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(57) ABSTRACT 

A surface inspection apparatus capable of acquiring scattered 
light intensity distribution information for each scattering 
azimuth angle, and detecting foreign matters and defects With 
high sensitivity. A concave mirror for condensation and 
another concave mirror for image formation are used to cope 
With a broad cubic angle. Since mirrors for condensation and 
image formation are used, a support for clamping the periph 
ery of a lens is unnecessary, and an effective aperture area 
does not decrease. A plurality of azimuth-Wise detection opti 
cal systems is disposed and re?ected light at all azimuths can 
be detected by burying the entire periphery Without calling for 
speci?c lens polishing. A light signal uni?cation unit sums 
digital data from a particular system corresponding to a scat 
tering azimuth designated in advance in the systems for 
improving an S/N ratio. 
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SURFACE INSPECTION METHOD AND 
SURFACE INSPECTION APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] This invention relates to a surface inspection 
method, and an apparatus for the method, for inspecting ?ne 
foreign matters and defects on a semiconductor substrate 

(semiconductor Wafer). 
[0003] 2. Description of the Related Art 
[0004] Defect inspection for inspecting foreign matters 
adhering to a surface of a semiconductor substrate (semicon 
ductor Wafer) and scratches occurring during processing has 
been carried out in a fabrication line of the semiconductor 
substrate to monitor a occurrence state of dust in production 
setup. In a semiconductor substrate before the formation of a 
circuit pattern, for example, ?ne foreign matters and defects 
of beloW doZens of nm must be detected. 
[0005] In the inspection of the surface of the semiconductor 
substrate, crystal defects existing in a shalloW region in the 
proximity of the substrate surface and surface coarseness of 
the substrate surface are also the inspection objects besides 
the foreign matters and defects. 
[0006] A customary technology for detecting foreign 
defects on the surface of the inspection object such as the 
semiconductor substrate is described in US. Pat. No. 5,798, 
829, for example. This technology ?xedly irradiates a con 
densed laser luminous ?ux to the surface of the semiconduc 
tor substrate, detects scattered light occurring from foreign 
matters adhering to the semiconductor substrate and inspects 
the foreign matters and the defects of the entire surface of the 
semiconductor substrate through rotation and parallel move 
ment of the semiconductor substrate. 
[0007] A concave mirror using a rotary elliptic surface as a 
re?ecting surface is used for detecting scattered light. The 
detection position on the semiconductor substrate is set to the 
?rst focal point of the ellipsis and a light reception surface of 
a light reception device is set to the second focal point so that 
scattered light occurring from the foreign matter can be con 
densed at a broad cubic angle and ?ne foreign matters can be 
detected, too. In this Way, the prior art technology does not 
aZimuth-Wise isolate and detect scattered light emitted from 
the foreign matter and defect in all the aZimuth directions but 
collectively condenses and detects the scattered light. 
[0008] On the other hand, JP-A-200l-255278 discloses a 
technology that arranges condenser lenses and optical detec 
tors in directions of a plurality of aZimuth angles With respect 
to the surface of a semiconductor substrate and detects scat 
tered light condensed by the condenser lens by an optical 
detector in accordance With a scattering aZimuth. This tech 
nology can carry out detection in an advantageous aZimuth 
direction in match With radial direction distribution charac 
teristic of the scattered light from the ?ne foreign matter. 
[0009] The technology described in JP-A-2002-l88999 
detects scattered light from a surface of a semiconductor 
substrate from all aZimuth directions by using one parabolic 
surface mirror With respect to the surface of the semiconduc 
tor substrate. 

