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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for measuring a film thickness of an SOI layer of an SOI wafer, the
method that measures the film thickness of the SOI layer of the SOI wafer with high spatial resolution, the SOI wafer
used for fabrication of a semiconductor device.

BACKGROUND ART

[0002] In recent years, as design rules have become finer, the film thickness distribution of SOI layer of an SOI wafer
used for fabrication of an SOI device, in particular, fabrication of an FD-SOI (Fully Depleted SOI) device has had an
influence on a device fabrication process and, consequently, the transistor characteristics. In an integrated circuit, it is
important to make the characteristics of the transistors forming the circuit uniform.
[0003] Therefore, in an FD-SOI device, it is important to measure the film thickness of an SOI layer of an SOI wafer
accurately. While the devices have become finer and transistors having a size of several dozen nanometers are produced,
as measurement of the film thickness of an SOI layer of an SOI wafer, each point measurement of film thickness by
spectroscopic ellipsometry, reflection spectroscopy, or the like is generally performed, but, due to the influence of the
wavelength of light used for measurement, spatial resolution has limitations to measure up to about hundreds of na-
nometers.
[0004] To evaluate the influence of the film thickness of an SOI layer on the SOI device characteristics adequately, it
is necessary to measure the film thickness of an SOI layer with a spatial resolution of a few nanometers which is smaller
than or equal to the channel size of a transistor.
[0005] Now, as an existing method for measuring the film thickness of a thin film, in Patent Document 1, for example,
measuring the film thickness by irradiating a two-layer film with X-rays and measuring the characteristic X-rays generated
from each film is described.
[0006] Patent Document 2 describes that, as a method for measuring the thickness of a thin film in a structure with a
substrate on which a thin film is formed, a method of measurement using fluorescent X-rays is known. Furthermore,
Patent Document 2 describes that the intensity of first fluorescent X-rays generated from the thin film and the intensity
of second fluorescent X-rays generated from the substrate and attenuated as a result of passing through the thin film
are measured at the same time.
[0007] Patent Document 3 describes that, as an explanation of a fluorescent X-ray film thickness analyzer, a thin film
on a base substrate (a standard sample substrate) is irradiated with primary X-rays and the fluorescent X-rays generated
from the thin film and the base substrate are detected, whereby it is possible to find out the composition and the film
thickness of the thin film.

Patent Document 1: Japanese Unexamined Patent Publication (Kokai) No. H05-45147
Patent Document 2: Japanese Unexamined Patent Publication (Kokai) No. 2002-213935
Patent Document 3: Japanese Unexamined Patent Publication (Kokai) No. H10-221047

[0008] Patent Document US 6,924,484 B1 describes a method for measuring wafers using x-ray emission analysis.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0009] However, since the thin film is irradiated with X-rays in the existing techniques described in Patent Documents
1, 2, and 3, it is difficult to perform accurate measurement of film thickness because both effects of attenuation of the
emitted X-rays themselves and attenuation of the generated fluorescent X-rays overlap. Moreover, in cases where, for
example, the film thickness of a thin film is extremely small as in an SOI layer of an SOI wafer used for fabrication of an
FD-SOI device, the fluorescent X-rays generated from a base are not adequately attenuated even after passing through
the thin film, making it impossible to perform accurate conversion into a film thickness. Furthermore, in the present X-
ray optical system, the irradiation diameter of X-rays can be reduced only to about 10 mm, which makes it impossible
to obtain a spatial resolution of a target microscopic area ranging from a few nanometers to hundreds of nanometers.
[0010] In addition, in spectroscopic ellipsometry or reflection spectroscopy which is a common method for measuring
the film thickness of an SOI layer, as described above, spatial resolution has undesirably limitations to measure up to
about hundreds of nanometers which is the wavelength of light.
[0011] The present invention was accomplished in view of the aforementioned circumstances, and its object is to
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provide a method for measuring the film thickness of an SOI layer of an SOI wafer, the method that can measure the
film thickness of an SOI layer of an SOI wafer accurately with high spatial resolution in a microscopic area in the SOI
layer even when the film thickness of the SOI layer of the SOI wafer is small.

