Step S3a) Asmall elongated defect Which is not fatal, such 
as a grain pattern, is a small defect having an area of several 
pixels. 

[0089] In Step S3b, Whether the defect is the elongated 
defect or not may be judged, for example, by 

[0090] Where G1 is a predetermined value Which is set by 
a user based on a sample test. In Step S3ba, Whether the 
defect is the large elongated defect or not may be judged 
depending on the area S. 

[0091] The predetermined value G1 is set, for example, at 
0.5. The defect judgement device 7 judges that the defect A 
shoWn in FIG. 3 Which does not satisfy Expression (2) is not 
the elongated defect but the fatal defect. On the other hand, 
the defect judgement device 7 judges that the defect B 
shoWn in FIG. 4 Which satis?es Expression (2) is the 
elongated defect, and then examines the area S. If the area 
S is less than a predetermined value, the defect judgement 
device 7 judges that the defect is not the fatal defect. 

[0092] The scratches are not only in the shape of a 
continuous line but also in the shape of a dotted line. 

[0093] For instance, a plurality of defects C distant from 
each other as shoWn in FIG. 8 may be regarded as being 
independent of each other. On the other hand, a plurality of 
defects C close t6 each other as shoWn in FIG. 9 may be 
regarded as constituting a single dotted scratch. 

[0094] Thus, the defect judgement device 7 takes into 
consideration scratches in the shape of a dotted line before 
Step S3b to regard a plurality of defects C close to each 
other, if any, as a single defect (Step S3a; clustering pro 
cess). The clustering process is described beloW using a 
speci?c example. 

[0095] The defect judgement device 7 selects a defect C 
and detects a second defect C present Within a predeter 
mined distance (e. g., 2 pixel blocks) from the selected defect 
C. If the second defect C is present, the defect judgement 
device 7 then detects a third defect C present Within the 
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predetermined distance from the second defect C. The defect 
judgement device 7 repeats the above-mentioned operation 
to regard the plurality of defects C close to each other as 
shoWn in FIG. 9 as a single defect CC (Step S341). The defect 
CC shoWn in FIG. 9 Wherein S=7, X=8 and Y=9 has an 
elongation factor Ge of about 0.062. Then, the defect 
judgement device 7 judges that the defect CC of FIG. 9 
Which satis?es Expression (2) is the large elongated defect 
and accordingly is the fatal defect (Step S3c). 

[0096] An elongated small defect ?ag is set to the defect 
judged to be too small to be the fatal defect in Step S3c. 

[0097] In this manner, if the area S of the elongated defect 
is greater than the predetermined value, the elongated defect 
is judged to be the fatal defect; otherWise, the elongated 
defect is not judged to be the fatal defect. 

[0098] Aparticle defect ?ag is set to the defect judged to 
be the fatal defect in Step S3a'. 

[0099] The elongated defects are described above. 

[0100] (Minimum Defect) 
[0101] The defect in the surface foreign matter deposition 
mode Pa (Ps>Is) is regarded as a pattern-destroying fatal 
defect having a height (a dimension (measured in the Z 
direction) perpendicular to the X-Y plane shoWn in FIGS. 3 
and 4), and has a high possibility of becoming the fatal 
defect. 

[0102] On the other hand, the defect in the pattern defect 
mode Pd is regarded as a recessed small scratch, and has a 
loW possibility of becoming the fatal defect. 

[0103] The defect judgement device 7 makes a compari 
son betWeen the detected siZes Ps and Is of the same defect 
(Step S3g). If the siZe Ps is greater than the siZe Is, the defect 
judgement device 7 judges that the defect is the fatal defect 
(Step S3h). If the siZe Ps is smaller than the siZe Is, the defect 
judgement device 7 judges that the defect is not the fatal 
defect (Step S3i). 

[0104] HoWever, if the siZe Ps greater than the siZe Is is 
extremely small, the defect is regarded as a less tall stepped 
defect or a stain-type defect Which has a loW possibility of 
becoming the fatal defect. 

[0105] The defect judgement device 7 compares the siZe 
Ps With a predetermined value (Step S36‘) before Step S3g. 
If the siZe Ps is smaller than the predetermined value, the 
defect judgement device 7 judges that the defect is not the 
fatal defect (Step S3f). 

