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FLOW NG THE CLEANI NG GAS BACKGROUND OF THE | NVENTI ON The present i nventi,pp
relates to a cleaning gas 5 for removing an unnec {9\ gefoy i 0 Hepodit t &d

on an inner wall and tools of a thin film producing apparatus by~ neans™ of

CVvD nethod, and relates to a nethod for-b+ean|ng a vacuum treatnent

appar at us by the cl eaning gas. 10 I n various productlon ni Qﬂﬂﬂ‘ or
producing thin-filmdevices, optical devices and super steel materials,

various films, powd | sk [ roguce ng_of CVD nethod
sputtering method, §%§éggﬁsﬁ€§§o§ﬁ§nﬁE§§§3rgﬁépggggwgﬁgngPﬁHHM By the 15
execution of the TREATMENTtAPPARATHYS hBYSFLOWINGCSTHEM CLEANENGt GASS are
deposited on an inner wall and tools of the producing apparatus. In order
to prevent such unnecessary deposit from affecting objective products, it
i's necessary tBAGKGROVND OB THEOINVENTEONnnecessary deposit. A cleaning gas
enpl oyed to remove fﬂéhPi:'QQEﬁ%Si&{réé?ﬁfBHSi:éla%e oBY! bed1baniAycaagyer al

per f or mances. For exanple, such eani n as to per as not to
danage t he Sobj £9F i FeMAY GRS, UEB?C?%SaﬁEréaBes%ﬁedﬁBoﬁﬁﬁaﬁt°§fapart|cles

in 3 rleact]g][ Oinﬁﬁﬁ ﬁ@DBré\thtoéDsb@feélsth.’{nVﬁilﬂdptaaﬁciﬂglocent gas and to
tenderly affect the eart resently cl eanin oying a

cl eani ng gas ofP B?r?§5§tg%n@eﬁ?scﬁk CV?T£3€%£§8 aﬂESrggaﬁgg €Pr3 and a

pl asma- | ess cleathod fopl oYéaniagcheceacogngiseatment!| apparatasobyF2, Cl12
and Cl F3 have

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 C,Fg, CF,, CsFg., NF;

30 and ClF3; and a plasma-less cleaning employing a

cleaning gas of at least one of F,, Cl, and ClF; have

practically been executed to remove unnecessary



practically been executed to renpbve unnecessary deposits. However, these
met'hods have several problens such that when the cleaning is executed by
using the above-nentioned fluorine series gas, heat-resisting N -alloy,
stainless steel and AIN are 5 corroded by the gas and particles are

I ncreased in the apparatus, and that if -2he tenperature for cleaning is

| owered to suppress such corrosion, an idling tine thereof is increased to
| ower the throughput of the apparatus, and that if the 10 tenperature for
the cleaning is lowered to prevent the corrosion of the material of the
apparatus, théPEhthy SHREESE, | Bhpsedrethodppete Favenalprovisional

Publ i cati on NoprdbLahé0dush SEAAE SPhén MBS {1k PRI BRedubbgkpy 15 base
pl ate enpl oyed_to praduce whi skers. of %géi Ti CO and Ti CN by neans of _
diIuted'nitric??&ﬁ%ié&%w%@%Y?'T?FEF?Eﬁ VRS eRekRE IR Pg a wet cl eani ng
in an in-site hdaanresisting tier&l Do, | $tabchass s&%ﬁﬁf%%?IAﬁuiagﬁovefthe

t hr oughput -of r Y, T | NVI t is_ therefore
an objgecl?t Sf t%%elbc?de)%gn@ iutfslril/eeﬁ?%%%ﬁ%y%nafﬁp}%%ﬁai?gaﬁ? ng gas

whi ch ef f ect i i1y aroRnatusnmnestialy tepdee t teflupesatece i for vacuum
treatment appyrideinhile Fd Y £ SPopRELd ULNBNCESEEGbS edaf 0 such a

cl eaning gas. A aspect, of the present invention resides In a’ cleaning gas
for renmoving aHeiitEitiRe fdereef Irrnrereased o viQWRm Eheat nent appar at us
for 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.



formng a thin filmof at least one of Ti, W Ta, Ru, 30 Ir, a conpound
inéludihg one of Ti, W Ta, Ru and Ir and an alloy including one of Ti, W
Ta, Ru and Ir, the cleaning gas conprises HF gas and oxygen containing gas.
-3- Anot her aspect of the present invention resides in a nmethod which
functions to renbve a deposited material-3generated in a vacuum treat nent
apparatus for formng a thin filmof at least one of Ti, W Ta, 5 Ru and
Ir, a conpound including one of Ti, W Ta, Ru and Ir and an all oy including
one of Ti, W Ta, Ru and Ir. The nethod conprises a step of flowing a

cl eaning gas in thehatRe 2FRecHePt HRPaPEEENT BRIPENDESEREPSAARSOF THE
DRAW NGS 10f in aﬁh@‘thddi\fhﬁcm|ﬂm?dtﬁv\ﬁh§ﬂﬁw ﬁlamavéhandé‘tbtﬁg%i%aduch _ngg o
apparatus of a cluster tool_t ¢ ich a cleaping, met hod accordin

the present i MVERETHRL | SCHGEAPEE 10,3 YRgeus F554 RERL BPPETOLER show ng
one of the 15 fQJhif\ofrhingpaouhihngiampmfata:ls.lﬁla:é'bﬁddr@ &ESCR| Pl O‘Nﬁ(;]: THE
| NVENTI ON esig trf 4 | S | rese I pvent or ave
found a coﬁozfi{ﬁtii on oPpé %P%%Ené%%ﬁ%aéﬁgjﬁ%?éh&a%nggeg%ar@’d 805?1’1 _
deposited on a@ndnkerand apetllendinobrding eneidf PLoddci Hg.aBparatus is
efficiently anghgafely Tm%omﬁnﬁff&éé'éf‘%w? &fefibff;‘ﬂ?ng gas

according to the present inyenéﬂon functi ons L etfectlvet enove
unnecessary d ning 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 volg.