SOLUTION TO PROBLEM

[0012] The present invention is described in greater detail in the attached claims. The scope of protection is defined
by the claims.
[0013] To attain the above-described object, the present invention provides a method for measuring a film thickness
of an SOI layer of an SOI wafer including at least an insulator layer and the SOI layer which is formed on the insulator
layer and is formed of a silicon single crystal, wherein a surface of the SOI layer is irradiated with an electron beam,
characteristic X-rays are detected from a side of the SOI layer surface irradiated with the electron beam, characteristic
X-rays being generated by exciting a specific element in the insulator layer with the electron beam that has passed
through the SOI layer and has been attenuated in the SOI layer, and the film thickness of the SOI layer is calculated on
the basis of an intensity of the detected characteristic X-rays.
[0014] With such a method, since measurement is performed by irradiating the surface of an SOI layer with an electron
beam, the emitted electron beam can be attenuated reliably when the electron beam is made to pass through the SOI
layer. Furthermore, since characteristic X-rays generated as a result of a specific element in the insulator layer being
excited are hardly attenuated in a thin SOI layer, it is possible to measure the film thickness of the SOI layer accurately
by using the characteristic X-rays.
[0015] Moreover, since the electron beam has a short wavelength, is less affected by refraction, and has high light
harvesting, it is possible to irradiate an extremely microscopic area with the electron beam and thereby measure the
film thickness of the SOI layer with high spatial resolution.
[0016] In addition, since the film thickness of the SOI layer is measured by generating characteristic X-rays by exciting,
by the electron beam, a specific element in the insulator layer formed immediately below the SOI layer, it is possible to
measure with ease and efficiency.
[0017] Moreover, at this time, the insulator layer is a silicon oxide film, and the SOI wafer is made up of a base wafer
formed of a silicon single crystal, the silicon oxide film formed on the base wafer, and the SOI layer formed on the silicon
oxide film.
[0018] In measurement of the film thickness of an SOI layer of such an SOI wafer with a common structure, the present
invention is especially effective.
[0019] Furthermore, at this time, it is preferable that the specific element is an oxygen atom in the silicon oxide film.
[0020] In the method, since a large amount of oxygen atom is contained in the silicon oxide film, there is no need to
prepare another specific element, making it possible to measure the film thickness of the SOI layer more efficiently.
[0021] Moreover, at this time, the film thickness of the SOI layer may be set at 200 nm or less.
[0022] As described above, in the present invention, even with a thin SOI layer with a film thickness of 200 nm or less,
by irradiating the surface thereof with an electron beam, the electron beam is attenuated adequately when the electron
beam passes through the SOI layer, making it possible to measure the film thickness of the SOI layer accurately.
[0023] Furthermore, at this time, a beam diameter of the electron beam with which the surface of the SOI layer is
irradiated may be set at 400 nm or less.
[0024] In the method, it is possible to set an area in which the film thickness of an SOI layer is to be measured at a
microscopic area with a diameter of 400 nm or less and thereby measure the film thickness of an SOI layer accurately
with higher spatial resolution.
[0025] Moreover, at this time, the film thickness of the SOI layer is measured by a scanning electron microscope, and
the electron beam to be emitted is an electron beam of the scanning electron microscope.
[0026] As described above, the method of measurement of the present invention can be performed by using the
scanning electron microscope and there is no need to build another device, making it possible to measure the film
thickness of the SOI layer efficiently at lower cost.

ADVANTAGEOUS EFFECTS OF INVENTION

[0027] As described above, according to the present invention, since measurement is performed by irradiating the
surface of an SOI layer with an electron beam, it is possible to measure the film thickness of the SOI layer accurately
and irradiate an extremely microscopic area with the electron beam, which makes it possible to measure the film thickness
of the SOI layer with high spatial resolution. As a result, it is possible to evaluate the influence of a film thickness of an
SOI layer on device characteristics adequately.
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BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 is a diagram showing the relationship between the characteristic X-ray intensity ratio I and the film
thickness D of an SOI layer in Example.

