1 5 Description PLASVA THI N-FI LM DEPOSMON METHOD Techni cal Field The
present invention relates to a plasma thin-film deposrtl onr net hod- for
depositing a fluorine containing carbon film whic

be used as,
-ah interlayer insulator filmof a sem conductor devi @ﬂmmmmmmﬁmm
ntegration

treatment. 10Background Art In orper to achiev

of a sem conductor device, it has been devel oped to.-pr.ovidgsydevi ces, such
as the scale down of a pattern and the nmultflayering of a circuit. As one
of such devices, there is a technique for multilayering wirings. In order
to provide a 15 nulti-layer netalliResdadphcriructure, a nunber n wiring

| ayer and a nunber (n+l) wiring | ayer are connected to each ot her by means
of a conductive layer, and a thin-filmcalled an interlayer insulator film

is formed in a regi on BLASMA BEANtFEM BERQSTRON MEFHO, typ| cal interlayer

insulator filmis an Si02 filmliIn recent 20 years, in order to nore

accel erate the operation of a device, it _has _been required to reduce the
rel ativeYdielectric constant of tlm&m-féﬁj@r insulator film and the
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has been st P? g Si OF filmhaving a relative dielectric constant
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of 3.5 to pra e I nventor has taken notice of a fluorine
cont ai nilflg car bon fllm(WmCh wi | Bablegromans Arif t er referred to as a "CF
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I s deposited, by ne
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producing a pl asna he el ctro clotron reson nce usi ng gases 35
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conditions. nymber (n+1) wiring layer are connected to each other by means of a
conductive layer, and a thin-film called an interlayer insulator film is
formed mn a region other than the conductive layer.

A typical interlayer insulator film is an SiO, film. In recent

20 years, in order to more accelerate the operation of a device, it has been
required to reduce the relative dielectric constant of the interlayer
msulator film, and the material of the interlayer insulator film has been
studied. Thatis, the relative diclectric constant of an SiO, film is about
4, and it has been diligently studied to dig up materials having a smaller

25 relatve dielectric constant than that of the SiO, film. As one of such
materials, 1t has been studied to put an SiOF film having a relative
dielectric constant of 3.5 to practical use. The inventor has taken
notice of a fluorine containing carbon film (which will be hereinafter
referred to as a “CF film”) having a still smaller relative dielectric

30 constant. The CF film is deposited by means of, e.g,, the thermal CVD
(Chemical Vapor Deposition) or the plasma CVD.

Therefore, the inventor has intended to produce a CF film
having high adhesion and. hardness using a plasma system for
producing a plasma by the electron cyclotron resonance, using gases

35 containing, e.g., a compound gas of carbon (C) and fluorine (F) and a
hydrocarbon gas, as thin-film deposition gases, on varous process
conditions. N
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2 However, the CF filmhas the follow ng problens. FIG 6 shows a
part-of a circuit part fornmed on a wafer, wherein reference nunbers 11 and
12 denote CF films, 13 and 14 denoting conductive |ayers of W(tungsten),
15 denoting a conductlve | ayer of Al (alum nun), 5 16 denoting an Si 02
film into which P and B have been dop@d and 17 denoting an n-type

sem conductor region. The Wlayer 13 is forned at a process tenperature of
400 to 450C. At this tinme, the CF filns 11 and 12 are heated to the process
tenperature. However, if the CE filnms are heaﬁed to such a hi

tenperature, a parIE{OH‘FV@':Fﬂ}?or% ﬁ&meh@t‘it the Jollging, preblegps-aj E?q%g Qases are
mai nly desorsmﬁrs E arft 6@atdtdﬁmg>aﬁﬁfc&ﬂ§cd el Hiwafer, Whereh? refesescand so

forth. nin t hus or t here.are the
fol  ovi ng prRHP ﬁgs?(aﬁﬁé‘lﬁsa?%ﬁsﬁggs P ASROICRS R CRIGEHAES 'S
are 15 corrdabm.tsquxmngmmyhlﬁhkmomlglaacmdmmmhb{snoﬁAb(a:hhmmum)t| on of
ressingsthg g 0 ressin
Porce of 2t neld HeApEIT At SRS iARR P Bhave bedl) WBpRU ki £7 Pr o1 19
degassi ng. Akm)tm@mm-mmmdumomagm sﬁhlelw layer i-’ﬁas fcamczbat

el ectri cal Ifireh fet 5OFC.| SAEfsis| timeaWs€ EF fires 1he
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I nsul at or f| ack o, that the insulation perfornanc et ween the
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of desorhe creases e relati constant increases.
Di scl osiBe ﬁtﬁmggﬁxs arenqqu%;ysd eﬁ%‘io?@%ﬁ%} BBASHES pr esent
i nventi on t aneludei NACE, Che gases andsvifarthd probl ens and to provi de a plasma
thin-filmdepositi 14N 0 | of a CF
film which has 3 ronggg%'%%%gnga%ir g%?f@h#oggggﬁedt S&llc% ér erl]é”
i nterl ayer idkbma‘gp ¢nm0f a. sem conduct or deV| ce Accordi ng to
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(b) Although the insulator film also has the function of pressing

the aluminum wiring to prevent the swell of aluminum, the pressing

force of the insulator film on the aluminum wiring is decreased by

degassing. As a result, the alhuminum wiring swells, so that an
20 electrical defect called electromigration is easily caused.

(c) The mmsulator film cracks, so that the insulation performance

between the wirings gets worse. When the extent of the crack

increases, it is not possible to form a wiring layer at the next stage.

(d) If the amount of desorbed F increases, the relative dielectric
250 oonstant increases.

Disclasure of the [nvention

It is therefore an object of the present invention to eliminate the
aforementioned problems and to provide a plasma thin-film deposition
method capable of depositing an insulator film of a CF film, which has

30 strong bonds and high thermostability, e.g., an interlayer insulator film
of a semiconductor device.

According to one aspect of the present invention, according to a
first aspect of the present imvention, a plasma thin-film deposition
method comprises the steps of: activating a thin-film deposition gas

35 containing a compound gas of carbon and fluorine and an oxygen
containing gas to form a plasma; and depositing a fluorine containing
carbon film on a substrate to be treated, with the plasma.



35 contai ning a conpound gas of carbon and fluorine and an oxygen
containing gas to forma plasm; and depositing a fluorine containing
carbon filmon a substrate to be treated, with the plasma 3 The
oxygen contai ning gas may be carbon nonoxi de gas. Alternatively, the oxygen
contai ning gas may be carbon di oxi de gag The oxygen contai ni ng gas may

al so be oxygen gas. In addition, the oxygen containing gas nay be water
gas. Moreover, the oxygen 5 containing gas nay be hydrogen peroxi de gas.
The thin-filmdeposition gas may include a hydrocarbon gas. In addition,
the thin-film deposmd:ocsxygaﬁ caymngcghyamw by héh%drﬂtrﬁbﬁéiddé“gﬁgt ween a
m cr onwave ang\l&rﬁgg IE’O% ld to rm.a pl asna. égcorg Second
aspect of thé prese gﬁn Cé) &Y TP G’sotxl‘ &3 et hod
conpri ses t hdhst eygesf containing: gasymeayt aAisn-Hd brygrrpgas: | hnagalmamnﬂm ning a
conmpound gas 0, Iﬂﬁﬂn%k n | o g S orm a
pl asng,; d ((:I)e %I?t(:&?]g a g%% @agoﬁ?g}v%tén-g ggr b%&faéq%&] tﬂé‘ %‘{nr ate to
be treated, W®PRIAIRME pEas Mayhdesihydrogeropesexdag ggas nﬁthéhm@mpound
gas of silicdepasitiohbgdy tHA0RMudt heiyRbetioh ghle B AiGRRre tAEFHRLINY gas

may be a co un as. .of 5|I|con nd f) uor According to the
second aspec gF SPDS 8% PAYe |E¥91FV&EderE&'sﬁ%e tRteractiom E@‘b’(ﬁﬁﬂ i%n

met hod conpr mesowhec andr:smafgncactﬁclthto flﬂnﬁatﬂlaﬁnfal | m deposition gas
contai ning a conpou s of s bon, and f.luorine hydr ocar.bon gas and
silicon gas to forr#%mgm “@MP&B’%@S@FW@%&%%W%%M bon
filmon ¥ sutkurfie depdsgian ouxttbod cumnprists tine sseps offhmttvhnmgfaltmn

ﬁggoglet gogo?rpﬁgand w Sl cgﬁhgr% %&1}8&5% E%l%t erna |ve ?ﬁgmscql ?ggn

cont ai ni ng gagd @@ﬁzmwn@@mmtp Acan ah:@ofsltmgaﬂaonne

Accor di ng tommmmmahambtbw%a%a Wi 'ﬂfe”? a-film
deposi tion hod corrprl es the st gﬁ . activatin P?lan dep05| tion
gas contai ni %yg:é“s W}&f Be&s @8gositing

a fluoril®e chyldmgmng cﬁ]mhmti‘velym die asBivbat caheaidthg Oghs Hzg;,atggl am th the
ggglsggewfe];lé&g 56&1 %\cgcof:%ﬁg%&%%daﬁf G Kl gggegﬁsopn%/hgepf/esentm::ﬁvent i on,
a plasma thin-fil mAnepoding |tmthetmdndoaﬂwcseef the mtepst dhveraish vat i ng a
gas 35 to | gﬁﬁ‘m H%rrgﬁﬁ EABRCR POt ALY A BaE A, DY 00D
on a subst r atfER eﬂ?"@éﬁ% £a%i entaHung| awmponedegas oficarbow eadi o of
CAF8 20 ﬂuonne, a hydrocarbon gas and silicon gas to form a plasma; and
depositing a fluorine containing carbon film on a substrate to be treated,
with the plasma. The thinfilm deposition gas may include a
hydrocarbon gas. The silicon containing gas may be a compound gas
of silicon and hydrogen. Alternatively, the silicon containing gas may
25 be a compound gas of silicon and fluorine.
According to a third aspect of the present invention, a plasma
thin-film deposition method comprises the steps of: activating a thin-
film deposition gas containing C,F; gas and acetylene gas to form a
plasma; and depositing a fluorine containing carbon film on a substrate
30  to be treated, with the plasma. The flow ratio of C,F, gas to acctylene
gas may be 4/7 <C,F; gas/acetylene gas<1.
According to a fourth aspect of the present invention, a plasma
thin-film deposition method comprises the steps of: activating a thin-
film deposition gas containing C,F gas, acetylene gas and hydrogen gas
35 toform a plasma; and depositing a fluorine containing carbon film on a
substrate to be treated, with the plasma, wherein the flow ratio of C,Fp
gas to acetylene gas is 0.7 SC,F; gas/acetylene gas<4/3, and the flow



gas to acetylene gas is 0.7 :5C F8 gas/acetylene gas -4/3, and the flow 4
ratio of the m xed gas of C4F8 gas and acetyl ene gas to hydrogen gas is 1
.the m xed gas/ hydrogen gas3. According to the first through
f0urth aspects of the present invention, it is possible to produce a CF
filmwhich has high 5 thernostability 4nd smal | desorption of F containing
gases. Therefore, if this CF fllntls used as, e.g., an interlayer insulator
filmof a sem conductor device, S possible to prevent t he corrosion of

a netal W|r|n swel | | um nu and_ t ecracko e film
Since the sé& 8 ggﬁﬁ%ﬁdﬁéggﬁgﬁ ‘?]agﬁtﬁﬁll?% ﬁ 10 been
requi red andcStienaxed hslhydﬂmgmgbsﬁﬁw dely noticed as i nsul ator filns
having a smal | reIRt | Va&ﬁ e?élglt ﬂit e present vent ion, is

ffect th Sl BPESET of 1 Pt sets
Desor i Ltv.eo'r]%vcrfm@rimramnggsslblc to prothlc;: a Cfeﬁnbn‘ghtdduhas Bighi on of
an exanpke qhefAnB Ja“nd SR &EYorp ﬂ&t%mwnﬁgmlélgﬁceutn%x%&od

|

according to lnvention; scheppti c_di agram
for explai nﬂ%égt%gf‘g @thl%u?? W@SuF&, an interlayer meIU@OE a%Eéhemati c
di ﬁgr am f or sembmduc@rtdte%ab anaish S&(blétdé wéwn‘t% the corrosibh(@f ef’rmétaﬁ _
schematic s Vi ew, 0 asuring device o examn,ni variation
i n wei ght o?’gén%hl # of an rﬁugp@.mg g‘i’%lf gtth m showi ng
t he Ranman s|Smcte tlhecsba}t dowhi dmd a2bélefatirfy of senﬂtasnmncuoaldei'u@d havshowi ng

har act 801 steebdEaie it Sty o BEADEAUS LR Y BOetd FoitahBibei 11| gas

i s added as ﬁlmtsmémlflg aremal) selative didlectricebGstant, the presomddteentgonds di agr am
showi ng t he fiESvPRF P Lical use of CF films as insulator films.
Bricf T otion of the Drawi
FIG. 1 is a longitudinal section of an example of a plasma
15 treatment system for carrying out a method according to the present
mvention,;
FIG. 2 1s a schematic diagram for explaining the graphite
structure;
FIG. 3 is a schematic diagram for explaining the diamond
20 structure;
FIG. 4 is a schematic sectional view of a measuring device for
examining the variation in weight of a thin-film;
FIG. 5 1s a characteristic diagram showing the Raman
specttum of a CF film;
25 FIG. 6 1s a structural drawing showing an example of the
structure of a semiconductor device;
FIG. 7 is a characteristic diagram showing the TDS spectrum of
a CF film when SiH, gas is added as a thin-film deposition gas;
FIG. 8 is a characteristic diagram showing the TDS spectrum of
30  aCF film when SiH, gas is not added as a thin-film deposition gas;
FIG. 9 1s a charactenstic diagram showing temperature
conditions in the TDS spectrum;
FIG. 10 is a schematic diagram for explaining the operation of
the third preferred embodiment according to the present invention;
35 FIG. 11 1s a characteristic diagram showing the variation in
weight when the flow rate (sccm) of C,H, gas varies;
FIG. 12 is a characteristic diagram showing the variation in




