1 - 2 7 JUN 2005 DESCRI PTI ON SUBSTRATE TREATI NG DEVI CE AND SUBSTRATE

TREATI NG METHOD, SUBSTRATE FLATTENI NG METHOD 5 TECHNI CAL ggLMhe present
invention generally relates to fabrication of a sem condu r Vi@,
particularly, to hydrogen term nation processing for a sem conductor 10
‘substrate and a hydrogen term nation apparatus. BACKGROUND OF THE | NVENTI ON
In a sem conductor fabrication proceﬁas%ﬁm#ﬂﬁ final step, a silicon
substrate or a glass substrate 15 formed W vari ous seni conductor devices is
heat-treated at a tenperature of 400 Cin a hydrogen atnosphere, this being

the so-called hydiegtpiitH fRERTERETH ANB supsirRa ey dr ogen sinter
pr ocessi ng, damAM%mv%ﬁgmﬁ Ag‘l‘ﬁ[ﬂf& 8ﬁ)egi on between the
silicon substrate and an oxide film or dangling bondS in a poly-silicon

filmor an @norphous silicon filmare term nated, and charges are captured
by the dangling bonds, so change of the characteristics of a sem conductor
device is supprEEEBACALNFYHP rel ated art, by the aforesaid heat 25 treatnent
in a hydrogen atnospher ernd heeB¥Af OGRRNELE YenePi PGPSR REd Soper f or med by
suppl yi ng hydr ogen Jolecules to the interface between the silicon substrate
and the oxide FemhcaEnot (Rf &t REPLFRRTYCEPR devdge c RddcaldFquak® er nicron
device, that i Shydrdaeqhtyrmiinatabhlrproedssend gordscidanicdlaskensce having a gate

Lese than gt PlndiR3tEA0PT AyalQR PRt LRnl bR ,Q0L 98 1! m 1t has been

BACKGROUND OF THE INVENTION

In a semiconductor fabrication process, at the

final step, a silicon substrate or a glass substrate

15 faormed with various semiconductor devices is heat—treated
at a temperature of 400 °C in a hydrogen atmosphere, this
being the so-called hydrogen sinter processing. Due to the
hydrogen sinter processing, dangling bonds dominant in the
interfacial region between the silicon substrate and an

20 oxide film, or dangling bonds in a poly-silicon £ilm or am
amorphous silicon film are terminated, and charges are
captured by the dangling bonds, so change of the
characteristics of a semiconductor device is suppressed.

In the related art, by the aforesaid heat

25 treatment in a hydrogen atmosphere, the hydrogen sinter
processing is performed by supplyving hydrogen molecules to
the interface between the silicon substrate and the oxide
fiim. On the other hand, in a so-called sub-quarter micron
device, that is, a highly miniaturized semiconductor

30 device having a gate less than 0.1 pm, instead of a
conventional thermal oxide film, it has been studied to
make use of a nitride film or a nitride oxide film formed

by plasma direct nitridization or plasma direct



make use of a nitride filmor a nitride oxide filmforned b>9 2m di rect
nitridization or plasma direct 27 JUN 2603 --z nitridization“a Wation or
plasma CVO as a gate insulating filmor various other parts. However, in a
hi ghly m niaturized sem conductor device utilizing such a nitride filmor a
‘nitride oxide film it is difficult for 5 the hydr ogen nol ecul es to pass

through the nitri trl eOX|de ensity, hence, it
is predicted t € Jtiezag:l)%ven(% ona‘?a%lyoé‘r 86 % ﬁt%\zﬁip&r oge‘gd‘.i nhg wll not work
ef fectively. | nladdltattlmg filor ca& venia@ondtotorpadesi cinwesach msa 10 a thin film

h
transistor (TFT)n \ﬁﬁé:ﬁ%&ﬂ%ﬂcg ch gﬁh?& &e@régrdﬁq 9%@%@1&“’%'0 ous

silicon filmor con glass su BSTT has al so
been st udied t@lm@ faduoir @ ﬁ#tm@% ofifen Dirlma it tis defdidwdd £t m fornmed by

plasma direcs n'!:ﬁé'lﬂ)d?r@&;ét‘?r}n&, cah@§n@o anSQC{hﬁJo%gﬂlﬁﬂé %l%ﬂaé)rh%doﬁxi dation or

plasma CVD as a gate insulating f inthis case, It becomes
difficult to teRhiHiieeorkée ddngl PﬁgEl B&ﬂ@sdﬁﬂfr!ﬁlé'-ﬁ’poh*snc%l itchkh filmor an

amor phous si | i C?Becfhlclt@i hat %edaaﬂvémohgn%&egéﬁ%ﬂn%ﬁr A@sbetgeen the
poly-silicon filmor 20 -the anmorphous silicon filmwth the insulating film

by ~neans of hy8tblydwtsFatereiff6Esei¥y. In the related art, when a

semi conduct or devi ce famlmlwqanprmxe&ss&ﬁlcﬁhaﬁ&% d@v&@@j G@RdUSd or
H2 gas_at a 2% terrperature of

LG T AT MR SRR s X W S e
the H2 gas act sisnfddmed by an amorphous silicon film or a poly-silicon

film made on a glass substrate, it has also been studied
to make use of a nitride film or a nitride oxide film
formed by plasma direct nitridization or plasma direct

15 nitridization and oxidation or plasma CVD as a gate
insulating £ilm, but, also in this case, it becomes
difficult to terminate the dangling bonds in a poly-
silicon film or an amorphous silicon film, or the dangling
bonds on the interface between the poly-silicon film or -

20 the amorphous silicon film with the insulating £ilm by
means of hydrogen sinter processing.

In the related art, when a semiconductor deﬁice'

fabrication process is started, a semiconductor substrate
such as a silicon wafer is exposed to H; gas at a

25 temperature of 1200 °C, and thereby the unevenness of the
surface is eliminated. In detail, the H, gas acts on the
substrate surface, and a SiH; gas is generated, and as a
result, projecting portions on the substrate surface are
smoothed. However, since a temperature of 1200 °C is quite

30 high a temperature, it is difficult to perform
planarization uniformly over the entire substrate surface,
especially for a substrate of large diameter. In practice,

in a planarization process, it turns out to be necessary



substrate surface, and a SiH4 gas is generated, and as a M: roj ecting
portions on the substrate surface are sndothed. However, Z éjuérrperature
of 1200 Cis quite 30 high a tenperature, it is difficult to perform

pl anari zation uniformy over the entire substrate surface, especially for a

substrate of large dianeter. In practice, 1in a planarization process, it
turns out to beipeLessaeya-umiform JZ a%g@é dlsQrEﬁ?{lo%ewﬁtl’r”H form tenperature
distribution with a precision of C. In view of using the nost recent

| arge di ameter pogstyiaresf 1200 & éle§| r ébl@em)OIfowmgt hee mos¥peeernire for
pl anari zation p&aﬁﬁés:tiaaewr R r30 CitSid nsbabiatle pHR&essng of the
related art using H2 nolecules, it is difficult to performthe desired
pl anari zati on pF%@%@%ea@%a&ﬁnaﬂWWmm%ﬁaﬁ#w tprBerofIRE’SF THE

| NVENTI ON 105 Acqar gitighire qpigaResahg Y etk sf1dtha preseahg mnvention is to
provi de a novel and useful substrate rocessj ng apparatus and a nmethod for
fabricating a 5‘8#? actbr Sdg\}F?bC‘&ﬁpé'otBe’éﬁﬂrg‘etﬁ‘EéjeélﬁB% probl ems. A nore
speci fi c obj ect phindtieapt s effodeBY Bty iaaN sudh 4 Jolorippradera substrate
processi ng apparatus for termnating dangling bonds on the surface of a

sem conductor substrate by using hydrogen radicals, and a nethod for
fabricating a sBRECIEOHPREL OF THEY TYEENTIEINUDI ng dangl ing bond term nation

processing by using the ﬁg%edl&’éqghygbﬁ‘ ?ie %@l:sof Anat Pése(?l[ty ect of the

present invention is to provi FocEssI ng a
characterized bynvemen &5 rigp @rQVG@%%Inﬁgeépﬁ@eupE@ﬂ @@bswatt}? a hol di ng

processing apparatus and a method for fabricating a

semiconductor device able to solve the above problems.
A more specific object of the present invention

15 1is to provide a substrate processing apparatus for

terminating dangling bonds on the surface of a

semiconductor substrate by using hydrogen radicals, and a

method for fabricating a semiconductor device including

dangling bond termination processing by using the above
20 hydrogen radicals.

Another object of the present invention is to
provide a substrate processing apparatus characterized by
comprising a processing space provided with a holding
stand for holding & substrate to be processed, a hydrogen

25 catalyzing member arranged in said processing space to
face said substrate and for decomposing hydrogen molecules
into hydrogen.radicals H*, and a gas feeding port arranged
in said processing space on an opposite side of the
hydrogen catalyzing member to said substrate and for

30 feeding a processing gas including at least hydrogen gas,
wherein an interval between said hydrogen catalyzing
member and said substrate on said holdihg stand is set

less than the distance that said hydrogen radicals H¥ can



stand for holding a substrate to be processed, a hydrogen 25 catal yzi ng nenber
arranged in said processing space to facéd said substrafefl dgfl #)g5 deconposing
hydrogen nol ecul es " into hydrogen radicals H*, and a gas feeding port arranged
in said processing space on an opposite side of the hydrogen catal yzi ng nenber
to said substrate and for 30 feeding a processing gas including at |east
hydrogen gas, whgk&ein an interval between said hydrogen catal yzing nenber
and said substrate on said.holding stand is set |ess than the distance that
sai d hydrogen radi cal s HEtEEh FORRGUNDIGES of ddehpPra&ignt iayRiRtHen ébj ect of the

present inventies pvilie Brétsteade 581 £y HRA6S VG FEEAOGCh@r act eri zed
by conmprising a step of feeding hg%éogen gas as a processing 5 gas to a

processi ng chanBePPTisiSfed TePaLEi V2RI BHLEPIRy FOFEN2AGRCHSEATA hydr ogen
catal yst ands geges atd Rgprbysiaggnchadiasgl s Hep arsi@pvatinpkdaig sai d hydrogen
radi cal s fIOM/tg % substrate to be processed, and a steE of processing said
substrate usi ng"$3FWHRY 4P B JEFTY FaP¥IHWe GaEplysyend, 50 E?tldtqpect of the

present inventi apdicyen @apienlisda*a s uhshr afendKiagessidgyaeddwad characteri zed
by conprising a_step of.feeding rogen S as_a praocessin as-to a
HEDCrLRT TS A0S sd e BofeRidleRia at sif

processi ng chanber, step o rvating r Ph a hydr ogen
cat al yst and genérmtdasgsihy draigenubsidiadel sshifg saigtleplrofematddigasai d hydr ogen
radicals flpy tg.a substrate to be processed, and a step of planarizing said

substrate using said hydrogen radicals H, wherein the step of planarizing
said substrate is Yet another object of the present invention is

to provide a substrate processing method characterized by
comprising a step of feeding hydrogen gas as a processing
gas to a processing chamber, a step of activating said

