0 8 JAN 2004 1 PLASMA FI LM FORM NG APPARATUS AND CLEANI NG METHOD FOR THE
- SAVE BACKGROUND OF THE | NVENTI ON Field of the invention: This invention
relates to a plasma filmforning apparatus and a cleaning nethdBiffJaN 2004
cleaning the plasma filmform ng apparatus. Description of the Prior Art:
*Fig. 1 shows a plasma filmformng apparatus 1 of the prior art. It is an
apparatus to forma filmon a substrate 9 by a plasma CVD (Chem cal Vapor

Deposition) net cat hode el ectrode 4 is arranged on the upper wall of

d.. A
a vacuum t ank EﬁWéﬂéM‘EWM@@AB@M&WWNIN@ METH@Dcat hode
electrode 4, in a filmform ng chanb@R THESAMEe vacuum tank 2. The cat hode

el ectrode 4 is connected to a high frequency el ectric power source S. The
anode electrode 3. is conneﬁﬂéﬂgw_ﬂ@ Q’a!éﬁ INVENTIONt i ons al so as a
supporter flg;(r%:l éf%St'rthjﬁ' The substrate 9 is nmounted on the anode el ectrode

3. The catho EPYYYION: i s di sh-shaped. A gas-introducing pipe 13 is

connected to a t. | e,aof the upper wall of the cathode electrode 4. A
shower plate 5:?%.'5?‘%'}2@3" Ee$§35|tg\ﬁepr%§m filgy-tarming appadatueland a ateartng

Nurmer ous  SHBiHod Yot ' he .shower plate 5 which is facing to the
substrate 9. One ensfégﬁr@ tﬁ?ﬁ%’%rﬁ?:@ﬁégrﬁ@?gi PKIYEi ng pipe 6 is connected
to the gaDeésuriptigHer e PHBEAXS. Another end of the filmforning
gas-introducing pipe 16 is connected to a not-shown filmform ng gas

supply source. Fgradmavssa mastdcimofosR e S ' ofget ed to one end of a
gas-introduci ng pi pe 12. Another end of gtch%&%fgﬁﬁ ?\t rod%c'?rﬂ%f %ﬁ‘pﬂ 1327 5

connect ed @HPATHHYS 81BN acfieawinng subasate PHyya Parcg-CVheCidheal Yapo
pr oduci ng urc rther connected to the pipe 13. Next, opé i ons

.11 is, f
of the abo eeP&’e“ﬁl?P%BTIé%hBHaén‘?é‘“f‘W@rﬁfQﬁUﬁﬂﬁ@ ispparagers oh the upper wall of a

vacuum tank 2. An anode electrode 3 is arranged opposite to the cathode
electrode 4, in a film-forming chamber 10 of the vacuum tank 2. The cathode
electrode 4 is connected to a high frequency electric power source 8. The anode
electrode 3 is connected to the earth. It functions also as a supporter for
substrate. The substrate 9 is mounted on the anode electrode 3. |
The cathode electrode 4 is dish-shaped. A gas-introducing pipe 13 is
connected to a central hole of the upper wall of the cathode electrode 4. A
s_hower plate 5:is fixed to a lower end of the cathode electrode 4. Numerous
small holes are made in the shower plate 5 which is facing to the substrate 9.
One gnd of a film-forming gas introducing pipe 6 is connected to the
gas-introducing pipe 13. Another end of the film-forming gas-introducing pipe 16
is connected to a not-shown film-forming gas supply source. A radicals
producing source 11 is connected to one end of a gas-introducing pipe 12.
Another end of the gas-introducing pipe 12 is connected to a not-shown cleaning
gas sipply source. The radicals producing source 11 is further connected to the

pipe 13.

Next, operations of the above described plasma film-forming apparatus 1
will be described.

For example, there will be described a case of forming a film of SiNx on the
substrate 9. First, the film-forming chamber 10 is evacuated through an exhaust

port 7 and so is put under the jower pressure. For example, SiH4 gas and NH3



wi |l be described. For exanple, there will be described a case of formng a
filmof SiNx on the substrate 9. First, the filmformng chanber 10 is
evacuat ed through an exhaust port 7 and so is put under the | ow§g JAN 2004
pressure. For exanple, SiH4 gas and NH3 0 8 JAN 2004 2 gas are introduced
onto the shower plate 5 through the filmform ng gas introducing pipe 6
and the gas introducing pipe 13. They are ejected through the nunerous

