
-1- CLEANING GAS AND METHOD FOR CLEANING VACUUM TREATMENT APPARATUS BY
FLOWING THE CLEANING GAS BACKGROUND OF THE INVENTION The present invention
relates to a cleaning gas 5 for removing an unnecessary deposit deposited
on an inner wall and tools of a thin film producing apparatus by means of
CVD method, and relates to a method for cleaning a vacuum treatment
apparatus by the cleaning gas. 10       In various production processes for
producing thin-film devices, optical devices and super steel materials,
various films, powders and whiskers are produced by means of CVD method,
sputtering method, sol-gel method and vapor deposition method. By the 15
execution of the above-mentioned methods, unnecessary depositions are
deposited on an inner wall and tools of the producing apparatus. In order
to prevent such unnecessary deposit from affecting objective products, it
is necessary to properly 20 remove such unnecessary deposit. A cleaning gas
employed to remove such unnecessary deposit is required to have several
performances. For example, such a cleaning gas has to perform so as not to
damage the objective products, not to increase the 25 amount of particles
in a reactor of the apparatus, to be easily varied into innocent gas and to
tenderly affect the earth. Presently, a plasma cleaning employing a
cleaning gas of at least one of C2F6, CF4, C4F8, NF3 30 and ClF3 and a
plasma-less cleaning employing a cleaning gas of at least one of F2, C12
and ClF3 have 



practically been executed to remove unnecessary    deposits. However, these
methods have several problems such that when the cleaning is executed by
using the above-mentioned fluorine series gas, heat-resisting Ni-alloy,
stainless steel and AlN are 5 corroded by the gas and particles are
increased in the apparatus, and that if the temperature for cleaning is
lowered to suppress such corrosion, an idling time thereof is increased to
lower the throughput of the apparatus, and that if the 10  temperature for
the cleaning is lowered to prevent the corrosion of the material of the
apparatus, the cleaning speed is lowered. A Japanese Patent Provisional
Publication No. 8-295600 discloses a method for cleaning a nickel 15  base
plate employed to produce whiskers of TiC, TiCO and TiCN by means of
diluted nitric acid. However, this method requires executing a wet cleaning
in an in-site cleaning, and therefore it becomes difficult to improve the
throughput of the apparatus. 20  SUMMARY OF THE INVENTION It is therefore
an object of the present invention to provide an improved cleaning gas
which effectively removes unnecessary deposit deposited in a vacuum
treatment apparatus while satisfying 25  performances required to such a
cleaning gas. A aspect of the present invention resides in a cleaning gas
for removing a deposited material generated in a vacuum treatment apparatus
for 



forming a thin film of at least one of Ti, W, Ta, Ru, 30  Ir, a compound
including one of Ti, W, Ta, Ru and Ir and an alloy including one of Ti, W,
Ta, Ru and Ir, the cleaning gas comprises HF gas and oxygen containing gas.
-3- Another aspect of the present invention resides in a method which
functions to remove a deposited material generated in a vacuum treatment
apparatus for forming a thin film of at least one of Ti, W, Ta, 5 Ru and
Ir, a compound including one of Ti, W, Ta, Ru and Ir and an alloy including
one of Ti, W, Ta, Ru and Ir. The method comprises a step of flowing a
cleaning gas in the vacuum treatment apparatus. BRIEF DESCREPTION OF THE
DRAWINGS 10       Fig. 1 is a plan view showing a thin film producing
apparatus of a cluster tool type, to which a cleaning method according to
the present invention is adapted; and Fig. 2 is a schematic view showing
one of the 15  thin film producing apparatus. DETAILED DESCRIPTION OF THE
INVENTION As a result of intensive studies, the present inventors have
found a composition of a cleaning gas by which unnecessary deposit
deposited on an inner 20  wall and tools of a film producing apparatus is
efficiently and safety removed. More specifically, the cleaning gas
according to the present invention functions to effectively remove
unnecessary deposit 