.30 a CF filmwhen SiH4 gas is not added as a thin-filmdeposition gas; FIG
9 is+a characteristic diagramshow ng tenperature conditions in the TDS
spect rum FIG 10 is a schematic diagramfor explaining the
operation of the third preferred enbodi ment according to the present

i nvention; 35FIG 11 is a characteristif& diagram show ng the variation in
wei ght when the flowrate (sccn) of C2H2 gas varies; FIG 12 is a
characteristic diagramshowing the variation in 5 weight when the flow
rate (scam of H2 gas varies; FIG 13 is a characteristic diagram
showi ng t he weight the Bewwetm(scam) ebH, gasoaries; wei ght and the flow ratio

of CAF8 gas and C2f#;038 Hab Cﬁ.‘gﬁ rcﬁl‘aﬁr Wi HSe TERHAhI

FIG 14 is sequeir::?% g?aﬁ?ﬁm | nﬁt e Surt égfrle%r i:a nbodi e k‘a? t he
present inv f0 the vanafjon 1y wej t@@cﬂ&%‘?‘f’é'aﬁpég Sé‘ls@ég Ri ng
bonds exi st igys whed thE flow fate of H, gas is coh&tarit® i s a characteristic diagram

(e el agone b bejdeet 10 Bl o RLeTHEL R, 05 Ao e BALLET "
di agramin tembbdimemt pf icepreseneirivedtionpt of the present invention;
Vol tages at the m Ly i5& sFaARAR Gl Sotufiing Haflh RG4S, 1 3
characteri std @Fdﬁlﬁyr am showi ng the relationship between plasma producing
O g P SSPIGE I8 ok otk g, e pEbpndll btoeatr
CO vari 49: Pplasma producing gases and the variation in thermogravity of a CF ;
FIG. 17 is another example of a sequence diagram in the fourth
preferred embodiment of the present invention;
FIG. 18 is a characteristic diagram showing the ionization
potentials and voltages at the minimum excitation level of rare gases;

15 FIG. 19 is a characteristic diagram showing the relationship
between plasma producing gases and the presence of plasma
production;

FIG. 20 is a diagram showing the variation in weight of a CF
film when the flow rate (sccm) of CO varies;

20 FIG. 21 i1s a diagram showing the intensity distributions in
spectra of out gases when the flow rate (sccm) of CO gas varies;

FIG. 22 is a diagram showing the intensity of an F out gas (a.u.)
(TDS spectrum), which is shown on the left axis of ordinates, with
respect to time (min) when the stage temperature (°C) rises with respect

25 to time (min) as shown on the right axis of ordinates in a case where the
flow rate (sccm) of CO gas varies;

FIG. 23 is a diagram showing the variation (%) in weight of a CF
film when the flow rate (sccm) of CO, gas varies;
FIG. 24 is a diagram showing the intensity distributions in

30  spectra of out gases when the flow rate (sccm) of CO, gas varies;

FIG. 25 is a diagram showing the intensity of an F out gas (a.1.)
(TDS spectrum), which is shown on the left axis of ordinates, with
respect to time (min) when the stage temperature (°C) rises with respect
to time {min) as shown on the right axis of ordinates in a case where the

35 flowrate (sccm) of CO, gas varies;

FIG. 26 is a diagram showing the variation (%) in weight of a CF
film when the flow rate (sccm) of O, gas varies;




20FIG 21 is a diagramshowing the intensity distributions in spectra of
out gases when the flow rate (sccm of CO gas varies; FIG 22 is a

di agram showi ng the intensity of an F out gas (a.u.) (TDS spectrun), which
i$ shown on the left axis of ordinates, with respect to tine (mn) when the
stage tenperature (C) rises with respe6t 25 to time (mn) as shown on the
right axis of ordinates in a case where the flow rate (seem of CO gas

vari es; FIG 23 is a diagramshowing the variation (% in weight of a
CF filmwhen the flow rate (scan) of CO gas varies; FIG 24 is a diagram
showi ng the intendIy 27 dsra iagrans shovangsihe intgnsity odistighiddengian t he

flowrate ( | 4S5 5 ' varegr am showi ng the
intensity o%ﬁg%%%ggtﬁpaigﬁﬁiﬁe%%gg%%& runggp(v?lﬁlggﬁ LS gho on the left
axi s of ordinates,Flif&.t m@@@gram@hq\mg(rhtmtcmmqfwﬁpa@@a&m} ature
(Q) 1 Ses WS 9RABhmOWHiER i6 bt Sors HEVMcRNaki8Cof bidinated, swith

ordi na in a case where. ow rate (sc V. ;

FI G 26e$s ﬁeﬁ?%gigm%md"%ﬂéq}%%cﬁsﬂlé@?ﬁﬁ? %il—éﬁs%ﬁﬁaﬁ i | m when
tﬂe flow Lat@nimc' njn)efs hbwgasnitheirght axts of ordina ftEbﬁ‘n a%sm\h;\lheth &gﬂ;\ arr:c I
showi ng t hegi [ | . n spectra of out gases en the flow
rate (gccmﬂS?}%géé%%a&Iaﬁ(é%g&b&%s’ FI Gp 28 is a di ag?am,show’ ng t he

intensity of an F HIG. 29ks g diagram(stoovingshe vamptionHVe) in veeighbofa 85 t he | ef t

(0 rises wilE Fe tht Row RS ) AT Ot aNes 0 Lot axis of b
ordi nat¥} in a caddGund0 astaclingram rshawingcthy meneity gdistghupggs
FIG 29 is gptadicdBus askseHeretheaidvdta sl Bf WeOgBhs@hrizsCh fil m when
the flow rate (-Scfﬂ:b%sl HZOM,S‘%OEI G 30is di %%rﬁgm showi ng the
intensity distrib B {thg Rten sy af o atk) (sccm
of H202 gas(Me8i §pectrum), which is shown on the left axis of ordinates, with
respect to time (min) when the stage temperature (*C) rises with respect
15 to time (min) as shown on the nght axis of ordinates i a case where the
flow rate (sccm) of H,0, gas varies;
FIG. 32 is a diagram showing the variation (%) in weight of a CF
film when the flow rate (sccm) of H,O gas vanes;
FIG. 33 is a diagram showing the intensity distributions in
20  spectra of out gases when the flow rate (sccm) of H,0 gas varnies; and
FIG. 34 is a diagram showing the intensity of an F out gas (a.u.)
(TDS spectrum), which is shown on the left axis of ordinates, with
respect to time (min) when the stage temperature (°C) rises with respect
to time (min) as shown on the right axis of ordinates in a case where the
25 flow rate (sccm) of H,0 gas varies;
Best Mode for Carrying Out the Invention
FIG. 1 shows an example of a plasma treatment system for use
in the preferred embodiments of the present invention. This system
has a vacuum vessel 2 of, e.g.,, aluminum. The vacuum vessel 2
30 comprises a first cylindrical vacuum chamber 21, which is arranged in
an upper portion for producing a plasma, and a second cylindrical
vacuum chamber 22, which is communicated with and connected to
the lower portion of the first vacuum chamber 21 and which has a
greater diameter than that of the first vacuum chamber 21.
35 Furthermore, the vacuwm vessel 2 is grounded to have a zero potential.
The upper end of the vacuum vessel 2 is open. A transmission
window 23 of a microwave permeable material, e.g., quartz, is airtightly



FIG 31 is a diagramshowing the intensity of an F out gas (a.u.) (TDS
spectrum), which is shown on the left axis of ordinates, wth respect to
time (mn) when the stage tenperature (C) rises with respect 15 to tine
(mn) as shown on the right axis of ordinates in. a case where the flow
rate (scan) of H202 gas vari es; 7FI G 32 is a diagram show ng the
variation rk) in weight of a CF filmwhen the flow rate (scan) of |-120 gas
varies; FIG 33 is a diagramshowing the intensity distributions in 20
spectra of out gases when the flow rate (sccm of H20 gas varies; and

FIG 34 is prdvidgdam gieooperny upper iemdeofsthe vadtuum Fesaal 2gas asatouhdpld TDS
spectrum, t L S af i ct to
time (mn) &Eie:n{lﬁhe StQWQa{i'ﬂI& g%%ﬁﬁ 't§1d9 Of%gt?%ﬁﬁésg%éé%atgﬁﬁe (mn)
as shown on2t3hethcr¢gh$ msmdedfamegm& nC@Ié%@@d\Eﬁe&lé’Dgheﬁ‘%lm@w rate

(sccm) of v%ssz#ﬁ;ﬁl art%tcr)}vgﬁ@dﬁéh§%rxﬁi&6@a@toﬁ brge bumtgen FIG 1

shows an ex npl e asnma treatnent stemfor use i he preferred
enbodi ne%tsmemnre"owaé@éﬁpduﬁ«ztthymhlgfh §AUGBEY POWSE SHPPA: DA 288sel 2 of,

e-hg-m,) al grln guid e ey ﬁ@@hwa 28 80 @9”95'1%%%%' bf tthey tipfiwawd | vacuum
chanber in an u poytion for, u0|n asnm,
and a secong%‘%?‘rh% f&%geaa %FS oy %I%ﬂvq@l@grﬁ ith and
connect ed ttmcbdlkc; tbdvemtrmimtddnfrom theu'bnsnils&anmmdblmaQBantﬁlhalﬁdsww ch has
a greater d| of the first vacuum chanber 21. 35

Furt her nore,’ uumv Ssel 2 is grounded to have a zero potential. The
upper eh@d of the vlacﬁmnsuttss'all defigingptine fisst vaoynis sheymber 21, gas

nozzles 31 are arranged at regular intervals along, e.g., the periphery
thereof. The gas nozzles 31 are connected to a plasma producing gas
source (not shown), e.g,, an Ar gas source, and a hydrogen plasma
producing gas source, c.g., an H, (hydrogen) gas source, so that a

15 plasma producing gas, e.g., Ar gas or H, gas, can be uniformly supplied
to the upper portion in the first vacaum chamber 21.

In the second vacuum chamber 22, a mounting table 4 for a
semiconductor wafer (which will be hereinafter referred to as a “wafer’)
is provided so as to face the first vacuum chamber 21. The mounting

20 table 4 has an electrostatic chuck 41 on the surface thereof. The
clectrode of the electrostatic chuck 41 is connected to a dc power supply
(not shown) for absorbing a wafer and to a high-frequency power supply
part 42 for applying a bias voltage for implanting ions irito the wafer.

On the other hand, in the upper portion of the second vacuum

25 chamber 22, ie., in a portion of the second vacuum chamber 22
communicated with the first vacuum chamber 21, a ring-shaped thin-
film deposition gas supply part 5 is provided. For example, two kinds
of thin-film deposition gases, which include a compound gas of C and F,
e.g., C4Fg gas, and a hydrocarbon gas, e.g., C;H, gas, are supplied from

30  gas supply pipes 51 and 52 to the thin-film deposition gas supply part 5,
so that the mixed gas thereof is supplied to the vacuum vessel 2 via gas
holes 53 formed in the inner peripheral surface of the thin-film

- deposition gas supply part 5.

In the vicinity of the outer periphery of the side wall defining the

35  first vacuum chamber 21, a magnetic field forming means, e.g., a ring-
shaped main electromagnetic coil 26, 1s arranged. Below the second
vacuum chamber 22, a ring-shaped auxiliary electromagnetic coil 27 is




wi ndow 23 of a microwave perneable material, e.g., quartz, is airtightly 7
provirded in the open upper end of the vacuumvessel 2 so as to hold vacuum
in the vacuum vessel 2. Qutside of the transm ssion wi ndow 23, there is
provi ded a wavegui de 25 connected to a high-frequency power supply part 24
for producing a microwave of, e.g., 2.8 GHz. 5 The microwave produced by

t he hi gh-frequency power supply part 24 is guided by the waveguide 25 in,
e.g., a TE node, or the m crowave guided in the TE node is converted by t he
wavegui de 25 into to be_ introduyced from,the transm ssion w ndow
23 into the 8fT§Rge a ay o qu:%ﬁpﬁﬁ YaculmgLhpgmpey E'E?ﬁﬁuﬁhe first
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20 exhaust pipes 28, and the interior of the vacuum vessel 2 is evacuated
to a predetermined degree of vacuum. Then, Ar gasis introduced from
the plasma gas nozzles 31 into the first vacuum chamber 21 at a
predetermined flow rate, and a thin-film deposition gas is introduced
from the thin-film deposition gas supply part S into the second vacuum
25 chamber 22 at a predetermined flow rate. |
This preferred embodiment is characterized by the thm-film
deposition gas. As the thin-film deposition gas, a compound gas of C
and F (which will be hereinafter referred to as a “CF containing gas’),
e.g., C,Fs gas, a hydrocarbon gas, e.g.,, C;H, gas, and an oxygen
30 containing gas, ¢.g., carbon monoxide (CO) gas, carbon dioxide (CO,),
oxygen gas (O,), water (H,0) or hydrogen peroxide (H,0,), are used.
These gasses are supplied to the vacuum vessel 2 via the thin-film
deposition gas supply part S from the gas supply pipes 51 through 53,
respectively.
35 Then, the interior of the vacuum vessel 2 1s held under a
predetermined process pressure, and a bias voltage of 13. 56 MHz and
1500 W is apphed to the mounting table 4 by means of the high-




8 arranged. To the bottom of the second vacuum chanber 22, exhaust pipes 28
are connected at, e.g., two positions which are symetrical with respect to
the central axis of the vacuum chanber 22. The first through fourth
preferred enbodinents of a plasma 5 treatment nethod for a wafer 10, which
is a substrate to be treated, using thd systemshown in FIG 1 according to
the present invention wll be descri bed bel ow. First, the first
preferred enbodi nent of the present invention WI |1 be described bel ow. 10A
met hod for ositing an interlayer_ Jinsul tor m of aCFfllmonawafer
10, whi ch |S§§I% VEr SEPBY ¥ é‘lzed?n SRR WBRFAHEI G 1
will be desmfmednoﬁnmgmbmmmmamtmwa) provided in the side