[0106] Arecessed defect ?ag is set to the defect judged not 
to be the fatal defect in Step S3i. 

[0107] A short stepped/stain-type defect ?ag is set to the 
defect judged not to be the fatal defect in Step S3)”. 

[0108] Apattern-destroying defect ?ag is set to the defect 
judged to be the fatal defect in Step S3h. 

[0109] The minimum defects are described hereinabove. 

[0110] Finally, the defect judgement device 7 counts the 
number of defects for each ?ag to display or output the 
counts, for example, to the display device 8 or to output the 
defects judged to be the fatal defects to the database DB 
(Step S3j). 
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[0111] As described above, the defect judgement device 7 
automatically distinguishes the pieces of defect information 
regarding the respective defects judged not to be the fatal 
defects in Steps S3c, S3f, S3i from other pieces of defect 
information (i.e., the pieces of defect information regarding 
the respective defects judged to be the fatal defects in Steps 
S3a' and S3h). This alloWs, for example, a process manager 
to knoW the presence or absence of the fatal defects imme 
diately after the inspection apparatus inspects the semicon 
ductor Wafer 2. Since the degree of fatal defects is indicated 
by the number of fatal defects, not only the manager but also 
a process monitor that manages the manufacturing process 
can recogniZe the occurrence of a cause of yield reduction. 
Hence, the process monitor can automatically inform, for 
example, the process manager about the occurrence of yield 
reduction, thereby suppressing the yield reduction quickly. 
Additionally, Which apparatus in a manufacturing line 
affects the yield is judged from the shape and siZe charac 
teristics of the detected defects. This judgement is automati 
cally made in the computer CP, and a system such that an 
alarm alerts the user to anomalies may be constructed. 

[0112] Fourth Preferred Embodiment 

[0113] A high-sensitivity inspection of a ?lm of the type 
having poor surface morphology, such as a heat-treated 
aluminum ?lm, for defects detects numerous defects, for 
example, thousands of to tens of thousands of defects. 
HoWever, almost all of the numerous defects are grain 
patterns classi?ed as the small elongated defects, and there 
are a very feW fatal defects hidden in the numerous grain 
patterns in some cases. In such a case, since it is impossible 
to make a distinction betWeen the numerous grain patterns 
and the very feW hidden fatal defects by the number of 
detected defects and the siZe thereof, the manager observes 
the ?lm to judge Whether the defects are grain patterns or 
fatal defects. HoWever, the manager encounters a limit When 
making the judgement on the numerous defects Within a 
predetermined length of time, and the limit is at most 
hundreds of detected defects. If in excess of thousands of 
defects are detected, the manager often misses the fatal 
defects hidden in the grain patterns, and it is very dif?cult to 
grasp an overvieW of all defects Within a predetermined 
length of time. 

[0114] To solve the problem, the defect judgement device 
7 in accordance With a fourth aspect of the present invention 
judges Whether or not a defect is the grain pattern When the 
surface of the semiconductor Wafer 2 includes a metal ?lm 
such as a heat-treated aluminum ?lm. 

[0115] FIG. 10 is a ?oWchart shoWing the operation of the 
inspection apparatus according to the fourth preferred 
embodiment of the present invention. 

[0116] The defect judgement device 7 judges Whether or 
not the defects are the grain patterns (Step S441). The defect 
judgement device 7 abandons, or excludes from the subjects 
of analysis, the pieces of defect information regarding the 
respective defects judged to be the grain patterns among 
those detected by the microscope illumination optical sys 
tem D1 and the laser scattering type optical system D2 (Step 
S4b). The defect judgement device 7 stores the pieces of 
defect information regarding the respective defects judged 
not to be the grain patterns (Step S4c). 

[0117] The exclusion of the pieces of defect information 
regarding the grain patterns among the numerous pieces of 
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defect information from the subjects of analysis as above 
described greatly reduces the number of pieces of defect 
information to accomplish accordingly accurate analysis. 

[0118] In Step S4a, Whether the defects are the grain 
patterns or not is judged, for example, by 

[0119] Where G2 is a predetermined upper limit value 
Which is empirically set by the user based on a sample test. 