DESCRIPTION OF EMBODIMENTS

[0029] The inventor researched in a method for accurate measuring the film thickness of an extremely thin SOI layer,
such as an SOI layer of an SOI wafer used for fabrication of an FD-SOI device, with high spatial resolution. And the
inventor of the present invention has thought that, if an SOI layer of an SOI wafer is irradiated with an electron beam,
since the electron beam is adequately attenuated according to the film thickness of the SOI layer when passing through
the SOI layer and reaches a base, conversion into the film thickness of the SOI layer can be performed by measuring
the intensity of characteristic X-rays (fluorescent X-rays) generated from the base.
[0030] That is, while the electron beam is adequately attenuated in proportion to the film thickness of the SOI layer
when passing through the SOI layer even when the SOI layer is extremely thin, attenuation of the characteristic X-rays
generated from the base when the characteristic X-rays pass through the SOI layer is incomparably small. In addition
to this, with the electron beam, it is possible to reduce the beam diameter to about a few nanometers. Therefore, the
inventor of the present invention has thought that, by using these properties, it is possible to measure the film thickness
of an extremely thin SOI layer accurately with high spatial resolution and completed the present invention.
[0031] Hereinafter, as an example of an embodiment of the present invention; a method for measuring the film thickness
of an SOI layer of an SOI wafer, the method using a scanning electron microscope (SEM: Scanning Electron Microscope),
will be described in detail. However the present invention is not limited thereto.
[0032] Here, the SEM is first described briefly. The SEM obtains information of an object by irradiating part of the
object with an electron beam emitted from a probe and thereby detecting a secondary electron, a reflection electron, a
transmission electron, X-rays, cathode luminescence (fluorescence), an internal electromotive force, and so forth emitted
from the object, constructs an image of the object based on each information thus obtained by making the electron beam
scan the whole of the object, and displays the image.
[0033] The commonly-used SEM has the function of analyzing the component elements of a microscopic object to be
observed by energy dispersive X-ray spectrometry (EDX: Energy Dispersive X-ray Spectrometry) (a scanning electron
microscope with this function is sometimes called a SEM-EDX).
[0034] EDX is a method for performing elemental analysis or composition analysis by detecting characteristic X-rays
that are generated by irradiation with an electron beam and dispersing the characteristic X-rays depending on energy.
[0035] By using this SEM-EDX, several kinds of SOI wafers having SOI layers with known their film thicknesses are
first prepared, the surfaces of these SOI layers are irradiated with an electron beam by a probe, and the intensity of
characteristic X-rays emitted as a result of the electron beam passing through each SOI layer, reaching an insulator film
(for example, a silicon oxide film or the like), and exciting a specific element (for example, oxygen or the like) in the
insulator film is measured from the surface side irradiated with the electron beam. In this way, the characteristic X-ray
intensities of the SOI wafers having the SOI layers with diverse film thicknesses are measured, and the relationship
between the film thickness of the SOI layer and the characteristic X-ray intensity is obtained in advance.
[0036] Here, for example, the characteristic X-ray intensity Io from an oxygen atom has a relation indicated in the
expression (1) with the film thickness D (nm) of the SOI layer and the electron beam penetration length L (nm). The
value of L is obtained from the acceleration voltage of the electron beam set at this time, the values of D are calculated
from the measured values of Io, and an approximate line of Io and D is obtained from these data. 