hol f th h te 5 uni into the filmf ' hanber 10 d
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films are amdhevad thedsubstrate snt o t he shower plate 5, anode el ectrode 3,
cat hode electrode 4 and inner walls of the vacuum tank 2 besi des the

substrate 9. Thiextiakigh frequenny ¢laetrialpmreerpssupplied be sheleattdde slubséaate 9

shoul d be renoved (cl eaned). Next, there will be described cl eaning

oper at i ons? dPTNE high i TlRAugnayL BOWET |SAUFeR nB.ntp cleaaneposED ands nake: hise

fil mform’.nﬁ @Bertgt lon, .the filmformng chamber 10 is, evacuated through
prRgEre

t he exhaud 98RES 4 B8Rt haaFEn | 9RES pridgdilmsforming ghambes 10. NF3
gas is supplied ﬂHBfoP@x irs%krﬁ?}i%nptrh%cgﬁ?)isﬂgtesg.ur ce 11. Mcrowave is applied

to the NF3 gas there, so tha uorrne free radicals are produced there.

NF3 gas i ncl uthegbdweofiimioriiing dp¥alichss afé PepBitedd uFRdsh Silxt fifhs are
filmform ng chanber 10 through the gas-introducing pipe 13 and the shower

pl ate 5. red landmiled ariditheskowenpiatecheanadd &l ctrode e cathogel elbstrdd@ Nx
film to be él.eaned. Th? SiNx filnms piled on the inner wall of the vacuum
4 apd jgRergwats of thewaenitapk gdiasides thexpebsiratefariedSiN o t he

tank 2 are
exhaust P the above portions besides the substrate 9 should be removed (cleaned).

Next, there will be described cleaning operations of the interior of the
film-forming chamber 10.

As on the film-forming operation, the film-forming chamber 10 is evacuated
through the exhaust port 7 and so put under the lower pressure. For example,
NF3 gas is supplied into the radicals producing source 11. Microwave is applied
to the NF3 gas there, so that fluorine free radicals are produced there. NF3 gas
including fluorine free radicals are introduced into the film-forming chamber 10
through the gas-introducing pipe 13 and the shower plate 5.

Then, fluorine radicals react chemically on the materials (SiNx film) to be
cleaned., The SiNx films piled on the inner wall of the vacuum tank 2 are
removed. The removed SiNx materials are discharged through the exhaust port
7 together with the cleaning gas.

The method that the radicals for cleaning are thus previously produced and
then introduced into the film-forming chamber 10, has the advantage that the
plasma damage of the shower plate 5 is decreased, in comparison with the
method that free radicals for cleaning are produced in the film-forming chamber
10 by the high frequency electric power applied to the cathode electrode 4 from

the high frequency power source 8, as on the film-forming operation.



7 together with the cleaning gas. The nethod that the radicals for cleaning

are thus previously produced and then introduced into the filmformng

chanber 10, has the advantage that the plasnma danage of the shovvgé JEI ate 5
f

i s decreased, in conmparison with the nethod that free radicals N 2004
cl eaning are produced in the filmform ng chanber 10 by the high frequency
electric power applied to the cathode el'ectrode 4 from the high frequency
power source 8, as on the filmformng operation. 0 O JAN 1004 3 introduced
into the fiMfduses ine thiaftiedomingwhendter thenowdif dhe sadicalsdaresdipsipated,
since the passing rate of .the shower plate havi ng nunerous small holes is
| ow. Thus {r}p&tg%igastslq@ W%l?fgfﬁ %C}HMEFFR{%T%EP gawna@ reussmallkeles is W t her |
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radi cals, in sone cases. However, suc hod requires coS
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a plasma filmform ng apparatus and the cl eaning nethod’that the

di ssi pat i oaso?.4bhaHzaisi applied to tee raditalocrodacingtsourde i torpfadutengoedanber
can be prevented. Another object of this invention is to provide a plasma
filmforni RAICAISHHY S8ME CaraStIHeweVen ey Mathes tequites high qoatli cal s as t he

cl eaning gas produced outside the filmform ng chanber, can be effectively
used for cleaning the filmformng chanber. In accordance wth one aspect

of the invention, in a plas MM ARYOETE PERFONS Whi ch includes a
filmform ng chanber in whi @m&, a filmform ng gas
I nt roduci ng pi pe connected to a supply source of a filmformng gas at its
first end, a shower plate through nunerous holes of which a second end of

sai d fil mformASsgordisgiynit isoatuebiegt of this ipwemtion toanrevidetan plesim film-forming
apparatus and the cleaning method that the dissipation of the radicals to be
introduced into the film-forming chamber can be prevented.

