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SURFACE SHAPE MEASURINGAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This Application is a Continuation Application of 
U.S. Ser. No. 14/240,669 filed Feb. 24, 2014, which is the 
U.S. National Phase of PCT/JP2012/069076 filed Jul. 27, 
2012, which claims priority to Japanese Patent Application 
No. 2011-188164 filed Aug. 31, 2011. The subject matter of 
each is incorporated herein by reference in entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a surface shape 
measuring apparatus for obtaining a Surface shape. For 
example, the invention relates to a surface shape measuring 
apparatus using light scattering, and particularly to a measur 
ingapparatus of micro roughness of a wafer Surface or the like 
in a semiconductor device manufacturing process. 

BACKGROUND ART 

0003. As a semiconductor device is micronized, the influ 
ence of micro roughness of the Surface of a bare wafer or a 
wafer with film on electrical characteristics increases. Since 
the micro roughness is produced in processes such as polish 
ing, cleaning, film formation and heat treatment, in order to 
improve the performance and yield of a device, it is necessary 
to measure the micro roughness of the wafer Surface in each 
process and to appropriately control the process condition. 
0004 Since the height of the micro roughness is as very 
Small as from Sub-nanometer order to nanometer order, an 
AFM (Atomic Force Microscope) is generally used and 3D 
coordinates are measured. However, since the AFM takes a 
long time for measurement, it is substantially impossible to 
measure the entire wafer surface. 

0005. On the other hand, it is known in the past that the 
micro roughness is correlated with light scattering. A micro 
roughness measuring apparatus using light scattering is dis 
closed in, for example, U.S. Pat. No. 7,286.218 (PTL 5). 
0006. As other related art, PTLs 1 to 4, 6 and 7 can be 
mentioned. 

CITATION LIST 

Patent Literature 

0007 PTL 1: JP-T-9-503299 
0008 PTL 2: JP-A-7-333 164 
0009 PTL3: JP-A-2010-223770 
0010 PTL 4: JP-T-2007-500881 
0011 PTL 5: US Patent No. 7286218 
0012 PTL 6: US Patent No. 5428442 
0013 PTL 7: JP-A-2008-278515 

SUMMARY OF INVENTION 

Technical Problem 

0014. In PTL 5, a detection space of a detection optical 
system is correlated with a spatial frequency region of micro 
roughness, and micro roughness evaluation is possible in 
each spatial frequency region. However, since the number of 
spatial frequency regions is equal to the number (six in an 
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embodiment) of detection optical systems, consideration is 
not given to the point that the step size of the spatial frequency 
is rough. 
00.15 Besides, although the spatial distribution of scat 
tered light changes in various directions such as forward/ 
backward/sideways according to the difference in micro 
roughness, consideration is not given to the change of infor 
mation which does not enter the detection space. 
0016 Besides, a step-terrace structure appearing on an 
epitaxial growth wafer has a sharp peak at a specific spatial 
frequency in a specific direction. Thus, the intensity of scat 
tered light due to the step-terrace structure has a peak in a 
specific narrow direction. In the related art, consideration is 
not given to the point that the peak is buried in the scattered 
light intensity due to spatial frequency components in the 
vicinity. 
0017. An object of the invention is to provide a highly 
accurate surface shape measuring apparatus capable of mea 
Suring various micro roughness of the entire wafer Surface 
and a method thereof. 