SUMMARY OF THE INVENTION 

[0010] HoWever, the surface inspection apparatus of the 
?rst patent reference described above that uses the re?ecting 
mirror has the folloWing merits and demerits in comparison 
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With a surface inspection apparatus that isolates, condenses 
and detects the scattered light from foreign matters and 
defects in a plurality of aZimuth direction by using a con 
denser lens. 
[0011] The ?rst merit is that the concave mirror has no 
break in the aZimuth direction (a direction having an axis of 
symmetry With respect to the normal of the surface of the 
semiconductor Wafer) and continuously bears a condensation 
operation. From the aspect of a light reception cubic angle, 
therefore, the concave mirror has no dead angle but has high 
condensation ef?ciency. 
[0012] The second merits resides in that the concave mirror 
can be supported from the back side by, for example, bonding 
and ?xing a support structure to the back side (not a re?ecting 
surface) and does not hinder condensation ef?ciency on the 
re?ecting surface side that bears the condensation operation. 
[0013] The third merit is as folloWs. Since the foreign mat 
ter and defect are detected by condensing and detecting scat 
tered light occurring Within a relatively narroW range of the 
angle of elevation by using one optical detector, the number of 
photons that are incident into one optical detector can be 
advantageously secured. Particularly, When the foreign mat 
ter and defect as the detection object is extremely small and 
the resulting total scattered light quantity is markedly small, 
a satisfactory S/N ratio can be secured. 
[0014] On the other hand, the ?rst demerit is that scattered 
light intensity distribution information cannot be obtained for 
each scattering aZimuth direction and classi?cation capacity 
of the detected foreign matter and defect is inferior. 
[0015] The second demerit is that since only background 
scattered light that becomes noise from an aZimuth direction 
in Which scattered light from the foreign matter and defect is 
Weak is summed for those foreign matters and defects Which 
have strong scattered light distribution in a speci?c aZimuth 
direction, the S/N ratio is not satisfactory. 
[0016] The surface inspection apparatus described in the 
second patent reference that uses a plurality of condenser 
lenses has the folloWing merits and demerits in comparison 
With the surface inspection apparatus that collectively con 
denses scattered light from the foreign matters and defects by 
using one concave mirror using a rotary elliptic surface as a 
re?ecting surface. 
[0017] The ?rst merit is that classi?cation capacity of the 
detected foreign matter and defect is high because scattered 
light intensity distribution information for each scattering 
aZimuth angle can be acquired. 
[0018] The second merit is as folloWs. It is possible not to 
pick up only those background scattered light Which may 
result in the noise in the aZimuth direction in Which scattered 
light is Weak for the foreign matter and defect having a strong 
scattered light distribution in only a speci?c aZimuth direc 
tion. (It is advisable not to use a signal in such an aZimuth 
direction). This is advantageous in the aspect of the S/N ratio. 
[0019] On the other hand, the ?rst demerit is as folloWs. 
Because the range of an aZimuth angle of 360 degrees of the 
entire periphery having a substantially equal angle of eleva 
tion must be covered With a plurality of lens incidence sur 
faces, a plurality of lenses are arranged in alignment on the 
circumference that has a predetermined radius. To bury the 
entire periphery Without gaps, the shape of the incidence 
surface of the individual lens must be polished into a shape 
approximate to a rectangle or a trapeZoid. 
[0020] The second demerit is that a frame-like support 
structure is necessary for clamping and holding the lenses 
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from their periphery and the effective aperture area bearing 
the condensation operation becomes smaller as much. 
[0021] The third demerit is that When the foreign matter and 
defect as the detection object is extremely small and the 
resulting total scattered light quantity is markedly small, the 
number of photons incident into one optical detector 
decreases extremely When the total scattered light quantity is 
divided into a plurality of aZimuths. This is disadvantageous 
from the aspect of the S/N ratio. 
[0022] The technology described in the third patent refer 
ence mentioned above involves the problem that the S/N ratio 
drops When the foreign matter and defect as the inspection 
object is extremely small and the resulting scattered light 
quantity is markedly small. 
[0023] The surface inspection apparatus in the latest semi 
conductor device fabrication process is required to be capable 
of detecting and classifying a greater number of kinds of 
foreign matters and defects as the minimum detection grain 
siZe of the foreign matters and defects has become smaller. 
[0024] To satisfy such a requirement, a condensation opti 
cal system capable of conducting detection in a plurality of 
aZimuths and improving detection sensitivity has been 
required. 
[0025] It is an object of the invention to accomplish a sur 
face inspection method and a surface inspection apparatus 
each being capable of acquiring scattered light intensity dis 
tribution information for each scattering aZimuth and detect 
ing foreign matters and defects With high sensitivity. 
[0026] To accomplish the object, the invention employs the 
folloWing construction. 
[0027] A surface inspection method according to the inven 
tion irradiates light to a predetermined position on a surface of 
an inspection object to form an illumination spot, detects light 
that is scattered, diffracted and re?ected from the illumination 
spot and detects foreign matters and defects existing on the 
surface of the inspection object or in the proximity of, and 
inside, the surface on the basis of light detected. 
[0028] The light scattered, diffracted and re?ected from the 
illumination spot is condensed and re?ected by a plurality of 
concave mirrors for condensation that are arranged for each 
of a plurality of aZimuth angles With respect to the surface of 
the inspection object, re?ects light re?ected from the conden 
sation concave mirrors arranged at the same aZimuth angle by 
concave mirrors for image formation that are arranged at a 
higher angle of elevation than the condensation concave mir 
rors With respect to the surface of the inspection object, dis 
tinguishes and detects the light re?ected from the plurality of 
image formation concave mirrors, respectively at a detection 
device, and detects the foreign matters and defects existing on 
the surface of the inspection object or in the proximity of, and 
inside, the surface on the basis of the light detected. 
[0029] A surface inspection apparatus according to the 
invention includes an inspection object movement stage on 
Which an inspection object is put and Which moves the inspec 
tion object, illumination device that irradiates light to a pre 
determined position on a surface of the inspection object and 
forming an illumination spot, and detection device that 
