4° Exhausting nethod in filmforning apparatus IPoS cory
The“present invention relates to an exhausting nethod in a fi %0'5"16-‘1
form ng apparatus having a reaction - chanber and a 5 prelimnary vacuum
chanber adjacent with each other such as a - spattering device or a

vapor deposition device. Fil mform ng apparatuses such as
spattering device or vapor depositiom device have been wdely used in
recent years for formng a th|n filmin the production of a

sem conductor, 10 opfig : . | ke. Most of

t hese apparatuses' ng Im chanber

adj acent to a reaction chanber for the purpose of enhanC|ng t he

production tactic. A conventional exhausting nmethod in a

spattering deV' Ce B@g?@%b% %n‘&r%%‘&&bﬁnggg‘é?gser?”‘én e&hﬁhh'&%@r ne¥ABHUTh

chanber ereinafter descri ing to
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a vacuum of ~10-6 Torr a substrate |spose

prelimnary ¥@§EH§h§Q§”Q%cu%§\Qﬁmﬁ&ﬂﬂsg c%ntzng%e%%ﬁmeot Sisudhl G %he
vacuum ch :

preI|n1nary vacuum exhaust ed as shown in Fig.

A gate ValVgpQ%E@@ﬁﬂg devﬂ@@ZQFC ot %%Poégtl%nt@%%lggened the

substrate is transferred e prefimnary vacuum chanber 22 to the

reaction chanber 21;nard hhe %a&%&%%e stkfsed agaitReridg device Bkt er
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that, argon gas is introduce the reaction
vapor deposition device have been widely used in recent years

for forming a thin film in the production of a semiconductor,

10 optical disk, electronic coniponent or the like. Most of these
apparatuses have a communicating preliminary vacuum chamber
adjacent to a reaction chamber for the purpose of enhancing
the production tactic.

A conventional exhausting method in a spattering device

15 having a reaction chamber and a preliminary vacuum chamber
will be hereinafter described referring to Fig. 3.

First, the interior of the reaction chamber 21 is vacuum
exhausted to a vacuum of 10°® Torr. Next, a substrate is
disposed in the preliminary vacuum chamber 22 of atmospheric

- 20 pressufe, after which the preliminary vacuum chamber 22 is
vacuum exhausted as shown in Fig. 3. A gate valve between
both chambers 21, 22 is then opened, the substrate is
transferred from the preliminary vacuum chamber 22 to the
reaction chamber 21, and the gate valve is closed again.

25 After that, argon gas is introduced in the reaction

chamber 21 to set the vacuum to be about 5 X 103 Torr. A



chanber 21 to set the vacuumto be about 5 X 10[err] Torr. A

2 . direct electric current or high-frequency voltage is applied to
a:cathode to forma plasma inside the reaction chanber 21 so as to
accunul ate a predetermned filmon the substrate. After that, the
plasma formation is stopped, and consequently 5 introduction of the argon
gas is also stopped. The gate val ve I S opened, the substrate is
transferred to the prelimnary vacuunfchanber 22, and the gate val ve
is closed agai n. Next ni t rogen gas |s |ntroduced to the prelimpnary
vacuum chantérect el?f%casc‘trdf%’gh B IHEAGR drS FPRIHa%of
to 10 return to the atnospheric IeveI after which the substrate is
taken out. to a cathode, §dqxgh A mlasna %Sélqemtﬁ%ﬁf%}tﬂﬁ Ghamkar 21

exhausting nethod descri bed above, however, prelimnary
vacuum chant?& 2% §& agraiuyt ats t%é”%ﬁdretfecﬁml“ﬁ? ﬁlrla‘hs‘?%rtrl'}%gs‘%kt?é'—%t rate,
t he at nosphere floms |nt the relimnary vacuum chanber 22. Even

t hough the PYISTithe ty' iy SLERRRA e AN &RFeBIeN e
conp05|t%on ontalned [ the at nos here uch as o (g nd wat er
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Under _such. dgndbat c%ﬂb%%aﬁ%rtﬁ ﬁwéﬁﬁcget%fttae prelimiant i ng
target or a vapor d t|o i s changed due to oxjdization or
ot her chem JASYIY, G qé)q gate valve is closed again. Next,

nitrogen_gas is intreduced to the preliminary vacuum chamber
22 so as to cause the pressure of the interior thereof to

10 return to the atmospheric 1evei, after which the substrate is
taken out.

