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(57) ABSTRACT 

A surface inspection device irradiates a laser beam onto the 
surface of a sample, scans the surface two-dimensionally, 
and detects the intensities of the s-polariZed light component 
and p-polariZed light component of the re?ected laser beam. 
RR (re?ectance ratio), Which is the ratio of the re?ective 
intensities of the s- and p-polariZed light components, is 
calculated for each position of the surface of the sample, and 
the tWo-dimensional distribution of RR on the surface of the 
sample is detected. The distribution Width of this measured 
RR is compared With the natural Width for a clean sample, 
and the surface of the sample is determined to be contami 

2’ 1999' nated When, as the result of comparison, the RR distribution 

(30) Foreign Application Priority Data Width diverges from the natural Width. The absence or 
presence of contamination on the microscopically rough 

Apr. 3, 1998 (JP) ..................................... .. 091489/1998 surface of a sample can therefore be quickly and easily 
Apr. 7, 1998 (JP) . . . . . . . . . .. 094504/1998 determined based on the RR of the re?ective intensities of 
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SURFACE INSPECTION USING THE RATIO OF 
INTENSITIES OF S- AND P-POLARIZED LIGHT 
COMPONENTS OF A LASER BEAM REFLECTED 

A ROUGH SURFACE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a surface inspec 
tion device for inspecting the rough surface of a sample, and 
more particularly to a surface inspection device that inspects 
the microscopic surface contamination of a sample such as 
an IC (Integrated Circuit) chip or a processed Silicon Wafer 
or a contact device. 

[0003] 2. Description of the Related Art 

[0004] In a conventional fabrication process of a semicon 
ductor device, Wiring or bonding metal pads have been 
formed as ?ne patterns on the surface of a semiconductor 
chip, and the metal pads are connected to bonding Wires or 
the connection terminals of chip components. Masking 
materials are applied to the surface of metal pads in the 
fabrication process, and because this material may hinder 
electrical connections, cleaning is carried out to remove all 
traces of the material. 

[0005] Still, the microscopically rough surface of metal 
pads complicates the total cleaning of minute contamination 
from the surface. When the surface of metal pads are 
contaminated during the fabrication process, this contami 
nation impedes electrical connections and causes insuf?cient 
bonding. It is therefore vital in fabricating semiconductor 
devices to inspect and analyZe contamination on the surface 
of metal pad, investigate the sources of contamination, and 
then take measures to improve the yield rate of the semi 
conductor devices. 

[0006] HoWever, the analysis of minute contamination on 
the surface of metal pads are made dif?cult by the micro 
scopically rough surface, as Well as their small dimensions. 
Satisfactory analysis is particularly dif?cult in cases in 
Which the contaminant is a mixture of organic and inorganic 
substances. 

[0007] At present, surface inspection on the nano-scale is 
presently being carried out using STM (Scanning Tunneling 
Microscope) or AFM (Atomic Force Microscope) as the 
basic research in surface inspection of ?ne structure as 
described above. Unfortunately, this approach is impractical 
because it entails considerable time and expense. 

[0008] Surface inspection is also carried out by a FTIR 
(Fourier Transform Infrared) spectroscope, Which employs 
the absorption of infrared rays. HoWever, microanalysis by 
this method is dif?cult and operation is also complex, and 
the considerable time and expense thus required for analysis 
render this method impractical. 

[0009] One surface inspection method that solves the 
above-described problems involves analysis by polariZed 
light (ellipsometry), in Which surface inspection is realiZed 
by irradiating rays onto the surface of a sample to cause 
re?ection and then analyZing the polariZed light components 
of the re?ected rays. This method alloWs microanalysis and 
simpli?es operation. 
[0010] Ellipsometry alloWs easy inspection of the surface 
of a sample but presupposes that the surface of the sample 
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to be inspected is a mirror surface. If the sample is an 
integrated circuit during fabrication, hoWever, ?ne metal 
pads are formed on the mirror surface of a semiconductor 
Wafer by means of sputtering or electroplating, and the 
surface of the sample becames therefore microscopically 
rough. 

[0011] If ellipsometry of the prior art is applied to the 
surface of this type of sample, accurate inspection is com 
plicated by the diffused re?ection of the rays caused by the 
microscopic bumps and depressions of the surface of the 
sample. In other Words, the surface contamination of the 
sample, i.e., an integrated circuit during fabrication, cannot 
be inspected, and the method cannot provide an improve 
ment in the yield rate of integrated circuits. 

[0012] In addition, defects that occur in the surface of an 
integrated circuit during fabrication include contamination 
by inorganic substances, contamination by organic sub 
stances, contamination by mixtures of organic and inorganic 
substances, and the adhesion of extraneous matter. Inspec 
tion that can distinguish betWeen these various defects Was 
dif?cult in the ellipsometry of the prior art. 

SUMMARY OF THE INVENTION 

[0013] It is an object according to the present invention to 
provide a surface inspection method and device that alloW 
satisfactory inspection and analysis of the surface of a 
sample such as a semiconductor Wafer on Which metal pads 
have been formed Without requiring considerable time and 
expense. 

[0014] According to one surface inspection method 
according to the present invention, tWo-dimensional scan 
ning is effected by irradiating a focused laser beam onto the 
surface of a sample and then individually detecting the 
intensities of each of the s-polariZed light component and 
p-polariZed light component of the laser beam re?ected by 
each location of the tWo-dimensionally scanned surface of 
the sample. The RR (Re?ectance Ratio), Which is the ratio 
of the re?ected intensities of the detected s-polariZed light 
component and p-polariZed light component, is observed for 
each location of the sample surface, and the distribution of 
the observed RR on the sample surface is measured. This 
measured RR distribution Width is then compared With the 
natural Width of a clean sample, and the sample surface is 
determined to be contaminated When, as the comparison 
results, the RR distribution Width diverges from the natural 
Width. In the surface inspection method of this invention, the 
presence or absence of contamination on the microscopi 
cally rough surface of the sample can therefore be accurately 
and easily determined based on the RR of the re?ected 
intensities of s- and p-polariZed light. 

[0015] The basic principles of the above-described inven 
tion are explained hereinbeloW. First, in a case in Which the 
sample is the metal pad of a mass-produced circuit compo 
nent, the sample surface is not microscopically smooth, and 
the re?ection of a laser beam irradiating this surface is 
generally diffuse. The re?ected intensities ROS and ROp of the 
s- and p-polariZed light can be approximately assumed in 
this invention as shoWn beloW: 
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[0016] Where ROu is a specular re?ective power on a rough 
surface, and RS and Rp are the amplitude re?ectances of s 
and p-polariZed light on an ideally smooth surface observed 
by means of a Drude re?ection equation or a Fresnel 
re?ection equation. 

