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, daﬁ?ﬁA%&ﬂ%i&ﬂ"%?ﬂﬁlﬁ {ri Ag‘l‘ﬁ[ﬂf& %ﬁ% 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 hydrogen nol ecules to the interface between the silicon substrate

and the oxide FemhcaEnot (Rf &t REPLFRRTYCEPR devdge c RddcaldFquak® er nicron
devi ce, that i Shydrdaeghtyrmiinatabnlriaedssend Fordy ciadicdRagens-ce having a gate
| ess than 0101 p i conventional .thermal oxide film it has been

d of
studied to rrak%]r(fg:ng%gaaaf“ﬁiat %%V%ngeinl AP PR FRRE 8% PEe fil m f or med

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



by plasma direct nitridization or plasma direct 27 JUN 2005 - u@J’r\éridi zation
and oxidation or plasma CVO as a gate ing&utating filmor valziz 2008 ¢ parts.
However, in a highly mniaturized sem conductor device utilizing such a
nitride filmor a nitride oxide film it is difficult for 5 the hydrogen

‘mol ecul es to pass through the nitride filmor nitride oxide filmof a high

density, hence, redict t the G vent hydro en sinter
processing wil Plér dslzag c'méfai‘nectD e%l {:u‘%]f Sr “a¥ %eerqn conduct or

devi ce, such as lns_@laa;ltngi hi i lom Vaamstomne('lfﬁﬂ?):s i Howstrech ithe active regi on
s formed by an,agprpReHs. 8ldd.eansbh] Mlhich PAY: 8L 1G98, 4dd laade on a gl ass

substrate, it hasgal been stu e use a nitri |Imor a
nitride oxide fni‘nrideorfn@ci By aphatnedecjiqxede Tiley, | 8t Zet idOAL orulyl &srm direct 15

nitridization apge qg&lcﬂ@&éﬁ’rindl cB'.L@é”Po S\C{Qsaéu%u Alfhe HRSUIA iM9nfid m but,

also in this case, I't beconmes difficult to ter%tnate t he dang?ﬂmng bonds in a
poly- silicon f PEFisle axigporigRons %ifiligé’oﬁeﬁ‘-’ﬂitm kenqcheifiakyl i ng bonds on the

interface betweghedtgeRBOLYaiSidHeCOBndddtoNhl HRirbhsn AR RIskIGPN filmwith
the insulating filmby neans_ of hydrogen sinter processing. In the rel ated

art, when a sen’i‘t’:%di?@tﬁ?rlﬁieeﬁf@&tl‘r%]ﬁri cation process is started, a

sem conduct or substrate 16 Wdhiason, Sf.dﬂ GOBeRfoRtiut o2 XR0sEs, tsuch?agas at a 25
tenperature f 12 0 nd thereb qgﬂgneyennes of the, surface is

el i mi nat ed. n det e 655 n thePiehpsts FCE1EUrPIL8" and a SiH4

gas i s generat edls ﬂ:ﬁ:d‘ledSb‘_\a arr emukphow GlidttdrnFipardd @npody-dilecsnbstrat e

surface are 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



snoot hed. However, since a tenperature of 1200 Cis quite S%thh a
tenperature, it is difficult to performpBanarizati on uni f dr v the
entire substrate surface, especially for a substrate of large dianmeter. In
practice, in a planarization process, it turns out to be necessary - 3 - 2 7
JUN 2005 to realize a uniformtenperature distribution wwth a precision of
1200 1 C In VigWof usi A0 di¥e M0sintdee0te diak08 M AREL e, SUbstrates, it is
desirable to lower the tenperature for planarization processing to about 800
C. 5 In substraPeeprtiedssf nt2WY #t he"G-elnt etbwapt wsingg th2 mows| seedrds, it is
difficult to peiﬁﬁénciiléfﬁeg@ﬁisﬁﬁ@tr@ﬁ@é",ariitz%ic@%iﬂﬁ@f@%%i Nt tgHCh a | ow
tenperature. DI SCLOSURE OF THE | NVENTI ON 10 Accordingly, a general object of
the present inVERRSGTUES for gHlaPrazat ivsverofgding dfukbsubHWaf® processing
aﬁpar gt us ansibflxﬂe§1bsgirfa@é Ifuaﬁ:rejs];@ah@rtgf &hes%matﬁadyﬁﬁ Asidew,ce able to solve
t he above problens. A nore _specj.fi¢c object of_the present invention 15 is to
provi de a subst?‘gf%c%ﬂ&e’sgi d&ﬁsb?lgt%gof@?rfotrg‘r % &5°A5dangl i ng bonds on

t he surface of alas®mizaahchgiicessbsd raat euby 41SoRgtdyubragereradi cal s, and a
met hod for fabricating a sem conductor device including dangling bond

term nation processing by using the above 20 hydrogen radicals. Another

obj ect of the pPesSEISURRventTHIN INSENTICNpr ovi de a substrate processing
apparatus characterized (,Si C i.ng e ided with a

hol di ng stgﬁd for hol di E‘éc%lcés?ﬁ%g et Srseeh %ﬁ%&ﬁs%fiﬁﬂf*%ap% ﬁ‘a:gen 25

cat al yzi ng nenbérventrigagéd i pravdderapeessi md paetul subsbratesai d substrate

and for deconpogifiedWALOGSHRLECMES 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



into hydrogen radicals H*, and a gas feeding port arranged in said processing
space on an opposite side of the hydrogen4catal yzi ng nmefberjozgqi d substrate
and for 30 feeding a processing gas including at |east hydrogen gas, wherein
an interval between said hydrogen catalyzing nenber and said substrate on
said holding stand is set |ess than the distance that said hydrogen radicals
H* can 2 7 JUN 2005, reach. Still another object of the present invention is
to provide a substrate processing nmethod characterized by conprising a step
of feeding hydrogen gas §§1%9[ﬂ“@gé§§i?R?@§tgag the areydesBYeRfi®Rakber, a step

of activating sablprdiydeosef 3asane tﬁt@e@._mﬁ%mhs@t@ayﬁ&t&ﬂeaeﬂﬁr ating
hydrogen radicals H*, a step of neking said hydrogen radicals flowto a

substrate to be“PPRICEEEE02 Shf? L steRTingr NB{IeEsPRYy ASafdPERARSELB¥e usi ng sai d
hydrogen rads cabss &0 aHprod®dsiagothaibedlj acttf obEhg-finaseny ddivention is to

provide a substrate processi-ng nmethod characterized by conprising a step of
f eedi ng hydrogehyéﬁ%&é‘sgﬁsp‘FJd:g’egsflﬁ%og&élsC?Ba]é’sﬁr%%%i“ﬁﬁa?ﬂﬁrber, a step of
activating sai dhg8rduyedr @gencgas Hw, t4 stdpy df againgassldy siyaasgbrgener at i ng

hydr ogen radical s  H* afggeg:of ki%%_sakd dero en_radicals flowto a
: %H%n sed, a

substrate to be BrocESsEE°Y Aifd 2a LTy 2 6t BFPST R %saf¥ SuBSEPat e usi ng

sai d hydrogen raflipalcessiig ssidr eulpsitdaeestieingpfsapd anairogemgrasiicdlsubstrate i s
20 carriedcgyt gl a tenperature not higher than 800 C. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a view showing a configuration of a substrate
processi ng appar at us acc¥®ianytheraodjacst 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



