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DESCRI PTI ON RADI CAL GENERATI NG METHOD, ETCH NG METHOD
AND APPARATUS FOR USE I N THESE METHODS CROSS

WO REFBRENCE TO RELATED APPLI CATI ONS Thi s appl i PEL/irm04/016920
clainms the benefit under 35 U.S .C . .sctn. 119(e) of
U.S. Provisional Application No. 60/524, 613 filed on
Novenber 25, 2003. FIELD OF THE | NVENTI ON The present
invention relates to a nethod of generating CF3
radi cal with high density, an etching nmethod using the
CF radical generated by this nethod and an apparat us
for use in these nethods DEBABKIEAIND OF THE | NVENTI ON
Conventionally, in a process for sem conductor
manuf act uri ng, perfluorocarbon (PFC) gas has been used
as an etching gas and a cl eaning gas. However, it is

consi deredridral deieRAGd Mg of Eﬂ@ﬁfN&”MEﬁﬁéD AND

causing gl obal warm ng because this PFC has a | ong

lifein the aifpg Tﬁgrﬁoﬁ'QEEgkﬁb%hE§@rﬁhﬁgODs

potential. Therefo e devel opnent of ernative
gases and the developnent of a new etching system have
been desired. Wien the PFC gas is plasmani zed, plura
ki nds of radicals such as CF radical, radical and CF3

radi cal ar CROSSSERFERENG L REGATELGARBIICATN al s,

it is known that CF3 radical can attain a higher
et chi Ajipaarrlicat prasdaisschhapamedddsynder 35U.S.C. .sctn.

119(e) of U.S. Provisional Application No. 60/524,613 filed on

November 25, 2003.

FIELD OF THE INVENTION

The present invention relates to a method of generating

CF3 radical with high density, an etching method using the CF;
radical generated by this method and an apparatus for use in

these methods.

BACKGROUND OF THE INVENTION
Conventionally, in a process for semiconductor
manufacturing, perfluorocarbon (PFC) gas has been used as an
etching gas and a cleaning gas. However, it is considered that
this PFC is one of the sources of causing global warming because
this PFC has a long life in the air and a very high global warming
potential. Therefore, the development of alternative gases

and the development of a new etching system have been desired.
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of a silicon oxide film(SiO) as conpared with other
radicals (referred to a nonpatent literature 1). On

W0 bdos/oagoecdunt, it is an inportant object to gePer/a20048H6920

radi cal selectively fromthe viewpoint of the

efficiencyof the etching process. Further,

conventional plasma etching prbcesses have a probl em

such that an etching substrate consisting essentially

of SiO and a resist has | ow etching selectivity to a
SiOfilm Therefore, the devel opnent of a plasma

et chi nyhﬁpofel’e%?%qaﬁglwpéﬁsm@mzl@gl,sm@miwmyds ofthedicals
SiOfilmhas al so been desired. However, in the

corpenti 6hatapi ashna @thhdgcpﬂoandsessuahﬁ@aBFﬁr@apresent in
it is difficult to generate a specific radica

seliecbiuehy,. and fasideradilcdls, AROSSI BASLR #H¥F OVE, radical
the etching selectivity to the 'STO film Under the

SahcuEhancgshibhe deyehopgenL+on; 4 Q%‘ié%ﬁé C@‘lgchlng process

generating nethod for generating CF r
C { Ghing ten1u3|n ho

ggt% éé%f#%dQE%ifeﬁﬁ' |t§¥§ §§]5ﬁgg%§ g?%ﬁl?ﬁﬂlcals
gg d an etchln% gpi_gtus u5|ng a carbon, .

FepiEL g OPPEFTEPECct F58E2EHPRI Feat i O ErbRteRRYNE, it
.. The etching nmethod conprises etching an Al Cu all oy
51 ¥ dEERF T foPPrE CitalP caineds tanCEs eaidigadoaetecThigely from
carbon species generated fromthe carbon material by
applWiawpalhi gif fheqdéncyenoltegeht etamiapgpbteatson Further,
el ectrode are used to scavenge excess anount of
cbhoehneonadi oah shetetitih $ peeicesk Rl B§e8ta bt o 1NmLITEuch that

etching after the conpletion of
an etching substrate consisting essentially of Si0; and a resist
has low etching selectivity to a Si0, film. Therefore, the
development of a plasma etching process having high etching
selectivity to the SiO, film has also been desired.

However, in the conventional plasma etching processes
using PFC gas, it is difficult to generate a specific radical
selectively, and further it is impossible to improve the etching
selectivity to the Si0O, film. Under the circumstances, the
development on a new radical generating method for generating
CFs radical selectively and etching system using this method
has been desired.

Patent literature 1 discloses an etching method and an
etching apparatus using a carbon material as an upper electrode

(application electrode). The etchingmethod comprises etching

an AlCu alloy film using chlorine radical as an etching source.
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etching the AICu alloy film That is, Patent docunent
1 fails to disclose and suggest generation of an

wet@hiosmy1speci es such as CF radical using a carP@pDiP2004/016920

speci es generated fromthe carbon material. Further,

t he docunent fails to disclose that a specific radica
can be selectively generated BB regul ating the vol tage
applied to an application el ectrode. Patent document 1
 JP-A - (1999) 14-5118 Nonpatent literature 1 : T .

Shi bano, N . Fujiwara, M. Hrayam, H . Nagata and K
Thpeiaxlponpagpleciephyeneradted B3Im 2386 (ar988) EBIECRL by
OF THE | NVENTI ON The present invention is intended to

s@iple itnlye apin bbh efse @SSOy atcdtadd ot he abeyvecption electrode
arts, and it is an object of the invention to provide

aretbed ﬁoogcgeeﬁgatéi@egs}\@&n%@h% 8Y MG fFrbadbadl (etching
and the |like can be generated w thout using gases

hawngs3 highglohal Hagsming ti?%i & e SYGH ?csorfﬂjl%tion of

i
and by which a specific radica e selective

ner.at e to.provide _an etchin t ho sing the .
%gé;l%&éﬁg gré%era i fg et B m,’anﬁ‘hfL J'r%’ ra‘%&teﬁgr 888}@8?1:0% fails
%he Lnvention to provide a radical generating _

Ppar &EUSSTHENPrEstfs ARt g qts cdnsPheEclbbpécipegies such
the invention to provide a nethod for selectively
éechingadsrpilcenivxiadeatbpm sihenlas fddnawsdiesl $riomgthe carbon
essentially of a silicon oxide filmand a resist is
abtheda ISUMMBRYhEF, THEe | BVENMIEON fails to disclose that a

specific radical can be selectively generated by regulating the
voltage applied to an application electrode.