In the conventional preliminary vacuum chamber
exhausting method described above, however, when the
preliminary vacuum chamber 22 is opened to the air for

15 transferring the substrate, the atmosphere flows into the
preliminary vacuum chamber 22. Even though the preliminary
vacuum chamber 22 is vacuated thereafter, the composition
contained in the atmosphere such as oxygen and water cannot be
completely exhausted, and the remains of such composition mix

20 into the reaction chamber 21 when the gate valve is opened.
Under such condition, the composition in the surface of a
spattering target or a vapor deposition material is changed
due to oxidization or other chemical reaction, resulting in
unstableness in thickness or composition of the film formed on

25 the substrate. In case of spattering a metallic material,

such inmixed composition in the atmosphere may cause abnormal



unst abl eness in thickness or conposition of the filmfornmed on 25 the
substrate. |In case of spattering a netallic material, - “such inm xed
conposition in the atnosphere may cause abnor nal

3 or inconplete electric discharge. In view of the
foregoi ng, an object of the present invention is to provide an
exhausting nethod in a filmformng asparatus havi ng a reaction
chanber and a prelimnary vacuum 5 chanbef, by which m xture of oxygen or
water. into the reaction chanber is effectively prevented.

The exhaust Pg LRSOMRd- 94¢ £Yeqthioddisthagsisar at us havi ng a reaction
chanmber and a prelim nary vacuum chanber according to the present

i nvention conpri sé® VHEY%SHEhS fFeHcdgI hén o asite|9inither Preseitm
chanber to the atnosphere, exchangi ng substrates, enclosing a gas of
ni trogen i niWENQN fishdrq Provide @ deaidmd detdthrids & ing
and exhausting the prelimnary vacuum chanber . By this

met hod, si n@@PAF@LYR OB iR Frian hamker Nd \ A RRFhIEHAARY Yaguum
conpressed with the nitrqgen gas before bei ng exhausted, m xture of
the conposi CRGMBST ¢ Y & xture of QYD Q& gt sH Wtk theeagidon
reacti on chanber can be remarkably reduced due to higher partia
pressure of SHFERSL &S eff?ﬁﬁ%?éﬁ&] J%ﬂtqqmatine of exhaustion

Accordingly, 20 xi di zati on, of a attering target or vapor depositiaon
gty The ex ausg}ng method in a %ilm!¥%rming J%para %s having

a reaction chamber and a preliminary vacuum chamber according
to the present invention comprises the steps of opening the

10 préliminary vacuum chamber to the atmosphere, exchanging
substrates, enclosing a gas of nitrogen in the pfeliminary
vacuum chamber for compression thereof, and exhausting the
preliminary wvacuum chémber.

By this method, since the interior of the preliminary

15 vacuum chamber is compressed with the nitrogen gas before
being exhausted, mixture of the composition in the atmosphere
such as oxygen or water into the reaction chamber can be
remarkably reduced due to higher partial pressure of inactive
nitrogen gas at the time of exhaustion. Accordingly,

20 oxidization of a spattering target or vapor deposition
material can be prevented, and the thickness or composition of
a film formed on the substrate can be stabilized. Also, in |
case of spatte;ing a metallic material, abnormal'or incompiete
electric discharge can be prevented.

25 It is similarly effective, if the preliminary vacuum

chamber is opened to the atmosphere under a state that the



material can be prevented, and the thickness or conposition of afilm
formed on the substrate can be stabilized. Also, in case of spattering
a retallic material, abnormal or inconplete el ectric discharge can be
prevented. 25 It is simlarly effective, if the prelimnary vacuum
chanber is opened to the atnosphere under a state that the
4 vicinity of the exit of the prelimnary vacuum chanber is
mai ntai ned in a nitrogen gas at nosphere whén exchangi ng the
substrates, and after that the prelimnary vacuum chanber is
exhausted. vicinity ofhéde and totdferthebjperetldmineatyu vescuamd chdwdostrages of
t he present invention will be apparent fromthe follow ng
descri pt i onmefintld nedefigr ree dhidnivgrinnmgtss adimdspheney eritdanoexiaghanging the
conjunction with the acconpanyi ng draw ngs, in which: Fig. 1is
a flow di agrsainsdfradesausinichg fireor ddw tadder gineg irtiGrany veresiuahioddinbeyt icf
the present invention; Fig. 2 is a diagram show ng a schematic
constructi oexdfausted.a spattering device according to the enbodi ment of the
pr esent i nvention; and _ Fig. 3 is a flow di agram of
exhaust i fg proces§heseq ants otdew oiestsl, fldanuresniang gyandeges of the
Preferred enbodi nents of the present invention wll be herei nafter
descri bed r @r@santy inyemtg.on widd Key.apparent from thy oldostiang a
schematic construction of a spattering

