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CLEANING GAS

BACKGROUND OF THE INVENTION
The present invention relates a cleaning gas

for removing a polymer of tetraethoiysilane or
pentaethoxytantalum without damaging a reactor,
tools, parts and piping of a silicon oxide
film-forming apparatus or a tantalum oxide
film-forming apparatﬁs in which tetraethoxyethane or
pentaethoxytantalum is used as a starting material.

When a silicon oxide film or a tantalum oxide
film is deposited by a CVD (Chemical Vapor
Deposition) using tetraethoxysilane (TEOS) or
pentaethoxytantalum (PETa) as a starting material, a
compound or polymer containing C, H and O in
addition to Si and Ta is deposited at an inner wall,
tools, parts and piping of the apparatus. Due to
formatioﬂ of these compounds, particles are formed
in the reactor or clogging of the piping is occurred.
Accordingly, it is necessary to remove these
deposited materials at any time.

As a method for removing these deposits, it has
generally been used a method of removing them by
disassembling apparatus and piping. Also, the
inventors of the present invention have disclosed a
cleaning method using a HF gas in a Japanese Patent
Provisional Application No. 5-214339. This method
has arranged to rapidly react and remove polymers
such as tetraethoxysilane without disassembling the
apparatus and piping, or effecting removal of tools.
More specifically, this method functions to remove
the deposit without liquefying H,0 which is a

reaction product at the time of cleaning, i.e.,
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without causing formation of hydrofluoric acid by
controlling a gas temperature and a HF gas
concentration. However, if a deposition amount of
polymer becomes extremely large, fo; example, when a
flow rate of TEOS which is a starting material for
increasing a deposition rate of a silicon oxide f£ilm
is increased, it becomes difficult to precisely
control a gas temperature at the inside of a reactor
or in a pipiné. Thus, when a material containing C,
H and O with high contents is adhered thereon with a
large amount or when a ligquid-state polymer exists
thereon, corrosion of metal materials may be
occurred by formation of hydrofluoric acid.

'Accordingly, it has been desired a gas or a method

which can effect cleaning withput requiring precise
control of the temperature or the HF gas
concentration or without causing metal corrosion by
hydrofluoric acid.

Further, the inventors of the present invention
have disclosed a method in which oxygen is firstly
introduced into the system to oxidize a TEOS
decomposed material, then cleaning is carried out by
a HF gas, in a Japanese Patent Provisional
Application No. 9-129586. However, in such a method,
an 0O, treatment and a HF treatment should be carried
out with two steps so that it is not effective.
Also, regarding a décomposed material of
pentaethoxytantalum, a method of removing it with
ClF; or F, has been disclosed in Japanese Patent
Provisional Publication No. 9-301718. However, the
method uses an active fluorinating agent so that
there was a possibility of causing combustion by a
large amount of ClF;, etc. due to trouble of a mass
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flow controller or trouble of a vacuum pump or a
pressure control valve, or when ClF;, etc. is flowed
in a system with a high pressure. Also, with regard
to TEOS, as for a mixed gas for HF and ClF;, it is
disclosed in Japanese Patent Provisional Publication
No. 6-173012.
SUMMARY OF THE INVENTION

It is therefore an object of the present

invention to provide a cleaning gas by which an
unnecessary deposited material formed in a thin f£ilm
forming apparatus.by thermal decomposition of
alkoxide is removed without damaging a reactor,
tools, parts and piping of a silicon oxide
film—forming_apparatus or a tantalum oxide
film-forming apparatus.

A cleaning gas according to the present
invention is for removing an accumulated material
formed on an inner surface of a thin film forming
apparatus by thermal decomposition of alkoxide. The
cleaning gas comprises HF gas and at least one of
an oxygen-containing gas, a fluorine gas, a chlorine
filuoride gas, a bromine fluoride gas and an iodine
fluoride gas. |

. More specifically, the cleaning gas is for
removing an accumulated material formed on an inner
surface of a thin film forming apparatus by thermal
decomposition of pentaethoxytantalum. The cleaning
gas comprises HF gas and at least one of an
oxygen-containing gas, a fluorine gas, a chlorine
fluoride gas, a bromine fluoride gas and an iodine
fluoride gas.

Furthermore, the cleaning gas is for removing
an accumulated material formed on an inner surface
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of a thin film forming apparatus by thermal
decomposition of tetraethoxysilane. The cleaning
gas comprises HF gas and at least one of an
oxygen-containing gas, a fluorine gas, a bromine
fluoride gas and an iodine fluoride gas.