The oxygen containing gas employed in the



deposited in a vacuumtreatnment apparatus for 25 producing thin filnms of
one of Ti, W Ta, Ru and Ir, and of a conpound 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 m xed
gas containing a HF gas and an oxygen-containing gas. The concentration of
the 30 HF gas is greater than or equal -#0 1 vol % and the concentration of
the oxygen containing gas ranges fromO0.5 to 99 vol % The oxygen contai ni ng
gas enployed in the -4- cleaning gas according to the present invention
conprises at |least pne O 02 aas .03 gas,.  N20 gas, NO gas, CO gas and CO2
gas. The cl earPHePHERY 2828  AFHQTEENG hEC pFRE R 3ePhvEAYPBELPE applicable to
the apparat us cenpribsedi at\lLaast Tane aof oopogasl, ab; @us ,0MN,0 gaW,amed Ta and

an al |l oy of oqﬁﬁgf aa,gggagg%lé?ﬁ J;{specifically, Ti, W Ta, an oxide of

one of Ti, Wanhd Ta, a nrtri ne" of Ti, Wand Ta and an alloy of one
of Ti, Wand 10 Tdlhe Foiearingrgastaecotrdingngogbhei prapphtcable to the

t de; -5 o | LY 5 Ti ' I onpoynd t her eof
and ai1 oy tneraoyotied s dppficante, 46, Be dBbaribus haafCRRHEL L on
by- product pr dHRRY B p? pPoPoRRd of -orede€tTis WpapduBadand ahe chanber

of the apparatalBloy totSoRéeber ahl, eyt hala e C%Efé‘téﬁééff‘ieéliﬂ? lr gas of
of the: oxygon s 18, GE62Lad "8 Sle % Yand Fai'a nitride o o "
of the oxygen ™’ ’ ‘ ‘
' 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



containing gas of the cleaning gas is within a range 20 from0.5 to 99
vol'% Wore 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 from1l to 90 vol% If the concentration of HF gas is snaller
than 1 25 vol % and the concentration of50xygen 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 snaller
than 0.5 vol % the material of the apparatus is 30 danmaged by the cleaning
gas in rel ati ABCIRFERLHRY k. OXYFeheFONtRLRIRGcO8BNEENGFAREGR Oof OXygen
contai ni ng gasthan 04 evdege tfivdm 1750t 360 88nvel €hi tBe SEEEH1RG LpP8eq! €ani ng gas

§ !
i s accel erate en_th concentration of oxygepn copntarning gas is
greater than ;%er @Sget? r‘g‘?ﬁri%a?% ks %Y?Fs?h%r%?%%ﬁﬁns ‘éeﬁg?ends to _
decrease in i nverreage cpbrithennxygemecomecertsat bént heIDxygen concentrati on.

If the 5 cgnc%gr{@éﬂ%e{oﬁ%%?F%@%%%%gﬁ%g%%reater t han 90

volt, the etching speed 1s radica iOh to the

above- ment i onéFr s tharri0 geelsucthesetiehing | speednys bradipadyed.
Further, the Mrex¥d¥dggas having an oxidation property nmay be enpl oyed.
Next, as to the pressure during the cleaning operation enploying the

cl eani ng gas accor ith@IBHIRA prsiit FhRegnnentioned saggesssirgrthat t he

gas such as N, 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

300 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



15 whol e pressure, which is the sumof the HF gas partial pressure and the
oxygen ‘contai ning gas partial pressure, is smaller than or equal to 500
Torr. Preferably, the whole pressure should be snmaller 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 beeones greater than 500 Torr, the
evaluating time necessary for evacuating the cleaning gas becones |arge.
Further, even if a 25 mxture ratio of the mxed gas is within an

al | onwabl e rangﬁland if the partjal pressure of the oxygen containing gas is
smal | er than he@RATIHLY FESHHFINCe (of the Matertat CRLYRA aiPr ef erabl e

et chi ng speed,triNthfieratisi Nt s Ofenfidiid 51 Sinipirdved Iy d@@DA@r 1S i ncreased
wi t hout inproving the corrosjon resistﬁﬁge of tg? mat eri aj Ofﬁiﬁf
appar at us. As FYESR FORFAINING, F3F L \HA%y T TRRCHAR s of the
present i nventihe diseenimgirghd ledcordiny ttwrihesimreserst simvert bént he

mat eri al eppl ayed .0 & | & 1 e JbNg oxygen
cont ai ni ngggag'st %@h@f{/@%a@%ﬁ&fi%ﬁ%ﬁaﬁgg%%ﬁ?nﬂs g‘%%ggg%ordi ng to
the present i mhtAlaPEl | FEHmagablat t {empevatie Ararge gyokuch as A15052

and A16061 (JI13/8uK)tidn BdEMRET Y BeadNIRsAY i3 8A-a1Ndy @02 C (2)
heat-resisting Ni-alloy at a tenperature range not | arger than 450 [err]C,

[4)

(3) austeniti cemRaTRiaice fange 1t Jlaxgfierian £3Unge £8) of 450 [err]C,
(4) ferritic HhatdESSicidtnBéss steels at a temperature range

10 of 450 °C, (4) ferritic stainless steels at a
temperature range of 460 °C, (5) aluminum nitride at
a temperature range not larger than 700 °C, (6)
aluminum oxide at a temperature range not larger
than 920 °C, (7) quartz at a temperature range not

15 larger than 700 °C, (8) silicon nitride at a
temperature range of 760 °C and (9) silicon carbide
at a temperature range of 680 °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 £ilm of
1 um 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 0O, gas. Also, when the 0, gas
had been changed to one of 03, N;O, NO, CO and CO,,
the etching speed was similarly improved.



tenperature range of 460 [err]C, (5) alumnumnitride at a tenperature.
range not larger than 700 [err]C, (6) alumnum oxide at a tenperature range
not larger than 920 0C, (7) quartz at a tenperature range not 15 |arger
than 700 [err]C, (8) silicon nitride at a tenperature range of 760 [err]C
and (9) silicon carbide at a tenperature7range of 680 [err]C. That is, the
cl eaning tenperature may be determ ned according to the enployed nmaterial.
20 The present invention will be explained in detail with reference
to the follow pg exanples. It will be understood that the present invention
is not linmitedl %b%ﬁggé exanpl es. Exanples 1 to 14, Conparative exanples 1
and 2 25 As to a sanple produced by formng a Ti filmof 1 Vmthick
on a silicon valer, MEaSHmRE Nicas @lowe! CEls EanSPeed pBsurd O Bilihlg &pdEgti tions
shown in Table 1 were exgeelt ed.amdhe I eSethtrSticher eofrod)e a{NEO/S.W wn in Table
1. As is clearly shown igc)Tabl @sam 30 vem)et chi ng speed wad “F&har kabl y

i nproved by addufi@rative 2808 qUamFilodo O mFg109aS. Al 5, When g 02 gas had
been changed t @&xapt= of 03, N20, NO CO and CO2, the etching speed was
simlarly inprdéyagle 1 -500 [ TallFgo0dd Tewry®r.s (Gas 1 ow g3s con-

Pressure Et chi ng speed ture©2:5  ano@a?-5 centration (Torr)
(A /n) ([err] Cfxa®le 2( gH0p (*)IF=1°°°( vol@i%aqm ative 500 1660 HF: 1000
HF: 100 Exartlpll.se 3 500 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
Example 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 lum 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