Solution to Problems 

0018. The invention has a feature that a spatial frequency 
spectrum relating to a surface shape is continuously obtained. 
0019. According to the invention, in a surface shape mea 
Suring apparatus which illuminates light to a surface of a 
sample, detects scattered light from the sample Surface by 
plural detection optical systems, and measures a shape of the 
sample Surface from the plural detection signals, directions of 
optical axes of the detection optical systems are different 
from each other, and a process of calculating a spatial fre 
quency spectrum of the sample Surface is included. 
0020. According to the invention, the illumination light is 
a spot beam, and the illumination light scans the sample 
Surface by rotation movement and linear movement of the 
sample. 
0021. According to the invention, optical axes of at least 
two of the detection optical systems are in a plane parallel to 
a plane of incidence. 
0022. According to the invention, optical axes of at least 
two of the detection optical systems are in a plane parallel to 
a plane of incidence, and optical axes of at least two of the 
detection optical systems are in a plane perpendicular to the 
plane of incidence. 
0023 The invention includes a process in which a relation 
between a spatial frequency spectrum of an already-known 
Surface shape and a detection signal is previously stored in a 
library, the detection signal from the sample Surface is com 
pared with the library, and a spatial frequency spectrum of the 
sample Surface is calculated. 
0024. The invention includes a process of calculating a 
Sum of all the detection signals of the detectors and a process 
of calculating a ratio (signal ratio) of each of the detection 
signals to the Sum of the detection signals. 
0025. The invention includes a process of calculating a 
specific feature quantity of the sample surface by using the 
spatial frequency spectrum, and a map of the feature quantity 
of the entire sample Surface or a specific region is outputted. 
0026. According to the invention, the feature quantity is at 
least one of a surface roughness in a specific spatial frequency 
region, a cut-off spatial frequency or a peak spatial frequency 
of the spatial frequency spectrum, and a thickness of a film 
forming the sample Surface. 
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0027. The invention includes a process of calculating a 
height of the sample surface by using the spatial frequency 
spectrum at a specific position of the sample Surface, and a 3D 
shape at the specific position is outputted. 
0028. According to the invention, in a surface shape mea 
Suring method in which light is illuminated to a surface of a 
sample, scattered light from the sample Surface is detected by 
plural detection optical systems, and a shape of the sample 
Surface is measured from the plural detection signals, direc 
tions of optical axes of the detection optical systems are 
different from each other, and a process of calculating a 
spatial frequency spectrum of the sample surface is included. 

Advantageous Effects of Invention 
0029. According to the invention, a more detailed surface 
shape than the related art can be obtained. 

BRIEF DESCRIPTION OF DRAWINGS 

0030 FIG. 1 is a view showing a structure of a surface 
shape measuring apparatus of embodiment 1. 
0031 FIG. 2 is a view showing a flow of surface shape 
measurement of embodiment 1. 
0032 FIG. 3 is a view showing an example of a spatial 
frequency spectrum of micro roughness. 
0033 FIG. 4 is a view showing an example of a spatial 
distribution of scattered light by micro roughness. 
0034 FIG. 5 is a view showing an arrangement of detec 
tion optical systems of embodiment 1. 
0035 FIG. 6 is a view showing a spatial frequency spec 
trum of an ABC type function. 
0036 FIG. 7 is a view showing a flow of calculating the 
spatial frequency spectrum of the ABC type function. 
0037 FIG. 8 is a view showing an example of a map of 
RMS roughness of the entire wafer surface. 
0038 FIG. 9 is a view showing an example of a 3D shape 
of micro roughness. 
0039 FIG. 10 is a view showing an example of a spatial 
frequency spectrum of anisotropic micro roughness. 
0040 FIG. 11 is a view for explaining embodiment 2. 
0041 FIG. 12 is a view for explaining embodiment 3. 