DETATLED DESCRIPTION OF THE INVENTION

As a result of intensive studies, the present
inventors have found a composition of a cleaning gas
by which a decomposed material including polymers of
alkoxide is efficiently and safety removed. The
cleaning gas is a mixed gas containing a HF gas and
at least one of an oxygen-containing gas, a fluorine
gas, a chlorine fluoride gas, a bromine fluoride gas
or an iodine fluoride gas.

That is, the present invention relates to a gas
for removing an unnecessary deposited material
formed in a thin film forming apparatus by thermal
decomposition of pentaethoxytantalum (PETa), and
provide a cleaning gas which contains HF and at
least one of an oxygen-containing gas, a fluorine
gas or a fluorine series inter halogen gas.
Furthermore, the present invention relates to a gas
for removing an unnecessary deposited material
formed in a thin film forming apparatus by thermal
decomposition of tetraethoxysilane (TEOS), and
provide -a cleaning gas which contains HF and at
least one of an oxygen-containing gas, a fluorine
gas or a fluorine series inter halogen gas.

A sﬁbstance, which becomes an object of the gas
of the present invention, is a composition of
(SiCxHyO,)n [X=0.1 to 8, ¥=1 to 20, Z=0.1 to 11, and
n>0] when the decomposed product composition formed
by thermal decomposition of the alkoxide is TEOS,
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and the substance is a composition of (TaCgHyO;)n
[X=0.1 to 10, ¥=1 to 25, Z=0.1 to 11, and n>0] when
it is PETa.

Also, the oxygen-containing gas to be used in
the present invention is 0O,, 03, N,O, NO or CO and
chlorine fluoride represents ClF, ClF3; or ClFs,
bromine fluoride represents BrF, BrF3 or BrFs, and
iodine fluoride represents IF, IF;3;, IF5 or IF,.

When an oxygen-containing gas is employed in
the cleaning gas according to the present invention,
oxidation of an alkoxide polymerized material is
promoted and an amount of vapor formed by the
reaction is reduced by the mixed oxygen whereby
corrosion of metal can be controlled and the metal
is fluorinated by HF gas whereby an unnecessary
deposited material can be reacted and removed.

Further, when the oxygen-containing gas such as
02, O3, NO, NO or CO is employed in the cleaning gas
according to the present invention, the gas
concentration of the oxygen-containing gas is
preferably in the range of 5 to 80%, and the HF gas
concentration is preferably in the range of 10 to
95%. If the concentration of the oxygen-containing
gas is less than the above concentration range,
oxidation-promoting effect of the deposited material
cannot sufficiently be obtained. Also, if the HF
gas concentration is less than the above
concentration range, an oxidation effect due to the
oxygen-containing gas is superidr to an etching
effect due to HF so that there is a problem that the
cleaning takes much more time. Also, if the
oxygen-containing gas concentration exceeds 80%,
oxidation undesirably proceeds, and if the HF gas
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concentration exceeds 95%, a steam-generated amount
per a unit time undesirably becomes too much.

The ambient temperature during the cleaning is
preferably in the range of 20 to 200 °C, most
suitably in the range of 50 to 150 5C. If it is less
than 20 °C, there is a possibility of undesirably
liquefying HF in the piping, while if it exceeds 200
°C, a resin such as an O-ring to be used in the
piping is undesirably damaged.

Also, in the present invention when fluorine,
chlorine fluoride, bromine fluoride or iodine
fluoride is employed, it is necessary to maintain
the concentration of the employed gas smaller than
or equal to 20 %. If it exceeds 20 %, S5iO; or TayOs
generates in powder state to increase a particle
amount in the reactor or the apparatus is broken by
the deposition of powder in a pump or in a valve,
which are considered to be caused by burning the
alkoxide polymer. Also, if it is less than 0.1%,
the oxidation effect to the decomposed material
cannot sufficiently be obtained. The HF gas
concentration is preferably iﬁ the range of 5 to 99.
9 %. If it is less than 5 %, a sufficient cleaning
effect cannot desirably be obtained.

~ The ambient temperature during the cleaning is
preferably in the range of 20 to 200 °C, most
suitably in the range of 50 to 150 °C. If it is less
than 20 °C, there is a possibility of undesirably
liquefying HF in the piping, while if it exceeds 200
°C, a resin such as an O-ring to be used in the
piping is undesirably damaged. Moreover, corrosion
of metals is éometimes undesirably caused due to C1Fj;,

etc.
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In the present invention, an inert gas such as
Ar, He, N, and CO; may be mixed as a third component
of the cleaning gas. '

[Examples] .