detects light scattered, diffracted and re?ected from the illu 
mination spot, and detects the foreign matters and defects 
existing on the surface of the inspection object or in the 
proximity of, and inside, the surface on the basis of light 
detected by the detection device. 
[0030] The surface inspection apparatus further includes a 
plurality of condensation concave mirrors arranged at a plu 
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rality of aZimuth angles, respectively, With respect to the 
surface of the inspection object, and condensing and re?ect 
ing light scattered, diffracted and re?ected from the illumi 
nation spot; image formation concave mirrors arranged at a 
higher angle of elevation than the condensation concave mir 
ror With respect to the surface of the inspection object at each 
of the plurality of aZimuth angles, and re?ecting light 
re?ected from the condensation concave mirrors arranged at 
the same aZimuth angles; another detection device that dis 
tinguishes and detects each of the rays of light re?ected by the 
plurality of image formation mirrors; and foreign matter/ 
defect classi?cation device that detects the foreign matters 
and defects existing on the surface of the inspection object or 
in the proximity of, and inside, the surface on the basis of light 
detected by the detection device. 
[0031] The invention can accomplish a surface inspection 
method, and an apparatus for the method, each capable of 
acquiring scattered light intensity distribution information for 
each scattering aZimuth and detecting foreign matters and 
defects With high sensitivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a schematic structural vieW of a surface 
inspection apparatus for executing a surface inspection 
method according to a ?rst embodiment of the present inven 
tion; 
[0033] FIG. 2 is an explanatory vieW useful for explaining 
an illumination spot in the ?rst embodiment of the invention; 
[0034] FIG. 3 is an explanatory vieW useful for explaining 
an aZimuth-Wise detection optical system in the ?rst embodi 
ment of the invention; 
[0035] FIG. 4 is an explanatory vieW useful for explaining 
an arrangement of optical detectors in the ?rst embodiment of 
the invention; 
[0036] FIGS. 5A to 5C are explanatory vieWs each useful 
for explaining a concave mirror for condensation in the ?rst 
embodiment of the invention; 
[0037] FIG. 6 is an explanatory vieW useful for explaining 
another arrangement of the optical detectors in the ?rst 
embodiment of the invention; 
[0038] FIG. 7 is an explanatory vieW useful for explaining 
a condensation/detection optical system of a surface inspec 
tion apparatus according to a second embodiment of the 
invention; 
[0039] FIG. 8 is an explanatory vieW useful for explaining 
the formation of an illumination spot in the second embodi 
ment of the invention; and 
[0040] FIG. 9 is a schematic structural vieW of a surface 
inspection apparatus for executing a surface inspection 
method according to the second embodiment of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0041] Preferred embodiments of the invention Will be 
hereinafter explained With reference to the accompanying 
draWings. 
[0042] FIG. 1 is a schematic structural vieW of a surface 
inspection apparatus for executing a surface inspection 
method according to a ?rst embodiment of the present inven 
tion. In the draWing, a semiconductor Wafer 100 as an inspec 
tion object is shoWn adsorbed by vacuum to a chuck 101. The 
chuck 101 is mounted onto an inspection object movement 
stage 102 having a rotation stage 103, a parallel movement 
stage 104 and a Z stage 105. 
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[0043] An illumination optical system 110 and a scattered/ 
diffracted/re?ected light detection optical system 150 are 
arranged above the semiconductor Wafer 100. A pulse laser 
that causes time-Wise repeatedly pulse oscillation of light of a 
Wavelength of the ultraviolet region is used for a light source 
11. An illumination beam 21 outgoing from the light source 
11 forms an illumination spot 3 shoWn in FIG. 2 oWing to the 
operation of an illumination lens 18. To detect highly pre 
cisely ?ne foreign matters and defects, an angle of elevation 
of the illumination beam 21 to the surface of the inspection 
object is a loW angle of elevation of about 5 to about 25 
degrees, more preferably an angle in the proximity of the 
BreWster angle With respect to the material constituting the 
inspection object, such as crystalline Si (silicon). 
[0044] In the ?rst embodiment of the invention, therefore, 
the illumination beam 21 is alloWed to be incident obliquely 
at an angle of about 13 degrees. For this reason, the illumi 
nation spot 3 has a substantially elliptic shape. The polariza 
tion state of the illumination beam 21 is controlled to “P 
polarization” or “S polarization” or “circular polarization” or 
“elliptic polarization”. 
[0045] Scattered/diffracted/re?ected light generated from 
the illumination spot 3 is condensed and detected by the 
scattered/diffracted/re?ected light detection optical system 
150. The scattered/diffracted/re?ected light detection optical 
system 150 has six azimuth-Wise detection optical systems 
160 the detection direction angles of Which are spaced apart 
from one another by about 60 degrees so that the components 
scattered, diffracted and re?ected in directions of left front/ 
right front/ left side/right side/ left back/right back among the 
scattered/diffracted/re?ected light generated from the illumi 
nation spot 3 by the illumination beam 21 can be isolated and 
detected individually. 
[0046] FIG. 3 is a schematic structural vieW of each azi 
muth-Wise detection optical system 160. As described above, 
the concave mirror using a rotary elliptic surface as a re?ect 
ing surface can condense light emission dispersed in a broad 
cubic angle range from near a ?rst focal point by only a single 
re?ecting surface but cannot form images of tWo light emis 
sion points existing in the proximity of the ?rst focal point as 
separate images of tWo points in the proximity of a second 
focal point. A combination of at least tWo secondary curved 
surface concave mirrors is necessary to constitute an optical 
system having an image formation capacity While suppress 
ing spherical aberration and astigmatism by only a re?ecting 
mirror using its secondary curved surface as a re?ecting sur 
face. 
[0047] Combinations of a rotary double curved surface+ 
rotary double curved surface, rotary curved surface+rotary 
elliptic surface and rotary double curved surface+paraboloid 
of revolution have already been put into practical application 
in the ?eld of astronomical microscopes using visible rays 
and X rays but a cubic angle range capable of condensation is 
narroW. Scattered light scattering in a broad cubic angle from 
foreign matters and defects must be received in optical sur 
face inspection, and the condensation cubic angle capable of 
being achieved by the combinations described above has not 
been entirely satisfactory. The combination of the paraboloid 
of revolution+paraboloid of revolution is one of the combi 
nations capable of coping With a broad cubic angle among the 
combinations for achieving the image formation capacity by 
tWo secondary curved surface concave mirrors. 