15  Thydrogen gas with a hydrogen cataiyst and generating
hydrogen radicals H*, a step of making said hydrogen
radicals flow to a substrate to be processed, and a step
of planarizing said substrate using said hydrogen radicals
H*, wherein the step of planarizing said substrate is

20 carried oul at a temperature not higher than 800 °C.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing a configuration of a

substrate processing apparatus according to a first
25 embodiment of the present invention;

Figs. 2A and 2B are views showing a
configuration of a catalytic filter used in the substrate
processing apparatus in Fig. 1;

Fig. 3 is a view showing a result of a relation

30 between the hydrcgen radical generation efficiency and the
catalyst temperature obtained by water generation in the
substrate processing apparatus in Fig. 1;

Fig. 4 is a view showing a concentration



20 carried out at a tenperature not higher than 800 C. BRI EF /DEJERGRTI ON OF
THE DRAWNGS Fig. 1 is a view showi ng a—céonfiguration of a substrate

processi ng apparatus according to a first 25 enbodi nent of the present
invention; Figs. 2A and 2B are views showing a configuration of a catalytic
filter used in the substrate processing apparatus in Fig. 1; Fig. 3 is a view

Showi g 8 r eoul B bRl Oyl detune0,  heshyconen [ 3k gener ati on

efficiency and t catal yst t ature o ai ne r generation in the
substrate pr oce@%ﬁi@f%ﬁpéﬂa‘{q{s lrlnt@iﬂ@ of: fhpy indthe Salbvi:meshow ng a

concentration Zn/ocHdN;2908sparatdh Sid |E%t|9n of hydrogen radicals in a region
just bel ow a catal ytic filter in termd of flux in the substrate processing

apparatus in Fig. 1; Figfl% ix18 §ie@sRBaring & relatiosnobiramgseded 5

structure pag a@tm&urEygameggnqga&bgéhbedcanm&mar O¢ &g ng gas, and
processing tinme for obtalnin i ci.ent anmount of hydrogen radicals for

substrate proc@’é‘%‘feﬁ@lpﬁ e §‘B‘BSEPIF°£F§SE)F%C1€§‘§ AET AF3MaE S n Fig. 1; 10

Fig. 6 is a viesstiowent ghainti botnensgeh rLlieaest forl BuBseaital ytic metal film
before being used in a_catal tlc reaction S a_view show ng

di stributions oPCHERBALE i aSERRHFAEi Er‘?f%etse?gnglﬁ‘%aéﬁ‘é? Weftd used in a 15

catal ytic reactipn;

10 Fig. 6 is a view showing distributions of
elements in a catalytic metal film before being used in a
catalytic reaction;

Fig. 7 is a view showing distributions of
elements in a catalytic metal film after being used in a

15 catalytic reaction;

Fig. 8 is another view showing distributions of
elements in a catalytic metal film after being used in a
catalytic reaction;

Fig. 9 is yet another view showing distributions

20  of elements in a catalytic metal film after being used in
a catalytic reaction;

Figs. 10A and 10B are views showing a
configuration of a catalyzing member according to a second
embodiment of the present invention;

25 Fig. 11 is a view showing a configuration of a
catalyzing member according to a modification to the
second embodiment of the present invention;

Fig. 12 1s a view showing a configuration of a
substrate processing apparatus according to a third

30 embodiment of the present invention;

Fig. 13 is a view showing a configufation of a

_substrate processing apparatus according to a fifth

embodiment of the present invention; and



Fig. 8 is another view showi ng distributions of elenments in a { tic metal
filmafter being used in a catalytic reagtion; Fig. 9 is yet an Vi ew
showi ng distributions 20 of elenents in a catalytic netal filmafter being
used in a catalytic reaction; Figs. 10A and | OB are views show ng a
configuration of a catal yzing nenber according to a second enbodi nent of the
present invention; 25 Fi ? 1]%' S a_view show nqq a _copfi gu%atigce}%ﬁof a

catal yzi ng menber accordi 1§ to" a°nBdV¥TcaPEHN'Y & PHE 2 Se@brd 8di ment of the
present inventi stbstiare pRotsssedvbewtishenbagrate padtapsiatyi aspaofatas substrate
processi ng appag_qgg.lf agcor ding.to a third 30 enbodi nent of the present

i nvention; Fig. IS & view showi ng a configuration of a substrate

processi ng apparatus according to a fifth enbodi nent of the present

i nventi on; a;pd Brdr MobENFERES: RRYTNG ST %Ei Mmjﬁw showi ng a surface of a

gl ass substTateprocessed by the—substrate—processi ng apparatus in Fig 2. 5
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ Principle] Using hydrogen radicals
H* (hydrogen at ?ﬁﬁinci&:tl%] present invention term nates the dangling bonds
generated 10 in an insul at.in?hfilm such as a nitride filmor a nitride

oxide film covering a sUFiedrvsgpger dizglicpla Bl 488d=quss: pEees) .af® especial | y

on the interfacgrbeieanvbR€ion terminates the dangling bonds generated

10 in an insulating film, such as a nitride film or a nitride

oxide film, covering a silicon substrate or a glass

substrate, and especially on the interface between the
insulating film and the substrate, or in a poly-silicon
film or an amorphous silicon £ilm. Hydrogen radicals H*

15 . are able to pass through the nitride film or the nitride
oxide film.

Hydrogen radicals H* can be easily generated,
for example, by exciting hydrogen molecules in He plasma,
but because the collision cross section of He is small in

20 the He plasma, the electron temperature is very high, and
for this reason, there arises a problem that both a
silicon substrate and the sidewall of a processing chamber
of a substrate processing apparatus for performing
hydrogen termination are sputtered and damaged.

25 In order to avoid the above problem, in the
present invention, the hydrogen radicals H* are generated
by a reaction using the catalytic effect of metals:

H; -> H* + H*

In this case, since the lifetime of the

30 generated hydrogen radicals H* is short, the catalyst
inducing the above reaction is placed near the substrate,

- in other word, at a distance within the recombination

lifetime of the generated hydrogen radicals H*. As the



insulating filmand the substrate, or in a poly-silicon fil pr gnwﬁrmrphous
silicon film Hydrogen radicals H* 15 are7able to pass throu?h IJH §ride
filmor the nitride oxide film Hydrogen radicals H* can be easily generated,
for exanple, by exciting hydrogen nolecules in He plasma, but because the
collision cross section of He is small in 20 the He pl asma, the el ectron

tenperature is ve gh, _and rt ason re arises a problemthat
both a silicon Eﬁ% rtat 459 neP t"ﬁ‘g gé’\‘/\éclaﬁ Sl? V‘é“nﬁr esrehacﬁﬂoélr’rber of a
substrat e process$iimgtappheate erbbi ipe rdegompogitibyde Dgerirbgem nati on are

sputtered and dﬁgf@&ﬁes%yﬁ 3@8@?5 a%&%gﬁstﬁwggb Ve pLobl e Ioﬁgéhe present

i nvention, the hydrogen ra are generat y a reac using the
catal ytic effecefbfctreOal the Wither bind, Ht Lw pdvferghlse thetnare oxdide| i feti me of

the 30 generat eglm{q{&ggg f@ﬂﬂeﬁahﬁ 115% +d1S §DQ4 tys ERE léf'gtt al yst inducing the

above reaction 1s placed near strate, In ot word, at a distance
Wi thin the reco%?%%“@ﬁy 3% fféltel ﬁ@l%‘faftthé‘egrékﬁer éiﬂ-edPthyd’Fi@gé?h Aadieal s HY. As

the 7 2 7 JUN 20D5re Gl 3l ¥Sda. #Seuhér MBAe PheRbalScALENELd ar ge el ectron
affinity, hence enabling deconposition of hydrogen nol ecul es into hydrogen
2h

radical s H by Bhetaléy %*aﬂa}eyilwém%efvf 1T Afectt HERCRATRI 2SI £9i s

preferabl e that iapravd ¢eecedord ldfrftlégigib%ff @ﬁ@%bbarﬁr@é Practsehas catal ysts,
accordi ngly s the rel evant netal Au are e{’)ﬁ ef erably used.

Further, in-%rd8PPIG Y Fer thse Pﬁ%ﬁéfﬁl@t et tﬁ”ﬁthYWWd%’g PPiHRtal s B* can

reach so as to to the processing chamber be diluted by inactive gases.

Diluting the hydrogen gas reduces the possibility for the
generated hydrogen radicals H* to recombine with each
other and return to hydrogen molecules.

15 In addition, by using hydrogen radicals H*
generated in this way for planarization of the surface of
a silicon substrate or other semiconductor substrates, the
temperature of the substrate planarization processing can
be lowered from 1200 °C in the related art up to not

20 higher than 800 °C.

By providing a diffusion barrier formed from TiN,

TaN, WN cor other nitrides between a metal catalyzing layer
comprised of catalytic metals exhibiting catalysis, and a
carrier holding the metal catalyzing layer, it is possible

25 to suppress diffusion of the above catalytic metal
elements from the above metal catalyzing layer to the
carrier, and diffusion of metal elements from the carrier
to the above metal catalyzing layer, even if the catalytic
reaction is performed in an atmosphere including oxygen in

30 addition to hydrogen, and-thus it is possible to realize
stable catalytic reactions. But such a diffusion barrier
film can be omitted when the catalytic reactions are

performed in an atmosphere not including oxygen.



i nprove freedom of design of the substrate processing 10 apparatus, it is
preferable that the hydrogen gas supplieds to the processing lchdhiggg be
diluted by inactive gases. Diluting the hydrogen gas reduces the possibility
for the generated hydrogen radicals H* to reconbine with each other and
return to hydrogen nol ecules. 15 In addition, by using hydrogen radicals H*
generated in this way for planarization of the surface of a silicon substrate
or other sem conductor substrates, the tenperature of the substrate

pl anari zati on pfBiessiEnfodimentje | owered from 1200 Cin the related art up to
not 20 hi gher than 800 y providing. a diffusion barrjier _faormed fromTiN,
TaN, WN or other nitri dggI étlvvésglﬁwg Fre Oéjlfqg?i]faa J'f/nz’i %g % aSye?tr%tcienpri sed of

catal yti c net al presgasingi mgpa@taby$f sforardrayingarut erydrofei ngintthe net al

catal yzing |8y ehroddsdingPoasiblifiy £2 4 $UPRI eaSodidduishengel the above

catal ytic netal erenent e from the above netal cata yzing | ayer to the
carrier, and di PEesdrdn lovemiicd- el ements fromthe carrier to the above netal

catal yzing layer, even igobdieicaf abyhid 17 eagd isﬂ%s’&éa&%‘l—eé ngh an
at nosphere including oxygen in 30 addition to hydrogen, and thus it is
possi bl e to reaPfPRaratyisaff el fEaipped Wdhce imnpsesBing shaneer dilf f usi on barri er

filmcan be om tkeshaanat haazakal Yo neaCch) %nFuﬁS el1merh@rared in an
at nrosphere not including oxygen. 2 7 'UN 20 First Enbodinment] FIG 1 shows

a confi gur at? onSBPSFadEhs? rt ¢ PFOTRREEINGS AFder 9F U S169F ot & F¥¥ ng out
hydrogen si nt er pré&cgy¥=006SchdigheaC LI diHeg ekBaldie pbrtst11enbadi tlRntade t he