deposited in a vacuum treatment apparatus for 25  producing thin films of
one of Ti, W, Ta, Ru and Ir, and of a compound of one of Ti, W, Ta, Ru and
Ir, and alloy of one of Ti, W, Ta, Ru and Ir. The cleaning gas is a mixed
gas containing a HF gas and an oxygen-containing gas. The concentration of
the 30  HF gas is greater than or equal to 1 vol%, and the concentration of
the oxygen containing gas ranges from 0.5 to 99 vol%. The oxygen containing
gas employed in the    -4- cleaning gas according to the present invention
comprises at least one Of 02 gas, 03 gas, N20 gas, NO gas, CO gas and CO2
gas. The cleaning gas according to the present 5 invention is applicable to
the apparatus made of Ti, W and Ta, a compound of one of Ti, W and Ta and
an alloy of one of Ti, W and Ta. More specifically, Ti, W, Ta, an oxide of
one of Ti, W and Ta, a nitride of one of Ti, W and Ta and an alloy of one
of Ti, W and 10  Ta.  Furthermore, the cleaning gas is applicable to the
apparatus made of Ti, TiN, TiW, TiON, W, WN, TaN, Ru, Ir, compound thereof
and alloy thereof. The cleaning gas simultaneously removes CVD reaction
by-product produced at piping with by-product 15  produced in the chamber
of the apparatus. It is preferable that the concentration of the HF gas of
the cleaning gas is greater than or equal to 1 vol% and the concentration
of the oxygen 



containing gas of the cleaning gas is within a range 20  from 0.5 to 99
vol%.  More preferably, the concentration of HF gas is greater than or
equal to 10 vol% and the concentration of the oxygen containing gas is
within a range from 1 to 90 vol%. If the concentration of HF gas is smaller
than 1 25  vol% and the concentration of oxygen containing gas is smaller
than 0.5 vol%, it is difficult to ensure a preferable etching speed.
Specifically, when the concentration of oxygen containing gas is smaller
than 0.5 vol%, the material of the apparatus is 30  damaged by the cleaning
gas in relatively large degree. Further, when the concentration of oxygen
containing gas is greater than 1 vol%, an etching speed of the cleaning gas
is accelerated. When the    concentration of oxygen containing gas is
greater than a range from 75 to 85 volt, the etching speed tends to
decrease in inverse proportion to the increase of the oxygen concentration.
If the 5 concentration of the oxygen containing gas is greater than 90
volt, the etching speed is radically decreased. In addition to the
above-mentioned gases, inert gas such as N2, Ar, He may be employed.
Further, the 10  other gas having an oxidation property may be employed.
Next, as to the pressure during the cleaning operation employing the
cleaning gas according to the present invention, it is necessary that the 



15  whole pressure, which is the sum of the HF gas partial pressure and the
oxygen containing gas partial pressure, is smaller than or equal to 500
Torr. Preferably, the whole pressure should be smaller than or equal to 100
Torr, and it is further 20  preferable that the pressure is within a range
0.1 to 10 Torr. If the whole pressure becomes greater than 500 Torr, the
evaluating time necessary for evacuating the cleaning gas becomes large.
Further, even if a 25  mixture ratio of the mixed gas is within an
allowable range and if the partial pressure of the oxygen containing gas is
smaller than or equal to 0.005 Torr, it is difficult to ensure a preferable
etching speed, and the amount of particles in the 30  reactor is increased
without improving the corrosion resistance of the material of the
apparatus. As a result of further intensive studies, the inventors of the
present invention have found that    the corrosion resistance of the
material employed in the apparatus is remarkably improved by adding oxygen
containing gas to HF gas. More specifically, the cleaning gas according to
the present invention 5 is applicable to (1) Al and Al-alloy such as A15052
and A16061 (JIS mark) at a temperature range not larger than 600 'C, (2)
heat-resisting Ni-alloy at a temperature range not larger than 450 [err]C,
(3) austenitic stainless steels at a temperature range 10  of 450 [err]C,
(4) ferritic stainless steels at a 



temperature range of 460 [err]C, (5) aluminum nitride at a temperature
range not larger than 700 [err]C, (6) aluminum oxide at a temperature range
not larger than 920 0C, (7) quartz at a temperature range not 15  larger
than 700 [err]C, (8) silicon nitride at a temperature range of 760 [err]C
and (9) silicon carbide at a temperature range of 680 [err]C. That is, the
cleaning temperature may be determined according to the employed material.
20       The present invention will be explained in detail with reference
to the following examples. It will be understood that the present invention
is not limited to these examples. Examples 1 to 14, Comparative examples 1
and 2 25        As to a sample produced by forming a Ti film of 1 Vm thick
on a silicon wafer, measurements of etching speed thereto under conditions
shown in Table 1 were executed. The results thereof are also shown in Table
1. As is clearly shown in Table 1, 30  the etching speed was remarkably
improved by adding a trace quantity of 02 gas. Also, when the 02 gas had
been changed to one of 03, N20, NO, CO and CO2, the etching speed was
similarly improved.    -7- [Table 1] Teryera  Gas flow    Gas con-
Pressure    Etching speed ture      amount        centration        (Torr)
(A /n) ([err]C)      (SCM)         (vol%) Caqmrative  500          HF:1000
HF:100            5            103 



