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(57) ABSTRACT

A leak measurement system measures a leak of a semicon-
ductor manufacturing apparatus. The leak measurement sys-
tem includes a vibration sensor that contacts or is connected
to the semiconductor manufacturing apparatus, an image
generation unit that generates a vibration waveform image
based on vibration data detected by the vibration sensor, and
an analysis unit that analyzes the leak of the semiconductor
manufacturing apparatus based on the vibration waveform
image generated by the image generation unit.
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1
LEAK MEASUREMENT SYSTEM,
SEMICONDUCTOR MANUFACTURING
SYSTEM, AND LEAK MEASUREMENT
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority from
Japanese Patent Application No. 2019-185454 filed on Oct.
8, 2019 with the Japan Patent Office, the disclosure of which
is incorporated herein in its entirety by reference.

TECHNICAL FIELD

The present disclosure relates to a leak measurement
system, a semiconductor manufacturing system, and a leak
measurement method.

BACKGROUND

A helium leak testing method is known as a leak testing
method of confirming a leak of a semiconductor manufac-
turing apparatus (see, e.g., Japanese Patent Laid-Open Pub-
lication No. 2008-164462).

SUMMARY

A leak measurement system according to an aspect of the
present disclosure measures a leak in a semiconductor
manufacturing apparatus. The leak management system
includes a vibration sensor that contacts or is connected to
the semiconductor manufacturing apparatus, an image gen-
eration unit that generates a vibration waveform image
based on vibration data detected by the vibration sensor, and
an analysis unit that analyzes a leak of the semiconductor
manufacturing apparatus based on the vibration waveform
image generated by the image generation unit.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example of a semicon-
ductor manufacturing system according to an embodiment.

FIGS. 2A and 2B are diagrams illustrating an example of
a vibration waveform image.

FIG. 3 is a diagram illustrating an example of a difference
image.

FIG. 4 is a diagram illustrating another example of the
semiconductor manufacturing system according to the
embodiment.

FIG. 5 is a flowchart illustrating a leak measurement
method according to the embodiment.

FIG. 6 is a flowchart illustrating an example of an image
analysis process.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part thereof. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting.
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2

Other embodiments may be utilized, and other changes may
be made without departing from the spirit or scope of the
subject matter presented here.

Hereinafter, non-limiting embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings. In the accompanying drawings, the same or
corresponding members or parts are denoted by the same or
corresponding reference numerals, and redundant explana-
tions thereof are omitted.

[Semiconductor Manufacturing System]|

FIG. 1 is a diagram illustrating an example of a semicon-
ductor manufacturing system according to an embodiment.
As illustrated in FIG. 1, the semiconductor manufacturing
system 1 includes a semiconductor manufacturing apparatus
10 and a leak measurement system 20 that measures a leak
of the semiconductor manufacturing apparatus 10.

The semiconductor manufacturing apparatus 10 performs
apredetermined process such as a film forming process or an
etching process on a substrate such as a semiconductor
wafer or a flat panel display (FPD) substrate. The semicon-
ductor manufacturing apparatus 10 may be a single-wafer
type apparatus that processes substrates one by one, or a
batch type apparatus that processes a plurality of substrates
at once. The semiconductor manufacturing apparatus 10
includes a processing gas supply 11, an inert gas supply 12,
a gas supply pipe 13, a processing container 14, a gas
exhaust pipe 15, and an exhaust unit 16. Further, the
semiconductor manufacturing apparatus 10 may include a
heating mechanism and a cooling mechanism which are not
illustrated.

The processing gas supply 11 is connected to the pro-
cessing container 14 via the gas supply pipe 13 and supplies
a processing gas into the processing container 14 via the gas
supply pipe 13. The processing gas supply 11 supplies the
processing gas into the processing container 14 via the gas
supply pipe 13 when performing a predetermined process
on, for example, the substrate accommodated in the pro-
cessing container 14. The processing gas is selected accord-
ing to a predetermined process. For example, when the
predetermined process is a process of forming a silicon
oxide film, a silicon-containing gas such as dichlorosilane
(DCS) gas and an oxidizing gas such as ozone (O,) gas may
be used as the processing gas.