Patent document 1: JP-A-11(1999)-145118

Nonpatent literature 1: T. Shibano, N. Fujiwara, M. Hirayama,

H. Nagata and K. Demizu, Appl. Phys. Lett. 63, 2336 (1993)

OBJECT OF THE INVENTION

The present invention is intended to solve the problems
associated with the above prior arts, and it is an object of
the invention to provide a method for generating radicals by
which CFs; radical and the like can be generated without using
gases having a high global warming potential, such as PFC, and
by which a specific radical can be selectively generated, and
to provide an etching method using the radical generating
method ,and it is another object of the invention to provide

a radical generating apparatus.
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The present inventors have been earnestly studied in
order to solve the above probl ens and found that

wo bavsioizees and car bon speci es are i ndependent | yPGU(@r0040 6920

and a target bias voltage, which is applied to a

carbon material, suchas graphite, as resources of

carbon species, is controlled4nd thereby high purity

CF radical is generated with high density, and further
radical s containing CF radical, CF radical and CF

radical in an arbitrary ratio can be generated, and

that al8PIPEFERXilAyiiinn 4 sserethevelly] attcoddble invention
f eedi nga gas havinag | ow fluorine concentration. Thus,
thecprebene nelvierd for Habebeive hy cdnpliinghadi INarel yxide film
the present invention relates to the foll ow ng

phepeatfieln Cbhstietihy) escdhtAamei/hed £ er 19erer 8kiRE film and
radicals conprising: feeding F gas or a m xed gas of F
gasegn@tansi Berhegas i nto a chanber of which the

inside is provided with a carbon material, supplying a
carbon atom fromthe carbon material byapplying a

target bias voltage to the carbon material, and

t hereby generatin i ensity radicals, _wherein the

bi as vol t ageof not%%fh%ﬁ BoRoTVENEIYRd to the
carbon_material to selectively formCF radical and .
t her ebyRi GREPER Tt R vEnEaapchRVPsbgeReratagstiy) sthdied in

nmet hod for generating radicals according to the
order to solve the above problems and found that fluorine and

carbon species are independently supplied and a target bias
voltage, which is applied to a carbon material, such as graphite,
as resources of carbon species, is controlled and thereby high
purity CFs; radical is generated with high density, and further
radicals containing CF3; radical, CF, radical and CF radical in
an arbitrary ratio can be generated, and that a silicon oxide
filmis selectively etched by feeding a gas having a low fluorine
concentration. Thus, the present invention has been
accomplished.

Namely, the present invention relates to the following
properties (1) to (12).

(1) A method for generating radicals comprising:

feeding F; gas or a mixed gas of F, gas and an inert gas
into a chamber of which the inside is provided with a carbon
material,

supplying a carbon atom from the carbon material by
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property (1), wherein the carbon atom s generated by
magnetron sputtering of the carbon material. (3) The

woreaohoesidr generating radi cals accordi ng to tPEr/JP2004/016920

property (1) or (2), wherein the target bias voltage

is applied to the carbon material by a dual frequency

conbi ned magnetron in which a high frequency power

source and a | ow freqguency power source are connected

in parallel. (4) The nethod for generating radicals
according to any one of the properties (1)to (3),

wErleiimd he targst bies woltage tc fhonnd86ot andd@risl, and
(5) A nmethod for generating radicals conprising:

f eedi ngHe@38 ereribtiety gasOfddngas, andiiammidert gas
into a chanber of which the inside is provided with a

Carbonhﬁﬁﬁﬁﬁhﬁkhe§ﬂﬂﬂi¥b@ga%eg§f9ﬁﬂ:ﬁ%95nﬁ{ bBeV1s applied

carbon nateri al by applying a target bias age

t bco& tefr{a 1a%.nq: hseerfer%/tg?e y@?rgdﬁﬂ&aalraddgal and

enS| y ra |cals ereln

radi cal and ical_is arbi rarll regulatedby
(,tg}ﬁli'%ﬁf 3?1]9911 Iifé”‘"tjg:rygéiF3 51 &g°’e Hed@® %o the

carbon material while neasurln the infrared

absor pti“on Tepee Fupsl of O F Atfnsd]as- igehérstied lisngicgerdhag to the
chanber. (6) The nethod for generating radicals
aumunﬁﬁng(ﬂm,tWhgreinAthe carbon atom is generated by magnetron
sputtering of the carbon material.

(3) The method for generating radicals according to the
property (1) or (2), wherein the target bias voltage is applied
to the carbon material by a dual frequency combined magnetron
in which a high frequency power source and a low frequency power
source are connected in parallel.

(4) The method for generating radicals according to any
one of the properties (1) to (3), wherein the target bias voltage
is from 480 to 600 V.

(5) A method for generating radicals comprising:

feeding F, gas or a mixed gas of F; gas and an inert gas
into a chamber of which the inside is provided with a carbon
material,

supplying a carbon atom from the carbon material by
applying a target bias voltage to the carbon material, and

thereby

generating high density radicals,
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property (5) wherein the carbon atom s generat edby
magnetron sputtering of the carbon material. (7) The

w@e@smes®13 or generating radi cals accordi ngt o tPET/JP2004/016920

property (5) or (6), wherein the target bias voltageis
applied to the carbon material by a dual frequency

conbi ned magnetron in which a éigh frequency power

source anda | ow frequency power source are connected

in parallel, and is regulated by controlling the

out put of the |ow frequency power source. (8)A nethod

for et vhiergd nsithieccomtoxi o& Cifknrednperilsi 6F> etdhial and CF
silicon oxide filmusing high puritCyF radica

genkratledls by ite aretihode fal a geaesatbAgrbadieglishe target bias
according to any one of the properties (1) to (4). (9)

The taRfehagf1ale LN IHME CUMIrS e AL G @ flddBuring the
consi sting essentially of a silicon oxide filmand a

Lesd i Lecal | ni .r adi_cal L
e ehE EPL R e R At B B R TR 2nsice the
r d%&gls according to any one of the properties (5) to

E%f, Wierein the ratio of the densityof CF radicalto

the densitoyf CF radical (CF /CF ) is not nore than 10.

(10) AlPadieaImgehed fiangeaspatdings ragaprilsi aggording to the
chanmber in which an application electrode and a

poopeait vel et ndder cdme thastathad 2 tamdi . geeans: Hegh by magnetron
feeding F gas or a m xed gas of F gas and an inert gas
spudtele noghathehe whaetenn maherdpdl.i cati on el ectrode

conpri ses a carbon

(7) The process for generating radicals according to the
property (5) or (6), wherein the target bias voltage is applied
to the carbon material by a dual frequency combined magnetron
in which a high frequency power source and a low frequency power
source are connected in parallel, and is regulated by
controlling the output of the low frequency power source.

(8) Amethod for etching a silicon oxide film comprising:

etching a silicon oxide film using high purity CFs; radical
generated by the method for generating radicals according to
any one of the properties (1) to (4).

(9) The method for etching comprising:

etching a film consisting essentially of a silicon oxide
film and a resist using radicals containing CFs; radical and CF,
radical generated by the method for generating radicals
according to any one of the properties (5) to (7), wherein the

ratio of the density of CF; radical to the density of CF; radical
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material and is connected with a dual frequency
conbi ned magnetron in which a high frequency power

waowsoesdehd a | ow frequency power source are CRPCHER0ed16920

in parallel, and the chanber is connected with an
infrared absorption spectronmeter so that IR | aser
irradiated fromthe infrared absorption spectroneter
passes through between the application el ectrode and
the counter electrode. (11) An etching apparatus
conprising a chanber in which an application el ectrode
aids46Fel ets rode horenbusti hg. a substrate are
install ed, and a neans for feeding gas or a nmi xed gas

of F gasoand @uidel egasaknhg ddisachraadeionpMieyigidla chamber
the application el ectrode conprises a carbon nmateri al

@thicﬁoﬂﬂe&ﬁvﬁﬁl%ﬁl‘oﬁ dualt S RAUERCY EBTRLREA: 1 ectrode are
magnetron in h frequency power source and a

oMLY HRENSH PAMILRTNESE AU HANC &%% Lo P ke I 'gas of F;

an etC|n rate canpe noun e elec
for mountin ubstrat a chanber is connected
W2Eh 28 |aﬁ]f%1¥r i ﬂ:%sepgg{aﬁm’er so that IR
| aser irradiated fron1the i nfrared absorption
spect r URBLELPadses aPmrldegh 16t Rees timeleaspmgdisiesn a carbon
el ectrode and the electrode for nounting a substrate.
fneX e rAadeteiod fsorcastretvitegl edridr issicvpl flosdivepey domwined
gasof F gas and an inert gas inato chanber of which
heniensiothe irs wirimH dedhiwh IT r& garagn gedes isdurce and a low
supplying a carbon atomfromthe carbon material by
frequency power source are connected in parallel, and the
chamber is connected with an infrared absorption spectrometer
so that IR laser irradiated from the infrared absorption
spectrbmeter‘passes through between the application electrode
and the counter electrode.