25 enbodi nent of the present invention; Figs. 2A and 2B are 3/|7eg\§N53|]g§M ng a
configuration of a catalytic filter used bn-the substrate processing
apparatus in Fig. 1; Fig. 3 is a viewshowing a result of a relation 30
bet ween the hydrogen radical generation efficiency and the catalyst
tenperature obtai ned by water generation in the substrate processi ng

Apparatus in P Sedkickidon b Sy ARRULI i CORRARN ALOBefay JUN 2005 -5

di stribution of rogen ra nareglonjust cata yatlcfllter
interns of fl uﬁatéﬁtnthé Sibsr aneteyyso©&sslwy iappae @tﬂ‘a’stmtq:l g. 1; Fig. 5is a

view showi ng a pel@ldsfgOipgeauiseth Rgstiucture paraneters, hydrogen
concentration in the processing gas, and processing tine for obt ai ning a

sufficient amount of hydFbt@er? Aadf cHioy FBPVihSt Fatar 1opr oE eresiuaged n t he

substrate processhngu@RPaifineteks, fiylirogdh dhckhBratBonSi@ tHeEW Showi ng
distributions of elenents in a_catal ytic netal filmbefore being used in a

catal ytic reactPoHeEigd 99 aﬁdﬁraﬁe?%{?\?nfgjm&i EPF iPGEABHRY & el enents in a

catal ytic netal sﬁfﬁlfﬁléf'lte&mdlﬁitngf u@mioganarad&amatﬂ:ytshsstﬁ&@ti on; Fig. 8is
anot her V|ewshovv| dIStl‘Ity_lF elements in a catalytic met al film

after bei ng used" 9578 "€at™l Ssetfé’tteoﬂro‘?ﬁsj‘m@ PRI I8 AP vi ew showi ng

distributions 2 of elenents in a catalytic netal filmafter being used in

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



a catalytic reaction; Figs. 10A and 1OB are views showing aj poplﬂ gqh;iati on of
a catal yzing nenber according to a secordeé enbodi nent of the prege

invention; 25 Fig. 11 is a view showing a configuration of a catalyzing
menber according to a nodification to the second enbodi nent of the present
invention; Fig. 12 is a view showing a configuration of a substrate

processi ng apparatus accaqrdi t.o a third, 30, enbodi nPnt of the present

invention: Fig. 13 is a view Showi Ao s "coRPTHIT & PBR-asE 8T 3 férate

processi ng appasabstsraec prdtersedoba thd tshbsendied prends ihgt dgpgraessnt

invention; and 6 2.7 JUN 2085 .- Fig. 14 is a view showi ng a surface of a

gl ass substrate pro%ess‘ed by the substrate processing apparatus in Fig_ 2. 5
BEST MODE FOR CARRYI NG OQUT THE I NVENTION [Principle] Using hydrogen radicals

H (hydrogen: at gag) . ydRe roR" trak e RN P RRt es the dangl i ng bonds
generated 1 iﬁ—an—rnsvﬁar%g—a?—a—m—bﬂdefilmor antride
oxide film covering a silicon substrate or a glass substrate, and especially
on the interfaceppgiyeana the insulating filmand the substrate, or in a
poly-silicon filmor an anorphous silicon film Hydrogen radicals H* 15 are

abl e to pass through theUALRY iTErPEemm IRAichss di't fhyérogsy aees)-nmthelydr ogen

radi cal s H* canpbes&asiinyegensl akedinatedl tRX a2 indb24S! §didalydr ogen
nol ecul es |{10 He pl asnma

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



but because the collision cross section of He is small in Zoztﬂg Ee%lﬁl asnma,
the electron tenperature is very high, and -for this reason, "t [J ises a
problemthat both a silicon substrate and the sidewall of a processing
chanber of a substrate processing apparatus for perform ng hydrogen

term nation are sputtered and danmaged. 25 In order to avoid the above problem

in the present |£v ntion, the hydrogen _ radical.s I—Eg@q@ﬁegggfrrq@%e?hi gycgse,

reaction using PRESCAYA YET el Fect Sof el s eving
since the |ifetefBimgftyt,hbedd: goabl ate didrpapogierionadf daldsot®ni s short, the
catal yst i nducj a j i e t ubstrate i n other
word, at a di st}gﬁg%é%%tsh?ﬁyﬁ?ﬁ{g%? g%%%a{r%f: iBHO%C}%?PP eﬁeneagg?'gt a}aglg-r%]é? at ed

hydr ogen radi cakéfe¢t. Ao the other7hdndN 20D5s maferyiste theb ars oxade of netal s
having |argesel e¢tr R ALF EQidas i %%&1@ i e ition of hydrogen

nol ecul es into Eyd’éo en radi cal slH* y thg% %\%egcg%llggi'c effect. On the
other hand, it R8¢ rEbRe WRarekevand detak.f Nim ot PHe For edare netal s

used as catal ystseraGeALdbodt y Fraschde, el s¥alt HeidbSasN tndt, Pd, Ir, Au are
preferably used. Further, in order to increase the distance that the hydrogen

radi cal s B* candiet@ifesshat #he hyieeawe rrAserionidf caedieghn ot @fetubst r at e
processing 10 appgFdidlFrebdon Srpaetafalirethdalupkieaty regesnsgas supplied to
t he processwg chanber be, di] ut edﬁgg inactive gases. Diluti ng tsLhe hydr ogen

gas reduces't he®BRYGHSi ty FoPTEherayendrat ddenduroien Fami e¢ to
reconbi ne with eacthe pirbesssindy reaniser be Hyliededy nMaettil-esgasks.| n additi on,
by using hydrogBQl&é%ﬁgP%hé ﬁﬁ&rogen 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.



generated in this way for planarization of the surface of a silicon substrate
or other semconductor substrates, the -t@nmperature of the 3ubsi/Na3085

pl anari zation processing can be |owered from 1200 Cin the related art up to
not 20 hi gher than 800 C. By providing a diffusion barrier formed fromTiN,
TaN, WN or other nitrides between a netal catalyzing |layer conprised of
catalytic netals exhibiting catalysis, and a carrier holding the netal
catalyzing layer, it is possible 25 to suppress diffusion of the above

catal yti c netal [BEissrembodimemtilhe above netal catalyzing |ayer to the

carrier, and diffusion o tal_,el enen f.romthe carrie tQ the above netal
catal yzing | ayer, even i?Igﬁelaggt%g y i‘%:O%frlg%%tllgﬁ €apesf¥)31l;ﬂ%q':§ in an

at nospher e i ncl pdoegpsixyggappanatdd ddidd eartwingyduogemirogad dimtierit is _
possible to gealize s\ﬂﬁhgbé co‘i%ﬁﬂéy%é G HL 3G L OMGmofiilersUGE & dli TTusion barrier
filmcan be omtted en the catalytic reactions are Jperforned in an

at nosphere not Pre$ent Agvextig@n. 2 7 ! UN 2005 [First Enbodiment] FIG 1 shows

a configuration of a subgbidtengPE9Ceasi RY @,%%P_igg%geggggée%rr@yi ng out

hydrogen sinter 5 processing according to t rst enbodi nent “of the
present inventi 8RAPAREMSr 1§ np CEUEPERD Fithhe RIpESEs e chrdewsdilng apparatus 10

i's equi pped W t BxRat@eEsE| dhatRa@NbeFtsli1aexhauphe At exhaust ports 11A by a
punmp 11P, and a 10 substrate 13 to be processed is held on a ,stage 12 in the
processi ng thanBepPsHRteTHE @(W&UEFO%%?I"’%? 14 Aedflgor e sEeggel? 12 572 provi ded on