The inert gas supply 12 is connected to the processing
container 14 via the gas supply pipe 13, and supplies the
inert gas into the processing container 14 via the gas supply
pipe 13. The inert gas supply 12 supplies the inert gas into
the processing container 14 via the gas supply pipe 13, for
example, when performing a purge process of replacing and
removing the processing gas remaining in the processing
container 14. Further, when the leak measurement system 20
determines whether there is a leak in each unit of the
semiconductor manufacturing apparatus 10 (e.g., the gas
supply pipe 13, the processing container 14, and the gas
exhaust pipe 15), the inert gas supply 12 supplies an inert gas
into the processing container 14 via the gas supply pipe 13.
The inert gas may be, for example, nitrogen (N,) gas or
argon (Ar) gas.

The gas supply pipe 13 connects the processing gas
supply 11, the inert gas supply 12, and the processing
container 14. One end of the gas supply pipe 13 is connected
to the gas pipes of the processing gas supply 11 and the inert
gas supply 12, for example, by a joint. The other end of the
gas supply pipe 13 is connected to a gas nozzle (injector) for
supplying the processing gas and the inert gas into the
processing container 14, for example, by a joint. A valve, a
flow rate controller (e.g., a mass flow controller), and a
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pressure controller (e.g., a regulator) are provided in the gas
supply pipe 13 using a joint. The joint may be, for example,
a gasket joint.

The processing container 14 is a container whose inside
may be depressurized. The processing container 14 accom-
modates one or a plurality of substrates inside. In the
processing container 14, the processing gas is supplied from
the processing gas supply 11 to perform a predetermined
process on the substrate.

The gas exhaust pipe 15 connects the processing container
14 and the exhaust unit 16. One end of the gas exhaust pipe
15 is connected to an exhaust port of the processing con-
tainer 14, for example, by a joint. The other end of the gas
exhaust pipe 15 is connected to the exhaust unit 16, for
example, by a joint. A valve (e.g., a butterfly valve) is
provided in the gas exhaust pipe 15 using a joint.

The exhaust unit 16 is connected to the processing con-
tainer 14 through the gas exhaust pipe 15, and the inside of
the processing container 14 is depressurized by exhausting
the inside of the processing container 14 through the gas
exhaust pipe 15. The exhaust unit 16 includes, for example,
a vacuum pump.

The leak measurement system 20 measures the leak of the
semiconductor manufacturing apparatus 10. The leak mea-
surement system 20 includes a vibration sensor 21, an image
generation unit 22, an analysis unit 23, a storage unit 27, and
a display unit 28. The image generation unit 22, the analysis
unit 23, the storage unit 27, and the display unit 28 are
implemented by, for example, a computer.

The vibration sensor 21 is detachably attached to (here-
inafter, referred to as “contacts™) the joint of the gas supply
pipe 13 or fixed to (hereinafter, referred to as “connected
t0”) the joint of the gas supply pipe 13, and detects the
vibration of the gas flowing through the gas supply pipe 13.
The type of the vibration sensor 21 is not particularly
limited, but, for example, a piezoelectric sensor may be
used. The measurement frequency range of the vibration
sensor 21 may be, for example, 100 kHz to 950 Hz. An
amplifier (not illustrated) that amplifies the detected vibra-
tion (hereinafter, referred to as “vibration data”) may be
attached to the vibration sensor 21. The gain of the amplifier
may be, for example, 20 dB to 60 dB.

The image generation unit 22 generates a vibration wave-
form image based on the vibration data detected by the
vibration sensor 21. The image generation unit 22 generates
a vibration waveform image by, for example, performing a
fast Fourier transform (FFT) analysis on the vibration data.
Further, when the vibration data is in an analog value, after
a measurement unit (not illustrated) discretizes and pro-
cesses the vibration data as digital data, the image generation
unit 22 generates a vibration waveform image based on the
vibration data processed into digital data.