[0048] In the ?rst embodiment of the invention, therefore, 
the azimuth-Wise detection optical system 160 includes a 
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concave mirror 161 for condensation that uses a part of its 
paraboloid of revolution as a re?ecting surface and a concave 
mirror 163 for image formation that uses a part of its parabo 
loid of revolution as a re?ecting surface. The paraboloid of 
revolution of the re?ecting surface of the condensation con 
cave mirror 161 and the paraboloid of revolution of the 
re?ecting surface of the image formation concave mirror 163 
have a common optical axis 165. The common optical axis 
165 is inclined outWard by about 5 degrees to the normal 167 
of the surface of the inspection object in the detection direc 
tion to Which the azimuth-Wise detection optical system 160 
corresponds, as shoWn in FIG. 3. 

[0049] The focus 162 of the paraboloid of revolution of the 
re?ecting surface of the condensation concave mirror 161 is 
arranged substantially in conformity With the center of the 
illumination spot 3 on the surface of the inspection object and 
the focus 164 of the paraboloid of revolution of the re?ecting 
surface of the condensation concave mirror 163 is arranged 
substantially in conformity With the center of the light recep 
tion surface of the optical detector 7. The focal length of the 
condensation concave mirror 161 is set to be substantially 
equal to that of the image formation concave mirror 163. 