(11} An etching apparatus comprising a chamber in which
an application electrode and an electrode for mounting a
substrate are installed, and a means for feeding F, gas or a
mixed gas of F, gas and an inert gas into the chamber, wherein
the application electrode comprises a carbon material and is
connected with a dual frequency combined magnetron in which a
high frequency power source and a low frequency power source
are connected in parallel, an etching substrate can be mounted
on the electrode for mounting a substrate and the chamber is

connected with an infrared absorption spectrometer so that IR

laser irradiated from the infrared absorption spectrometer
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applying a target bias voltage to the carbon material,
and t hereby generating radicals containing CF radica

warpesOBradi cal , and etching a fil mconsi sti ngPCT/JP2004/016920

essentially of a silicon oxide filmand a resist by

using the radicals, wherein gas concentration in the
mxed gas is from0.1 to 4.0 % by volunme . EFFECT OF

THE | NVENTI ON According to the present invention, CF

radi cal can be generated wi thout using a greenhouse
effect gas such as PFC gas and further this CF radica
casdses gérmugttedativderhitgre dansliitae @inh e gcipurdd yand the
Furt hernore, using an etching gas containing CF
reddicdalodd tiohinghurdeinsg tay sanstveghe purity, it is
possible to inprove the etching rate of a silicon

oxi de finbm ASK@thiddMrand tatnse ot @ omfarioMe d:he

ef ficiency of plasnma etching processS . Mbdreover,

accor dif%-gdtiggtecgﬁliggas Oilfq*_\éeg[gé ?H&g'ntr %1%‘%99%%8%:&:5 ? chamber

arbitrarily ulate e ratio o cal’,
radi cal .and CE radjcal gener.ate ..gigng a high densit
oo B e Mg s R o P G et a1,
radical in_a .specific ratio as an etching gas, it is
possi bPEPPSYiLRAr 6v &2t hers aitedt ifvrly the SPo Fatgrial by
Furthernore, feeding a gas having a low fluorine
COReYANGaE dardet bsarodsililaget ¢-ogridet loprhmr et dienl, and
thereby

generating radicals containing CFs radical and CF,
radical, and

etching a film consisting essentially of a silicon oxide
film and a resist by using the radicals,

wherein F; gas concentration in the mixed gas is from 0.1

to 4.0 % by volume.

EFFECT OF THE INVENTION

According to the present invention, CFs; radical can be
generated without using a greenhouse effect gas such as PFC gas
and further this CF; radical can be generated with high density
and high purity. Furthermore, using an etching gas containing
CFs; radical with high density and high purity, it is possible
to improve the etching rate of a silicon oxide film (Si0O, £ilm)
and also to improve the efficiency of plasma etching process.

Moreover, according to the present invention, it is
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selectivity of SiO etching and also to carry out a
pl asma etching with high accuracy. BRI EF DESCRI PTI ON

W@ROFHIBIDRAW NGS Fig. 1 is a sectional draw ngP@f/JE2004/016920

etching apparatus according to the present invention.

Fig. 2 is a sectional drawing of an etching apparatus
according to the present invemion. Fig. 3 is a graph
showi ng a rel ationship between the densities of _

radi cal s generated and the target bias voltage applied

to a carbon material. Fig. 4 is a graph showing a

Resstiicdies kPpaspitherdlrhiegutatesendatieo SIECCFs radical, CF,
selectivityin a Si 2 /resist filnto the target bias

veldiagd appldiedatidocaloashamtned er talindathidh H8n@ity radical
graph showing a relationship of the SiO selectivity in

aobitQiriesi Sk; alkicka ,t 0., LhHQERNe9aS FCARGERELT Al Qspecific
in the mxed gas fed into the chanber. 10 Descri ption

| 51 [ ar. er. :
%85??62%?’ [ %r:'? eef%tggltmrnggéﬁ%garlboﬁ%n%t]o esglgﬂ% 1 élmé%]ior%edethe

f.ar 1,.ng trate.14 H gh frequency power
ss%&FggH%Fyaggl i%cliatzi Sﬁcgﬂggt’rode 15 Low frequency

r ource . . ,
pove %ur%germore, feeding a gas having a low fluorine

concentration, it is possible to greatly improve the
selectivity of Si0; etching and also to carry out a plasma

etching with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional drawing of an etching apparatus
according to the present invention.

Fig. 2 is a sectional drawing of an etching apparatus
according to the present invention.

Fig. 3 is a graph showing a relationship between the
densities of radicals generated and the target bias voltage
applied to a carbon material.

Fig. 4 is a graph showing a relationship of the etching
rates and the S10; selectivity in a S10,/resist film to the target
bias voltage applied to a carbon material.

Fig. 5 is a graph showing a relationship of the Si0,
selectivity in a Si0;/resist film to the fluorine gas

concentration in the mixed gas fed into the chamber.
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16 Hi gh frequency power source for nounting a
substrate 17 Etching substrate 18 Gas feedi ng openi ng

waosassoexhaust 20 W ndow for neasuring i nfraredr/Jp2004/016920

absorption spectrum 21 IR laser 22 Low pass filter
PREFERRED EMBODI MENTS OF THE | NVENTI ON The radi ca
generating nethod and the etchong nethod according to
the present invention will be described with reference
to an etching apparatus as shown in Fig. 1, but the
present invention should not be limted thereby. The
Sedumig tapparcd Bymimidl he a pl asna generating appar at us
(et ching apparatus) which conprises a chanber provided
W th areanbery ARieraalud nside thereof, a neans of
feeding or generating gas or a mxed gas of F and an
iinert gasphRto the chanber, andll a neans for
controlling a target bi as voltage applied to the

bon I, the arat.u d for the
(ri%l ca ggenngthﬁlg er%t?tcjh O%t e‘%‘lttneg lrr:;:gte)hod of

(I} pre vetlonlsdescrlb Fig. 1is a
Jecti o Iec IrQ &O&mtoﬁ]él Ethith G Sus capabl e of

ener at i ng radical s by the radi cal generating nethod
S

theHéﬂ @ﬁ?qpﬁ@§ﬂtM9WerTﬁ@WﬂQ§uﬁﬂ} application electrode
15 Low fredquency power source
16 High frequency power source for mounting a substrate

17 Etching substrate

18 Gas feeding opening

19 Gas exhaust
20 Window for measuring infrared absorption spectrum
21 IR laser

22 Low pass filter

PREFERRED EMBODIMENTS OF THE INVENTION

The radical generating method and the etching method
according to the present invention will be described with
reference to an etching apparatus as shown in Fig. 1, but the
present invention should not be limited thereby. The etching
apparatus may be a plasma generating apparatus (étching
apparatus), which comprises a chamber provided with a carbon
material inside thereof, a means of feeding or generating F,

gas or a mixed gas of F, and an inert gas into the chamber, and
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apparatus 1 has parallel -plate el ectrodes, which
conprise an application electrode 12 and an el ectrode

waokossomdbunt i ng a substrate, inside a chanberPdlJP206u016920

application electrode 12 is an el ectrode made from a

carbon material. It is preferred to use graphite as a
carbon material. This applicatjjon electrode 12 is

connected with a dual frequency conbi ned magnetron in

whi ch a high frequency power source 14 and a | ow

frequency power source 15 are connected in parallel.