[0017] If the sample surface is unevenly contaminated, 
re?ectances RS and Rp of s- and p-polariZed light are subject 
to complex modi?cation. The ratio of re?ective intensities 
ROS and ROp by the above-described equations (1a) and (1b) 
becomes the ratio RR of re?ective intensities of s- and 
p-polariZed light as shoWn in the folloWing equation (2): 

[0018] This ratio RR is independent of the roughness of 
the sample surface and the characteristic of the device cancel 
each other out. HoWever, the s-polariZed light and p-polar 
iZed light differ from each other in their interaction With the 
physical surface of the electric vector of light, and the 
proportion of change in re?ective intensity of the s-polariZed 
and p-polariZed light due to contaminants is therefore not 
identical. 

[0019] In this invention, the state of the sample surface is 
analyZed using the above-described equation (2) because the 
use of RR alloWs the state of contamination to be detected 
While excluding the effect of the roughness of the sample 
surface. 

[0020] The numerical value of the ratio Rs/Rp for the case 
of a clean sample surface is calculated as a theoretical value 
from the dielectric constant of the material or the angle of 
incidence of the beam using a Fresnel re?ection equation. If, 
for example, the angle of incidence is 60°, the theoretical 
value of RR for gold is 1.09 and 1.95 for rhodium. The state 
of contamination of the sample surface can be determined by 
comparison With actually measured values for ratio RR. 

[0021] The natural Width of a clean sample referred to in 
this invention indicates the distribution Width for a case in 
Which RR is determined by detecting the re?ective intensi 
ties of the s-polariZed light component and p-polariZed light 
component for a clean sample surface. This distribution 
Width indicates the Width over Which the distribution of RR 
can be compared, and for example, may be the half-Width. 

[0022] According to another surface inspection method of 
the invention, the distribution of RR on a sample surface is 
detected as in the above-described surface inspection 
method of the invention, and the layer thickness of contami 
nation on the sample surface is detected based on the 
half-Width of this measured RR distribution. The surface 
inspection method of this invention therefore alloWs accu 
rate and easy determination of the layer thickness of con 
tamination on the microscopically rough surface of the 
sample based on the RR of the re?ective intensities of s- and 
p-polariZed light. 

[0023] According to yet another surface inspection 
method of the invention, the distribution of RR on the 
sample surface is detected as in the above-described surface 
inspection method of the invention, the central value of this 
measured RR distribution is compared With a theoretical 
value observed by means of a Fresnel re?ection equation, 
and the sample surface is determined to be contaminated 
When, as the result of comparison, the central value of the 
RR distribution diverges from the theoretical value. The 
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surface inspection method of the invention therefore enables 
easy and accurate determination of the presence or absence 
of contamination on the microscopically rough surface of 
the sample based on the RR of the re?ective intensities of the 
s- and p-polariZed light. 

[0024] According to still another surface inspection 
method of the invention, the central value of RR distribution 
is compared With a theoretical value observed by a Fresnel 
re?ection equation as in the above-described surface inspec 
tion method of the invention, and the surface of the sample 
is determined to be contaminated by a single substance 
When, as the result of comparison, the central value of RR 
distribution is greater than the theoretical value, and deter 
mined to be contaminated by a mixture of substances When 
the central value of RR distribution is less than the theo 
retical value. The surface inspection method of the invention 
therefore determines if the substance that contaminates the 
microscopically rough surface of the sample is a single 
substance or a mixture of substances based on the RR of the 
re?ective intensities of the s- and p-polariZed light. 

[0025] In one surface inspection device of the invention, a 
laser beam is focused and irradiated by a laser irradiating 
device onto the surface of a sample held by a sample holding 
structure, and at least one of the laser irradiating device and 
sample holding structure in this state is moved by a relative 
scanning structure such that the laser beam irradiating the 
sample scans tWo-dimensionally. A polariZed light detector 
individually detects the intensities of each of the s-polariZed 
light component and p-polariZed light component of the 
laser beam re?ected by each location of the surface of the 
sample that is scanned tWo-dimensionally in this Way. A 
ratio observing means observes RR, Which is the ratio of the 
re?ective intensities of the s-polariZed light component and 
p-polariZed light component for each location of the sample 
surface, and a distribution detecting means detects the 
tWo-dimensional distribution of the observed RR on the 
surface of the sample. A numerical value comparing means 
compares the distribution Width of RR detected by the 
distribution detecting means With the natural Width of a 
clean sample, and When, as the result of comparison of this 
numerical value comparing means, the RR distribution 
Width diverges from the natural Width, a contamination 
judging means determines that the surface of the sample is 
contaminated. The presence or absence of contamination of 
the microscopically rough surface of a sample can therefore 
be determined quickly and easily. 

[0026] In a surface inspection device according to the 
foregoing description, the numerical value comparing means 
may also compare a natural Width With the half-Width of the 
RR distribution, Which indicates the contamination of the 
surface of a sample. In this case, the presence or absence of 
contamination of the surface of the sample can be deter 
mined simply and accurately. 

[0027] In the surface inspection device according to the 
foregoing description, a layer thickness inspecting means 
may also detect the layer thickness of contamination on the 
surface of the sample based on the half-Width of the RR 
distribution detected by the distribution detecting means. In 
this case, the degree of contamination of the surface of the 
sample can be determined accurately. 

[0028] According to another surface inspection device of 
the invention, a distribution detecting means detects the 
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tWo-dimensional distribution of RR on the surface of a 
sample as in the surface inspection device of the invention 
in the foregoing description, and a numerical value compar 
ing means compares the central value of the RR distribution 
detected by this distribution detecting means With a theo 
retical value observed using a Fresnel re?ection equation. 
The contamination judging means determines that the sur 
face of the sample is contaminated When, as the result of 
comparison of this numerical value comparing means, the 
central value of RR distribution diverges from a theoretical 
value. The presence or absence of contamination on the 
microscopically rough surface of a sample therefore can be 
determined quickly and easily based on the RR of re?ective 
intensities of the s- and p-polariZed light. 

[0029] In the above-described surface inspection device, it 
is possible to determine that the surface of the sample is 
contaminated by a single substance When the central value 
of the RR distribution is greater than the theoretical value, 
and contaminated by a mixture of substances When the 
central value of the RR distribution is loWer. In this case, the 
substance that contaminates the surface of a sample can be 
determined to be a single substance or a miXture of sub 
stances. 

[0030] In the above-described surface inspection device, it 
is also possible for an image displaying means to display 
various data determined based on the RR distribution as an 
image that corresponds to the surface of a sample. In this 
case, the tWo-dimensional contamination of the surface of a 
sample can be con?rmed by means of the displayed image. 