[0050] In the arrangement described above, the scattered/ 
diffracted/re?ected light occurring from the illumination spot 
3 is converted to a parallel pencil of rays 166 by the conden 
sation concave mirror 161 and these rays are incident into the 
image formation concave mirror 163. The image formation 
concave mirror 163 forms the image of the parallel pencil of 
rays 166 on the optical detector 7 as the focal surface and 
forms the image that is substantially a multiple of the illumi 
nation spot. In the ?rst embodiment of the invention, the 
distance from the focus 162 of the condensation concave 
mirror 161 to the focus 164 of the image formation concave 
mirror 163, that is to say, the distance from the center of the 
illumination spot 3 to the center of the light reception surface 
of the optical detector 3, is set to about 200 mm. 

[0051] Therefore, When the common optical axis 165 of the 
condensation concave mirror 161 and the image formation 
concave mirror 165 is inclined by about 5 degrees to the 
normal 167 of the surface of the inspection object, the gap 
betWeen the images of the adjacent measurement spots 3 
corresponds to the length of one side of an equilateral hexa 
gon inscribed in a circle the radius of Which satis?es the 
relation 200 mm><sin 5°:approx. 17.4 mm (formula 1). 
Therefore, the gap betWeen the images of the adjacent mea 
surement spots 3, too, is 17.4 mm and the illumination spot 
image formed by each of the six azimuth-Wise detection 
optical systems 160 does not spatially interfere With one 
another but can be isolated and detected by the independent 
optical detector 7 that is disposed for each azimuth-Wise 
detection optical system. 
[0052] As shoWn in FIG. 5A, six, in total, of condensation 
concave mirrors 161 of the six azimuth-Wise detection optical 
systems 160 are produced by splitting one rotary elliptic 
surface mirror into six units. The outer shape of the re?ecting 
surface of each condensation concave mirror 161 is such as 
shoWn in FIG. 5B. Four condensation concave mirrors 161, 
that is, the left front/right front/left back/right back concave 
mirrors, have a small semi-spherical notch portion 300 to 
avoid the illumination beam 21 and the optical path of the 
regular re?ected light of the illumination beam 21. These six 
condensation concave mirrors 161 are arranged in such a 
fashion that the gap betWeen the adjacent pair of condensation 
concave mirrors 161 becomes small as shoWn in FIG. 5C. 
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[0053] As described above, in the ?rst embodiment of the 
invention, the angle of elevation of irradiation of the illumi 
nation beam 21 is set to 13 degrees. It is knoWn that in the case 
of foreign matters satisfying the Rayleigh scattering rule, 
scattered light from the foreign matters mostly occurs Within 
the range of the angle of elevation of about 7 to about 50 
degrees. 
[0054] The arrangement according to the ?rst embodiment 
of the invention can e?iciently condense and detect those 
types of light Which are scattered, diffracted and re?ected 
Within the range of the angle of elevation of about 7 to about 
50 degrees among the scattered, diffracted and re?ected light 
occurring from the illumination spot 3. 
[0055] When the foreign matter 1 passes by the illumina 
tion spot 3 in the construction described above, the scattered/ 
diffracted/re?ected signal can be obtained from the optical 
detector corresponding to each aZimuth-Wise detection opti 
cal system 160. The ?rst embodiment of the invention uses a 
photomultiplier for the optical detector 7 but optical detectors 
based on other detection principles may be used, too, as long 
as they can detect With high sensitivity the scattered/dif 
fracted/re?ected light from the foreign matter. 
[0056] The scattered/diffracted/re?ected light signal from 
each optical detector is ampli?ed by the ampli?er 26 disposed 
for each optical detector 7, is sampled in a predetermined 
sampling cycle dT and is converted to digital data by an A/D 
converter 30. The group of the digital data acquired in such a 
fashion as to correspond to each aZimuth-Wise detection opti 
cal system 160 is sent to a scattered/diffracted/re?ected signal 
uni?cation unit 200. The scattered/diffracted/re?ected signal 
uni?cation unit 200 sums the digital data from the aZimuth 
Wise detection optical system 160 corresponding to a prede 
termined scattering direction and can thus accomplish data 
processing for acquiring uni?ed digital data having an S/N 
ratio Which is much more improved than an S/N ratio 
obtained by the mere addition of the digital data. Weighted 
linear coupling may be used for the synthetic algorithm of 
these digital data. 
[0057] The uni?ed digital data obtained by the scattered/ 
diffracted/re?ected signal uni?cation unit 200 is thereafter 
compared With a detection threshold value that is determined 
in advance by a foreign matter/defect judgment mechanism 
108. The foreign matter/defect judgment mechanism 108 
judges that the digital data originates from the foreign matter 
and defect When the digital data is greater than the threshold 
value and generates the foreign matter/ defect judgment infor 
mation. When the foreign matter/defect judgment informa 
tion is supplied from the foreign matter/defect judgment 
mechanism 108, a foreign matter/ defect coordinate detection 
mechanism 130 calculates the coordinate position (r, 6) of the 
foreign matter and defect in a main scanning direction and in 
a sub-scanning direction from the positional information of 
the present position of main scanning and sub-scanning that 
are generated by the inspection object movement stage 102. 
When the coordinate position of the detected foreign matter 
and defect is determined, a grain siZe calculation mechanism 
120 subsequently calculates the siZe of the detected foreign 
matter and defect from the digital data group. 
[0058] On the other hand, the digital data group so obtained 
as to correspond to each aZimuth-Wise detection optical sys 
tem 160 is sent to the scattered/diffracted/re?ected light sig 
nal uni?cation unit 200 and at the same time is sent to a 
foreign matter/defect classi?cation mechanism 140, too, in 
the form of individual digital data. The foreign matter/ defect 
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classi?cation mechanism 140 compares the intensities of the 
digital data of the scattering direction and judges to Which of 
a predetermined foreign matter/defect category the detected 
foreign matter and defect corresponds. 
[0059] As described above, the ?rst embodiment of the 
invention can cope With a broad cubic angle by means of the 
condensation concave mirror 161 using a part of its parabo 
loid of revolution as the re?ecting surface and the image 
formation concave mirror 163 using a part of its paraboloid of 
revolution as the re?ecting surface. 
[0060] Since the ?rst embodiment uses the condensation 
concave mirror 161 and the image formation concave mirror 
163 as the re?ecting mirror, a support for holding a lens by 
clamping its periphery like a condenser lens is not necessary 
and an effective aperture area does not become small. 
[0061] Since the embodiment uses the conical re?ecting 
mirrors, that is, a plurality of aZimuth-Wise detection optical 
systems produced by dividing a paraboloid of revolution mir 
ror, the embodiment can detect re?ected light in all aZimuth 
directions by burying the Whole periphery Without any gap 
and Without calling for speci?c lens polishing. 
[0062] Since the scattered/diffracted/re?ected light signal 
uni?cation unit 200 sums the digital data from the aZimuth 
Wise detection optical system 160 corresponding to the scat 
tering direction designated in advance among a plurality of 
aZimuth-Wise detection optical systems 160, the S/N ratio can 
be much more improved than the S/N ratio obtained by mere 
addition of the data from all the aZimuth-Wise detection opti 
cal systems 160. 
[0063] In other Words, the ?rst embodiment of the invention 
makes it possible to conduct the folloWing three (1) to (3). 
[0064] (l) to acquire scattered light intensity distribution 