Another object of this invention is to provide a plasma film-forming
apparatus and the cleaning method that the radicals as the cleaning gas
produced outside the film-forming chamber, can be effectively used for cleaning
the film-forming chamber.

In accordance with one aspect of the invention, in a plasma film-forming
apparatus which includes a film-forming chamber in which a substrate is
arranged, a film-forming gas introducing pipe connected to a supply source of a
film-forming gas at its first end, a shower plate through numerous holes of which
a second end of said film-forming gas introducing pipe communicate with said
film-forming chamber, film-gas exciting means for exciting film-forming gas
introduced through said shower plate into said film-forming chamber, 1o form a
film on the surface of said substrate with the chemical reaction,
radicals-producing means which excites said cleaning gas and produces
radicals, and cleaning-gas introducing means which introduces said cleaning
gas containing said radicals into said film-forming chamber, the improvement in
which said cleaning-gas introducing means communicate directly with said

filn-forming chamber.



filmformng chanber, filmgas exciting nmeans for exciting filmform ng gas
I ntroduced through said shower plate into said filmformng chanber, to
forma filmon the surface of said substrate with the chenical reqpgtr@mn
radi cal s- produci ng nmeans whi ch excites said cl eaning gas and produces

radi cal s, and cl eani ng-gas introduci ng means which introduces said cl eaning
gas containing said radicals into said filmform ng chanber, the

| mprovenent., i whi ch sai d cl eani ng-gas i ntroduci ng means comruni cate
whirpr e Ghaher,

directly rmng chanber. 0 8 JAN 2004 4 filmformng
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nunerous holes into a fil'mformng chanber, excites

forms a fi bnfilmifoimingegas ibnowgh & ekoWernplaR® Having fAgReffuss HRNY 3B a
arranged in said filmform ng chanber, and in the cleaning operation,

i nt r oducesfitm-dowaingnehamber antcitenithe intradiuceat sgae addc sy aefilod,t witly e sai d
cl eaning-gas, into said filmfornmng chanber and cleans said filmform ng
chanber by CReEIER Jeaciap: ognaopudace ofr subsisate awangedoinesaidafisrifairgingo be
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plasma filmform ng apparatus of“the prior art;? Fig. IS a vertica

cross- sect clambeviztw afeanspiaid mEdrmin® ciaRtberIRACAEHTcala@eRIgh NG s&df i r st
and second enbodi ment of this invention; Fig. 3 is vertical cross-sectional

view of a fAdieala and remeves mptepalariat be clearesy, dhegmpoorernéent ih whiohdsawdnt  of

this invention: . . . I . . .
cleaning gas containing said radicals is introduced directly into said film-forming

charnber.

BRIFE DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical cross-sectional view of a plasma film-forming apparatus
of the prior art;

Fig. 2 is a vertical cross-sectional view of a plasma film-forming apparatus
according to first and second embodiment of this invention;

Fig. 3 is vertical cross-sectional view of a plasma film-forming apparatus

. according to a third embodiment of this invention;

Fig. 4 is a cross-sectional view taken along the line iv-iv in Fig. 3;

Fig. 5 is a graph for showing the comparisons of the cleaning rates of SiNx
films between the prior art and the first embodiment of this invention; and

Fig. 6 is a graph for showing the cleaning rates of SiOx film by the second

embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, embodiments of this invention will be described with reference to the



Fig. 4 is a cross-sectional viewtaken along the line iv-iv in Fig. 3; Fig.
5 is a graph for showi ng the conparisons of the cleaning rates of Si Nx
films between the prior art and the first enbodi nent of this invrﬁntion' and
Fig. 6 is a graph for showing the cleaning rates of SiOx film by BhiAN8ond
enbodi ment of the invention. DESCRI PTI O OF THE PREFERRED EMBODI MENTS Next,
enbodi nents of this invention will be described with reference to the 0 8
JAN 2004 5 WL Ng The parts corresponding to th arts of the above
prior art gfée\%wgghjpgdpwgt ﬁ%”%%d?’lffg?ewgepﬁﬂﬁe?&& alioeqerigy (agh are
descriptio ' ' Lit ' | asma ((CVD .
filmform QSHQ’S\F‘;{;}’%@? uéé\%é%]ea%g%@m: %gn%er§!$Fp%tdap%v%@o@?%@%f&tvﬁri" h wil

i nventi on. hA giaititegde el ectrode 4 connected to a high frequency electric
power source 8 is arranged in the upper wall of a vacuumtank 2. An anode