Exanrple 1 Exanple 1
02: 0.5 Exanple 2

298 02:5
5

HF: 90. 9
HF: 300
Exanple 5
02: 1000

5

HF: 33. 3
HF: 1000
Exanpl e 9
02: 4000

5

HF: 10

HF: 10

Conmparative

Exanpl e 2
HF: 1000

Exanpl e 14

02: 100

10

15

1660 02: 10
5
HF: 85. 7
500

02: 50 Exanple 6

10385 02: 1500
rgce quan

hiEd2been changed t5 one of 03, MABINDZ: (ﬂ’ﬁ)cﬁéud Co, . 02 75

500 HF: 1000 HF: 99. 5 5
500 HF: 1000 HF: 99
02:1 Exanple 3 500 HF: 1000
8710 02: 100 02:9.1 Exanple 4 500
5 8- 2490 02:50 02: 14. 3
HF: 1000 HF: 50 5 10340
500 HF: 1ooo HF: 40
, 2: 60 Exanple 7 HF: 1000
tity ?g495 @35200%130 Wb9n6hh? Sx 9% e 500

5 8 Hf 9 10229
ogS%OeEQaﬁBFeSRﬁe ¥g§ similarly jmppgged. .17 5
9875 02: 7000 02: 87.5 Exanple 11 500 I 2HF:§88
8136 02: 4500 02: 90 Exanple 1
[—I%??Lﬁe 2] 5 238 02: 990 02: 99
500 HE: 5 HF: 0.5 5 99.4
Tem@Pa-006as flow (Rs99.5 Exarppéswd3 Efobig
HF: 90. 9 ture (°C) %ate concentirafigy ((Zork)(Q  speed 02: 9.1
700 HF: 100$SC3) He18d. 9 5 (i /min) 13810
OZofpatativearngbes 15xF:Q0002, @Begoar at1 ve sexanpl esg.g and 4
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
Comparative 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
lum thick on a silicon wafer, measurements of etching
speed thereto under conditions shown in Table 3 were

executed.
Table 3.

trace quantity of O, gas.

The results thereof are also shown in

As 1is clearly shown in Table 3, the
etching speed was remarkably improved by adding a

Also, when the 0O, gas had

been changed to one of 03, N0, NO, CO and CO,, the

etching speed was similarly improved.



5 - As to a sanple produced by forming a TiNfilmof Ipmthick on
a silicon wafer, neasurenments of etching speed thereto under conditions
shown in Table 2 were executed. The results thereof are al so shown in Table
2. As is clearly shown in Table 2, 10 the etching speed was renarkably

| nproved by addi ng a trace quantity @B- 02 gas. Also, when the 02 gas had
been changed to one of 03, N20, NO CO and CO2, the etching speed was

simlarly inproved. 5 [ Tabl e 2] Tenpera- Gas flow Gas Pressure
Etching ture ({er r1 [ate concentration (Ton) speed (SCO)

(Voi -% e 3] ( A/mn) Cacnprative 500 HF: 1000 HF: 100

5 8.5 Exanmple 3 Exanple 15 500 HF: 1000 HF: 99. 5 5

926 02:5 UZ70. 5 EXoidaheRa10 Gas Bldw  Gabl . 100U  prifscore Etmgﬁ—-

1400 02: 10 02: 1 Exanpke by @0 dolier8@0ion M9 O  speea 5
1760 02:100  02:9.1 Exarrpl e 18500 (voldr: 1000 HF: 50

L. o0 - L. A0 (A /m)

g1du o

2500 02: 1000 St XA P > HF SO0——15
1120 02: 4500 2id6 Exarrpl e 20 ?0 ]EiE HE: 1 <=1
238 02: 990 p2an e GpNp@bar at i we; 16600 wrbdo: 5 5 HF: 0.5 1800 5
140 Exanple 4 02: 995 02:102: 99.d2:1

Example 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

lpym thick on a silicon wafer, measurements of etching
speed thereto under a condition that a temperature
is 500 °C, HF gas flow rate is 900 SCCM (90%), O, gas
flow rate is 100 SCCM (10%). As a result, the
10 etching speed was 3045 A /min which is very high in
etching speed. When O, gas had not been added, the
etching speed was smaller than or equal to a
measurement lower limit (s 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'SU5316L (JIS mark),
20 SUS304 (JIS mark), SUS430L (JIS mark), AlN, Al;05,
SizN4, SiO;, 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 N,O gas (flow rate: 10SCCM) 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



Exanpl e- 21 600 HF: 1000 HF: 90. 9 5 4300 02: 100

02:9.1 Exanple 22 700 HF: 1000 HF: 90. 9 5 8200 02: 100
02: 9.1 Exanples 23 to 24, Conparative exanple 5 As to a sanpl e produced by
formng a Wfilmof 1o | pmthick on a silicon wafer, neasurenents of

et ching speed thereto under conditions slewn in Table 3 were executed. The
results thereof are also shown in Table 3. As is clearly shown in Table 3,
t he etching speed was remarkably inproved by adding a 15 trace quantity
of 02 gas. Also mhgﬁ t he 02 ggéohad been ch ed to one of 03, N20, NO

) an
CO and C2, tHY ARHHCEhRdm %?%P?ar??diﬁ%gOQBﬁﬁge of THBLghLF Teper a-
Gas Ij | (()\év CC'\G/’as of \;aacﬂjg/%anpbe Eéfdiﬁ:élgax}l@r&ﬁf@ﬁ)thét prégﬁﬁggﬁégt ingnl(() ggrr)
spee . e acralrj] v .
100y meaflrdd. ac e pesuic i€ U LERANLALE d8RagestEo g
1800 02:10 e mabembrl were sognarkably0decreRsed. by sdding N,@870 02: 10
02:9. 1 EXaBPl 4ga @5 Spurther AStA Seofibh CsPiodU6E % un! EMLAG @ W Fil m of

lpmthick on a silicon wafer, neasurene ) ching spee ereto under a
condi tion thate%enRiRRer2f FQ 36 w® Ty Hrighsas| same age tBose0oSCCM (90%) ,

02 gas 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 N,O had been changed

10 to one of O, 03, NO, CO and CO,, the etching speed
of this example was high as is similar to those of
the examples 1 to 25.