[0037] In so doing, assuming that the intensity of an electron beam to be emitted slightly varies between each meas-
urement, for the purpose of correcting the variation, in addition to the characteristic X-ray intensity of a specific element,
the characteristic X-ray intensity from another specific element (for example, silicon or the like) near a position in which
measurement is to be performed and in a portion with an SOI layer film thickness of a predetermined constant value is
also measured as a reference, and the characteristic X-ray intensity ratio is determined from these two characteristic
X-ray intensities, which makes it also possible to obtain the relationship between the characteristic X-ray intensity ratio
and the film thickness of the SOI layer. When the intensity of the electron beam is extremely stable, the relationship
between the characteristic X-ray intensity of a specific element and the film thickness of the SOI layer can be obtained
directly.
[0038] When the characteristic X-ray intensity ratio is used, in expression (1) above, the characteristic X-ray intensity
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Io is equal to the characteristic X-ray intensity ratio I (Io=I).
[0039] Incidentally, in addition to preparing several kinds of SOI wafers with known film thicknesses and performing
measurement as described above, the relationship between the film thickness of the SOI layer and the characteristic
X-ray intensity (ratio) may be obtained by preparing one SOI wafer with a known film thickness, the SOI wafer having
a defect or the like (a defect with fluctuations of the film thickness) caused by fluctuations of the SOI layer film thickness,
the SOI wafer with an SOI layer whose film thickness varies greatly, and determining the characteristic X-ray intensities
(ratios) in positions in which measurement is to be performed, the positions with different known film thicknesses, on
the surface of the SOI layer of the SOI wafer.
[0040] Then, in the manner similar to the above-described measurement procedure, the characteristic X-ray intensity
of a specific element, the characteristic X-ray intensity obtained by irradiating, with an electron beam, an SOI layer to
be measured of an SOI wafer with an SOI layer whose film thickness is unknown is measured, and the unknown film
thickness of the SOI layer is calculated on the basis of the above-described relationship obtained in advance. In so
doing, the film thickness of the SOI layer may be calculated by determining the characteristic X-ray intensity ratio in the
manner similar to the above-described method.
[0041] At this time, as an SOI layer to be measured of an SOI wafer, the present invention is especially effective for
a thin SOI layer with a film thickness of 200 nm or less.
[0042] Since, unlike photons, electrons forming the electron beam used in the method of measurement of the present
invention have electric charges, the interaction of the electrons with other substances is strong.
[0043] As a result, it is possible to measure accurately the film thickness of such an SOI layer with a small film thickness
because the electron beam is reliably attenuated when passing through the SOI layer, reaches a specific element of an
insulator layer, and generates characteristic X-rays having an intensity according to the intensity of the electron beam
that has reached the specific element of the insulator layer.
[0044] Moreover, since an electron beam having high light condensing property is used in the method of measurement
of the present invention, it is possible to set the beam diameter of the electron beam with which the surface of an SOI
layer is irradiated at 400 nm or less, preferably at 100 nm or less, and more preferably at 50 nm or less. This makes it
possible to achieve an extremely microscopic SOI layer film thickness measurement area and measure the film thickness
of the SOI layer with high spatial resolution. A lower limit of the beam diameter is not limited to a particular value; it is
quite possible to reduce the lower limit actually to about 1 nm and, theoretically, it is also possible to reduce the lower
limit to 0.1 nm or less.
[0045] In general, an SOI wafer made up of a base wafer formed of a silicon single crystal, a silicon oxide film formed
on the base wafer, and an SOI layer formed of a silicon single crystal, the SOI layer formed on the silicon oxide film,
has been widely used. Therefore, adopting an oxygen atom in the silicon oxide film as the specific element described
above is more efficient.
[0046] Moreover, for example, when measurement is performed by using an SOI wafer having, as an insulator layer,
an oxide film obtained by thermally oxidizing a silicon single crystal wafer containing a high concentration of boron or
measurement is performed by using an SOI wafer using a silicon nitride film as an insulator layer, boron or nitrogen in
the insulator layer can also be used as a specific element.
[0047] Here, it is assumed that the accelerating energy of an electron beam to be emitted is greater than the binding
energy of a K core electron of each specific element. For example, when the specific element is oxygen, boron, or
nitrogen, the accelerating energy of an electron beam to be emitted is 532 eV or more, 188 eV or more, or 399 eV or
more respectively.
[0048] The smaller the accelerating energy, the shorter the electron beam penetration length and therefore the higher
the film thickness measurement sensitivity. Thus, to raise the precision of measurement of film thickness, it is preferable
to set the accelerating energy of an electron beam to be emitted at the lowest possible value which is greater than the
binding energy of the K shell electron, but, if the accelerating energy is too low, the electron beam may not reach the
insulator layer to a satisfactory extent. Therefore, it is necessary to set the accelerating energy as appropriate with
consideration given to the film thickness of an SOI layer to be measured.
[0049] In accordance with the invention it is possible to eliminate the error caused by the surface native oxide film by
measuring the characteristic X-rays of a specific element (oxygen) from the surface native oxide film by using a mirror-
polished wafer subjected to the same treatment (such as RCA cleaning) as that performed on an SOI wafer to be
measured and subtracting the value of the characteristic X-ray intensity from the value of the measurement result.
[0050] Moreover, since the present invention is a method for detecting the characteristic X-rays generated from a base
after making an electron beam pass through an SOI layer to be measured, the spatial resolution of SOI layer film thickness
measurement is determined by the beam diameter observed when an electron beam emitted after the diameter of the
beam was reduced passes through a thin SOI layer. Therefore, even when the beam that has entered the base after
passing through the SOI layer excites characteristic X-rays in a state in which the beam diameter spreads in the base,
since the spread does not affect the spatial resolution of SOI layer film thickness measurement, it is possible to maintain
high spatial resolution.
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[Example]

[0051] Hereinafter, the present invention will be described more specifically with an example and comparative exam-
ples, but the present invention is not limited to these examples.