12 are provided on the bottom of the processing chamber 11.
On the top of the processing chamber 11, a transparent
optical window 11W is provided, and lamp heating devices
15 14 are provided adjacent to the optical window 11W. In
addition, a heating device 12A for heating the substrate
to be processed is provided in the stage 12.
A gas line 11L extended from an external gas
source is connected at the upper part of the sidewall of
20 the processing chamber 11. The gas line 11l is equipped
with a feed port 11B for feeding as a processing gas the
supplied hydrogen gas together with Ar or other carrier
gases to the processing chamber 11. The processing gas fed
from the feed port 11B fills a gas channel 11G formed
25 along the inner periphery of the sidewall, and then is
emitted uniformly to the inside of the processing chamber
11 through openings 11b formed on an inner partition wall
llg that defines the gas channel 1iG in the processing
chamber 11. The openings 1lb are uniformly formed on the
30 inner partition wall 1llg, that is, the inner partition
wall llg functions as a shower plate.
The processing gas emitted thfough the shower

plate 1llg fills the space 11F beside the optical window



present invention. Referring to FIG 1, the substrate processgr?g ﬁgﬁﬁiat us 10
is equi pped with a processi ng chanber 1% gsexhausted at exhaus pcgllJ A by a
punmp 11P, and a 10 substrate 13 to be processed is held on a stage 12 in the

processi ng chanber 11. The exhaust ports 11A and the stage 12 are provided on
the bottom of the processing chanber 11. On the top of the processing chanber

11, a transpare optical w ndow 11W.is provided, and_l.anp_heating devices 15
14 are provi dedTi\%jHEé: ?5°‘f6ﬁ518‘5t‘il’}ba§]be\ﬁ Lﬁb 1B FHVIRAGTS BR™ 2 heat i ng
device 12A for heRtitg phecsustisgrgie flicesbeo phecessixtd sfpriovi ded in the stage
12. A gas line %%Sg%ét\%ggsd%4gog%a$ h)%«r%%gglCangﬁyts(gur{rbig?eﬁl§%ﬁggct ed at the

upper part of the si h cessing-¢C e gas line 11L
i s equi pped withesvdead poetlaweB eod dfedbengraas AlhHr ddesbingiges bhe supplied
hydr ogen gasc=to A Q r,+C i (o] cessing
chanber 11. q’heg%{c}%{ s\glh%ggag;%sp %ggﬁ$ra§m%%%e ggg@;‘orttglﬂg%’fqlglgfgs a gas
channel 11G for Z8ngspher ich ®reafere par hphkarmn ofs tiHevwstdeWts |, and then is

enitted unifornky 0.4 Be Lﬁ@igé%sezaé{enﬂcgﬁ%sifegm&lﬂ.armefhe kydbg@ugh openi ngs

l1'b formed on an inner partition wal g that defines the gas channel 11Gin

the processing cehiidr filtemhdSeoprriofgsratirarentfrildnm ge¥isentef on the 30
inner partitioniwaptodibga.that is, the inner partition wall Ilg functions as

a shower plate. The processin éii%as_em'tted t hrough t he s_howerﬁﬁl ate Ilg fills
the space 14¥ beside t heSBptTC & WitRdNe 1gmp heafingdeyass 14 A% n t he
processi ng chanbee tehpeaatuty cdhtvobNigirigh@epit® 154, and setting the

temperature of the filter 15 to a desired value, due to a
Pt catalyst in the filter 15, a decomposition reaction of
the hydrogen content expressed by H; -> H* + H* takes

15 place in the processing gas flowing to the surface of the
substrate 13 from the space 11F, and hydrogen atoms, as
well as hydrogen radicals H* are generated. The
temperature of the substrate 13 is set to, for example,
400 °C by the heater 122 in the stage 12.

20 The hydrogen radicals H* generated in this way
pass through the insulating film formed on the surface of
the substrate 13, and terminate the dangling bonds
generated on the interface of the substrate and the
insulating film, or inside the insulating film. The

25 hydrogen radicals H* can freely pass through the
insulating £ilm, no matter whether the insulating film is
an oxide film or a nitride film or a nitride oxide film.

In the configuration in FIG. 1, the pipe 1llp
connected to exhaust ﬁorts 114 is in communication with

30 the pump 11P through a wvalve 113, and the processing gas
passing through the surface of the substrate 13 is
discharged to the outside from the exhaust ports 11a
through the pipe llp by the pump 11P. Further, in the



11P, the processing gas flows to the surface of the substrgt? bﬁ' hr ough a
hydrogen catalytic filter 15 that serwvesitas the |ower end 6f td Eﬂﬁce 11F.
At this tine, by 5 setting the gas pressure at the exhaust ports 11A | ower

t han at nospheric pressure, a uniformgas flowto the surface of the substrate
13 can be forned. On the hydrogen catalytic filter 15, a tenperature

T4 'and the terperoEr B ol 11 gt advresLirst kit Barbthd 1Enes femperature
of the filter l1fotmedaidesde ethevaldmyaldueft theaaprbtessngl gisdmben Lhe filter 15, a
deconposition regct e%BeQLtuéeh%01?1}’961019?1@0@“8%&?{‘%55%! %%é??-lbbéé ?g?\%ez H o+

takes 15 place in the processing gas he” surface o substrate
13 fromthe spate prbFidaddithydeoffelteat 6fs, Aasn eedtiplas hyer ogen radi cal s H*

are gener al of. T bUPETAIES) Plod DEySUDSIEALERS J Shafielt 0 Lor examl e,

400 C by the heat e stage _ rogen radicals H* generated
inthis way paBeat pxeghahde mediwsyland rgintaimsf ohedfd 16Art He asudf ace of the

substrate 13, apgdlctniadse thgetangld ng bonds generated on the interface of
the substrate and the insulating film or inside the insulating film The 25

hydrogen radical s H* canff¢edfys & FPREtmekéon iHstthatfHgeri fm no matter

whet her the insulating fudins refdrendedecfiidn Ok, aryd trhigee fiisl mor a nitride
oxide film_Jln the configurat il%?i n FIG 1, the_pipe li connected to exhaust

ports 11A i¥ i n*RoHnsHi 8 a5 6h H*38§ PHEPHup? 138 enP d:vEve 11Q and
t he processi ng ps® HaassbyotHeh Foargh nief@es urFmc anof tiheegpsituate 13 i S

controlling device 15H is formed on the frame member 15A.

The porous filter 15B is comprised of sintered
stainless steel wires, and a Pt film is deposited on a

15 surface of each stainless steel wire with a TiN diffusion
barrier layer in between.

FIG. 2B presents a picture taken by a scanning
electron microscope showing the structure of the porous
filter 15B.

20 Referring to FIG. 2B, the porous filter 15B is
shownn to be an aggregation of a large number of stainless
steel wires, and there is room between the wires allowing
the processing gas including the hydrogen gas and the
inactive gas to pass through.

25 FIG. 3 shows results of measured generation
efficiencies of the hydrocgen radicals H* in the catalytic
filter 15 in the substrate processing apparatus 10,
obtained by feeding a mixture of oxygen gas and hydrogen
gas from the gas feed port 11B and further measuring the

30 water content in the discharged gas in the exhaust pipe
1lp. If the generation effiéiency of the hydrogen radicals
H* in the filter 15 is low, the amount of the water

content observed in the pipe 1llp decreases, in contrast,



di scharged to the outside from the exhaust ports 11A through the pipe |lp by
the punp 11P. Further, in the -10- 27JUN2Q05 configuration of TFUEN 2005 a

cooki ng water channel 11Cis forned inside the sidewall of the processing
chanmber 11. The tenperature controlling device 15H as descri bed above is
provided in the fiIter 15. As an exanple, the 5 tenperature controlling device

15H forns a chap of a _heat exchange nedi d maintaing the filter 15 at
a predeternine t%g?a?fﬁtewnﬁ 19K §Pf09\g tg" cBﬁ&f%ﬂﬁI’aF?%ﬁ 315 ghe filter 15.
Maki ng ref er encentiheFiEGLL@A 15 he RidH erthéSa:ﬂgﬁmtnofutdmwategn‘ chdmlte:k’e frame

nmenber 15A and oros fllter thefra 15A and the
t enperat ure é) |ng d%k%/ei E’ép?[gﬁ q.n%g?%se e@f-‘g rrenber 15A. The

porous filter 15!ers: odnphre sedeof con trengr euselsfmﬁ mheﬁsa steelllm ces, and a Pt
(s depasi {6 ALyBald: SH fABEHo.LREN-5L UhLess: o E%hé’!ﬂe%%g‘%%h a TiN

diffusion barrier ayer I'n between. resents a pr cture taken by a
scanni ng el ect tom hyiderese oprslishbin Hig Nheesthatctlur‘di%fewﬁ@-ﬂmfﬂous filter 158.

20 Referring togflG l%BFIéh% PRRQUS; ifidohebudsBa gé shawgot adie;gn aggregation

of a large nunber of stainiess steel wres, ere IS room between the
wires all owi ng thhergeceeasey v§agasr ildel udi ng the hydr ogen gas and the

inactive gas to pass thr@ugih?sebéfancd B0 I eSUthsS Lhinpasdxed generation
ef ficiencies of the hydrogen radicals H in the catalytic_ filter 15 in the

substrat e ﬂ%ceE%PW%ﬁa §a§510n rate of the reacticn Hy+1/20,—>H0,

and the abscissas axis represents the temperature of the
filter 15. In the experiment shown in FIG. 3, the oxygen
gas was fed at a flow rate of 1000 sccm, while the flow
rate of the hydrogen gas was set to various values

15 changing in a range from 50 scem to 1000 scom.

Referring to FIG. 3, although the flow rate of
the hydrogen gas was changed greatly, it is found that in
all cases the reaction rate rises abruptly with the
temperature changing in a range from the room temperature

20 to 100 °C indicated by the filter 15, and it reaches 90%
at 100 °Cc, and at 200°C, a reaction'rate of 98% to 100% is
obtainable.

The results shown in FIG. 3 reveal that hydrogen
radicals H* are efficlently generated by using the Pt

25 filter 15 at a filter temperature of 100 °C or higher,
preferably, 200 °C or higher.

Meanwhile, the hydrogen radicals H* generated in
this way return to hydrogen gas H; if they collide with
each other. So, if the distance H between the filter 15

30 and the substrate 13 (FIG. 2A) is too long, the generated
hydrogen radicals H* disappear along the way, and fail to
arrive at the surface of the substrate 13. The distance H

that the hydrogen radicals H* can reach, that is, the



obt ai ned by feeding a mixture of oxygen gas and hydrogen ga2 ¥ (g 20p% .9as
feed port 11B and further neasuring the- 3@ water content in the discharged gas

in the exhaust pipe IlIp. If the generation efficiency of the hydrogen
radicals H inthe filter 15 is low, the amount of the water content
observed in the pipe |lip decreases, in contrast, - 11 - 27 JUN 2005 if the

generation efficiency _of, the drogen,radicals H in the filter 15 is high,

the anount of the*%ae r%%ﬂ?"e%g’ger&g?éjrl\?@ Sifq ﬁlgpﬁ?’%eof‘i 7% ncr eases.