Examrple 1 Exanple 1    500         HF:1000       HF:99.5           5
298 02:5         02:0.5 Example 2    500         HF:1000       HF:99
5            1660 02:10        02:1 Example 3    500         HF:1000
HF:90.9           5            8710 02:100       02:9.1 Example 4    500
HF:300        HF:85.7           5            2490 02:50        02:14.3
Example 5    500         HF:1000       HF:50             5            10340
02:1000      02:50 Example 6    500          HF:1000      HF:40
5            10305 02:1500      02:60 Example 7    500         HF:1000
HF:33.3           5            10426 02:2000      02:66.7 Example 8    500
HF:1000       HF:25             5            10319 02:3000      02:75
Example 9    500          HF:1000      HF:20             5            10229
02:4000      02:80 Example 10   500          HF:1000      HF:12.5
5            9875 02:7000      02:87.5 Exanple 11   500          HF:500
HF:10             5            8136 02:4500      02:90 Example 12   500
HF:10         HF:1              5            238 02:990       02:99
Comparative  500         HF:5          HF:0.5            5            99.4
Example 2                 02:995       02:99.5 Example 13   600
HF:1000      HF:90.9           5            11900 02:100       02:9.1
Example 14   700         HF:1000       HF:90.9           5            13810
02:100       02:9.1 Examples 15 to 22, Comparative examples 3 and 4 



5            As to a sample produced by forming a TiN film of lpm thick on
a silicon wafer, measurements of etching speed thereto under conditions
shown in Table 2 were executed. The results thereof are also shown in Table
2. As is clearly shown in Table 2, 10 the etching speed was remarkably
improved by adding    a trace quantity Of 02 gas. Also, when the 02 gas had
been changed to one of 03, N20, NO, CO and CO2, the etching speed was
similarly improved. 5   [Table 2] Tempera-  Gas flow   Gas         Pressure
Etching ture ([err]C) rate     concentration  (Ton)    speed (SCC)
(Voi-%)                 ( A /min) Cacmprative 500     HF:1000   HF:100
5          8.5 Example 3 Example 15  500     HF:1000   HF:99.5       5
926 02:5      02:0.5 Example 16  500     HF:1000   HF:99         5
1400 02:10     02:1 Example 17  500     HF:1000   HF:90.9       5
1760 02:100    02:9.1 Example 18  500     HF:1000   HF:50         5
2500 02:1000    02:50 Example 19  500     HF:500    HF:10         5
1120 02:4500    02:90 Example 20  500     HF:10      HF:1         5
238 02:990    02:99 Compararative 500    HF:5       HF:0.5       5
140 Example 4           02:995    02:99.5 



Example 21  600     HF:1000   HF:90.9       5          4300 02:100
02:9.1 Example 22  700     HF:1000   HF:90.9       5          8200 02:100
02:9.1 Examples 23 to 24, Comparative example 5 As to a sample produced by
forming a W film of 1o   lpm thick on a silicon wafer, measurements of
etching speed thereto under conditions shown in Table 3 were executed. The
results thereof are also shown in Table 3. As is clearly shown in Table 3,
the etching speed was remarkably improved by adding a 15   trace quantity
of 02 gas.  Also, when the 02 gas had been changed to one of 03, N20, NO,
CO and CO2, the etching speed was similarly improved.    [Table 3] Tepera-
Gas flow  Gas      Pressure  Etching ture (0C) rate  concentration (Torr)
speed (SCCM)   (Vol.%                / A he) Ccparative 500    HF:1000
HF:100    5   s     1 Example 5 Example 23  500    HF:1000  BF:99    5
1800 02:10    02:1 Exanple 24  500    HF:1000  HF:90.9  5        2870 02:10
02:9.1 Examples 25 5       As to a sample produced by forming a WN film of
1pm thick on a silicon wafer, measurements of etching speed thereto under a
condition that a temperature is 500 0C, HF gas flow rate is 900 SCCM (90%),
02 gas 