information at each scattering aZimuth angle; 
[0065] (2) to separate and utiliZe the scattered light signal 
from a scattering aZimuth direction advantageous for the 
S/N ratio; and 

[0066] (3) A dead angle is small at all aZimuth directions 
and in a necessary range of angle of elevation at light 
reception cubic angles of the condensation optical system 
and condensation e?iciency is high. 

[0067] The explanation given above primarily deals With 
the detection of foreign matters and defects but it Would be 
obvious that the similar effect can be obtained When surface 
coarseness of the semiconductor Wafer 100 as the inspection 
object is measured, too. 
[0068] In the ?rst embodiment described above, the light 
source 11 is the “pulse laser causing time-Wise repeatedly the 
pulse oscillation of light of the Wavelength of the ultraviolet 
region” but lasers of the Wavelengths other than the ultraviolet 
region may be used, too. When the continuously oscillating 
laser is used for the light source, too, the technology described 
above can be as such adapted. In the ?rst embodiment 
described above, the number of directions for isolating and 
detecting the scattered/diffracted/re?ected light occurring 
from the foreign matter and defect are the six directions of the 
left front/right front/left side/right side/left back/right back 
and the six aZimuth-Wise detection optical systems 160 the 
detection direction angles of Which are spaced apart from one 
another by about 60 degrees are arranged. HoWever, the merit 
of the aZimuth-Wise isolation and detection can be enjoyed 
When at least four directions of the front/left side/right side/ 
back can be detected. 