t he bottom of theodEdagstigneiranberthkl exhided borton 10f ahbecHy @eggsi ng chanber
11, a tranSpareTE 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



optical wi ndow 11Wis provided, and | anp heating devices 15 lg\iar@up{ ﬁﬁ\/i ded
adj acent to the optical w ndow 11W In -add+tion, a heating d ié 148 £ or
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 chanber 11. The gas line 11L is equi pped

with a feed por 1B for feeding as .a processin as,the s | i ed hydrogen
Gas t oget her i LR AR JRecpRetans; deRsRo bl gt HE rigteu st P Bnber 10 The
processing gas fLerl, theoprotwsdiagdgporilowtlso fiHel suafgmsofhemnel 11G formed 25
along the inner .peri BRErys ofnddign St dguablen A0d00EN. 151,801 {4 eflapni formy to

the inside of the processing c rough- épénings’ | ornmed on an
i nner partitionseatds als| ghe Hatwegdetndhast tthe geecechahndlt this itimehebypr ocessi ng

chanmber 11. Jhe N I asunit ar f e inner partition
wal |l 11g, th'gé-t Fgeﬁt%giﬁﬁn%% gr?%%%nt”\iﬁ/g Ig{qgggFgér?céﬁgoﬁggalgwggshomr pl at e.
The processing §han érimeepberin Pughseto Shoneformppas efawgteities t he space 11F

besi de the opticalridd@Wne SunsBrded P 200%e FLUhLA. (RELRE aRRE8L&Y chanber
11, and by driving the the processing gas flows to the surface of

> punp 11P . ]
the substrate E@t%wt&&gﬁfgterﬁaﬁog%r@é@@aﬁwq% PREFEILing f¢igice defves as the
| ower end of thes dédF. At this tine, by 5 setting the gas pressure at the
exhaust ports 11A | ower _than %Efggs heric_pressure, a uniformgas flowto the

surface of the substrateSi3 ®a 1ag tiga Lo eREIRY HEYdER 1t ald ytic filter
15, a tenper at utke Ciefipeohtiury cdavierl itgHdet sceprion| dall s&0tHay thy driving the
lanp heating de%&éﬁ%fg%uggdof the filter 15 to a desired value, dﬁe 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



the tenperature controlling device 15H, and setting the tegpfuﬁhure of the
ift

filter 15 to a

deconposition reaction of

takes 15 pl ace

desired value, due to a- R0 catalyst in the

in the processing gas flowing to the surface of the

i85 a

sub

t he hydrogen content expressed by H2 -> H + H*

strate

13 fromthe space 11F, and hydrogen atonms, as well as hydrogen radicals H*

are generated:

200 C by tho heSPariHBRCIT (e

o SR L b e 5o R0SE e s o aRe

in this way paSsmietr dughdd ohei asdgvatlilngf f themptocaed ngnchdwdezutf ace of
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t he substrate an
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he substrate 13 is_se , . for exanple,
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t he
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contfgaﬁaﬁélﬂé%ice 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
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.

Referring to FIG. ZB, 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.

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
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,



FIG 2A shows a configuration of the filter 15. Making reference to FIG 2A
the filter 15 10 includes a grid-like f+anme 4renber 15A and abc?rdﬂfﬂ 00 ter
15B hel d by the frame menber 15A, and the tenperature controlling device 15H
is formed on the franme nenber 15A. The porous filter 15B is conprised of
sintered stainless steel wires, and a filmis deposited on a 15 surface of

each stainless sjeel wire vmtha lNdlffu rier |layer, ip between. FIG
2B presents a pf%t%\'eeg?gﬁléﬁ‘ltlﬁ? SEEHTRICK g geﬁ%&m’%’n %HCF%%%:&}S giﬁowi ng the
structure of thenpgreowsltés [itSen s linfsh Z&haeémmttngft@md:k&eﬁ&onthm por ous

filter _158 is %QO‘N” to etha}en gggr atﬂn%”e&’é A hgc l%i'ber %f st ai nl ess
steel wires, an 'S FooR/ en t rres-a ovm n e processi ng gas
i ncluding the hgrdwmg:enfgabe a-ra!dterheon‘aerm&cbbvm ihothpapspe Hrl@ughn 25 FIG 3

shows results of, Iaﬁ%‘é&egsi%er{‘%é}géﬁbr Sl LGd GLALES: Qfn LRE; Dy ?ggf\ radicals H*

in the catalyti e e substrate processi ng apparatu
obt ai ned by fee‘dlllq!]gﬂyalrngﬁm waslighleifgeNogasthmid thytrogeperigeedtf rom t he gas

feed port 11B agg,f l}nhﬁe W@S%énglfﬂ&%n39uﬂ@&%rcecwtl%nh { ndthgndi scharged gas
in the exhaust I pe generation efficiency o? t he hydrogen

radi cal s in @%@WPF%%”QLGW‘%V% ‘the anpbunt of the water content

observed i n the pipe |i pMQJ@ﬁ{f%éﬁéreﬂdé eentf@sts, théUarti:uZe?te] ENig005 if the
generation efficiency of the I}%drogen radicals H* in the filter 15 is high,

the anount Wt t RePRGHEESCHMt &Pt HIs dAFEAF nth(%ée%ﬁf(?“i a1/ ARy edds.
Accordi ngly, thendamuabseisdadicannd elepeebbety thBSeamradatird & ghee |ip can

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



5 be viewed as an indicator of the generation efficiency of 2thdUNydgpgen
radicals H*. Note that in the experiment 1zhown in FIG 3, the silicon
substrate 13 is not set in the processing chanmber 11. Making reference to
FIG 3, the ordinate axis 10 represents the reaction rate of the reaction
H2+1/ 202- >H2O, and the abscissas axis represents the tenperature of the

filter 15. In the exp hown in the o en as was fed at a
flow rate of 1090°%t %kﬁ%}fﬁf’%ﬂﬁa&ﬁmsﬁt% 'ofiePﬁ%&(% BrBlb%n gas was set to
vari ous val ues tSnodrangiign igt a.heamg:mdgneonréﬂcﬂaanﬂvt anl@R® map. Referring to

FIG 3, althoug he fl.g ate. o dr a S nged greatly, it is
found that in Q#weceélses t etre(]aca?: i on raf!‘ ‘ﬁ%sé:gg s]r%\ﬁflpé %th t he

t enper at ure chadgérgpses af rigmgeohcamdateononinthenpatatgenerfliceds 190 C

i ndi cated bysthe filter : t %Qﬁ! 200C, a
reaction rat e o] Qlléjb?t'oD%%Ova%lgob%}%a%g lg‘trleci]ﬁqthg l?ﬁdg\?\]ﬁg%ln FIG 3
reveal that hydradierslsr Bl esmonepkiakley dﬁtﬁw etitthythye fdsbaeek fyomsi ng the Pt 25

filter 15 at a fjbtar te§np§r L8 Q bly, 200 C or
hi gher. Meanwhil e, thléc hy 1%;% rségllghce; gbgl*t%té&n%rgg%gu%ef%ﬁg way return to

hydr ogen gas Hze1‘4‘3’ft]h’e9u%lf? ¥ Wi Hildgehlot Fepn Wbeis fpcehdtditst ance H

between the fil teKsikar3@ Mt tlhel§tth§f%§aslel?th(al§| Q’ie Phrbserd @8s! ang, the
gener at ed lidro en radi cal s H* di sappear_al ong t and fajl to arrive
Y Ehey fe(eﬁ%Po

at the surfite OFtQ HESsHBRFTSHEI1amEeE 4 SEXHC ¥hdlByB? ogen radical s

H* can reach, thfiutes tbhe certdin PagrddN\Noy 05 orxr anger ahattierehyds@gen radi cal s