flow rate is 100 SCCM (10%). As a result, the 1o  etching speed was 3045 A
/min which is very high in etching speed. When 02 gas had not been added,
the etching speed was smaller than or equal to a measurement lower limit (<
1 A /min). It has not been confirmed of the damages of the 15  apparatus
due to the operations for examples 1 to 25. Examples 26 to 36, Comparative
examples 6 to 16 As to Al, Al-alloy 5052 (JIS mark), Al-alloy 6061 (JIS
mark), heat-resisting Ni-alloy (trade name: Hastelloy C-22), ferroalloy
SUS316L (JIS mark), 20  SUS304 (JIS mark), SUS430L (JIS mark), AlN, A1203,
Si3N4, SiO2, corrosion characteristics by gas were observed. More
specifically, HF gas (flow rate: 1000 SCCM) and a mixed gas of HF gas (flow
rate: 1000SCCM) and N20 gas (flow rate: 1OSCCM) were used. 25  The examples
were exposed to the gas under a pressure of 500 Torr for 5 hours. After the
exposure, the surface of each example was observed    by an electron
microscope, and the change of weights of each sample before and after the
exposure was measured. As a result, it was found that damages to the
material were remarkably decreased by adding N20 5  gas.  Further, the
etching speed of each of the examples 26 to 36 was very high as same as
those of the examples 1 to 25. Comparative examples 6 to 16 show the
results obtained by the experiments using only HF gas. Also when the gas
N20 had been changed 10  to one of 02, 03, NO, CO and C02, the etching
speed 



of this example was high as is similar to those of the examples 1 to 25.
[Table  4] Material        Temperature  Observation result (JIS mark)
(0C) Comparative Al               400          White thick film was
deposited and Example 6                                 the film was
cracked (Comparative Comparative A15052           400          example 6 to
8) Example 7 Comparative Al6061           400 Example 8 Comparative
Heat-resisting  400           Surface of each corparative Example 9   Ni
alloy                      examples 9 to 12 was turned to Cbmparative
SUS316           400          yellow or black and was cracked. Example 10
Comparative SUS304           400 Example 11 Ccaparative SUS430
450 Example 12 Canqparative AlN             700          Corrosive
particulates were Example 13                                 generated on
the surface of each Comparative A1203            900          comparative
examples 13-14. Example 14 Comparative  SiO2            700          The
surface of each coaparative Example 15
example was etched to lose Comparative  Si3N4           700
transparency, and the weight Example 16
thereof was decreased by the etching. Example 26  Al               600
Semitransparent film was produced 



Example 27  A15052           600          on the surface of each
comparative Example 28  A16061           600          example 26-32 and was
in a passive Example 29  Heat-resisting  450            state.  Therefore,
no corrosion was Ni alloy                     occurred. Example 30  SUS316
450 Example 31  SUS304           450 Example 32  SUS430           460
Example 33  AIN              700          The weight and surface condition
of Example 34  A1203            900          each example 33 to 35 were not
Example 35  SiO2             700          substantially changed as compared
with those of each example before treatment. Example 36  Si3N4
760          A semitransparent film was formad on the surface of the
example 36. The surface was smooth and had no corrosion. Si-O bonding was
observed as a result of the analysis of ESCA. It is thought that an oxide
film superior in corrosion was formed on the surface.    -12- Comparative
Example 17 The heat-resisting Ni-alloy (trade name: Hastelloy C-22) was
exposed to the mixed gas of HF gas (flow rate: 1000SCCM) and 02 gas (flow
rate: 5 1000SCCM) at temperature 450 [err]C and under pressure 760 Torr for
5 hours. As a result, the surface of the comparative example 17 was turned
to yellow, and 



corrosive particles were generated. Example 37 10       The heat-resisting
Ni-alloy (trade name: Hastelloy C-22) was exposed to the mixed gas of HF
gas (flow rate: 1000 SCCM) and 02 gas (flow rate: 1000 SCCM) at a
temperature of 450 [err]C and under a pressure of 500 Torr for 40 hours. As
a result, a 15  transparent passive film was formed on the surface of the
example 37. The film was extremely thin and smooth. No corrosion was found
on the surface. Comparative Example 18 The heat-resisting Ni-alloy (trade
name: 20  Hastelloy C-22) was exposed to the mixed gas of HF gas (flow
rate: 990 SCCM) and 02 gas (flow rate: 10 SCCM) at a temperature of 450 0C
and under a pressure of 0.05 Torr for 40 hours. As a result, the surface of
the comparative example 17 was turned to yellow 25  and corroded.  By an
electron microscope, it was found that projecting substance and particulate
material are generated on the surface of the comparative example 18. As a
result of XMA observation, it was found that the particles 30  produced on
the surface of the comparative example 18 was a metal such as Fe and Ni and
F. Comparative Example 19 An example obtained by forming TiW film of lm
thick on a silicon wafer was heated at 500 [err]C, and HF gas (100%, flow
rate: 1000SCCM) was flowed in the reactor for 1 hour. Thereafter, the
example was 