[0031] According to yet another surface inspection device 
of the invention, a ratio observing means observes RR for 
each analyZed region of the surface of a sample as in the 
above-described surface inspection device of the invention, 
a frequency detecting means then detects the frequency of 
occurrence of each value of this observed RR for each 
prescribed analyZed partition made up of a plurality of 
analyZed regions, and based on these detection results, a 
relation detecting means detects the correlation betWeen 
each value of RR and the frequency of occurrence for each 
analyZed partition of the sample surface. 

[0032] This correlation represents the frequency of occur 
rence of each value of RR in a prescribed analyZed partition 
of the sample surface and re?ects the state of contamination 
of the sample surface, and the state of contamination of the 
sample surface therefore can be detected from the above 
described correlation. The effect of the microscopic rough 
ness of the surface of a sample can be canceled because this 
correlation is detected based on RR, Which is the ratio of the 
re?ective intensities of the s-polariZed light component and 
p-polariZed light component, and the state of contamination 
of the surface of a sample can be detected quickly and With 
good accuracy. 

[0033] According to still another surface inspection device 
of the invention, a ratio observing means observes RR for 
each analyZed region of the surface of a sample as in the 
above-described surface inspection device of the invention, 
and a relation detecting means then detects the correlation 
betWeen each value of the thus-observed RR and a plurality 
of analyZed regions for each analyZed partition. This corre 
lation represents the frequency of occurrence of each value 
of RR in a prescribed analyZed partition of the surface of a 
sample and indicates the state of contamination of the 
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sample surface, and the state of contamination of the surface 
of a sample can therefore be detected by means of the 
above-described correlation. The effect of the microscopic 
roughness of the surface of a sample can be canceled 
because this correlation is detected based on RR, Which is 
the ratio of the re?ective intensities of s-polariZed light 
component and a p-polariZed light component, and the state 
of contamination of the sample surface can therefore be 
detected quickly and With good accuracy. 

[0034] In the above-described surface inspection device, a 
relation detecting means may also generate a tWo-dimen 
sional graph in Which one of the frequency of occurrence 
and each value of RR is plotted on the vertical aXis and the 
other is plotted on the horiZontal aXis, and an image dis 
playing means may display the tWo-dimensional graph gen 
erated by this relation detecting means. In this case, the state 
of contamination of the surface of a sample is displayed as 
a tWo-dimensional graph, and the state of contamination of 
the surface of a sample therefore can be con?rmed at a 
glance by an operator. 

[0035] In a surface inspection device according to the 
foregoing description, the relation detecting means may 
generate a three-dimensional graph in Which the analyZed 
partition is the loWer plane and the value of RR for each 
analyZed region is plotted on the vertical aXis, and an image 
displaying means may display the three-dimensional graph 
generated by the relation detecting means. In this case, the 
state of contamination of the surface of the sample is 
displayed as a three-dimensional graph, and the state of 
contamination of the sample surface therefore can be con 
?rmed at a glance by an operator. 

[0036] In a surface inspection device according to the 
foregoing description, the relation detecting means may 
generate a tWo-dimensional graph in Which the analyZed 
partition is represented as a plane and the value of RR for 
each analyZed region is represented as a prescribed color, 
and the image displaying means displays the tWo-dimen 
sional graph generated by the relation detecting means. In 
this case, the state of contamination of the surface of a 
sample is displayed as a tWo-dimensional graph, and the 
state of contamination of the sample surface therefore can be 
con?rmed at a glance by an operator. 

[0037] Generally, if the surface of a sample is clean, only 
speci?c numerical values of RR are generated at high 
frequency in concentrations. The sharp decrease in the 
frequency of occurrence of numerical values diverging from 
these speci?c values results in, for eXample, the steep shape 
of the curve of a tWo-dimensional graph. 

[0038] In contrast, contamination of the surface of a 
sample brings about changes in the numerical values of RR 
that are generated at high frequency, and the frequency of 
occurrence of numerical values that diverge from this 
numerical value also eXhibits a relative increase. As a result, 
the curve in a tWo-dimensional graph becomes less steep. 

[0039] In addition, When the surface of a sample is con 
taminated as described above, the numerical values of RR 
that are generated at high frequency also undergo an overall 
change, and the position of the range in Which a numerical 
values of RR are generated at a prescribed frequency also 
changes. The numerical values of RR that are generated at 
high frequency increase When the contamination of the 
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sample surface is inorganic, and the numerical values of RR 
decrease When the contaminant is organic. 

[0040] As described in the foregoing explanation, the 
surface inspection device detects the correlation betWeen the 
frequency of occurrence and the value of RR for each 
analyZed partition of a sample surface, or the correlation 
betWeen the plurality of analyZed regions that make up a 
prescribed analyZed partition and each value of RR. If these 
detection results are displayed as a tWo-dimensional graph 
or three dimensional graph, the state of contamination of the 
surface of a sample can be determined from the displayed 
image. 

[0041] In a surface inspection method realiZed by a sur 
face inspection device as described hereinabove, the pres 
ence or absence of contamination of the surface of a sample 
can be determined from the frequency of occurrence of 
speci?c numerical values of RR. In this case, the presence or 
absence of contamination of the sample surface can be 
determined quickly, easily and With good accuracy. 

[0042] In addition, the presence or absence of contamina 
tion on the surface of a sample can be determined based on 
the siZe of the range in Which numerical values of RR are 
generated at a prescribed frequency. In this case, the pres 
ence or absence of contamination on the surface of a sample 
can be determined quickly, easily, and With good accuracy. 

[0043] In addition, the contamination of a sample can be 
determined to be caused by an inorganic material When the 
numerical value of RR at Which the frequency of occurrence 
reaches a peak is higher than a reference numerical value, or 
caused by an organic material When loWer than a reference 
numerical value. In this case, it can be determined quickly, 
easily, and With good accuracy Whether contamination on 
the surface of a sample is organic or inorganic. 

[0044] The contamination of a sample can also be deter 
mined as due to an inorganic substance if the position of the 
range in Which a numerical value of RR is generated at a 
prescribed frequency is higher than a reference position, and 
due to an organic substance When the position is loWer. In 
this case, it can be determined quickly, easily, and With good 
accuracy Whether contamination on the surface of a sample 
is organic or inorganic. 

[0045] Contamination of a sample can also be determined 
as due to a mixture of organic and inorganic substances if the 
position of the range in Which a numerical value of RR is 
generated at a prescribed frequency is broader than a refer 
ence range. In this case, it can be determined quickly, easily, 
and With good accuracy that the surface of a sample is 
contaminated by a mixture of organic and inorganic sub 
stances. 