Accordingly, theoneamunatict dhehwaheirogent esmiicabservesh the tdpacpipe lip can 5

be viewed as an_jndi cator of..the.gene ron effici y _of ..the hydrogen
LESEETHRE PSR B e o4

radi cal s H*. NOP e experi OWN he silicon
substrate 13 i sdepoteasets ih tlicheoprcociesgiing chdiehydibgehakadigalef #r ence to

FIG 3 the ordipate,axhs. d0 el SORNSALNG L8AGH AN 8l g Blgbhe T eacti on

H2+1/ 202- >H20, _ e abscissas’axi's represents the tenperature of the
filter 15. |n thedsaler Biegnronkdivrmily Recays withetloxygehangadrams fed at a

flow rate of 1000 GG W | bbEs M oub8t £ 18NEANIERARNOS as set to

various val ues 15 changing in a range from50 scan to 1000 scan. Referring to
FIG 3, althougf*dHeyf DBW- rRglevothe thid thydtogéAcgathikadaeharigedsgreat |y, it is
found that in ablsicRses the: reactinRreabBld itsas A WhibygM YhAst Ay

t enperature changin in arange fromthe roomtenperature 20 to 100 C

i ndi cated b¥? t h&™$9 PI&CeSHAT; thaeRchel Otm the fRRS orarddBabe 200C, a

reaction rate ofifDf%d @ol80%ritain oddgic@abl ear BReotsulihacsii@mgasds FI G 3

reveal that hydrogen FIG. 4 shows a concentration distribution of
hydrogen radicals H* in a direction from just below the
filter 15 towards the surface of the substrate 13, in a

15 case that hydrogen gas diluted by Ar gas is supplied as a
processing gas to the processing chamber 11 from the feed
pert 11B. In the experiment shown in FIG. 4, the
concentration of the hydrogen gas in the processing gas
was set to 0.01%, 0.1% and 1%, respectively. In FIG. 4,

20 the ordinate axis shows the concentration of hydrogen
radicals H* in term of flux of the hydrogen radicals H*
per unit time and per unit area, and the abscissas axis
shows the distance measured from the lower surface of the
filter 15 towards the substrate 13.

25 Referring to FIG. 4, when the concentration of
the hydrogen gas in the processing gas is 1%,
corresponding to the high concentration of the hydrogen
gas, a very high concentration of hydrogen radicals H*
over 1x10* an™® sec™ in term of radical flux is obtained

30 just below the filter 15, but due to the high possibility
of recombination accérding to the high concentration of
hydrogen radicals H*, the lifetime of hydrogen radicals H*

become extremely short, so the concentration of hydrogen



radicals H* are efficiently generated by using the Pt 25 filter 15 at a filter
temperature of 100 C or higher, preferably,-200 C or higher7 Juhoggsile, the
hydrogen radicals H* generated in this way return to hydrogen gas Hz if they
collide with each other. So, if the distance H between the filter 15 30 and
the substrate 13 (FIG 2A) is too long, the generated hydrogen radicals H*

di sappear al ong_the nand fail to arrive at the surface of the substrate
13. The di stancgagilc Vﬁ%tﬂ tﬁ]éo Sy(flrhgég%‘ly 'z &_’#‘cgﬁl% BPLRAR T SRcRONYREE i s, the - 12
- 27 JUN 2005 whegetlaf coheefiygrtagenof adiec afdrdden depemdshensuppdied
concentration o . I adical s i h e the filter 15
and t he subst raEJé&‘L{%S,ﬂé%gfg%r&d%?r'gggésﬂﬁk l?ﬁ%{%n%nggﬂﬁea ?ﬁ%\%fee%t he hydr ogen
radi cal s H* 5 hydheggn rBdécals tHi 5 ldnw.cendentredicaoh Bhxt ¢l Ixp8Pogen

radi cal s H* expopentiat:l y; dgcayse i the di &, fa0 L.t er 15 towards
the substrate 13 rre%sur edsfr%m %xaéc‘Jt%E%/. }?ustp%l%glgo% tﬁe%i%?r%ﬁ%ﬁ Fromthis
fact, it is coftBpderwaF chafate cifsthe eflditgbl £ + Mganvikidehy o gadigas fed 10

into the processifg chagher drkad LQIpThen? egd-Putt B Lerndidiyted to a certain
degree by Ar or other inactive gases, FIG 4 Shows a concentration

di stribution of lRydsgetPraePRe s raEiom of 8he dordreser (5 st el ow t he
filter 15 towardgppiieecsprbasssiolh bhe sbstsats I3reifedBatdSr4fisalt hat hydrogen

gas diluted, by S .is supplied as a processin as o the processing
dhamber 11 FontLie Hasies j =5ouE i Pracext PRaM=Ghown | h FIG. 4. t he
concentration of the hydraogers gagskntd hesplocesgsSithg gARtivAaSa®keho 0. 01%
0.1% and 1% re%chgéfﬂ%k¥édlégﬂi%%ﬁ éilter—substrate distance H and the
hydrogen concentration, associated with various processing
times, obtained when supplying, per unit area, the silicon
15 substrate 13 in FIG. 1 with hydrogen radicals H* of an
amount greater than the area atomic density (2.7x10" cm?)
of silicon on the surface of a silicon crystal.
Referring to FIG. 5, it is found that when the
hydrogen concentration in the processing gas is higher
20  than 0.1%, irrespective of the processing time, the
catalytic filter 15 has to be brought to a distance not
more than 5mm from the substrate 13, whereas, when the
hydrogen ceoncentration in the processing gas is less than
0.01%, by extending the processing time, it is possible to
25 supply a sufficient amount of hydrogen radicals B* to
terminate the dangling bonds of silicon atoms even though
the distance H hetween the catalytic filter 15 and the
substrate 13 is longer. For example, it is shown that by
setting the hydrogen concentration in the processing gas
30 to about 0.002%, and allowing a processing time of 80
seconds, the interval between the catalytic filter 15 and
the substrate 13 can be increased up to 60 nm.

As shown above, in the substrate processing



20 the ordinate axis shows the concentration of hydrogen radi Cfl E’ nterm
of flux of the hydrogen radicals H* per unit tinme and per unft a! é‘a?.'ﬂﬂ&nd t he
absci ssas axis shows the distance nmeasured fromthe | ower surface of the
filter 15 towards the substrate 13. 25 Referring to FIG 4, when the
concentration of the hydrogen gas in the processing gas is 1% correspondi ng
to the high concentration of the hydrogen gas, .a very h concentration of
hydrogen radi caPEPRFATUSVAP % FG% Emi% @eEosﬁﬁli’lFeF%Qﬁ‘fngﬁT?ﬂé’I flux is

obt ai ned 30 j usnaeia@ir@wet BBe fddrc@l nd Sooris! of Ugnd antBerdbegBrpoSISicbhl ity  of
reconbi nati on acc to t ’E:’é’lh gh concentration_of u\édro gen radical s H*,
the Iifetinme of 2R dfr ﬁnr‘ajcﬁ’ Pt SUBREFALS LdneY UPRGYTRY &5 fhe

concentration obrbyshsingngas Hhdlrogen TgaBJNi 200 wiadi Lales bEndglr ops sharply with
the distance. In contrast when. t he cqngent r o] dro en gas in the
suppl i ed pr%ce%ga%tgl 282F%° 0o 105 93 5° ?1 %Ellgg ‘-’f‘\'@tﬁ‘@ﬁ% g hydr ogen
radicals H is Ithag;ataangktacrﬁdm@al 1% Iamaotaﬂpélzﬁiﬁré lcighegsethdn i1800bt ai ned even
at a position 3Q.mma fro he .| owe Qrface the filter I\/EanV\hlle
Che r adi cal 1 5 Feranay Minhds o2 2T 5. oih HaekiSh eebhiindtr | tor

When t he poncenﬂ&atarm@ l:lfb@heeel’myuheg@dtgasw ransihehesmp:prtr&’de pr3otessi ng ga_s |s
0.1% an interngdiat prrgglf,fgtlhe re{"é%@ Lyeen,dnheq ahoV %cgl\g@l&ga%gs i s obtained.

FIG 5 presents res atlon etween the permtted maxi num
filter-subst? at Ehgikydargen Hranf@nthet iy dpotem reorReesitnmoRrdn, Thessoci ated with

various processhpgve téuﬁ%%ra@@%&bﬂ@ﬁ’si’%e@aﬁl&ﬂ&"p\éhrﬁgm&?&hﬁlﬂéts&"t@ﬁ’g the silicon
15 substrate 13 in FIG 1 wth hydrogen radicals H* of
the temperature of the substrate 13 lower than 400 °C, as

a result, it is possible to avoid the problem of
characteristics change in a highly-miniaturized
- 15 semiconductor device formed on the processed substrate 13.
On the other hand, since there arises a danger of hydrogen
explosion when the temperature of the catalytic filter 15
is higher than 500 °C, it is desirable to control the
temperature of the catalytic filter 15 not to excead 550
20 °C.
In the substrate processing apparétus 10 in FIG.
1, since the hydrogen radicals H* are not generated by
plasma processing, there is not the problem of ion
irradiation damage of the highly-miniaturized
25 semiconductor device on the silicon substrate or the
processing chamber 11, even if the hydrogen radicals H*
are generated.
In the above explanation, the hydrogen radicals
H* were generated by the decomposition reaction of
30  hydrogen melecules under the catalytic effect of Pt in the
- catalytic filter 15, but the catalyst is not limited to Pt,
use may be made of metal elements that have large electron

affinity, are able to effectively decompose hydregen



anount greater than the area atom c density (2.7x1015 cm') of silicon on the
surface of a silicon crystal. Referring-tigg EIG 5, it is fouagz tlgﬁ a}gﬁqen t he
hydrogen concentration in the processing gas is higher 20t

irrespective of the processing tine, the catalytic filter 15 has to be brought
to a distance not nore than 5nmfromthe substrate 13, whereas, when the

hydr ogen concentration in the &rocesa ng gas is less than O. 01% by extendi ng
the processing TPHREULRE (H) pdRE] fivdreged Fagipplsy B, safd iGehtrHvount of

hydrogen radi cabs d¥idi@ed} eHiitnat e (e «Hanghy B NS gehefddilbaOns at ons even

t hough the distance H betweeri t he caf al ¥t|c filter 15 and the _substrate 13
is |onger. For Xl 8UCh S ishintudtattoWi -s8tiy #Re MAULHHER
concentration iﬂlld}% pF@ﬁlﬁﬁeﬁ:i ngo@acmrﬁﬁ b0 aheet ndtd2Und akial | ow ng a
processing td ffo 80 se Qe interval between the catalytic filter 15
and the substrd JerSaE?;m |'ﬁ%t? wsed up to 60 mm As shown above, in the
substrate proceSS| ng - 14In Z80UNo2005 thppaseteusxglanatibhGanl, it is possible

to effectively ae_:nl; nate th g g%é u%lgcgndssﬁn the ubntcerface gﬁesi i con and
silicon di oxi de¥on e 32U 1 ing as a processi'ng gas hydrogen

gas diluted wi thuwtr@r-eolhema@ Lmast |b$epgfamedn Ite igass freedipbet 11B, and
mai ntai ning 1t heo GAALYELL S hbBErdi Aol LERRFLAIIE.EL Wilsckhan 100 G

pref erably higher tha ur’ I ng t di stance bet ween t he
filter 15 arft tPRFSHPSt® aFET 185t B Suﬁﬁ§¥a@péﬁomlfdleeapa¢wuﬁo%“ more than 60
nm accordi ng topd® tithe hydrogen concentration in the processing gas. The

above substrate processi nP can be é.)erformed whil e setting
shows results of element distfibutions

along the depth direction in a Pt £ilm in a state prior to
usage as a catalyst, measured by means of ESCAR (Electron

15 Spectroscopy For Chemical Analysis), when the Pt f£ilm is
directly formed on the surface of a stainless steel wire
without the aforesaid TiN diffusion barrier film in the
porous filter 15 shown in FIGs. 2A and 2B. In FIG. 6, the
ordinate indicates atom concentrations of elements in term

20 of atom percentage, the abscissa indicates the etching
time of Ar sputtering during the ESCAR analysis.

