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DESCRIPTION

Title of Invention
METHOD FOR MEASURING CONCENTRATION OF FLUORINE GAS IN HALOGEN

FLUORIDE-CONTAINING GAS USING MASS SPECTROMETER

Technical Field
[0001]

The present invention relates to a method for measuring
the concentration of fluorine gas contained in a halogen

fluoride-containing gas.

Background Art
[0002]

Halogen fluorides are used in for example etching gas
and cleaning gas in semiconductor manufacturing processes. In
recent years, the miniaturization of semiconductors is in
progress, and it is required that etching gas and cleaning
gas for example used in semiconductor manufacturing processes
be high-purity gas. To prepare high-purity gas, a method for
measuring the concentration of fluorine gas, which is an
impurity, contained in etching gas and cleaning gas for
example with good accuracy is needed.

[0003]
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As a method for measuring the concentration of fluorine
gas, for example, Non-Patent Literature 1 discloses a method
in which a quadrupole mass spectrometer is used to measure
the concentrations of F2, NF3, and SiF4 generated when a
semiconductor manufacturing process apparatus is cleaned with
NF'3 gas.

[0004]

Further, Patent Literature 1 discloses a method in
which halogen gas generated from a semiconductor
manufacturing process is analyzed by ultraviolet-visible
absorption spectroscopy. In this method, Patent Literature 1
discloses that a metal that has been subjected to passivation
treatment with fluorine gas is used as a member included in a
sample cell that a gas to be measured is to be introduced
into and that is to be irradiated with UV-visible light. On
the other hand, fluorine gas measurement using a mass
spectrometer needs to be performed in a high vacuum
environment; hence, Patent Literature 1 gives problems for
where a vacuum pump used is to be installed and the time for
setup of the vacuum pump, problems of corrosion on components
such as an ion source, a detector, and a pump, and other
problems, and suggests that the use of a mass spectrometer is
not suitable for measurement of the concentration of fluorine

gas.
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Citation List
Patent Literature
[0005]

Patent Literature 1: US 6686594 B2

Non-Patent Literature
[0006]
Non-Patent Literature 1: Electrochemical Society

Proceedings, Volume 99-8, pp. 40-51

Summary of Invention
Technical Problem
[0007]

When measuring the concentration of fluorine gas by
using a mass spectrometer, since the reactivity of fluorine
gas (F2) 1is very high, fluorine gas reacts with metal members
such as a tube and a capillary in the gas passage and minute
amounts of impurities such as water in the passage. Hence,
fluorine gas which is to be measured is consumed because of
such reactions in the gas passage, and this is a cause of
measurement errors when measuring the concentration of
fluorine gas.

[0008]
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Thus, an object of the present invention is to provide
a high-accuracy measurement method that, in the measurement
of the concentration of fluorine gas contained in a halogen
fluoride-containing gas using a mass spectrometer, reduces
the amount of measurement errors that are caused by
consumption of fluorine gas due to reactions with metal
members such as a tube and a capillary and impurities on the

gas passage.

Solution to Problem
[0009]

The present inventor and others conducted extensive
studies in order to solve the issue mentioned above, and have
found out that high-accuracy measurement can be made by,
before measuring the concentration of fluorine gas contained
in a halogen fluoride-containing gas by using a mass
spectrometer, subjecting a tube and a capillary existing in a
gas passage in an analysis apparatus to passivation treatment
with a fluorine-containing gas in advance to form fluorine-
based passive films in the interiors of the tube and the
capillary, and removing internal impurities, and thus have
completed the present invention. That is, the present
invention includes [1] to [9] shown below.

[0010]
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[1] A method for measuring a concentration of fluorine
gas (F2) contained in a halogen fluoride-containing gas by
using an analysis apparatus having a halogen fluoride-
containing gas supply source, a fluorine-containing gas
supply source, a tube, a capillary, and a mass spectrometer,
the method comprising, before measuring the concentration of
fluorine gas, performing passivation treatment on the tube
and the capillary by using a passivation gas containing a
fluorine-containing gas supplied from the fluorine-containing
gas supply source.