Ji of th I d f 10 f,
oo %l um o haOTb IR gthet bt o SR o Rye iR Rl i chaner
gnr;lcj);t ;sgow?zi 2 Sn&hizsand 2|‘u7(1(¥ Whfnom lthahllg}(-cﬁm;lmwpm Happhyupastd249n t he
el ect rogisat %&sﬁuct%rgl‘%gﬁ the é@%ﬁ%@é@gg@ ?@ﬁfﬂpﬁg g%I]fl;iég’eBpﬁ.éé)vaf:ve s cl osed
to seal the vessel i pa%sasaﬂnmghe el tIanStIhéSant mgoWaQﬁoﬁpthe i's
exhaust ed bxn&wu%@d%b@ﬁ@é fifitRRSuLEh cRAHAD]. “tlﬁré&l{m% éhﬁaggeaem vessel
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chanber?QZ V- 1 g@@s%})xgtgegp E&Exmp ctic C?ﬂ%ﬁf@f%ﬁ%‘dmé‘ﬁ%dl nent
is char acterdle(ﬂxbmyagnbtactcbﬂr%’i‘fl Mhedetorsityi af thg anagrhetic feld isj o-¢f | 375

?ngflrte:jOtno%%ssgﬁ” cont a| n %%@@%&gmg%ivg&%ﬁbna te;‘ gas,

e.g., CH, , Thws, athe gérprg el nfesgngase & @rodugedobynthoxi de

(CO gas, caﬁﬂgacdbﬁm&%@ﬁ%e nXHER1E SAR éﬁa)thé/%%fo&st?@) By ¢ygrogen

per oxi de.( H202 are used.. These g sses are ppli o the vatuum vessel 2
vi a the?§h| A€ @W%p‘}fﬁ%ﬁ@@%@t fﬁ tanaqwﬁwi\e gas supply pipes 51

through 53, respecThyeplasudd Tars prbdubétleﬂd)% filort hehe/ afrstnviesasd 2 is
iz and 150G o AP e SERERE B R Pt 22 AN 6 i gh-
frequency pdugt, gap@Eind flae to>xgen |containing gas, w}ﬁchuhawaﬂ:é)ctnnwpph&de of the
i gh- 11 Squens” ;%LE"?&L% ik Gy 9 pont G Ty Bl a0 °
hi gh- f r%‘g endieTpalier Waen a dedee is actually produced the CF ﬁlm 1s etched
with a predetermined pattern, and a W film is embedded in a groove
portion to form a W wiring.
The CF film thus deposited has strong bonds, and high
- thermostability as can be seen from the results of experiments which
25 will be described later. That is, the amounts of desorbed F containing
gases are small even at a high temperature.
It is considered that the reason for this is as follows. A case
where carbon monoxide (CO) gas is adopted as the oxygen containing
gas will be described as an example.
30 If a CF containing gas and a hydrocarbon gas are combined as
a thin-film deposition gas to form a CF film, it is considered that C-C
bonds having a structure approximating to the graphite structure
(which will be hereinafter referred to as “graphite-like bonds”), C-C
bonds having a structure approximating to the diamond structure
35 (which will be hereinafter referred to as “diamond-lke bonds”), and
unreacted substances incorporated in the CF film exist in the CF film.
On the other hand, it is guessed that if an oxygen containing




5 passes through the waveguide 25 to reach the ceiling of the vacuum vesse
2, and passes through the transm ssion w ndow 23 to be introduced into the
first vacuum chanmber 21. In addition, a magnetic field extending fromthe
upper portion of the first vacuun1chanber 21 to the lower portion of the
second vacuum chamber 22 is forned in 1®e 10 vacuum vessel 2 by the min
el ectromagnetic coil 26 and the auxiliary el ectromagnetic coil 27. The
intensity of the magnetic field is, e.g., 875 gausses, in the V|C|n|ty of

the | ower portion of the first uum chapber 2 t he eI ectr
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t he mxtureéggSen cont ai ni ng gas and a hydrocarbon gas, the oxygen
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It is considered that if the bonds are strengthen by the increase of the
proportion of the diamond-like bonds as described above, the bonds are
25 difficult to be cut even at a high temperature, so that the
thermostability of the CF film is enhanced.
Comparing 'Exaanlcs with Comparative Examples, the
advantages of the method of the present mvention will be described
below. First, a case where CO gas is adopted as the oxygen contamning
30 gas will be described below.
(Example 1)
Using the plasma treatment system shown m FIG. 1, a CF film
having a thickness of 2 #m was deposited on the wafer 10 by

mtroducing Ar gas as a plasma producing gas at a flow rate of 150
35 scam , and C,F; gas, C,H, gas and CO gas as thin-film deposition gases
at flow rates of 40 sccm, 30 sccm and 2 scem, respectively. The
microwave power (the high-frequency power supply part 24) and the



10 bonds of C atoms, are lamnated. As shown in FIG 3, the dianond
structure is a structure wherein four C atons are coordinated wwth a C atom
-to forma tetrahedron. Conparing the graphite structure with the di anond
structure, the graphite structure is a |am nated structure and has a | ow
bondi ng strength between the surfaces ofl | ayers, whereas 15 the di am ond
structure is a three-di nensional structure so that the whole crystal is
regar ded as a nacronnlecule and has a hi gh bondi ng strength.

Ther ef or e, the F@}fd t he di anond- Ilﬁ bond@tothe raphite-1ike
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P, CF and cp%uﬁ%‘s}?%itthg%aﬁﬂs%%ﬁ? .svi%%gf&@@% BELIUEREGRUS o0

st rengt hen bpmslselrcnm&es&e:ochcﬁ)ﬁel’mroportlon of the dianond-like bonds as

descri be %Whnf )[bonds are 25 difficult to be cut even at a high
terrperature SO he thernostability of the CF filmis enhanced.
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respecti vel qu tRgifa 6|‘?’W§ﬁ§e‘t'@rﬁfe‘r‘%(9& angstherosgss RERSSHITe (Was $efunt i ng
tabl e 4 was gebe D2 IPg. 400C, and the process pressure was set to be 0.2 Pa.

5 ( Exarrql5e 2()Examplc 3)

Using the plasma treatnent system shown in FIG. 1, a CF film
having a thickness of 2 4 m was deposited on the wafer 10 by
mntroducing Ar gas as a plasma producing gas at a flow rate of 30 scam ,
and C,Fs gas, C;H, gas and CO gas as thin-film deposition gases at flow

20 rates of 40 sccm, 30 sccm and 2 scem, respectively.  The microwave
power and the bias power were sct to be 2700 W and 1500 W,
respectively. In addition, the temperature of the surface of the
mountng table 4 was set to be 400°C, and the process pressure was set
to be 0.1 Pa.

25 (Comparative Example)

Using the plasma treatment system shown in FIG. 1, a CF film
having a thickness of 2 um was deposited on the wafer 10 by
mtroducing Ar gas as a plasma producing gas at a flow rate of 150
sccm , and C,F; gas and C,H, gas as thin-film deposition gases at flow

30 rates of 40 sccm and 30 sccm, respectively.  The microwave power and
the bias power were sct to be 2700 W and 1500 W, respectively. In
addition, the temperature of the surface of the mounting table 4 was set
to be 400°C, and the process pressure was set to be 0.2 Pa.

Using a measuring device shown in FIG. 4, the variations in

35 weight of the deposited CF films at a high temperature were examined
as indexes of the thermostability of the thin-film. As a measuring
method, there was adopted a method for shaving the CF film on the



Using the plasma treatnent systemshown in FIG 1, a CF filmhaving a

t hi ckness of 2 At mwas deposited on the wafer 10 by introducing Ar gas as
a plasma producing gas at a flowrate of 150 sccm, and C4F8 gas, C2H4 gas
and CO gas as thin-filmdeposition gases 10 at flow rates of 40 scan, 30
scan and 2 sccm respectively. The n1cr9Mave power and the bias power were
set to be 2700 Wand 1500 W respectlvll In addition, the tenperature of
the surface of the nounting table 4 was set to be 420C, and the process
pressure was set to be 0.2 Pa. 15 (Exanple 3) Usi ng the pl asma
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CF filmin orihe pb@@ﬁ@:comﬂta@nsm ENemmmSéVas @@ %, randthe vadapbe 163 t o
425C under fosPhEfe Of M RFDLBANEA! he ﬁ;ﬁc“ £4d o editiendOths Lo
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variation i R3FELYR l&a‘l"ﬁ% (-ﬂf “o( A%é??ﬁ?%@ 90”&@@@%%11{1%# t he
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20 The CF film deposited on the process conditions in Example 1
and the CF film deposited on the process conditions in Comparative
Example were analyzed by the Raman spectrometry. The results
thereof are shown in FIG. S. In the drawing, the curve shown by a
chain line represents the Raman spectrum of the CF film deposited on
25  the process conditions in Comparative Example, i.e., when no CO gas is
added, and the curve shown by a solid line represents the Raman
spectrum of the CF film deposited on the process conditions, i.e., when
CO gas is added.
Each of these spectra has two peaks. One peak at a wave
30 number of 1600 cm™ (0'1) is derived from the graphite-like bonds, and
the other peak at a wave number of 1340 cm™ (02) is derived from the
diamond-like bonds. The intensities of these peaks are in proportion
to the number of the bonds, respectively. Therefore, it can be
understood that if no CO gas is added, the numbers of the graphite-like
35 bonds and the diamond-like bonds are substantially equal to each
other, whereas if CO gas is added, the number of the graphite-like
bonds decreases and the number of the diamond-like bonds increases.




the process conditions in Exanple 1 was 2.3 % and the variation in weight
of the CF film deposited on the process conditions in Exanple 2 was 1.7 %
In addition, the variation in weight of the CF filmdeposited on the
process condltlons in Exanple 3 was 2.0 % and the variation in 15 wei ght
of the CF fil mdeposited on the processl conditions in Conparative Exanple
was 4.4 % Thus, it can be understood that if CO gas is added, the
variation in wei ght of the deposited CF filmreduces, so that the
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Referring to FIGS d&,throug t he res ﬁll?g urepents of CF filns
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42) were set S‘t‘fénb O gas mcreases. |
FIG 21 shows the mtensity distributions of the TDS (Thermal

20 Desorption Spectroscopy) spectra of H,, F, HF, CO, N,, C,H,, CF, CO,,
C;Hg, CF, and CF; when the flow rates of CO gas are 0 sccm, 5 sccm
and 10 scan. This measurement was carried out by a mass
spectrometer connected to a vacuum vessel, in which a predetermined
amount of thin-film was put and the interior of which was heated to

25 425°C. In FIG. 2], the axis of ordinates denotes dimensionless
amounts corresponding to the intensities of spectra, and the peaks
thereof denote the amounts of desorbed gases. In addition, the axis of
abscissas denotes time after the temperature rise in the vacuum vessel
begins. The temperature rises at a rate of 10°C/min from room

30 temperature. After the temperature reaches 425°C, it is held for 30
minutes. It can be seen from FIG. 21 that the amounts of desorbed CF,
CF, and CF; decrease as the flow rate of CO gas increases. It is
guessed from these results that C-C bonds are difficult to be cut when
the thin-film deposition gas includes an oxygen containing gas.

35 FIG. 22 shows the intensity of an F out gas (a.u.), which is
shown on the left axis of ordinates, with respect to time (min) when the
stage temperature ("C) of a measuring stage, on which a predetermined




10 2700 Wand 1500 W respectively, and the tenperature of the surface of
the nounting table 4 was set to be 400C FIG 20 shows the variation
(cY0) in weight of the CF filmexam ned by neans of the nmeasuring device
shown in FIG 4 when the flowrate (scam of CO gas varies. Wen the flow
rates of CO gas were 0 15 sccm 2 seenmi45.0 sccm 8 scan and 10 scan, the
variations in weight were 2.5 % 2.0 % 1.4 % 0.9 A and 0.8 cYO,
respectively. It can be understood that the variation (% in weight
decreases as the flow rate (seem. of CO gas increases. FIG 21 shows the
intensity di2RPUBLOf Ghsilsr is putirses Wil Tespectot R (FRin) AsSheWR ¥ opy)

spectra of HRe righttxs@Portifiates iR Edze) whiekd t‘t@'ﬂ&v fdtés qeerh)8f wieen the
flow rates of ﬁs are 0 seem 5 ccm an&al_ll Thh:_I neasur ement was

carried out &% éc?‘%%‘?r@f’ér ShEct TCiH which a
pr edet er mi néD(hGptl:m td:mptﬂ'amfé of thenwafepus 4268C.t He cantl:m semn ﬁ‘bmvﬁll@h was

neated 1 29 B BuEhhy Bl R 5 BhoRiOhaaLA AL, L 5 on cos

anount s correspondlng n ensi he peaks t her eof
denote the &SUnRCECasCSdesorbed gases. In addition, the axis of abscissas

denotes time aft eririchf BOTRAEAMLFHREFIGS. 20 oD ¥RSEICHSESRS. The
t enperat ure of 10C./mn fromroom30 tenperatufe. After the
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rate o ncy ease is guéssed fromfhese.results.tha onds
are dlf]lﬁ:ouﬁf beﬁ% %ﬁéﬂg \ngst‘ﬁ €54 1A FUDBREE HofmR udes an

oxygen cont ai ni ng BekmﬁthFmSZZSﬂmgh 25, tht eemilts/offncasufementygas

(i ) wnen CRETEAR it R oy dshe 0 et pl 28] PR R b 0 1T

predet er mi né@noll& gﬁtesoﬁsogln nbd dcmbcdrlrsd@tad balovespdsing the i me
(min) as shtpmmﬁa ﬁ'&?cniéxﬁt hdysBeth SHolwrPHAFIG ES CF find B&6iD V\\#Eﬁﬁhmesgl ow