Fo micarsafjpld cathitanléliegt nodery2t bwaskirodsageé dbelied to the
frequencies of the high frequency (13.56 MHz) and the

lcowddreaquenay: {1450 kHz) are supplied fromthis dua
frequency conbi ned magnetron. On the el ectrode 13 for

mounti g %g]%g?s%ﬁ‘é \%o;f;?egkgag%xg‘%é%? Eﬂ%er%aiegéﬂ_‘ Peferating

nount ed an bi as canbe appli

thereto. Inp.the present specificati.on, the electraode. .
TR iy SR AR ol s Tt er TR o i
"counter electrode"” sinply. The radical generating i
SRR -and 1fhe Led €hPn s tappatacisvadfordi i & tahd ng
present invention are not limted by the apparatus

iapFteaa vy qaralpar &l aengiiafiine| adieales Pastkhowmdigrl

Fig. 1, and for exanple, may be an apparatus such that
arerepEtiicat inetleldkcts dde Iramde adnwercardon Mateeritaihing

is provided on the inside wall of a chanmber 11 and an
elgeiradss 13hker pHeHNl Ngpaasubsl kateot8spr Ml @Rdcomprise an

i nsi de the chanber, as

application electrode 12 and an electrode 13 for mounting a
substrate, inside a chamber 11. The application electrode 12
is an electrode made from a carbon material. It is preferred
to use graphite as a carbon material. This application
electrode 12 is connected with a dual frequency combined
magnetron in which a high frequency power source 14 and a low
frequency power source 15 are connected in parallel. To the
application electrode 12, two kinds of the frequencies of the
high frequency (13.56 MHz) and the low frequency (450 kHz) are
supplied from this dual frequency combined magnetron. On the
electrode 13 for mounting a substrate, an etching substrate 17
can be mounted and a bias voltage of 2MHz can be applied thereto.
In the present specification, the electrode 13 for mounting a
substrate is sometimes referred to a "counter electrode"”
simply.

The radical generating apparatus and the etching
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shown in Fig. 2 . The chanber hasa gas feedi ng opening
for introducing F gas and the |ike, a gas exhaust 19

wo orosgaehar gi ngan exhaust gas generated aft er PEL/air0oui16920

and a wi ndow 20 for neasuring infrared absorption
spectra. The chanmber 11 is connected with an infrared
absorption spectroneter so asl2o neasure the infrared
absor ption spectrum of radical species present in the
chanber. Specifically, the chanber 11 and the infrared
absorption spectroneter are connected with each other
sprefait UsRalcgoacingr 4di bhedefesanthisventianeadre not limited
absorption spectroneter enters into the inside of the
blyatrheraddafa ous ties tvi Ndovy 20, passesethpoHgh bet¥Eeddes, as
the application electrode 12 and the el ectrode 13 for
BBLRh DY B Pubst Ealieso ARG RAR | RadebeedpBYratus such that
detector. In next place, the radical generating netho

d ; [ cGor dj ta th ent . .
e ar e e B o e Fd o E n My al s

e_pressure.i s reduced, 3 gas ar m xe a
%gﬁyggﬁ|n8nFté§sl?§l %dwggiao dﬁﬁ%@a§%%¥d%Pd%mil%RNQ%ﬂ§trOde

om At this tine, the pressure in the chanber is
E‘%ef%r AP a1 Bulst s el PR rqHided drsfisler Bieaghquber, as
gas to use F gas generated by heating a solid source
shennad nKFNOF &@nd CoF al t hough a conmercially
avai |l abl e fluori ne gas

The chamber 11 has a gas feeding opening 18 for introducing

F» gas and the like, a gas exhaust 19 for discharging an exhaust
gas generated after etching and a window 20 for measuring
infrared absorption spectra. The chamber 11 is connected with
an infrared absorption spectrometer so as to measure the
infrared absorption spectrum of radical species present in the
chamber. Specifically, the chamber 11 and the infrared
absorption spectrometer are connected with each other so that
IR laser irradiated from this infrared absorption spectrometer

enters into the inside of the chamber 11 from the window 20,

'passes through between the application electrode 12 and the

electrode 13 for mounting a substrate, and then is detected by
a detector.

In next place, the radical generating method and the
etching method according to the present invention are
described.

To the chamber 11 in which the pressure is reduced, F»
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conpressed in a gas cylinder can be used. Using a
comercially fluorine gas, it is difficult to prepare

wao®sAPi1ygas fromthe viewpoi nt of safety. On PCEHIRDOM16920

hand, using the solid source as a resource of F gas,

it is possible to prepare 100 % F gas. Furthernore,

mxing this 100 % F gas with aa inert gas such as

argon, it is possibleto properly preparea F m xed gas

having an arbitrary concentration. The F gas

concentration in the mxed gas is preferably fromO0.1

198 50 r% byiyed uges dNextairddd gh daequenmd wel kagepply source
(13.56 MHz) is applied to the application electrode 12

caMEliusidigd ke ctar bat teiertahe, t bhgepesgterdi g the chamber
density plasma inside the chanber. It is possible to

RIOReRL @AW atret he-elestyen p%ensnylgypge@&k%h' B8 ¥, gas
the output power of the applied high frequency.

%%rQQQ %pﬁg ?eﬁé §&§QJ ﬁga@¥g§ngg ro S%%.tteghgg an%NlF7

the car erla hi's u hernDre

A501 Coke! Bl CarLerr %429@52'2(%&?@&%' Apen P edﬁ@uﬁg&ﬁg 6

the dual frequency conbi ned magnetron, to regul ate the
COFHEE S5icEs 10 it IageCHt LRdRr &5l Pediieh- ellsdndoaecamercially
Thel4 regul ation of the target bias voltage can

ddmorainet hesenet gys oflfifgmsilitndiodemepimeol PAed F2 gas from the
application electrode 12. In a first radica
gerempati nngo fied hitek yac c onding dtthdhaapdesenindg MeNEbONd source
the target bias voltage is regulated to be not nore

tRan BXburce of F, gas, it is possible to prepare 100 % F; gas.
Furthermore, mixing this 100 % F; gas with an inert gas such
as argon, it is possible to properly prepare a Fp mixed gas having
an arbitrary concentration. The F, gas concentration in the
mixed gas is preferably from 0.1 to 50 % by volume.

Next, a high frequency voltage (13.56 MHz) is applied to
the application electrode 12 comprising the carbon material,
to generate high density plasma inside the chamber. It is
possible to properly regulate the electron density by
controlling the output power of the applied high frequency. The
carbon species are supplied by magnetron sputtering of the
carbon material in this plasma.