[0046] As a surface inspection device of the invention that 
realiZes the surface inspection method described herein 
above, the contamination judging means may determine the 
presence or absence of contamination on the surface of a 
sample based on the detection results of the relation detect 
ing means. In this case, the surface inspection device can 
automatically determine the state of contamination of the 
surface of a sample. 

[0047] The above-described contamination judging means 
may also determine if the contamination of a sample is due 
to an inorganic substance, an organic substance, or a mixture 
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based on the detection results of the relation detecting 
means. In this case, the surface inspection device can 
automatically determine the type of contamination of the 
surface of a sample. 

[0048] In the above-described surface inspection device, 
moreover, an intensity comparing means may compare the 
re?ective intensity of the s-polariZed light component 
detected by a polariZed light detector With a prescribed 
reference intensity, and When, as the result of comparison, 
the re?ective intensity is loWer than the reference intensity, 
an extraneous material judging means may determine that 
extraneous material exists in an analyZed partition of the 
sample surface. In this case, extraneous matter can be 
detected in a case in Which extraneous matter exists in an 
analyZed partition of the sample surface. 

[0049] If the presence or absence of extraneous matter is 
determined for each analyZed partition in this Way and if, for 
example, 400 analyZed regions exist in one analyZed parti 
tion, it is preferable that extraneous matter be judged not to 
exist even though the re?ective intensity of the s-polariZed 
light component is loWer than the reference intensity in 
several analyZed regions, and that extraneous matter be 
judged to exist When the re?ective intensity of the s-polar 
iZed light component is loWer than the reference intensity in 
several hundred analyZed regions. In a surface inspection 
device as described hereinabove, an operation controlling 
means may nullify the detection results for an analyZed 
partition in Which the extraneous matter judging means has 
determined the existence of extraneous matter. This nulli? 
cation of detection results presents the unnecessary Work of 
analyZing contamination in analyZed partitions in Which 
extraneous matter adheres to the surface of a sample, and 
therefore enables an improvement in both absolute Work 
e?iciency and the accuracy of analysis of contamination. 

[0050] According to another surface inspection method of 
the invention, a laser beam is focused and irradiated onto the 
surface of a sample, and the intensity is detected of at least 
one of the s-polariZed light component and p-polariZed light 
component of the laser beam re?ected by the surface of the 
sample. The re?ective intensity on a rough surface can be 
calculated by dividing this detected re?ective intensity by 
the re?ective intensity of a corresponding polariZed light 
component on a smooth surface, and the roughness of the 
surface of the sample is calculated from the re?ective 
intensity calculated by this intensity calculating means. In 
this surface inspection method of the invention, therefore, 
the roughness can be calculated from the re?ective intensity 
of a polariZed light component of the surface of the sample. 

[0051] According to yet another surface inspection 
method of the invention, a laser beam is focused and 
irradiated onto the surface of a sample, and the intensities 
ROS and ROp of each of the s-polariZed light component and 
p-polariZed light component of the laser beam re?ected by 
the surface of the sample are each detected. The re?ective 
intensity at a rough surface ROu is next calculated, this being 
\/[(ROS><ROP)/(RS><RP)], Which is the square root of the ratio 
of the result ROS><ROp obtained by multiplying the detected 
re?ective intensities ROS and ROp of the s- and p-polariZed 
light components to the result RS><Rp obtained by multiply 
ing the re?ective intensities RS and Rp of the s- and p-po 
lariZed light components on a smooth surface. The rough 
ness 0 of the surface of the sample is then calculated from 
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this calculated re?ective intensity Ron and the wavelength 9» 
of the laser beam as ROu=€Xp[—(4-J'|§O'/)\.)2]. 

[0052] In this surface inspection method of the invention, 
therefore, the roughness can be calculated from the re?ective 
intensities of polarized light components of the sample 
surface. In particular, surface roughness o of a sample can 
be calculated With good accuracy because the re?ective 
intensity of the rough surface ROu is calculated based on both 
s- and p-polariZed light. 

[0053] The basic principles of the above-described inven 
tion are neXt explained. First, although self-evident from the 
above-described equations (1a) and (1b), re?ective intensity 
ROu of a rough surface can be calculated even if only one of 
s- and p-polariZed light is measured. 

[0054] HoWever, greater accuracy is achieved if re?ective 
intensity ROu of a rough surface is calculated based on both 
s- and p-polariZed light as in the folloWing equation (3): 

RQu=\/[(RQS><RQp)/(Rs><Rp)] (3) 
[0055] Moreover, the surface of a sample, Which is a 
microscopically rough surface, re?ects a laser beam as a 
generally diffuse beam, as described in the foregoing eXpla 
nation. The actually measured values of re?ective intensities 
ROS and ROp of s- and p-polariZed light are therefore 
extremely small numerical values. The actually measured 
values of re?ective intensities ROS and ROp of s- and p-po 
lariZed light are therefore as in the folloWing equations (4a 
and 4b): 

[0056] PS and Pp are the actual light quantities of incident 
s- and p-polariZed light and C is a device constant, these 
values being determined based on measurements of a ref 
erence sample having a knoWn surface roughness. 

[0057] Using the above-described equations (4a) and (4b), 
the previously described equation (3) for re?ective intensity 
ROu of a rough surface becomes: 

Rou={\/[(RosXR0p)/(RsXRp)]}/C (5) 

[0058] The parameters of the right side of this equation (5) 
are all measured values or theoretical values, and re?ective 
intensity ROu of a rough surface is thus calculated. Using 
statistical theory of surface roughness With this re?ective 
intensity Rou of a rough surface and surface roughness 0 
results in the folloWing relation: 

[0059] The surface roughness o of a sample is thus cal 
culated. 

[0060] According to yet another surface inspection 
method of the invention, the re?ective intensity at a rough 
surface ROu is calculated as \/[(ROS><ROP)/(RS><RP)] as in the 
above-described surface inspection method of the invention, 
but roughness o of the surface of a sample is calculated as 
ROu=€Xp[—(4-J'|§O'/(X)\,)2] based on this re?ective intensity Rou, 
wavelength 9» of the laser beam, and corrective coef?cient 0t. 

[0061] In the surface inspection method of this invention, 
therefore, roughness can be calculated from the re?ective 
intensities of the polariZed light components of the sample 
surface. In particular, surface roughness o of a sample can 
be calculated With good accuracy because re?ective inten 
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sity ROu of a rough surface is calculated based on both s- and 
p-polariZed light, and the calculation of surface roughness o 
of a sample is corrected by corrective coef?cient 0t. 