analyzed as to Ti and W by means of an X-ray 5 fluorescence analyzer. As a
result, Ti and W were remained on the wafer surface. Example 38 An example
obtained by forming TiW film of 1pm thick on a silicon wafer was heated at
500 0C, and 10 the mixed gas of HF gas (flow rate: 1000 SCCM) and 02 gas
(flow rate: 1000 SCCM) was flowed in the reactor for 1 hour. Thereafter,
the example was analyzed as to Ti and W by means of an X-ray fluorescence
analyzer. As a result, Ti and W were not detected 15 on the wafer surface.
Examples 39 to 52, Comparative Examples 20 to 21 As to a sample produced by
forming a Ta film of lpm thick on a silicon wafer, measurements of etching
speed thereto under conditions shown in Table 5 were 20 executed. The
results thereof are also shown in Table 5. As is clearly shown in Table 5,
the etching speed was remarkably improved by adding a trace quantity of 02
gas. Also, when the 02 gas had been changed to one of 03, N20, NO, CO and
CO2, the 25 etching speed was similarly improved.    -14- [Table 5] Teapera
Gas flow    Gas              Pressure    Etching speed ture      rate
concentration   (Torr)       (A /d) ([err]C)      (SCCM)       (Vol%)
Comparative  500        HF:1000     HF:100          5            29 Example
21 



Example 39   500       HF:1000      HF:99.5         5            128 02:5
02:0.5 Example 40   500        HF:1000     HF:99           5            460
02:10       02:1 Example 41   500        HF:1000     HF:90.9         5
960 02:100      02:9.1 Example 42   500       HF:300       HF:85.7
5            1340 02:50       02:14.3 Example 43   500        HF:1000
HF:50           5            6960 02:1000     02:50 Example 44   500
HF:1000     HF:40           5            7342 02:1500     02:60 Exarple 45
500        HF:1000     HF:33.3         5            7132 02:2000
02:66.7 Example 46   500        HF:1000     HF:25           5
7369 02:3000     02:75 Example 47   500        HF:1000     HF:20
5            7089 02:4000     02:80 Example 48   500        HF:1000
HF:12.5         5            4958 02:7000     02:87.5 Example 49   500
HF:500      HF:10           5            2685 02:4500     02:90 Example 50
500        HF:10       HF:1            5            265 02:990      02:99
Comparative  500        HF:5        HF:0.5          5            32.2
Example 22              02:995      02:99.5 Example 51   600        HF:1000
HF:90.9         5            8872 02:100      02:9.1 Example 52   700
HF:1000     HF:90.9         5            9810 02:100      02:9.1 Examples
53 to 60, Comparative Examples 22 and 23 5           As to a sample
produced by forming a TaN film 



of lpm thick on a silicon wafer, measurements of etching speed thereto
under conditions shown in Table 6 were executed. The results thereof are
also shown in Table 6. As is clearly shown in Table 6, 10 the etching speed
was remarkably improved by adding    a trace quantity Of 02 gas.   Also,
when the 02 gas had been changed to one of 03, N20, NO, CO and CO2, the
etching speed was similarly improved. 5   [Table 6] Teapera-  Gas flow
Gas         Pressure  Etching ture (-c) rate     concentration  (Torr)
speed (SCCM)     (vol%)                 (A /Emn) Comparative 500
HF:1000   HF:100         5        0.5 Example 23 Example 53  500
HF:1000    HF:99.5      5        54 02:5      02:0.5 Example 54  500
HF:1000    HF:99        5        258 02:10     02:1 Example 55  500
HF:1000    HF:90.9       5        1692 02:100    02:9.1 Example 56  500
HF:1000   HF:50          5        1870 02:1000    02:50 Example 57  500
HF:500    HF:10         5        380 02:4500   02:90 Example 58  500
HF:10     HF:1          5        93 02:990    02:99 Comparative 500
HF:5       HF:0.5        5        28 Example 24          02:995    02:99.5
Example 59  600      HF:1000   HF:90.9       5        2396 