DESCRIPTION OF EMBODIMENTS 

0042. Hereinafter, a description will be made by using the 
drawings. 

Embodiment 1 

0043. As an embodiment of the invention, a surface shape 
measuring apparatus of micro roughness of a wafer Surface in 
semiconductor device manufacture will be described. 
0044 FIG. 1 shows a rough structure of the surface shape 
measuring apparatus. Main components include a stage 2 on 
which a wafer 1 is mounted, a light source 3, an illumination 
optical system 4 including a lens, a mirror and the like, detec 
tion optical systems 51 to 55 (53 to 55 are not shown) includ 
ing a lens, a mirror and the like, optical detectors 61 to 65 (63 
to 65 are not shown), a signal processing system 7, a control 
system 8 and an operation system 9. 
0045. Next, a measurement flow of a surface shape in this 
embodiment will be described by using FIG. 2. 
0046 Light of a specific wavelength emitted from the light 
Source 3 is converted into specific polarization light by a 
polarization filter (not shown). A spot beam with a specific 
size is formed by the illumination optical system 4, and is 
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illuminated to the wafer 1 at a specific incidence angle. Since 
micro roughness exists on the wafer Surface, Scattered light 
diverges. The detection optical systems 51 to 55 concentrate 
the scattered light on the optical detectors 61 to 65, respec 
tively. Since the directions of the optical axes of the detection 
optical systems are different from each other, a set of detec 
tion signals reflects the spatial distribution of the scattered 
light intensity. That is, in the Surface shape measuring appa 
ratus of this embodiment, the spatial distribution of the scat 
tered light can be obtained (201 of FIG. 2). Incidentally, the 
detection optical systems are arranged so that specular light 
from the wafer surface is not detected. The detection signal is 
converted into a digital signal by an AD convertor (not shown) 
and is transmitted to the signal processing system 7. 
0047 A storage media storing a library is inside the signal 
processing system 7, and with respect to a lot of already 
known micro roughness, a relation between spatial frequency 
spectrum and detection signals under the optical condition is 
recorded. Here, the spatial frequency spectrum is such that 
when the surface shape is represented by 3D coordinates (X, 
Y. Z), a 2D Fourier transform is performed on the height Z 
with respect to CX, Y), and the amplitude is squared. The 
transmitted detection signals are compared with the detection 
signals of the library, and the most similar spatial frequency 
spectrum is calculated (202 of FIG. 2). The calculation of the 
spatial frequency spectrum will be described later. The spatial 
frequency spectrum obtained in this way is continuous as in 
FIG. 3, FIG. 6 and FIG. 10 described later. Next, a feature 
quantity of the micro roughness is calculated by using the 
spatial frequency spectrum (203 of FIG. 2) and is transmitted 
to the control system 8. Incidentally, the calculation of the 
feature quantity will be described later. 
0048. As stated above, the stage is moved so that the spot 
beam scans the entire wafer Surface or a specific region while 
the micro roughness is locally measured. After the scanning 
of the entire wafer surface or the specific region is ended (204 
of FIG. 2), a map of the feature quantity is displayed on the 
operation system 9 (205 of FIG. 2). FIG. 2 shows the flow of 
the above micro roughness measurement. 
0049. As the light source 3 of this embodiment, a single 
wavelength light source Such as a laser or a light-emitting 
diode in a visible light region, an ultraviolet light region and 
a far-ultraviolet light region can be used Besides, a continu 
ous wavelength light source Such as a mercury lamp or a 
Xenon lamp may be used. In this case, a suitable single wave 
length light can be selected by a wavelength filteraccording to 
the sample surface. 
0050 Besides, as the polarization light of the illumination 
light of this embodiment, linear polarization light such as 
S-polarization light or p-polarization light, circularly polar 
ization light, or elliptically polarization light can be selected. 
The size of the spot beam can be selected according to the 
spatial resolution of the outputted feature quantity. With 
respect to the incidence angle of the illumination light, graZ 
ing incidence or normal incidence can be selected. 
0051 Besides, as the detection optical systems 51 to 55 of 
this embodiment, a refractive type including a lens, a reflec 
tive type including a mirror, a catadioptric type using a com 
bination of a mirror and a lens, and a diffractive type such as 
a Fresnel Zone plate can be used. 
0.052 Besides, as the optical detectors 61 to 65, a photo 
multiplier, a multi-pixel photon counter, an avalanche photo 
diode array and the like can be used 
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0053 Besides, the library of this embodiment can be cre 
ated by using a test wafer. The test wafer is formed by inten 
tionally changing the process condition in the process Such as 
polishing, cleaning, film formation and heat treatment. The 
micro roughness is measured at sampling positions of the test 
wafer Surface by using an AFM, and the spatial frequency 
spectrum of the Surface shape is calculated. Then, the test 
wafer is mounted on the Surface shape measuringapparatus of 
this embodiment, and optical detection signals are acquired at 
the sampling positions. As Stated above, with respect to the 
already-known micro roughness, the relation between the 
spatial frequency spectrum of the Surface shape and the opti 
cal detection signals can be recorded. Besides, the spatial 
frequency spectrum is used and the detection signals can be 
predicted by numerical simulation. The spatial frequency 
spectrum, the refractive index of the surface material, and the 
illumination condition are made input data, and the spatial 
distribution of the scattered light is calculated by using a 
BRDF method (Bidirectional Reflectance Distribution Func 
tion). Then, the intensity of the scattered light concentrated by 
the detection optical system, that is, the detection signal can 
be predicted by using the spatial distribution of the scattered 
light. 
0054 Besides, as the stage 2 of this embodiment, the com 
bination of rotation movement and linear movement, or the 
combination of linear movements orthogonal to each other is 
possible. 
0055 Next, description will be made on that the measure 
ment accuracy of micro roughness is improved by the mea 
Suringapparatus of the invention. In general, the micro rough 
ness is a set of roughness at various spatial frequencies, and 
the spatial frequency spectrum represents the magnitude of 
the roughness at each spatial frequency. FIG. 3 shows two 
spatial frequency spectra S1 and S2 corresponding to the 
difference of the process condition. In the spatial frequency 
spectrum S2, the roughness exists in a higher spatial fre 
quency region as compared with the spatial frequency spec 
trum S1. 