[0062] According to still another surface inspection 
method of the invention, each of the re?ective intensities ROS 
and ROp of the s-polariZed light component and p-polariZed 
light component are individually detected as in the above 
described surface inspection method of the invention, and 
the re?ective intensity ROu at a rough surface is calculated as 
{\/[(ROS><ROp)/(RS><Rp)]}/C, Which is the division, by a pre 
scribed device constant C, of the square root of the ratio of 
the result ROS><ROp of multiplying the re?ective intensities 
Rap and ROp to the result RS><Rp of multiplying re?ective 
intensities RS and Rp of the s-polariZed light component and 
p-polariZed light components at a smooth surface. Rough 
ness 0 of the surface of a sample is calculated from this 
re?ective intensity Rou, the laser beam wavelength A, and 
corrective coef?cient 0t as ROu=€Xp[—(4-J'|§O'/(X.)\,)2]. 

[0063] In the surface inspection method of the invention, 
roughness of the surface of a sample can be calculated from 
the re?ective intensities of the polariZed light components. 
In particular, the surface roughness C of a sample can be 
calculated With good accuracy because re?ective intensity 
R0“ of a rough surface is calculated based on both s- and 
p-polariZed light, the calculation of this re?ective intensity 
ROu is corrected by device constant C, and the calculation of 
surface roughness o of the sample is corrected by corrective 
coef?cient 0t. 

[0064] According to yet another surface inspection device 
of the invention, When a laser irradiating device focuses and 
irradiates a laser beam upon the surface of a sample held by 
a sample holding structure, a polariZed light detector detects 
the intensity of at least one of the s-polariZed light compo 
nent and the p-polariZed light component of the laser beam 
that is re?ected by the surface of the sample. An intensity 
calculating means divides this detected re?ective intensity 
by the re?ective intensity of a corresponding polariZed light 
component re?ected by a smooth surface to calculate the 
re?ective intensity of a rough surface, and a roughness 
detecting means calculates roughness of the surface of the 
sample based on this calculated re?ective intensity. 

[0065] In the surface inspection device of the invention, 
therefore, roughness can be calculated from the re?ective 
intensity of a polariZed light component of the surface of a 
sample. 

[0066] According to still another surface inspection device 
of the invention, When a laser irradiating device focuses and 
irradiates a laser beam onto the surface of a sample that is 
held by a sample holding structure, a polariZed light detector 
individually detects the intensities of each of ROS and ROp of 
the s-polariZed light component and p-polariZed light com 
ponent of a laser beam that is re?ected by the surface of the 
sample. An intensity calculating means calculates re?ective 
intensity ROu of the rough surface as \/[(ROS><ROP)/(RS><RP)], 
Which is the square root of the ratio of the result ROS><ROp of 
multiplying re?ective intensities ROS and ROp of the detected 
s- and p-polariZed light components to the result RS><Rp of 
multiplying re?ective intensities RS and Rp of the s-polariZed 
light component and p-polariZed light component on a 
smooth surface. Roughness o of the surface of a sample is 
calculated as ROu=€Xp[—(4-J'|§O'/)\.)2] based on this calculated 
re?ective intensity Ron and the laser beam Wavelength )t. 
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[0067] In this surface inspection device of the invention, 
therefore, roughness can be calculated from the re?ective 
intensities of the polarized light components of the sample 
surface. In particular, surface roughness o of a sample can 
be calculated With good accuracy because re?ective inten 
sity ROu is calculated based on both s- and p-polariZed light. 

[0068] According to yet another surface inspection device 
of the invention, an intensity-calculating means calculates 
the re?ective intensity ROu of a rough surface as 
\/[(ROS><ROP)/(RS><RP)] as in the above-described surface 
inspection device of the invention, and a roughness detect 
ing means calculates roughness o of the surface of a sample 
as ROu=€Xp[—(4-TEO'/(X)\,)2] based on this calculated re?ective 
intensity ROD, the laser beam wavelength 7», and corrective 
coef?cient 0t. 

[0069] In the surface inspection device of this invention, 
roughness can therefore be calculated from the re?ective 
intensities of the polariZed light components of the sample 
surface. In particular, surface roughness o of a sample can 
be calculated With good accuracy because re?ective inten 
sity ROu of a rough surface is calculated based on both s- and 
p-polariZed light, and because the calculation of surface 
roughness o of the sample is corrected by corrective coef 
?cient 0t. 

[0070] According to yet another surface inspection device 
of the invention, an intensity calculating means calculates 
re?ective intensity ROu of a rough surface as ROU={ 
\/[(ROS><ROp)/(RS><Rp)]}/C as in the above-described surface 
inspection device of the invention, and a roughness detect 
ing means then calculates roughness o of the surface of a 
sample as ROu=€Xp[—(4-T|§O'/(X.>\,)2] based on this calculated 
re?ective intensity ROD, laser beam wavelength 7», and a 
corrective coef?cient 0t. 

[0071] In this surface inspection device of the invention, 
roughness can therefore be calculated from the re?ective 
intensities of the polariZed light components of the surface 
of the sample. In particular, re?ective intensity ROu of a 
rough surface is calculated based on both s- and p-polariZed 
light, and the calculation of this re?ective intensity ROu is 
corrected by device constant C, and the calculation of 
surface roughness a of the sample is corrected by corrective 
coef?cient 0t. Surface roughness o of a sample can therefore 
be calculated With good accuracy. 

[0072] In the above-described surface inspection device, a 
value on the order of 0.2-0.5 is suitable as corrective 
coef?cient 0t of the roughness detecting means. In this case, 
surface roughness (I calculated as a theoretical approximate 
value can be corrected equivalent to the actual numerical 
value by means of a suitable corrective coef?cient 0t. 

[0073] In a surface inspection device as described herein 
above, an intensity calculating means may calculate re?ec 
tive intensities RS and Rp of s- and p-polariZed light com 
ponents on a smooth surface as Rs=rs><rs* and Rp=rp><rp* 
based on Fresnel amplitude re?ectances rs and rp and by 
means of complex conjugate quantity rs* and rp*. 

[0074] In this case, re?ective intensities RS and Rp of sand 
p-polariZed light components on a smooth surface can be 
calculated as theoretical values. In addition, Fresnel ampli 
tude re?ectances rs and rp are functions that are dependent 
only on the complex dielectric constant of the metal or 
semiconductor that is the sample and the incident angle of 
the laser beam. 