[0069] In the embodiment described above, further, the 
focal length of the condensation concave mirror 161 is set to 
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be substantially equal to the focal length of the image forma 
tion concave mirror 163 so as to form an image having sub 
stantially an equal siZe to the illumination spot but a focal 
length different from that of the condensation concave mirror 
161 may be given to the image formation concave mirror 163 
so as to form an enlarged image of the illumination spot. 
[0070] Incidentally, When the foreign matter and defect as 
the detection object is extremely small and the resulting total 
scattered light quantity is markedly small, the number of 
photons incident into one optical detector 7 drastically 
decreases if the total scattered light quantity is to be divided 
and detected by a plurality of aZimuth-Wise detection optical 
systems 160. In such a case, it may be more advantages from 
the aspect of the S/N ratio to guide the total scattered light 
quantity into the single optical detector Without isolation. 
[0071] In such a case, an optical detector 8 for uni?ed 
detection is disposed in addition to the optical detectors 7 
corresponding to the respective aZimuth-Wise detection opti 
cal system 160 as shoWn in FIG. 6 so that the optical detector 
8 for uni?ed detection and a plurality of optical detectors 7 
can be changeably utiliZed. 
[0072] An optical detector the light reception surface of 
Which is greater than the circle having the radius given by the 
afore-mentioned formula 1 such as a head-on type photomul 
tiplier having a large aperture is suitable for the optical detec 
tor 8 for uni?ed defection. When the optical detector is con 
stituted in this Way, the ?rst embodiment of the invention 
makes it possible “(4) to secure the number of photons inci 
dent into one optical detector even When the foreign matter 
and defect as the detection object is extremely small and the 
resulting total scattered light quantity is markedly small”, too. 
[0073] In the ?rst embodiment of the invention described 
above, the number of illumination spots formed on the surface 
of the inspection object is 1 but it is also possible to employ 
the construction in Which a plurality of illumination spots are 
formed and scattered/ diffracted/ re?ected light from each illu 
mination spot is individually detected. 
[0074] FIG. 7 shoWs a condensation/detection optical sys 
tem according to the second embodiment that individually 
detects scattered/diffracted/re?ected light occurring from a 
plurality of illumination spots. 
[0075] It is possible to split light leaving a single light 
source into a plurality of illumination beams and to form a 
plurality of illumination spots by a technology using a beam 
splitter or a technology using a WollastonpolariZing prism for 
an illumination optical system. 
[0076] FIG. 8 shoWs a construction in Which light is split 
into tWo illumination beams by the Wollaston polarizing 
prism 23 and tWo illumination spots 3 and 4 are formed on a 
semiconductor Wafer 100 by the operation of an illumination 
lens 18. 
[0077] FIG. 9 is a schematic structural vieW of a surface 
inspection apparatus for executing a surface inspection 
method according to the second embodiment of the invention. 
[0078] The intensity ratio of the tWo illumination spots 3 
and 4 and their polariZation state can be adjusted by setting 
angles of a polariZer 24 and a 1/2 Wavelength plate 25. The 
constructions and condensation/image formation of the scat 
tered/diffracted/re?ected light detection optical system 150 
and the six aZimuth-Wise detection optical systems 160 are 
the same as those of the ?rst embodiment described above. 
Therefore, explanation Will be omitted. 
[0079] In the second embodiment of the invention, each 
aZimuth-Wise detection optical system 160 forms the images 
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of tWo illumination spots 3 and 4. An optical detector having 
tWo light reception sections is used for the optical detector 7 
provided to each aZimuth-Wise detection optical system 160 
and each light reception partition can detect one illumination 
spot image. 
[0080] The common optical axis 165 of the condensation 
concave mirror 161 and the image formation concave mirror 
163 constituting each aZimuth-Wise detection optical system 
160 is inclined outWard by about 5 degrees to the normal 167 
of the surface of the inspection object in the detection direc 
tion to Which each aZimuth-Wise detection optical system 160 
corresponds. Therefore, a point deviated from the optical axis 
165 on the surface of the inspection object in the images of the 
illumination spots 3 and 4 has aberration. 
[0081] To reduce this aberration, the line connecting the 
centers of the tWo light reception sections in the optical detec 
tor 7 is arranged in such a fashion as to be inclined With 
respect to the optical axis 165 but not orthogonal. Because the 
output signals can be obtained in parallel With each other from 
the tWo light reception sections, each optical detector 7 is 
connected to tWo ampli?ers 26 and tWo A/D converters 30. 
[0082] The digital data obtained from the tWo A/D convert 
ers 30 are synthesized by a plural illumination signal uni?ca 
tion units 210. When the intensity of the tWo illumination 
spots 3 and 4 is set to be equal to each other by angle setting 
of the polariZer 24 and the 1/2 Wavelength plate 25, the S/N 