0056 FIG. 4 shows the spatial distributions of scattered 
light intensity due to the micro roughness corresponding to 
the spatial frequency spectra S1 and S2 (distribution on the 
celestial sphere is projected on the plane parallel to the wafer 
Surface). It is understood that as compared with the spatial 
frequency spectrum S1, in the spatial frequency spectrum S2, 
the region of high scattered light is closer to the rear in the 
direction of illumination light. That is, when the spatial fre 
quency spectrum of the micro roughness is changed, the 
region of high scattered light moves in the direction parallel to 
the plane of incidence (plane including the normal line of the 
surface of the wafer 1 and the main light beam of the illumi 
nation light). 
0057. In order to detect the change of the scattered light 
distribution, the detection optical systems 51 to 55 of this 
embodiment are arranged as in FIG. 5. FIG. 5 shows an 
example of the arrangement of the detection optical systems 
of this embodiment (in FIG. 5, the aperture on the celestial 
sphere is projected on the plane parallel to the surface of the 
wafer 1). The centers of respective detection apertures 101 to 
105 of the detection optical systems 51 to 55, that is, the 
optical axes of the detection optical systems are in the plane of 
incidence. In other representation, this can be represented 
such that the projection line of the plane of incidence to the 
wafer 1 passes through the projection images of the detection 
apertures 101 to 105 projected on the wafer 1. By the arrange 
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ment as stated above, when the region of high scattered light 
moves in the direction parallel to the plane of incidence, the 
change of the scattered light distribution can be sensitively 
detected. As a result, the change of the spatial frequency 
spectrum can be sensitively grasped, and the measurement 
accuracy of the micro roughness is improved. 
0.058 Next, the calculation of the spatial frequency spec 
trum of the micro roughness will be described. In general, the 
spatial frequency spectrum of the micro roughness can be 
usually fitted by a function including some parameters. 
0059 A typical fitting function is an ABC-type function of 
expression (1). 

0060 Here, P denotes power, f denotes spatial frequency, 
A denotes power at low spatial frequency side, B denotes 
cut-off, and C relates to inclination of spectrum. FIG. 6 shows 
the spatial frequency spectrum of the ABC-typefunction. The 
calculation of the spatial frequency spectrum is to obtain the 
parameters A, B and C. 
0061 FIG. 7 shows a calculation flow of the spatial fre 
quency spectrum of the ABC-type function. First, the sum of 
all detection signals of the detectors is calculated (701). Next, 
the ratio of each of the detection signals to the sum of the 
detection signals, that is, the signal ratio is calculated (702). 
The signal ratio is compared with the signal ratio library, and 
the parameters B and C are calculated (703). Finally, the 
parameters Band C and the signal Sumare compared with the 
signal sum library, and the parameter A is calculated (704). 
The above-mentioned calculation of the parameters can be 
performed by numerical calculation Such as a least square 
method. As stated above, when the spatial frequency spec 
trum is represented by the parameters, the data capacity can 
be compressed, and accordingly, the spatial frequency spec 
trum data of all measurement positions can be stored. 
0062 Next, the calculation and output of the feature quan 