Aug. 16, 2001 

[0075] In the above-described surface inspection device, a 
relative scanning structure may move at least one of the laser 
irradiating device and the sample holding structure to cause 
the laser beam that irradiates the sample to scan tWo 
dimensionally by prescribed analyZed regions, and an image 
displaying means may display, as an image that corresponds 
to the surface of a sample, the multiplicity of roughness 
values calculated for each of the multiplicity of analyZed 
regions. In this case, the state of roughness of the surface of 
a sample can be adequately con?rmed by means of the 
displayed image. 

[0076] Furthermore, each of the various means described 
in this invention may be formed so as to realiZe their 
functions, and may be formed as, for example, dedicated 
hardWare, a computer provided With appropriate functions 
by a program, functions realiZed inside a computer by means 
of an appropriate program, or a combination of these forms. 

[0077] The above and other objects, features, and advan 
tages according to the present invention Will become appar 
ent from the folloWing description With reference to the 
accompanying draWings Which illustrate examples accord 
ing to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] FIG. 1 is a schematic side vieW of a surface 
inspection device according to the ?rst embodiment accord 
ing to the present invention; 

[0079] FIG. 2 is a characteristics chart shoWing RR dis 
tribution on the clean surface of a sample; 

[0080] FIG. 3 is a characteristics chart shoWing RR dis 
tribution on the surface of a sample contaminated by a single 
substance; 

[0081] FIG. 4 is a characteristics chart shoWing RR dis 
tribution on the surface of a sample contaminated by a 
mixture of substances; 

[0082] FIG. 5 is a schematic diagram shoWing the change 
in RR distribution due to contamination; 

[0083] FIG. 6 is a front vieW shoWing an image of the ?lm 
thickness of a contaminant; 

[0084] FIG. 7 is a tWo-dimensional graph displayed by a 
surface inspection device according to the second embodi 
ment according to the present invention, and is a tWo 
dimensional graph shoWing the correlation betWeen each 
value of RR and the frequency of occurrence for the surface 
of a sample that is clean; 

[0085] FIG. 8 is a tWo-dimensional graph shoWing the 
correlation betWeen each value of RR and the frequency of 
occurrence for the surface of a sample that is contaminated 
by organic and inorganic substances; 

[0086] FIG. 9 is a tWo-dimensional graph shoWing the 
correlation betWeen each value of RR and the frequency of 
occurrence for the surface of a sample that is contaminated 
by a mixture of substances; 

[0087] FIG. 10 is a tWo-dimensional graph shoWing the 
correlation betWeen each value of RR and the frequency of 
occurrence for the surface of a sample that is locally 
contaminated by an inorganic substance; 
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[0088] FIG. 11 is a tWo-dimensional graph showing the 
correlation between each value of RR and the frequency of 
occurrence for the surface of a sample that is locally 
contaminated by an organic substance; 

[0089] FIG. 12 is a schematic sectional vieW shoWing the 
state of adhesion of extraneous matter to an analyzed 
partition of a sample surface; 

[0090] FIG. 13 is a tWo-dimensional graph shoWing the 
correlation betWeen each value of RR and the frequency of 
occurrence for a surface of a sample to Which extraneous 

matter adheres; 

[0091] FIG. 14 is a tWo-dimensional graph and three 
dimensional graph shoWing the correlation betWeen each 
value of RR and a plurality of analyZed regions that form a 
prescribed analyZed partition for a surface of a sample that 
is contaminated; and 

[0092] FIG. 15 is a three-dimensional graph of surface 
roughness of a sample displayed by a surface inspection 
device according to the third embodiment according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0093] The ?rst embodiment according to the present 
invention is next explained With reference to FIGS. 1 to 6. 

[0094] Referring to FIG. 1, surface inspection device 1 
according to the ?rst embodiment of the invention includes 
sample holder 3 as a sample holding structure for holding 
sample 2. Surface inspection device 1 according to this 
embodiment inspects the surface of sample 2, Which is a 
semiconductor Wafer on Which ?ne metal pads are formed 
of, for example, platinum or copper. 

[0095] Sample holder 3 is supported so as to alloW free 
movement in the X direction and Y direction and Z direction 
by X-Y-Z autostage 4a, Which is a relative scanning struc 
ture, and the X-Y-Z autostage 4a is supported by air cushion 
4b. 

[0096] In addition, both X direction and Y direction are 
horiZontal and orthogonal to each other, the X direction 
being backWard and forWard and the Y direction being to the 
left and right and the Z direction being up and doWn in this 
embodiment. 

[0097] Laser irradiating device 5, Which is the laser irra 
diating device, and polariZed light detecting device 6, Which 
is the polariZed light detector, are directed at an angle of 
inclination of about 60° toWard one point on the surface of 
sample 2, Which is held in sample holder 3 as described 
hereinabove, With real image optical microscope 20, Which 
is an image observing device, directed doWn perpendicularly 
from directly above. 

[0098] Laser irradiating device 5 includes: He—Ne(he 
lium-neon) laser tube 7, Which is the laser light source; beam 
expander 8; and focus lens 9. PolariZed light detecting 
device 6 includes: sheet polariZer 10, Which is a ray polar 
iZer; plane mirror 11; tWo pinhole plates 12a, 12b; s-Wave 
photo-detector 13a; and p-Wave photo-detector 13b, Which 
is a photoelectric converter. 

[0099] He—Ne laser tube 7 emits a laser beam of visible 
light having a Wavelength of 633 nm and output of 5.0 mW, 
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and beam expander 8 increases the beam diameter of the 
laser beam emitted by He—Ne laser tube 7. Focus lens 9 
focuses the laser beam increased by beam expander 8. Laser 
irradiating device 5 thus focuses and irradiates laser beam 
onto an analyZed region measuring about 5.0 pm2 on the 
surface of sample 2 held by sample holder 3. 

[0100] Sheet polariZer 10 is made up by a Glan-Thompson 
prism, each of the s-polariZed light component and p-polar 
iZed light component from the laser beam re?ected by the 
surface of sample 2 are thus individually extracted. 

[0101] Pinhole plates 12a, 12b shield the peripheral por 
tions of the s- and p-polariZed light components extracted by 
sheet polariZer 10 such that only the central portions are 
transmitted, and s- and p-Wave photo-detector 13a, 13b 
detects the re?ective intensities of only the central portions 
of s- and p-polariZed light components that are transmitted 
by pinholes 11. 

[0102] The X-Y-Z autostage 4a and the laser irradiating 
device 5 and the polariZed light detecting device 6 and the 
real image optical microscope 20 are covered by cover 21. 

[0103] One control unit 14 is connected to X-Y-Z 
autostage 4a, and tWo photo-detector 13a, 13b, and this 
control unit 14 integrates and controls the operation of each 
of the above-described devices. PolariZed light detecting 
device 6 therefore individually detects the intensities of each 
of the s-polariZed light component and p-polariZed light 
component of the laser beam re?ected by each location of 
the tWo-dimensionally scanned surface of sample 2. 