Making reference to FIG. 6, in the state prior
to usage, except for a slight amount of oxygen atoms
penetrating into a limited area of the film surface, the

25 Pt film consisted of the Pt element only; and existence of
any other elements 1s not observed.

In contrast, FIGs. 7 through 9 show element
distributions in the Pt £ilm, when the Pt film was used
for 663 hours in an atmosphere of mixed hydrogen gas and

30 oxygen gas was supplied at flow rates of 2000 sccm for the
H; gas and 1200 sccm for the O, gas, and with the porous
filter 15 at a temperature of 485 °C. Note that FIG. 7

shows the analyzing results for a discolored golden outer



the tenperature of the substrate 13 | ower than 400 C, as aggsﬁm ’ZDHIEI IS
possible to avoid the problem of characteyd stics change in

hi ghl y-m ni aturized .15 sem conductor device fornmed on the processed substrate
13. On the other hand, since there arises a danger of hydrogen expl osion
when the tenperature of the catalytic filter 15 is higher than 500 C, it is
desirable to control the tenperature of the catalytic filter 15 not to exceed
550 20 C. |n thertigspfatie fiidé@5slhg Fdppal sahweys1the moELYyzingl, since the

hydrogen radi calssdftsaker"Plqi0B8e5 A 8 LY er RLASER PEAGERSLAGNEt here is not the
probl emof ion _irradiation damage of the highly-mniaturized 25 sem conduct or

devi ce on the sfiidnlsubdtd &1E-of RS PP AFIVAGT HETHEES £PT Bven if the

hydrogen radi calissddloratiegdrey ahker ddrtibe Sbene expleanati on, the hydrogen
radi cals H_ were generated lg_y t he deconposition reaction of 30 hydrogen

mol ecul es urmtler the cat aR§tFTEEr ERtFI#° P FrB 2 cattal§di ®Wd ter 15, but

the catal yst istigi, lasnshésh oy Bl ofisfeayaa vabAe @fsule alafekenment s t hat
have large electron affinity, a o effective|ly deconpose hydrogen
g t e o

re able.t
-15-- 27 JUN 208%° Y8P8c P BECH2T FHBMY St F At als® @°Can hardly be
oxi di zed, that o8, tHeh@tefif ropwyndf tiexidmcgetestdionenof Fe,| argeandSuth netal s

include Pt, N, irlfd e L, éllj,o&%g_ 'E.'Q]?-Sr, &l lco S5y Fgré hoej,:r N %Linds of these
netals and their Al IEOys are Al 8§05 Uralble T “Ea; ron, 1n & Above
expl anat i onl0 anoxigesnplfeF¢ s Gosanilbéd agk Goimegl.aSEids ooagindiderate as t he

these elements did not exist in the Pt film, it is

believed that they come from the stainless wire carrying

the Pt film. In addition, since the concentration of Pt

declines remarkably, it appears that in accordance with

15 oxygen penetration, Pt atoms diffuse into the stainless

steel wire.

In the present embodiment, such kind of metal
element diffusion and Pt film erosion can be suppressed by
interposing a TiN diffusion barrier film as previously

20 described between the stainless steel wire and the Pt film.

In contrast, it is found that such kind of metal
element diffusion is not observed and the element
distributions shown in FIG. 6 remain unchanged even after
filter 15 has been used, when using the porous filter 15

25 in an atmosphere of 100% hydrogen but no oxygen. In otlier
words, it is possible to use a porous filter 15 with the
Pt film formed on the stainless steel wire as an effective
hydrogen catalytic filter in an atmosphere of 100%
hydrogen. Of course, it is also possible to use a porous

30 filter configured to have a TiN diffusion barrier layer as
a hydrogen catalytic filter in an atmosphere of 100%
hydrogen but no oxygen.

As such a diffusion barrier layer, besides TiN,



substrate 13 that is to be processed, but it is possible to_use a glass
substrate, for exanple, a glass substrate;i0O_carrying a TF‘f, 7 altIN B%%substrate
13 in the apparatus in FIG 1. FIG 6 shows results of elenent distributions
along the depth direction in a Pt filmin a state prior to usage as a

catal yst, neasured by nmeans of ESCAR. (El ectron 15 Spectroscopy For Chem cal
Anal ysis), when the Pt filmis directly formed on the surface of a stainless
steel wire witN8aLothe i&rdfeSaif@rTrreRys dalorPH AN 7381 PR 184N the porous
filter 15 shown in FIGs. 2A and 28 In FIG 6, the ordinate indicates atom

concentrations of elepents .in term 20 of atom percentage, the abscissa

i ndi cates the et'CRFARF E?’#”ﬁ@“%?ntir sputtering during the ESCAR anal ysis. Making
reference to FIG 6, in thesstuiz apdi 0B dHewus agfigyeedilonf f @ Sl i ght anount
of oxygen atgms RE etrating in alimted ar@a8 of thcg%lial surface, the 25
Pt film consPst&3-BtYiHE BFHE?% nE<oRTY-"Jahd SEEME ORI foPher el enent s
i s not observed.thenpossdntastyerfliGs, whidir deghséd shovnhelsebettatedi stributions in
the Pt film when the .Pt fil S ed r 663 hours .i.n an at her e of

ni xed hydr ogen g’éfgc%l%%mgoa Q%aﬁlsggg J\?\%SEfI%Upgﬁse& 3?13%15%%?a°erg%§ 2000 sccm
for the H2 gascandlt2@0 f3eter flor TherIks.gad8a cnud 10Bf theheaqporous filter 15

at a tenperature.ef,.48% gqugﬁzgggsiﬁ%gé tgh&\g_ssgrpeeffg?ﬁ%yﬁ g results for a

di scol ored gol den outer . portion o ter 15, FIG 8
shows the ahBl y»phg #lesadysbesyr dgsarsesst.ored efnlpaptiams shepenf @oAn of the
filter 15, and BhGe&yshows the anal yzing results for a

Making reference to FIG. 10A, the catalyzing
member 25 includes a disk-shaped supporting member 153,
made from metal or others, and in the supporting member
15 13a,, a large number of penetration holes 15B; are formed.
As shown in detail in FIG. 10B, a catalytic film
15b comprised of Pt or others is coated on the inner
surface of a penetration hole 15B;, furthermore, a plug
15C is inserted into the penetration hole 15B;. As shown
20 in FIG. 10B, the plug 15C is partially cut on its side
surfaces, so gas flowing channels 15D are formed between
the plug 15C and the penetration hole 15B;. Furthermore, a
cataiytic film 15¢c comprised of Pt or others is also
coated on a portion of the side surfaces of the plug 15C
25 forming the channel 15D.
As shown in FIG. 10A, at the lower end of the
plug 15C, that is, at the end facing the silicon substrate
13 on the holding stand 12, there is provided a diffusion
portion having an enlarged diameter, accordingly, at the
30 lower end of the penetration heole 15B;, there is formed a
taper portion to accommodate the diffusion portion.
In the catalyzing member 25 of the ahove

configuration, the hydrogen gas fed from the shower



di scol ored gol den inner portion of the filter 15. 5 Referring to FIGS. 7
through 9, it was found that, as shownqbyaa_ll of these anal yﬁh@% @asults,
after the usage, oxygen is strongly concentrated on the uff 0 t he Pt
film and the concentrations of Fe, Cr, and NI increase, in other words, on
the surface of the Pt film 10 oxides of Fe, C, and N are forned. Since
originally these elenents did not exist inthe Pt film it is believed that
t hey cone from thenknas Albsin iilGe tars yaupgliechehroudh Ithe gas ab@bneébn, since

the concent rat i 98p0fn Rne defbd:A250h AHBIdABEY col n8MEAES, IRk accor dance

w th 15 oxygen penetration, Pt atons use Into the stainless steel wre.
In the present EWBBENFRENLS. s¥h iR| Reilvfrariedl thel brérRgsd gasisison and Pt film

erosion can be guppiessedibyo Hyo8sROSIdAa1d 1N dibbfusigr baraiesicfilmas
previ ously 20 described between the stainless steel wire and the Pt film In

contrast, it2is®Fbefd athihe KfcKikPadl 3t amet bFc- dhenkrroger fradicales not

observed and t hg=ehenmileddistthiBULA OSSR itheFbix el 6FBdHe: UNChanged even

after filter 15 has been_used, when using the porous filter 15 25 in an

at nosphere of 1889 Hhaffoddn it SREHEGel el?ﬁ't?ﬁﬂ&? BRI THe i s possible to

use a porous fihiheerffrewbEhsilieconPiidsitilda &adneid iebntdie takasudfase sfeel wre as
an effective h)égro ntcaf:al%/ati c filter in an atnosphere of 100% hydrogen. O
course, it is al¢5 §STBFe 16 use a porous 30 filter configured to have a Ti N
di ffusion bHerier |ayer &s thishydbodirertat atyis alselpmerferabbn thawospher e of

100% hydrogen Byt AR b STEs ST AS §H§5§Li%d%£@%r%@e9§‘ﬂcj Sgslﬁ@r, besi des Ti N,
being diluted in inactive gases, and the interval between
the catalyzing member 25 and the substrate 13 be set to
not longer than 60 mm.

15 As the catalyzing films 15b and 15c, use can be
made of the previously described Pt, Ni, Pd, Ir, Au, and
their alloys, or compounds of these metals and their
alloys.

FIG. 11 shows a configuration of a catalyzing

20 member according to a modification to the catalyzing
member 25 in FIGs. 10& and 10B.