Furthermore, a low frequency voltage (450 kHz) is also
applied to the application electrode 12 (carbon material) by

means of the dual frequency combined magnetron, to regulate the

target bias voltage of the application electrode 12 . The
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V, preferably from480 to 600 V. As a result, it is
possi bl e to generate CF radical selectively and

w@e@paswCr radical with high density and hi gh PCr/ir2904/016920

Specifically, it is possible to prepare CF radica

with a density of not less than 4 X 1012 cm 3 and a

purity of not less than 85 % 14The radical density is
deternmined by an infrared absorption spectroscopy. A

second radi cal generating method according to the

present invention is such a process that the target

ieas hadlitage fi $her bpegey bégal uodtage genecaberohdilad senergy
cont ai ni ngCF radi cal, CF radical and CF radicalin an

aitbi bnaryndialdnio 1Specthé ealdycatfien adeedlodens2ty n a first
i nside the chanber is neasured by the infrared

absiepli 9BnspaeY HeSEERYod Bagad Oihd f&% Fadi ltgﬁésgﬁgsiﬁxyentlon,

neasur ed, the target blas vol t age appl i ed

%ﬁrbggrggEeBHglt&o? a&hopeg?gg 58d€o Zgléot m%ge than 600

regul at edby con power of

 esiey ko sl thgrhé%suésnan@%ﬁ?helm gesiole

density is carried outby neasuring infrared absorption
$petRR R b7 CrFaotiacdaJrC%Jpésﬂ—@§twééérﬁnci R¥eparenerchafbepl with
with irradiation of IR laser 21 (infrared |aser) from
thehwile@oiht 2arod hillsd phahber Spesi figcahky i nftr asepossible to
absorption spectroneter.15 Fromthe obtained infrared
abeprpti OF; spedicainyithe densiittiyesfafotCh g=adiceah 4 X 102 cm™3
(1262.10 cm 1), CF radical (1132.75 cnfl) and CF

é%dh%abuﬁlQQSOégn%mlle%%dtﬁégs8@0/CnfiﬁepE§§§EEl'Hehg§ty is
chanper

determined by an infrared absorption spectroscopy.

A second radical generating method according to the
present invention is such a process that the target bias voltage
is properly regulated to generate radials containing CFs radical,
CF; radical and CF radical in an arbitrary ratio. Specifically,
the radical density inside the chamber is measured by the
infrared absorption spectroscopy. Based on the radical
density measured, the target bias voltage applied to the carbon
material (applicationelectrode 12) is regulatedby controlling
the output power of a low frequency to regulate the ratio of
CF; radical, CFgradical'and(ﬂ?radical. The measurement of the
radical density is carried out by measuring infrared absorption
spectrum of radical species present inside the chamber with
irradiation of IR laser 21 (infrared laser) from the window 20

of the chamber 11 using the infrared absorption spectrometer.
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are determ ned. According to the second radica
generating process of the present invention, it is

weomsikesto arbitrarily control the target biBGI/JP2004/016920

vol tage applied to the application electrode 12, and

al so the densities of CF radical, CF radical andCF

radi cal present in the chanberisare neasured at any

time to determne the ratio thereof. Furthernore, it

is possible to generate radicals containing CF

radical, CF radical and CF radical in an arbitrary

riEatamo thA ébtstnetichiAganed hdes @fpttien presantun, the densities
inventionis a nethod for etching an etching substrate

hewvicmg madidd e qr.2md .de tinf'm, ( 8FO fdd Ma usiinghighen™) and CF
purity CF radical generated by the first radica

generati qn smet hed AN £iChizRg Subshrat ¢ Lids %ﬁi@gﬁdchamber

in the electrode 13 for nounting a subStrate, a

frequency voltage of 2 Mz is applied to the el ectrode
%%Ennaﬁgﬁﬁﬁ a substrate using the high frequency
g g g

ower source .and thereby the bias voltage of the
B bet r ALEOEC RGP i SE6OBE U ok HerRTe WPl grogeRs of the
SSOfilmis etched by generat[n% hi gh density radicals
WS g A Dy eRitdyprin itthd schafbéblai £ ehelbbayélyi gertrol the
radi cal generating nethod. Using high purity CF

rtadigsdl bgewevatléd dsy apé ifidr s018he agpehicgehena¢liagtrode 12,
nmet hod as descri bed above, for exanple, CF radica

hmtd' Blsa gy depsatinetof €Fs raddra89 &6 theiettham@Cr radical
rate

present in the chamber are measured at any time to determine
the ratio thereof. Furthermore, it is possible to generate
radicals containing CF3 radical, CF,; radical and CF radical in
an arbitrary ratio.

A first etchingmethod of the present invention is a method
for etching an etching substrate having a silicon.oxide film
(5102 £ilm) using high purity CFs; radical generated by the first
radical generation method. An etching substrate 17 is mounted
in the electrode 13 for mounting a substrate, a high frequency
voltage of 2 MHz is applied to the electrode 13 for mounting
a substrate using the high frequency power source 16 and thereby
the bias voltage of the substrate is regulated to be 0 V. 1In
this state, the Si0; film is etched by generating high density
radicals with high purity in the chamber with the above first

radical generating method.

Using high purity CF; radical generated by the first
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of Si O can be enhanced. A second etching nethod of the
present invention is a nethod for etching a film

w@omsisving essentially of a filmand a resi stPUHIREO04/Y6920

radi cal s obtained with increasing the target bias

vol tage applied to the application electrode 12 in the
second radi cal generating nethed and having a density

ratio of CF radical to CF radical of not nore than 10.

For exanple, a substrate having a film (Si O /resist

film consisting essentially of SiOfilmand a resi st
irmdioait gdnasathegehehhod substcatidell7abnvehefor example, CFs
el ectrode 13 for nmounting a substrate, high frequency
weldiage abvanMi disriappbiredot o dde tel-ecbosle the: B@khing rate
nmounting a substrate using the high frequency power

@ggblgagngetggﬁggxgghe bi as voltage of the

substrate Is regulated to be O V. In this state, the

target ,bi_as, volt appl i to t appl.icati.on . .
el ect r@dgef rli%ls e%%%rlépéggf%%ﬁoﬁﬁfahoe\?éorseesgeonntgr%ngael%ta on 1s &

ener ati_ng nethod and_ﬁhereb . radi cal s caontaining CF ,
?%93% fﬁﬁgt%t?ﬁjg%g&eﬁ%' thye %%W%gesased“éﬂs'ﬁtjyy Pgt"flosmz Tilm
of CF radical to CF radical of not nore than 10 are

Feve ratie 1 hdry tHelS] Fer st dhtanned eftHed et ersing the
such radicals, the SiO etching rate is increased but

tteer gegsbs asevchi age ragtel il decteasarbl Aoast pom esigdtrode 12 in
the SiO etching selectivity is inproved in etching the

SiHR beeshatrddildall fehke attahgehe bhes arel hageéngppldegdity ratio
the application el ectrode

of CF3 radical to CF; radical of not more than 10. For example,
a substrate having a film (SiO;/resist film) consisting
essentially of Si0; film and a resist is mounted as the etching
substrate 17 on the electrode 13 for mounting a substrate, high
frequency voltage of 2 MHz is applied to the electrode 13 for
mounting a substrate using the high frequency power source 16
and thereby the bias voltage of the substrate is regulated to
be 0 V. 1In this state, the target bias voltage applied to the
application electrode 12 is increased in the above second
radical generating method and thereby radicals containing CF;
radical with high density and having a density ratio of CF3
radical to CF; radical of not more than 10 are generated. When
the SiOz/resist film is etched using such radicals, the SiO;
etching rate is increased but the resist etching rate is

decreased. As a result, the SiO; etching selectivity is

improved in etching the SiO,/resist film.
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12 is usually not less than 700 V , preferably not
| ess than 800 V , nore preferably not |ess than 900 V