[0104] CRT (Cathode-Ray Tube) 15 is connected to real 
image optical microscope 20, and image output device 16 
and capture board 22 are connected to this CRT 15, and the 
above-described control unit 14 is connected to this capture 
board 22. 

[0105] Real image optical microscope 20 observes an 
analyZed region measuring about 5.0 pm2 of the surface of 
sample 2, CRT 15 generates image data of the surface of 
sample 2 observed by real image optical microscope 20, and 
image output device 16 displays the image data of the 
surface of sample 2 generated by CRT 15. 

[0106] Control unit 14, Which receives the image data 
from CRT 15, controls the operation of X-Y-Z autostage 4a 
in accordance With the image data of the analyZed region of 
the surface of sample 2, Whereby the laser beam irradiating 
sample 2 is caused to scan tWo-dimensionally. 

[0107] PC (Personal Computer) data processor 17 is also 
connected to control unit 14, and data input device 18, such 
as a keyboard, and data output device 19, such as a display, 
are connected to this PC data processor 17. 

[0108] Through manual operation by an operator, data 
input device 18 applies data input of various data such as 
command codes to PC data processor 17, and data output 
device 19 outputs to the operator various data such as 
display images generated by PC data processor 17. 

[0109] PC data processor 17 physically includes such 
components as a CPU (central processing unit), RAM (ran 
dom access memory), ROM (read only memory), and an I/F 
(interface); and the CPU reads a control program, Which is 
softWare stored in an information storage medium such as 
RAM or ROM, and executes various operations to logically 
realiZe various functions. 
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[0110] In other Words, PC data processor 17 logically 
realizes the various functions such as the ratio observing 
function, distribution detecting function, numerical value 
comparing function, contamination judging function, layer 
thickness detecting function, and image displaying function. 

[0111] The ratio observing function is realiZed through the 
execution by the CPU of prescribed data processing in 
accordance With a control program stored in advance in 
RAM or ROM as described hereinabove; and RR, Which is 
the ratio of the re?ective intensities of the s-polariZed light 
component and p-polariZed light component detected by 
polariZed light detecting device 6, is thus dected for each 
analyZed region of the surface of sample 2. 

[0112] Similarly, through execution by the CPU of pre 
scribed data processing, the distribution detecting function 
detects the distribution on the surface of sample 2 of RR 
observed by the ratio observing function. The numerical 
value comparing function compares the half-Width, Which is 
the distribution Width of RR detected by the distribution 
detecting function, With the natural Width of a clean sample 
2 stored in advance in RAM. 

[0113] The contamination judging function determines 
that the surface of sample 2 is contaminated When, as the 
results of comparison of the numerical value comparing 
function, the half-Width off RR distribution diverges from 
the natural Width; and further, determines that the surface of 
sample 2 is contaminated by a single substance When the 
central value of RR distribution is greater than a theoretical 
value and determines that the surface is contaminated by a 
mixture of substances When the central value is less. 

[0114] When it is determined in the above-described con 
tamination judging function that the surface of sample 2 is 
contaminated by a prescribed substance, layer thickness 
detecting function detects the layer thickness of contamina 
tion on the surface of sample 2 from the half-Width of the RR 
distribution detected by the distribution detecting function. 

[0115] Image displaying function generates an image cor 
responding to the surface of sample 2 from the various data 
of contamination determined based on the RR distribution as 
described hereinabove and displays this image by means of 
data output device 19 constituted by a display. 

[0116] In addition, the various data of contamination that 
are displayed as an image in this Way may take the form of, 
for example, binary data indicating the presence or absence 
of contamination, numerical data indicating the layer thick 
ness of contamination, or binary data indicating Whether the 
contaminant is a single substance or a mixture of substances. 

[0117] The various functions of the above-described PC 
data processor 17 may be realiZed by using hardWare such 
as data output device 19 as necessary. Nevertheless, these 
functions are mainly realiZed through the operation of a 
CPU, Which is a computer constituted by hardWare, in 
accordance With softWare stored in an information storage 
medium such as RAM 

[0118] This type of softWare is stored in an information 
storage medium such as RAM as a control program for 
causing a CPU to execute the operations of: observing RR, 
Which is the ratio of the re?ective intensities of the s-polar 
iZed light component and p-polariZed light component 
detected by polariZed light detecting device 6, for each 
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analyZed region of the surface of sample 2; detecting the 
distribution of this observed RR on the surface of sample 2; 
comparing the half-Width of this measured RR distribution 
With a natural Width of a clean sample 2; determining that 
the surface of sample 2 is contaminated When, as the result 
of comparison, the half-Width of the RR distribution 
diverges from the natural Width; determining that the surface 
of sample 2 is contaminated by a single substance When the 
central value of RR distribution is greater than a theoretical 
value and that the surface is contaminated by a mixture of 
substances When the central value is less than the theoretical 
value; and ?nally, generating an image corresponding to the 
surface of sample 2 based on the various data of contami 
nation determined based on RR distribution and displaying 
this image by means of data output device 19. 

[0119] A sequential explanation is next presented regard 
ing the surface inspection method of surface inspection 
device 1 according to this embodiment in a construction as 
described hereinabove. First, laser irradiating device 5 
focuses and irradiates a laser beam onto the surface of 
sample 2 held by sample holder 3, and in this state, X-Y-Z 
autostage 4a moves sample holder 3 such that the laser beam 
that irradiates sample 2 tWo-dimensionally scans each ana 
lyZed region. 

[0120] PolariZed light detecting device 6 individually 
detects the intensities of each of s-polariZed light component 
and p-polariZed light component of the laser beam re?ected 
by each analyZed region of the surface of sample 2 that is 
tWo-dimensionally scanned in this Way. PC data processor 
17 thus observes the RR, Which is the ratio of re?ective 
intensities of the s-polariZed light component and p-polar 
iZed light component, for each analyZed region of the 
surface of sample 2. 

[0121] This PC data processor 17 then detects the distri 
bution of the thus-observed RR on the surface of sample 2, 
compares the half-Width of this measured RR distribution 
With the natural Width of a clean sample 2, and determines 
that the surface of sample 2 is contaminated When, as the 
result of this comparison, the half-Width of RR distribution 
diverges from the natural Width. 

[0122] PC data processor 17 further determines that the 
surface of sample 2 is contaminated by a single substance 
When the center value of RR distribution is greater than a 
theoretical value, and determines that the surface is con 
taminated by a mixture of substances When the center value 
is less than the theoretical value. The layer thickness of 
contamination on the surface of sample 2 is detected from 
the half-Width of RR distribution after it has been deter 
mined in this Way that the surface of sample 2 is contami 
nated by a prescribed substance. 