In the following, the present invention is
explained more specifically by referring to Examples.
Further, it will be understood that the present
invention will not be limited by such Examples.
Examples 1 to 6, Comparative examples 1 and 2

In a exhaust series piping and at a flange
portion of a reactor of an apparatus in which
thermal CVD (a flow rate: 3SLM, 450 °C, 760 Torr) was
carried out using TEOS as a starting material, a
transparent glass state substance (deposited film
thickness; about 5 mm) containing a liquid-state
alkoxide polymerized material was adhered. As a
result of an elemental analysis, the composition was
SiCqy.gHgOg. This piping portion was detached, and a
gas supplying series and a gas exhausting series
piping were newly attached to the piping. A mixed
gas of O, and HF was flowed with a whole pressure of
760 Torr for one hour to effect cleaning. Observed
result in the piping after cleaning are shown in
Table 1. Provided that as for example in which
total concentration of HF and O, in Table 1 was less
tan 100%, Ar was used as a diluting gas. Also, when
the oxygen-containing gas had been changed to 03, N,0,
NO or CO, the same results were obtained.



[Table 1]

02 £low
rate
{sca)

02
concen-
tration
{(vol%)

HF flow
rate
(SCeM)

HF
conccen-
tration
{vol%)

Pressure
(Torr)

Obsexrved
results at the
inner portion
of piping

Example 1 50

Example 2 200

Example 3 800
Example 4 800
Example 5 800

Example 6 800

20

80

80

80

80

950

800

200

100

100

1o0

95

80

20

10

10

1o

100

100

100

100

760

Accumilated
material
campletely
removed to no
metal corrosion
Same results as
in Example 1
Same as in
Example 1

Same as in
Example 1

Same as in
Example 1

Same as in
Example 1

Comparative 10
Example 1

Comparative 900
Example 1

90

200

100

90

10

100

100

Liquid drop of
hydrofluoric
acid residual
liquid adhered
portion in
piping corroded
White colored
cleaning
residue (SiO2)
remained

10

Examples 7 to 12, Comparative examples 3 and 4

In an exhaust series piping and at a flange

portion of a reactor of an apparatus in which
thermal CVD (a flow rate: 3SLM, 550 °C, 760 Torr) was
carried out using PETa as a starting material, a

transparent glass state substance (deposited film

thickness; about 5 mm) containing a liquid-state

alkoxide polymerized material was adhered.

As a

result of an elemental analysis, the composition was

TaCop,2HgO10-

This piping portion was detached, and a

gas supplying series and a gas exhausting series
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piping were newly attached to the piping. A mixed
gas of O, and HF was flowed with a whole pressure of
760 Torr for one hour to effect cleaning. Observed
results in the piping after cleaning were shown in

5 Table 2. Provided that as for example in which
total concentration of HF and O, in Table 2 was less
than 100%, Ar was used as a diluting gas. Also,
when the oxygen-containing gas had been changed to O,
N,O, NO, CO, the same results were obtained.
10
[Table 2]
02 flow 02 HF flow HF Pressure Observed results
rate concen- rate concen- (Torr) at the immer
{(sca) tration {(sCQM) tration portion of
(vols) (volg) piping
Example 7 50 5 950 95 100 Accumulated
material
completely
removed to no
metal corrosion
Example 8 200 20 800 80 100 Same results as
in Exanple 7
Example 9 800 80 200 20 100 Same as in
' . Example 7
Example 10 800 80 100 10 100 Same as in
Example 7
Example 11 800 80 100 10 760 Same as in
Example 7
Example 12 800 80 100 10 5 Same as in
Example 7
Comparative 10 1l 900 90 100 Liquid drop of
Example 3 hydrofluoric
acid residual
liquid adhered
portion in
piping corroded
Comparative 900 90 100 10 100 White colored
Example 4 cleaning residue
(Si02) remained
Examples 13 to 15, Comparative example 5
In an exhaust series piping and at a flange
15 portion of a reactor of an apparatus in which
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thermal CVD (a flow rate: 3SLM, 450 °C, 760 Torr) was
carried out using TEOS as a starting material, a
transparent glass-state substance (deposited film
thickness; about 5 mm) containing liquid-state
alkoxide polymerized material was adhered. As a
result of an elemental analysis, the composition was
SiCy.gHgO9. This piping portion was detached, and a
gas supplying series and a gas exhausting series
piping were newly attached to said piping. A mixed
gas of BrFs and HF was flowed with a whole pressure
of 760 Torr for one hour to effect cleaning.
Observed results in the piping after cleaning are
shown in Table 3. Also, when the BrFs; gas had been
changed to F,, BrFs, or IF7,_the same results were