flowrate is 100 SCCM (10% . As a result, the 1o etching speed was 3045 A
/min which is very high in etching speed. Wien 02 gas had not been added,
the etching speed was snaller than or equal to a measurenent lower limt (<
1 A/mn). It has not been confirned of the danages of the 15 apparatus
due to the operations for exanples 1 to-El5. Exanples 26 to 36, Conparative
exanples 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), ferroall oy
SUS316L (JI S rTE{[, % 2% SUS304 (JI'S mark), SUS430L (JIS mark), AN, A12083,
Si3N4, si @, cbFfBYPofilcharacteristics by gas were observed. Nore

specifically HF gas (flow rate: 1000 SCCM and a m xed gas of HF gas (flow
rate: 1000SCCM) and N20m@esial Tl OW I'Rifratice Oivabbs xil. 20 11e exanpl es
were exposed to the gas(usdetk)a preggure of 500 Torr for 5 hours. After the
exposure, t he compdraci®e OAL each exanploe Was Obmetd/eck 1Y weal hepostrdal B

m croscope, ankkatgle échange of wei ghts of eacthesamkes GRbaaecapdraaider the
exposure was nespurede M50 result 400t was fewmmde téhiat 8Xdanages to the
material were ‘F“é‘?ﬁf’l{’ab% decr eased bg adding N20 5 gas. Further, the

50He exarrpl"@ 26 to 36 was very high as same as
g_l_ec 6.to 16 show the

£ ngo : %FWWEn t he gas
ne of g2, 03, ’@gwasm dPching

N20 had been e
speed Example 10

Comparative SUS304 400

Example 11

Comparative SUS430 450

Exanple 12

Comparative AIN 700 Corrosive particulates were

Example 13 generated on the surface of each

Comparative Al1203 900 camparative examples 13-14.

Example 14

Comparative S$i02 700 The surface of each comparative

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 £ilm was produced

Example 27 A15052 600 on the surface of each comparative

Example 28 Al6061 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 exanple 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 formed

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 f£ilm superior in
corrosion was formed on the
surface.




of s:this-exanple was high as is simlar to those of the exanples 1 to 25.

[ Table "4] WMateri al Tenperature Cbservation result (JI'S mark)

(0C) Conparative A 400 White thick filmwas
deposited and Exanple 6 the filmwas
cracked (Conparative Conparative A15052-12- 400 exanple 6 to
8) Exanple 7 Conparative A 6061 400 Exanpl e 8 Conparative
Heat-resisting 400 Surface of each corparative Exanple 9 Ni

al | oy exanples 9 to 12 was turned to Cbnparative
SUS316 Compapptive Exam or black and was cracked. Exanple 10

Conpar at i ve SUS304 rhe heat - ré@@sﬁiﬁ@mf-&il%apéfa&wﬁmw%%

450 Exanple 1 n r at Corrosive
partlcurgtes ag%aiéiﬂ %% was exposed to the mixed gas °fg%ﬁerated on

t he surface ofgmchfl?mmmami VEOGIR20M) and O, gadOElow rate: conparat Ihve
exanpl es 1 -1 EI'I'F/e %ﬁﬁarﬁl YS 4?6% and under p7roeossure The

surface of eac coapar _
exanpl e was ettéedlexr | Hee imtpwrsltlvm &i Bdgult, the surbice of

t ransparency, Eé’?% e 1
t her eof was detia:}g%as&@)#é% et chi % wa? tlé%ne%‘l to yellow, and 600

Seni t r anspar erEOIfFQ%%sPEHFWEEk%% 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 O, gas {(flow rate:
1000 SCCM) at a temperature of 450 °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 O, gas (flow rate: 10
SCCM) at a temperature of 450 °C 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 1lum



Exanpl e- 27 A15052 600 on the surface of each

conparatlve Exanpl e 28 A16061 600 exanpl e 26-32 and was
in a passive Exanple 29 Heat-resisting 450 state. Therefore,
no corrosion was N all oy occurred. Exanple 30 SUS316
450 Exanple 31 SUS304 450 Exagpl e 32 SUS430 460
Exanple 33 AIN 700 The wei ght and surface condition
of Exanple 34 A1203 900 each exanple 33 to 35 were not
Exanple 35 Si Q2 700 substantially changed as conpared
with those of BBtfkeRBnpl 8lhireRewafernt Weat hegkedpat 360 ¥ 3Nand HF

760 Ag&EM 10095 PaL 6wt rhtbM 10505060y e8 EREwad" fl.ﬁC%h%f t he
exanpl e 36. The su d had no corrosion. _SI- ondi ng was

fac snoot h an

observed as a ¥%§ﬁ£ %OFhi %ﬂﬁFyS|§hﬁFeE§t§F | the sexABDght WaRat an oxi de
film superior amatyzedsasntmawlfaﬁ??ﬂ 15,7 mB§n§u6£a§ﬁbé f ?12 gogg?ratlve
Exanpl e 17 Th i -alloy. (trade n ) - was
expgged t ot he %ﬁé% Egééé%fgﬁﬁagﬁgr(fl é/?afﬁguﬁgg aWd B8%gas (fl ow
rate: 5 1000SOcpairedecopetheuvafdsOsiefa¢e. and under pressure 760 Torr for
> hours. As a gpgsihie §8€ surface of the conparatlve exanpl e 17 was turned
to yell ow, and

An example obtained by forming TiW film of 1lum

thick on a silicon wafer was heated at 500 °C, and

10 the mixed gas of HF gas (flow rate: 1000 SCCM) and O,
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
lum 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 O, gas. Also, when the O, gas had
been changed to one of O3, N,O, NO, CO and CO,, the

25 etching speed was similarly improved.



corrosive particles were generated. Exanple 37 10 The heat-resisting
Ni -all oy (trade nane: Hastelloy C 22) was exposed to the m xed gas of HF
gas (flow rate: 1000 SCCM and 02 gas (flow rate: 1000 SCCM at a :
tenperature of 450 [err]C and under a pressure of 500 Torr for 40 hours. As
aresult, a 15 transparent passive filnrl4was forned on the surface of the
exanple 37. The filmwas extrenely thin and snmooth. No corrosion was found
on the surface. Conparative Exanple 18 The heat-resisting Ni-alloy (trade
name: 20 Hastelloy C 22) was exposed to the m xed gas of HF gas (flow
rate: 990 S TahdeoSlgas (flow rate: 10 SCCM at a tenperature of 450 OC
and under a pressure of 0.05 Torr for 40 hours. As a result, the surface of

the conparati ve exanpl € fepiiaS ¢ My | Basy C1 | OW 25preadiile CORL ﬂxéﬁy an

el ectron mcroscope, it was fourdlethat pimémeedtidy Blebot anc)ez.a 5 particul ate
mat eri al are generated ogeej he siscfce ofwvdlfle conparative e ér@?“@ 18. As a
result of XMA Olamgdcsidie OBgo | T WES1000UNUHEAGH L NE pP&f L1 Cl €530 produced on
t he surface of E<agpleeaparative exanple 18 was a netal such as Fe and N and
F. Conparative Ermipl|38 1800An ex@mipoe obimpned by f®rmng Tu¥Wwfilmof Im
thick on a silicon wafer was he®t%®d at 890-Jerr]C, and HF gas (100% flow
rate: 1000SCCM)ExEde 4P onel? i n tgeigP‘éactggf? or 1 ho¥r. Therdéfter, the