(Example)

[0052] First, an SOI wafer produced by the ion implantation delamination method and made up of a base wafer formed
of a silicon single crystal, a silicon oxide film formed on the base wafer, and an SOI layer formed on the silicon oxide
film, the SOI wafer having a defect caused by fluctuations of the SOI layer film thickness, was prepared.
[0053] Then, four spots (positions in which measurement is to be performed) on the surface of the SOI layer, the spots
whose film thicknesses measured by spectroscopic ellipsometry were 30, 70, 120, and 200 nm, were irradiated with an
electron beam (a beam diameter 30 nm, an acceleration voltage 5 kV) by using a SEM-EDX (SEM Vision G3 manufactured
by Applied Materials, Inc.), and the characteristic X-ray intensity Io generated as a result of the electron beam having
passed through the SOI layer, reached the silicon oxide film, and excited an oxygen atom in the silicon oxide film was
measured from the side of the SOI layer surface irradiated with the electron beam. Incidentally, the native oxide film on
the SOI layer surface before being irradiated with the electron beam was removed by hydrofluorination.
[0054] In so doing, the characteristic X-ray intensity Is from a silicon atom near each position in which measurement
was to be performed and in a portion with an SOI layer film thickness of 70 nm was also measured as a reference, and
the characteristic X-ray intensity ratio I (= Io/Is) was determined.
[0055] When the acceleration voltage of the electron beam was set at 5 kV, since the electron beam penetration length
L was about 130 nm, 1/L was 0.0077. This value was substituted into the expression (1) above, and the measurement
result of the characteristic X-ray intensity ratio was substituted into the expression thus obtained to obtain the film
thickness of the SOI layer. When an approximate line was obtained from these measurement result and calculation
result, expression (2) was obtained. The results thus obtained are listed in Table 1 below and depicted in FIG. 1. 

[0056] Next, an SOI wafer produced by the ion implantation delamination method and made up of a base wafer formed
of a silicon single crystal, a silicon oxide film formed on the base wafer, and an SOI layer formed on the silicon oxide
film, the SOI layer whose film thickness was unknown, was prepared. And the SOI wafer had a defect caused by
fluctuations of the film thickness.
[0057] Then, three positions on the SOI layer surface in which measurement was to be performed and a defect with
fluctuations of the film thickness was present were set at intervals of 10 mm, the positions were irradiated with an electron
beam by using a SEM-EDX, and the characteristic X-ray intensity Io generated as a result of the electron beam having
passed through the SOI layer, reached the silicon oxide film, and excited an oxygen atom in the silicon oxide film was
measured from the side of the SOI layer surface irradiated with the electron beam. The native oxide film on the SOI
layer surface before being irradiated with the electron beam was removed by hydrofluorination.
[0058] In so doing, the characteristic X-ray intensity Is from a silicon atom near each position in which measurement
was to be performed and in a portion with an SOI layer film thickness of 70 nm was also measured as a reference, and
the characteristic X-ray intensity ratio I (= Io/Is) was determined. Then, this value was substituted into the expression
(2) above to obtain the film thickness D of the SOI layer. The results are listed in Table 2 below.
[0059] As is clear from the results listed in Table 2, according to the present invention, since an electron beam is used,
even when the film thickness of an SOI layer is small, it is possible to measure accurately the film thickness of an
extremely microscopic area of the SOI layer and evaluate film thickness variations with precision. Moreover, by increasing
the number of measurement points, it is also possible to create a film thickness map of the SOI layer.

(Comparative Example 1)

[0060] Measurement of the film thickness of an SOI layer was performed on an area including three points measured
in Example, the three points of an SOI wafer having a defect with fluctuations of the film thickness, by using a film
thickness measuring device (ASET-F5x manufactured by KLA-Tencor) using spectroscopic ellipsometry. As a result,
the result was that the film thickness measured was 70 nm.
[0061] However, since the measuring beam with a diameter of about 30 mm was used in this measurement, the
measurement value merely indicated an average film thickness in an area with a diameter of about 30 mm, and it was
impossible to measure the film thickness of a more microscopic area.
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(Comparative Example 2)

[0062] Measurement of the film thickness of an SOI layer was performed on an area including three points measured
in Example, the three points of an SOI wafer having a defect with fluctuations of the film thickness in the same manner
as in Example except that a fluorescent X-ray film thickness analyzer described in Patent Document 3 was used. As a
result, the emitted X-rays were hardly attenuated in the SOI layer, making it impossible to obtain an accurate measurement
result.
[0063] Moreover, even when the measurement result could be obtained, since this measurement used X-rays with a
beam diameter of about 10 mm, the measured value merely indicated an average film thickness in an area with a diameter
of about 10 mm, and it is predicted that measurement of the film thickness of a more microscopic area could not be
performed.