[2] The method for measuring a concentration of
fluorine gas according to [1l], in which the fluorine-
containing gas is at least one kind of gas selected from the
group consisting of F,, HF, NF3, SFs, and a halogen fluoride.

[3] The method for measuring a concentration of
fluorine gas according to [1l] or [2], in which a temperature
used to perform the passivation treatment is 70 to 500°C.

[4] The method for measuring a concentration of
fluorine gas according to any one of [1] to [3], in which
time to perform the passivation treatment is 1 to 5 hours.

[5] The method for measuring a concentration of
fluorine gas according to any one of [1l] to [4], in which a
concentration of the fluorine-containing gas in the

passivation gas is 8 to 100 volume%.
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[6] The method for measuring a concentration of
fluorine gas according to [5], in which the analysis
apparatus further has a diluent gas supply source, and
adjusts the concentration of the fluorine-containing gas in
the passivation gas by using a diluent gas supplied from the
diluent gas supply source.

[7] The method for measuring a concentration of
fluorine gas according to [5] or [6], in which the diluent
gas is at least one selected from helium, argon, nitrogen gas
(N2) , carbon dioxide, and carbon tetrafluoride.

[8] The method for measuring a concentration of
fluorine gas according to any one of [1l] to [7], in which a
halogen fluoride contained in the halogen fluoride-containing
gas is at least one selected from the group consisting of
chlorine fluoride, chlorine trifluoride, bromine fluoride,
bromine trifluoride, bromine pentafluoride, iodine fluoride,
iodine trifluoride, iodine pentafluoride, and iodine
heptafluoride.

[9] An apparatus for measuring a concentration of
fluorine gas, the apparatus comprising a halogen fluoride-
containing gas supply source, a fluorine-containing gas
supply source, a tube, a capillary, and a mass spectrometer,
in which the tube and the capillary have been subjected to

passivation treatment with a passivation gas containing a
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fluorine-containing gas supplied from the fluorine-containing

gas supply source.

Advantageous Effects of Invention
[0011]

According to the present invention, high-accuracy
measurement can be made for the concentration of fluorine gas

contained in a halogen fluoride-containing gas.

Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is a schematic diagram of an example of an
analysis apparatus used for measurement of the concentration

of fluorine gas of the present invention.

Description of Embodiments
[0013]

Hereinbelow, one embodiment of the present invention is
described in detail with reference to Fig. 1. The analysis
apparatus used in the present invention is not limited to the
analysis apparatus shown in Fig. 1. The one embodiment of the
present invention is a method for measuring the concentration
of fluorine gas (F2) contained in a halogen fluoride-

containing gas by using an analysis apparatus 10 having a
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halogen fluoride-containing gas supply source 16, a fluorine-
containing gas supply source 14, a tube 24, a capillary 28,
and a mass spectrometer 30, and the embodiment, before
measuring the concentration of fluorine gas, performs
passivation treatment using a fluorine-containing gas on the
tube 24 and the capillary 28 (hereinafter, also referred to

as "the tube and others").

[0014]
<Analysis apparatus 10>
(Halogen fluoride-containing gas supply source 16)

The halogen fluoride-containing gas supply source 16
included in the analysis apparatus 10 used for an embodiment
of the present invention supplies a halogen fluoride-
containing gas that contains fluorine gas, which is to be
measured. The supply method, form, size, for example, of the
halogen fluoride-containing gas supply source 16 are not
particularly limited as long as a halogen fluoride-containing
gas can be supplied to the tube and others and the mass
spectrometer 30 described later. For example, a halogen
fluoride-containing gas may be supplied to the tube 24
described later from a branch pipe branched from a halogen
fluoride-containing gas supply pipe connected to an etching

apparatus used in a semiconductor manufacturing process via a
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valve 40, or may be supplied to the tube 24 from a container
such as a gas cylinder in which the same halogen fluoride-
containing gas as the gas supplied to an etching apparatus is
retained. A configuration in which the halogen fluoride-
containing gas supply source 16 is connected to the tube 24
via a flow rate control device (mass flow controller, MFC) 20
is preferable in terms of regulating the flow rate of the
halogen fluoride-containing gas sent from the halogen
fluoride-containing gas supply source 16 to facilitate the
adjustment of the concentration of fluorine gas contained in
the halogen fluoride-containing gas at the time of
measurement with the mass spectrometer 30.

