
DESCRIPTION 

METHOD FOR MEASURING FILM THICKNESS DISTRIBUTION 

TECHNICAL FIELD 

[0001] 

The present invention relates to a method for measuring film 

thickness distribution of wafers with two layers of thin films 

for use in semiconductor devices by reflection spectroscopy. 

BACKGROUND ART 

[0002] 

In recent years, with miniaturization of a design rule, SOI 

wafers, each having an ultrathin film (i.e., an ultrathin SOI 

layer) which needs to be particularly high uniform, are used for 

SOI devices, such as FD-SOI (Fully Depleted SOI) devices, FinFET 

devices, and Si nanowire transistors. In these devices, the 

uniformity of SOI film thicknesses and buried oxide film (BOX film) 

thicknesses is important to determine the characteristics of 

transistors. 

[0003] 

An conventional method for measuring film thickness 

distribution that calculates the film thickness distribution of 

a thin film of such a wafer with a thin film, the wafer with a 

substrate having a thin film on the surface thereof, generally 

performs film thickness measurement in each point by i 

spectroscopic ellipsometry or reflection spectroscopy, but a film 

thickness distribution measurement unit that can perform 

high-throughput, high-precision film thickness distribution 

measurement on the whole surface of the wafer has not been 

commercially available. 

In point measurement by spectroscopic ellipsometry or 

reflection spectroscopy, the spectrum in a certain wavelength 
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range (in general, a visible light range) is obtained for each 

measurement point and fitting is performed on a model film 

structure with respect to the spectrum, whereby a film thickness 

in each measurement point is obtained. Therefore, an attempt to 

perform high-throughput and high-precision measurement on the 

whole surface of the wafer extremely increases the number of 

measurement points, which makes it practically impossible to 

perform measurement due to the amount of calculation and time 

constraint. 

[0004] 

Moreover, a wavelength region with a wide wavelength range 

is reguired to perform spectral measurement, which makes it 

virtually impossible to increase the spatial resolution and 

perform multipoint film thickness measurement. 

As described above, the challenge is to perform measurement 

of the film thickness distribution of a wafer with a thin film, 

such as an SOI wafer, at high density, with a high degree of 

precision, and in a short time. 

[0005] 

Incidentally, in Patent Document 1, a method for measuring 

two layers: an SOI layer and a BOX layer at the same time by using 

a light of two wavelengths in an ultraviolet wavelength region 

by reflection spectroscopy is described. 

In Patent Document 2, a technique of irradiating SOI with 

a white light, dispersing the reflected light according to 

wavelength, and calculating an SOI layer film thickness from 

wavelength-specific interference information is disclosed. 

In Patent Document 3, for the purpose of measuring the film 

thickness of an object to be measured with a plurality of layers 

formed on a substrate with a higher degree of precision, a method 

for determining the film thickness of an object to be measured 

by fitting by using a light source having a wavelength component 

mainly in an infrared band and repeatedly calculating theoretical 
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reflectance (spectrum) at each wavelength is described. 

CITATION LIST 

PATENT LITERATURE 

[0006] 

Patent Document 1: Japanese Unexamined Patent Application 

Publication No. H07-55435 

Patent Document 2: Japanese Unexamined Patent Application 

Publication No. 2002-343842 

Patent Document 3: Japanese Unexamined Patent Application 

Publication No. 2010—2327 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0007] 

The present invention has been made in view of the 

above-described problems and an object thereof is to provide a 

method for measuring film thickness distribution that can 

precisely measure the film thickness distribution of a wafer with 

thin films at high density in a short time by the reflection 

spectroscopy. 

SOLUTION TO PROBLEM 

[0008] 

To attain the above-described object, the present invention 

provides a method for measuring a film thickness distribution of 

a first thin film of a first wafer with thin films by reflection 

spectroscopy, the first wafer having the first thin film formed 

on a surface of a substrate and a second thin film formed on a 

surface of the first thin film, the method comprising: calculating 

a profile PI by a simulation, the profile Pi indicating wavelength 

dependence of a reflectance of the first wafer with respect to 

a light at wavelengths not less than a wavelength region of visible 
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light, the first wafer being an object to be measured; calculating 

a profile P21 by a simulation, the profile P21 indicating 

wavelength dependence of a reflectance of a second wafer with 

respect to a light at wavelengths not less than a wavelength region 

of visible light, the second wafer having thin films including 

a second thin film that is t [nm] thinner or thicker than a set 

film thickness T2 of the second thin film of the first wafer; 

calculating a profile P31 (= P21 - PI) of a difference between 

the calculated profiles PI and P21 and obtaining a wavelength A,1 

observed when the calculated profile P31 of the difference becomes 

zero; and selecting a waveband including the obtained wavelength 

XI as a waveband of a light for use in the film thickness 
distribution measurement by the reflection spectroscopy, wherein 

the film thickness distribution of the first thin film is measured 

by the reflection spectroscopy in a manner that a surface of the 

first wafer is irradiated with a light to selectively measure only 

reflected light at the selected waveband of reflected light from 

the surface of the first wafer, or in a manner that the surface 

of the first wafer is irradiated with a light at the selected 

waveband to measure all reflected lights of the reflected light 

from the surface of the first wafer. 

[0009] 

Such a method can precisely measure the film thickness 

distribution of the first thin film at high density in a short 

time by the reflection spectroscopy with the light at the waveband 

that prevents the reflectance from varying due to variation in 

film thickness of the second thin film. 