[0120] The predetermined upper limit value G2 is set, for 
example, at 0.2. The defect judgement device 7 judges that 
the defect A shoWn in FIG. 3 Which does not satisfy 
Expression (3) is not elongated and accordingly is not the 
grain pattern. On the other hand, the defect judgement 
device 7 judges that the defect B shoWn in FIG. 4 Which 
satis?es Expression (3) is elongated and accordingly is the 
grain pattern. 

[0121] Alternatively, Whether the defects are the grain 
patterns or not is judged, for example, by 

[0122] Where G3 is a predetermined loWer limit value 
Which is empirically set by the user based on a sample test. 

[0123] The predetermined upper and loWer limit values 
G2 and G3 are set, for example, at 0.2 and 0.1, respectively. 
The defect judgement device 7 judges that the defect B 
shoWn in FIG. 4 Which satis?es Expression (4) is elongated 
and accordingly is the grain pattern. 

[0124] The defects detected by the laser scattering type 
optical system D2 have a higher possibility of being the 
grain patterns than the defects detected by the microscope 
illumination optical system D1. Therefore, the defects to be 
subjected to the judgement as to Whether or not they are the 
grain patterns may be preferably limited to those detected by 
the laser scattering type optical system D2 in Step S4a. This 
increases the accuracy of the judgement as to Whether or not 
the defects are the grain patterns. 

[0125] It cannot be denied that the defect judged to be the 
grain pattern from the elongation factor Ge but having a very 
large siZe has the possibility of being the pattern-destroying 
fatal defect. Therefore, the siZe of the defect is preferably 
compared With a predetermined value in Step S441, and the 
defect is judged not to be the grain pattern if the siZe of the 
defect is greater than the predetermined value. 

[0126] In vieW of the above considerations, an example of 
Step S4a is shoWn in FIG. 11. First, the defect judgement 
device 7 extracts a defect detected by the laser scattering 
type optical system D2 among the defects detected by the 
microscope illumination optical system D1 and the laser 
scattering type optical system D2 (Step S4aa). 

[0127] Next, the defect judgement device 7 compares the 
siZe Ps detected by the laser scattering type optical system 
D2 With a predetermined value (e.g., 0.5 pm) (Step S4ab). 
If the siZe Ps exceeds the Width of Wiring (e.g., 0.5 pm), the 
defect judgement device 7 judges that the defect is not the 
grain pattern and stores the piece of defect information 
regarding the defect (Step S4c). 

[0128] If the siZe Ps is extremely small, the defect is 
regarded as a less tall stepped defect or a stain-type defect 
Which has a loW possibility of becoming the fatal defect, as 
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in Step S3e of FIG. 7. Then, the defect judgement device 7 
compares the siZe Ps With a predetermined value (e.g., 0.1 
pm) (Step S4ac). If the siZe Ps is less than 0.1 pm, the defect 
judgement device 7 abandons the piece of defect informa 
tion regarding the defect (Step S4b). 

[0129] Thus, the defect judgement device 7 extracts the 
defect having a siZe Which falls Within a predetermined 
range (e.g., from 0.1 pm to 0.5 pm) in Steps S4ab and S4ac. 

[0130] Next, the defect judgement device 7 judges 
Whether or not the defect having the siZe Which falls Within 
the predetermined range is the grain pattern (Step S4aa'). 
This judgement may be made, for example, in a manner 
described With respect to Step S4a of FIG. 10. The defect 
judgement device 7 abandons the piece of defect informa 
tion regarding the defect (Step S4b) if the defect is judged 
to be the grain pattern (Step S4ae), and stores the piece of 
defect information regarding the defect (Step S4c) if the 
defect is not judged to be the grain pattern. 

[0131] As described above, the defect judgement device 7 
judges Whether or not the defects are the grain patterns in 
consideration for the elongation factor Ge and siZe thereof as 
shoWn in FIG. 11, rather than only from the elongation 
factor Ge as described With respect to Step S4a of FIG. 10. 
This increases the accuracy of abandonment of the pieces of 
defect information regarding the grain patterns among the 
numerous pieces of defect information. 

[0132] Modi?cation 

[0133] According to the present invention, the inspection 
apparatus may be constructed such that at least the optical 
portion D detects the surface of the semiconductor Wafer 2 
in the form of a piece of surface information, and the 
analyZer AN detects pieces of defect information each 
containing the horiZontal dimension, the vertical dimension 
and the area of a defect from the piece of surface informa 
tion, thereby calculating the elongation factor of the defect 
from the horiZontal dimension, the vertical dimension and 
the area thereof. Thus, either the microscope illumination 
optical system D1 and the signal processor 61 or the laser 
scattering type optical system D2 and the signal processor 
62 may be dispensed With. 