[0015]

The halogen fluoride contained in the halogen fluoride-
containing gas is a fluorine compound containing a halogen
such as chlorine, bromine, or iodine as a constituent
element. Examples of the halogen fluoride include chlorine
fluoride, chlorine trifluoride, bromine fluoride, bromine
trifluoride, bromine pentafluoride, iodine fluoride, iodine
trifluoride, iodine pentafluoride, and iodine heptafluoride.
Among these, in terms of the frequency of use, chlorine
trifluoride, bromine trifluoride, bromine pentafluoride,
iodine pentafluoride, and iodine heptafluoride are

preferable, and chlorine trifluoride, iodine heptafluoride,
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and bromine pentafluoride can be used for the present
invention more favorably. In the halogen fluoride-containing
gas, one kind of halogen fluoride may be contained singly, or
a plurality of kinds may be contained.

[0016]

Fluorine gas, which is to be measured, and impurity
gases other than fluorine gas may be contained in the halogen
fluoride-containing gas supplied from the halogen fluoride-
containing gas supply source 16. Examples of impurity gases
include helium, argon, oxygen gas (02), nitrogen gas (N2),
carbon dioxide, and carbon tetrafluoride. One single kind or
a plurality of kinds of impurity gas may be contained in the
halogen fluoride-containing gas, and the amount of impurity
gas contained is not particularly limited.

[0017]
(Fluorine-containing gas supply source 14)

The fluorine-containing gas supply source 14 included
in the analysis apparatus used for an embodiment of the
present invention supplies a fluorine-containing gas used to
subject the tube and others described later to passivation
treatment described later. The supply method, form, size, for
example, of the fluorine-containing gas supply source 14 are
not particularly limited as long as the fluorine-containing

gas supply source 14 can supply a fluorine-containing gas to
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the tube and others. For example, a passivation gas
containing a fluorine-containing gas may be supplied to the
tube 24 from a gas cylinder in which a fluorine-containing
gas is retained, or from a gas cylinder in which a fluorine-
containing gas is retained and a container such as a gas
cylinder in which a diluent gas is retained, with both gasses
caused to flow together. Also, a fluorine generation
apparatus may be used as the fluorine-containing gas supply
source 14.

[0018]

The fluorine-containing gas is a gas containing the
fluorine element as a constituent element, and is not
particularly limited as long as passivation treatment can be
performed. Examples of the fluorine-containing gas include
F2, HF, NF3, SFs, and a halogen fluoride. Among these, in
terms of the ease of formation of a passive film, F; and a
halogen fluoride are preferable, and F: is more preferable.
As the fluorine-containing gas, one kind may be used singly,
or a plurality of kinds may be used.

[0019]

A configuration in which the fluorine-containing gas
supply source 14 is connected to the tube 24 via a flow rate
control device 36 is preferable in terms of regulating the

flow rate of the fluorine-containing gas supplied from the
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fluorine-containing gas supply source 14 to facilitate the
adjustment of the concentration of the fluorine-containing
gas at the time of passivation treatment. It is preferable to
provide a valve 22 between the fluorine-containing gas supply

source 14 and the flow rate control device 36.