[0010] 

At this time, the waveband including the obtained 

wavelength XI is preferably selected from a range of a wavelength 

XI plus or minus 50 [nm]. 
In such a manner, it is possible to select more reliably 

the waveband that prevents the reflectance from varying due to 
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variation in film thickness of the second thin film, and the film 

thickness distribution of the first thin film can be surely 

precisely measured. 

[0011] 

Moreover, the present invention provides a method for 

measuring a film thickness distribution of a second thin film of 

a first wafer with thin films by reflection spectroscopy, the first 

wafer having a first thin film formed on a surface of a substrate 

and the second thin film formed on a surface of the first thin 

film, the method comprising: calculating a profile Pi by a 

simulation, the profile PI indicating wavelength dependence of 

a reflectance of the first wafer with respect to a light at 

wavelengths not less than a wavelength region of visible light, 

the first wafer being an object to be measured; calculating a 

profile P22 by a simulation, the profile P22 indicating wavelength 

dependence of a reflectance of a second wafer with respect to a 

light at wavelengths not less than a wavelength region of visible 

light, the second wafer having thin films including a first thin 

film that is t [nm] thinner or thicker than a set film thickness 

Tl of the first thin film of the first wafer; calculating a profile 

P32 (= P22 - PI) of a difference between the calculated profiles 

PI and P22 and obtaining a wavelength X2 observed when the 
calculated profile P32 of the difference becomes zero; and 

selecting a waveband including the obtained wavelength X2 as a 
waveband of a light for use in the film thickness distribution 

measurement by the reflection spectroscopy, wherein the film 

thickness distribution of the first thin film is measured by the 

reflection spectroscopy in a manner that a surface of the first 

wafer is irradiated with a light to selectively measure only 

reflected light at the selected waveband of reflected light from 

the surface of the first wafer, or in a manner that the surface 

of the first wafer is irradiated with a light at the selected 

waveband to measure all reflected lights of the reflected light 
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from the surface of the first wafer. 

[0012] 

Such a method can precisely measure the film thickness 

distribution of the second thin film at high density in a short 

time by the reflection spectroscopy with the light at the waveband 

that prevents the reflectance from varying due to variation in 

film thickness of the first thin film. 

[0013] 

At this time, the waveband including the obtained 

wavelength X2 is preferably selected from a range of a wavelength 

X2 plus or minus 50 [nm]. 
In such a manner, it is possible to select more reliably 

the waveband that prevents the reflectance from varying due to 

variation in film thickness of the first thin film, and the film 

thickness distribution of the second thin film can be surely 

precisely measured. 

[0014] 

Furthermore, the present invention provides a method for 

measuring film thickness distributions of a first thin film and 

a second thin film of a first wafer with thin films by reflection 

spectroscopy, the first wafer having the first thin film formed 

on a surface of a substrate and the second thin film formed on 

a surface of the first thin film, the method comprising: 

calculating a profile PI by a simulation, the profile PI indicating 

wavelength dependence of a reflectance of the first wafer with 

respect to a light at wavelengths not less than a wavelength region 

of visible light, the first wafer being an object to be measured; 

calculating a profile P21 by a simulation, the profile P21 

indicating wavelength dependence of a reflectance of a second 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the second wafer having thin 

films including a second thin film that is t [nm] thinner or thicker 

than a set film thickness T2 of the second thin film of the first 
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wafer; calculating a profile P31 (= P21 - Pi) of a difference 

between the calculated profiles Pi and P21 and obtaining a 

wavelength Xl observed when the calculated profile P31 of the 
difference becomes zero; calculating a profile P22 by a simulation, 

the profile P22 indicating wavelength dependence of a reflectance 

of a third wafer with respect to a light at wavelengths not less 

than a wavelength region of visible light, the third wafer having 

thin films including a first thin film that is t [nm] thinner or 

thicker than a set film thickness T1 of the first thin film of 

the first wafer; calculating a profile P32 (= P22 - PI) of a 

difference between the calculated profiles PI and P22 and 

obtaining a wavelength X2 observed when the calculated profile 
P32 of the difference becomes zero; and selecting a waveband 

including the obtained wavelengths XI and X2 as a waveband of a 
light for use in the film thickness distribution measurement by 

the reflection spectroscopy, wherein the film thickness 

distributions of the first thin film and the second thin film are 

measured in a manner that a surface of the first wafer is irradiated 

with a light to selectively measure only reflected light at the 

selected waveband of reflected light from the surface of the first 

wafer, or in a manner that the surface of the first wafer is 

irradiated with a light at the selected waveband to measure all 

reflected lights of the reflected light from the surface of the 

first wafer. 

[0015] 

Such a method can precisely measure the film thickness 

distributions of the first thin film and the second thin film at 

high density in a short time by the reflection spectroscopy with 

the light at the waveband that prevents the reflectance from 

varying due to variation in film thickness of the first and second 

thin films. 

[0016] 

At this time, the waveband including the obtained 
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wavelengths XI and X2 is preferably selected, if XI < X2, from 
a range of a wavelength XI minus 50 [nm] to a wavelength X2 plus 
50 [nm] and the waveband is preferably selected, if XI > X2, from 
a range of a wavelength X2 minus 50 [nm] to a wavelength Xl plus 
50 [nm]. 

In such a manner, it is possible to select more reliably 

the waveband that prevents the reflectance from varying due to 

variation in film thickness of the thin films, and the film 

thickness distributions of the first and second thin films can 

be surely precisely measured. 

[0017] 

Moreover, at this time, the first wafer may be an SOI wafer, 

the first thin film may be a buried oxide film, and the second 

thin film may be an SOI layer composed of silicon single crystal. 