H, depends on the 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



concentration of the hydrogen radicals H* in the space between the filter 15
and the substrate 13, and it decreases ifl3he concentrati o @fjuthegsydr ogen
radicals H* 5 is high. Due to this, the concentration of the hydrogen

radi cal s H* exponentially decays with the distance from the filter 15 towards
the substrate 13 neasured from exactly j ust bel ow t he filter 15. Fromthis

fact, it is considered that ef erglbgg%t Sg:it he ro en _gas fed 10

it
into the proces&fAy - thabe r‘fﬁs i’éeb P88"to a certain
degree by Ar or wbehethe rmantewle:agasesof tHeChydraizongas Jmoruberﬂup@tliie@

di stribution of Qg?{} régg;csgfo PE% R l%%@ﬁrﬁ% {heo &g&{tel&el ow t he

filter 15 towards dstT case that hydrogen
gas diluted by Aydg@gen gaduppld & as konu.oeedsi nfgdg*a@l tfdmch@f Ard8¥ssi ng

chanber 11 fEomfiesteadss NakhiddB.evkh LbS: SERSLISRR ARUAY BGAG 4. Lhe

concentrati on of the rogen gas in cessin set to 0.01%
0.1% and 1% re§béc¥9‘(ﬁr¥l ?urf-‘?FEFIO@ tize mttehelﬁyr (fﬁeﬁa‘t'fbll@ﬂ §he s cahe

concentration OElﬂdefsog.%Qerr@(HnCQk§Owcrh_n §£W‘Jggtfﬂéi>&woihé ha 1hydr ogen
radicals H* per unit time and per unit area, and the abscissas axis shows

the di stance neaSur@PT tHf FPRFIERREIQYCEaERS JivdrRESn fgast &R % t owar ds t he
substrate 13. 25uﬁgiﬁd bRgcéssigGgad, 1aMoenst ey caneemddiate Ofudifcait he hydrogen

gas in the oc as_is 1% corresponding to the high concentration of
the hydrogeﬁ5 g 29‘?7'8’ R SbORE T AEFER 1T © hﬁ‘i’r ¥en radicals H* over

1x10'6 CM -2 sec' in termref Fadesahtd Inesulss ol ahaek13@ipusiethekaw the filter

15, but due to e hi 0 S|b|I|ty reconbl ati.on accordin 0 the high

concentration o%ﬂe@e oggnérad( Cal's f}-’]*otertﬁ PREE %S afncﬁy%rogdgﬁ‘hradl cals H
hydrogen concentration, assoc1ated 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



beconme extrenely short, so the concentration of hydrogen -- 12 ﬁ 7 JUN 2005
radicals H* drops sharply with the distantcge._ I n contrast, YIJ N2
concentration of the hydrogen gas in the supplied processing gas is 0.01%
the lifetinme of the generated hydrogen radicals H* is long, and a radical
flux of 1x1013 5 cn¥ sec-1 is obtained even at a position 30 nmaway from the
| ower surface of the filter 15._ Meanwhile, the radical _flux is |ower than
1x1015 cm -2 se@PPRRSHAD ol (FHE-f L1ty 151BOSYiRER EReTESRERRIYAti on of t he

hydrogen gas Intéh@ma&@pahwﬁr@mﬁgs&ﬂ& gaStHes 18cddfac@nokn Arikedi ate radi cal
10 fl ux between the above Wo cases |s obtained. _FIG 5 presents results of

the relation befRBettl AR PEHiYE 8B TRESHERTTANS & - RUTYPPAY RSt @nce H and

the hydrogen cpﬁc@éﬁgm‘gl@@s }ﬁ&ﬁOQEﬁt@ads i Lt aca ki eNSaproecestdng ti nmes,
obt ai ned whe, gg% |ng ar ea, substrate 13 in FIG 1

Wi th hydr oge ppPST ) cheritiniegicadin iR Aeh BEERA AR o density
(2. 7x1015 cm )thefceﬂ:lalllytdm o tielre 13 uatf aceerqﬁeratsréllﬁ@tneermralmo Referring to

FIG 5, itlsfgndt e hd conc |on|nt rocessi ng
gas i 5 hi gher et Bibies sep 088 o el B Bhedbet it nl b
catalytic fil tedi&‘Sarfr&@sHt oetyeecy @hghflltt@ralﬁlasldanbe fdistrate 6.3t Bam 5rm from
Lhe subSIate Liosiereasy: MILRANE ndl A HORE S LRbERLAS ¢bNe Processi ng

gas is less than y extendi ng the processing tlne i's possible to
25 supply al@uf Fh‘élféfﬂroaﬁbmn@tﬁ%ﬂf@géﬁ FrriiPcarss$#ng gast é‘Fhﬁ nate the

dangling bonds ghosd | &8R- MOFceYEN A ?z@?fghﬁcﬁ%ﬁlg fetuegn the
catalytic filter 15 and the substrate 13 is [onger. For exanple, it is shown

that by settin§hehHeermearbaenh okbeniubstrake il tlﬁ‘éeﬁr‘fé’@ésé@%gc'cga@s

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



30 to about 0.002% and allowing a processing tinme of 80 seconds, the
interval between the catalytic filter 15 @nd the substrate i?? (jﬁ ﬂgil
increased up to 60 mMm As shown above, in the substrate processi 8 =14- 27 JUN
2005 apparatus 10 in FIG 1, it is possible to effectively termnate the
dangl i ng bonds on the interface of silicon and silicon dioxide on the
substrate 13 by supplying as _a processing gas hydrogen gas diluted with Ar or

other 5 inacti VBIEREES| i hinadvrsedehdrad ea s Mnd2fisalafHy the
catalytic filtepeldiatizad! atpeer as Urendhieghespyt banodf: generigbar abl y hi gher
than 200 C, and furthgr setti g the di gtanc,e H between the filter 15 and the
substrate 13 tol? %o P‘:l&pﬂ'?rtﬁg i IR gk bt BBr e rh AR eP9niSttording to 10

t he hydrogen coarkits.afiupthdd) thepqizessi fipsgasetdllte anabgdrsubstrat e
processi ng nb erforned while setting the tenperature of the substrate 13
| oner than ?fﬁdg’ss aﬁe;%sslﬂ #3515 possible to avoid the probl em of
characteristics change i Dnaddighby; nimitht uibaedexjmmetboprauct or devi ce

formed on the pro ed_substr. - t he.ot her_ hand,. since there arises a
danger of hydrogen %‘é%xﬁfoéslt?socn l\%ﬁgnojﬁaﬁlgl perat ire sgtf])s?ﬁaetecgtsa Uic filter 15
i s higher than 5@%W@atet13 Shdésis aiyl det prewassedl Wute itt evpesatbie of the

catalytic filte ngt .{ %GE 0 £20 t t cessing
apparatus 10 inE?:I Gé 1? EEs)slsﬁce tgﬁre;,%jdr:oge%agngg?b;aegigtga%%tsﬁg%{%enerat ed by
pl asma prockssi RETMIREre TR .n6f e spebrain 4B iorthe ppeaiiadtisoln damage of the

hi ghl y-m ni at urpgged 125 sem conductor device on the silicon substrate or the

processi ng chanber 11, even if the hydrogen radi cals H .
FIG. 6 shows results of element distributions