Referring to FIG. 11, the catalyzing member 35
has a stacked structure of the catalyzing members 352
through 35C each of which is a catalyzing member as shown

25 in FIGs. 10& and 10B. The hydrogen gas passes through the
catalyzing members 35A to 35C in order, and arrives at the
surface of the substrate 13. In each of the catalyzing.
members 35& to 35C, a large number of the same penetration
holes as described above are formed, and the hydrogen gas

30 is decomposed into hydrogen radicals B* due to the
catalyzing film when the hydrogen gas passes through the

channels in the penetration holes.



- 17 2 7 JUN 2005 wvarious nitrides, for exanple TaN, or WN can be used.

[ Second Enbodi ment] FIGs. 10A and 10B shoyya configurationZol JNS0pgt al yzi ng
menber 25 according to the second enbodi nent of the present invention, which
is used in the substrate processing apparatus 10 in FIG 1 as a substltute
for the catalytic filter 15. In FIGs. 10A and 10B, the same reference
nuneral s are assigned to the sane parts that 10 have al ready been descri bed,
and expl anat i ondThied &bodirentdni tted. Making reference to FIG 10A, the

catalyzing nenber 25 in d oper, A5A1  made from
metal or others, and in ?Eg g%%%%?%?EB§%€hEgu§H§B§5éﬁqg HFar ge “humber of
penetration hol B5CASBLNgr @PREREE. 20 REooREWRT it the aﬁﬂlfﬁnewqglm%'%, a
catalytic film o350, & YRELSEG RlenPlo®r others is coated on the inner surface
of a penetration hole 15B1, furthernore, plug 15Cis inserted into the
penetration hol e 15B1. ABCERGRANIDE0] LG @52 198 thtehé'-‘lb‘?ﬁfﬁtESC is partially cut

on its side supt8ELsingOagREratheveng &@ama@a $okeDl ad e:ohﬁém hetyeen the
pl ug 15C and the, penetration _hql e 15B1. Furthernore, catal ytic film 15c

conprised of Pt tBF hérBe| Kiyisoforted ¢ Hhe d:oﬁo?flgﬁ’ BFO‘FGF?élnge surfaces of

the plug 15C 2bnimses ng, tit&i Ghanoedr Held 155 ish@dhnéd ihl €he 10A, at the | ower

end of the plug_15C that the end f C|n e silicon s trate 13 on
; o Hodpohe o

the hol di ng st aRf°9%>s Jlnﬁe? v??fértfsgo S B hg an
enl arged di adret 6o, m@rdce@mg ghstied 30 tm\mroeesism‘g thampeneaetrati on hol e

1581, there is EQS&E%kéagas line 11L through the gas feed port 11B passes
through the catalytic filter 15 and flows to the surface
of the substrate 13, and the hydrogen radicals H*
generated in the catalytic filter 15 terminate the
15 dangling bonds on the surface of the substrate 13.

Note that in the present embodiment, the lamp 14
used for heating the filter in the apparatus in FIG. 1 is
removed. Inside the holding stand 12, a heater 12A is
provided to heat the substrate 13.

20
[Fourth Embcdiment]

The substrate processing apparatus in FIG. 1 or
in FIG. 12 can be used not only for dangling bond
termination on the surface of a semiconductor substrate on

25 which a semiconductor device has already been formed, but
also for planarizing a semiconductor substrate at a higher
temperature. As shown before, planarization of a
semiconductor substrate is performed prior to a
fabrication progress of a semiconductor device, and in the

30 related art, projecting portions on the substrate surface
are planarized by hydrogen gas processing at a temperature
of 1200 °C. At that time, a temperature precision of £ 1 °C

is required, so the cost for planarization of a substrate



taper portion to accommodate the diffusion portion. In the catalyzing nenber
25 of the above configuration, the hydrogen gas fed fromtpe7 JUgvags18 - 2 7
JUN2 005 openings IIbin FIG 1 is supplied through the gas channel 15D
in the penetration hole 15B1 to the surface of the substrate 13, and in this
period, the hydrogen gas is deconposed into hydrogen radicals H* due to the
catalytic 5 effect of the Pt filns 15b and 15c. The hydrogen radicals H*
generated in thpE lexgeadidnatext isheeryuhfielke of the substrate 13, and

term nate the dangling b@gdéoli\fé thes ﬂf&&:&é&?%ce}%d!t%%hgiﬂ;&éﬁ and silicon

on the surface of the substrate 13. '10 in this e iment, it is also
pref erabl e t hat SpeEIE)Er o dhtegRES IR s iPPRTd@rasthe frubeEsateg gas after bei ng

diluted in inac%ﬂ:d/@eél@%ésapﬁﬁ@thgeld frepyaln keEWeen,r tihepf@t abyzi ng nenber 25
and the substrate 13 be set to not |onger than 60 mm 15 As the catal yzing

films 15b and 15@5PSfddvedy F&e Hagdr dhet Re'RRratiea Rty thesermisheatet, N, Pd,

Ir, Au, and thesr;ald@yes M0 EORANGS ﬁqe%%é% Oda%ta stanpdngheir alloys.

FIG 11 shows a _configuration of a cat a? zing menber according to a

modi fication tolYHPIELt GFY ANy TOREHE 938°F Horfed. to GReaiFIsB° I Ref erring to

FIG 11, the catmd yrioegssbihehadber has faostidekgds stiméctiur e of the catal yzing

menbers 35A through 35C.each of which is a at.alﬁ%i % menber as _shown 25 in
% oy 3

FIGs. 10A and 108. The h SHOFEd F2s §28°Fr dllg OCERTAGy IFhg menbers 35A

to 35C i n okler fedna ahiswey ab témverted into hydrogen radicals H*
when passing through the catalytic filter 15, acts on the
surface of the substrate 13, and the projecting portions
on the substrate surface are planarized while emitting
SiH4 gas as the reaction product. In this case, because it

15 is not the hydrogen molecules H; but the hydrogen radicals
" H* that are used as the reactants, the planarizing
reaction proceeds efficiently even at a temperature as low

as 800 °C.
20 [Fifth Embodiment]

FIG. 13 shows a configuration of a substrate
procéssing apparatus 40 according to the fifth embodiment
of the present invention.

25 Referring to FIG. 13, the substrate processing
apparatus 40 is equipped with a substrate conveying path
4] that extends To the atmosphere and is driven by a
driving device 41A. A glass substrate 42 formed with a TFT
or others is conveyed as a substrate fo be processed on

30 the substrate conveying path 41 along theé direction of the
arrow. In the state in FIG. 13, the glass substrate 42 is
located in a processing space cccupied by Ar or nitrogen

or other inactive gases in the atmospheric envirconment,



surface of the substrate 13. In each of the catalyzing nenmjers 35A to 35C, a
| ar ge nunber of the same penetration holgs as described ab v][’a JbNe 28051 rred,  and
t he hydrogen gas 30 is deconposed into h ogen radicals H* due to the
catalyzing filmwhen the hydrogen gas passes through the channels in the
penetration holes. 19 _ 2 7 JUN 2005 [Third Enbodinent] FIG 12 shows a
configuration of a substrate processing apparatus 20 according to the third
enbodi ment of &l Presdeattivevgrtesntill Ref or prgessine €pad?, Nbhet he substrate

processi ng apparatus_2 the f ort 1113 connected with he,gas |ine 11L
o ormed at t netb g obne e ssiad Mreck [ ELERMERLE LN, (08 Oad D1 1o
formed in the eltocessedg chanber 11 corresponding to the feed port 1113. 10

So, the processing gas fefd ' cha L f e.gas line 11L
t hrough the gas feed porf_% ﬁ%@%&?ggi%{@ﬁ?g%ﬁ ?’h %%?%ﬁ]lf/l?i %@%ﬁ fqtge%fgw and
flows to thed supfetigiedef te Hhintihat Pracessdng et chrtdiydnogeydnogdincal s H

generated in thg;cab Xti&ad iilst gﬁp%ﬁgcp;,@gngtg%st e d2zdapglifg bonds on the
surface of the Substrate 13. Note that in the present enbodiment, the |lanp 14
used for heati ng<ter@ali gerSqUFcenelR i RERRESSANE| Ipad) 4fs theenpved. [ nside the

hol di ng stand lgro@di@abehasl2Aals rd¥ QVidete ier Eﬂ@-tpztd&%s§&l‘%$g‘é§te 13. 20

[ Fourt h Enbodi nent] The substrate processing apparatus in 1l or inVFIG

12 can be used ?Rﬁgeoﬁﬁ§' Y%?Sedélﬁgﬁ{: 'R Lower end are served by the

10 silica window 442 and the hydrogen catalytic filter 44C,
respectively. Further, in the processing head 44, a pair
of exhaust ports 44D are formed outside the processing gas
space 44B. The hydrogen catalytic filter 44C may have any
of configurations as shown above in FIGs. 2A and 2B, or

15 FIGs. 10A and 10B, or even FIG. 11.

In the configuration in FIG. 13, by exhausting
through the exhaust port 44D, in the processing head 44, a
gas flow of the processing gas is formed tco flow from the
processing gas space 44B to the exhaust ports 44D along

20 the surface of the substrate 42 through the catalytic
filter 44C. When the processing gas passes through the
hydrogen catalytic filter 44C, the hydrogen molecules are
decomposed into hydrogen radicals H*, and the generated
hydrogen radicals H* are conveyed to the surface of the

25 substrate 42 along the flow of the processing gas, and are
discharged at the exhaust ports 44D.

Therefore, by heating the substrate 42 with the
lamp 45 arranged cutside the silica window 44A, the
surface of the substrate 42 can be treated by the hydrogen

30 radicals H*.

FIG. 14 shows an enlarged view of the surface of
the substrate 42.