[0064] Incidentally, in Example, in addition to the characteristic X-ray intensity of an oxygen atom, the characteristic
X-ray intensity from a silicon atom was also measured as a reference, and the characteristic X-ray intensity ratio was
determined from these two characteristic X-ray intensities. However, when the intensity of an electron beam is extremely
stable, the relationship between the characteristic X-ray intensity of an oxygen atom and the film thickness of an SOI
layer may be directly obtained.
[0065] Moreover, in addition to the method for performing measurement by preparing an SOI wafer having a defect
or the like caused by fluctuations of the film thickness of the SOI layer, measurement may be performed by preparing
several kinds of SOI wafers with known film thicknesses. Furthermore, when a large amount of boron, nitrogen, or the
like is contained in an insulator layer, these elements may be used as a specific element.
[0066] The present invention is not limited to the embodiment described above. The above-described aspects are
mere examples. The scope of the present invention is defined by the appended claims.

Claims

1. A method for measuring a film thickness of an SOI layer of an SOI wafer made up of a base wafer formed of a silicon
single crystal including at least an insulator layer that is a silicon oxide film formed on the base wafer and the SOI
layer which is formed on the insulator layer and is formed of a silicon single crystal, wherein
an error of the measurement caused by a native oxide film is eliminated by measuring the characteristic X-rays of
a specific element from the surface native oxide film of a mirror-polished wafer subjected to the same treatment as
that performed on the SOI wafer, then
a surface of the SOI layer is irradiated with an electron beam, characteristic X-rays are detected from a side of the
SOI layer surface irradiated with the electron beam, characteristic X-rays being generated by exciting the specific
element in the insulator layer with the electron beam that has passed through the SOI layer and has been attenuated
in the SOI layer, and the film thickness of the SOI layer is calculated on the basis of an intensity of the detected
characteristic X-rays, wherein
the specific element is an oxygen atom in the silicon oxide film.

[Table 1]

SOI film thickness: D (nm) 30 70 120 200

Characteristic X-ray intensity of 0: Io (a.u.) 5.1 3.8 2.3 1.2

Characteristic X-ray intensity of Si: Is (a.u.) Ref. 9.6 9.6 9.3 8

Characteristic X-ray intensity ratio: I (=Io/Is) 0.531 0.396 0.247 0.150

[Table 2]

Measurement 1 Measurement 2 Measurement 3

Characteristic X-ray intensity of 0: Io (a.u.) 4.2 3.8 3.4

Characteristic X-ray intensity of Si: Is (a.u.) Ref. 9.6 9.5 9.7

Characteristic X-ray intensity ratio: I (=Io/Is) 0.438 0.400 0.351

SOI film thickness (nm) 53 65 82
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2. The method for measuring a film thickness of an SOI layer of an SOI wafer according to claim 1, wherein
the film thickness of the SOI layer is set at 200 nm or less.

3. The method for measuring a film thickness of an SOI layer of an SOI wafer according to any one of claims 1 to 2,
wherein
a beam diameter of the electron beam with which the surface of the SOI layer is irradiated is set at 400 nm or less.

4. The method for measuring a film thickness of an SOI layer of an SOI wafer according to any one of claims 1 to 3,
wherein
the film thickness of the SOI layer is measured by a scanning electron microscope, and the electron beam to be
emitted is an electron beam of the scanning electron microscope.