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



are generated. In the above explanation, the hydrogen radi cz? N ﬁ@e
generated by the deconposition reaction ofg 30 hydrogen nol ecul'e 3 r the

catalytic effect of Pt in the catalytic filter 15, but the catalyst is not
limted to Pt, use may be made of netal elenents that have |arge el ectron
affinity, are able to effectively deconpose hydrogen -15-- 27 JUN 2005

nol ecul es (HZ) into hydrogen radicals H*, and can hardly be oxidized, that is,
the entropy of B)¥dengefiekls ifodtes 13 arfde. Sudivvheths anphgtiwe Pt, N, Pd, Ir,

Au, and their aLlows. £BHr4 RBIscotOPROUNGS P cdiies epdmtidhSondiet heir 5 al l oys
are also usable In addition, in the above explanation, an exanple is

described of usFhEreF 4°)i a%h Ens? rstwsahe mnalyghag masulys §9%af is to be

processed, but &isdsioR@asiPlden Lanés e tdbASs: subStials, 160r exanple, a glass
substrate 10 carrying a TFI, as the substrate 13 in the apparatus in FIG 1.

F .
FIG 6 shows’results of BEEWENIIEStFiGut ¥ orovgPong dth&2deft i rection in a
Pt filmin a Stah#f£c PhisOEhé¥h BYSaUe &S theeat #aStindgarsules, kyftaeans of

ESCAR. (El ectron_15 Spectroscopy,For, Cheni cal Anal ysi s) en the Pt filmis
Girectly fof medti TRES JTEEE 5 SEPH Sueretted bhethe, OGS  he
aforesaid Ti N dof fired @ Harnii endf thendanceheratjensust fHe,t er, Endskown in Fl Gs.

2A and 28 In FIG 6,  the. oorg{er}ﬁt_{gréndio%alces at m.conc t%r%%t if%:% of el enents

. ase . .
in term20 of a %cﬁéperéeﬁ?age, € ab’scl ssl'<'§1e|$r‘11 i cat 65 t ching time of Ar

sputtering Huri egiddse oESGAR Ghabkygidi aviekEemgnadef 8imrc@rigit€ll@y 6, in the state
prior 1o usage.,&XCeRbmiRls Aidl hoble.ARRUNY Gfe BXYEAR AL LNEs
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,



penetrating into a limted area of the filmsurface, the 25 Pt fil m consisted
of the Pt elenent only; and existence of 1any other el enentls/i&Matiobserved.
In contrast, FIGS. 7 through 9 show el enent distributions in the Pt film
when the Pt filmwas used for 663 hours in an atnosphere of m xed hydrogen
gas and 30 oxygen gas was supplied at flow rates of 2000 sccmfor the H2 gas
and 1200 scan for the 02 gas, and with the porous filter 15 at a tenperature
of 485 C. Note {VRatow§ @ityidehoi®rt REmBRE F2NnPw B¥UFR™s PRorseH di scol or ed

gol den outer - 16 - 2 7 JUN 2005 portion of the filter 15, FIG 8 shows the
anal yzi ng result% for_a discolored silver center portion of the filter 15
and FIG 9 showd Fﬁ‘é“%rﬂ%? Ftlesults for a discol ored gol den inner portion
of the filter 15. 5 RefemmcBg 10n BhESL0T dHt0osHondightati@s dpund that, as

shown by all _of these analyzing.results, after_the usage, oxygen is strongly
concent r at ed”on claﬁgf%ﬁﬂgaglém%‘? 2PhEBTHN I e tsﬁ‘éorbcg%g@ﬁ‘? YRS of Fe, Cr,
and N i ncrefasethei Preddner immrdﬂpnopwtpm dur s iaf ttﬁé]&uBhtfaiﬂe"n 10 ox! des. of
Fe, Cr, and Ni .rrgcé%fej]%%da g‘!”tnaﬁ:gltsoéhg 1:glat.IIIGy %tétlse%eﬁlgtljsg{ﬁn S c;rdtplot exist in

. . 1 0 .
the Pt film it"Ts I"ev y come Tromt ai nfess wire carrying
the Pt film | ncadalytion£istercd St héncolasnifatargnl10B, Rthe daed i nes remar kabl y,

it appears that iB,aAGCON dance, v }a%e%%é NN penat E%}t‘éngﬁ%,tgtst ons diffuse

into the stainless steel wre. [ resent enbo , such kind of netal
el enent di f £8si davarsil@edyi besre desrotbechn apé eupgnatiey b)ereaft @rposing a Ti N
di ffusion barrigpifiddn as previously 20 descri bed between the stainless steel

wre and the Pt film ) )
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



In contrast, it is found that such kind of nmetal elenent diffusion is not
observed and the elenent distributi onsqsfg)w_n in FIG 6 remiwggﬁanged even
after filter 15 has been used, when using the porous fil ted i n an

at nosphere of 100% hydrogen but no oxygen. In other words, it is possible to
use a porous filter 15 with the Pt filmfornmed on the stainless steel wire as
an effective hydrogen catalytic filter in an atnosphere of 100% hydrogen. O
course, it is abpenimgssilbbein Flgsel alpauppdisd thirbuer thenfiagphedned have a Ti N

di ffusion barri snlﬁyeaheaﬁen@t@e%ﬂmecatsg' Mol €nd 1 dutr@hel bA2na! nospher e of
en. As f Ier

100% hydrogen but no oxygen. As such a diffusion barr ayer, besides TiN,
- 17 2 7 JUN 2088bstziRticodd . mid itdethis erdgdnpihe mafrogsn 9@¢ dén be used.

[ Second Enbodi nggtdmpdes. 1 A0N 1RAEJOB Slaw. s GgonhihguratihencHfa1gtdccat al yzi ng
menber 25 according to the second enbodi nent of the present invention, which

is used in the §6BFY &fethprRcdddrpgl Appadat ie THei hydmogen 1ragicalsubstitute

for the catal yykCgéndda@edldn dnisFh&s.arkQbecand th@BsutfiReSafechd ef erence
nuneral s are asslilgned to_the sda(@)mefgarts that 10 have al ready been descri bed,
and expl anat i onSYPHETEST Ldr SPDAPFTHP L AMIRE nPIBABE MRESt SN PR 10A, the

catal yzi ng nenhate2fdenelusEs candisdxisikaped silippehtémgnaesbetack5a8 nade from
nmetal or others,_ and ir% tge fijporti ng nenber 15 15A1, a | arge nunber of
penetration hol 5eS B8P ERES t5'med.  As shown in detail in FIG 10B, a
catalytic fl¢m 15b conpihseguisofmPbdiorerdt hétsis slsoatedevablidahianner surface

of a penetrati O@hgqllﬁjljoggﬁ’giéjgehgﬁﬁﬂl_ri%d gspéx L{:&'ocessing gas after
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.