{(;rg;g an) F?%Hb @ﬁ%‘i %E‘%@Cﬁf@%ﬁm r @—“3@50& Iﬁasgégtageeseen

fromFI G Sm&mhaprodhmggméﬁowfratm 30 Qnttinlgaﬁd(dﬂ £@3esand adhe flow

rate of CO an be qunderst o rom FI GS t hrough
22 that if %gﬁas i S a?gfﬁ dgpg n&’ﬁl %é?cﬁ’eﬂ t’é‘fi‘tﬁ tion in
wei ght of t seC@epBEiated verabid ﬂo‘d'azate,amspebwéﬂdl ﬁgeﬁmcg'awavscpmhat t he

e E“dﬁ@{ BRAuEREP Pt BapBESRar199] LARE the BAPGEer (the
Teasur TICHPORES CSIRIY DByt () WereoRst tgolee 22081 Woan@dib6bnt ai ni ng
gas at vari MSréslp&wany@anasmemp&athﬁe QELBE] aﬁqawoﬂ%elﬁmb@i&@ Usi ng

the pl asna aten m In FIG 1, a CF filmhaving a thickness
15 of 2gEn V%@ deposﬁ?égtgg)ﬁ Wafer 10 by introducing Ar gas as a plasm

a produci ng gas atFlg.fE3wshavs lﬂn‘c $anstom (Yopnin ®éfght 62I1the4CEhdile02 gases
as thin- 1! msleposs biydhe %?%Pﬂ?édéfsh%ﬁ%?&@sﬁgwﬁ%%ﬁ%%ﬁ%ﬁf . and at a

vari abl W rat e, espec rowave power equency
power pI oydate spemy %W%MWW@W@%M@@W\H
supply partoﬂéhny\eﬂesc%gi 49 S Y W s 18Q0viiafi6aRshA t\b&?ghux the

Lo o e ok s 1% °f@53“§ Rowie ”Qééﬁ?‘:gvgiya? fecer brrundesamdtaby means
of the neastheé wariddon %) s eightdédréases ¥4 €ifle 1% rate (sccm) of CO, gas
Increases.
30 FIG. 24 shows the intensity distributions of the TDS spectra of
- H,, F,HF, CO, N,, C;H,, CF, CO,, C;H;, CF, and CF; when the flow rates
of CO, gas are 0 sccm, 2 sccm and 5 sccm.  This measurement was
carried out by a mass spectrometer connected to a vacuum vessel, in
which a predetermined amount of thin-film was put and the interor of
35 which was heated to 425°C. In FIG. 24, the axis of ordinates denotes
dimensionless amounts corresponding to the intensities of spectra, and
the peaks thereof denote the amounts of desorbed gases. In addition,



25 flow rate (scan) of CO2 gas varies. Wen the flow rates of CO2 gas were
0 scam 2 scan, 4.0 scan and 5 scan, the variations in weight were 2.5 %
1.2 % 1.01:70 and 0.8 %a1respectively. It can be understood that the
variation r/O in weight decreases as the flowrate (sccnm of CO2 gas

i ncreases. 30FIG 24 shows the intensity distributions of the TDS spectra
of H2, F, HF, CO N2) C2R4, CF, CO2, C3H8, CF, and CF3when the flow rates
of CO2 gas are 0 scan, 2 scan and 5 scan. This neasurenent was carried out
by a nass spectroneter connected to a vacuumvessel, in which a

predet er m netheasRsndf abstisas dehotesasmeuhftendhe hempératiue izt B5thbi ch was
heated to 425C, In FIG %4 .theaxis of ordi nates denotes ﬁg iLonl ess
amount s cor r2SHEIRi FSSELPFRES; nil &t RRT B PSS A 2 XAt ¢ Rt her eof
denot e t he dnumnteomf taeperdiace.gatfer. the temigierature repshes eA2Cs ibfis

absci ssas dq.?%&qgr gp%ﬂ#cg itg(%ﬁa ﬁg@géﬁ\fg&ﬁ m Qr:i ﬁéthﬁuevérﬁBﬁﬂtg egsel

begi ns. The nperature rrses rate om room_t enper at ur e.

After thé teinsorbedrEFr Ehend1 Bl deeraase has dhicofloso rate efe€0.l gasan be
seen from Fligeredfsekhalt is 36ica8Rfiben Hese 1d8aRs MRt EFC Kdrdiakt fifadecr ease

as the flow rate of as, i ngregses., It i.s guessed fromthese results
that C C borfds rgu&%eguﬁctﬁuﬂgéﬂjtdqmﬁogﬁegﬁsnilﬂ%qeﬁ] #Bp 8V ETONn gas

i ncl udes an contgemngg@asai ni ng gas. FIG 25 shows the intensity of an F out
gas (au.), which i 0 H,ghown t he,| ef. [ I.n p b3 rrespect to
time (mn) when thglét 3§§‘?%‘PF§3P&W%“?@5 %g@%agjn%‘gégﬁsﬁéﬁg’a{g@a})ﬁgmm ch a
pr edet ed@i neshowm omt thef leftraxis pfrordingtes, withseespgict to Hoxploin)twhen tlee (i n) as
shown on thestég' j ' ' e oWNSARH O (sccm
of CO2 gas are %%@&%ﬁ%(@?ﬁnﬂgﬁgé%sc m %’eﬁ t he st&a eatierrper at&%re is 15
500C, the teﬂ@@ﬂ&@@f@%ﬂ@ﬁé%@ﬁe%wma@mtwﬁn% e Shewnrs, 25
that the intestgit akistdfeorbiritts 9% SR wheRStHRS flbReradtédpdeat)SofdbOf2 gas

gas 1o adoptEaP 4 QrCTRy don SR A Priycis, WPRD D5 HAET SHEPRTSRIGHE of t ho
20 depodbt ecbAFCf thetaepeesses obthaddiargs @25°Gaslt cam bdhatert rwmiRiGnt s of
25 that the intensity of the F out gas decreases as the flow rate of CO,
gas Increases. |
It can be understood from FIGS. 23 through 25 that if CO, gas
1s adopted as an oxygen containing gas, the variation in weight of the
20  deposited CF film decreases by adding CO, gas, so that the amounts of
desorbed F containing gases decrease to enhance thermostability.
Referring to FIGS. 26 through 28, the results of measurements
of CF films deposited by using O, gas as an oxygen containing gas at
various flow rates (sccm) will be described in detail below. Using the
25 plasma treatment system shown in FIG. 1, a CF film having a thickness
of 2,um was deposited on the wafer 10 by introducing Ar gas as a
plaéma producing gas at a flow rate of 30 sccm, and C,F;, C,H, and O,
gases as thin-film deposition gases at flow rates of 70 sccm and 30
sccm and at a variable flow rate, respectively. The microwave power
30 (the high-frequency power supply part 24) and the bias power (the
high-frequency power supply part 42) were sct to be 2700 W and 1500
W, respectively, and the temperature of the surface of the mounting
table 4 was set to be 430°C.
FIG. 26 shows the variation (%} in weight of the CF film
35 examined by means of the measuring device shown in FIG. 4 when the
flow rate (sccm) of O, gas varies. When the flow rates of O, gas were 0
sccm, 1 scem, 2 scam, 4 scam and S scam, the variations in weight were




desorbed F containing gases decrease to enhance thernostabflity.

Referring to FIGS. 26 through 28, the results of neasurenents of CF fil ns
deposited by using 02 gas as an oxygen contai ning gas at various flow rates
(scan) will be described in detail below Using the 25 plasnma treatnent
systemshown in FIG 1, a CF filmhaving a thickness of 2,um was deposited
on the wafer 10 by introducing Ar gas as a plasma producing gas at a fl ow
rate of 30 scam and C4F8y CAl and 02 gases as thin-fil mdeposition gases
at flowrates of 70 sccmand 30 scan and at a variable flow rate,

respecti vel y 13156, n} dr $0a0d Soned.93% (@nse b9 g, f respastivslypolercasubisl v part
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of the nount (ﬁ@&nl @ gasymsTeases; o be 430C. FIG 26 shows the variation
(y.) in weight of tme@?éhéma‘ieﬁit disyibiiivns ¢ffthelED iangf devi ce

ates of 2 HasFublfe O de Sty @anbséééi%ea%mc?@iﬁp et ol | o
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CF, O, C3H8&n&§2v@éﬂﬁe%ﬁ whessihe thimy. rzf’it %ﬁe%q@%f@?&n%"t@s deBbfdy 2 sccm

and 5 scgc “ S% rement was carrie Mass . spectronet er

connect Sﬁe%,rgepnmﬁoqmmn@nsﬁeaﬁmwmm angi n-film
was put and tme ptaks théreof tenbtecthen@s oleds @ﬂd&:@:)l‘b%acgadc@ FirSadditiori,he axis

of ordinates denot es .10 di nensjonl ess. ano s,,corresponding.to.th
intensities 91 SR OF A % imﬂ éﬂ%fﬂﬁe gf ﬁ% @F

desor bed gaseaculm adsﬂal |1:@g1nst he’I'kwtanpérm:bsc|rmsatdamates>ft]|()?€/ai1ner t he

t enperature L Ve Juselc TN iges at a
rate of 10C/¥rglﬁﬁ Paom roxl;eh?te erature. '%\#e&gper-&ﬁﬁre: grrper%t l&rﬁgdrjegc es 425C,
it is 15tthel heldofor 0 minntess It ran hersasn SemnFiG o7 that they ameuntsef anount s
of desorbed g&sorBed EPAICESandaTr fd&Redse 49thd OW radd 6f Qé gﬁ% :ﬁéscdsegr eases.
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28 shows t hewhenethsi ﬂgmcﬂmdcﬁos@ﬂbng&n@dud@ammygmmﬂﬁmhgvgason t he

| eft axis of ordi nq;t]@S oMt Buts ﬁ%eﬁ{tcﬁ&}&%r@'oﬁ)tgﬁgar é’%glam)unt of CE

t enperature (C) of nmeasuring S

filmis 48ut, cp\ggsor\y\ﬂ@ qfte@gé@ffor@ummvoﬂampm tgﬂmn I@ﬂln)tWhefllt@m axi s
of ordinat esSﬂage&eﬁﬁf&amr(E{I)tdI@l ﬂhleﬁw_lﬁﬁ ¢S @ Whiadh QZp&ﬂ%te%bﬂnledSCCm 2

he waf er i saRosEt GCE Hrmbls e HeFp o %ééep 5 U9 RERE (100 b SOV OBt he F
out gas decr&meghaamsftéofdim&w@irﬁa chsdwhess thaflo@asess (sccm) of O, gas
are 1 sccm, 2 sccm and S sccm.  When the stage temperature is 500°C,
25 the temperature of the wafer is 425°C. It can be seen from FIG. 28 that
the intensity of the F out gas decreases as the flow rate of O, gas
Increases.
It can be understood from FIGS. 26 through 28 that if O, gasis
adopted as an oxygen containing gas, the variation in weight of the
30  deposited CF film decreases by adding O, gas, so that the amounts of
desorbed F containing gases decrease to enhance thermostability.
Referring to FIGS. 29 through 31, the results of measurements
of CF films deposited by using H,0, gas as an oxygen containing gas at
various flow rates (sccm) will be described in detail below. Using the
35 plasma treatment system shown in FIG. 1, a CF film having a thickness
of 2 um was deposited on the wafer 10 by introducing Ar gas as a
plasma producing gas at a flow rate of 150 sccm, and C,Fg, C,H, and




It can be understood fromFIGS. 26 through 28 that if 02 gas is adopted as
an oxygen containing gas, the variation in weight of the 30 deposited CF
fil m decreases by adding 02 gas, so that the anmpbunts of desorbed F
cont ai ni ng gases decrease to enhance thernostability. Referring to
FIGS. 29 through 31, the results of mea urenents of CF filns deposited by
usi ng H202 gas as an oxygen contai ni ng Zas at various flowrates (sccm

will be described in detail below Using the 35 plasna treatnent system
shown in FIG 1, a CF filmhaving a thickness of 2 gra was deposited on the
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gases at f| cwcmassl mr@s}, mﬁd)’at OVBHFTEYaY f DBWETF at e,
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t he noungi ngwi &Eé Pectivells @ed the teepPlfire of the shiface 24 ﬁfwmuﬁmgarl ation
(% in wei ggabg %ttot}"%}ﬁé‘;{n ned by neans of the neasuring device
shown in FI ﬁh‘%%s % e (sccm) of H202 gas varies. \Wen the flow
rates of H202 gas FIGw&iOGe showsctihe Vvasiztion 5% can verightl ®fsttem, CF hflm

vari ations i S It can
be under stoo%a\[ﬁﬁgat var| a@fﬁ&ﬁjt?%%u&%gv\eé%lgﬁ joélv‘n;ollsé1 Gd&?’?ﬁ%ryzhés t he
flow rate (Sﬂﬂ)’l’ﬁ?tQJfSCHEOZ)fdé@d gas evases ﬂnbv\satph@fuldi(éngaw

di stri byp or\se&fot Sl DS RRAES acen 4R dﬁaﬂ"ﬁhe%m‘i@on% @F o2,
C31-18, CF2 and ?/n g,/ﬁ é[)}) ra]teggs of H202 Sla ﬁﬁa em and
10 sccm Thi%® sr&n °'aa di b3 s fespECavel¥s ?’é”?t‘)@ nnect ed
to a vacuumuhasslaé vanauml(wmwwigﬂ&bﬁdm@décﬁmrﬁs@fcﬂdwmafd (soritgs put
andthelnted'fl é%é/\g{ sheatedto 425C. In FIG 30, the axis of

or di nat es eno |nen5|onless anounts corresponding to the intensities

of spectra, and th@@e&@@bﬁ&thofm&ﬂrmtyahsuﬂam‘ﬂmabﬁtm’I‘HlSepdaIHagﬁses I n
additi ofg the epxwpcéoa ,c%?ag:pd@@ 3{13 F;.,t\!i}ﬁcﬁ‘?ﬁ'e Bs rise in

t he vacuum ve¥sé| At ﬁré’ gés af L rate O?fo% mn from
room t enper &A% gﬂ&%ﬁ ﬁécmemgnél%@%@s APEmeasurenpmtwng for 30

m gut es. dl t @ficBsely a;@@s@p@cu%%étéﬁboﬁﬁ@ct@Wé Sra@ﬁuﬂ&%@’s.gﬁdng: dCfFZ
o1, 73 deor S, S5 BGERULL doih GO0 S JASLERS G L s pgger T om
deposi tion geblchwaedmtaht@ﬂﬂ@é@ clonFK& n3®gﬂgaams&ﬁ”mrﬁm8tbsslmuﬂcs he
:apéneg; gg OM rf&%gggatﬁlo%)coﬁ%@% Q&‘léelgtggo?gﬁ ur eax? ) of a
measuri ng st%é’eagfﬁ’ tlae appauRes of desorbe gascs In ad
the axis of absclssas dcnotes time after the temperature rise in thc
vacuum vessel begins. The temperature rises at a rate of 10°C/min
from room temperature. After the temperature reaches 425°C, it is
25 held for 30 minutes. It can be seen from FIG. 30 that the amounts of
desorbed CF, CF, and CF; decrease as the flow rate of H,O, gas
increases. It is guessed from these results that C-C bonds are difficult
to be cut when the thinfilm deposition gas includes an oxygen
containing gas.
30 FIG. 31 shows the intensity of an F out gas (au), Wthh 1S
shown on the left axis of ordinates, with respect to time (min) when the
stage temperature (°C) of a measuring stage, on which a predetermined
amount of CF film is put, rises with respect to time (min) as shown on
the right axds of ordinates in a case where the flow rates (sccm) of H,0,
35 pgasare O sccm, S scam and 10 scan.  When the stage temperature is
500°C, the temperature of the wafer is 425°C. It can be seen from FIG.
31 that the intensity of the F out gas decreases as the flow rate of H,0,



amount of CF filmis put, rises with respect to tinme (mn) as shown on the
right axis of ordinates in a case where the flow rates (sccn of 1-1202 35
gas are 0 sccm 5 seemand 10 scan. Wen the stage tenperature i s 500C, the
tenperature of the wafer is 425C. It can be seen fromFIG 31 that the
intensity of the F out gas decreases asighe flow rate of H202 18 gas