[0020]
(Diluent gas supply source 12)

The analysis apparatus 10 used in an embodiment of the
present invention preferably has a diluent gas supply source
12. The diluent gas supplied from the diluent gas supply
source 12 is preferably used for dilution of the fluorine-
containing gas in the passivation gas and dilution of the
halogen fluoride-containing gas to be measured in the mass
spectrometer 30. The supply method, form, size, for example,
of the diluent gas supply source 12 are not particularly
limited as long as the diluent gas supply source 12 can
supply a diluent gas to the tube and others and the mass
spectrometer 30. For example, a diluent gas may be supplied
to the tube 24 from a container such as a gas cylinder in
which the diluent gas is retained.

[0021]
The diluent gas is a gas inert to the halogen fluoride,

the fluorine-containing gas, and the impurity gas mentioned



10

15

20

13

above. Examples of the diluent gas include helium, argon, Ny,
carbon dioxide, and carbon tetrafluoride. Among these, helium
and N2 are preferable in terms of having large differences in
molecular weight from F; and providing good analysis
accuracy, and Nz is more preferable.
[0022]

A configuration in which the diluent gas supply source
12 is connected to the tube 24 via a flow rate control device
18 is preferable in terms of regulating the flow rate of the
diluent gas supplied from the diluent gas supply source 12 to
facilitate the adjustment of the concentration of fluorine
gas contained in the halogen fluoride-containing gas at the
time of measurement with the mass spectrometer 30 and the
concentration of the fluorine-containing gas at the time of
passivation treatment. It is preferable to provide a wvalve 38
between the diluent gas supply source 12 and the flow rate
control device 18.
[0023]
Tube 24 and capillary 28:

The tube 24 included in the analysis apparatus 10 used
for an embodiment of the present invention is a pipe for a
gas passage that connects a series of gas supply sources,
namely the halogen fluoride-containing gas supply source 16,

the fluorine-containing gas supply source 14, and preferably
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the diluent gas supply source 12 mentioned above, and the
capillary 28 described later, and is used to introduce a
halogen fluoride-containing gas, a fluorine-containing gas,
and preferably a diluent gas into the capillary 28. The inner
diameter of the tube 24 may be set in accordance with the
flow rate of gas, as appropriate, and is preferably 3 to 50
mm, and more preferably 6 to 25 mm.

[0024]

The halogen fluoride-containing gas supply source 16,
the fluorine-containing gas supply source 14, and preferably
the diluent gas supply source 12 mentioned above are
connected to the tube 24. The connection part is not
particularly limited, but it is preferable that connection be
performed such that passivation treatment can be sufficiently
performed on the tube 24. The tube 24 may have a valve 42 and
an outlet 26 for discharging for example the fluorine-—
containing gas after passivation treatment.

[0025]

The capillary 28 included in the analysis apparatus 10
used for an embodiment of the present invention is a pipe for
a gas passage that connects the tube 24 mentioned above and
the mass spectrometer 30 described later, and is used to
adjust the amount of the halogen fluoride-containing gas

introduced into the mass spectrometer 30. The passage cross-—
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sectional area of the capillary 28 is smaller than that of
the tube 24; the inner diameter of the capillary 28 may be
set in accordance with the flow rate of gas, as appropriate,
and is preferably 0.1 to 5 mm, and more preferably 1 to 2 mm.
[0026]

The material of the tube and the capillary is not
particularly limited as long as the material has corrosion
resistance to the components contained in the halogen
fluoride—-containing gas and the fluorine-—-containing gas and
heat resistance to heating at the time of passivation
treatment. Examples of the material of the tube and others
include stainless steel, nickel, Inconel, and Monel.

[0027]
(Mass spectrometer 30)

The mass spectrometer 30 included in the analysis
apparatus 10 used for an embodiment of the present invention
is used to measure the concentration of fluorine gas
contained in the halogen fluoride-containing gas. The mass
spectrometer 30 is not particularly limited as long as the
mass spectrometer 30 is capable of quantitative analysis for
a one-component gas or a mixed gas of a plurality of minor
components, and a mixed gas of a single minor component or a
plurality of minor components and a single major component or

a plurality of major components. Examples of the mass
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spectrometer 30 include a quadrupole mass spectrometer, a
double-focusing mass spectrometer, an ion trap mass
spectrometer, a time-of-flight mass spectrometer, and an ion
cyclotron mass spectrometer. The mass spectrometer 30 may
include a vacuum pump 32 and an outlet 34.