WO 200hes591he target bias voltage is set to be iPCT/R2004/016920

above range, particularly not less than 900 V , the

density ratio of CF radical to CF radical is generally

not nore than 10, preferably npt nore than 5, nore
preferably not nore than 3 and thereby the Si O etching
selectivity is inproved in etching the Si O /resist

film A s described above, when the Si O etching

sel ect Thethyarget bpreoved, tddwapeipendiltaibpprlpretessi eagpctrode
of a contact hole can be carried out in the substrate

havi Bd:del 15 Qokr esksttHah Mo oAV hb Fdf et gl phdetlkedothan 800
the present inventionis a nethod for etching a film

fee§b§g'ﬂgefé§§ﬂiyaﬁ$y fgséiEﬂé%fgdd“WandWﬁeﬁeﬁhéttQWget bias

ing a mxed gas contalnlng F gas at the

F
GG E B0y FEL-CIATPLE 8 ST lpgégk@%%rw B 2o
SRR SR e

m xed gas containing F gas, preferably a n1xed gas of
Begay anti mere §asni $0F cArpResPhE %Wén%‘é‘?elﬁhan 5, more
under conditions of a F gas concentration fromO0.1 to
Hr%fey abdlyumet proefeertalalny 31,. Gitd e dobyheldife, etching
Next, high frequency voltage of 2 MHz is applied to
tshe etactingdea s13 @b viaeunti R chisybsheate odgregibhefilm. As
hi gh frequency power source 16. and thereby the bias
VRI-298 Qf abB6e sURSIY 81818 0, etching selectivity is improved,
the perpendicular processing of a contact hole can be carried
out in the substrate having the SiO;/resist film.
Athirdetchingmethod of the present invention is a method
for etching a film consisting essentially of a Si0; film and
a resist by feeding a mixed gas containing F; gas at the low
F, concentration. For example, a substrate having a film
(S10;/resist film) consisting essentially of SiO, film and a
resist is mounted as the etching substrate 17 on the electrode
13 for mounting a substrate, and the mixed gas containing Fs
gas, preferably a mixed gas of F. gas and an inert gas is fed
into the chamber 11 under conditions of a F; gas concentration
from 0.1 to 4 % by volume, preferably 1.0 to 3.5 % by volume.
Next, high frequency voltage of 2 MHz is applied to the

electrode 13 for mounting a substrate using the high frequency

power source 16 and thereby the bias voltage of the substrate
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Is regulated to be not nore than O V. In this state,
a |l ow frequency voltage and a high frequency vol tage

wae@sappli ed to the application el ectrode 12 apdir/aP2004/016920

gi ven target bias voltage is applied by controlling

t he out put power of a |ow frequency, whereby radicals

contai ning CF radi cal and CF nadi cal are generat ed.

The target bias voltage applied the application

el ectrode 12 should not be limted, but the target

bias voltage is preferably not |ess than 480V , nore
Arefrerablatenbttd éss rtdiamci0 than Vhéh. t Ae ttarigetstoitas a low
voltage is set to be in the above range, particularly

fate JRSS HAN+AGR ¥nd 4 hei gradirealsendst kohitglyedarsi dyplied to
can be prepared. Wien the SiCa/resist filmis etched

UG FAdicalisraeneatetcby of agdi A4 hen M XLGe8aSias voltage

containing F gas at a low F concentratlon as descri bed
O Ofl N e C
etcéﬁﬁlagﬁe é%%#% ‘f%ﬁ% Eﬁﬁﬁgé %%% ‘ﬂg% w frequency,

s conce tr ion is .in the, above ra g

S SABCA G Do SSaiERdn §lﬁ Fﬁglﬁal are
gas concentratlon is less than 0.1 % by volune an
Stestanag acht eTHE SROURS bighi MPdhAgey 2@Bdiessédie pPrlfgation
F gas concentration is nore than 4.0% by vol une, an
etlehitp deatl 8efh @il dOsoitnioe dais@otamebaast}mé:dﬂqﬁt Bi@s voltage
/resist selectivity cannot be obtained. In a plasm
dtschr8gepbbl hercsubsksatiearhagiong, tae-cSpLefeesbsty fdtd Mess than

by greatly inproving the Si O etching

700 V. When the target bias voltage is set to be in the above
range, particularly not less than 900 V, the radicals with high
density can be prepared.

When the Si0;/resist film is etched using radicals
generated by feeding the mixed gas containing F: gas at a low
F, concentration as described above, the Si0; film can be
selectively etched in etching the Si0O;/resist film. In
particular, when the F; gas concentration is in the above range,
a SiO./resist selectivity can be not less than 20. If the F;
gas concentration is less than 0.1 % by volume, an etching rate
of Si0; is significantly decreased. If the F, gas concentration
is more than 4.0 $ by volume, an etching rate of Si0, is increased
whereas the high Si0z/resist selectivity cannot be obtained.

In a plasma etching of the substrate having the
SiOz/resist film, by greatly improving the Si0O, etching

selectivity, the perpendicular processing of a contact hole can



selectivity, the perpendi cul ar processing of a contact
hol e canl9 be carried out. Hereinafter, the present

w0 poosisioeh wil |l be described in detail wth rePEr/arnoet /016920
to the foll ow ng exanples, but the present invention
should not be limted by the exanples. EXAMPLES
Exanple 1 In accordance with tithe above net hod usi ng
the etching apparatus as shown in Fig. 1, radicals
were generated in the follow ng conditions and etching
on a 0.6 mcontact hole in an etching substrate having
deSidarmiesy stutfi Il mwas carried out. The results are
shown in Figs. 3 and 4 . Feed source of fluorine:
M xed gasedhalftld, £hb/195c seem Appin€adi oilal et aederibed in
G aphite el ectrode Lower el ectrode: Stainless -stee

(2YR)i 18l et rede Adngh {4 equencys POVRE «SAW3&'s, ihea¥8RGYresent
13 .56 MHz, CQutput 1500 W Low frequency power source:

E cy 450 , ut, .0 .t.o 0. W.l nner_.nressure of
RSB R n B e P WAL SRl Ree e |

el ectrode power source: Frequency 2 MHz Substrate bias
voltage: 0 V

EXAMPLES
Example 1
In accordance with the above method using the etching
apparatus as shown in Fig. 1, radicals were generated in the
following conditions and etching on a 0.6 um contact hole in
an etching substrate having a Si0O.:/resist £ilm was carried out.

The results are shown in Figs. 3 and 4.

Feed source of fluorine: Mixed gas of F./Ar = 5/95 sccm
Application electrode: Graphite electrode
Lower electrode: Stainless—-steel (SUS) electrode

High frequency power source: Frequency 13.56MHz, Output 1500

W

Low frequency power source: Frequency 450 kHz, Output 0 to
550 W

Inner pressure of chamber: 4 Pa

Electron density: 1.3 x 10* cm™3

Lower electrode power source: Frequency 2 MHz
Substrate bias voltage: 0V

(Method for measuring radical density)
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(Method for neasuring radical density)20 The inside of
the chanber was irradiated with IR | aser, and the

walemwsiossp1nf each of CF radical (1262.10 cm 1), PCFRIP2004/016920

radical (1132.75 cm1l) and CF radical (1308.49 cm1

and 1308.50 cm 1) present in the chanber was neasured

by the infrared absorption speotrum of each radical.