15C is inserted into the penetration hole 15B1. As shown 20 in FIG 108, the
plug 15C is partially cut on its side sujffaces, so gas fl@w nghcpmgnel s 15D
are formed between the plug 15C and the penetration hole 15B1. Furtherm)re a
catalytic film 15c conprised of Pt or others is also coated an a portion of
the side surfaces of the plug 15C 25 form ng the channel 15D. As shown in
FIG 10A, at the lower end of the plug 15C that is, at the end facing the
sili con subst r att®hidd Eghodirertd| di ng stand 12, there is provided a diffusion

portion having an enl ar gﬁg o di @TRLEls g%g%ggggtgona&ft;guggtéﬁ\ger end of the

penetration hole 1581, erei1s torned a er portion to acconmodate the
di ffusion porti Bﬁocererﬁlﬂﬁealé%ﬂr@lb}ﬂfl 9 WQFHQBZOO&@ hehiggogmboddmant gur at i on,

the hydrogen gagsfegk fyremeibesawesnl8 - 2 7 JUN2 0 0 5 openings Ilbin
FIG 1is sugpl i ed throu h the gas channel 15D in the penetration hole 15B1

to the surf of the sBBEeF=® ¥3 Flfhd 1fn ihitdepewpydatehe hydrogen gas is
deconposed i nt Opb&@ésﬁﬁ@@ gﬁ@&:@&h@ #0, duR t@e& hRreal fd ohBebr&f Leeh of the Pt
ro

films 15b and 15c. Theh en radlcas enerated in this way arrive at
the surface of the Jaiubd ?alt 1§, Tammed é‘ltnT'k?‘% Pt Ak T GFPFRFH¥IAds in the
interface of sikhamterdilo)isied @an@dhsrdi ¢RAdONL tﬂ’&f&ﬂﬁécﬁQQ ghe the substrate 13.
10 in this enbodinent,. it is.also.preferabl th e as be
supplied as a pPPRERYTRY Ay g?’ C%%‘ieﬁa%‘?’r 38 Flhe %‘?gé ?/tgt 35{ and the
i nterval beldweefo, ttte patadyzingg gae nfret tEStIaand:rbbessmmst:hammrlBlbe set to not
longer than 60 @y, 14 gak NeiePh 31 VALQGGH P Ghabe 200 Jh3€. 1 H5 §aGR0s De
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



made of the previously described Pt, NN, Pd, Ir, Au, and their alloys, or
conpounds of these netals and their all . FI G 11 shows 2 TJUNi mgs ation of
a catalyzing 20 nenber according to a nodification to the catalyzing nenber
25 in FIGs. 10A and 10B. Referring to FIG 11, the catalyzing nenber 35 has a
stacked structure of the catal yzing nenbers 35A t hrough 35C each of which is
a catalyzing nenber as shown 25 in FIGs. 10A and 108. The hydrogen gas passes
t hrough the catligrigegdhamiiers ig5vetyoh38IC i n order, and arri ves at the

surface of the substrateqpd3;,i each ;ﬁfob&&ﬁ g!cé{ﬂcj‘g: LSe35A to 35C, a
| arge nunber of the same penetration” holes as described above are forned, and

t he hydrogen gaSTBBliengeedidSs B0 IRYEREGEn FoRli®ESTa+e due to the

catal yzing fil mpphanstihg Q988 RS PAGSES sl oUG} tiheprghannel s in the
penetration holes. 19 2 7 JUN 2005 [Th| rd Enbodiment] FIG 12 shows a

configurati oh oFSSPRSHiTeI%t ErepBtds SRy L AMPEAEI TR °z°ot58cﬁ+hﬁtﬁ@t%o the third

embodi ment _of tHe;pigses dwer! iR aSpRRkELEidGu0ckhGinlag 1N the substrate
proce55| ng appar Cﬁus 20, the feed port 1113 connect ed ? he_gas line 11L

is formed at thBY ?@e&g?ﬁea“ﬁ‘r oBes Vr?ggaﬁﬁ%r?ﬁefe‘ilc’&ﬁ‘& h“%’i‘?&mBF head 21 is
formed in the ﬁh@q:&s:&eagnﬁj"laﬁﬂaﬁbeﬁ.]llcGﬂtdﬁremndhﬁglir@ tl.h]e feed port 1113. 10
So, the processing gas f t he I’OCGSSI ng ,chanper fromthe gas line 11L

t hr ough the gas feed porfhelfgdrggg J25 FPRLBIT the eatpgfjﬁfstlr\gl Pter 15 and
flows to thk sufédicier tbistvey debstmaireed 3intndydheydny drdierisr di cal s 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,



generated in the catalytic filter 15 term nate the 15 dangli rTgn@onds on. t he
surface of the substrate 13. Note that he pr esent embodi N 208 | anp 14
used for heating the filter in the appara USin FIG 1is renoved. Inside the
hol di ng stand 12, a heater 12A is provided to heat the substrate 13. 20

[ Fourth Enbodi rrent] The substrate processing apparatus in FIG 1 or in FIG
12 can be used not only for dangling bond termnation on the surface of a
sem conduct or safidtuhat énaatdie whsed @Aildenpcimguotessideyspachasioadr eady been

fored, but ol spf A BhATBLIAING2 SEICONUSLALRUBSLLALE Al 7 I gher
t enper at ur e. own be an rlzatlon 0] SEﬁlCOﬂdUC sdﬁstrate IS

performed pri orelm:alatfeabrl cation progress of a sem conduct or deV| ce, and in
the 30 related art, projegt e S S

pl anari zed by hydrogen ggs %ﬁ%g‘%@é{aﬁgﬂ% gg %%rrpepp(?%%%ﬁgfﬁgt%ggclgAt t hat
tine, a ten’p%r aprpeldedectsiWHchf 2 pragessing capdi centaisynghiydregent or

bl anar zati 0n_0fa & SIPSLT @S is Yppn foc vILN, 20051100 dxAEpen daneter s very
hi gh. To solve this problem accord ng to the fourth enbodi nent of the

present inventi®fterid GRHSITHCE. B Brecesspparkaass 440 ¥ 20 in FIG 1 or

in FIG 12, 5 rgspadsivgl yas Ftaydsesh o hgiienpetnt W Rbsidlp gdybstrate 13 is
set to 800 C, and a Rrgcess ngFgas containing hydrogen gas. and inactive gases

is fed to the i I %P "I PPBEESTIhG Entenser ©1d FroRPt §¥s™ene 11. The
hydr ogen gas cosikiia whniide 4AR06RS StHYY hgaSogek chedh yiict hi Btavayacs converted
into hydrogen rad&%%klvgﬁy Further, in the processing head 44, a pair
of exhaust ports 44D are formed ocutside 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 tc 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



when passing through the catalytic filter 15, acts on the surface of the
substrate 13, and the projecting portions,,on the substrate szu?f 25

pl anari zed while emtting SiH4 gas as THe reaction product. "I n this éase
because it 15 is not the hydrogen nol ecul es H2 but the hydrogen radicals H*
that are used as the reactants, the planarizing reaction proceeds efficiently
even at a tenperature as low as 800 C. 20 [Fifth Enbodinent] FIG 13 shows a
configuration otha glHsst Babxetrqtleoeéssﬁdrgeap@au'}sat usheife aareorcmtinwgl to the fifth

enbodi mrent of th Rresen i Refer,ring, 10 FILG he substrate
processi ng app%rgjt rfgllag %Vt&% ped 2\&?? o §u S rg%t Ceoncgﬁvaenﬂll ggpgt h 41 that
extends to the au-hnstheﬂ'bewmtﬁased@f\mnabylae mpgiion reptdeve c2241A. A gl ass

substrate 42 fof Qre"é! E’gt %_t]é 1HEuP§ﬁ%’£;5f5%n Cq%gv1ggr§'ﬁj:lg%daod§%bstrate to be

processed on 30 t e su e conveyl ng “pat rection of the
arrow. In the si:latrelden frlg o 3, nﬂhélcga ®xdde ubideny: af@rtzr@ruf sa ¢3d€ated in a

processi ng Spac@l@@lﬁ‘éﬁ'eeﬁb@hga‘rfo%e@'c;r{ Qﬂ@naciﬂrveoi‘glfjfon Féﬁér_\ﬁe 49Rses in the
at mospheric environnent, 1 7 -zl and the Tnactive gases fill up in

processi ng spac¥itindithe gﬁﬁ%tlflsr‘flﬁhb“%r%é@sé?fhgmsb%‘%eenat nmospheric content