FIGS. 2A and 2B are diagrams illustrating an example of
the vibration waveform image, which is generated based on
the vibration data detected by the vibration sensor 21 in a
state where the gas supply pipe 13 is supplied with an inert
gas to pressurize the inside of the gas supply pipe 13.

FIG. 2A is a diagram illustrating an example of a vibration
waveform image generated based on the vibration data
detected by the vibration sensor 21 in a state where there is
no leakage. FIG. 2A illustrates, as a vibration waveform
image, a vibration waveform image that is obtained by the
FFT analysis of vibration data detected in a state where the
joint of the gas supply pipe 13 is manually tightened and
then tightened by 60 degrees. However, the vibration wave-
form image generated based on the vibration data detected
by the vibration sensor 21 in the non-leakage state may be,
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for example, an image generated based on the vibration data
detected by the vibration sensor 21 in a state where the inert
gas is not supplied to the gas supply pipe 13.

FIG. 2B is a diagram illustrating an example of a vibration
waveform image generated based on the vibration data
detected by the vibration sensor 21 in the state where the
leak is desired to be measured. FIG. 2A illustrates, as a
vibration waveform image, a vibration waveform image that
is obtained by the FFT analysis of vibration data detected in
a state where the joint of the gas supply pipe 13 is manually
tightened and then tightened by 10 degrees. Further, in
FIGS. 2A and 2B, the horizontal axis represents a frequency
[kHz], and the vertical axis represents a power spectral
density (PSD).

The analysis unit 23 analyzes the leak of the gas supply
pipe 13 based on the vibration waveform image generated
by the image generation unit 22. The analysis unit 23
includes an image processing unit 24, a calculation unit 25,
and a determination unit 26.

The image processing unit 24 generates a difference
image of the two vibration waveform images generated by
the image generating unit 22. One of the two vibration
waveform images is, for example, an image generated based
on the vibration data detected by the vibration sensor 21 in
a state where there is no leak. The other of the two vibration
waveform images is, for example, an image generated based
on the vibration data detected by the vibration sensor 21 in
a state where leakage is desired to be measured. The image
processing unit 24, for example, acquires one of the two
vibration waveform images from the storage unit 27,
acquires the other of the two vibration waveform images
from the image generation unit 22, and generates a differ-
ence image based on the acquired two vibration waveform
images.

FIG. 3 is a diagram illustrating an example of a difference
image. As illustrated in FIG. 3, in the difference image, the
matching area in the two vibration waveform images is
indicated in black, and the non-matching area is indicated in
white.

In addition, when the vibration waveform image is a color
image, the image processing unit 24 converts the color
image into a grayscale image by a grayscale process, con-
verts the grayscale image into a binary image by a binariza-
tion process, and then generates a difference image based on
the binary image. Further, when the vibration waveform
image is a grayscale image, the image processing unit 24
converts the grayscale image into a binary image by a
binarization process and then generates a difference image
based on the binary image.

The calculation unit 25 calculates a difference ratio based
on the difference image generated by the image processing
unit 24. The calculation unit 25 calculates, for example, the
ratio of the white area to an entire area of the difference
image generated by the image processing unit 24 (see the
area A in FIG. 3) as the difference ratio. However, the
calculation unit 25 may extract, for example, a partial area
of the difference image generated by the image processing
unit 24 (see the area B in FIG. 3) to calculate the ratio of the
white area included in the partial area B to the partial area
B as the difference ratio.

The determination unit 26 determines whether there is a
leak in the gas supply pipe 13 based on the difference ratio
calculated by the calculation unit 25. The determination unit
26 determines the presence/absence of a leak, for example,
by comparing the difference ratio calculated by the calcu-
lation unit 25 with a predetermined threshold value. Spe-
cifically, the determination unit 26 determines that there is
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“no leak” when the difference ratio calculated by the cal-
culation unit 25 is less than or equal to a threshold value, and
that there is a “leak” when the difference ratio calculated by
the calculation unit 25 is greater than the threshold value.
The threshold value may be a value determined by, for
example, preliminary experiments.

The storage unit 27 stores the vibration data detected by
the vibration sensor 21, the vibration waveform image
generated by the image generation unit 22, and the analysis
result of the leak analyzed by the analysis unit 23.