tity of the micro roughness will be described. An operator 
selects a noteworthy feature quantity according to a process. 
The feature quantity is, for example, RMS roughness in a 
noteworthy spatial frequency region, cut-off spatial fre 
quency of the spatial frequency spectrum, peak spatial fre 
quency or the like. The RMS roughness is calculated by 
integrating the spatial frequency spectrum in the spatial fre 
quency region. In this embodiment, since the spatial fre 
quency spectrum is calculated as the continuous function of 
the spatial frequency, the spatial frequency region can be 
arbitrarily set. FIG. 8 shows an example of a map of the RMS 
roughness of the entire wafer surface. Whether the process 
condition is adequate or not can be determined by the map of 
the RMS roughness. Besides, the cut-off spatial frequency 
and the peak spatial frequency are calculated by the analysis 
of the spatial frequency spectrum. In this embodiment, since 
the spatial frequency spectrum is calculated as the continuous 
function of the spatial frequency, the analysis can be per 
formed at high spatial frequency resolution. The height of the 
roughness in the spatial frequency region is determined by the 
map of the cut-off spatial frequency. Besides, whether or not 
micro roughness in a specific direction and at a specific spatial 
frequency, such as a step-terrace structure, exists is turned out 
by the map of the peak spatial frequency. 
0063) Next, the calculation and output of 3D shape of 
micro roughness will be described. The operator refers to the 
map of the feature quantity, and specifies a noteworthy posi 
tion on the wafer. Besides, the operator specifies a noteworthy 
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spatial frequency region. The signal processing system uses 
the spatial frequency spectrum at the position, and performs a 
Fourier inverse transform in the spatial frequency region to 
calculate the 3D shape and the coordinates (X,Y,Z) of the 3D 
shape. In this embodiment, since the spatial frequency spec 
trum is calculated as the continuous function of the spatial 
frequency, the spatial frequency region can be arbitrarily set. 
The coordinate data is transmitted to the operation system, 
and the 3D shape at the specified position is displayed. FIG.9 
shows an example of the 3D shape of the wafer surface. The 
operator can visually recognize the micro roughness by Such 
a display. 
0064. Here, although the 3D shape includes, for example, 
the particle size of the surface, the phase of the particle size of 
the surface is random. Then, when the 3D shape is obtained, 
a random number is generated and a Fourier inverse transform 
can be performed. The Fourier inverse transform using the 
random number will be described in more detail. When the 
Fourier inverse transform using the random number is per 
formed, the following flow is used 
0065 (1) The square root of power spectrum is taken and 

is made an amplitude A. 
0066 (2) A phase p is generated by the random number. 
0067 (3) A complex amplitude A* (cos(p+isin (p) is sub 
jected to the Fourier inverse transform. 
0068 Incidentally, the wafer surface may have a single 
layer structure or a multi-layer structure. When the multi 
layer structure is adopted and the upper layer is transparent, 
the micro roughness of an interface between the upper layer 
and the lower layer can also be measured. Besides, when the 
multi-layer structure is adopted and the upper layer is trans 
parent, the film thickness of the upper layer can also be 
measured. 