The first wafer being measured may thus be an SOI wafer 

having a buried oxide film and an SOI layer. By selecting an 

appropriate wavelength in accordance with a combination of the 

film thickness of an SOI layer and of a buried oxide film, it is 

possible to precisely measure the film thickness distribution of 

a thin film of an SOI wafer at high density in a short time. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0018] 

In the present invention, since a waveband including a 

wavelength A-l observed when the above-described profile P31 of 

the difference becomes zero, a wavelength X2 observed when the 
profile P32 of the difference becomes zero, or both of these 

wavelengths is selected as the waveband of a light being measured 

in the film thickness distribution measurement by the reflection 

spectroscopy and a film thickness distribution is measured, it 

is possible to perform measurement by the reflection spectroscopy 

with a light at a waveband that prevents the reflectance from 

varying due to variation in film thickness of the first and second 
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thin films and to precisely measure the film thickness 

distributions of the first thin film and the second thin film, 

alone or simultaneously, at high density in a short time. The 

fitting precision of film thickness can thereby be improved. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] 

FIG. 1 is a flow diagram of the processes of a method for 

measuring a film thickness distribution of the present invention; 

FIG. 2 is a schematic diagram depicting an optical 

inspection apparatus that can be used in the method for measuring 

a film thickness distribution of the present invention; 

FIGS. 3A to 3C depict the respective profiles calculated 

in Examples 1 to 3; 

FIGS. 4A to 4C depict an example of the respective profiles 

calculated for an SOI wafer; 

FIGS. 5A to 5C depict an example of the respective profiles 

calculated for an SOI wafer; 

FIGS. 6A to 6C depict an example of the respective profiles 

calculated for an SOI wafer; 

FIGS. 7A to 7C depict an example of the respective profiles 

calculated for an SOI wafer; 

FIGS. 8A to 8C depict an example of the respective profiles 

calculated for a GeOI wafer; and 

FIG. 9 depicts film thickness maps of SOI layers and buried 

oxide films evaluated in Example 3 and Comparative Example 3. 

DESCRIPTION OF EMBODIMENTS 

[0020] 

Hereinafter, embodiments of the present invention will be 

described, but the present invention is not limited to this 

embodiment. 

Conventionally, performing measurement at high density, 
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with a high degree of precision, and in a short time in a method 

for measuring film thickness distribution that measures the film 

thickness distribution of a wafer with a two-layered thin film, 

such as an SOI wafer, by reflection spectroscopy has become a 

challenge. 

Accordingly, the inventor of the present invention 

conducted a great deal of study to solve such a problem. As a result, 

the inventor of the present invention has found that a wavelength 

at which a reflectance of an emitted light is substantially 

invariable exists with respect to the respective first and second 

thin films, even when the first thin film and the second thin film 

have variation in their thicknesses, and such a wavelength differs 

depending on the specification of set film thickness of thin films 

of a wafer. In addition, the inventor of the present invention 

has found out that, by performing measurement by the reflection 

spectroscopy with a light at a waveband in a predetermined range 

about this wavelength, it is possible to perform practically 

high-throughput and high-precision measurement of a film 

thickness distribution and to improve the fitting precision of 

a film thickness, bringing the present invention to completion. 

[0021] 

FIG. 1 is a flow diagram of the processes of a method for 

measuring a film thickness distribution of the present invention. 

An object to be measured of the method for measuring a film 

thickness distribution of the present invention is a wafer with 

a thin film including a first thin film formed on the surface of 

a substrate and a second thin film formed on the surface of the 

first thin film. For example, examples of the wafer include an 

SOI wafer having a buried oxide film (a BOX film) formed on a 

silicon substrate and an SOI layer, composed of silicon single 

crystal, formed thereon. Here, descriptions are given by taking 

up a case in which the wafer with thin films is such an SOI wafer 

by way of example. 
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[0022] 

Here, it is assumed that the set film thickness of the buried 

oxide film and the set film thickness of the SOI layer, which are 

set at the time of production of the SOI wafer, are T1 [nm] and 

T2 [nm], respectively. 

In the method for measuring film thickness distribution of 

the present invention, a waveband that prevents the reflectance 

from varying due to variation in film thickness of thin films of 

the SOI wafer being measured is selected and a light at the selected 

waveband is analyzed at the time of the film thickness distribution 

measurement by the reflection spectroscopy. The processes 

described below are performed to select this waveband. Firstly, 

a case in which only the film thickness distribution of the first 

thin film, that is, the buried oxide film is measured will be 

described. 

A profile Pi, which indicates wavelength dependence of a 

reflectance of the SOI wafer being measured with respect to a light 

at wavelengths not less than a wavelength region of visible light, 

is calculated by a simulation (refer to FIG. 1 at 'A'). 

[0023] 

A profile P21, which indicates wavelength dependence of a 

reflectance of an SOI wafer having an SOI layer that is t [nm] 

thinner or thicker than a set film thickness T2 of the second thin 

film, that is, the SOI layer of the SOI wafer being measured with 

respect to a light at wavelengths not less than a wavelength region 

of visible light, is calculated by a simulation (refer to FIG. 

1 at 'B'). Here, the value of t is not limited to a particular 

value, and may be about 1 nm, for example. 

FIG. 3A is a diagram depicting an example of the profile 

PI when the set film thickness T2 of the SOI layer and the set 

film thickness T1 of the buried oxide film of the SOI wafer being 

measured are 12 nm and 25 nm, respectively, and an example of the 

profile P21 of an SOI wafer whose the SOI layer is 1 nm thicker 
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than the SOI layer of the SOI wafer being measured, that is, the 

profile P21 of an SOI wafer whose the set film thickness T2 of 

the SOI layer is 13 nm and the set film thickness T1 of the buried 

oxide film is 25 nm. 