[0028]

<Passivation treatment>

(Treatment method)

In an embodiment of the present invention, the
passivation treatment refers to a treatment that forms
passive films of fluorine on the interior surface of the tube
and others by using the passivation gas containing a
fluorine-containing gas mentioned above, and impurities such
as water are removed simultaneously. The passivation gas is a
gas that is used for passivation treatment and that contains
a fluorine-containing gas or a fluorine-containing gas
diluted with the diluent gas mentioned above (a mixed gas).
The passivation treatment may be performed in a state where a
passivation gas is enclosed in the interiors of the tube and
others by closing the valve 26 arbitrarily provided at the
tube and others, or may be performed by distributing the
passivation gas mentioned above to the tube and others while
keeping the valve 26 open. The flow rate in the case where

the passivation gas mentioned above is distributed may be set
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in accordance with the time and temperature for performing
passivation treatment and the inner diameters of the tube and
others, as appropriate; for example, when the inner diameter
of the tube 24 is 3 to 8 mm and the inner diameter of the
capillary 28 is 0.5 to 1.5 mm, the total flow rate of the
fluorine-containing gas and the diluent gas is 40 to 60
mL/minute. As long as a treatment that brings about a change
to the interior surface of the tube and others, such as
opening the interiors of the tube and others to the outside
air, is not performed, the passivation treatment does not
need to be implemented repeatedly; however, from the
viewpoint of performing measurement stably, the passivation
treatment may be performed periodically, such as once a day,
once a month, or once a year.

[0029]

(Temperature)

The temperature used to perform passivation treatment
is preferably higher than the temperature when measuring the
concentration of fluorine gas contained in the halogen
fluoride-containing gas; specifically, the temperature is
preferably 70 to 500°C. If the temperature used to perform
passivation treatment is lower than the lower limit wvalue of
the range mentioned above, the formation of a passive film of

fluorine is insufficient, and fluorine in the halogen
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fluoride is consumed in the tube and others; hence,
measurement accuracy may be reduced. If the temperature used
to perform passivation treatment is higher than the upper
limit value of the range mentioned above, there may be a case
where the passive films of fluorine are peeled off and the
metal surfaces of the tube and others are corroded. The
temperature when performing passivation treatment is more
preferably 80 to 400°C, and still more preferably 100 to
300°cC.
[0030]
(Time)

The time to perform passivation treatment is preferably
1 to 5 hours. If the time to perform passivation treatment is
shorter than the lower limit value of the range mentioned
above, the formation of a passive film is insufficient, and
fluorine in the halogen fluoride is consumed in the tube and
others; hence, measurement accuracy may be reduced. If the
time to perform passivation treatment is longer than the
range mentioned above, the proportion of the effect to the
treatment time may be small. The time to perform passivation
treatment is more preferably 2 to 4 hours.
[0031]
(Concentration of the fluorine-containing gas)

The concentration of the fluorine-containing gas in the
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passivation gas when performing passivation treatment is
preferably 8 to 100 volume$%. The diluent gas described above
is preferably used as a gas that is not the fluorine-
containing gas in the passivation gas. If the concentration
of the fluorine-containing gas is lower than the lower limit
value of the range mentioned above, the formation of a
passive film of fluorine is insufficient, and fluorine in the
halogen fluoride is consumed in the tube and others; hence,
measurement accuracy may be reduced. The concentration of the
fluorine—-containing gas in the passivation gas when
performing passivation treatment is more preferably 10 to 100
volume%, still more preferably 30 to 100 volume%, and
particularly preferably 50 to 100 volume%. Further, the
concentration of the fluorine-containing gas when performing
passivation treatment is preferably equal to or more than the
concentration of the halogen fluoride contained in the
halogen fluoride-containing gas, and is preferably higher
than the concentration of fluorine gas when measuring the
concentration of fluorine gas contained in the halogen
fluoride-containing gas.
[0032]