I ncr eases. It can be understood TromFIGS. 29 through 31 that if
H202 gas is adopted as an oxygen containing gas, the variation in weight of
the deposited CF film decreases by adding H202 gas, so that the anpunts of
5 desorbed FogoHehAsdy 0ases decrease to enhance thernostabflity.
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neasur i rl@ deaﬁ Eﬁumhmm depédited dnwtienwaier 20 byam/amlu@u(lgd’angasfaﬁao gas

vari es.
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variation (%cdd oM 9bta VSriAbe! wrﬁt@gegﬁfclﬁvk rﬁa@r&ﬁﬁgﬁ%%fpgu?% ggso; s

h(z) SIC:anHIZZSFIdg‘ ﬁl’?‘gﬁéﬁugfg’ IP%%);?S%}}P@Y Rg3 2 égﬂggﬂ%éﬂﬁaﬁ ROYEToW€at i 0s of
CAF8 gad 5andhighofrgquencepdwer shipply paites2)fwdiRlseas be2B0OW ardl 1500
W, respectively, and the temperature of the surface of the mounting
table 4 was set to be 400°C.
FIG. 32 shows the variation (%) in weight of the CF flm
. examined by means of the measuring device shown in FIG. 4 when the

20 flowrate (sccm) of H,0O gas varies. When the flow rates of H,O gas were
O scam, S scam, 10 scam, 15 scam, 17 sccm and 20 sccm, the
variations in weight were 2.4 %, 1.7 %, 1.6 %, 2.0 %, 2.3 % and 2.9 %,
respectively. It can be understood that the variation (%6) in weight is
mmimum when the flow rate (sccm) of H,O gasis 10 sccm.

25 FIG. 33 shows the intensity distributions of the TDS spectra of
H,, F, HF, CO, N,, C,;H,, CF, CQ,, C;Hs, CF, and CF; when the flow
ratios of C,Fg gas and H,O gas are 1.0 (flow rate of H,0 gas: 0 sccm), 4:1
(low rate of H,O gas: 10 scam) and 2:1 (flow rate of H,O gas: 20 sccm).
This measurement was carried out by a mass spectrometer connected

30 to a vacuum vessel, in which a predetermined amount of thin-film was
put and the interior of which was heated to 425°C. In FIG. 33, the axis
of ordinates denotes dimensionless amounts corresponding to the
mtensities of spectra, and the peaks thereof denote the amounts of
desorbed gases. In addition, the axis of abscissas denotes time after

35 the temperature rise in the vacuum vessel begins. The temperature
rises at a rate of 10°C/min from room temperature. After the
temperature reaches 425°C, it is held for 30 minutes. It can be seen




(flow rate of H20 gas: 10 seem) and 2:1 (flow rate of H20 gas: 20 seem

Thi s ‘neasurenent was carriqd out by a nmass spectronmeter connected 30 to a
vacuum vessel, in which a gredeterm'--ned anount of thin-filmwas put and the
interior of which was heated to 425C. In FIG 33, the axis of ordinates
denot es di nensi onl ess anounts correspob®ing to the intensities of spectra,
and the peaks thereof denote the anmobunts of desorbed gases. In addition,
the axis of abscissas denotes tine after 35 the tenperature rise in the
vacuum vessel begins. The tenperature rises at a rate of 10 C/mn from
room t errper aﬂ‘cnmeFl(Niﬂé thatithea amounds of deserbedSF 4@ anid CFs apeistnalbr 30

m nutes. %c%?’&ﬂ rafe o t'i@p Fasis 30 t heiPpRES fontlenesded CF,

CF2 and CF3 are smal

w rate of H20 gas 1 |
guessed frorFespltsethats G- stpﬁéﬁ erecdifralt H?é’%lcgﬁt W%PFP E'B @“@Lé]n%\/nen t he
thin-film dQIBiﬁisim&DOngdﬁdhsldﬁSa u&«ﬂ@auﬂimuwﬁ}&g@ gas. H20 gas. 5FIG 34

of or di ndt s, w t hE1GsPaceEs: ﬁiiﬁéﬁ S o Froeasdtufubkh i (o or
a nmeasuring mmepmmﬂdmaobonﬁnamsnwmhirc@ﬁcﬁ tmhmr: (monn) whcsreshw th
where the f15Es SEpBbraR-afEYr dint i dorl B i 593’5‘?‘? ?‘5?%03? “Hoo
gas: 0 seemGFAlm i puly fsgs Feapect to Siseefminlias shopm ey e B88Bt H20
gas: 20 sca SWPSfH:hHEes%a&ea %f@ﬂiHﬂ‘bW% é&@@fcm é@ﬁ@@&@,@gssof the
wafer is 425 be seen fromEIG 34 t ein | yof e F out
gas is H8w viF&nl: ph@‘)?‘i miterdfiid-Qmaspl wsm); & Q@%Eﬁ?ﬂ ;iﬁ;&c 5@ der st ood
fromFI GS. 3ghd Bt D{ilpw Beketdfi®¥,0 gadi20 @em)i sWitptindstage aampeygriredsnt ai ni ng
P20 gas, s0 JLC Dk Perlpefiturg ot ?}E%W%E%Eig é‘zﬁdﬂi%t%ﬁhg’%éj%@%ﬁfﬁé‘fsid%”g
enhance t hei3shabtheé intensity of the F out gas is low when the ow rate of HQO
gas1s 10 sccm.
15 It can be understood from FIGS. 32 through 34 that if H,0 gas
is adopted as an oxygen containing gas, the variation in weight of the
deposited CF film decreases by adding H,O gas, so that the amounts of
desorbed F containing gases decrease to enthance thermostability.
According to the present invention, it is required to use an
20 oxygen contaiung gas, such as carbon monoxide (CO) gas, carbon
dioxade (CO,) gas, oxygen gas (O,), water (H,;O) gas and hydrogen
peroxide (H,0,), as a thin-film deposition gas. The CF containing gas
added to the oxygen containing gas may be CF, gas, C,F; gas, C;lg gas
or the hke. Altematively, the CF containing gas may be a gas
25 containing C, F and H, ¢.g., CHF; gas. The hydrocarbon gas may be
CH, gas, CH, gas, C,Hy gas, C;Hg gas, C,Hs gas or the like.
Alternatively, hydrogen gas may be used in place of hydrocarbon gas.
Moreover, the present invention should not be hmited to the
production of a plasma using the ECR, but the invention may be
30 applied to the production of a plasma using, €.g., a method called ICP
(Inductive Coupled Plasma) for applying electric and magnetic fields to a
process gas from a coil wound onto a dome-shaped contamner, or a
conventional plasma producing method, such as the parallel plate
plasma producing method.
35 The second preferred embodiment of the present mvention will
be described below.
A method for depositing an nterlayer insulator film of a CF film




According to the present invention, it is required to use an 90 oxygen
cont ai ni ng gas, such as carbon nonoxi de (CO gas, carbon dioxide (CO2) gas,
oxygen gas (02), water (H20) gas and hydrogen peroxide (H202), as a
thin-filmdeposition gas. The CF contagalng gas added to the oxygen

contai ning gas may be CF' gas, C2F6 ga C3F8 gas or the |like:
Alternatively, the CF containing gas may be a gas 25 containing C, F and H,
e.g., CHF3 gas The hydr ocarbon gas may be CH, gas, C2H2 gas, C2H6 gas,
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42, 1 addi STBRC RESUFP A8 p operiaRePlor e M er e Wid 22t o
be about 40(@ph'ed to the mounting table 4 by means of the high- ﬁcqumcy power
25 supply part 42. In addition, the surface temperature of the mounting
table 4 is set to be about 400°C.
A high-frequency wave (a microwave) of 2.45 GHz from the
high-frequency power supply part 24 passes through the waveguide 25
to reach the ceiling of the vacuum vessel 2, and passes through the
30 transmission window 23 to be introduced into the first vacuum
chamber 21. On the other hand, a magnetic field extending from the
upper portion of the first vacuum chamber 21 to the lower portion of the
sccond vacuum chamber 22 is formed in the vacuum vessel 2 by the
main electromagnetic coil 26 and the auxiliary electromagnetic coil 27.
35 Thus, the intensity of the magnetic field is, e.g., 875 gausses, in the
vicinity of the lower portion of the first vacuum chamber 21. The
interaction between the magnetic field and the microwave produces




A hi gh-frequency wave (a mcrowave) of 2.45 GHz fromthe high-frequency
power supply part 24 passes through the waveguide 25 to reach the ceiling
of the vacuum vessel 2, and passes through the 30 transm ssion wi ndow 23 to
be introduced into the first vacuum chanber 21. On the other hand, a
magnetic field extending fromthe uppepportion of the first vacuun1chanber
21 to the | ower portion of the second vacuun1chanber 22 is formed in the
vacuum vessel 2 by the nain el ectromagnetic coil 26 and the auxiliary

el ectromagnetic coil 27. 35 Thus, the intensity of the magnetic field is,
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10 thermostability as can bc seen from the results of experiments which
will be described later. That is, the amounts of desorbed F containing
gases are small even at a high temperature.
It is considered that the reason for this is as follows. That is, if
SiH, gas i1s added to the mixture of the CF containing gas and the
15  hydrogen gas as the thin-film deposition gas, the active species of C, H
and Si react with each other to form Si-C bonds and Si-F bonds in
addition to C-F bonds, C-C bonds and C-H bonds. The bonds
produced by adding SiH, gas, such as Si-C bonds and Si-F bonds, are
stronger bonds than C-F bonds for reasons which will be described
20 later, and difficult to be cut even at a high temperature of, e.g., 400°C~
450°C.
Therefore, stronger bonds than C-F bonds exist in a part of the
CF film, and even if a part of C-F bonds are cut by heat at a high
temperature, F containing gases of cut F, CF and so forth can not pass
25 through the strong bonds to be confined in the CF film, so that the
desorption of the F containing gasses is inhibited.
The reason why Si-C bonds and Si-F bonds are stronger bonds
than C-F bonds will be described below.
First, the adhesion and hardness of an SiC film having Si-C
30 bonds were measured, so that it was found that both were higher than
those of a CF film. Therefore, Si-C bonds are stronger bonds than C-F
bonds.
The amounts of F containing gases degassed from an SiOF film
having Si-F bonds were measured, so that it was found that the
35 degassed amounts were smaller than those degassed from a CF film.
The SiOF film has Si-O bonds, Si-F bonds and so forth. The fact that
the F containing gases are degassed from the SiOF film means that Si-




It is considered that the reason for this is as follows. That is, if Si-14
gas s added to the m xture of the CF containing gas and the 15 hydrogen
gas as the thin-fil mdeposition gas, the active species of C, Hand S

react with each other to formSi-C bonds,and Si-F bonds in addition to GF
bonds, C-C bonds and C-H bonds. The bo produced by addi ng S&., gas, such
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rates of CAFBSHWSAT gasisdhs nia a:na prodysingges,saan C@Fbgam #8294 | 4 =60
sccra/ 30 sccsiH/ pas@¥Mhe thin-film deposition gases. The flow rates of Ar gas,

C.F; gas, C,H, gas and SiH, gas were set to be 150 sccm, 60 sccm, 30
sccm and S5 sccm, respectively. The microwave power (the high-

25 frequency power supply part 24) and the bias power (the high-
frequency power supply part 42) were set to be 2700 W and 1500 W,
respectively, and the process pressure was set to be 0.3 Pa (Example 1).
The TDS (Thermal Desorption Spectroscopy) spectrum of the deposited
CF film was measured.