(air) is elimnated. |nabBErdRE9sSkith %Bac:&nﬁggfmhﬂ@feea%M is 5
provi ded, to whjch a processi nrg“ggas containin drogenacgas and Ar gas is

supplied via a 8}555‘1‘3%1&% BYUREER TABL A" s TRY U P& #8%pr ocessi ng
head 44, theo pyoeesSubgtgse SiRay st oy pﬁs%ieemneff&tﬁbéB}eSSI ng gas

terminate - the dangling bonds existing in the active 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 space.
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



space 44B whose upper end and | ower end are served by the 1& $i lica wi ndow 44A
and the hydrogen catalytic filter 44C _rf_fp_ectively. Furt her J 124

processi ng head 44, a pair of exhaust ports 44D are forned outside the
processi ng gas space 44S. The hydrogen catalytic filter 44C may have any of
configurations as shown above in FIGs. 2A and 2B, or 15 FIGs. | OA and 10B, or
even FIG 11. In the configuration in FIG 13, by exhausting through the
exhaust port 44Bityide Hélprocasvihgidreadidd, figdm gasfdnmed of thee processing gas

is f dto fl N i ' 4 - ts 44D
is formed to flQw fLamyt ﬁ sdHiQCRSSEOY %ﬁﬁéﬁf’%ﬁ %ﬁBLst %taygt@é@gﬁtpor S

along 20 the surtface of the substrate 42 throu e catal er 44C.
Wien the proces$Pngfipedigasy dermanaty fange inghpnggerr ddealyiscfarel ter 44C, the

hydrogen nol ecubgg,éd:£ tndecosmasaed i anky drQ08R 11§d% 0@l Sthf'whiand the
gener at ed hgdr ogen radicals H* are conveyed to the surface of the 25
a

substrate 42%al 6AFEt IS FPOW%fPrﬁﬁénErjdE’é%%iL%r PassehlidJatee di scharged at the

exhaust ports 44B:ajkharcetoresr by beatghsihbey Hibshe Pdc43s#ath the lanp 45
arranged outside the silica_w ndow 4 surface of the substrate 42 can

4A, the
be treated by tREPRYARGgeRd FPTFHET A SURPLY MIGGIYFECIFHARS ¥ FEr ged vi ew of
the surface of b{hensitistrgdees42thd/bkifedinelef aheehfdrdgkl radica0s the surface

of - 22 - 27 JUN 2005or t he. gl S sut_pstrfate A%Plf r ch TgT ejthere are forned
active region pattetns 222\9%1?&% pBFSEHIE £ 3&6’15 Sf%‘(?u}é‘y 9% con. The
surface of ah achdikmlsefFoncgabeenaxidP@Aetls Funbheredadbyinatigatperesasul ating film
42B conprised of ;8.3 Al M H P& dihMRE 1R dBbhEh AGQRLEE d4, ! | further, a gate
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



el ectrode 42C is formed on the active region pattern 42A with the gate
insulating film42B in between. Accordingly, wth the confi gglrhtJUpnzgw FI G

13, by supplying hydrogen radicals H* to the surface of the 10 glass
substrate 42, it is possible to effegiively termnate the dangling bonds
existing in the active region pattern 42A or in the interfacial region

bet ween the active region pattern 42A and the gate insulating film428. 1In
the configuration in FIG 13, the glass 15 substrate 42 is noved al ong the
conveyicprIMet h 41, thereby the processing head 44 scans the surface of the

gl ass substrate, and as a result, effective treatnent is possible even if

t he aréla- ofA tshwpsglrate Bubstssing iappegrges. Chnpowisd;: the gl ass substrate 42
may i nstead be fixed, in 20 which case the processing head 44 noves together
with the pracessiasgispageacEupxeietdnst evithf aneekdiswr ywtand feral so possible to
rotate the gl ass substrate 42. Wile the invention has been described with 25
r ef er el dig'%h re FEPFEBRBHDG i e MPCceERedi nvention is not linmited to these
enbodi nents, but_nunerous nodifications could be nade thereto w thout
departing framXdeIsEs FREALBALRDtTHRES @3peraed i vd S RTPRESEIAY ns. 30

| NDUSTRY APPLI CABI LI TY, Accqrding to th resent inventiqgn, b generating

Py dr ogeiPH R kS e 7 S I TEn 29ds LRE| S APPoEr | PYRESFFR er . even [T a
fine insulatin f.hémﬁgh as a.:5:23,2 £,JUN 2005 nitride filmor a nitride
oxi de FITHRGE Forfbd BRIAPET SHFSEE%F 4 ¥%Ni conductor substrate, it is still

possi bl e a gas feeding port arranged in said 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.



to effectively term nate dangling bonds on the interface between the
substrate and the insulating film In this 5 case, as in the ﬂrésJé}MZ[l[]ﬁ
invention, by setting the catalytic filter in the proximty of the processed
substrate, and further by supplying 2ggldr ogen gas diluted by inactive gases,
the lifetine of the hydrogen radical H*, accordingly the distance reachable
by the hydrogen 10 radicals H*, can be maxi m zed. Further, as in the present
i nvention, by using the hydrogen radicals H*, it is possible to perform

bl anar izat -9 Qly2cSEPLCORMEIOG SUBSLERLE AlcadiMetol erpaiaiure. In the

present invention, by providing a diffusion barrier filmconprised of 15

nitri deghesish as TkNaud@Nooft N REEWRSNpAPEIA GRIRNN bEocd AYielg conpri sed of
catalytic netals exhibiting catalysis, and a carrier for holding the netal

cat al ytdgaded¥sel anl bppSsiPOSSidd @it @aSUPRUBSEr4kd fitsisangohydheyabove catal ytic
nmetal elenents fromthe netal catalytic layer to the 20 carrier, and diffusion
of met dateligmmgs mkmbexrt he carrier .to the netal catalytic layer, even if the
catalytic reaction is carried out in an atnosphere including oxygen in
addition to hydrogen, and thus it is possible to realize stable catalytic
reactions. 25 30 2 7 JUN 2005 24 CLAIMS 1. A substrate processing
appar atus, ThenmsubstngteapprosEsgingpepasbupravasting th aeldohding stand for
hol di ng a substrate to be processed; a hydrogen catal yzi ng nenber arranged in
sai d pwﬁggggmn@aid hydrogen catalyzing 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



space to face said substrate and for deconposi ng hydrogen I?cmr\e?[mnto

hydr ogen radicals H*; and a gas feeding port arranged in sai d processing space
on an opposite side of the hydrogen catal yzing nmenber to said substrate and
for feeding a processing gas including at |east hydrogen gas, wherein an