el ectrode 3 suffimra singva aplashadCyD) firndonnimgeniRaatsopd Bec@airdto Stirst

arranged opposite to the cathode electrode 4 in the filmform ng chanber
10. A fil nembogimgniye$ thia iremtiong Aigathade iedectoodeedt ednhectedc tmta digihol e
of the upper wall of the cathode el ectrode 4. A shower plate 5 having
NUITET OUS sﬁ'ﬁﬂ\’e”?yo?lggtr'icsoqwe)‘(eﬁ?“trﬁﬁ frearraieed éhﬁleolﬁpﬂeféiv%igﬂf@éiéc@wmdﬁﬂbde 4,

out si de t e AAEERaRERY e R sdhrghlod & pRlRt o Eacd i i pagh e ans
21 is conngghfged B ﬁéﬁfbﬁ)ﬁ%hbd@%leﬂf‘édﬁ &ch%ﬁﬁm-‘ro%c bhemBRp gégpp' y

source. The radican-produ0|ng means consists of a

cl eani ng gas i Atfilodieemihg gasintieiueinypibe 122isahnectdti Wha tesuaEsE Rhiget ric
power source appliin a high frequency electric power to the contained
cl eani ng ¢aRPemwvalhef timeaeidode ale@rastiuti Aghomdr pdaite. 5 haviogtmumesiusesrodll t he

2D po. 23 WAPE TR PR Hg° ok TG ghe. CathRReeCareta M. opposte To the
substrate 9.

A radicals-producing means 21 is arranged outside the vacuum tank 2. An
input side of the radicals-producing means 21 is connected through a conduit 22
to a not-shown cleaning gas supply source. The radicals-producing means 21
consists of a chamber for a cleaning gas introduced from the conduit 22 and a
high frequency electric power source applying a high frequency electric power to
the contained cleaning gas in the chamber for producing radicals.

An output side of the radicals-producing means 21 is connected through a
valve 24 to one end of a pipe 23 for introducing a cleaning gas. Another end of
the pipe 23 is connected to a hole made in the side wall of the vacuum tank 2,
positioning between the shower piate 5 and the anode electrode 3. Thus, the
pipe 23 for introducing the cleaning gas directly communicates with the inside of
the film-forming chamber 10.

In the film-forming operation, the film-forming chamber 10 is evacuated
through the exhaust port 7 and is put under the lower pressure, as in that the
prior art. A fim-forming gas (SiH4 gas, NH3 gas) is supplied through the
film-forming gas introducing pipe 15 onto the shower plate 5. It is ejected into the
film-forming chamber 10 from the numerous smaill holes of the shower plate 5. A

high frequency electric power is supplied o the cathode electrode 4 by the high



the pipe 23 is connected to a hole made in the side wall of the vacuumtank
2, positioning between the shower plate 5 and the anode el ectrode 3. Thus,
the pipe 23 for introducing the cleaning gas directly comuni cat e%]rgnflmgﬂm
the inside of the filmformng chanber 10. In the filmform ng ope on,
the filmform ng chanber 10 is evacuate through the exhaust port 7 and is
put under the lower pressure, as in that the prior art. Afilmformng gas
(SiH4 gas, NH3 gas) is supplied through the filmformng gas introducing
pi pe 15 ontrBAHERCYs RIRAIC Hlodes spurce § Joeflecamsposeitand iraake ither introdioed

h 0,.f .h | I hol f th hower plate 5. A high
Frequency WSS BBRER o 0cs TUE: 847D 81 SR arate O dhoe Fubsraiey t ha i gh

0 8 JAN 2004 6 L el i r.,source 8 to dec se.angd make the
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the 111m 1aramaer 10,5 Vool agm Mioanrha: eafaft AR 7 aT LTI 6PT6%EL
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supplied to the radicals producing source 21 to which'a high frequency

el ectric poweucigosatice P toswhidh edhigh frequercy aslectsics pewer (a00Kkdgdid n t he

radi cal s-produci ng source 21. The valve 24 is opened to introduce directly
the NF3 ga2URRIRHairiGie: Rdisals @renrodpeed daltke jradisalsproducing sonrasy 2dhanber