30 Similarly, a CF film was deposited when SiH, gas was not
added as the thin-film deposition gas, and the TDS spectrum thereof
was measured. In this case, the kinds and flow rates of the used gases
were Ar gas (150 sccm) as the plasma producing gas, and C,F; gas (60
sccm) and C,H, gas (30 sccm) as the thin-film deposition gases

35 (Comparative Example 1). |

These results are shown in FIGS. 7 and 8. FIG. 7 shows acase
where SiH, gas is added as the thin-film deposition gas (Example 1),




Experinments, which were carried out in order to nmeasure thernostability of

thinfilns, will be described below Using the 20 plasna treatnent system
shown in FIG 1, a CF filmwas deposited using Ar gas as the plasm
produci ng gas, and C4F8 gas, C2H4 gas and gas as the thin-film

deposition gases. The flow rates of Ar28as, C4F8 gas, C2H4 gas and Sill,
gas were set to be 150 scan, 60 sccm 30 sccmand 5 sccm respectively. The
m crowave power (the high- 25 frequency power supply. part 24) and the bias
power (the high-fre uency power supply part 42) were_set to be 2700 Wand
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Similarly, a CF film was deposited without the addition of SiF,,
and the variation in weight thereof was measured by the TGA. In this
case, the kinds and flow rates of the used gases were Ar gas (150 sccm)
as the plasma producing gas, and C,F; gas (60 sccm) and C,H, gas (30

30  sccm) as the thin-film deposition gases (Comparative Example 2).

In addition, a CF film was deposited using Ar gas (150 sccm) as
the plasma producing gas and C,F; gas (60 sccm), H, gas (30 scam) and
SiF, gas (5 sccm) as the thin-film deposition gases, on other conditions
which are the same as those in the above described Example 1

35 (Example 3}, and a CF film was deposited using Ar gas (150 sccm) as
the plasma producing gas and C,F; gas (60 sccm) and H, gas (30 sccm)
as the thin-ilm deposition gases, on other conditions which are the



Simlarly, a CF filmwas deposited without the addition of SiF4, and the
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kinds and flow rates of the used gases were Ar gas (150 sccm) as the plasm
produci ng gas, and C4F8 gas (60 sun) and C2H4 gas (30 30 scan) as the
thin-filmdeposition gases (Cbnparativg4Exaane 2). In addition, a
CF filmwas deposited using Ar gas (150"°scan) as the plasma produci ng gas
and C4F8 gas (60 sccm), H2 gas (30 scan) and SiF4 gas (5 sccn) as the
thin-filmdeposition gases, on other conditions mhlch are the sane as those
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enbodi nemt  Pfiadehss @feeﬁ%tochﬁb{&?ghg,nhy&ﬂdgcﬁegas may be used. If the thin-
film deposition gas includes C, F and H, the thin-film deposition gas
may be a mixture of a compound gas of carbon and fluorine and a
siicon containing gas.
Moreover, the present invention should not be limited to the
30 production of a plasma using the ECR, but the invention may be
applied to the production of a plasma using, ¢.g., a method called ICP
(nductive Coupled Plasma) for applying electric and magnetic fields to a
process gas from a coil wound onto a dome-shaped container, or the
conventional parallel plate plasma producing method.
35 The third preferred embodiment of the present invention will be
described below.
A method for depositing an interlayer insulator film of a CF film



descri bed below. A nethod for depositing an interlayer insulator filmof a
CF ff¥lm 25 on a wafer 10, which is a substrate to be treated, using the
systemshown in FIG 1 will be described. First, a gate valve (not shown)
provided in the side wall of the vacuumvessel 2 is open, and the wafer 10,
on which an alum numw ring has been f@5red, is introduced from5 a

| oad- | ock chanber (not shown) by neans of a transport aim (not shown) to be
nmounted on the mounting table 4 to be electrostatically absorbed by neans
of the electrostatic chuck 41. Subsequently, after the gate valve is closed
to seal the ontamwaler df0,twhichatuanswhstsate 12, bchlacatndenMg thesystane is
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supply pipes 51 and 52, respectively. Then, the interior of the vacuum
vessel 2 is held at a predetermined process pressure, and a bias voltage
of 13. 56 MHz and 1500 W is applied to the mounting table 4 by means
of the high-frequency power supply part 42.

On the other hand, a high-frequency wave (a microwave) of

25 2.45 GHz and 2000 W from the high-frequency power supply part 24

passes through the waveguide 25 to reach the ceiling of the vacuum

vessel 2, and passes through the transmission window 23 to be

mtroduced into the first vacuum chamber 21. In addition, a magnetic

field extending from the upper portion of the first vacuum chamber 21

30  to the lower portion of the second vacuum chamber 22 is formed in the

vacuum vessel 2 by the main electromagnetic coil 26 and the auxiliary

electromagnetic coil 27. Thus, the intensity of the magnetic field is, e.g,,

875 gausses, in the vicinity of the lower portion of the first vacuum
chamber 21.

35 Thus, the mteraction between the magnetic field and the

microwave produces electron cyclotron resonance, by which Ar gas is

activated as plasma and enriched. The plasma thus produced flows



fromthe first vacuum chanmber 21 into the second vacuum chanber 22 to
activate CAF8 gas and C2H4 gas, which have been supplied thereto, (as
plasma) to formactive species (plasnma) -to deposit a CF filmon the wafer
10. Thereafter, when a device is actually produced, the CF filmis 5 etched
with a predetermned pattern, and a figgnof, e.g., W is enbedded in a
groove portion to forma Wwring. The CF filmthus deposited has
strong bonds and high thernostability. That is, the desorption of F
containing gases is small even at a high tenperature. Exanples of

exper i ment s frothithb first eaclfimahsneber2l rito the decond vagawizhehamber 22
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shown in Fl Gord0. bIaese. deqmgoshﬁhg@npmdu&ﬁghﬁrgl bendeddéx d€conpositi oln
duct f F5 t .0d 27, th - di Sional structure ing triple
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bonds. 5 As Iplicity o . i NCreases Troma single nd to a
triple bond 2000 ¥ aodbl 20GBhdespeaivendi ng strength increases, and the bond

is difficult to beasutompab@ie ERArfIAl CHHYRASI WEs ibtrddiceduat atRowccur
oo e O L B IO L ebb e it LB g dosslioas vt o
t her nos@&bi ICF filml o adistire the vasation ah setightthaeef. 1 Thyaconditiomsded to F,
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15Subsequently, i nAQrARI IO ARNHAfn' REWHI SBtHeOCH! filt iéh P28
when C,H, gas was used, whereas it was 4.3 % when CH, gas was
30 used. Thus, it was confirmed that C,Fs gas was combined with C,H,
gas to decrease the variation in weight of the CF film to decrease the
amounts of desorbed F containing gases to enhance thermostability.
It is guessed that the reason for thisis as follows. That is, CGH,
gas has a triple bond between carbons. I C,H, is activated,
35 decomposition products having triple bonds, double bonds and single
bonds are produced as shown in FIG. 10. These decomposition
products are bonded to decomposition products of C,Fs to produce a




C21-12 gas, the inventors carried out the follow ng experinents. Using the
pl asra treatnment systemshown in FIG 1, a CF fil mwas deposited on a wafer
10 by introducing Ar gas at a flowrate of 30 scan, C4F8 gas at a flow rate
of 40 scan, and C2H2 gas at a flowrate of from 30 scan to 20 70 sccm Then,
the variation in weight of the CF fil n2Thus deposited was exam ned by the
above described nethod. At this tinme, the m crowave power and the bias
power were set to be 2000 Wand 1500 W respectively. The results are shown
in FIG 11. It was confirmed fromthese 25 results that the variation in
wei ght of t HareFdimemsions] atoudtuge hang driplh doridswandt: dogblecPandgas was 35
scan or les e | t S adehfAnse a t 1.7 %
when t he flyvn\rlmée g@%ﬁé@s%@4 $n££| h&ngre Howeverg()i—la ?ﬁéej fl ow
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deposi tion part 5 in the above 10 descri bed plasma treatnent

system 15 qmmt&;onmorﬁmammmag@ﬁlmﬂowr@um@fﬁd& g@fﬂ@&arrpl e of

experi ment | eda?iéY tf&ﬁogllﬁ% Uysg em shown
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20 70 sccm. Then, the vaniation in weight of the CF film thus dcpos1ted
was examined by the above described method. At this time, the
microwave power and the bias power were set to be 2000 W and 1500
W, respectively.
The results are shown in FIG. 11. It was confirmed from these
25 results that the variation in weight of the CF film was about 2.7 % when
the flow rate of C,H, gas was 35 sccm or less, whereas the variation in
weight was decreased to about 1.7 % when the flow rate of C;H, gas was
40 sccm or more. However, if the flow rate of C,H, gas exceeds 75
sccm, the peeling of the film occurs.
30 Thus, it was confirmed that the flow ratio of C4Fs gas and CH,
- gas had an optimum value, and the flow rate of C,H, gas was preferably
in the range of from 40 sccm to 70 sccm when the flow rate of C,F; gas
was 40 sccm. That is, it was confirmed that if 40 sccm /70 scem =C,Fy
gas/C,H, gas<40 sccm /40 scem (4/7 SC,Fsgas/C,H, gas<1) was set,
35 the variation in weight of the CF film was decreased to reduce the
amounts of desorbed F containing gases to enhance thermostability.
It is considered that the reason for this is that when the flow
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As a result, the variation in weight of the CF filmwas 1.89 "Yo, 20 which
was fess than the variation in weight (4.3 %9 when C4F8 gas was conbi ned
with C2H4 gas to deposit the CF filmas the above descri bed Conparative
Exanpl e. Therefore, it was confirned that if C F8 gas, C2H2 gas and H2 gas
were conbined, the variation in weight of the CF filmreduced to decrease
t he anbunts of desorbed F containing g3§es to 25 enhance thernostability.
Then, the inventors tried to optimze the flow ratio of C4F8 gas, C2H2 gas
and H2 gas by the following nethod. First, in order to optim ze the flow
rati o of am of C21-12 as, the fol low ng
experi nent gqﬁié(ﬁ%%ﬁB%%Hag%ﬁ@nb?%ﬂﬂfgga %’E‘?‘@ éj[‘:@f?ls’gﬁ wn in
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scan an H2 cC t.0 ettlng t he
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total flow rate of Anether xexample and thEgpsefmCQO@mbcmmélmen“nli hbe
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| ess, where Mﬂl of 3 t %%&l‘éhﬁ‘é H?Sé tga§c$3%3v\hen t he
flow rate ofsuplires byetheSthin-filae depogitiost ghs wupily Spat $ dnSthes abave

Furt her gpre,q mchwgﬁﬁ?gﬂg@ 3aS exceeds 55 scan, the peeling of

the filmoccurs @Bnfirmed that there is an opti mum

flow ratio (nixed Basrder tgheqnﬁmntaderanmm ofathis gnethagaan ekemipdeve | it
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At this ti m%? m%o ve ower an t Ias power e se e 2000 W
and 1500 oe &V riespeetivedy.e shown in FIG 13. It was
confirmed from t hese armeult $hé hahaﬁbﬁ imakkight G the TPVELaagf1. 80eCF fil ms

0
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the m xi ng caminadsvith Clib, g&'m‘gndqboixtdm CF7film a4/ the &dbotddesmtlsed i f t he
Comparative Example. Therefore, it was confirmed that if C,F gas,
C;H; gas and H, gas were combined, the variation in weight of the CF
film reduced to decrease the amounts of desorbed F containing gases to
25 enhance thermostability.
Then, the inventors tried to optimize the flow ratio of C,F; gas,
C,H; gas and H, gas by the following method. First, in order to
optimize the flow ratio of a mixed gas of C,F gas and C,H, gas to H, gas,
the following experiment was carried out.
30 Using the plasma treatment system shown in FIG. 1, CF films
were deposited by introducing Ar gas at a flow rate of 30 sccm and H,
gas at a flow rate of 10 sccm to 60 scem, while setting the flow ratio of a
mixed gas to C,;F;5 gas/C,H, gas = 4/6 and while setting the total flow
rate of the mixed gas and H, gas to 100 sccm. Then, the variations in
35  weight of the CF films thus deposited were examined by the above
described method. The microwave power and the bias power were set
to be 2000 W and 1500 W, respectively.



25 mxing ratio is less than 0.65, the peeling of the filmoccurs.

Thus; it was confirnmed that there was the optimumm xing ratio of the m xed
gas, which was 0.7 C4F8gas/ C2H2 gas 4/ 3. As can be seen fromthese
results, if CAF8 gas, C21-14 gas and H2 gas are used as thin-film

deposi tion gases, ‘the optinumflow ratygs of 30 these gases are 0.7 -CAF8
gas/ C2H2 gas:54/3 and 1 m xed gas/H2 gas -5.3. Thus, if such a flowratio
is set, the variation in weight of the CF filmreduces to decrease the
anounts of desorbed F containing gases to enhance thernostability. In
addition, it was CPR¢ réstEts Aftadhddie i FIGNIM f itovas admfrmaed fidim 4hése<CAF8

gas/ C2H2 gas 51 .if, CAE8 gas and C2H2 we sed as > Lol madeposi tion
gases, mheréﬁ%éhﬁb% Brvegh QEW‘?T{;EiﬂFbwaﬁzﬁq blt\r/?aé}ﬂ@ H2 gas
\lmgae?dld_e?n :ohbf’fkwe rg&seﬁHzgast?as 20hecempar ldssmiasther8éls memmml T mgsseghe
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bonded in the S eas t her nost abi lh % |s enhanced
by rempving such F ‘-‘?’hgr ek isy an; AROIIG, PP TRtQ ¢ he
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product i on dell @vmgagmam&jmm@am& owhy e Usieg tac pjasma ragenanti on 15
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e raicing ATERS ) A e Barinpl 3 Soa bk calvs Ay T 30,
paral | el5 ara;dcm:beamirﬂdammmgaﬂ aaa;blbasnmdxyfChﬁ;ﬁ@ﬂga&/@bﬂghs@éncy power
fourth pref gy DooeraenbSof vieh &k G ilte TSttt cvers bea
bel ow. examined by the above described method. At thas time, the microwave
power and the bias power were set to be 2000 W and 1500 W,
respectively.
20 The results are shown in FIG. 13. It was confirmed from these
results that the variations in weight of the CF films were 2.9 % or more
when the mixing ratio of the mixed gas was 1.4 or higher, whereas the
variations in weight were decreased to about 1.7 %~2 % when the
mixing ratio was in the range of from 0.7 to 4/3. Furthermore, if the
25 mixing ratio is less than 0.65, the peeling of the film occurs.
Thus, 1t was confinmed that there was the optimum mixing
ratio of the mixed gas, which was 0.7 <C,Fg gas/C,H, gas<4/3.
As can be seen from these results, if C,Fg gas, C;H, gas and H,
gas are used as thin-film deposition gases, the optimum flow ratios of
30 these gases are 0.7 SC,F; gas/C,H, gas<4/3 and 1=<mixed gas/H, gas
=3. Thus, if such a flow ratio is set, the variation in weight of the CF
film reduces to decrease the amounts of desorbed F containing gases to
enhance thermostability.
In addition, it was confirmed that the optimum flow ratio was
35 4/7=C.F; gas/CH, gas=<1 if C,F,; gas and C,H, gas were used as
thin-film deposition gases, whereas the upper limit of the optimum flow
ratio was 4/3 if H, gas was added to these gases, so that the upper limit



A nmethod for depositing an interlayer insulator filmof a CF filmon a
wafer 10, which is a substrate to be treated, using the system 25 shown in
FIG 1 will be described. First, a gate valve (not shown) provided in the
side wall of the vacuumvessel 2 is open, and a wafer 10, on which an

al um num wi ri ng has been formed, is introduced froma |oad-1ock chanber
(not shown) by neans of a transport arﬁ¥knot shown) to be nounted on the
nounting table 4 to be electrostatically 30 absorbed by nmeans of the

el ectrostatic chuck 41. Subsequently, after the gate valve is closed to
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plasma by applying a magnetic field to two paralle]l cathodes

substantially in parallel, and the production of a plasma by applying a
high-frequency power between electrodes called parallel plates facing
20 each other. ;

The fourth preferred embodiment of the present invention will
be described below.