exanpl e was

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

Example 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 lum 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



anal yzed as to Ti and Wby neans of an X-ray 5 fluorescence anal yzer. As a
result, Ti and Wwere remai ned on the wafer surface. Exanple 38 An exanpl e
obtained by formng TiWfilmof 1lpmthick on a silicon wafer was heated at
500 0C, and 10 the m xed gas of HF gas (flow rate: 1000 SCCM and 02 gas
(flow rate: 1000 SCCM was flowed in thdSreactor for 1 hour. Thereafter, -
t he exanpl e was anal yzed as to Ti and Wby neans of an X-ray fl uorescence
anal yzer. As a result, Ti and Wwere not detected 15 on the wafer surface.
Exanples 39 to_5 Comparalive les 20 to 21 As to_.a sanple produced by
formng a Ta f?lﬁ{“‘%ﬁ;el lﬁ??fﬂ'@ﬁ %ﬁagfsqaﬁ'corpv@?'er“,’h%a e‘ﬁ%rﬂ%s of etching
speed t her et 0 hadicheennchanged thoome i of Tap) @D WaIce WO exrTW®]. The
results there r S [ a . is cleacly shown in Table 5,
t he etching sgéeré% %@?@%ﬂ%ﬁ%\%ﬁiyﬁ?%pg%@%%ﬁﬁaﬁﬁﬁvﬁétrace gquantity of 02
gas. Al so, when the 02 gas had been changed to one of 03, N20, NO CO and

CO2, the 23 etphimbe Spfed was simlarly inproved. -14- [Table 5] Teapera
Gas fl ow S Pressure Et chi ng speed ture rate
concentration (Tarr) ' (A/ld) ([err]Q) (SCCM (Vol %9
Conpar ative 500 Terpexgy0QGas flowF: a9 Prggsure Etching 29 Exanpl e
21 ture (°C) rate concentration (Torr) speed
(scav) (vol%) (A /min)
" 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



Exanpl e- 39 500 HF: 1000 HF: 99. 5 5 128 02:5

02:'0.5 Exanpl e 40 500 HF: 1000 HF: 99 5. 460
02:10 02: 1 Exanple 41 500 HF: 1000 HF: 90. 9 5

960 02: 100 02: 9.1 Exanple 42 500 “HF: 300 HF: 85. 7

5 1340 02: 50 02:14. 3 BxHwpl e 43 500 HF: 1000

HF: 50 5 6960 02: 1000 02: 50 Exanpl e 44 500

HF: 1000 HF: 40 5 7342 02: 1500 02: 60 Exarple 45
500 HF: 1000 F: 33.3 5 7132 02: 2000

02: 66. 7 Exanpl @xﬁénda!?és thereinyr. Aggypportipgogortion for s
7369 02: 3000 supPdrtingxanpkmiédndub®r wafer bb: £808e trelfedlis

5 7089 0 02: 80 000

HF: 12. 5 tg?[l 4% a 4$Bgep9: ?gng{’e ar‘e'écgga‘s’eﬁx%f}l"éi’&gg 500

HF: 500 HFatm 6. Four tBin-film prodﬁﬁﬁﬁgOﬁpﬂSﬁﬁtusesO8A9Q0EXanpgeggo
500 2; 0
Conparative Ség are COEEﬁéEed to thﬁF gmgon conveylég cg °r 4 33 2
Exanpl e 22 through gape: yaives GlQRo9o@45 Eesppttively. 608 HF: 1000
HF: 90. 9 chémber 20 of egéﬁzogztﬂgothin f@fmggéogﬁéﬁﬂée 52 700

HF: 1000 HF: 2:9.1 Exanpl es

53 to 60, COnp%PB?F%uE?ﬁnﬁPeEOzﬁDaha Iﬂeds Yot aluminumsaljoy aafpl e
produced by fointbgdasTaNthblle 10 for setting the wafer 50 thereon,

10 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 N, 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



:Ipmthick on a silicon wafer, neasurenents of etching speed thereto
under conditions shown in Table 6 were executed. The results thereof are
al so shown in Table 6. As is clearly shown in Table 6, 10 the etching speed
was renmar kably inproved by adding a trace quantity OF 02 gas. Al so,
when the 02 gas had been changed to one-IiF- 03, N20, NO, CO and CQ2, the

etching speed was simlarly inproved. 5 [Table 6] Teapera- Gas flow
Gas Pressure Etching ture (-c) rate concentration (Torr)
speed (scav (A /Em) Conparative 500

F: 1000 HF: 1Bbe§e°f andgthe alloy Shexeﬁ§|érespswdﬁ§eé b3 theo

HF:lOOO HF Eﬁeﬁmal cvb method. 54Fﬁ¥tﬁer th@ngaémEX@VB|ﬁe@ﬁod5oo
HF: 1000 g 02. 1 Exanpl e 500
HF: 1000 HF bﬁ gxecutedgby the P58§ésé?n18§ a hgghgfregugnsle 56 500

HF: 1000 HF: 5@lectric sobrce for ¢8@6rARin§0PlasmA?: 18 Eéaéﬁbar§7 500
£ 1 h repforentens§i% 5800w e el IG5 uis
HF: 5 HF @¥sEng the thin-film pgo@uaipfecapparatuses 8A2t69BD 02:99.5
Exanple 59 600111 beHridf89sea iR Seference to Fig. 2396
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 AIN (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
300 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.