[0024] 

As depicted in FIG. 3A, by changing the thickness of the 

SOI layer, the profiles PI and P21 indicating the wavelength 

dependence of reflectance vary. 

A profile P31 (= P21 - Pi) of a difference between the 

profiles PI and P21 calculated by the simulations is then 

calculated, and a wavelength XI observed when the calculated 

profile P31 of the difference becomes zero is obtained (refer to 

FIG. 1 at 'C') . Here, the profile P31 is a profile indicating the 

wavelength dependence of a reflectance differential between PI 

and P21. 

[0025] 

In FIG. 3C, the profile P31 of the difference between the 

profiles Pi and P21 depicted in FIG. 3A is depicted. As depicted 

in FIG. 3C, the wavelength XI observed when the profile P31 in 

this case becomes zero, that is, when the reflectance differential 

becomes zero is 608 nm. 

In each of FIG. 4C to FIG. 7C, the profile P31 of a difference 

for an SOI wafer having an SOI layer and a buried oxide film whose 

set film thicknesses are different from those of FIG. 3C is 

depicted, and, in this case, if there are a plurality of 

wavelengths observed when the profile P31 becomes zero, as a 

wavelength XI to be obtained, a wavelength at which an S/N ratio 

of a detection system of an apparatus used in the film thickness 

distribution measurement can be increased is used. In general, 

by adopting a wavelength closer to 500 to 7 00 nm, it becomes 

possible to perform high-sensitivity measurement. 

[0026] 

A waveband including the obtained wavelength XI is then 
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selected as the waveband of a light for use in the film thickness 

distribution measurement by the reflection spectroscopy (refer 

to FIG. 1 at 'D'). 

Here, it is preferable that the waveband is selected from 

a range of a wavelength XI plus or minus 50 nm. By doing so, it 

is possible to select more reliably a waveband that prevents the 

reflectance from varying due to variation in film thickness of 

the thin film. 

In the example of the profile P31 depicted in FIG. 3C, a 

waveband including 608 nm is selected from a range (558 to 658 

nm) of a wavelength of 608 nm plus or minus 50 nm. 

In the method for measuring a film thickness distribution 

of the present invention, there is no need to perform this 

selection of a waveband each time, and it is possible to select 

an appropriate waveband in advance by the above-described 

processes in accordance with a combination of an SOI layer 

thickness and a buried oxide film thickness of a wafer with thin 

films being measured. By selecting a waveband in advance in this 

manner, it is possible to shorten the time of the film thickness 

distribution measurement. 

[0027] 

The film thickness distribution of the buried oxide film 

is then measured by the reflection spectroscopy with the waveband 

selected in this manner (refer to FIG. 1 at 'E') as follows: 

The film thickness distribution of the buried oxide film 

is measured in such a manner that the surface of the SOI wafer 

being measured is irradiated with a light to selectively measure 

only reflected light at the selected waveband of reflected light 

from the surface of the SOI wafer. At this time, the waveband of 

the light with which the surface of the SOI wafer is irradiated 

may be a wide waveband of visible light. Use of analysis software 

allows the selective measurement of the reflected light at the 

selected waveband of the reflected light from the surface of the 
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SOI wafer. This method eliminates the need to use a complicated 

measurement method and apparatus, is easy to be performed, and 

is highly practical. 

[0028] 

Alternatively, the film thickness distribution of the 

buried oxide film may be measured in a manner that the surface 

of the SOI wafer being measured is irradiated with a light at the 

selected waveband to measure all reflected lights of the reflected 

light from the surface of the SOI wafer. As a method for irradiating 

the surface of the SOI wafer with the light at the selected waveband, 

irradiation can be performed by using an optical microscope unit 

depicted in FIG. 2, for example. 

To an optical microscope unit 2 depicted in FIG. 2, a 

band-pass filter 4 is attached, and the light at the selected 

waveband of lights emitted from a light source 3 alone can filter 

through the band-pass filter 4 to irradiate the surface of an SOI 

wafer 1. By doing so, the precision of the film thickness 

distribution measurement can be further increased. 

[0029] 

Alternatively, it is also possible to perform filtering of 

a light with which the surface is irradiated by changing the 

band-pass filter 4 to an acoustic filter, a liquid crystal filter, 

or a wavelength-variable laser, for example. 

Moreover, it is also possible to set a waveband by a light 

source and use various lasers (an LD, a gas laser, a solid-state 

laser, and a wavelength-variable laser), a light-emitting diode 

(LED), a liquid crystal display device (LCD), and so forth. 

Moreover, as a simplified way, it is also possible to use one signal 

of RGB signals of a color camera. 

From an intensity distribution of the reflected light, 

measured in the manner described above, the film thickness 

distribution of the first thin film can be obtained. 

[0030] 
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Secondary, a case in which only the film thickness 

distribution of the second thin film, that is, the SOI layer is 

measured will be described. The matters that will not be described 

below are basically the same as those of the above-described case 

in which the film thickness distribution of the buried oxide film 

is measured. 

After the profile Pi is calculated in a manner similar to 

that described above (refer to FIG. 1 at 'A' ) , a profile P22, which 

indicates wavelength dependence of a reflectance of a SOI wafer 

having a buried oxide film that is t [nm] thinner or thicker than 

a set film thickness Tl of the buried oxide film of the SOI wafer 

being measured with respect to a light at wavelengths not less 

than a wavelength region of visible light, is calculated by a 

simulation (refer to FIG. 1 at 'B'). 