A method for depositing an interlayer insulator film of a CF film
on a wafer 10, which is a substrate to be treated, using the system

25 shown in FIG. 1 will be described. First, a gate valve (not shown)
provided in the side wall of the vacuum vessel 2 is open, and a wafer 10,
on which an aluminum wiring has been formed, is introduced from a
load-lock chamber (not shown) by means of a transport arm (not
shown) to be mounted on the mounting table 4 to be electrostatically
30 absorbed by means of the electrostatic chuck 41.

Subsequently, after the gate valve is closed to seal the interior of
the vacuum vessel 2, the internal atmosphere is exhausted by the
exhaust pipes 28, and the interior of the vacuum vessel 2 is evacuated
to a predetermined degree of vacuum. Then, Ne gas is introduced from

35 the plasma gas nozZes 31 mto the first vacuum chamber 21 at a
predetermined flow rate, and a thin-film deposition gas is introduced
from the thin-film deposition gas supply part 5 into the second vacuum



20 to activate C4F8 gas and C2l-14 gas, which have been supplied thereto,
(as plasma) to formactive species (plasna). On the other hand, Ne
gas is drawn into the wafer 10 by t-he bias voltage to shave off the corners
of a pattern (a recessed portion) in the surface of the wafer 10 to

i ncrease the frontage thereof. Then, a3CF 25 filmis forned by the plasma
of the thin-filmdeposition in addition to the sputter etching function to
be enbedded in the recessed portion. Thus, an interlayer insulator film of
the CF filmis deposited on the wafer 10. Thereafter, when a device is
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20 to activate C,Fg gas and C,H, gas, which have been supplied thereto, (as
plasma) to form active species (plasma).

On the other hand, Ne gas is drawn into the wafer 10 by the
bias voltage to shave off the comers of a pattern (a recessed portion) in
the surface of the wafer 10 to increase the frontage thereof. Then, a CF

25 film is formed by the plasma of the thin-film deposition in addition to
the sputter etching function to be embedded in the recessed portion.
Thus, an nterlayer insulator film of the CF film is deposited on the
wafer 10. Thereafter, when a device is actually produced, the CF film is
etched with a predetermined pattern, and a film of, e.g., W, is embedded

30 1in a groove portion to form a W wiring.

FIG. 14 shows a sequence of the above described process. In
an actual process, the introduction of Ne gas and the application of the
microwave power (the high-frequency power supply part 24) are
substantially simultaneously carmried out to produce a plasma.

35 Subsequently, a predetermined time, e.g., 30 seconds, after the
introduction of Ne gas, the application of the bias power (the high-
frequency power supply part 42) and the introduction of C,F, gas and




~ 20 gas of an atom having small nmass is used as a sputter gas, the
sputtering effect decreases. Conventionally, Ar gas is used as a plasm
produci ng gas since it is easy to produce a plasma. Conparing the nass of
Ar with that of Ne, Ne is about half the nass of Ar (the atom c wei ght of
Ar is 39.948 and the atom c weight of Ne is 20.179). 25 Therefore, it is
presumed that when Ar gas is used, the38puttering effect is greater than
that when Ne gas is used. lithe CF filmis sputtered, the above
described C C bonds and so forth are physically struck. If the sputtering
effect is great, these bonds are struck. It is considered that if Ar gas is
used, C H bdnsH. gas #ne ubstarialy supnkangeaslycarnedrolt tostarha iRy cut
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of strong bapgtering bffeer deerédpess uChaventiandly, ¥r ddtds used as a plasma
producing gas since it is easy to produce a plasma. Comparing the
mass of Ar with that of Ne, Ne is about half the mass of Ar (the atomic
weight of Ar 1s 39.948 and the atomic weight of Ne is 20.179).
25  Therefore, it is presumed that when Ar gas is used, the sputtering effect
1s greater than that when Ne gas is used.

If the CF film is sputtered, the above described C-C bonds and
so forth are physically struck. If the sputtering effect is great, these
bonds are struck. It is considered that if Ar gas is used, C-H bonds

30 and C-F bonds, which are weak bonds, are not only cut, but a part of
C-C bonds, which are strong bonds, are also cut, so that the amount of
strong bonds in the whole film decreases.

On the other hand, it is considered that if Ne gas is used, C-C
bonds, which are strong bonds, are not cut although C-F bonds and

35 C-H bonds, which are weak bonds, are cut. Therefore, H and F
produced by the cutting of the bonds are scattered to the outside of the
CF film during the deposition of the CF film, and C, from which F and H




25 filmis small. Therefore, the anmpbunt of bonds, which are cut during a
heat “treatnment at a high tenperature, is large, and the degassed anount of
F containing gases is large. In addition, it is difficult to confine
degassing, so that the degassed anmount increases. Then, exanples of
experinments, which were carried out in 38der 30 to exam ne the
thernostability of a CF filmforned by the nmethod of the present invention,
wi |l be described below. Using the plasnma treatnent systemshown in FIG 1,
a CF filmhaving a. thickness of 2u mwas deposited on a wafer 10 by
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respect i vel yiogaar St PR 5o BRIEGRS el o COREGRT B5°Bn688 BF Exanl e
1 (Exanpl e 2jupplessedi gas was used as the plasma producing gas
( Compar at. ve. Bxamptd SidilaR e 8330 Roie? &1 B2 A f SBERAER Trdac ng
gas. | n ldonphends ve thiepyition dre diffimdt B belkuit even k¢ o high temperatfirdr gas
and Therefore, even if weak bonds are cut below the surface layer to cause
degassing, the strong film of the surface layer serves as a barrier to
mnhibit F containing gasses from passing therethrough. Thus, in the
CF film formed using Ne gas as the plasma producing gas, the
20 degassing of F containing gasses is inhibited even during a heat
treatment at a high temperature, so that the thermostability of the CF
film is improved. On the other hand, when Ar is used as the plasma
producing gas, the proportion of weak bonds in the whole film is large,
and the proportion of strong bonds existing in the surface layer of the
25 film is small. Therefore, the amount of bonds, which are cut during a
heat treatment at a high temperature, is large, and the degassed
amount of F containing gases is large. In addition, it is difficult to
confine degassing, so that the degassed amount increases.
Then, examples of experiments, which were carried out in order
30  to examine the thermostability of a CF film formed by the method of the
present invention, will be described below. Using the plasma
treatment system shown in FIG. 1, a CF film having a thickness of 2
m was deposited on a wafer 10 by introducing Ne gas as a plasma
producing gas at a flow rate of 150 sccm, and C,F; gas and C,H, gas as
35 thm-Alm deposition gases at flow rates of 40 sccm and 30 sccm,
respectively. In this case, the thin-film deposition gases were
mtroduced 30 minutes after the introduction of Ne gas. In addition,




20 so forth and other conditions were the sane as those in Exanple 1.

The fesults are shown in FIG 16, in which Ne(l1) and Ne(2) show Exanples 1
and 2, - respectively. It was confirned fromthese results that the
variations in weight of the CF filmwere about 2.6 A when Ne gas was used
as the plasma produci ng gas (Exanple 1), about 25 3.5 % when Ar was used as
t he pl asnma produci ng gas (Conparative @)@arrpl e 1), about 6 % when Kr gas was
used as the plasnma produci ng gas (Conparative Exanple 2), and about 8.7 A
when Xe gas was used as the plasma pr oduci ng gas (Conparative Exanple 3).
The atom c ht.s_of Xe_ and Kr 31 29 and 83.8 Les el whi ch
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that the thlg}i(jwl% e%‘s?@ &”ﬁ{aﬂ Jped tine,
e.g., 30 secoguf ? elntroutlon of r as eintro uctlon of Ar

gas is stoppg& S?aﬁ%'!@%\‘s ey ofoie CFohkn iwerenaBowk 2 %he f1 ow
rates when Ne gas was used as the plasma producing gas (Example 1), about

25 3.5 % when Ar was used as the plasma producing gas (Comparative
Example 1}, about 6 % when Kr gas was used as the plasma producing
gas (Comparative Example 2), and about 8.7 % when Xe gas was used
as the plasma producing gas (Comparative Example 3). The atomic
weights of Xe and Kr are 131.29 and 83.80, respectively, which are far

30 greater than those of Ar and Ne. Therefore, it can be seen that the
mass of the plasma producing gas is in proportion to the variation in
thermogravity of the CF film, and as the mass of the plasma producing
gas decreases, the variation in weight of the CF film decreases, so that
thermostability is enhanced.

35 When the CF film was deposited by the process in Example 2,
the variation in thermogravity was 1.7 %, which was smaller than those
in Comparative Examples 1, 2 and 3. Therefore, it was confirmed that




30 of Ne gas and Ar gas are 150 sccm and 30 sccm respectively, and the
flow rates of CAF8 gas and C21-14 gas are 40 sccm and 30 sccm
respectively. In addition, the m crowave power is 2.7 kW and the bias
power is 1.5 kW Thus, if a m xed gas of Ne gas and Ar gas is used as the
pl asma 35 produci ng gas, there is an aggantage in that plasma is easily
produced, and a stable thin-filmdeposiP?ion treatnent can be carried out.
It is considered that the reason for this is as follows. That is, the

i oni zation 36 potential and voltage at the mninmum excitation | evel of Ne

i ch Shows CAB FoRhe (CF ofimoPas Hepdthdville o 25 38 ihs bt ™

excitation |depelsitidn igadringelace af thodhydaomr@mgegas Bhiecthfeaotostability loé

i oni zati on [ gg,@goﬁ &egn gas is
difficult to gégcf?bvat edé%l&?orm a px?' thgn:h eneﬁgltfplég\’%gqﬁl red to
produce a pI%@WSﬂFﬂerefore I f conditions, such as the m crowave power and
S0 forthsdare ]Ehetmaﬁlcﬂ\lec% 1e3 dmgmlsglﬁ{]df?wé? Tcmlﬁtﬁ(ﬁditﬁﬁd aw?l asga thanOI
r gas and s 0 onsj.dere at.if.a mxed.gas o gas an
Ar gas is |rff€rSGH‘3P€gob%¥n M?%NS%I‘T’HS‘B 830 P1a¥Ha RPd gas{.g nor e
easily acti Vcbdseﬂbkd dove) thaleds mm advaragean thapit e pessibid tokenbancé an

e (1% e o L g e 1

vol t age dec reheresho plasma hepradcedsimines 8 fow sgeonds ongbdutilOreecondace Ar
gas hasj sé QﬁbZ?&é BlicRRbS p&bﬁte Oﬁﬂb%f ﬂtHE iNeolRstibA dINEaas! v

actlvate to rma pla ref condi ti ons, 503 as the
ni cronave paENSN I@oomtm improveAis peint, this, cxample i agaed | Bitus ed,

time fromtmnawwamhllg%g}a@emm&magasbmecgmaw 4@‘ a
pl asma is 20 shor(&er tgg@ t hat en Ne as |sdused e qc%tehat .t he
pl asma is p 8“66 ggﬁg{, iga?e%'b &% 2ddi ti on,

t he product |1nlrodfucckieaﬁlthsnplasmasipadxﬂle¢mgoga31at leasti whetiof &i plaistea hat t he

pl asma ilg pg&%ﬂﬁ%gda”d not produced by turns. Therefore, it is easy to nake
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shown in FI Gare tmef thel applhcaton of a microwave power is carried out to

produce a plasma. Subsequently, a predetermined time, e.g.,, 30
seconds, after the introduction of Ne gas, the application of a bias power
and the introduction of C,Fy gas and C,H, gas are substantially
25 simultaneously carried out to start a thin-film deposition treatment.
At the same time that the thin-film deposition treatment begins, i.e., a
predetermined time, e.g., 30 seconds, after the introduction of Ar gas,
the introduction of Ar gas is stopped. '
As an example of process conditions in this case, the flow rates
30 of Ne gas and Ar gas are 150 sccm and 30 sccm, respectively, and the
flow rates of C,F; gas and C,H, gas are 40 sccm and 30 sccm,
respectively. In addition, the microwave power is 2.7 kW, and the bias
poweris 1.5 kW.
Thus, if a mixed gas of Ne gas and Ar gas is used as the plasma
35 producing gas, there is an advantage in that plasma is easily produced,
and a stable thin-film deposition treatment can be carried out. It is
considered that the reason for this is as follows. That is, the ionization



having a thickness of 2 gra was deposited on a wafer 10 by introduci ng Ne
gas and Ar gas as plasma produci ng gases at flow rates of 150 sccm 35 and
30 sccm respectively, and C4F8 gas and C21-14 gas as thin-film deposition
gases at flow rates of 40 sccmand 30 sccm respectively. In this case, the
m crowave power and the bias power were set to be 2700 37 Wand 1500 W
respectively. In addition, the introduse ng and stopping tim ngs of Ne gas,
Ar. gas and the thin-filmdeposition gases, and the applying and stopping
timngs of the m crowave power and the bias power were the sane as those in
t he sequence of FIG 17, respectively 5 (Exanple 3 V\?!}S'Q the thin-film
deposi ti on motentamnd yokiage athe minmpum sxaiahon Isvel ofNg 25 Tn of a
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preferred Therefore, if conditions, such as the microwave power and so
forth, are the same, when the mixed gas is used, time from the
application of a microwave power to the production of a plasma is

20  shorter than that when Ne gas is used alone, so that the plasma is
produced in a very short time, e.g., about 1 second. In addition, the
production of the plasma is stable, so that it is difficult that the plasma
is produced and not produced by turns. Therefore, it is easy to make a
process sequence during mass production, so that it is possible to carry

25 out a stable plasma treatment. On the other hand, since the
introduction of Ar is stopped at the same time that the thin-film
deposition treatment begins, it is possible to inhibit the thermostability
of the CF film from being decreased by the sputtering function of Ar gas
when the thin-film deposition treatment is carried out.