Embodiment 2 

0069. Next, embodiment 2 will be described. According to 
embodiment 2, measurement accuracy is improved also in 
anisotropic micro roughness. In embodiment 2, portions dif 
ferent from embodiment 1 will be mainly described. 
0070 A step-terrace structure appearing in an epitaxial 
growth wafer has a specific spatial frequency in a specific 
direction. FIG.10 shows two spatial frequency spectra S3 and 
S4 of the micro roughness of the epitaxial growth wafer. The 
spatial frequency spectrum S3 is in a direction in which the 
step-terrace structure does not appear, and the spatial fre 
quency spectrum S4 is in a direction in which the step-terrace 
structure appears. In the step-terrace structure, the spatial 
frequency spectrum has a sharp peculiar peak 601 at a specific 
spatial frequency in a specific direction. The peak 601 corre 
sponds to the step-terrace structure. 
0071 FIG. 11 shows an example of a detection optical 
system arrangement Suitable for detecting the spatial distri 
bution of scattered light due to Suchanisotropic micro rough 
ness (aperture on the celestial sphere is projected on a plane 
parallel to a wafer Surface). That is, the Surface shape mea 
Suring apparatus of this embodiment 2 includes thirteen 
detection optical systems, and thirteen optical detectors cor 
responding thereto. Detection apertures 101 to 113 of FIG. 11 
are respectively detection apertures of the thirteen detection 
optical systems. 
0072. The centers of the detection apertures 101 to 105 of 
embodiment 2, that is, the optical axes of the detection optical 
systems are in the plane of incidence. Besides, the centers of 
the detection apertures 107 and 109, and the centers of the 
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detection apertures 110 and 112 are respectively on planes 
parallel to the plane of incidence. Besides, the centers of the 
detection apertures 103, 106, 108, 111 and 113 are in a plane 
perpendicular to the plane of incidence. Besides, the centers 
of the detection apertures 107 and 110, and the centers of the 
detection apertures 109 and 112 are respectively on planes 
perpendicular to the plane of incidence. 
0073. In other words, it can be expressed that the centers of 
the detection apertures 101 to 105 are in the plane of inci 
dence of the illumination optical system, the center of the 
detection aperture 101 and the center of the detection aperture 
105 are symmetric with respect to the plane perpendicular to 
the plane of incidence, and the center of the detection aperture 
102 and the center of the detection aperture 104 are symmet 
ric with respect to the plane perpendicular to the plane of 
incidence. Besides, it can also be expressed that the center of 
the detection aperture 106 and the center of the detection 
aperture 113 are in the plane perpendicular to the plane of 
incidence and are symmetric with respect to the plane of 
incidence. Besides, the center of the detection aperture 108 
and the center of the detection aperture 111 are in the plane 
perpendicular to the plane of incidence and are symmetric 
with respect to the plane of incidence. Further, it can be 
expressed that the center of the detection aperture 107 and the 
center of the detection aperture 109 are in a first plane parallel 
to the plane of incidence and are symmetric with respect to the 
perpendicular plane. Further, it can be expressed that the 
center of the detection aperture 110 and the center of the 
detection aperture 112 are in a second plane parallel to the 
plane of incidence and are symmetric with respect to the 
perpendicular plane. And it can be expressed that the first 
plane and the second plane are symmetric with respect to the 
plane of incidence. 
0074 By the detection optical system arrangement as 
stated above, the change of Scattered light distribution in 
various directions can be sensitively grasped. As a result, the 
change of spatial frequency spectrum in various directions 
can be sensitively grasped, and the measurement accuracy of 
the anisotropic micro roughness is improved. 

Embodiment 3 

0075. Next, embodiment 3 will be described. In embodi 
ment 3, spatial frequency resolution is further improved in 
embodiment 1 and embodiment 2. 

0076 A point in which a light 1201 is illuminated to a 
surface of a wafer 1 is the same as embodiment 1 and embodi 
ment 2. In embodiment 3, the detection optical system of 
embodiment 1 and embodiment 2 is replaced by a Fourier 
transform optical system 1202. The Fourier transform optical 
system 1202 detects by using a Fourier transform lens 1205 to 
concentrate scattered lights 1203 and 1204 from the wafer 1, 
and a 2D sensor 1207 to detect aparallel light 1206 collimated 
by the Fourier transform lens 1205. As the 2D sensor, a charge 
coupled device (CCD), a time delay integration sensor (TDI), 
a multi-pixel photon counter, an avalanche photodiode array 
or the like can be used 