Making reference to FIG. 14, on the surface of



term nation on the surface of a sem conductor substrate on 25 which a

sem conductor device has al ready been forimped, but also for pzl ) .FUN ?ﬂ[ﬁg a
sem conductor substrate at a higher tenperature. As shown before

pl anari zation of a sem conductor substrate is performed prior to a
fabrication progress of a sem conductor device, and in the 30 related art,
projecting portions on the substrate surface are planarized by hydrogen gas
processi ng at atherqﬂfarsat EnJestm’telal?JD far Atch MRRT,t there artefgomredt ure preci sion

of 1 C is req t fo l.an atlo . of a_sub eg-20- 27
JUN 2005 of IaFUl & € rngf’er %fagC%\%ngs {12ppfar 'ﬁoﬂ’ ol \57(13 T Orr Clsr&ejm according to

the fourth enb@dlxmm GhEtMﬁ@ceseﬁtan RCENYE megloﬂn@asntbsn rédPe 1spr ocessi ng

apparatus 10 or e elabEPGa &a&r Qufal&ngl%1]8rgo4r2359§%€1\é$hyof are used, the

tenperature of £ rate s séet to 80 a processing gas
contai ning %ydnrbgeiwegddlnrer m&etm@e gxdes Tidnf eBurthearheaigidicde of the

processing champeLetbgbr @@@;tﬁe F8Red |9 chd- aﬁl%ehi@d';ﬂgleﬂaﬂ@érncwﬁem in the
processing gas 10 fed in this mag Is converted into hydrogen radicals H*

when passi ng t hFétiyhengatatdispleeing fidp 458 i@chsteipthe surface of the

substrate 13, and the pr ﬁb@@fdlm@ﬂpor&mﬂ%heocﬁbdﬂguw@ﬁnr ahersyr figce are
pl anari zed while emttln as as the reaction product. lp this case,

because it 15 |§’Yn?ﬁpl"tlﬁé Mﬁ’@%nn’fﬂ%IlésHﬁfobﬁPe fRGErTgdReradical s H*
that are usedl aglife sueasctard si2,t be ¥ @lﬂlal%liileﬂg_o eEaeitioalpr oceeds efficiently

even at a tenpe{:gatzrrlﬂfn%tgstll'lg V\clianag 11'81(_1]'0%0%(15 lsﬁ:‘J.fntc_:;h:mE ntJ[.?lOdl g@:{]\}e] region
pattern 422 or in the interfacial region betwesen the
active region pattern 42A and the gate insulating film 42B.
In the configuration in FIG. 13, the glass
15 substrate 42 is moved along the conveying path 41, thereby
the processing head 44 scans the surface of the glass
substrate, and as a result, effective treatment is
possible even if the area of the glass substrate is large.
Of course, the glass substrate 42 may instead be fixed, in
20 which case the processing head 44 moves together with the
processing épace.
Furthermore, if necessary, it is also possible
to rotate the glass substrate 42.
While the invention has been described with
25 reference to preferred embodiments, the invention is not
limited to these embodiments, but numercus modifications
could be made thereto without departing from the basic

concept and sceope described in the claims.

30 INDUSTRY APPLICABILITY

According to the present invention, by
generating hydrogen radicals H* from hydrogen gas using a

catalytic filter, even if a fine insulating film such as a



FIG 13 shows a configuration of a substrate processing appf;lr ajlﬁ 40
according to the fifth enmbodi ment of the,present invention.25 1280 i ng to
FIG 13, the substrate processing apparatus 40 is equi pped with a substrate
conveying path 41 that extends to the atnosphere and is driven by a driving
device 41A. A glass substrate 42 forned wwth a TFT or others is conveyed as a
substrate to be processed on 30 the substrate conveying path 41 along the
direction of theitaideowilhnon kendtaide ixiBpFilGist frymgtass Webstrate 42 is

| ocated in a pr L S - i nkgr .3 Pr ' i nactive
gases in the at %ﬁ%%eérqlg’g gﬁ‘?ﬁ%ﬁ’%ﬁ?&ﬁ#%ﬁ‘%o? l(%l%@é%\id) pto(rg\%tﬂlﬁ%%cti ve gases
fill up in proc&ssehfpdpuety MNemenate Hdanodingooyes ces sigginirrda@ceat nospheri c

content (air) igerfdddnicAdt 8ghstrAthNendPeessiNGtIRGCAI® PhOGRSSI Ng head 44 is
5 provided, to which a processing gas, containing hydrogen gas and Ar gas is
supplied viada §age{ iate 123the HREFANt bvERhAPn g&Y SBEEFIEY. thé t he processing
head 44, the preeesaiiRgrgatestiaysnd Proxivhiy) &f Bhé Brdeees&ssi ng gas space
44B whose upper end and | ower_end are served by the 10 silica w ndow 44A and
the hydrogen caf¥PStiateri prerivgiter }?YeéﬁBE'}YVQ/?YdF‘Eﬁ%@F,S FRE processi ng
head 44, a pairbyoinssthadstapes,t shd 4 faemé of MMeteOfcdodent friipansessi ng gas

space 44S. The Pydro %r}dcat I icd}‘_i IE'lt er 44C hlzjiv an IQJ (Izlonfi gur ations
as shown above n'ﬁ%. iﬁg];hé:t“‘?& FanES E??fsh.r%%iﬁA an 1%%31 OF "even FIG 11.
I n the confi@ur addixulisnHF| Ganl®e byxigdzadst Fuxgher, as in the present
invention, by using the hydrogen radicals H*, it is
possible to perform planarization of a semiconductor
substrate at a lower temperature. In the present invention,
by providing a diffusion barrier film comprised of
15 nitrides such as TiN, TaN, or WN between a metal catalytic
layer comprised of catalytic metals exhibiting catalysis,
and a carrier for holding the metal catalytic layer, it is
possible to suppress diffusion of the above catalytic
metal elements from the metal catalytic layer to the
20 carrier, and diffusion of metal elements from the carrier
to the metal catalytic layer, even if the catalytic
reaction is carried out in an atmosphere including oxygen
in addition to hydrogen, and thus it is possible to
realize stable catalytic reactions.
25

30



t hrough the exhaust port 44D, in the processing head 44, a gas flow of the
processing gas is formed to flow fromthe processing gas spackJ[f}[(}Bzgpls) t he
exhaust ports 44D al ong 20 the surface of the substrate 42 through the
catalytic filter 44C. \Wen the procgssing gas passes through the hydrogen
catalytic filter 44C, the hydrogen nol ecul es are deconposed into hydrogen
radi cals H*, and the generated hydrogen radicals H* are conveyed to the
surface of the 25 substrate 42 along the flow of the processing gas, and are
di scharggexidet t he exhaust ports 44D. Therefore, by heating the substrate 42
with the lanp 45 arranged outside the silica w ndow 44A, the surface of the
substrat e 42 svdstbeterpmessding la@paydtogenco@risddigcal s H*. FIG 14 shows an
enl arged view of the surface of the substrate 42. Making reference to FIG
14, on the swrBraseseing gpace pROVdePOOsh ahkokding stapst fare 42, for each
TFT, there are forned active region patterns 42A from poly-silicon or

anor phdusldiglq jac GHPSTRRL S kT e R3TOCEFS8EFi ve region pattern 42A is covered by
a gate insulating film42B_ conprised of a 5 nitride filmor a nitride oxide
film Furt he‘?,h)ﬁig’@é’leé‘ CaFRLY LR TS FFRRBEA ol 137 aPEPFESFEYF on pattern
42A with the gate insulating film42B_in %@tv\een., Accordingly, with the

conf i guiRATOF9 TeEF 2! ,s“tb%%ad:ﬁpl"’\?%naoﬁy TS C¥PECEF 2t o the surface of
the 10 glass substrate 42, it is passible to effectively termnate the

dangl i 1§’ Bor sese%fls??ﬁ)é FYHThEHETVE Fegi 8K pattern 42A or in the

Interfacial gEégé)%e%%&ﬂgegoipeérranged in saild processing space on

an opposite side of the hydrogen catalyzing member to said
substrate and for feeding a processing gas including at least
hydrogen gas,

wherein

an interval between said hydrogen catalyzing member and
said substrate on said holding stand is set less than the
distance that said hydrogen radicals H* can reach;

said hydreogen catalyzing member carrying a catalyst

comprising one of a metal and a compound of a metal selected
from a group including Ni, Pt, Pd, Ir, Au, and their alloys

the hydrogen catalyzing member comprises a stacked
structure of a plurality of catalytic layers, each of the
catalytic layer being formed from a plate-shaped member, a
plurality of penetration holes being formed in said plate-
shaped member, and at least an inner surface of each of the

penetration holes being covered with said catalyst.



active region pattern 42A and the gate insulating film428. 1In_the
configuration in FIG 13, the glass 15 substrate 42 is noved albn@mKQM5
conveying path 41, thereby the processing head 44 scans the surface of the

gl ass substrate, and as a result, effective treatnent is possible even if
the area of the glass substrate is |4fge. O course, the glass substrate 42
may i nstead be fixed, in 20 which case the processing head 44 noves together
with the processing space. Furthernore, if necessary, it is also possible to

rotate 4 he a8, 8ubstabPodlas il LpoblSrhsVaMdRN AL DEERAGRCT i Ded Wi th 25

reference to preferred enpodi nent's, the invention IS not imted to these

embodi npRLSindWh BYRRLOESpHPYI fd GRirE8RS peail dbd6 HTRAS gt Peb&d LW d hout
departing fromthe basic concept and scope described in the clains. 30

| NDUSTRY, 4RPIIHCABI bppds A€ 05 thd i @alibie sRHEESLAM e | Y @iHORyaRYgergener ati ng
hydrogen radi cals H* from hydrogen gas using a catalytic filter, even if a
fine i nedaatyizAggl mkfibedch as a - 23 2 7 JUN 2005 nitride filmor a nitride
oxide filmis formed on the surface of a sem conductor substrate, it is stil
possible to effectively term nate dangling bonds on the interface between
the substrate and the insulating film In this 5 case, as in the present

i nvent ion, The sebskmgtéeherocsssing iaprhirhtes accetEing ¢ei oleéyimof. t he processed
substrate, and further by supplying hydrogen gas diluted by inactive gases,

t he |i fwitened roatHehrjreaee rcatadivgang member comprises a carrier

for carrying said catalyst, said catalyst being provided in

contact with the carrier.

4. A substrate processing apparatus, comprising:

a processing space provided with a holding stand for
holding a substrate to be processed;

a hydrogen catalyzing member arranged in said processing
space to face said substrate and for decomposing hydrogen
molecules into hydrogen radicals H*; and

a gas feeding port arranged in said processing space on
an opposite side of the hydrogen catalyzing member to saild
substrate and for feeding a processing gas including at least
hydrogen gas,

wherein

an interval between said hydrogen catalyzing member and
said substrate on said helding stand is set less than the
distance that said hydrogen radicals H* can reach;

said hydrogen catalyzing member comprises a catalyst



H*, accordingly the distance reachable by the hydrogen 10 ragi?qkﬁlbmﬁ can be
maxi m zed. Further, as in the present invention, by using the hydrogéen
radicals H*, it is possible to performplanarization of a sem conductor
substrate at a |l ower tenperature. In the present invention, by providing a
diffusion barrier filmconprised of db nitrides such as Ti N, TaN, or WN
between a netal catalytic |ayer conprised of catalytic nmetals exhibiting
catalysis, and a carrier for holding the nmetal catalytic layer, it is
possi ble to suppress diffusion of the above catalytic netal elenents fromthe
met al datdliuding pageeitd nwd@@Encapr cerpoun@d ff fof ietah efleetsed el enents from
the carrier .to the netal catalytic |layer, even if the catalytic reaction is
carri ed X 3§ BN PacRBEphere ?ﬁd%hdiﬂ@ Bdrgdir: PR adddt ol X 2 Hyifegen, and
thus it is possible to realize stahle catalytic reactions. 25 30 2 7 JUN
2005 ZPRACEACRKETIET A% IRTREMY FPdfeseFalyppatdtusatebhpr iR§ ¢ a processing
space provi.ded with a holding stand for_ holding a suhstrafe to be processed;
a hydréﬁ%ﬁjgggaPﬁzFHﬁ ﬁ%ﬁ%ﬁ?ngf%hﬁeglfﬁuﬁﬁ?ﬁ 6&§§s?ﬁgm Ypace to face said
substrg}ﬁ:and f or .deconposi ng hydrogen nol ecules into hydrogen radicals H;

S

and a gi¢ w??@diﬁﬁdport arranged in said processing space on an opposite side

of the hyQﬁ%g%ﬁﬁﬁ%%%hY5££§qﬁ$ﬂ§§%w&%e%akﬂclé&8§2{%ﬁ%t%?deQ&e&eedi”9 a
processi ng gas i ncrudi hg at” T'east
from a porous backing material, and a surface of the porous

backing material is covered with said catalyst.