description of the preferred embodiments of the invention in

conjunction with the accompanying drawings, in which:
Fig. 1 is a flow diagram of exhausting process according
10 to one embodiment of the present invention:;
Fig. 2 is a diagram showing a schematic construction of
a spattering device according to.the embodiment of the present
invention; and
Fig. 3 is a flow diagram of exhausting process in a
15 conventional film forming apparatus.
Preferred-embodiments of the present invention will be
hereinafter described referring to Fig. 1 and Fig. 2.
Fig. 2 shows a schématié construction of a spattering
device, wherein a substrate 3, on which a film is accumulated
20 Dby spattering is disposed within a reaction chamber 1 in
opposition to a cathode 2. Reference numerals 4 and 5
respectively denote a substrate holder and an electric power
source which applies voltagé to the cathode 2 for causing
plasma formation on the surface thereof. The reaction chamber
25 1 is depressurized by a-first vacuum exhéustion bump 6. A

spattering gas is supplied into the reaction chamber 1 through



devi ce, wherein a substrate 3, on which a filmis accumulated 20 by

spattering is disposed within a reaction chanber 1 in opposition to a
cathode 2. Reference nunerals 4 and 5 respectively denote a substrate
hol der and an el ectric power source which applies voltage to the

cat hode 2 for causing pl asma formation on the surface thereof. The
reaction chanber 25 1 is depressurized b¥%a first vacuum exhausti on punp
6. A spattering gas is supplied into the reaction chanber 1 through

5 first f eedi t 7. Th ithint ti ,
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vacuum chanber 1Q S arranged gdéﬁggntntgd. s . the rgactéon chanber 1, and
constructed §ﬁ%% ?ﬁa% 13t A% BSER r&11294% EhRIuRR LT e through a gate
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feeding . syStem.12,5upplugs niLrogen.gas. LRLOLE.Rh eLEL nggyy vacuum

chanber 10, causes € safe “the atnospheric O pressure, and
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system 12 supplies nitrogen gas into the preliminary vacuum
chamber 10, causes the same to return to the atmospheric
10 pressure, and to compress the same.
The actions of the spattering apparatus which is
constructed as described above will be explained. First, the
interior of the reaction chamber 1 is vacuum exhausted to a
vacuum of 10™° Torr with the first vacuum exhaustion pump 6.
15 As shown in Fig. 1, after placing the substrate 3 in the
prelimingry vacuum chamber 10 of atmospheric pressure,
nitrogen gas is supplied with the second gas feeding system 12
to compress the preliminary vacuum chamber 10 to a higher
pressure. After that, the preliminary vacuum chamber 10 is
20 vacuum exhausted with the second vacuum exhaustion pump 11.
The gate valve 9 between both chambers 1, 10 is opened, the
substrate 3 is transferred from the preliminary vacuum chamber
11 to the substrate holder 4 in the reaction chamber 1, and
the gate valve 9 is closed again. Argon gas is then

25 introduced into the reaction chamber 1 with the first gas

feeding system 7, and the vacuum is adjusted with the



nitrogen gas is supplied with the second gas feeding system 12 to
conpress the prelimnary vacuum chanber 10 to a higher pressure. After
that, the prelimnary vacuum chanber 10 is 20 vacuum exhausted with the
second vacuum exhaustion punp 11. The gate valve 9 between both
chanbers 1, 10 is opened, the substrate 3 is transferred fromthe
prelimnary vacuum chanber 11 to the gubstrate holder 4 in the
reaction chanber 1, and the gate valve 9 is closed again. Argon gas is
then 25 i nbeAdashd V1S NEAHd ULEhATILY h o tolhe W dilrelds

f eedi ng syst§§17, aﬁ% fﬁé vacdﬁﬁ?%iqgrjusted W th fﬂ% current
6 adj ugfd Rg it P& 1% ApkBlRd 16 ehe i8S WY
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that a predetermned filmis accumulated on the™ 5 substrate 3. The plas
formation | $HARRSIORRELGhAG predXUGHAHRN I M N UG e @f{gon