FIG. 3B is a diagram depicting an example of the profile 

Pi when the set film thickness T2 of the SOI layer and the set 

film thickness Tl of the buried oxide film of the SOI wafer being 

measured are 12 nm and 25 nm, respectively, and an example of the 

profile P22 of an SOI wafer whose the buried oxide film is 1 nm 

thicker than the buried oxide film of the SOI wafer being measured, 

that is, the profile P22 of an SOI wafer whose the set film 

thickness Tl of the buried oxide film is 26 nm and the set film 

thickness T2 of the SOI layer 12 nm. 

[0031] 

A profile P32 (= P22 - PI) of a difference between the 

profiles PI and P22 calculated by the simulations is then 

calculated, and a wavelength X2 observed when the calculated 
profile P32 of the difference becomes zero is obtained (refer to 

FIG. 1 at 'C')• 

In FIG. 3C, the profile P32 of the difference between the 

profiles PI and P22 depicted in FIG. 3B is depicted. As depicted 

in FIG. 3C, the wavelength \2 observed when the profile P32 in 
this case becomes zero, that is, when the reflectance differential 
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becomes zero is 535 nm. 

[0032] 

A waveband including the obtained wavelength X2 is then 

selected as the waveband of a light for use in the film thickness 

distribution measurement by the reflection spectroscopy (refer 

to FIG. 1 at 'D'). Here, it is preferable that the waveband is 

selected from a range of a wavelength X2 plus or minus 50 nm. By 

doing so, it is possible to select more reliably a waveband that 

prevents the reflectance from varying due to variation in film 

thickness of the thin film. 

In the example of the profile P32 depicted in FIG. 3C, a 

waveband including 535 nm is selected from a range (485 to 585 

nm) of a wavelength of 535 nm plus or minus 50 nm. The film thickness 

distribution of the SOI layer is then measured by the reflection 

spectroscopy with the selected waveband (refer to FIG. 1 at 'E') . 

[0033] 

Finally, when the film thickness distributions of the first 

thin film and the second thin film are measured at the same time, 

the profiles PI, P21, P22, P31, and P32 are calculated and the 

wavelengths XI and X2 are obtained in a manner similar to that 

described above. 

In the examples depicted in FIGS. 3A and 3B, XI is 608 nm 

and X2 is 535 nm. 

A waveband including the obtained wavelengths XI and X2 is 

then selected as the waveband of a light for use in the film 

thickness distribution measurement by the reflection 

spectroscopy. If the obtained wavelength XI is less than the 

obtained wavelength X2 (XI < X2) , then the waveband is preferably 

selected from a range of a wavelength XI minus 50 nm to a wavelength 

X2 plus 50 nm. If the obtained wavelength Xl is more than the 

obtained wavelength X2 (XI > X2) , then the waveband is preferably 

selected from a range of a wavelength X2 minus 50 nm to a wavelength 

XI plus 50 nm. By doing so, it is possible to select more reliably 
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a waveband that prevents the reflectance from varying due to 

variation in film thickness of the thin film. 

[0034] 

In the example depicted in FIG. 3C, the wavelength XI is 

more than the wavelength X2, and a waveband including 535 nm and 

608 nm is selected from a range (485 to 658 nm) of a wavelength 

of 535 nm minus 50 nm to a wavelength of 608 nm plus 50 nm. In 

an exemplary case of selecting a waveband of 535 to 608 nm at this 

time, the measurement precision can be improved because the 

reflectance changes due to an increase in the SOI film thickness 

in a manner opposite to a change in reflectance due to an increase 

in the buried oxide film. 

Then, by using the selected waveband, the film thickness 

distribution of the buried oxide film is measured by the reflection 

spectroscopy. 

[0035] 

With the above-described method for measuring film 

thickness distribution of the present invention, when a wafer with 

thin films, which is an object to be measured, is irradiated with 

a light, even when the first thin film and the second thin film 

suffer film thickness fluctuations, since film thickness 

distribution measurement can be performed by reflection 

spectroscopy by using a light at a waveband that prevents the 

reflectance from varying, it is possible to precisely measure the 

film thickness distributions of the first thin film and the second 

thin film at high density in a short time. 

[0036] 

In FIGs. 4 to 7, examples of the profiles PI, P21, P22, P31, 

and P32 calculated by simulations for SOI wafers with other set 

film thickness specifications are depicted. In FIG. 8, examples 

of the profiles PI, P21, P22, P31, and P32 calculated by 

simulations in a GeOI wafer in which the first thin film is a buried 

oxide film and the second thin film is a GeOI (Germanium On 
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Insulator) layer are depicted. In Table 1, the set film thickness 

specifications of these wafers are listed. 

[0037] 

[Table 1] 

FIRST THIN FILM SECOND THIN FILM 
MATERIAL SET FILM 

THICKNESS 
MATERIAL SET FILM 

THICKNESS 
WAFER1 (FIG. 3) Si02(B0X) 25nm Si(SOI) 12nm 
WAFER2 (FIG. 4) Si02(B0X) lOnm Si(SOl) 12nm 
WAFER3 (FIG. 5) Si02(B0X) 145nm Si(SOI) 12nm 
WAFER4 (FIG. 6) Si02(B0X) 145nm Si(SOl) 88nm 
WAFER5 (FIG. 7) Si02(B0X) lOnm Si(SOl) 50nm 
WAFER6 (FIG. 8) Si02(B0X) 25nm Ge(GeOl) 12nm 

[0038] 

As depicted the figures, for each of the wafers with thin 

films of various specifications of the set film thickness, a 

wavelength observed when the profiles P31 and P32 of a difference 

become zero exists. As described earlier, when the wafer with thin 

films is irradiated with a light at this wavelength, the 

reflectance of the light does not vary. Accordingly, by performing 

measurement by the reflection spectroscopy with a light at a 

waveband in a predetermined range about this wavelength, it is 

possible to perform practically high-throughput and 

high-precision measurement of a film thickness distribution. 