ratio can be improved by \/2 times by calculating addition 
mean of the tWo signals of the illumination spots 3 and 4 by 
the plural illumination spot signal uni?cation unit 210 in 
comparison With the case Where a single optical detector 
having the same detection sensitivity and the same noise 
characteristics is used. 
[0083] The output digital data of this plural illumination 
spot signal uni?cation unit 210 is sent to the scattered/dif 
fracted/re?ected signal uni?cation unit 200. Since the subse 
quent functions and operations of the scattered/diffracted/ 
re?ected signal uni?cation unit 200 are the same as those of 
the ?rst embodiment, explanation in detail Will be omitted. 
[0084] In addition to the advantages (1) to (4) obtained in 
the ?rst embodiment, the second embodiment provides the 
advantage that a higher S/N ratio can be obtained by dispos 
ing the detector capable of forming a plurality of illumination 
spots, isolating them, forming their images and detecting 
them individually to average a plurality of scattered/dif 
fracted/re?ected light signals. 
[0085] As described above, the invention provides the 
effects listed beloW by using a plurality of aZimuth-Wise 
detection optical systems each acquiring the image formation 
operation by a pair of tWo concave mirrors using its parabo 
loid of revolution as the re?ecting mirror. 
[0086] (1) It is possible to acquire scattered light intensity 

distribution information for each scattering direction 
angle. 

[0087] (2) The scattered light signal from the scattering 
direction angle that is advantages from the aspect of the 
S/N ratio can be isolated and utiliZed. 

[0088] (3) The dead angles are small for all aZimuth angles 
and Within the required range of the angle of elevation in 
the reception light cubic angles of the condensation optical 
system and condensation ef?ciency is high. 

[0089] (4) Even When the foreign matter and defect as the 
detection object is extremely small and the resulting total 
scattered light quantity is markedly small, the number of 
photons incident into one optical detector can be secured. 
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[0090] The invention can be established not only as the 
surface inspection method and apparatus for semiconductor 
Wafers, etc, but also as an azimuth-Wise scattered light image 
formation optical apparatus for a surface inspection apparatus 
having a scattered/diffracted/re?ected light detection optical 
system 150 and a detector 7. 
[0091] It should be further understood by those skilled in 
the art that although the foregoing description has been made 
on embodiments of the invention, the invention is not limited 
thereto and various changes and modi?cations may be made 
Without departing from the spirit of the invention and the 
scope of the appended claims. 

1. A surface inspection method by irradiating light to a 
predetermined position on a surface of an inspection object to 
form an illumination spot, detecting light scattered, diffracted 
and re?ected from said illumination spot, and detecting for 
eign matters and defects existing on the surface of said 
inspection object or in the proximity of, and inside, the sur 
face, said method comprising the steps of: 
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condensing and re?ecting the light scattered, diffracted and 
re?ected from said illumination spot by a plurality of 
condensation concave mirrors arranged at a plurality of 
aZimuth angles With respect to the surface of said inspec 
tion object, respectively; 

re?ecting light re?ected from each of said condensation 
concave mirrors arranged at a predetermined positional 
relationships With each of a plurality of image formation 
concave mirrors arranged at a higher angle of elevation 
than said condensation concave mirror With respect to 
the surface of said inspection object for each of said 
plurality of azimuth angles; 

distinguishing and detecting light re?ected by said plural 
ity of image formation concave mirrors; and 

detecting foreign matters and defects existing on the sur 
face of said inspection object or in the proximity of, and 
inside, the surface of said inspection object on the basis 
of the light detected. 

2-25. (canceled) 