obtained.
[Table 3}
Br¥5 BrF5 HF flow HF Pressure Observed results
flow concen- rate concen- (Torx) at the inner
rate tration (SCCM) tration portion of
{(SCM) {vol%) {(volg) piping
Exanple 13 50 5 950 95 100 Accumulated
material
completely
removed to no
metal corrosion
Example 14 100 10 900 90 100 Same results as
in Example 13
Example 15 200 20 800 80 100 Same as in
Exanple 13
Comparative 300 30 700 70 100 Piping
Example 5 temperature
raised to 150
°C. Metal
corroded and
which powder
formed

Examples 16 to 18, Comparative example 6

In an exhaust series piping and at the flange



portion of a reactor of an apparatus in which
thermal CVD (a flow rate: 3SLM, 450 °C, 760 Torr) was
carried out using PETa as a starting material, a
transparent glass state (accumulated film thickness,
5 -ébout 5 mm) substance containing a iiquid alkoxide
polymerized material was adhered. As a result of an
elemental analysis, the composition was TaCg HgOig.
This piping portion was detached, and a gas
supplying series and a gas exhausting series piping
10 were newly attached to the piping. A mixed gas of
ClF; and HF was flowed with a whole pressure of 760
Torr for one hour to effect cleaning. Observed
results in the piping after cleaining are shown in
Table 4. Also, when the ClF3 gas had been changed to
1s F,;, BrFs or IF,;, the same results were obtained.

[Table 4]
C1F3 CIF3 HF flow HF Pressure Observed results
flow concen- rate concen- {Torr) at the inner
rate tration (sccM) tration portion of
{sca) (vol%) {vols) piping
Example 16 50 5 950 95 100 Accumulated
: material
campletely
removed to no
metal corrosion
Example 17 100 10 900 a0 100 Same results as
in Example 16
Example 18 200 20 800 80 100 Same as in
Example 16
Comparative 300 30 700 70 100 Piping
Exanple 6 temperature
' raised to 150
°C. Metal
corroded and
which powder
formed

With the thus arranged cleaning gas according
20 to the present invention, cleaning can be easily
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carried out without damaging a thin film forming
apparatus, piping, etc.

The entire contents of Japanese Patent
Applications No. 11-289190 filed on October 12, 1999
in Japan are incorporated herein by.reference.
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WHAT IS CLAIMED IS:
1. A cleaning gas for removing an accumulated
material formed on an inner surface of a thin film
forming apparatus by thermal decomposition of
alkoxide, said cleaning gas comprising:

HF gas; and

at least one of an oxygen-containing gas, a
fluorine gas, a chlorine fluoride gas, a bromine
fluoride gas and an iodine fluoride gas.

2. A cleaning gas for removing an accumulated
material formed on an inner surface of a thin film
forming apparatus by thermal decomposition of
pentaethoxytantalum, said cleaning gas comprising:

HF gas; and |

at least one of an oxygen-containing gas, a
fluorine gas, a chlorine fluoride gas, a bromine
fluoride gas and an iodine fluoride gas.

3. A cleaning gas for removing an accumulated
material formed on an inner surface of a thin film
forming apparatus by thermal decomposition of
tetraethoxysilane, said cleaning gas comprising:

HF gas; and

at least one of an oxygen-containing gas, a
fluorine gas, a bromine fluoride gas and an iodine
fluoride gas.

4. A cleaning gas as claimed in claim 1, wherein
the oxygen-containing gas includes one of 0,, O;, N,O0,
NO and CO, the chlorine fluoride gas including one

of ClF, ClF; and ClFs, the bromine fluoride gas
including one of BrF, BxrF; and BrFs, and the iodine
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fluoride gas including one of IF, IF3;, IFs; and IF,.

5. A cleaning gas as claimed in claim 1, wherein
when the oxygen-containing gas is used, the gas

concentration is in the range of 5 to 80%, and the
HF gas concentration is in the range of 10 to 95%.

6. A cleaning gas as claimed in claim 1, wherein
the temperature of cleaning is in the range of 20 to
200 °C.

7. A cleaning gas as claimed in claim 1, wherein
when one of fluorine, chlorine fluoride, bromine
fluoride and iodine fluoride_is used, the
concentration of the gas is smaller than or equal to
20%, and the HF gas concentration is in the range of .
5 to 99. 9 %.

8. A cleaning as claimed in claim 3, further
comprising an inert gas which includes one of Ar, He,

" N, and CO,.