02:100    02:9.1 Example 60  700      HF:1000   HF:90.9       5        3986
02:100    02:9.1 Next, a cleaning method for practically applying the
above-mentioned gas to a vacuum 10   treatment apparatus such as a thin
film producing apparatus will be discussed. Figs. 1 and 2 show a thin film
producing apparatus 2 of a cluster-tool type. The thin film producing
apparatus 2 comprises a common conveying 15   chamber 4 which has the form
of octagon and is made of aluminum alloy. An articulated conveying arm 6
made of aluminum alloy is provided in the common conveying chamber 4 so as
to be rotatable and    expandable therein. A supporting portion for
supporting a semiconductor wafer 50 to be treated is installed to a tip end
of the articulated conveying arm 6. Four thin-film producing apparatuses 8A
to 5 8D are connected to the common conveying chamber 4 through gate valves
GI to G4, respectively. A chamber 20 of each of the thin-film producing
apparatuses 8A to 8D is made of aluminum alloy and includes a table 10 for
setting the wafer 50 thereon, lo a clamp ring 28 for fixing the wafer 50 on
the table 10, a shower head 24 for flowing gas and an attachment ring
therein. The table 10 is made of aluminum alloy. Spare chambers 12A and 12B
are connected to the common conveying chamber 4 through 15  gate valves G5
and G6, respectively.  The spare 



chambers 12A and 12B function as cooling chambers for cooling the treated
wafer 50. Cassette chambers 14A and 14B for storing a plurality of the
wafers 50 are connected to the common conveying chamber 4 20 through gate
valves G7 and G8. It will be understood that a preheating chamber for
preheating the wafer 50 before treatment may be provided as a spare
chamber. The thin-film producing apparatuses 8A to 8D, 25 the common
conveying chamber 4, the spare chambers 12A and 12B, and the cassette
chambers 14A and 14B are independently connected to a gas supply line 16
for supplying treatment gas, inert gas such as N2 gas and the cleaning gas
according to the present 30 invention and to a gas evacuating line 18 for
evacuating an inner ambient thereof. In the thin-film producing apparatuses
8A to 8D, thin films of Ti, W, Ta, Ru, Ir, the compound    thereof and the
alloy thereof are produced by the thermal CVD method. Further, the plasma
CVD method is executed by the provision of a high-frequency electric source
for generating plasma, if necessary. 5       A representative thermal CVD
method executed by using the thin-film producing apparatuses 8A to 8D will
be discussed with reference to Fig. 2. The thin-film producing apparatus 8A
comprises the aluminum-alloy chamber 20 in which the table 10 10  providing
a heater 22 therein is installed.  The shower head portion 24 made of
aluminum alloy is 



installed to a ceiling portion oppositely facing with the table 10. A gas
supply port 24a of the shower head portion 24 is connected to the gas 15
supply line 16.  A plurality of gas outlet ports 26 are provided at a
bottom portion of the chamber 20 and are connected to the gas evacuating
line 18. The clamp ring 28 made of AlN (aluminum nitride) is provided
around the table 10 so as to fix a wafer 50 20  on the table 10.  A
ring-shaped attachment ring 30 is provided around the clamp ring 28, as
shown in Fig. 2. When a thin film of Ti or W is produced on the wafer 50 by
using the above-mentioned thin-film 25  producing apparatus 8A, the thin
film is also produced on the inner wall of the chamber 20, exposed portions
of the table 10, the clamp ring 28, the attachment ring 30 as an
unnecessary film causing particles. The exposed portions of the 30  table
10 are exposed to the cleaning gas.  Therefore, it is necessary to execute
a cleaning treatment for removing the unnecessary film attached on various
portions at regular intervals or irregular intervals.    The examples 1 to
36 are employed in this cleaning method as a cleaning gas. If the examples
26 to 36 shown in Table 4 are employed as a cleaning gas, a mixed gas of HF
gas (flow rate: 1000 SCCM) 5 and N20 gas (flow rate: 10 SCCM) is used and
the pressure is set at about 500 Torr. The cleaning temperature is set at
about 500 0C within a range of 