The adjustment of the concentration of the fluorine-
containing gas in the passivation gas may be performed by

adjusting the flow rate of each of the gases supplied from
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the fluorine-containing gas supply source 14 and the diluent
gas supply source 12. For example, when setting the
concentration of the fluorine-containing gas in the
passivation gas to 70 volume% of the concentration of the
fluorine-containing gas of the fluorine containing gas supply
source 14, the flow rate of each gas is regulated so that the
ratio between the flow rate of the fluorine-containing gas
supplied from the fluorine containing gas supply source 14
and the flow rate of the diluent gas supplied from the
diluent gas supply source 12 is 7:3 under equal pressure.
[0033]

(Measurement of the concentration of fluorine gas)

For the measurement of the concentration of fluorine
gas contained in the halogen fluoride-containing gas, first,
the passivation treatment mentioned above is performed, the
fluorine—-containing gas is sufficiently removed from the tube
24, the capillary 28, and the mass spectrometer 30,
preventing thereafter the fluorine-containing gas from being
supplied from the fluorine-containing gas supply source 14.
Next, a halogen fluoride-containing gas is supplied to the
tube and others from the halogen fluoride-containing gas
supply source 16, is diluted with a diluent gas as necessary,
and is introduced into the mass spectrometer 30 to measure

the concentration of fluorine gas contained in the halogen
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fluoride-containing gas.
[0034]

The halogen fluoride-containing gas at the time of
measurement with the mass spectrometer 30 preferably has been
diluted to 1 to 90 volume%, more preferably has been diluted
to 5 to 70 volume%, and still more preferably has been
diluted to 10 to 50 volume$%, by using a diluent gas.

[0035]

The dilution of the halogen fluoride-containing gas
mentioned above is performed by adjusting the flow rate of
each of the gases supplied from the halogen fluoride gas
supply source 16 and the diluent gas supply source 12. For
example, when diluting the halogen fluoride-containing gas to
40 volume%, the flow rate of each gas is regulated so that
the ratio between the flow rate of the halogen fluoride gas
supplied from the halogen fluoride gas supply source 16 and
the flow rate of the diluent gas supplied from the diluent
gas supply source 12 is 4:6 under equal pressure, and a mixed
gas of the halogen fluoride-containing gas and the diluent
gas 1is prepared.

[0036]

The halogen fluoride-containing gas supplied from the

halogen fluoride-containing gas supply source 16, or the

mixed gas of the halogen fluoride-containing gas and the
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diluent gas adjusted in the above manner is introduced into
the mass spectrometer 30 through the tube 24 and the
capillary 28. The concentration of fluorine gas contained in
the halogen fluoride-containing gas is measured in conformity

with a manual of the mass spectrometer 30 used.

Examples
[0037]

Hereinbelow, the present invention is described still
more specifically on the basis of Examples; however, the
present invention is not limited to these Examples.

[Example 1]

Chlorine trifluoride gas was used as the halogen
fluoride-containing gas, and F,; was used as the fluorine-
containing gas in the passivation gas; using the analysis
apparatus 10 shown in Fig. 1, the concentration of fluorine
gas contained in the chlorine trifluoride gas was measured in
conformity with the measurement method of the present
invention. A tube made of SUS 316 and having an inner
diameter of 6 mm was used as the tube 24 included in the
analysis apparatus 10. A capillary made of SUS 316 and having
an inner diameter of 1 mm was used as the capillary 28. A
quadrupole mass spectrometer (HPR-20, manufactured by Hiden

Analytical Ltd.) was used as the mass spectrometer 30, and
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the concentration of fluorine gas was measured in conformity
with a manual that came with the product.
[0038]