Therefore, it is possible to perform process management and 

quality management of a wafer having an SOI and BOX layers having 

highly uniform film thickness distribution, which is required for 

an FD-SOI device and so forth. 

[Examples] 

[0039] 

Hereinafter, the present invention will be described more 

specifically with reference to examples and comparative examples 

of the present invention, but the present invention is not limited 

to these examples. 
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[0040] 

(Example 1) 

The film thickness distribution of the buried oxide film 

(a BOX layer) of a 300-mm-diameter SOI wafer was measured by the 

inventive method depicted in FIG. 1 to evaluate the fitting 

precision. 

Here, the SOI wafer, an object to be measured, included an 

SOI layer having a set film thickness of 12 nm and a buried oxide 

film having a set film thickness of 25 nm. The conditions of the 

film thickness distribution measurement by the reflection 

spectroscopy included measurement points on the entire wafer 

surface at intervals of 1 mm except for a peripheral region of 

3 mm. Incidentally, fitting precision is measurement precision 

based on a 95% confidence interval. 

[0041] 

Profiles Pi, P21, and P31 were calculated to select a 

waveband used for the film thickness distribution measurement by 

the reflection spectroscopy. In the calculation of P21, the 

condition of t was that the thickness was increased by 1 nm (the 

set film thickness of the SOI layer was 13 rati.) The calculated 

PI and P21 are depicted in FIG. 3A and the calculated P31 is 

depicted in FIG. 3C. The wavelength XI observed when the profile 
P31 became zero was 608 nm and the selected waveband including 

the wavelength XI was a waveband of 598 to 618 nm. 
[0042] 

The film thickness distribution of the buried oxide film 

was then measured by the reflection spectroscopy in a manner that 

the SOI wafer being measured was irradiated with a visible light 

at a 400- to 800-nm waveband and only reflected light at the 

selected waveband was selectively measured. 

The results are listed in Table 2. As listed in Table 2, 

the fitting precision was improved greatly as compared to the 

later-described Comparative Example 1, and the precision was 
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greater or equal to that of spectroscopic ellipsometry (a 

precision of 0.11 nm or less at the maximum) . Moreover, the time 

required for the measurement was 1 minute or less, which was equal 

to the time required for normal reflection spectroscopy. 

[0043] 

(Example 2) 

The film thickness distribution of the SOI layer of an SOI 

wafer having the same conditions as those of Example 1 was measured 

by the inventive method depicted in FIG. 1 to evaluate the fitting 

precision. 

Profiles PI, P22, and P32 were calculated to select a 

waveband used for the film thickness distribution measurement by 

the reflection spectroscopy. In the calculation of P22, the 

condition of t was that the thickness was increased by 1 nm (the 

set film thickness of the buried oxide film was 26 nm.) The 

calculated PI is depicted in FIG. 3A, the calculated P22 is 

depicted in FIG. 3B, and the calculated P32 is depicted in FIG. 

3C. The wavelength X2 observed when the profile P32 became zero 
was 535 nm and the selected waveband including the wavelength X2 
was a waveband of 525 to 545 nm. 

[0044] 

The film thickness distribution of the buried oxide film 

was then measured by the reflection spectroscopy in a manner that 

the SOI wafer being measured was irradiated with a visible light 

at a 400- to 800-nm waveband and only reflected light at the 

selected waveband was selectively measured. Other conditions 

were the same as those of Example 1. 

The results are listed in Table 2. As listed in Table 2, 

the fitting precision was improved greatly as compared to the 

later-described Comparative Example 2, and the precision was 

greater or equal to that of spectroscopic ellipsometry (a 

precision of 0.11 nm or less at the maximum) . Moreover, the time 

required for the measurement was 1 minute or less, which was equal 
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to the time required for normal reflection spectroscopy. 

[0045] 

(Example 3) 

The film thickness distribution of the SOI layer and the 

buried oxide film of an SOI wafer having the same conditions as 

those of Example 1 was measured by the inventive method depicted 

in FIG. 1 to evaluate the fitting precision. 

Profiles PI, P21, P22, P31 and P32 were calculated to select 

a waveband used for the film thickness distribution measurement 

by the reflection spectroscopy. In the calculation of P21, the 

condition of t was that the thickness was increased by 1 nm (the 

set film thickness of the SOI layer was 13 nm.) In the calculation 

of P22, the condition of t was that the thickness was increased 

by 1 nm (the set film thickness of the buried oxide film was 26 

nm.) The calculated PI and P21 are depicted in FIG. 3A, the 

calculated P22 is depicted in FIG. 3B, and the calculated P31 and 

P32 are depicted in FIG. 3C. The wavelengths XI and X2 observed 

when the profiles P31 and P32 became zero were 608 nm and 535 nm, 

respectively, and the selected waveband including the wavelengths 

XI and X2 was a waveband of 535 to 610 nm. 

[0046] 

The film thickness distribution of the buried oxide film 

was then measured by the reflection spectroscopy in a manner that 

the SOI wafer being measured was irradiated with a visible light 

at a 400- to 800-nm waveband and only reflected light at the 

selected waveband was selectively measured. Other conditions 

were the same as those of Example 1. 

The results are listed in Table 2. As listed in Table 2, 

the fitting precision was improved greatly as compared to the 

later-described Comparative Example 3, and the precision was 

greater or equal to that of spectroscopic ellipsometry (a 

precision of 0.11 nm or less at the maximum) . Moreover, the time 

required for the measurement was 1 minute or less, which was equal 
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to the time required for normal reflection spectroscopy. 