ol cani ng oH e 54 BuleiiFd GanbaBles diudfne e NES T ieiig o lvened.
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directly ithermeansdod mﬁl@dbbﬁlgfI'Herfclfeﬁhiﬂi";;“@s%hﬁiﬁ)%oﬂiﬁetr@d%lé?l'@é’&% t eThg&
nost of the radicals can be prevented from di ssipating before 1 ntroduce
into the SN filor A0 e cleamidr Thos, e irtetior Dbtiné igmefioamirey chBmben 1 is
AR S T T R TR O
art methogy b ¥ GGitdWly introduced into the film-forming chamber 10 to be cleaned.
Thus, most of the radicals can be prevented from dissipating before introduced
into the film-forming chamber 10. The film-forming chamber 10 can be effectively
cleaned. As shown in Fig. 5, the cleaning rate of the SiNx according 1o this
embodiment is higher about twenty times than the prior art method in which the
radicals pass through the shower plate 5.
Further, the micro-wave generator of a high frequency such as 2.45 GHz
was used for producing radicals in the radicals-producing means of the prior art.
It is very expensive. In the embodiment of this invention, it is not necessary to
use such as an expensive high-frequency electric power source. A high
frequency electric power source of 400HKz, which takes lower cost, can be used
to produce radicals. The experimental results as shown in Fig. 3 were obtained
with the electric power source of 400KHz. The frequency is not limited 1o
400KHz. Similar effects can be oblained within the range of 160 to 1000KHz. A
high frequency electric power source of lower frequency thani000KHz takes low
cost. Accordingly, a plasma film-forming apparatus using such a high frequency
electric power source takes lower cost, in comparison with the prior art plasma

film-forming apparatus.



radi cal s pass through the shower plate 5. Further, the m cro-wave generator
of a high frequency such as 2.45 G4z was used for producing ra&beﬁh%ﬂ'n

t he radi cal s-produci ng neans of the prior art. It is very expe

t he enbodi nent of this invention, it is not necessary to use such as an
expensi ve hi gh-frequency el ectric power_source. A high frequency electric
power source of 400HKz, which takes | owér cost, can be used to produce
radi cals. The experlnental results as shown in Fig. 3 were obtained wth

the el ectric pPughersdaribe efmb&AMERL ofl ies fif PEMRIE YpdISinsth Jfaih?ieg%dg@oe
400KHz. Sim lar effects can be obtained wthin the range o 00KHz.
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takes | ow _cost. Accaordingly, plasma fil mform ng apparatus using such a
hi gh freqhchecidingly, H’%daﬂ'ﬁa%ﬁaﬁebe akanspastest thresigh the mdnanmg sgas Wit h
t he prior pl.asnma aratus._0 8 JAN 2004 7 Further, in
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i s coated rgalcraﬂsec rloﬁ face of the cleaning gas introducing pipe 23.
Accordi ngly, e cal tan be transported through the cl eaning gas
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are used f cl e | rd ng the cleaning operation, Argon gas
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power source 8 which is used al so | mform

frequency electric power of 27.12 MHz frequency and 0.15 W/cm? electric power

density is applied to the introduced gases from the high frequency electric power

source 8 which is used also for film-forming.

Thus, the argon gas is electrically devided into Ar ions (Ar*) and electrons.
The film-forming chamber 10 is cleaned both with the chemical reaction by
radicals and with Ar ions sputtering. it can be more uniformly cleaned, and the
cleaning efficiency can be improved. The Ar gas is introduced into the
film-forming chamber 10 through the cleaning gas introducing pipe 23 or through
the film-forming gas introducing gas 15. Insteads, it may be introduced through a
special pipe for spluttering gas.

Next, there will be described a second embodiment of this invention. SiO2
film is formed in the same plasma film-forming apparatus 20 as in the first
embodiment. For example, SiH4 gas and N20 gas are used as a film-forming
gas. The SiOz2 film is formed on the substrate 9 in the same manner as the first
embodiment,

In the cleaning operation of the film-forming chamber 10, NF3 gas
containing fluorine radicals is directly introduced into the film-forming chamber
10 from the gas introducing pipe 23. The fluorine radicals reacts chemically with

the SiOz2 film to be cleaned. Thus, the film'-forming chamber 10 is cleaned.



Thus, the argon gas is electrically devided into Ar ions (Art) and
electrons. The filmformng chanber 10 is cleaned both with the chem cal
reaction by radicals and with Ar ions sputtering. It can be nore HTBUQNQNN
cl eaned, and the cleaning efficiency can be inproved. The Ar gas is
introduced into the filmformng chanber 10 through the cleaning gas

I ntroduci ng pipe 23 or through the filﬁ}fornipg gas introducing gas 15.
Insteads, it nmay be introduced through a special pipe for spluttering gas.
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frequency @heogthe cieaning solyr ettt raiicalo uaire ridiclisiethe Thainidg bAnf By M ng
chanber 10 is, cleangd also by the Ar ion sputtering. Fig. 6 shows the
conpar i sofNeelonst éAb} antk the celeaniga dey tthe ©nNe2(A") and aadicglst &/ heneting ng

02 L A A oy R Bt

ol ectri ¢ reuarc e s HRRIC) FROR e electtiue 827 e MRaleAly of 820 Y

27. 12 MHz and the power density of 0.67W/cm2 When the film-forming chamber 10
was cleaned by the radicals and ions, the high frequency electric power was
applied to the cathode electrode 4 at the same frequency as that of the cleaning
only by the ions, and at the half power density of that of the cleaning only by the
ons.