[0123] PC data processor 17 then generates an image as 
shoWn in FIG. 6 corresponding to the surface of sample 2 
based on the various data of contamination determined 
based on RR distribution as described hereinabove, and 
displays this image by means of data output device 19 
constituted by a display. 

[0124] For example, if sample 2 has gold metal pad, the 
natural Width, Which is the half-Width of RR distribution on 
the clean surface of sample 2, is 0.14, as shoWn in FIG. 2. 
If this surface is lightly contaminated by organic molecules 
of a single substance, the half-Width of the measured RR 
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distribution increases to 0.44 as shown in FIG. 3. If the 
surface is contaminated by a mixture of organic and inor 
ganic substances, the half-Width of the measured RR distri 
bution increases to 1.50 as shoWn in FIG. 4. 

[0125] In addition, the center value of the RR distribution 
on a clean surface of sample 2 is 1.07, as shoWn in FIGS. 2 
to 4. This center value increases to 1.28 if the surface is 
lightly contaminated by a single substance, and decreases to 
1.05 if the surface is contaminated by a mixture of sub 
stances. In other Words, it can be con?rmed, as shoWn in 
FIG. 5, that When the surface of sample 2 is contaminated 
by a single substance, the half-Width, Which is the distribu 
tion Width of RR, increases and the center value of the 
distribution range increases. When the surface is contami 
nated by a mixture of substances, the half-Width increases 
and the center value decreases. 

[0126] In surface inspection device 1 of this embodiment, 
the state of contamination of the surface of sample 2, Which 
is microscopically rough, can be analyZed quickly and easily 
by measuring re?ective intensities of s- and p-polariZed light 
components from the surface of sample 2 and detecting the 
RR distribution as described hereinabove. The invention 
therefore can contribute to the investigation of sources of 
contamination during fabrication of a circuit device and thus 
help to improve the yield of the circuit device. 

[0127] In the surface inspection device 1 according to this 
embodiment, moreover, the various data of contamination 
determined based on RR distribution as described herein 
above are displayed by means of data output device 19 as an 
image as shoWn in FIG. 6 that corresponds to the surface of 
sample 2. An operator can therefore con?rm at a glance a 
three-dimensional representation of the state of contamina 
tion of the surface of sample 2. The image of FIG. 6 is a 
three-dimensional graph shoWing the layer thickness of 
contamination made up of remnant mask material When 
analyZing the surface of gold metal pad as sample 2. 

[0128] Although an example Was described in the above 
described embodiment in Which X-Y-Z autostage 4a moved 
the sample holder to bring about scanning of the laser beam 
that irradiates the surface of sample 2, laser irradiating 
device 5 or polariZed light detecting device 6 may also be 
moved. 

[0129] As another example, the laser light source or 
photo-detector may be ?xed and de?ecting optics such as a 
re?ecting mirror may be translated or rotated as a method of 
moving laser irradiating device 5 or polariZed light detecting 
device 6 to cause the laser beam to scan in this Way. 

[0130] In addition, a case Was presented in Which sheet 
polariZer 10 is rotated perpendicularly so that each of s- and 
p-polariZed light components are individually detected by 
polariZed light detecting device 6. HoWever, a pair of sheet 
polariZers having orthogonal directions of polariZation may 
also be arranged alternately on the optical path, or a pair of 
polariZed light detecting devices that individually detect 
each of the s- and p-polariZed light component may also be 
arranged alternately on the optical path. 

[0131] In the above-described embodiment, moreover, 
various functions Were logically realiZed by PC data pro 
cessor 17 through the operation of a CPU in accordance With 
a control program that is stored as softWare in, for example, 
RAM. HoWever, each of these various functions also may be 
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realiZed by dedicated hardWare, or a portion of these func 
tions may be constituted by softWare and stored in RAM and 
a portion constituted by hardWare. 

[0132] The second embodiment of the invention is next 
explained With reference to the ?gures. Portions of this 
second embodiment that are the same as those in the 
above-described ?rst embodiment are identi?ed by the same 
name and same reference numerals and redundant detailed 
explanation of these portions is omitted. 

[0133] The hardWare con?guration of surface inspection 
device 1 according to this second embodiment is identical to 
that of the ?rst embodiment, but the content of the control 
program installed in PC data processor 17 is different. 

[0134] In the surface inspection device 1 of this embodi 
ment, PC data processor 17 logically executes such func 
tions as: a ratio observing function, a frequency detecting 
function, a relation detecting function, an image displaying 
function, an intensity comparing function, an extraneous 
matter judging function, and a operation controlling func 
tion. 

[0135] Through the execution by a CPU of prescribed data 
processing in accordance With a control program stored in 
advance in RAM or ROM, the ratio observing function 
observes RR, Which is the ratio of the re?ective intensities 
of the s-polariZed light component and p-polariZed light 
component detected by polariZed light detecting device 6, 
for each analyZed region of the surface of sample 2. 

[0136] The frequency detecting function detects the fre 
quency of occurrence of each value of the observed RR for 
each prescribed analyZed partition that is made up of a 
plurality of analyZed regions. For example, if the analyZed 
region of a laser beam on the surface of sample 2 as 
described hereinabove is 5.0 pm2 and an analyZed partition 
is 100 pmz, one analyZed partition is made up of 400 
analyZed regions. 
[0137] The relation detecting function detects the corre 
lation betWeen each value of RR and the frequency of 
occurrence for each analyZed partition of the sample surface 
based on the detection results of the frequency detecting 
function, and the image displaying function displays an 
image of the detection results of the relation detecting 
function. 

[0138] In more detail, PC data processor 17 generates a 
tWo-dimensional graph as shoWn in FIGS. 7 to 11 in Which 
each value of RR is plotted on the horiZontal axis and the 
frequency of occurrence is plotted on the vertical axis, and 
this tWo-dimensional graph is displayed by means of the 
display of data output device 19. 

[0139] The intensity comparing function compares the 
re?ective intensity of the s-polariZed light component 
detected by polariZed light detecting device 6 With a pre 
scribed reference intensity that is set in advance, and the 
extraneous matter function determines that extraneous mat 
ter is present in an analyZed partition of the surface of a 
sample When, as the results of comparison, the re?ective 
intensity is loWer than a reference intensity. 

[0140] When executing Work to analyZe the state of con 
tamination of the surface of sample 2 by means of the 
various functions described hereinabove, the operation con 
trolling function ?rst inspects for the presence or absence of 




