(0077. In embodiment 3, after the light is detected by the 
2D sensor 1207, the same process as embodiments 1 and 2 is 
performed. 
0078. In embodiment 3, since the intensity distribution of 
scattered light incident on the detection optical system can be 
detected, the spatial frequency resolution can be further 
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improved. Thus, a sharp peak in a specific direction, such as 
the scattered light of the step-terrace structure, is effectively 
detected. 
0079 According to the measuring apparatus of the inven 

tion, the micro roughness of the entire wafer Surface is mea 
Sured at high accuracy in each of semiconductor manufacture 
processes, and the process condition can be appropriately 
controlled. 
0080 Besides, the measuring apparatus of the invention 
can be widely applied also to the measurement of micro 
roughness of a magnetic storage media or the like. 

REFERENCE SIGNS LIST 

0081 1 wafer 
I0082 2 stage 
I0083) 3 light source 
0084. 4 illumination optical system 
0085 7 signal processing system 
I0086) 8 control system 
I0087 9 operation system 
I0088 51 to 55 detection optical system 
I0089 61 to 65 optical detector 

1. A signal processing apparatus comprising 
A memory which stores library; 
A digital signal processor which obtains a continuous spa 

tial frequency spectrum of micro roughness of a sample 
by using the library, and detection signals of plurality of 
detectors for detecting scattered light from the sample. 

2. The signal processing apparatus according to claim 1, 
wherein the library records a relation between a spatial fre 
quency spectrum of a surface shape and an optical detection 
signal with respect to an already-known micro roughness. 

3. The signal processing apparatus according to claim 2, 
wherein the digital signal processor obtains a ratio of a Sum of 
the detection signals, and one detection signal and obtains the 
spatial frequency spectrum by using the ratio and the library. 

4. The signal processing apparatus according to claim 3, 
wherein the digital processor obtains at least one of a Surface 
roughness in a spatial frequency region in the spatial fre 
quency spectrum of the micro roughness, a cut-off spatial 
frequency of the spatial frequency spectrum of the micro 
roughness, and a peak spatial frequency. 
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5. The signal processing apparatus according to claim 4. 
wherein the digital processor performs a Fourier inverse 
transform of the spatial frequency spectrum of the micro 
roughness. 

6. The signal processing apparatus according to claim 5. 
wherein the digital processoruses random number to perform 
the Fourier inverse transform. 

7. The signal processing apparatus according to claim 6. 
wherein the continuous spatial frequency spectrum is 
expressed by a plurality of parameters. 

8. The signal processing apparatus according to claim 7. 
wherein the continuous spatial frequency spectrum is ABC 
type function, wherein the A denotes power at low spatial 
frequency side, B denotes cut-off, C relates to inclination of 
spectrum. 

9. The signal processing apparatus according to claim 1, 
wherein the digital signal processor obtains a ratio of a sum of 
the detection signals, and one detection signal and obtains the 
spatial frequency spectrum by using the ratio and the library. 

10. The signal processing apparatus according to claim 1, 
wherein the digital processor obtains at least one of a Surface 
roughness in a spatial frequency region in the spatial fre 
quency spectrum of the micro roughness, a cut-off spatial 
frequency of the spatial frequency spectrum of the micro 
roughness, and a peak spatial frequency. 

11. The signal processing apparatus according to claim 1, 
wherein the digital processor performs a Fourier inverse 
transform of the spatial frequency spectrum of the micro 
roughness. 

12. The signal processing apparatus according to claim 1, 
wherein the digital processoruses random number to perform 
the Fourier inverse transform. 

13. The signal processing apparatus according to claim 1, 
wherein the continuous spatial frequency spectrum is 
expressed by a plurality of parameters. 

14. The signal processing apparatus according to claim 13, 
wherein the continuous spatial frequency spectrum is ABC 
type function, wherein the A denotes power at low spatial 
frequency side, B denotes cut-off, C relates to inclination of 
spectrum. 