5. The substrate processing apparatus according te claim 4,

wherein said diffusion barrier film includes nitride.

6. The substrate processing apparatus according to claim 5,

wherein said nitride is any one selected from TiN, TalN, and WN.

7. The substrate processing apparatus according to claim 4,
wherein said porous backing material is formed from sintered
metallic wires, and surfaces of the metallic wires are coated

with said catalyst.

8. A substrate processing apparatus, comprising:

a processing space provided with a holding stand for
holding a substrate to be processed;

a hydrogen catalyzing member arranged in said processing

space to face said substrate and for decomposing hydrogen



hydrogen gas, wherein an interval between said hydrogen caéfbyzing menber and
said substrate on said holding stand is set |ess than the t i 208Fhat said
hydrogen radi cal s H* can reach; said hydrogen catal yzi ng nenber carrying a
catal yst conprising one of a netal and a compound of a netal selected froma
group including Ni, Pt, Pd, Ir, Au, 2nd their alloys the hydrogen catal yzing
menber conprises a stacked structure of a plurality of catalytic |ayers, each
of the catalytic layer being formed froma pl ate-shaped nenber, a plurality

of penetr tiqp hal es gein forngg_i sai.d pl ate- shaped nenber, and at | east
BEH 9T Py P

an i nnePest¥aEe 18F° SR 1P i on hol es being covered with said
cat al yst. 27aJQQ;%%%%i 25 2.tThg §Hqg%ﬂ9te p&ocessiqgi%ﬁggr%tus according to
claimi1, whereinh an exnabst p%rf LT ur't FEY ppﬁgf%% 15 "8 B?ocessing

space ofy, afp 008! L8asi de ohe SASLAURILLALT, L 00 AdhilindL 808D g Cat al y2i ng

e subsirate proc appara cording to claim1, wherein

sai d hydnogen cakakyzbpd acsi%d' 363 21180 d r{yd sai d

catal yst, saié cat al yst Eg?ng rovi eg %nnac ntaé§£¢ﬁ€ﬁ@t%g c%%%?er. 4. A
subst r at\p1RIREESSLNYaA@Par at us, conprising: a processing space provided with a
hol di ng 'stand for holding a substrate to be processed; a hydrogen catal yzi ng

menber arr apgedhkis s apskPrERsIA] inSRACE podAa ngakgdassbst rat e and for
deconposi ng hydrogen nol ecul es into hydrogen radicals H; and
opposite gside of said substrate to said hydrogen catalyzing
member,
wherein
an interval between said hydrogen catalyzing member and
sajid substrate on said holding stand is set less than the
distance that said hydrogen radicals H* can reach;
the hydrogen catalyzing membex comprises a catalyst
including one of a metal and a compound of a metal selected
from a group comprised of Ni, Pt, Pd, Ir, Au, and their alloys,
and a carrier for carrying said catalyst, said catalyst being
provided on the carrier with a diffusion barrier film in
between; and
the hydrogen catalyzing member includes a plate-shaped
member and a plurality of penetration holes formed in said

plate-shaped member, and at least an inner surface of each

gsaid penetration hole is covered with said catalyst.

9. The substrate processing apparatus according to claim 8,

wherein a member is inserted into each said penetration hole



a gas feeding port arranged in said processing space on an opposite side of

t he hydrogen catal yzi ng nenber to said substrate and foerEQQNngmg processi ng

gas including at |east hydrogen gas, wherein an interval between said

hydr ogen catal yzi ng nenber and said substrate on said holding stand is set

| ess than the distance that said hyx® ogen radicals H* can reach; said

hydr ogen catal yzi ng nmenber conprises a catalyst 27 JUN 2005 26 including one

of a netal and a conpound of a nmetal selected froma group conprised of N,

Pt, Pd, Ir, Au, and their_ alloys, apd a carrier for carrying sajd catalyst,

sai d cdH JOrTEEng 97 oﬁACd'é’dI%rPattHebEEW??%rsam RrReg; F’f‘ﬁg?‘iﬁ"\ Wrrier filmin

bet ween; .and the hydrogen catal yzing_nenber includes filter formed froma
3ie g G, P LE i

por ous gt e? HSOPI tBEF SFodE TBEBRY itf Miterial is
covered @4%& saL% cat Iyst. S. The substrate processing apparatus according to
claim&" er&in 55 diffusion barrier filmincludes nitride. 6. The
substrate processing apparatus according to claim5, wherein said nitride is
any one selected fromTi N, TaN, and WN. 7. The substrate processing appar at us

accor diyg t Gl gk frac NBL I3 205 OUE, DAKING,PB! €61 8la s f0r med rom

sintere netallic wres, aces o e ne c wires are coated wth

sai d cahplysth s8idAhy éﬁ“éhﬁ@@@%%%%iHQmﬁ@PQ&ﬁhHﬁmscgnEé& L Ak Processing
space provided with a holding stand for holding a substrate to be processed;

controlling means.

11. The substrate processing apparatus according to claim 1,

wherein said interval is set to not more than 60 mm.

12. The substrate processing apparatus according to claim 1,
wherein said hydrogen catalyzing member is arranged to be
substantially parallel with said substrate on said holding

stand.

13. The substrate processing apparatus according te c¢laim 1,
wherein said hydrogen catalyzing member is of a size able to
cover the entire surface of said substrate on said holding

stand.

14. The substrate processing apparatus according to claim 1,
wherein a moving device is further provided for moving said
hydrogen catalyzing member and said holding stand relative to

each other.



a hydrogen catal yzi ng nenber arranged in said processing space to face said
substrate and for deconposing hydrogen 2 7 JUN 2005 27 nol 2dulligd A o
hydrogen radicals H*; a gas feeding port arranged in said processing space on
an opposite side of the hydrogen cat@?yzing nenber to said substrate and for
feeding a processing gas including at | east hydrogen gas; and an exhaust port
provided in said processing space on an opposite side of said substrate to
sai d hydrogen catalyzing nmenber, wherein an interval between said hydrogen
catal yzing nmenber and said substrate on said holding stand is set |ess than

the distancg,fhat, ke " Qég&e%rfga%gékgﬁgg u%riat,[r%:drrcf;i?? ;I:Pt e. iy dro0en

cat al yZi'ng nénber COonprises a ¢ of a netal ‘and a

compoung, Ofe i3, 8@/ méﬁiﬁ&t&’@viéé s969¥R FOMPISed B Dhi1bt. Pd, I, Au,

and their alloys, and a carrier for carrying sai'd catal yst, said catalyst
bei ng \uOviled 90 BB@d?ﬁéré@JndMitr{‘p%rghfLél‘S\b% l%ﬁs!’ird‘ 8 atbgdnin between; and

t he hydrogen catal yzi ng nenber includes a plate-shaped” nenber and a plurality
of penetd@fliven niokesnéprmed in said plate-shaped nenber, and at |east an
i nner surface of each said penetration hole is covered with said catalyst. 9.
The substrate processing apparatus according to claim@8, wherein a nenber is
inserted into each said penetration hole 2 7 JUN 2005 28

16. The substrate processing apparatus according to claim 14,

wherein said processing space ig defined by a region filled

with an atmosphere of inactive gas.

17. The substrate processing apparatus according to claim 1,
wherein said processing space is formed in a chamber defined

by its sidewall.

18. The substrate processing apparatus according te claim 1,
wherein said hydrogen gas is fed from said gas feeding port to

said processing chamber in a state diluted by a carrier gas.

19. The substrate processing apparatus according to claim 1,
wherein said processing chamber includes a light transmission
window, and a lamp heat source is provided outside of said
processing chamber correspondiﬁg to said light transmission

window.

20. The substrate processing apparatus according to claim 1,



for formng a gas flow ng path between said inner surface a?gr _@ql@ g’renber

and a gas flow diffusing portion is fornmed at an end of sa 10. The
substrate processing apparatus according to claiml1l, wherein said hydrogen
catal yzi ng nmenber includes a tenperastre controlling neans. 11. The substrate
processi ng apparatus according to claim1l, wherein said interval is set to
not nore than 60 mm 12. The substrate processing apparatus according to claim
1, mhereln sai d.hydrogen cat al nmenber_is_arr ed to be substantially
oar al | TSR S CORTE oL S g I AP eSS G HE8S The. substr at o
processi ng apparatus according to claim1l, wherein said hydrogen catalyzing
menber is of a size able to cover the entire surface of said substrate on
said holding stand. 14. The substrate processing apparatus according to claim
1, wherein a noving device is further provided for noving said hydrogen

catal yzi ng nmenber and said holding stand relative to each other. 2 7 JUN 2005
29 15. The substrate processi ng apparatus according to claim 14, wherein said
novi ng devi ce noves said holding stand while keeping said holding stand in
parallel with said hydrogen catalyzing nenber. 16. The substrate processing
apparatus according to claim 14, wherein said processing space is defined by
aregion filled wth an atnosphere of inactive gas. 17. The substrate
processi ng apparatus according to claiml,



wherein said processing space is fornmed in a chanber defi n?dT Jo 7808 si dewal | .
18. The substrate processing apparatus according to claimZI, wherein said
hydrogen gas is fed fromsaid gas feedi port to said processing chamber in
a state diluted by a carrier gas. 19. The substrate processing apparatus
according to claim1, wherein said processing chanber includes a |ight
transm ssion w ndow, and a | anp heat source is provided outside of said
processi ng chanBB$TRAGHTr esponding to said |light transm ssion w ndow. 20. The
substrate processing apparatus according to claiml1, 2 7 JUN 2005 30 wherein
said holding stand includes a heating device. ABSTRACT A substrate
processing apparat us hashulstsess PIRFespaee Jppavatisd bastd a hol ding stand for
holding  a SUbSPiGldifgheleoessetba ALY U 905H:AAIALKAT Ak HBIRGL; | S arranged
in the processing space to face the substrate and for deconposing hydrogen
mol ecul es into AyWHRSGEATE redlibCaPECTessel - ghdvdseaPhFagedyzing aFflfrged in the
processi ng spacgs A r3AgeRPAsithe sréleshinghgdtvdtoatitLahal siFshgat®nber to the
substrate for feeding a processing gas including at |east hydrogen gas. An
i nterval betweefPd HEThJEFSHAT 1At BYYFAGRD PRIFSELCAN tenBYd=ie58t rate on the
hol di ng stand i sag®lalkess. thaast heedidisbapea s Ratatdra BMdeagen radi cals H can
reach. processing space on an opposite side of the hydrogen
10 catalyzing member to the substrate for feeding a

processing gas including at least hydrogen gas. An

interval between the hydreogen catalyzing member and the

substrate on the holding stand is set less than the

distance that the hydrogen radicals H* can reach.