450 to 600 0C. In this condition, the etching speed of the lo cleaning gas
with respect to TiN is about 4000 A /min although this high speed is not
shown in Table 4. This speed is generally the same as that in a case that
the cleaning executed by means of ClF3 gas at the temperature ranging from
200 to 300 [err]C. Further, if 15 ClF3 gas is used at the high temperature
500 [err]C, the table 10, the shower head 24, the clamp ring 28 and the
attachment ring 30 will be corroded. In contrast, by using the cleaning gas
according to the present invention, even at the temperature of 500 [err]C,
20 the corrosion of the various portions in the chamber 20 is prevented.
That is, the film producing process is generally executed at the
temperature ranging from 600 to 700 [err]C, and the conventional cleaning
process was generally executed at a 25  temperature ranging from 200 to 300
[err]C.  In contrast, the cleaning process using the cleaning gas according
to the present invention can be executed at the temperature ranging from
450 to 600 CC. Therefore, the difference between the temperature in 30 the
film producing process and the temperature in the cleaning process is
largely decreased by employing the cleaning gas according to the present
invention. This enables the idling time for varying    the temperature to
be largely decreased. Consequently, this improves a throughput of the
apparatus 2. Further, it will be understood that 



cleaning an inner surface of the piping of the gas 5 evacuating line is
simultaneously executed with this cleaning of the chamber 20. Herein, the
cleaning gas may be diluted by mixing inert gas such as Ar, N2 and He.
Further, the cleaning may be executed at predetermined intervals. 10  More
specifically, it may be executed at each time when a predetermined number
of the wafers were processed, or at each time when an accumulated time
period for producing film reached a predetermined time period, or at
regular intervals. 15       Furthermore, an after-treatment of the cleaning
process may be executed by evacuating the cleaning gas from the chamber 20
and repeatedly supplying and stopping supplying inert gas such as N2 gas to
the chamber 20, under a condition that the supply of the 20  cleaning gas
is stopped.  If the repeated supply and stop of the inert gas are executed
several times while evacuating gases from the chamber 20, the cleaning gas
will be rapidly discharged from the chamber 20. 25       Additionally, the
gas supply port 24a of the shower head portion 24. may be divided into two
ports which are connected to a cleaning gas supply line and a
film-producing gas supply line, respectively. If such an arrangement of the
plural supply ports 30  24a is employed, inert gas such as N2 gas is flowed
in the film-producing gas supply line during the cleaning process. This
prevents the cleaning gas from inversely flowing to and remaining in the   



-20- film-producing gas supply line. Accordingly, the affect of the
remaining cleaning gas to the next film producing process is prevented.
Furthermore, although the explanation of the 5 cleaning process is
discussed as to the film producing apparatus 8A, it will be understood that
the other film producing apparatuses 8B to 8D may execute the normal film
forming process during the cleaning process of the film producing apparatus
8A lo  or may independently execute the cleaning process. Although the
embodiment of the cleaning method has been shown and described such that
only the film producing apparatus 8A executes the cleaning process, it will
be understood that several or all of the 15  film producing apparatuses 8A
to 8D may simultaneously execute the cleaning process together with the
common conveying chamber 4. In this case, the pressures of the respective
chambers are equalized at the same pressure by supplying inert 20  gas
before the cleaning.  Thereafter, the corresponding gate valves are opened,
and the cleaning gas is supplied to the respective gas supply line 16.
Furthermore, simultaneously with this supply, the evacuation through the
respective 25  gas evacuating lines 18 is executed.  This enables the
several chambers to be simultaneously cleaned by the cleaning process.
Furthermore, in such a situation, the spare chambers 12A and 12B and the
cassette chambers 14A 30  and 14B may be simultaneously cleaned by this 



cleaning process. Although the cleaning gas and method according to the
present invention has been shown and    described such that the cleaning
gas is independently supplied to the film producing apparatus, the common
conveying chamber, the spare chamber and the cassette chamber, it will be 5
understood that the present invention is not limited to this embodied
method and may be supplied to each of several blocks constituted by several
chambers. This enables the number of the gas supply lines to be decreased.
Furthermore, if it is arranged such 10  that all of the chambers are
simultaneously executed, it is possible to decrease the number of the gas
supply lines to one. Although the embodied cleaning gas and method
according to the present invention has been mainly 15  shown and described
as to the removal of the thin film of Ti, W, compound thereof and alloy
thereof, it will be understood that the invention is not limited to these
and may be applicable to the removal of the thin film of Ta, Ru, Ir, the
compound 20  thereof and the alloy thereof. Further, although the embodied
cleaning gas and method according to the present invention has been shown
and described to employ the CVD method, the invention is not limited to
this and may be applied 25  to a vacuum treatment apparatus which generates
the above mentioned compound and alloy in a treatment 