[0134] While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modi?ca 
tions and variations can be devised Without departing from 
the scope of the invention. 

What is claimed is: 
1. An apparatus for inspecting a semiconductor Wafer 

surface for defects and foreign matter, said apparatus com 
prising: 

an optical portion including a microscope illumination 
optical system for acquiring an image of said semicon 
ductor Wafer surface by using microscope illumination 
to detect said semiconductor Wafer surface in the form 
of a piece of ?rst surface information, and a laser 
scattering type optical system for detecting scattered 
laser light from said semiconductor Wafer surface by 
using laser light to detect said semiconductor Wafer 
surface in the form of a piece of second surface 
information; and 
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an analyzer for detecting a plurality of pieces of defect/ 
foreign matter information from said piece of ?rst 
surface information and said piece of second surface 
information to categorize said plurality of pieces of 
defect/foreign matter information into three modes 
comprised of a ?rst mode containing pieces of defect/ 
foreign matter information represented only in said 
piece of ?rst surface information, a second mode con 
taining pieces of defect/foreign matter information rep 
resented only in said piece of second surface informa 
tion, and a third mode containing pieces of defect/ 
foreign matter information represented in both said 
piece of ?rst surface information and said piece of 
second surface information. 

2. The apparatus according to claim 1, 

Wherein said analyZer further categoriZes the pieces of 
defect/foreign matter information contained in said 
third mode into three modes comprised of a fourth 
mode containing pieces of defect/foreign matter infor 
mation in Which a ?rst defect/foreign matter siZe rep 
resented in said piece of second surface information is 
greater than a second defect/foreign matter siZe repre 
sented in said piece of ?rst surface information, a ?fth 
mode containing pieces of defect/foreign matter infor 
mation in Which said ?rst defect/foreign matter siZe is 
approximately equal to said second defect/foreign mat 
ter siZe, and a siXth mode containing pieces of defect/ 
foreign matter information in Which said ?rst defect/ 
foreign matter siZe is smaller than said second defect/ 
foreign matter siZe. 

3. The apparatus according to claim 2, 

Wherein said analyZer counts the number of pieces of 
defect/foreign matter information contained in said 
fourth mode. 

4. An apparatus for inspecting a semiconductor Wafer 
surface for defects and foreign matter, said apparatus com 
prising: 

an optical portion for detecting said semiconductor Wafer 
surface in the form of a piece of surface information; 
and 
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an analyZer for detecting a plurality of pieces of defect/ 
foreign matter information each including a horiZontal 
dimension, a vertical dimension and the area of a 
defect/foreign matter from said piece of surface infor 
mation to calculate a predetermined elongation factor 
indicating a degree to Which each defect/foreign matter 
is elongate from said horiZontal dimension, said verti 
cal dimension and said area thereof. 

5. The apparatus according to claim 4, 

Wherein said elongation factor equals said area divided by 
the sum of said horiZontal dimension squared and said 
vertical dimension squared; and 

Wherein said analyZer discriminates pieces of defect/ 
foreign matter information including said elongation 
factor of less than 0.5 and pieces of defect/foreign 
matter information including said area of less than a 
predetermined value from other pieces of defect/for 
eign matter information. 

6. The apparatus according to claim 4, 

Wherein said analyZer excludes pieces of defect/foreign 
matter information detected by said analyZer and 
including said elongation factor of less than a prede 
termined value from subjects of analysis When said 
semiconductor Wafer surface includes a metal ?lm. 

7. The apparatus according to claim 1, 

Wherein said optical portion and said analyZer operate in 
parallel With each other. 

8. The apparatus according to claim 5, 

Wherein said analyZer excludes pieces of defect/foreign 
matter information detected by said analyZer and 
including said elongation factor of less than a prede 
termined value from subjects of analysis When said 
semiconductor Wafer surface includes a metal ?lm. 

9. The apparatus according to claim 4, 

Wherein said optical portion and said analyZer operate in 
parallel With each other. 