F, with the flow rate adjusted to 50 mL/minute was
supplied to the tube and others from an F, cylinder, which is
the fluorine-containing gas supply source 14 for passivation
treatment, via the flow rate control device 36 (product name:
Digital Mass Flow Controller SEC-N100, manufactured by HORIBA
STEC, Co., Ltd.). Further, Nz was used as a diluent gas; N2
with the flow rate adjusted to 50 mL/minute was supplied to
the tube and others from an Nz cylinder, which is the diluent
gas supply source 12, via the flow rate control device 18
(product name: Digital Mass Flow Controller SEC-N100,
manufactured by HORIBA STEC, Co., Ltd.). In a state where
both gases were being supplied to the tube 24 at the flow
rates mentioned above, the tube 24 and the capillary 28 were
heated at 200°C for 3 hours to subject the interiors of the
tube and others to passivation treatment with a mixed gas (1)
of F2 and Nz, which is the passivation gas.

[0039]

The gas supply from the F2 cylinder and the Nz cylinder
to the tube and others was stopped to end the passivation
treatment. The mixed gas (1) mentioned above was discharged

from the tube and others by opening the outlet 26 and was
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then replaced with N2, the outlet 26 was closed, and the
passivation gas in the tube and the capillary was
sufficiently discharged with the vacuum pump 32; then, a
mixed gas (2) of chlorine trifluoride gas and Nz with the
flow rates adjusted individually to 50 mL/minute was supplied
to the tube and others from a chlorine trifluoride gas
cylinder, which is the halogen fluoride-containing gas supply
source 16, and an N2 cylinder, which is the diluent gas
supply source 12, via the flow rate control device 20
(product name: Digital Mass Flow Controller SEC-N100,
manufactured by HORIBA STEC, Co., Ltd.) and the flow rate
control device 18, and the concentration of fluorine gas in
the chlorine trifluoride gas that had been diluted to 50
volume% with N, under the condition of 25°C was measured with
the mass spectrometer 30. As a result, it was found that the
concentration of fluorine gas after dilution with Nz was 4
volume ppm. Therefore, the concentration of fluorine gas
contained in the chlorine trifluoride gas supplied from the
chlorine trifluoride-containing gas supply source 16 before
dilution with N2 was 8 volume ppm.
[0040]
[Example 2]

The concentration of fluorine gas was measured

similarly to Example 1 except that, as the halogen fluoride-
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containing gas, the chlorine trifluoride gas was replaced
with iodine heptafluoride gas. As a result, it was found that
the concentration of fluorine gas contained in the iodine
heptafluoride gas supplied from the halogen fluoride-

5 containing gas supply source 16 was 6 volume ppm.
[0041]
[Example 3]

The concentration of fluorine gas was measured

similarly to Example 1 except that, as the halogen fluoride-
10 containing gas, the chlorine trifluoride gas was replaced
with bromine pentafluoride gas. As a result, it was found
that the concentration of fluorine gas contained in the
bromine pentafluoride gas supplied from the halogen fluoride-
containing gas supply source 16 was 10 volume ppm.
15 [0042]
[Comparative Example 1]

The concentration of fluorine gas contained in chlorine
trifluoride gas was measured similarly to Example 1 except
that passivation treatment was not implemented; fluorine gas

20 was not detected.
[0043]
[Examples 4 to 9]
The concentration of fluorine gas contained in chlorine

trifluoride gas was measured similarly to Example 1 except
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that the temperature condition at the time of passivation
treatment was set to the temperatures written in Table 1
below. The results of the concentration of fluorine gas
contained in the chlorine trifluoride gas supplied from the

halogen fluoride-containing gas supply source 16 are shown in

Table 1.
[0044]
[Table 1]

Temperature Fluorine gas
at passivation |concentration
treatment (°C) (volume ppm)