The display unit 28 displays the vibration data detected by
the vibration sensor 21, the vibration waveform image
generated by the image generation unit 22, and the analysis
result of the leak analyzed by the analysis unit 23. The
display unit 28 may display all or a part of the vibration data,
the vibration waveform image, and the analysis result of the
leak.

The example of FIG. 1 illustrates the case where the
vibration sensor 21 is in contact with or connected to the
joint of the gas supply pipe 13d, but the position where the
vibration sensor 21 is contacted or connected is not limited
thereto. For example, as illustrated in FIG. 4, the vibration
sensor 21 may be in contact with or connected to the gas
exhaust pipe 15. However, from the viewpoint of increasing
the accuracy of determining the presence/absence of a leak,
it is preferable that the vibration sensor 21 is in contact with
or connected to a position in the semiconductor manufac-
turing apparatus 10 where the presence/absence of a leak is
to be determined or in the vicinity thereof.

[Leak Measurement Method]

A leak measurement method according to an embodiment
will be described. The leak measurement method according
to the embodiment is a method of measuring a leak in the gas
supply pipe 13, the processing container 14, or the gas
exhaust pipe 15 when the semiconductor manufacturing
apparatus 10 is newly introduced or after the semiconductor
manufacturing apparatus 10 is maintained. The leak mea-
surement method according to the embodiment is per-
formed, for example, in a state where the vibration sensor 21
is in contact with or connected to a position in the semi-
conductor manufacturing apparatus 10 where leak is to be
measured or the vicinity thereof, and in a state in which the
inside of the gas supply pipe 13 is pressurized by supplying
an inert gas from the inert gas supply 12 to the gas supply
pipe 13. The supply of the inert gas from the inert gas supply
12 to the gas supply pipe 13 may be manually performed by
an operator, or may be automatically performed by the leak
measurement system 20 by controlling the processing gas
supply 11.

Hereinafter, with reference to FIG. 5, a case of measuring
the leak of the gas supply pipe 13 in the semiconductor
manufacturing apparatus 10 will be described as an
example. FIG. 5 is a flowchart illustrating a leak measure-
ment method according to the embodiment.

First, when the operator performs a leak measurement
operation in a state where the vibration sensor 21 is in
contact with or connected to the gas supply pipe 13, the leak
measurement system 20 controls the inert gas supply 12 to
supply the inert gas from the inert gas supply 12 to the gas
supply pipe 13. As a result, the inside of the gas supply pipe
13 is pressurized. Then, the following steps S1 to S5 are
executed.

In the step S1, the vibration sensor 21 detects the vibration
of the gas flowing through the gas supply pipe 13. The
vibration of gas detected by the vibration sensor 21 is stored
in the storage unit 27 as vibration data.
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In the step S2, the image generation unit 22 generates a
vibration waveform image based on the vibration data
detected in the step S1. The vibration waveform image
generated by the image generation unit 22 is stored in the
storage unit 27.

In the step S3, the image processing unit 24 and the
calculation unit 25 perform an image analysis process using
the vibration waveform image generated in the step S2. The
analysis result of the image analysis process is stored in the
storage unit 27. The image analysis process will be
described later.

In the step S4, the determination unit 26 determines
whether there is a leak in the gas supply pipe 13 based on the
analysis result obtained by the image analysis process in the
step S3. In the embodiment, the determination unit 26
determines whether there is a leak in the gas supply pipe 13
based on the difference ratio calculated by the calculation
unit 25. The determination unit 26 determines the presence/
absence of a leak, for example, by comparing the difference
ratio calculated by the calculation unit 25 with a predeter-
mined threshold value.

In the step S5, the display unit 28 displays information
regarding the presence/absence of a leak in the gas supply
pipe 13, which is a determination result made by the
determination unit 26 in the step S4. Further, in addition to
the information regarding the presence/absence of leak, the
display unit 28 may display at least one of the vibration data
stored in the storage unit 27 in the step S1, the vibration
waveform image stored in the storage unit 27 in the step S2,
and the analysis result stored in the storage unit 27 in the step
S3.