The cleaning rate of the cleaning operation only by the radicals are low.
However, that of the cleaning operation by combination of the radicals and ions
is substantially equal to that of the cleaning operation only by the ions. The
required power of high frequency in the cleaning operation by combination of the
radicals and ions is about half of that in the cleaning operation only by the ions.
Accordingly, the plasma damage to the shower plate 5 can be reduced, and so
the shower plate 5 can be prevented from being deteriorated.

Next, there will be described a third embodiment of this invention. Parts in
this embodiment which correspond to those in the first and the second
embodiments, are denoted by the same reference numerals, the detailed
description of which will be omitted.

Fig. 3 shows a verical cross-sectional view of a plasma film-forming

apparatus 30 according to this embodiment. Fig. 4 shows a cross-sectional view

taken along the lines IV-IV in Fig. 3. It is used for a large-sized substrate.



MHz and the power density of 0.67WcM. Wen the filmformng chanber 10
was cl eaned by the radicals and ions,. the high frequency electric power
was applied to the cathode el ectrode 4 at the same frequency as t kB JAN 2
the cleaning only by the ions, and at the half power density of that of
the cleaning only by the ions. The clegnlng rate of the cleaning operation

only by the radicals are low. However,“that of the cl eaning operation by
conbi nation of the radicals and ions is substantially equal to that of the

cl eani ng oper aln e first yanaythiehsedopaisembbeimerag s slsbwewe Fi@f 2 hihghraldicmiency
in the cleaning operation by conbination of the radicals and ions is about

hal f of t e introduged|latenallygintg theafilnoforonng dhantver 1@nAccordingly, diortibys t he
pl asma danage to the shower'bggate 5 can be reduced, and so the shower

plate 5 cen?aserhmﬁe%f&i of tOBRIMEPAHSING PibeASale seoner deaned. When e
described a_third enb | nyenti o Parts in hi s enbodi nment
whi ch cor rsézs%B#][i"% guqﬁ@g%r I q%r?é’tt pbﬁ %@’hmf@ hetgigino @r’rﬁ%@ WEeVE(y o
denoted b r &f r whi ch
Wil be onheE e e S FErIES AR ds o< 2800Eh 2idhm aﬁ?eiﬂs%‘ﬁk?d‘raa‘?éusm
filmfornguherampabaiersd. 3ﬁ’rhé0ﬁ|ﬁf BriAfing Q:Hd?h§ere'°f@°¢§ r@%s;fé@ fof1 §h|%
cross-sectional view taken along the lines IV-IV 1 n . sed
for a | ar geibsiratel Ehebsleaning. raﬂbsaar@a%n%ﬂiéfia@lyldﬁféri&m benrmeramhlbhs n@ammd
enbodi ments as shown in Fig. 2, the radicals are introduced laterally into
the film fibeRuilet Ghdhegastibtrofbeing dipgi23, andportams Tamser droro dhahdotallyl et of

the gas-ingraoduci.n e 23 a sooner cl eaned. Wien the size of the
substrateqé g g{g% ?(r%ngm m there is no problem However, when

generai 1y | oﬁﬁeﬁ@%ﬁ{%éﬁ% SHAREoRENAANER et 488 HARTIPIRE,

substrat e.toTdi%e eldARiallRd af &se &lirrﬁ-f@@rﬁlﬁgctﬂfa@ﬁ’d)yr tof &Rd %ﬁfotl@@l M@Sﬁm@o?éé ons

near to the outlet of the gas-introducing pipe 23 and portions far

f rom t hat .intredadihg pipe 33b is connected to another side wall 33b of the film-forming
chamber 10, which is facing to the one side wall 2b.

The cleaning-gas is introduced into the film-forming chamber 10 from the
two outlets. As shown in Fig. 3, the first and second cleaning-gas introducing
pipes 33a and 33b are shifted from the centers of the walls in opposite directions.
The cleaning-gas is more uniformly introduced into the film-forming chamber 10
than in the case that the cleaning-gas introducing pipes 33a and 33b are
connected to the walls, facing to each other. Of course, they may be connected
to the walls, facing to each other.