Example 1 200 8
Example 4 150 8
Example 5 120 8
Example 6 100 8
Example 7 80 8
Example 8 60 1
Example 9 40 1
C . N . .

omparative O passivation Not detected
example 1 treatment
[0045]

[Examples 10 to 15]

The concentration of fluorine gas contained in chlorine
trifluoride gas before being diluted was obtained similarly
to Example 1 except that the concentration of F, used for
passivation treatment was set to the concentrations shown in
Table 2 below. The results are shown in Table 2. In Example
10, the dilution of F2 with N2 was not performed at the time

of passivation treatment, and thus the measurement value of
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the concentration of fluorine gas is shown in Table 2 as is.

[0046]
[Table 2]
F, concentration Fluorine gas
at passivation concentration
treatment (volume (volume ppm)
%)
Example 1 50 8
Example 10 100 8
Example 11 70 8
Example 12 30 8
Example 13 10 8
Example 14 5 1
Example 15 1 1
Comparative No passivation
Not detected
example 1 treatment

Reference Signs List

[0047]

10 analysis apparatus

12 diluent gas supply source

14 fluorine-containing gas supply source
16 halogen fluoride-containing gas supply source
18, 20, 36 flow rate control device

22, 38, 40, 44 valve

24 tube

26 outlet

28 capillary

30 mass spectrometer



32 vacuum pump

34 outlet

28
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CLAIMS

[Claim 1]

A method for measuring a concentration of fluorine gas
(F2) contained in a halogen fluoride-containing gas by using
an analysis apparatus having a halogen fluoride-containing
gas supply source, a fluorine-containing gas supply source, a
tube, a capillary, and a mass spectrometer,

the method comprising:

before measuring the concentration of fluorine gas,
performing passivation treatment on the tube and the
capillary by using a passivation gas containing a fluorine-—
containing gas supplied from the fluorine-containing gas
supply source.
[Claim 2]

The method for measuring a concentration of fluorine
gas according to claim 1, wherein

the fluorine-containing gas is at least one kind of gas
selected from the group consisting of F,, HF, NF3, SF¢, and a
halogen fluoride.
[Claim 3]

The method for measuring a concentration of fluorine
gas according to claim 1 or 2, wherein

a temperature used to perform the passivation treatment
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is 70 to 500°C.
[Claim 4]

The method for measuring a concentration of fluorine
gas according to any one of claims 1 to 3, wherein

time to perform the passivation treatment is 1 to 5
hours.
[Claim 5]

The method for measuring a concentration of fluorine
gas according to any one of claims 1 to 4, wherein

a concentration of the fluorine-containing gas in the
passivation gas is 8 to 100 volume%.
[Claim 6]

The method for measuring a concentration of fluorine
gas according to claim 5, wherein

the analysis apparatus further has a diluent gas supply
source, and adjusts the concentration of the fluorine-
containing gas in the passivation gas by using a diluent gas
supplied from the diluent gas supply source.
[Claim 7]

The method for measuring a concentration of fluorine
gas according to claim 5 or 6, wherein

the diluent gas is at least one selected from helium,
argon, nitrogen gas (N2), carbon dioxide, and carbon

tetrafluoride.
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[Claim 8]

The method for measuring a concentration of fluorine
gas according to any one of claims 1 to 7, wherein

a halogen fluoride contained in the halogen fluoride-
containing gas is at least one selected from the group
consisting of chlorine fluoride, chlorine trifluoride,
bromine fluoride, bromine trifluoride, bromine pentafluoride,
iodine fluoride, iodine trifluoride, iodine pentafluoride,
and iodine heptafluoride.
[Claim 9]

An apparatus for measuring a concentration of fluorine
gas, the apparatus comprising:

a halogen fluoride-containing gas supply source;

a fluorine-containing gas supply source;

a tube;

a capillary; and

a mass spectrometer,

wherein the tube and the capillary have been subjected
to passivation treatment with a passivation gas containing a
fluorine-containing gas supplied from the fluorine-containing

gas supply source.