[Image Analysis Process]

An example of the image analysis process executed in the
leak measurement method according to the embodiment will
be described. FIG. 6 is a flowchart illustrating an example of
the image analysis process.

In a step S31, the image processing unit 24 converts the
color image into a grayscale image by a grayscale conver-
sion process and the grayscale image into a binary image by
a binarization process for the vibration waveform image
generated in the step S2. However, when the vibration
waveform image is a grayscale image, only the binarization
process needs to be performed, and the grayscale conversion
process may be omitted. Further, when the vibration wave-
form image is a binary image, the step S31 (the grayscale
conversion process and the binarization process) may be
omitted.

In a step S32, the image processing unit 24 generates a
difference image based on the binarized vibration waveform
image (binary image) stored in the storage unit 27 prior to
executing the leak measurement method and the binarized
vibration waveform image (binary image) in the step S31.
The binary image stored in the storage unit 27 prior to
executing the leak measurement method is a reference image
to be compared, and may be, for example, a vibration
waveform image that is generated based on the vibration
data detected by the vibration sensor 21 in a non-leaking
state. The difference image generated by the image process-
ing unit 24 is stored in the storage unit 27.

In a step S33, the calculation unit 25 calculates the
difference ratio based on the difference image generated by
the image processing unit 24 in the step S32. The difference
ratio calculated by the calculation unit 25 is stored in the
storage unit 27.

Embodiment

Descriptions will be made on an example in which the
presence or absence of a leak in the gas supply pipe 13 is
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determined by the leak measurement method according to
the embodiment. In the example, the presence/absence of
leakage is determined when the tightening amount of the
gasket joint, which is a connection portion of the gas pipe in
the gas supply pipe 13, is changed. Specifically, the leak
measurement is performed by the above-described leak
measurement method for each of the cases where the gasket
joint is manually tightened and then tightened at a prede-
termined angle (10 degrees, 20 degrees, 30 degrees, 40
degrees, or 50 degrees). In the example, the vibration of the
gas in the gas supply pipe 13 is detected in a state where the
vibration sensor 21 is in contact with the gasket joint.
Further, the difference ratio is calculated based on the
vibration waveform image generated based on the vibration
data detected by the vibration sensor 21 in a state where N,
gas is supplied to the gas supply pipe 13 to pressurize the
inside of the gas supply pipe 13.

For comparison, the leak rate is measured by the helium
leak testing method for each of the cases where the gasket
joint is manually tightened and then tightened at a prede-
termined angle (10 degrees, 20 degrees, 30 degrees, 40
degrees, or 50 degrees).

Table 1 below represents the difference ratio [%] calcu-
lated by the leak measurement method according to the
embodiment and the leak rate [Pa-m>/sec] calculated by the
helium leak testing method.

TABLE 1
Tightening Angle of Joint [Degrees]
10 20 30 40 50

Difference 24.28 24.99 26.11 14.62 13.90
Ratio [%]
Leak Rate of He 1.7E-07 1.1E-10 2.9E-11 — —
Leak Detector
[Pa - m*/sec]
X: “— indicates that the leak rate is below the detection limit of the He leak detector.

As represented in Table 1, by setting the tightening angle
of the gasket joint to 40 degrees or more, the difference ratio
calculated by the leak measurement method according to the
embodiment is significantly reduced as compared with the
case of the gasket joint tightened to 30 degrees or less.
Further, by setting the tightening angle of the gasket joint to
40 degrees or more, the leak rate of the helium leak detector
is below the detection limit, that is, no leak occurs. From
these results, in the leak measurement method according to
the embodiment, it may be said that the presence/absence of
a leak in the gas supply pipe 13 may be determined with the
same accuracy as the helium leak testing method by setting
the threshold value of the difference ratio to, for example,
20%.