The cleaning rate of the large film-forming chamber 10 with the
arrangement of Fig. 4 is about three times as high as that in the case that only
one cleaning-gas introducing pipe 22 is connected to the one side wall as in Fig.

2. The high frequency electric power source of about 100to 1000KHz for
producing radicals, is simple in constructions and small-sized in comparison with
the micro-wave generator.

The price of the former is one third as low as that of the latter. Accordingly,
plural radical-producing sources can be easily arranged, and the manufacturing

cost is not so high.

While the preferred embodiments have been described, variations thereto



the cleaning rate is lowered. In this enbodinent, a first cleani na‘-Bfga‘s
i ntroducing pipe 33a is connected to one side wall 2a of the fil rﬂUWg
chanber 10, and anot her cl eaning-gas introducing pipe 33b is connected to
anot her side wall 33b of the filmform ng chanber 10, which is facing to
the one side wall 2b. The cleaning-gas js introduced into the filmformng
chanber 10 fromthe two outlets. As sh&wn in Fig. 3, the first and second
cl eani ng-gas introducing pipes 33a and 33b are shifted fromthe centers of
the wal | s will opgasiot thodier sidlledirs the Blewithipathienge@ss of shepresenmi heenlive
introduced into the filmformng chanber 10 than in the case that the

cl eani ng- gé@ngeants winieh ace @ﬁlm@@ta‘gaymmtewm glaim®nnected to the walls,
facing to each ot her. OF course, they nmay be connected to the walls,

f aci nght oheach F8t R¥ampighdn 3?%39‘?‘(?99 é’”B‘Fm‘t‘Sh@Fﬁﬁ ysed ﬁsr*hﬁgﬂﬁ!ﬁhrﬂ@g'@ﬁlﬁnber
10
TR J Wty o

t he one si ny tri.c urce
of about - 100 A1dBREMEe G, TprTBas O PRk Rl e 381 Cn
and snal | - Biidee, tie ARG beSermEd if the B@béﬂzﬁé%\ﬂ@\{ﬁ oeanReat i%rnotTnﬁitéH ige of
the fornmer is one third as low as that of the latter. Accordingly, plural

radi cal - prSiNxcand S0ar Eeghernthéd bighaBeqyermy pogedio bedpplied antbé asthadeng
cost is not so hi gh Wil e the Rr eferred enbodi ments have been descri bed,
vari at i onselerispde 8. i rtiinitegdosne abarve fregueney apd ﬁ%mal@we etegtrimpower ar t

h h f th h del db
the 1ol | oS TH: ErenuengsPeagam 018 THoMiE see BiisiFdent . N3 1 5 used as
the cleani ng- ggfoctyi m?aené@ 59;[ fqd.bmedzwcﬁﬁgp?%gﬁégeﬁm GF3,

CHF3, SF6 etc. may I used a eani ng- gas. Oor Sputtering
cl eani ng i s noln fherthiré @niisodient, two cleaning-gas introducing pipes are connected

to the film-forming chamber 10. The number of the connected pipes is not limited
to two, and more than two. The wall connecting the cleaning-gas introducing

pipe, is not limited 1o the side wall, and may be upper wall or bottom wall, of the

vacuum tank 2.



Further, the filmto be fornmed in the substrate or to be cleaned, is not
limted to SiNx and Si02. Further, the high frequency power to be applij.ed
Jo the cathode electrode 4, is not limted to the above frequenﬂ@~%ﬁﬂwk)
t he above electric power density. Frequency between 10 to 100MHZ may be
adjusted. Electric power density between 0.03 to 0.7 Wcn2 may be adj ust ed.
In the third enbodi nent, two cl eaning-g I ntroduci ng pi pes are connected
to the filmform ng chanber 10. The nunber of the connected pipes is not
limted tWHADBJS IMizld IBhan two. The wall connecting the cl eaning-gas

I nt roducin Fige is not limted to the side wall, and may be upper wall
or bot t om hal In @ plasmafilng-Sermirg @RRRTaIYS Whichinkiuges A filn-iesxiing Shamkientd | S:

1. In a pl filmfqQrm ng_apparatus,which includes.a fjlmform ng chanber
s oh ey & APRRRGEE T 1GTTIRG GRATHEPIHE G RPEGRRAGREEOR
connect ed S € . | f Hele! S.at,.l first. . end, a
shower pl aét@@rlr%% %ﬁuﬁpﬁﬁgﬂ‘hg@eébgg t\/\}fiu)"fr %Qaegg’cgngh%\gfgr SFEE gihgoudh
fil mformmegmeasud EIES B WHich Bisk@ond eREWYIseR BImYdrihing dhsiblrBub AR |
chanmber, filmgas exciting neans for excitingr¢¢?ngﬁgéﬁﬁﬂgﬁgg%aﬁ§]#oduced
through saiainshivate pivithesaiat dilradbaningi thafberi fignafastiting0 rhesms dof i | M
on the surface of said substrate with the chem cal reaction,
radi cal s- pP6HING dimmgamingvgash ieltedyers shratghl eaid nghower plate pniad saés
radi cal s, ;and, cl eani ng-gas j njroducing neans whi ch introduces said
cl eani ng dﬂ@'@é’ﬁ'ﬂ'&q ﬁﬁgﬁ‘%@éi ® {W%arf&'@i €%Itgei5h{r(§°§a?fd5¢'ﬂl shirdrate nythe hghber
t he inprowﬁgﬁﬁ ' i-ch sal g .G L.ng- ' oduci ng _neans_.communi cat e
directly w ggl! (Fjb %lkﬁi f %@%glr?gfk @ﬂglﬁ’ﬁgrﬁ%éng% %'?gs%ﬁc“%sl ?ﬁ'_ao?]ﬁ?'ﬂ'ﬁga%r at us
accor di ng dri eraduBe. raddicali Rd Beéshin agnhﬂsdaaﬁg'ﬂbéﬂg%i% iHﬁBHﬁces .
conprises a first cleaning-gas introducing pipe Comunicating wth said
filmformsud cleariey gasororaining saidefreppadictle intd kaid filmmdornifg adiathber,
cleaning-qas_introducing pi pe communi cating with said
he improvement In which said cleaning-gas introducing means communicate
directly with said film-forming chamber.
2. A plasma film-forming apparatus according 1o claim 1, in which said
cleaning-gas introducing means comprises a first cleaning-gas introducing pipe
communicating with said film-forming chamber from one of the opposite walls,
and a second cleaning-gas introducing pipe communicating with said
film-forming chamber from the other of the opposite walls and said first and
second cleaning-gas introducing pipes are shifted from the centers of said walls
in opposite directions.
3. A plasma film-forming apparatus according to claim 1 or 2 in which the
inside surface of said cleaning-gas introducing means is coated with polytetra
fluoro ethylene.
4. In a cleaning method of a plasma film-forming apparatus which, in the
film-forming operation, introduces a film-forming gas through a shower plate
having numerous holes into a film-forming chamber, excites the introduced gas
and forms a film, with the chemical reaction, on a surface of substrate arranged
in said film-forming chamber, and in the cleaning operation, introduces a
cleaning-gas containing radicals produced by exciting of said cleaning-gas, into

said film-forming chamber and cleans said film-forming chamber by chemical



filmformng chanber fromthe other of the opposite walls and said first
and second cl eani ng-gas introducing pipes are shifted fromthe c Qéers of

said walls in opposite directions. 3. A plasnma filmform ng appar AN 2004
according to claiml or 2 in which the inside surface of said cl eaning-gas
introducing neans is coated with polytetra fluoro ethylene. 4. In a

cl eani ng nethod of a plasma filn}forniﬂ& appar atus which, in the
filmform ng operation, introduces a filmform ng gas through a shower
plate ha\/rbﬂaldwWﬁﬂé%aﬂ%’a%sah@i&n@véé, hiB1é 941946 BeCISEMa, theXPhiRerh &9
introduced gas and fornms a film wth the chem cal reaction, on a surface
of subst r ah evhich saigedeaning gasd:ohtdm‘iihg(saﬁﬂ rglicis iatrodaced diretifeingd egiai ng
operation, introduces a cleaning-gas containing radicals produced by
exciting dmﬂﬁahnwulﬁuﬂnhgﬁgas into said filmformng chanber and cl eans
said filmformpng chanber by chemical 0 6 JAN 2004 12 reaction of said
radical s ahd A 8&?%&'&9 mgthad éﬁ 4 pagnselilg)-amieg chaBbehpreRERano claim ghinch
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cont ai ni ngo rdiment Sonss 2t saRY tnngwrmm%%mw ist leB/ed MATH th@@:ﬁenﬁ@éﬁ said
filmformng chanber is cleaned with the chem cal reaction of said

radi cal s a&eactian of $did ragicalseandwitbfthe apditéniray of gzid inemgas ions.