02:100. 02:9.1 Exanple 60 700 HF: 1000 HF: 90. 9 5 - . 3986
02:100° 02: 9.1 Next, a cleaning nethod for practically applying the
above-nentioned gas to a vacuum 10 treat ment apparatus such as a thin
film producing apparatus will be discussed. Figs. 1 and 2 show a thin film
produci ng apparatus 2 of a cluster-tool-18ype. The thin film producing
apparatus 2 conprises a common conveying 15 chanber 4 which has the form
of octagon and is made of alumnumalloy. An articulated conveying arm 6

made of alum numalloy is provided in_the conmon convey| ng. chanmber 4 so as
to be rotatabl e and'he eXHERIRDI L tRIRiFTe LERIPER +$ion for

supporting a S@I@&@ng{-@thmf@g 50c1é)a:bﬁngrg@§ed Iﬁ tnétakéﬁglég atip end
of the arti cul %ed C V%X %& gh%h} r thin- f% rodu0|ng aratuses 8A
to 5 8D are c et e ? LonvaRT ng"R1EHD raﬁ EhP ﬁ%ﬁ Bdte val ves
G to 4, respmsj ve| wixdd chrasrbef B gds ebfhowfrate: t h00o f SCAOMpr oduci ng

appar at useg 8% @%i%e%&f TR rltﬂns%dmyﬁfor l4geseige t abl e 10 for

setting the wa .10 a clanp ring I XI ng e wafer 50 on
the table 10, EIW heagebiat rRboubWHOR TexEr andThe elearingnt ring

therein. The t@él'ht?ef@tlhfe nBgles Of 2 WbEWEN @éd»oac w6 QIS J2A and 12B

are connected to the co n conveyi ng chanber 4 through 15 gate valves G
and G5, respect?Vef9. 6Oﬁ\'hé:spare

In this condition, the etching speed of the

10 cleaning gas with respect to TiN is about 4000 A /min
although this high speed is not shown in Table 4. This
épeed 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 °C. Further, if

15 ClF3 gas is used at the high temperature 500 °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 °C,

20 the corrosion of the various portions in the chamber
20 is prevented. That is, the f£ilm producing
process is generally executed at the temperature
ranging from 600 to 700 °C, and the conventional
cleaning process was generally executed at a

25 temperature ranging from 200 to 300 °C. In contrast,
the gleaning process using the cleaning gas
according to the present invention can be executed
at the temperature ranging from 450 to 600 °C.
Therefore, the difference between the temperature in

30 the film producing process and the temperature in
the cleaning process i1is largely decreased by
employing the cleaning gas according to the present
invention. This enables the idling time for wvarying



chanbers 12A and 12B function as cooling chanbers for cooling the treated
wafer 50. Cassette chanbers 14A and 14B for storing a plurality of the

waf ers 50 are connected to the common conveying chanber 4 20 through gate
valves G/ and &B. It will be understood that a preheating chanber for
preheating the wafer 50 before treatnentl9%ay be provided as a spare
chanber. The thin-film produci ng apparatuses 8A to 8D, 25 the common
conveyi ng chamber 4, the spare chanbers 12A and 12B, and the cassette
chanbers 14A and 14B are independent]y connected to a gas supply line 16
for supplying HreateBRerghure; herbeghargety decreasged. and the cl eani ng gas

according to t¢enPegeent1p) tRYSNmPPoR8E 4O0tRrda@§hpYRCHAttRg |ine 18 for
evacuati ng an inner @nblint %@e eof . In the thin-TiTm rodu0|n€ appar at uses
8A to 8D, thi P¥RPITRRF Tt THaer it yill phe capderstood thakeof and the

a1y Lo oof aleantngusndiinetheut daoanbe k% nptbosl o1 the!gable plastm
For generafi ng HiasnendLIRE £8 HRbEFaRlofely Pao GSBRETFR Bike i “OVD
met hod execut edflegnimg nof t tize t Ghambet n2@r oduci ng anaratuses BAEESa?EtnglgA
ggm(:j)lr ;sgg:s;aﬂewajt B,mr%%%?fgglﬂ%hging%?g%Tﬁs fﬁ"@h&f h@%ﬁ?ﬁcﬁgglo provi di ng
a heater 22 t HEFEITE|LNeTE 1SR eBCh @2 ARollr aRchdigpor Bustler methe of
al um num al | ojcl¢aning 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 aftef-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 N, 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 N, 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



installked 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 chanber 20 and are connected to the gas evacuating
“line 18. The clanp ring 28 nade of A N-€8{ uminumnitride) is provided
around the table 10 so as to fix a wafer 50 20 on the table 10. A

ri ng-shaped attachnent ring 30 is provided around the clanp ring 28, as

shown in Fig. 2. \Wen thin filmof Ti or Wis produced on the wafer 50 by
usi ng the aboV LI RT OIS Ad, 9R% SRR TMStuci %ﬁfﬁ‘i} YUs @€ the thin
filmis al so pffibeedbbdttd eremuliaringldlexniinee gamnterthd, nexiposed porti ons
of the table ~lhe. clam ri 8,.t.he att t ring 30 as an
unnecessary f%%%fu%?drl%a‘it%%%s.s f'%e péf%%‘ortions of the 30 table
10 are exposed to tRurtiemurg ghshoublerBiorexpliandtiorcetsthe to execute
a cleaninggtreat tn& Yrd Li{y-éi% egssatré/aﬁfﬂsé r@ﬂrﬁrached on vari ous

portions at regular Intervals irreqgular interv he exanples 1 to
36 are enpl oy@FA9nqing annanaie Mhhod aslld deamdfrsfeed (thathe exanpl es

26-t10 36 showryd chafdre i B HrBBUMRS dpar-Lh st NgB gas, 8 naxed gas of HF
gas (flowrate: 1000 S 5 and N20 %gs (flowrate: 10 SCCM. .is used and

the pressure &F&tethgARTMHp £ LTOMELRY ARG S ing e s set at
about 500 0C wlddnmirgy rpprgesy of the film producing apparatus 8A

10 or may independently execute the cleaning process.
Although the embodiment of the cleaning method
has been shown and described such that only the £ilm
producing apparatus 8A executes the cleaning process,
it will be understood that several or all of the
15 f£ilm 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



450 t0-600 OC. In this condition, the etching speed of the | o cl eaning gas
with respect to TiNis about 4000 A /mn although this high speed is not
shown in Table 4. This speed is generally the same as that in a case that

t he cl eaning executed by nmeans of Cl F3 gas at the tenperature ranging from
200 to 300 [err]C Further, if 15 AF3 8&s is used at the high tenperature
500 [err]C, the table 10, the shower head 24, the clanp ring 28 and the
attachnment ring 30 will be corroded. In contrast, by using the cleaning gas -

according to the present invention, even at the terrperature of 500 [err]C,
20 the corrosidF@rined speh dil&atpcﬁl’tq shkeaminh@ashakfber 20 i s prevent ed.