Patentansprüche

1. Verfahren zur Messung einer Filmdicke einer SOI-Schicht eines SOI-Wafers, gebildet aus einem Basis-Wafer,
geformt aus einem Silizium-Einkristall, einschließlich mindestens einer Isolationsschicht, die ein Siliziumoxidfilm ist,
gebildet auf dem Basis-Wafer und der SOI-Schicht, die auf der Isolationsschicht gebildet ist, und gebildet ist aus
einem Silizium-Einkristall, wobei
ein Messfehler, verursacht durch einen nativen Oxidfilm, eliminiert wird durch Messen der charakteristischen Rönt-
gen-Strahlen eines spezifischen Elementes von dem Oberflächen-Nativoxidfilm eines spiegelpolierten Wafers, der
der gleichen Behandlung unterworfen wurde, wie auf dem SOI-Wafer ausgeführt, dann
wird eine Oberfläche der SOI-Schicht mit einem Elektronenstrahl bestrahlt, charakteristische Röntgen-Strahlen
werden von einer Seite der SOI-Schichtoberfläche aufgezeichnet, die mit dem Elektronenstrahl bestrahlt wurde,
charakteristische Röntgen-Strahlen werden erzeugt durch Anregung des spezifischen Elements in der Isolations-
schicht mit dem Elektronenstrahl, der durch die SOI-Schicht hindurchlangte und in der SOI-Schicht abgeschwächt
wurde, und die Filmdicke der SOI-Schicht wird auf der Basis einer Intensität der aufgezeichneten charakteristischen
Röntgen-Strahlen ermittelt, wobei
das spezifische Element ein Sauerstoffatom in dem Siliziumoxidfilm ist.

2. Verfahren zur Messung einer Filmdicke einer SOI-Schicht eines SOI-Wafers nach Anspruch 1, worin die Filmdicke
der SOI-Schicht auf 200 nm oder darunter eingestellt wird.

3. Verfahren zur Messung einer Filmdicke einer SOI-Schicht eines SOI-Wafers nach irgendeinem der Ansprüche 1
bis 2, wobei der Strahlendurchmesser des Elektronenstrahls, mit dem die Oberfläche der SOI-Schicht bestrahlt ist,
auf 400 nm oder darunter eingestellt ist.

4. Verfahren zur Messung einer Filmdicke einer SOI-Schicht eines SOI-Wafers nach irgendeinem der Ansprüche 1
bis 3, wobei die Filmdicke der SOI-Schicht mittels eines Raster-Elektronenmikroskops gemessen wird, und der zu
emittierende Elektronenstrahl ist ein Elektronenstrahl eines Raster-Elektronenmikroskops.

Revendications

1. Procédé de mesure de l’épaisseur de film d’une couche de SOI d’une plaquette de SOI constituée d’une plaquette
de base formée d’un monocristal de silicium comprenant au moins une couche isolante qui est un film d’oxyde de
silicium formé sur la plaquette de base et de la couche de SOI qui est formée sur la couche isolante et est formée
d’un monocristal de silicium, dans lequel
une erreur de la mesure provoquée par un film d’oxyde natif est supprimée par mesure des rayons X caractéristiques
d’un élément spécifique à partir du film d’oxyde natif de surface d’une plaquette à poli miroir soumise au même
traitement que celui effectué sur la plaquette de SOI, puis
une surface de la couche de SOI est irradiée par un faisceau d’électrons, des rayons X caractéristiques sont détectés
d’un côté de la surface de la couche de SOI irradiée par le faisceau d’électrons, les rayons X caractéristiques étant
générés par excitation de l’élément spécifique dans la couche isolante avec le faisceau d’électrons qui a traversé
la couche de SOI et a été atténué dans la couche de SOI, et l’épaisseur de film de la couche de SOI est calculée
sur la base d’une intensité des rayons X caractéristiques détectés, dans lequel
l’élément spécifique est un atome d’oxygène dans la film d’oxyde de silicium.
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2. Procédé de mesure d’une épaisseur de film d’une couche de SOI d’une plaquette de SOI selon la revendication 1,
dans lequel
l’épaisseur de film de la couche de SOI est fixée à 200 nm ou moins.

3. Procédé de mesure d’une épaisseur de film d’une couche de SOI d’une plaquette de SOI selon l’une quelconque
des revendications 1 à 2, dans lequel
le diamètre de faisceau du faisceau d’électrons avec lequel est irradiée la surface de la couche de SOI est réglé à
400 nm ou moins.

4. Procédé de mesure d’une épaisseur de film d’une couche de SOI d’une plaquette de SOI selon l’une quelconque
des revendications 1 à 3, dans lequel
l’épaisseur de film de la couche de SOI est mesurée au microscope électronique à balayage, et le faisceau d’électrons
à émettre est un faisceau d’électrons du microscope électronique à balayage.
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