chamber due to a main treatment. Furthermore, although the embodied
cleaning method according to the present invention has been shown and
described 30  as to the apparatus for treating a semiconductor wafer, the
invention is not limited to this and may be applied to an apparatus
treating a LCD substrate or glass substrate.    -22- With the cleaning gas
and the cleaning method of a vacuum treatment apparatus in accordance with
the present invention, it becomes possible to ensure superior advantages.
More specifically, by 5  employing the cleaning gas according to the
present invention to clean the vacuum treatment apparatus, it becomes
possible to remove an unnecessary film deposited in the vacuum treatment
apparatus, which produces a thin film of Ti, W, Ta, Ru, Ir, the lo
compound thereof and the alloy thereof, at a relatively high temperature
near the film producing temperature and at high etching speed and to
prevent the apparatus from being damaged by corrosion. Therefore, it is
possible to decrease a difference 15  between the temperatures in film
producing process and in cleaning process. This enables the idling time for
varying the temperature to be decreased. Consequently, it is possible to
remarkably improve an yield factor of products and a throughput of the 20
producing apparatus employing the cleaning gas and the method using the gas
according to the present 



invention. The entire disclosure of Japanese Patent Application No.
11-302715 filed on November 24, 1999 25  including specification, claims,
drawings and summary are incorporated herein by reference in its entirety.
-23- WHAT IS CLAIMED IS: 1  1.   A cleaning gas for removing a deposited 2
material generated in a vacuum treatment apparatus, 3 the vacuum treatment
apparatus producing a thin film 4 of at least one of Ti, W, Ta, Ru, Ir, a
compound 5 including one of Ti, W, Ta, Ru and Ir and an alloy 6 including
one of Ti, W, Ta, Ru and Ir, said cleaning 7 gas comprising: 8       HF
gas; and 9       oxygen containing gas. 1  2.   A cleaning gas as claimed
in claim 1, wherein a 2 concentration of said HF is greater than or equal
to 3 1 vol%, and a concentration of said oxygen 4 containing gas ranges
from 0.5 to 99 vol%. 1  3.   A cleaning gas as claimed in claim 1, wherein
2 said oxygen containing gas includes at least one of 3 02 gas, 03 gas, N20
gas, NO gas, CO gas and CO2 gas. 1  4.   A cleaning gas as claimed in claim
1, wherein 2 the compound including one of Ti, W, Ta, Ru and Ir 3 includes
TiN, TiW, TiON, WN and TaN. 1  5.   A method for removing a deposited
material 2 generated in a vacuum treatment apparatus for 



3 forming a thin film of one of Ti, W, Ta, Ru and Ir, 4 a compound
including one of Ti, W, Ta, Ru and Ir and 5 an alloy including one of Ti,
W, Ta, Ru and Ir, said 6 method comprising the steps of; 7       flowing a
cleaning gas in the vacuum treatment 8 apparatus.    -24- 1  6.   A method
as claimed in claim 5 further 2 comprising the step of evacuating the
cleaning gas 3 flowed in the vacuum treatment apparatus. 1  7.   A method
as claimed in claim 5, wherein the 2 cleaning gas comprises HF gas and
oxygen containing 3 gas. 1  8.   A method as claimed in claim 7, wherein a
2 concentration of the HF gas is greater than or equal 3 to 1 vol%, and a
concentration of said oxygen 4 containing gas ranges from 0.5 to 99 vol%. 1
9.   A method as claimed in claim 7, wherein said 2 oxygen containing gas
includes at least one of 02 gas, 3 03 gas, N2O gas, NO gas, CO gas and CO2
gas. 1 10. A method as claimed in claim 5, wherein a 2 temperature in the
vacuum treatment apparatus is 3 kept within a range of 450 to 600 0C when
the 4 cleaning is executed. 1 11. A method as claimed in claim 5, wherein
the 2 vacuum treatment apparatus includes a plurality of 3 vacuum treatment
apparatuses which are connected to 4 a common conveying chamber, the
plurality of the 5 vacuum treatment apparatuses and the common 



6 conveying chamber are selectively cleaned by flowing 7 the cleaning gas.
1 12. A method as claimed in claim 5, wherein the 2 vacuum treatment
apparatus includes a plurality of 3 vacuum treatment apparatuses which are
connected to 4 a common conveying chamber, the plurality of the    -25- 5
vacuum treatment apparatuses and the common 6 conveying chamber are
simultaneously cleaned by 7 flowing the cleaning gas.    