Performing measurement by spectroscopic ellipsometry at 

the same measurement points as those of Examples 1 to 3 is 

impractical because it takes 30 hours or more, even if one point 

is measured under a poor measurement precision, e.g., for 2 

seconds. 

[0047] 

(Comparative Example 1) 

The film thickness distribution of the buried oxide film 

of an SOI wafer was measured under the same conditions as those 

of Example 1 except that a visible light in a 400- to 800-nm 

waveband was emitted and all reflected lights at the waveband at 

the time of the film thickness distribution measurement by the 

reflection spectroscopy, and evaluation was performed in a manner 

similar to that of Example 1. 

The results are listed in Table 2. As listed in Table 2, 

the fitting precision was greatly worse than that of Example 1. 

[0048] 

(Comparative Example 2) 

The film thickness distribution of the SOI layer of an SOI 

wafer was measured under the same conditions as those of Example 

2 except that a visible light in a 400- to 800-nm waveband was 

emitted and all reflected lights at the waveband at the time of 

the film thickness distribution measurement by the reflection 

spectroscopy, and evaluation was performed in a manner similar 

to that of Example 2. 

The results are listed in Table 2. As listed in Table 2, 

the fitting precision was greatly worse than that of Example 2. 

[0049] 

(Comparative Example 3) 

The film thickness distribution of the SOI layer and the 

buried oxide film of an SOI wafer was measured under the same 

conditions as those of Example 3 except that a visible light in 
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a 400- to 800-nm waveband was emitted and all reflected lights 

at the waveband at the time of the film thickness distribution 

measurement by the reflection spectroscopy, and evaluation was 

performed in a manner similar to that of Example 3. 

The results are listed in Table 2. As listed in Table 2, 

the fitting precision was greatly worse than that of Example 3. 

[0050] 

[Table 2] 

MIN (nm) MAX (nm) AVERAGE (nm) STANDARD 
DEVIATION 
(nm) 

EXAMPLE1 BOX LAYER THICKNESS 23.803 26.687 24.682 0.164 EXAMPLE1 
FITTING PRECISION 0.024 0.109 0.065 0. 012 

EXAMPLE2 SOI LAYER THICKNESS 11.203 12.542 12.074 0.161 EXAMPLE2 

FITTING PRECISION 0.012 0.072 0.033 0.007 
EXAMPLE3 SOI LAYER THICKNESS 11.369 12.537 12.071 0.170 EXAMPLE3 

FITTING PRECISION, 
SOI LAYER THICKNESS 

0. 024 0. 072 0.041 0.007 

EXAMPLE3 

BOX LAYER THICKNESS 23.838 26.621 24.623 0.139 

EXAMPLE3 

FITTING PRECISION, 
BOX LAYER THICKNESS 

0.034 0.095 0.061 0.008 

COMPARATIVE 
EXAMPLEl 

BOX LAYER THICKNESS 21.062 24.610 23.131 0.464 COMPARATIVE 
EXAMPLEl FITTING PRECISION 0.191 0.665 0.462 0.068 

COMPARATIVE 
EXAMPLE2 

SOI LAYER THICKNESS 10.426 11.933 11.382 0.188 COMPARATIVE 
EXAMPLE2 FITTING PRECISION 0.063 0.215 0.147 0.022 
COMPARATIVE 
EXAMPLE3 

SOI LAYER THICKNESS 9.997 12.310 11.663 0.191 COMPARATIVE 
EXAMPLE3 FITTING PRECISION, 

SOI LAYER THICKNESS 
0.133 0.475 0.321 0.048 

COMPARATIVE 
EXAMPLE3 

BOX LAYER THICKNESS 22.748 27.422 23.957 0.164 

COMPARATIVE 
EXAMPLE3 

FITTING PRECISION, 
BOX LAYER THICKNESS 

0.404 1.570 0.974 0.143 

[0051] 

In FIG. 9, film thickness maps of the SOI layers and the 

buried oxide films measured in Example 3 and Comparative Example 

3 are depicted. As depicted in FIG. 9, in both of the film thickness 

maps of the SOI layers, stripe patterns indicating film thickness 

variations of the SOI layers are observed, and the film thickness 

variations were actually present in the SOI layers. On the other 

hand, in the film thickness maps of the buried oxide films (the 

BOX layers) , stripe patterns are observed for Comparative Example 
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3 . , which were generated by being influenced by the film thickness 

variations of the SOI layer and do not indicate actual film 

thickness variations. In other words, the stripe patterns were 

caused by the poor measurement precision. In contrast, Example 

3 demonstrates no strip pattern because the film thickness 

distribution of the buried oxide film was precisely measured 

without being affected by the film thickness variations of the 

SOI layer. 

[0052] 

It was thus confirmed that the method for measuring a film 

thickness distribution of the present invention can measure the 

film thickness distribution of a wafer with a thin film at high 

density, with a high degree of precision, and in a short time by 

using reflection spectroscopy and improve fitting precision. 