(Met hod of neasuring etching rate) A SiOfilmwas

etched using a resist as a nask, and thereafter the
resulting substrate was obser ved by a scanni ng

el ect r henilosdsleopé {IBEMhanter tvrsckmesslieftedavlitbf IR laser,
the resist and the SiOfilmwas nmeasured and the

etnchthg deatsel thereafchnas lateidd ed. (1462 .3@edthni'n, KX radical
3, CF radical could be generated with high density

(natsd ess dnhélg] 4n X clﬁlﬁa@?ﬂ&a?’i andobi @ gy L fl%tog 50 cm™)
| ess than 85 by regul ating the target bias vol tage

gﬁ'@sj\?%dc to {:IES &%ﬂe&a%bg%gﬁgﬁ%égﬁ&t@% ?EF}EgE%ar geﬁorptlon

Furthernore, 1t was con

blas vol ta lied.to.the application electrode is

PRI %gelﬁpcgi &% the infrared absorption
spectra of radicals present inside the chanber are
n"@%&lﬂoéjdo fameaerieny absdigehgialielof CF radical
present inside the chanber can be changed and al so the
rati o &f SCPzr ddlwavas Crtehdiicabingd TReaditals canbesk, and
regul ated. A s seen in Fig. 4, with the increase of
tthe rearfgeir hasresulting substrate was observed by a scanning
electron microscope (SEM), the thickness of each of the resist
and the Si0; film was measured and the etching rate thereof was
determined.

As seen in Fig. 3, CF; radical could be generated with
high density (not less than 4 x 10%* cm™) and high purity (not
less than 85 %) by regulating the target bias voltage applied
to the application electrode to not more than 600 V.
Furthermore, it was confirmed that the target bias voltage
applied to the application electrode is arbitrary regulated
while the infrared absorption spectra of radicals present
inside the chamber are measured, and thereby the density of CF,
radical present inside the chamber can be changed and also the
ratio of CF3radical, CF; radical and CF radical can be regulated.

As seen in Fig. 4, with the increase of the target bias

voltage applied on the application electrode, the etching rate

of the Si0; filmwas increased, but the etching rate of the resist
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vol tage applied on the application electrode, the
etching rate of the SIOfilmwas increased, but the

wet@hiosmyiF ate of the resist21 filmwas decr easPCr/JRR064/E 6920

result, it was confirned that the Si O etching

selectivity in the SiC*resist filmcould be inproved

by increasing the target biasayoltage applied to the

upper electrode . Exanple 2 I n accordance with the

above nethod using the etching apparatus as shown in

Fig. 1, radicals were generated in the foll ow ng

coindi waende@nsh ®¢¢hi Ag arreslG mtoents acihh fioled hhah the Si0,
etching substrate having a SiCWesist filmwas carried

QUHch i UGG i{t @ nWaBe NBASHYIRL 4t e S 2R 1BBBAeImproved
as in Exanple 1 . The results are shown in Fig. 5 .

g%f%%%ip fldiardngse Maeed o Hle Fa}l_pé)%f[ie:dgé@ZEIQe upper

ow rate of the m xed gas: seem
pel [ cat 'eon el ectrode: Graphite el ectrode Lower
' eStTO0E " Stainl ess - st eel (SUS) el ectrode I nner
pressure of chanber: 4 Pa Hi gh frequency power source:
)F 13 .56 MHz, CQutput 1500 W Low frequency

power source: Frequency 450 kHz, Qutput O to 550 W
In accordance with the above method using the etching

apparatus as shown in Fig. 1, radicals were denerated in the
following conditions and etching on a 0.6 um contact hole in
an etching substrate having a Si0,/resist film was carried out.
The etching rate was measured in the same manner as in Example

1. The results are shown in Fig. 5.

Feed source of fluorine: Mixed gas of Fp/Ar =3/97 to 25/75
sccm

Flow rate of the mixed gas: 100 sccm

Application electrode: Graphite electrode

Lower electrode: Stainless—steel (SUS) electrode

Inner pressure of chamber: 4 Pa

High frequency power source: Frequency 13.56MHz, Output 1500

W

Low frequency power source: Frequency 450 kHz, Output 0 to
550 W

Electron density: 1.3 x 10* cm™

Lower electrode power source: Frequency 2 MHz

Substrate bias voltage: -400 V
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El ectron density: 1.3 x 1012 cm'3 Lower el ectrode
power source : Frequency 2 MHz Substrate bias voltage:

WO 2@68/048225 Tar get bi as voltage to applicati on ePEDIR206H016920

920 V A s seen in Fig. 5 wth the decrease of the
fluorine concentration in the m xed gas fed to the
chanber, the Si O etching sele@eivity in the SiO-
/resist filmwas inproved. Wien the fluorine
concentration was |less than 5.0 % by volune, the Si O
/resist selectivity was remarkably increased. Mre
dige@iefy ddlasy, vaHe Bt 09 ramgistcalsl acté M d yrads: 3924t Va
F/ (Ar+F) of 3 % by volunme. | NDUSTRI AL APPLI CABI LI TY

Accor dAsg steert e friesert, wiventihen dddiefichiNEHat®uorine
of the SiOfilmcan be increased by selectively

geneseattrg iradi galt ranthitRer e they FOAUE! | Qhinber, the Sio,
ef ficiency of a sem conductor device can be enhanced.

By, K i Vi in the SO

T e P s kAR BY Thbrovedty “enatt hrtls agREPPye: when
ti f radical .and. CF radical nd thereby a

S8 SaRbucrs: Cabt Pt PR b Ranth s (Y St R higpoume, tne
ccuracy, Further, the Si O etching selectivity in the

A8 Fetisf FrIRrEAM bY b 6988 By DuY| AgCERe AFediore

gas containing fluorine at a low fluorine

EBRcantcatlilon, thad ithérepysh ssee cloididey ves 35 at a Fy/ (Ar+F2)

of 3 % by volume.

INDUSTRIAL APPLICABILITY

According to the present invention, the etching rate of
the Si0; film can be increased by selectively generating CFs
radical and thereby the production efficiency of a
semiconductor device can be enhanced. Furthermore, the SioO,
etching selectivity in the Si0,/resist film can be improved by
changing the density ratio of CF3 radical and CF.; radical, and
thereby a semiconductor device can be manufactured with high
accuracy.

Further, the Si0; etching selectivity in the $i0,/resist
film can be improved by using the mixed gas containing fluorine
at a low fluorine concentration, and thereby a semiconductor

device can be manufactured with high accuracy.



devi ce can be manufactured wi th high accuracy. 23
CLAIMS 1. A nethod for generating radicals conprising:
wo e@diosmy1F¥ gas or a mixed gas of F gas and an PCEIR20@EH6920
into a chanber of which the inside is provided with a
carbon material, supplying a carbon atomfromthe
carbon material by applying asgarget bias voltage to
the carbon material, and thereby generating high
density radicals, wherein the bias voltageof not nore
than 60V0is applied to the carbon material to
sel ectively form CF radi cal caagmsher eby high purity CF
radical is generated. 2 . The method for generating
radi cal s according to claiml, wherein the carbon atom
is generated by magnetron sputtering of the carbon

qﬁterlﬁ‘mé%ho %d?ﬂégﬁéf i '?géﬁd égM n
5 ieren the argp%{"l%a%

according to claim1 , erein

vol t ag edto the carban nmate

{Fequonar d SR Fhcdt Pttt FORER GRECRE P GRS fequahcynert gas
power source and a | ow frequency power source are

cléﬁir?e@t @y SFard] I"Vé‘imh4theTh3éSi’T€?hba PHPVEERdrEt Fage carbon
radi cal s according to any one24 of clainms 1 to 3,

wWhedregiiglt,he target bias voltage is from480 to 600 V .

supplying a carbon atom from the carbon material by
applying a target bias voltage to the carbon material, and

thereby generating high density radicals,

wherein the bias voltage of not more than 600 V is applied
to the carbon material to selectively form CF; radical and

thereby high purity CFs radical is generated.