gas is al so stopped. The gate valve 9 is opened, the substrate 3 Is
transfersed dipstratd Ne, PPkl PiRamy ¥aghdmiehankerhkd saBpole gake val ve 9
S cl osed again. Successively, nitrogen gas is introduced into 10 the

prelim nary AGEEHIH AP b dt s & S g h dish fRedi 10 a1so SHSdgen 12
until the interior thereof returns to the at nospheric pressure, after

whi ch the subd It IJd1svd akefs Bened, the subdfSrated 3 ofd he AoV r SANGS

the interior of the prelimnary vacuum chanber 10 is conpressed with
the nitrogerthe preliminary vacuum chamber 10, and the gate valve 9 is

closed again. Successively, nitrogen gaé is introduced into
10 the preliminary vacuum chamber 10 with the second gas feeding
system 12 until the interior thereof returns to the
atmospherié pressure, after which the substrate 3 is taken out.
As set forth above, since the interior of the
preliminary vacuum chamber 10 is compressed with the nitrogen
15 gas before being exhausted, mixture of the composition in the
atmosphere such as oxygen or water into the reaction chamber 1
can be remarkably reduced due to higher partial pressure of
inactive nitrogen gas at the time of exhaustion. Accordingly,
oxidization of a spattering target or vapor deposition
20 material can be prevented, the thickness or composition of a
film formed on the substrate 3 can be stabilized. Also, in
case of spattering a metallic material, abnormal or incomplete
electric discharge can be prevented.
Although the interior of the preliminary wvacuum chamber
25 10 is compressed with the nitrogen gas in the above described

embodiment, it is similarly effective by making only the



15 gas before being exhausted, m xture of the conposition in the

at nosphere such as oxygen or water into the reaction chanber 1 can be
remar kably reduced due to higher partial pressure of i nactive nitrogen
gas at the tine of exhaustion. Accordingly, oxi di zation of a
spattering target or vapor deposition 20 material can be prevented, the

t hi ckness or conposition of a filmfornmed on the substrate 3 can be
stabilized. Also, in case of spattering a netallic material, abnornal
or inconplete el ectric discharge can Qp prevent ed. Al t hough

the interior of the prelimnary vacuum chanber 25 10 is conpressed with
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problem of insufficient exhaustion of the preliminary vacuum

chamber to the same level of the vacuum of the reaction

chamber in a very short timé during a high speed film forming
10 operation especially in the spattering technology for optical

disks or the like.



8 CLAI M5 1. An exhausti ng

nmethod in a fil ' ﬂﬂus havi ng a reaction chanber and a
prelimnary vac mmuﬁmﬂg onprising the steps of: openi ng
the prelimnary vactiurh can®er*(10) to at nospheri c pressure;
exchangi ng substrates (3); supplying a gas of nitrogen into the
prelimnary vacuum 10 chanber (10) and thereby conpressing the sanme; and
exhausting the prelimnary vacuum chanber (10). 2. An
exhausting nmethod in a filmform ng appar asBus having a reaction
chanber and a prelimnary vacuum chanber, 15 conprising the steps of:
opening the prelimnary vacuum chanber (dQAIN® at nospheri c pressure
under a condition that a vicinity of an exit of the prelimnary vacuum
chanmber (10) is maintained in an at nosphere of nitrogen gas; 20
exchangi ng substrates (3); and exhausting the prelimnary vacuum
chanber (10). 1. An exhausting method in a film forming apparatus
having a reaction chamber and a preliminary vacuum chamber,

5 comprising the steps of:

opening the preliminary vacuum .chamber (10) to

atmospheric pressure;

exchanging substrates (3):;

supplying a gas of nitrogen into the preliminary wvacuum
10 chamber (10) and thereby compressing the same; and

exhausting the preliminary vacuum chamber (10).

2. An exhausting method in a film forming apparatus
having a reaction chamber and a preliminary vacuum chamber,
15 comprising the steps of:
opening the preliminary vacuum chamber (10) to
atmospheric pressure under a condition that a vicinity of an
exit of the preliminary vacuum chamber (16) is maintained in
an atmosphere of nitrogen gas;
20 exchanging substrates (3): and

exhausting the preliminary vacuum chamber (10).