[0053] 

It is to be noted that the present invention is not limited 

to the foregoing embodiment. The embodiment is just an 

exemplification, and any examples that have substantially the 

same feature and demonstrate the same functions and effects as 

those in the technical concept described in claims of the present 

invention are included in the technical scope of the present 

invention. 
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CLAIMS 

1. A method for measuring a film thickness distribution of a 

first thin film of a first wafer with thin films by reflection 

spectroscopy, the first wafer having the first thin film formed 

on a surface of a substrate and a second thin film formed on a 

surface of the first thin film, the method comprising: 

calculating a profile Pi by a simulation, the profile PI 

indicating wavelength dependence of a reflectance of the first 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the first wafer being an obj ect 

to be measured; 

calculating a profile P21 by a simulation, the profile P21 

indicating wavelength dependence of a reflectance of a second 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the second wafer having thin 

films including a second thin film that is t [nm] thinner or thicker 

than a set film thickness T2 of the second thin film of the first 

wafer; 

calculating a profile P31 (= P21 - PI) of a difference 

between the calculated profiles PI and P21 and obtaining a 

wavelength XI observed when the calculated profile P31 of the 
difference becomes zero; and 

selecting a waveband including the obtained wavelength Xl 

as a waveband of a light for use in the film thickness distribution 

measurement by the reflection spectroscopy, 

wherein 

the film thickness distribution of the first thin film is 

measured by the reflection spectroscopy in a manner that a surface 

of the first wafer is irradiated with a light to selectively 

measure only reflected light at the selected waveband of reflected 

light from the surface of the first wafer, or in a manner that 

the surface of the first wafer is irradiated with a light at the 
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selected waveband to measure all reflected lights of the reflected 

light from the surface of the first wafer. 

2. The method for measuring a film thickness distribution 

according to claim 1, wherein 

the waveband including the obtained wavelength Xl is 

selected from a range of a wavelength XI plus or minus 50 [nm]. 

3. A method for measuring a film thickness distribution of a 

second thin film of a first wafer with thin films by reflection 

spectroscopy, the first wafer having a first thin film formed on 

a surface of a substrate and the second thin film formed on a 

surface of the first thin film, the method comprising: 

calculating a profile PI by a simulation, the profile PI 

indicating wavelength dependence of a reflectance of the first 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the first wafer being an obj ect 

to be measured; 

calculating a profile P22 by a simulation, the profile P22 

indicating wavelength dependence of a reflectance of a second 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the second wafer having thin 

films including a first thin film that is t [nm] thinner or thicker 

than a set film thickness Tl of the first thin film of the first 

wafer; 

calculating a profile. P32 (= P22 - Pi) of a difference 

between the calculated profiles PI and P22 and obtaining a 

wavelength X2 observed when the calculated profile P32 of the 

difference becomes zero; and 

selecting a waveband including the obtained wavelength X2 

as a waveband of a light for use in the film thickness distribution 

measurement by the reflection spectroscopy, 

wherein 
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the film thickness distribution of the first thin film is 

measured by the reflection spectroscopy in a manner that a surface 

of the first wafer is irradiated with a light to selectively 

measure only reflected light at the selected waveband of reflected 

light from the surface of the first wafer, or in a manner that 

the surface of the first wafer is irradiated with a light at the 

selected waveband to measure all reflected lights of the reflected 

light from the surface of the first wafer. 

4. The method for measuring a film thickness distribution 

according to claim 3, wherein 

the waveband including the obtained wavelength X2 is 
selected from a range of a wavelength X2 plus or minus 50 [nm]. 

5. A method for measuring film thickness distributions of a 

first thin film and a second thin film of a first wafer with thin 

films by reflection spectroscopy, the first wafer having the first 

thin film formed on a surface of a substrate and the second thin 

film formed on a surface of the first thin film, the method 

comprising: 

calculating a profile Pi by a simulation, the profile PI 

indicating wavelength dependence of a reflectance of the first 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the first wafer being an object 

to be measured; 

calculating a profile P21 by a simulation, the profile P21 

indicating wavelength dependence of a reflectance of a second 

wafer with respect to a light at wavelengths not less than a 

wavelength region of visible light, the second wafer having thin 

films including a second thin film that is t [nm] thinner or thicker 

than a set film thickness T2 of the second thin film of the first 

wafer; 

calculating a profile P31 (= P21 - Pi) of a difference 
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between the calculated profiles PI and P21 and obtaining a 

wavelength XI observed when the calculated profile P31 of the 

difference becomes zero; 

calculating a profile P22 by a simulation, the profile P22 

indicating wavelength dependence of a reflectance of a third wafer 

with respect to a light at wavelengths not less than a wavelength 

region of visible light, the third wafer having thin films 

including a first thin film that is t [nm] thinner or thicker than 

a set film thickness Tl of the first thin film of the first wafer; 

calculating a profile P32 (= P22 - PI) of a difference 

between the calculated profiles PI and P22 and obtaining a 

wavelength X2 observed when the calculated profile P32 of the 

difference becomes zero; and 

selecting a waveband including the obtained wavelengths Xl 

and X2 as a waveband of a light for use in the film thickness 

distribution measurement by the reflection spectroscopy, 

wherein 

the film thickness distributions of the first thin film and 

the second thin film are measured in a manner that a surface of 

the first wafer is irradiated with a light to selectively measure 

only reflected light at the selected waveband of reflected light 

from the surface of the first wafer, or in a manner that the surface 

of the first wafer is irradiated with a light at the selected 

waveband to measure all reflected lights of the reflected light 

from the surface of the first wafer. 

6. The method for measuring film thickness distributions 

according to claim 5, wherein 

the waveband including the obtained wavelengths XI and X2 

is selected, if Xl < X2, from a range of a wavelength XI minus 

50 [nm] to a wavelength X2 plus 50 [nm] and the waveband is selected, 

if XI > X2, from a range of a wavelength X2 minus 50 [nm] to a 

wavelength XI plus 50 [nm]. 
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7. The method for measuring film thickness distributions 

according to any one of claims 1 to 6, wherein 

the first wafer is an SOI wafer, the first thin film is a 

buried oxide film, and the second thin film is an SOI layer composed 

of silicon single crystal. 
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