That is, the flﬂdgﬂgm PISESSA it50 agierfaillny W& HBiyat the

t enperature r%r%g?lagqqa}from Oto 700%%(} an e conventional cleaning
process was g dePton, Yeser ‘Tﬂ T andth B30 200 to 300
[err]C. In cwnan&.ﬁer atxh:e e ara sup tored cetmenbiest noi tt el Il @ani ng gas according
to the pre ent. e g from
450 to 600§CC erre"ll‘ore ﬁf#e%g"? erelegné(:?\'lce1c Efrf‘}v%gtl?qﬂpl%aﬁ eran%'?lgé(?n 30 the
fil m produci ng:q)rllm&semﬂﬁi% mefht and anah hmesmmbmdngtq)ren@ss is
largely decr eqged e Pl iddit, (s AN P SARGU L difhrieddle present

I nvention. This enables t I me_for var ng the tenperature to

be largely dec“?@eﬁséila@ﬁﬁséal%ﬁ% elf VB t'rbfﬂ)rgﬂi%§1%9lt]|fﬁ LRIt LD t he
apparatus 2. QéngﬁredéedM||Fﬁ¥th§ﬁﬁ5ﬂéﬁxlftﬂﬁﬂls 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
nmethod 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.



cleaning an inner surface of the piping of the gas 5 evacuating line is

si mul t aneously executed with this cl eaning of the chanber 20. Herein, the
cl eaning gas may be diluted by m xing inert gas such as Ar, N2 and He.
Further, the cleaning nay be executed at predetermned intervals. 10 More
specifically, it may be executed at eacHzime when a predetermnm ned number
of the wafers were processed, or at each tine when an accunul ated tine
period for producing filmreached a predeterm ned tinme period, or at
regular intervals. 15 Furthernore, an after-treatnent of the cleaning
process may be exectiiBh BhecGieaninggoeseanfethenglganingomethedchanber 20

and repeat edl yosugptacatmatdestaent nﬂpﬁ&?&’tﬁénﬂn' ae&braaﬁcéuce&tﬂs N2 gas to
t he chanber 20,. under a ond ti t

t hat e su e 20 cleaning gas
is stopped. | FPEHRISEDR t%ﬂvgﬁgb?9 aﬁH Q?Gﬁmgg %ﬂﬁthéﬁtt8a§n§P€eexecuted
several tines mupé31eraadaanﬂgggasesMﬁrﬁgspéelfmaamgy 2By ggstfgﬁgrigg ?ﬁ:
will be rapidl chanber
gas supplygbor¥ g% gﬁ&gﬁg sﬁggéég aﬂaﬁo???gﬁdﬁﬂg haythe BF@FﬁEE into two
ports which arinvembberectiotclean| theivigeogas tueptyehineppadasus,
fil m produci ng; gage SRps Y &égfbléeFBefé ¥€éyan|£nﬁ883sﬁg g k;mﬂenent of the

plural supply ports_ 30 a IS e | nert gas as is flowed
inthe filmpr $%Ee@a%nsﬁB%IVa¢PW% H%?@ﬁ@eﬁheaﬁpéﬁﬁtﬁg prsehs Thi s

prevents the cpeedudds Jasthi®nEimmessery, foweag &Q, apgd, regei ning in the
10 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.



-20- fi4d mproducing gas supply line. Accordingly, the affect of the ,
remai ni hg cleaning gas to the next film producing process is prevented.

Furt hernore, although the explanation of the 5 cleaning process is

di scussed as to the filmproduci ng apparatus 8A, it will be understood that
the other film producing apparatuses 8B-23 8D may execute the normal film
formng process during the cleaning process of the film produci ng appar at us
8A lo or may independently execute the cleaning process. Although the
enbodi nent of the cleaning nethod has been shown and descri bed such that
only the filn1%ﬂb§u§$n§LégH§PaF§$ 8A executes the cleaning process, it wll
be understqod {hat se¥geahifg ghbk £brt PemdPinki hMuBp8LYELRY apparat uses 8A

to 8D may sinultgneoailé execut& t he cl eani ng  process together with the
common conveyi Rt ehifthefeRETRRCHN1R R a¥RCUERtERPREBARESABPArAEUBespect i ve
chanbers are ethal vaedumt trbatment appasatesbpreanslingng thAent £20m gas
before the ,cl eapi ng. r ter, .t he_correspondihg gate val ves are opened,
and the cléhniﬁg ggsl?%gguéﬁ%igé Tﬁ'?ﬂe iQSngtitE'ggscgﬂBBPleine 16.
Furthernor®, sincludbegushe eft¥ii hWs FTappRy, abdeIrvandaanoallibgough the

respective ¢25 4 uat i ngel bnes,,18xLS gxe e ' bl es the
sever al chgnbe%g@?%&%égs?%%l?gn%ghzvya%%éaﬁédgﬁé ?ﬁé %F%énﬁggaB%Bgess.
Furt hernord, i$RSUCPMRIL$1R@ti on, the spare chanmbers 12A and 12B and the

cassette clanbers 14A gfs; agela14B may be simultaneously cleaned by this

9 oxygen containing gas.

2. A cleaning gas as claimed in claim 1, wherein a
concentration of said HF is greater than or equal to
1l vol%, and a concentration of said oxygen

B W

containing gas ranges from 0.5 to 99 vol%g.

[

3. A cleaning gas as claimed in claim 1, wherein
salid oxygen containing gas includes at least one of
O; gas, O3 gas, N0 gas, NO gas, CO gas and CO, gas.

1 4, A cleaning gas as claimed in claim 1, wherein
2 the compound including one of Ti, W, Ta, Ru and Ir
includes TiN, TiW, TiON, WN and TaN.

w

5. A method for removing a deposited material
generated in a vacuum treatment apparatus for
forming a thin film of one of Ti, W, Ta, 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, said
method comprising the steps of;

flowing a cleaning gas in the vacuum treatment

@® N 0 e W N

apparatus.

O )



cl eani ng process. Although the cleaning gas and nethod according to the
present i nvention has been shown and descri bed such that the cleaning
gas i s independently supplied to the film produci ng apparatus, the conmon
conveyi ng chanber, the spare chanber and the cassette chanber, it will be 5
understood that the present invention is2%ot limted to this enbodi ed

nmet hod and may be supplied to each of several blocks constituted by several
chanbers. This enabl es the nunber of the gas supply lines to be decreased.
Furthernore, if it is arranged such 1Q that all of the chanbers are

si mul t aneous| ySexecfh BEthPA ps gFdaimede 1no cdadme §s&valesunber of the gas

supply |ines toompeisAhghetghstep effbedaetatlingnithe dasanithgTRialod
accordi ng to tg een.mainly 15 shown and descri bed

t t h
as to the rennngggﬁsgﬁe bEY§thgﬁ15%%? mept BBREEEYSrher eof and al | oy

thereof, it will be understood that the invention is not limted to these
and nmay be ;appki cabje fsth n of .Ta,.Ru, Ir, the

conmpound 20 t héreo ghbﬁe aIFggibﬁgre%fglég#tﬁérbﬂéFFﬁguﬁﬂethe embodi ed
cl eani ng g& aﬁHeﬂﬁ%thgé§c§meﬁgSE§ HRegpsessdt okygent conthdsingen shown

and descriked ggsenpl oy the CVD nethod, the invention is not limted to
this and may be applied 25 to a vacuum treatnent apparatus which generates

t he above nentioned conpound and alloy in a treatnent
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$.