As described above, in the embodiment, the vibration
waveform image is generated based on the vibration data
detected by the vibration sensor 21 that is in contact with or
connected to the semiconductor manufacturing apparatus
10, and the leak of the semiconductor manufacturing appa-
ratus 10 is analyzed based on the vibration waveform image.
Since the vibration sensor is small, it is possible to construct
a leak measurement system that is significantly more com-
pact than that using a detector (helium leak detector) in, for
example, the helium leak testing method. That is, the leak of
the semiconductor manufacturing apparatus 10 may be
measured more simply and easily. For example, it is possible
to increase convenience by making it a size capable of
measuring leak while carrying the semiconductor manufac-
turing apparatus 10.
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Further, in the embodiment, the vibration sensor 21
detects the vibration of the gas in the gas supply pipe 13
while the inert gas is supplied to pressurize the inside of the
gas supply pipe 13. As a result, it is not necessary to
depressurize (evacuate) the inside of the gas supply pipe 13
so that the time required for leak measurement may be
shortened. In the reduced pressure leak measurement
method such as the helium leak testing method, since the
time required for evacuation and the preparation of the
detector is long, the time required for the leak measurement
is long.

Further, in the embodiment, since the presence/absence of
a leak is determined using a difference image generated
based on two vibration waveform images, even when the
vibration waveform image includes noise, the noise is
removed when the difference image is generated. This is
because noise appears in the same frequency band regardless
of the presence or absence of leak. In this way, since noise
may be removed without performing a complicated statis-
tical processing method or filtering process by determining
the presence/absence of a leak by using a difference image
generated based on two vibration waveform images, it is
possible to reduce the calculation man-hour until the deter-
mination result of the presence or absence of leak is
obtained.

In addition, in the embodiment, since the determination
result of the presence/absence of the leak is displayed on the
display unit 28, the operator may easily recognize the
presence/absence of the leak by checking the display unit 28.
For example, the operator recognizes that there is a leak by
checking the display unit 28, and refastens the joint of the
gas supply pipe 13.

According to the present disclosure, it is possible to more
simply and easily measure a leak in a semiconductor manu-
facturing apparatus.

From the foregoing, it will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifi-
cations may be made without departing from the scope and
spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limit-
ing, with the true scope and spirit being indicated by the
following claims.

What is claimed is:

1. A leak measurement system comprising:

a vibration sensor that contacts or is connected to a
semiconductor manufacturing apparatus;

an imaging circuitry that generates a vibration waveform
image based on vibration data detected by the vibration
sensor; and

an analyzing circuitry that analyzes a gas leak of the
semiconductor manufacturing apparatus based on the
vibration waveform image generated by the imaging
circuitry, thereby measuring the gas leak of the semi-
conductor manufacturing apparatus based on vibration,

wherein the analyzing circuitry includes:

an image processing circuitry that generates a differ-
ence image of two vibration waveform images gen-
erated by the imaging circuitry;

a calculation circuitry that calculates a difference ratio
based on the difference image generated by the
image processing circuitry; and

a determination circuitry that determines whether there
is a leak in the semiconductor manufacturing appa-
ratus based on the difference ratio calculated by the
calculation circuitry, and
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the difference ratio is calculated by a ratio of a non-
matching area in the two vibration waveform images to
an entire area of the difference image.

2. The leak measurement system according to claim 1,
wherein one of the two vibration waveform images is
generated based on the vibration data detected by the
vibration sensor in a state where there is no leak in the
semiconductor manufacturing apparatus.

3. The leak measurement system according to claim 2,
wherein one of the two vibration waveform images is
generated based on the vibration data detected by the
vibration sensor in a state where an inert gas is not supplied
to the semiconductor manufacturing apparatus.

4. The leak measurement system according to claim 3,
wherein a remaining one of the two vibration waveform
images is generated based on the vibration data detected by
the vibration sensor in a state where the leak of the semi-
conductor manufacturing apparatus is to be measured.

5. The leak measurement system according to claim 4,
wherein the remaining one of the two vibration waveform
images is generated based on the vibration data detected by
the vibration sensor in a state where an inert gas is supplied
to the semiconductor manufacturing apparatus to pressurize
an inside of the semiconductor manufacturing apparatus.

6. The leak measurement system according to claim 5,
wherein the determination circuitry determines a presence or
absence of the leak by comparing the difference ratio cal-
culated by the calculation circuitry with a predetermined
threshold value.