30 Then, examples of experiments, which were carried out in order
to confirm advantages of this preferred embodiment, will be described
below. Using the plasma treatment system shown in FIG. 1, a CF film
having a thickness of 2 4m was deposited on a wafer 10 by introducing
Ne gas and Ar gas as plasma producing gases at flow rates of 150 sccm

35 and 30 sccam, respectively, and C,Fg gas and C,H, gas as thin-film
deposition gases at flow rates of 40 sccm and 30 sccm, respectively. In
this case, the microwave power and the bias power were set to be 2700



enbodi mrent may be applied to the production of a plasma called an I CP
(I'nductive Coupled Plasma) by a nethod for applying electric and magnetic
fields to a process gas froma coil wound onto a dome-shaped contai ner.
Moreover, this preferred enbodi nent may be applied to the 35 production of
a plasnma called a helicon wave plasma By the interaction between a helicon
wave of, e.g., 13.56 WHz, and a magnetic field applied to a nagnetic coil,
and the production of a plasma called a magnetron 38 plasna by applying a
magnetic field to two parallel cathodes substantially in paraIIeI and the
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plasma producing gas to be introduced at a flow rate of 150 scam
15 (Comparative Example 4). In these Examples, other conditions were
the same as those in Example 3. ‘
The results are shown in FIG. 19. It was confirmed from these
resu.lts that it took a little time to produce a plasma when the mixed gas
of Ne gas and Ar gas was used as the plasma producing gas (Example 3),
20 when the mixed gas of Ne gas and Kr gas was used as the plasma
producing gas (Example 4), when the mixed gas of Ne gas and Xe gas
was used as the plasma producing gas (Example 5) and when Ne gas
was used alone (Comparative Example 4).
As the thin-film deposition gas, there may be used a compound
25 gasof C and F, such as CF,, C,F,, C;F;, CsFs and C.F, gases, and a gas
containing C, F and H, such as CHF; gas. There may also used a
hydrocarbon gas, such as CH,, C,H,, C,H,, C;H; and C,H, gases. In
place of the hydrocarbon gas, hydrogen gas may be used.
According to this preferred embodiment, the plasma producing
30 method should not be limited to the ECR, but this preferred
embodiment may be applied to the production of a plasma called an
ICP (Inductive Coupled Plasma) by a method for applying electric and
magnetic fields to a process gas from a coil wound onto a dome-shaped
container. Moreover, this preferred embodiment may be applied to the
35 production of a plasma called a helicon wave plasma by the mteraction
between a helicon wave of, e.g., 13.56 MHz, and a magnetic field applied
to a magnetic coil, and the production of a plasma called a magnetron




Clains 1. A plasma thin-filmdeposition nethod conprising the steps of:
activating a thin-filmdeposition gas containing a conpound gas of carbon
and fluorine and an oxygen containing gas to forma plasma; and

depositing a fluorine containing carbon filmon a substrate to be treated,
with said plasma. 2. A plasma thin-filmdeposition nmethod as set forth in
claim1, wherein said oxygen containing gas is carbon nonoxide gas. 3. A
pl asma thin-filmdeposition nmethod as set forth in claim1, wherein said
oxygen containing gas is carbon dioxide gas. 4. A plasma thin-film
deposition nethod as set forth in claim1, wherein said oxygen containing
gas is oxygen gas. 5. A plasma thin-fggm deposition nethod as set forth in
claim1l1, wherein said oxygen containing gas is water gas. 6. A plasm
thin-filmdeposition nethod as set forth in claiml1l, wherein said oxygen
containing gas is hydrogen peroxide gas. 7. A plasma thin-film deposition

met hod as sqfla&eral Moy NaphRing La mﬁm sfild i twbi [pardReDsidthodegas
i ncludes a %@ggﬁg@lﬁas. eﬁ A.plasma.thi.n-fi Iaghﬂgggsbtiaj&%ygd as set
forth in cl ; F Rakalld, end Abe ArRtuetioRiaf; & Py vaed by the
i nt eract i on lighvieequency powen\tetancn alodypdsts calldéc: paralielfplatesfqgiagnma. 9. A
pl asma thin}£%hﬂhﬁgyosition nmet hod conprising the steps of:
activating a in-T11m depositiaon gas containing a conpound gas,of carbon
and fluobine and aAsFonding te dhe @ﬁbﬁ@fmﬂ%@mcﬁﬁagﬁﬁpogﬁﬁ&k to
deposi ting FofhUe O RIS AFRhhAYhiEN #RFm ddtability andughhllalesotption dft eat ed,
w th said pHgsna 40 10, A ﬁ£aa3€%;hln-flln1 epasi tion nethod as set forth
in claimo9, MWAPERMEEases; | kaddibon fiasg 8O A FAEODf
silicon and daglkepsion gdslor Xeridraga®is ddtivated to firpo aiplasmayitisehsgioset
forth in claim wherel o saldySlli GO0 &b Uil tobroaReYpd gas of
10 plasma.
The first through fourth preferred embodiments of the preset
invention have been described above. According to any one of these
preferred embodiments, it is possible to form a CF film which has high
thermostability and small desorption of F contaiming gases. Therefore,
15 if this CF film is used as, e.g., an interlayer insulator film of a
semiconductor device, it is possible to prevent the corrosion of a metal
wiring, the swell of an aluminum wiring and the crack of the film.
Since the scale down and accelerating of semiconductor devices have
been required and since CF films have been widely noticed as insulator
20 films having a small relative dielectric constant, the present invention is

effective in the practical use of CF films as insulator films.



12. A plasma thin-filmdeposition nmethod conprising the steps of:
activating a thin-fil mdeposition gas containing a conpound gas of carbon
and fluorine, a hydrocarbon gas and silicon gas to forma plasm; and

depositing a fluorine containing carbon filmon a subsw,
with said plasma ~ 13. A plasma thin-fi l?{? deposition nethod as set for N
claim12, wherein said silicon containifig gas is a conpound gas of sili coP
and hydrogen. 14. A plasna thin-filmdeposition nethod as set forth in

claim 12, wherein said silicon containing gas is a coapound _gas of silicon

and fluorine. 15. A plasma thin-film@gpasition method conprising- ~he—st éps

of : activating a thin-film dep05| ti on@%gs cont aining C.F, gas and acetyl ene
gas to form & plas nagethad Gmgﬁhﬁlsmﬁﬁgoﬁar bon

filmon a substrat gdiQa téQBﬁﬁﬁ]mW!l Stadrtl gAlsasiRtairlibrg écfdxapaanuhl n-film
deposi ti on net hod as, set 8 Ln cl |m15 erelntheflov¥ tio of CAF8
gas to acet yBaholgber an f&]‘h@?“é"c Hlamppg gay) g A n-film
deposi ti on npldsogacandri sing the steps of actlvatlng athin-film
deposition gas contgin CAF r to form
a plasma; and depoﬁ?o ?ﬁ{?ﬁﬁhﬁeo@gﬁ%&’% %%?gr@% ?ygr#%ﬁ&%u Sstrate
to 41 be trbateshted id phsman, wherein the flow ratio of CAF8
gas to acetylene gas is 0.7 gas/acetylene gas .4/3, and the flow ratio of

the m xed gas of C, F8 gas and | ene . gas to hydrogen gas is 1 the m xed
gas/ hydr ogen2gas 3A PHsmathms gﬁ“t Thﬂé@g‘@éiiﬁ;@ﬁt d8 elgiBr ising the

steps of : ac{yheaéin"éhid cﬁ&@éﬁ_&oﬁfﬁﬁﬂﬂ@ g&ﬁ&%:_ﬁ@ﬁtﬁbﬁbﬂmd’w gas to forma
first plasma; and activating a thin-fil mdeposition gas containing a

conpound gas of carbon and fluorine with said first plasma to forma second
plasma to dePosit & plasmanhircfithadepositicranbetiiold Amset farthuhstlaahelt o be

treated, w tQ} %ﬂ"?‘ ﬁ&f&@g%%gwgaﬁsp&ﬁgﬁ &Bﬂnﬂfefée{sm deposi ti on net hod

as set forth

9. A plasma thin-film deposition method as set forth in claim 1,
wherein said oxygen containing gas is oxygen gas.

5. A plasma thin-film deposition method as set forth in claim 1,
wherein said oxygen containing gas is water gas.

6. A plasma thin-film deposition method as set forth in claim 1,
wherein said oxygen containing gas is hydrogen peroxide gas.

7. A plasma thin-film deposition method as set forth in claim 1,
wherein said thin-film deposition gas includes a hydrocarbon gas.

8. A plasma thin-film deposition method as set forth in claim 1,
wherein said thin-film deposition gas is activated by the interaction
between a microwave and a magnetic field to form a plasma.

- 9. A plasma thin-film deposition method comprising the steps of:
activating a thin-film deposition gas containing a compound
gas of carbon and fluorine and a silicon containing gas to form a
plasma; and
depositing a fluorine containing carbon film on a substrate to
be treated, with said plasma.



wherein said thin-fil mdeposition gas includes a hydrocarbon gas. 20. A
pl asima thin-filmdeposition nethod as set forth in claim 18, wherein said
step of activating said plasma produci ng gas contai rt-rg—reon—gas activates
a- pl asma producing gas containing neon gas and argon gas at |east when the
plasma is produced. 21. A plasma thin-§i | mdeposition nethod as set forth
in claim18, wherein said step of actiVvating said plasma producing gas .
cont ai ni ng neon gas activates a plasma producing gas.containing neon gas
and krypton gas at |east when the plasma is produced. 22. A plasnma

thin-film depgsiti Wﬁléﬁh?&‘ﬂhﬁﬁﬁﬁﬁtd dpdisitibri ﬁl&haar&sl&t Wi hclsah @ st ep of

activating sajd pl as oduci n as containi eo as act.i vat es a plasm
produci ng ga‘é’ %ﬁoﬁgaég%'}%g%ﬁﬁ)ﬁ PaPnBegﬁ Oﬁﬁg’ﬁ: 8%f asma i s

pr oduced. hydrogen.

11. A plasma thin-film deposition method as set forth m claim 9,
wherein said silicon containing gas is a compound gas of silicon and
fluorine.

12. A plasma thin-film deposition method comprising the steps of:
activating a thin-film deposition gas containing a compound
gas of carbon and fluorine, a hydrocarbon gas and silicon gas to form a
plasma; and
depositing a fluorine containing carbon film on a substrate to
be treated, with said plasma.

13. A plasma thin-film deposition method as set forth in claim 12,
wherein said silicon containing gas is a compound gas of silicon and
hydrogen.

14. A plasma thin-film deposition method as set forth in claim 12,
wherein said silicon containing gas is a compound gas of silicon and
fluonne.

15. A plasma thin-film deposition method comprising the steps of:
activating a thin-film deposition gas contaming C,Fy gas and
acetylene gas to form a plasma; and
depositing a fluorine containing carbon film on a substrate to
be treated, with said plasma.

16. A plasma thin-film deposition method as set forth in claim 15,
wherein the flow ratio of C,F; gas to acetylene gas is 4/7 £ C,F;
gas/acetylene gas=1.

17. A plasma thin-film deposifion method comprising the steps of:
activating a thin-film deposition gas containing C,JF; gas,
acetylene gas and hydrogen gas to form a plasma; and
depositing a fluorine containing carbon film on a substrate to
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be treated, with said plasma,

wherein the flow ratio of C,Fy gas to acetylene gas is 0.7SC,F;
gas/acetylene gas<4/3, and the flow ratio of the mixed gas of C,F; gas
and acetylene gas to hydrogen gas is 1 =the mixed gas/hydrogen gas=<
3.

18. A plasma thin-film deposition method comprising the steps of:
activating a plasma producing gas containing neon gas to form
a first plasma; and
activating a thin-film deposition gas containing a compound
gas of carbon and fluorine with said first plasma to form a second
plasma to deposit a fluorine containing carbon film on a substrate to be
treated, with said second plasma.

19. A plasma thin-film deposition method as set forth in claim 18,
wherein said thin-film deposition gas includes a hydrocarbon gas.

20. A plasma thin-film deposition method as set forth in claim 18,
wherein said step of activating said plasma producing gas containing
neon gas activates a plasma producing gas containing neon gas and
argon gas at least when the plasma is produced.

21.  Aplasma thinfilm deposition method as set forth in claim 18,
wherein said step of activating said plasma producing gas containing
neon gas activates a plasma producing gas containing neon gas and
krypton gas at least when the plasma is produced.

22. A plasma thin-film deposition method as set forth in claim 18,
wherein said step of activating said plasma producing gas containing
neon gas activates a plasma producing gas containing neon gas and
xenon gas at least when the plasma is produced.