9, A method as claimed in claim 7, wherein said

oy

oxygen containing gas includes at least one of 0O, gas,

w

O3 gas, N0 gas, NO gas, CO gas and CO, gas.

10. A method as claimed in claim 5, wherein a
temperature in the vacuum treatment apparatus is
kept within a range of 450 to 600 °C when the
cleaning is executed.

W N P

11. A method as claimed in claim 5, wherein the
vacuum treatment apparatus includes a plurality of
vacuum treatment apparatuses which are connected to
a common conveying chamber, the plurality of the
vacuum treatment apparatuses and the common
conveying chamber are selectively cleaned by flowing

~N oW NP

the cleaning gas.

12. A method as claimed in claim 5, wherein the
vacuum treatment apparatus includes a plurality of
vacuum treatment apparatuses which are connected to

Lo 7 B S B )

a common conveying chamber, the plurality of the

* [ L M H *



chanber-due to a nain treatnent. Furthernore, although the enbodi ed _

cl eani ng net hod according to the present invention has been shown and
described 30 as to the apparatus for treating a sem conductor wafer, the
invention is not limted to this and maydie applied to an apparatus
treating a LCD substrate or glass substrate. -22- Wth the cleaning gas
and the cleaning nethod of a vacuumtreatnent apparatus in accordance with
the present invention, it becones possible to ensure superior advantages.

Mor e speci fj cal | by.5 | oyi ng the cl eaning gas according to the
present in entVSﬁuPﬂ EF@Q%HEHE oR EEﬁFPFGﬁtﬁBﬁttgﬁpﬁpmm9§, it becones

possible t® reaonvegmngnohambﬁaru?é:hmm?@aaﬁébgg%yncgggngacByﬂ]t{eatnent
appar at us, i u thin filmof Ti, W Ta, Ru, Ir elo
conpound tﬂgfeg¥°§%§8tﬁgga$}89n?ﬂgrgﬁ?; at a relatively high tenperature
near the film producing tenperature and at hi gh etching speed and to
prevent the apparatus from bei ng damaged by corrosion. Therefore, it is
possi ble to decrease a difference 15 between the tenperatures in film
produci ng process and in cleaning process. This enables the idling tine for
varying the tenperature to be decreased. Consequently, it is possible to
remar kably inprove an yield factor of products and a throughput of the 20
produci ng apparatus enpl oyi ng the cleaning gas and the nethod using the gas
according to the present

* ¢ L K S§ x



invention. The entire disclosure of Japanese Patent Application No.
11-302715 filed on Novenber 24, 1999 25 including specification, clains,
drawi ngs and sumary are incorporated herein by reference in its entirety.
-23- WHAT IS CLAIMED IS 1 1. A cleaning gas for renoving a deposited 2
material generated in a vacuum treatnent apparatus, 3-the vacuum treat nent
apparatus producing a thin film4 of at |east one of-Ti, W Ta, Ru, Ir, a
conmpound 5 including one of Ti, W Ta,2®Ru and tr and an all oy 6 including
one of Ti, W Ta, Ru and Ir, said cleaning 7 gas conprising: 8 HF
gas; and 9 oxygen containing gas. 1 2. A cl eaning gas as cl ai ned

inclaiml, wigi@iAr® oF ceffentdaidqyrepf said HF is dgreater than or equal
to 3 1 vol % ~and a conceniration or sai d oxygen 4 containing gas ranges

from0.5to 99 vol% 1 3. A cleaning gas as clained in claim1, wherein

2 said oxygen cont examsn@aéasn&ﬁﬂ%nlfaﬁtcmﬁeavﬂeums 03 gas, N20
gas, NO gas, CO gas_and med in claim

1, wherein 2 the 8§ﬁﬁﬁﬁﬁa Pﬁgéﬁﬁ?ﬂﬁ %%ey%ﬁwa§sa€é£158£ém and r 3 includes

TiN, TiW TioN, WWand TaN. 1 5. A nmet hod for renoving a deposited
material 2 generat@d diR.3;¥8CYHT AERLAED HRPPAL AhkSsd OF
concentration is greéter than or equal to 1 vol% and
oxygen containing gas whose concent;ation ranges
5 from 0.5 to 99 wvol%. The oxygen containing gas
includes at least one of 0, gas, O3 gas, Nzo gas, NO
gas, CO gas and COQ gas.:- The cleanlng gas is
employéd fo remove a deposited material generated in
a vacuum treatment apparatus for producing a thin
10 £ilm of at least one of Ti, W, Ta, Ru, Ir, a
. compound thereof and an. alloy thereof.

(Figure 1) |



S'fgr.mhng athinfilmof one of Ti, W Ta, Ruand Ir, 4 a CorrpS@ldzﬁE“C(}f)?
including one of Ti, W Ta, Ru and Ir and 5 an alloy including one of Ti, '

W Ta, Ru and Ir, said 6 nmethod conprising the steps of; 7 flowng a
cl eaning gas in the vacuum treatnent 8 apparatus. -24- 1 6. A et hod
as clained in claim5 further 2 conpri difdg the step of evacuating the
cleaning gas 3 flowed in the vacuumtreatnent apparatus. 1 7. A net hod
as claimed in claimb5, wherein the 2 cleaning gas conprises HF gas and
oxygen containing 3 gas. 1 8. A nmethod 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 fromO0.5 to 99 vol% 1
9. A nmethod as claimed in claim?7, wherein said 2 oxygen containing gas

i ncludes at | east one of 02 gas, 3 03 gas, N20O gas, NO gas, CO gas and CO2
gas. 1 10. A nethod as clained-in claim5, wherein a 2 tenperature in the
vacuum treat nent apparatus is 3 kept "E:i a range of 450 to 600 OC when
the 4 cleaning is executed. 1 11. /\I%! nls claimed in claimb5, wherein
the 2 vacuumtreatnent apparatus includes a plurality of 3 vacuum treatnent
appar atuses which are connected to 4 a conmon conveyi ng chanber, the
plurality of the 5 vacuum treat nent apparatuses and the conmon
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6'56§Veying chanber are selectively cleaned by flowng 7 the cleaning gas.
1 12. A method as claimed in claimb5, wherein the 2 vacuum treat nment
apparatus includes a plurality of 3 vacuum'treatnment apparatuses which are
connected to 4 a common conveying chanber, the plurality of the -25- 5
vacuum treat ment apparatuses and the c®@f@on 6 conveyi ng chanber are

si mul taneously cleaned by 7 flow ng the cl eani ng gas.

FIG.2
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