7. The leak measurement system according to claim 6,
wherein the imaging circuitry generates the vibration wave-
form image by performing an FFT analysis on the vibration
data.

8. The leak measurement system according to claim 7,
further comprising:

a display that displays an analysis result of the leak

analyzed by the analyzing circuitry.

9. The leak measurement system according to claim 7,
further comprising:

a storage that stores the vibration data detected by the
vibration sensor, the vibration waveform image gener-
ated by the imaging circuitry, and the analysis result of
the leak analyzed by the analyzing circuitry.

10. The leak measurement system according to claim 1,
wherein one of the two vibration waveform images is
generated based on the vibration data detected by the
vibration sensor in a state where an inert gas is not supplied
to the semiconductor manufacturing apparatus.

11. The leak measurement system according to claim 1,
wherein a remaining one of the two vibration waveform
images is an image generated based on the vibration data
detected by the vibration sensor in a state where the leak of
the semiconductor manufacturing apparatus is to be mea-
sured.

12. The leak measurement system according to claim 1,
wherein a remaining one of the two vibration waveform
images is an image generated based on the vibration data
detected by the vibration sensor in a state where an inert gas
is supplied to the semiconductor manufacturing apparatus to
pressurize an inside of the semiconductor manufacturing
apparatus.

13. The leak measurement system according to claim 1,
wherein the determination circuitry determines a presence or
absence of the leak by comparing the difference ratio cal-
culated by the calculation circuitry with a predetermined
threshold value.
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14. The leak measurement system according to claim 1,
wherein the imaging circuitry generates the vibration wave-
form image by performing an FFT analysis on the vibration
data.

15. The leak measurement system according to claim 1,
further comprising:

a display that displays an analysis result of the leak

analyzed by the analyzing circuitry.

16. The leak measurement system according to claim 1,
further comprising:

a storage that stores the vibration data detected by the
vibration sensor, the vibration waveform image gener-
ated by the imaging circuitry, and the analysis result of
the leak analyzed by the analyzing circuitry.

17. A semiconductor manufacturing system comprising:

a semiconductor manufacturing apparatus;

a vibration sensor that contacts or is connected to the
semiconductor manufacturing apparatus;

an imaging circuitry that generates a vibration waveform
image based on vibration data detected by the vibration
sensor; and

an analyzing circuitry that analyzes a gas leak of the
semiconductor manufacturing apparatus based on the
vibration waveform image generated by the imaging
circuitry, thereby analyzing the gas leak of the semi-
conductor manufacturing apparatus based on vibration,

wherein the analyzing circuitry includes:

an image processing circuitry that generates a differ-
ence image of two vibration waveform images gen-
erated by the imaging circuitry;

a calculation circuitry that calculates a difference ratio
based on the difference image generated by the
image processing circuitry; and

a determination circuitry that determines whether there
is a leak in the semiconductor manufacturing appa-
ratus based on the difference ratio calculated by the
calculation circuitry, and

the difference ratio is calculated by a ratio of a non-
matching area in the two vibration waveform images to
an entire area of the difference image.

18. A leak measurement method of measuring a leak of a
semiconductor manufacturing apparatus, the method com-
prising:

generating a vibration waveform image based on vibra-
tion data detected by a vibration sensor that contacts or
is connected to the semiconductor manufacturing appa-
ratus; and

analyzing a gas leak of the semiconductor manufacturing
apparatus based on the vibration waveform image
generated in the generating of the vibration waveform
image, thereby measuring the gas leak of the semicon-
ductor manufacturing apparatus based on vibration,

wherein the analyzing of the gas leak of the semiconduc-
tor manufacturing apparatus includes:

generating a difference image of two vibration wave-
form images generated in the generating of the
vibration waveform image;

calculating a difference ratio based on the difference
image; and

determining whether there is a leak in the semiconduc-
tor manufacturing apparatus based on the difference
ratio, and

the difference ratio is calculated by a ratio of a non-
matching area in the two vibration waveform images to
an entire area of the difference image.
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