2. The method for generating radicals according to claim 1,
wherein the carbon atom is generated by magnetron sputtering

of the carbon material.

3. The method for generating radicals according to claim 1
or 2, wherein the target bias voltage is applied to the carbon
material by a dual frequency combined magnetron in which a high
frequency power source and a low frequency power source are

connected in parallel.

4. The method for generating radicals according to any one
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5. A nethod for generating radicals conprising:
feeding F gas or a m xed gas of F gas and an inert gas

WO nios/ogsochanber of which the inside is provi deRPCTIR2004416920

carbon material, supplying a carbon atomfromthe
carbon material by applying a target bias voltage to
the carbon material, and thereby generating high
density radicals, wherein the ratio of CF radical, CF
radical and CF radical is arbitrarily regul at edby
controlling the target bias voltage applied to the
odr bdnimst ér tal 3whiheresadird g rided bdfasavedtage is from 480
absorption spectrum of radicals generated inside the
chardoer v.6. The nethod for generating radicals
according to clainb, wherein the carbon atomis
generated by nmagnetron sputtering of the carbon
material. 7. The process for generating radicals

accor diAn glett?lo%_l qf’grpt %e?{le é:g&t é’ﬁf‘%e ' id'l ctall% tc%gngverta:_L sgld%s

vol t agei s appli e f'bon materia
frequency .conbined magnetroni n whicha hi gh25 frequency
power 28§Q&Egahﬁ g FT@&é@HC?aBo rF%gﬁFbéngrén inert gas

connected in parallel, and is regulated by controlling
fRéCoat fhemBE Lt RE VBhChr Bigeheyipowe? Reviyieécdgyitfh a carbon
nmet hod for etching a silicon oxide film conprising:
material,

supplying a carbon atom from the carbon material by
applying a target bias voltage to the carbon material, and
thereby

generating high density radicals,

wherein the ratio of CFs; radical, CF, radical and CF
radical is arbitrarily regulated by controlling the target bias
voltage applied to the carbon material while measuring the
infrared absorption spectrum of radicals generated inside the

chamber.

6. The method for generating radicals according to claim 5,
wherein the carbon atom is generated by magnetron sputtering

of the carbon material.

7. The process for generating radicals according to claim
5 or 6, wherein the target bias voltage is applied to the carbon

material by a dual frequency combined magnetron in which a high
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etching a silicon oxide filmusing high purityCF
radi cal generated by the nethod for generating

WO 20504985 accordi ng to any one of clains 1 to PCBIP20016920

nmet hod for etching conprising: etching a film

consisting essentially of a silicon oxide filmand a

resi st using radicals containippg CF radi cal andCF

radi cal generated by the nethod for generating

radi cal s according to any one of clains 5 to 7,

wherein the ratioof the density of CF radical to the
densidtenof (Gwarmd@atcd Gnd GF Jow strmfuanee phieer 1fource are
10. A radical generating apparatus conprising a

chamer dd Mhigh-2m appld:eati dneehecd ¥ e, @nebi@drolling the
counter electrode are installed, and a neans for

f I.Nng r '52& gas; an inert gas
fﬁﬁ%hgﬁéﬁ%%gﬁ%g¥?9ﬁ§%r |ﬁgﬁaéﬂgédficafﬁ%%’electrode

conprises a carbon material and is connected with a
dual frequency conbi ned magnetron in which a high
frequency power source and a | ow26 frequency_ power

$our ce Pale Bk d@e ¢ i et & %111t Il Halmgercqreprising:

connected with an infrared absorption spectroneter so

t hat | Rtcdseg & riddicared=idemitlmeup hihgdriath aBgoEptGonradical
spectroneter passes through between the application
ejeatirmaadel ayd thize nedbwotiefoel gehepdeinglradncel shangording to
apparatus conprising a chanber in which an

any one of claims 1 to 4.

9. The method for etching comprising:

etching a film consisting essentially of a silicon oxide
film and a resist using radicals containing CF; radical and CF;
radical generated by the method for generating radicals
according to any one of claims 5 to 7, wherein the ratio of the
density of CFj3 fadical to the density of CF. radical (CF3/CF3)

is not more than 10.

10. A radical generating apparatus comprising a chamber in
which an application electrode and a counter electrode are
installed, and a means for feeding F, gas or a mixed gas of F»
gas and an inert gas into the chamber,

wherein the application electrode comprises a carbon
material and 1s connected with a dual frequency combined

magnetron in which a high frequency power source and a low
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application el ectrode and an el ectrode for nountinga
substrate are installed, and a neans for feeding F gas

w@e00s/0#9%d gas of F gas and an inert gas i nt oPCTI@P2004/016920

chanber, wherein the application electrode conprises a
carbon material and is connected with a dual frequency
conbi ned magnetron in which azbi gh frequency power

source and a | ow freqguency power source are connected

in parallel, an etching substrate canbe nounted on the

el ectrode for nounting a substrate and the chanber is
coregeirety; Wwdweansdunfcaraedc alimorgpttian spesdraneter sod the
that IR laser irradiated fromthe infrared absorption

ReGlyameteropassesdt M ongh hetrweerdt BBsappkiieat §98ctrometer
electrode and the el ectrode for nDuntlng a substrate.

g5 @ametﬂ?dlgso r &1 chi DG COPF 3 NGs ff@#%I Cﬁwﬁppuon

gas aann Inert gas ainto cha

e -1i rOV|ded th bon erla
aspceacr S Ao hetadBan e e Boby EASRe g actrode
ta et blas volta e to t he carbon naterlal and
t ®Eef P s containing CF radi cal and
CF radlcal and etching a filmconsisting essentially
of a silicon oxide filmand a resist by using the
radi cal s, wherein F gas concentration in the m xed gas
ilsl from0.ekching apparatus comprising a chamber in which an

application electrode and an electrode for mounting a substrate
are installed, and a means for feeding F; gas or a mixed gas
of Fy gas and an inert gas into the chamber, wherein the
application electrode comprises a carbon material and is
connected with a dual frequency combined magnetron in which a
high frequency power source and a low freguency power source
are connected in parallel, an etching substrate can be mounted
on the electrode for mounting a substrate and the chamber is
connected with an infrared absorption spectrometer so that IR
laser irradiated from the infrared absorption spectrometer
passes through between the application electrode and the

electrode for mounting a substrate.

12. A method for etching comprising:
feeding amixed gas of F2 gas and an inert gas into a chamber
of which the inside .is provided with a carbon material,

supplying a carbon atom from the carbon material by



to 4.0 % by vol une.
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applying a target bias voltage to the carbon material, and
thereby

generating radicals containing CFs3 radical and CF;
radical, and

etching a film consisting essentially of a silicon oxide
film and a resist by using the radicals,

wherein F»; gas concentration in the mixed gas is from 0.1

to 4.0 % by volume.