i nterval between said hydrogen catalygi ng nenber and said substrate on said
hol ding stand is set |ess than the distance that said hydrogen radicals H*
can reach; said hydrogen catal yzi ng nenber carrying a catalyst conprising one
of a netal and a conpound of a netal selected froma group including N, Pt,
Pd, |r ingiuddimg ohei of ot gl Badhpdregepurdtel v egaheapbectsshpri ses a
stacked structure of a plurality of catalytic |ayers, each of . the catalytic
| ayer Beiafy ¥ G FP@H?—”as‘ﬁflia‘?%-‘ghap% shbdr, &Y. phodatheir FlieiFet rati on

hol es being fornmed in said plate- shaped nenber, and at_|east an inner surface
of eaclfTst atﬁélrrﬁgﬁef?’ét?wge§aﬂéi ﬁ@tﬁ&%fr'eéa\ibidt ﬁaEQ?HsEal't‘ea“f%t. 27 JUN
2005 25 2.. The substrate processing a@garat u%%ccordi ng to claiml1, wherein
an exh& R P65 OPs PPGr S 9 VitHed AAt SHFHPTHrEcEdstng T 8pHe on an opposite
side of said substrate to said hydrogen catalyzing menber. 3. The substrate
pr ocesgené“egﬁpalagfius according to claim1l1, wherein said hydrogen catalyzing

nmb ' ' ' ' t . | tal yst bei
o ovi ded 11° CoRraeE e R rae PR iR e f 8 BTty BB o e at U

conpri gy -2 pB-BEESELN0: PR Vi1, deHaW, 1 Rl diengnst GO OF

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



hol ding a substrate to be processed; a hydrogen catal yzi ng gb r arranged in
sai d processing space to face said substrate and for decongz iE@Nﬁﬂmiogen
nol ecul es into hydrogen radicals H*; and a gas feeding port arranged in said
processi ng space on an opposite side of the hydrogen catal yzing nmenber to
said substrate and for feeding a pr®tessing gas including at |east hydrogen
gas, wherein an interval between said hydrogen catal yzi ng nenber and said
substrate on said holding stand is set |less than the distance that said

hydrogen yadi.cals H* can reach; said hydrogen catal yzing nenber conprises a
cat al ySIOFFYER 3568 ﬁ§§r?%%?Lﬁﬁ$%f%§ﬁb¥%f a netal and a conpound of a netal
sel ected frgwn§%g¥ég&gnpo %'seg gg éﬁ,i Pth.Pd Ir SAu a%% thgir all oys, and
a carrier for SE:arryl ng Ja a?afys?, sal § &%BF%% %Jquhf SFodeed on the
carrier_\w di_f LusLon:b [ ' [ , e rogen catal yzi ng
menber ?%& ggﬂg %Fﬁ%egfféﬁémﬁyd%#%%%ggﬁggg%gﬁiggwﬁﬁg'%§t3$¥gl, and a surface

of the Dargus .bagki pA-NBLEGIA] A?ggag.\é%rsgﬁgw%%%i %}%}%ﬂaﬁagxﬂea& The

substrate processing apparatus” ac Ing t erein sald diffusion
barri erpfdtdgdmelwdesngi tride. 6. The substrate processing apparatus according
to claim5, wherein said nitride is any one selected fromTi N, TaN, and W\

7. The substr akRaRs©CESSt MHARRRIGALHS sACE 0p bt di@gCkahfe don Mherein said
porous backing material is formed fromsintered netallic wires, and surfaces
of the smbadilteC sWieesf aseid oallesk radd foSabdd Clagdttidn 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



8. A substrate processing apparatus, conprising: a processing space provided
with a holding stand for holding a substrate to be proceﬁsquNaﬂmgdrogen
catal yzi ng nmenber arranged in said processing space to face said Substrate
and for deconposing hydrogen 2 7 JUN 2005 27 nol ecul es into hydrogen radicals
H*; a gas feeding port arranged in s d processing space on an opposite side
of the hydrogen catal yzing nenber to said substrate and for feeding a
processing gas including at |east hydrogen gas; and an exhaust port provided
in said processing sgace on an opposite side of said substrate to said

hydr ogéi?Tc CEYRENG I3 nbeIWingh &R Pehrerm i Ara i e wEBRESF A5y dr ogen
catalyziqg%ne er and, said s bstrak% on_sai d hol di,ng staqg is set |less than
the dir&h&E™PRLr 387 P AR AAETEELRI PORHERT d5ciPTPRE Hy dogen

catalyégQg quper oo r}ses a catalyst including one of a netal and a
conpound1 *a ﬁ%éaw SéTected froma group conprised of Ni, Pt, Pd, Ir, Au,
and their alloys, and a carrier for carrying said catalyst, said catal yst
being provided on the carrier with a diffusion barrier filmin between; and

t he hydroge a j j.ncl - d and a pluralit
ydreg e ﬁg%gf% 541 aﬂggraupé aé&cg%ggﬁbtor@ 1 P y

of penetrat In sard at e- shape er, and at' | east an

i nner syda6e ehigariarSid ARNALALLORMGLL 1rR-1¢eNver 8dr Whibdl-SQld catal yst. 9.
The substrate processing apparatus according to claim@8, ‘wherein a nenber is

i nsert et 18a6hmsansl. penetrati on hol e

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.



2 7 JUN 2005 28 for forming a gas flow ng path between said inner surface and
sai d menber, and a gas flow diffusing portion is forned at 2 JghR0BF sai d
menber. 10. The substrate processing apparatus according to claiml1l, wherein
sai d hydrogen catal yzi ng nenber incl2fles a tenperature controlling nmeans. 11.
The substrate processing apparatus according to claim1l, wherein said
interval is set to not nore than 60 mm 12. The substrate processing apparatus
according to claim1l1, wherein said hydrogen catalyzing nenber is arranged to
be substantially parallel with said substrate on said holding stand. 13. The

substrale PLocesshng, apRALALYS ASEOLLO0LL0. Claldclng pReLeLIy, Sald hydr ogen

catal yZi'ng ne Sl ze cover e enti re sur e ‘of said

SUbStT a0 N bOLAY a8t AN molds THSaSHORIEAY &cAHACRASIY apparatus

according to claim ereln a noving device IS er provided for noving

sai d hydliagen abahyzings eediel @ndasah deDol i sipRgateiali ve to  each

ot her. 2005 29 The subStrate processing apparatus according to
clai m MhcaMhang hesBbd. NOVi Ng devi ce noves said hol ding 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 a region filled wth an atnosphere of inactive gas.

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,



17. The substrate processing apparatus according to claim1l p?ﬁq@@p sald
processing space is fornmed in a chanber defined by its sid%ma

substrate processing apparatus according to claiml1l, wherein said hydrogen
gas is fed fromsaid gas feeding por80to said processing chanber in a state
diluted by a carrier gas. 19. The substrate processing apparatus according to
claim1, wherein said processing chamber includes a light transm ssion

wi ndow, .and a | a F gé source s_]r#‘)rov ded ut sj de f sai d processing chamber
cor r espBNHiTig 568ala P 8%t S Y RIS 26V e substrate processing
apparatus according to claim1, 2 7 JUN 2005 30 mhereln sai d hol ding stand

i ncl udes a heating device. ABSTRACT A substrate processing apparatus has a
processi ng space provided with a holding stand for holding a substrate to be
processed. A hydrogen catal yzing nmenber is arranged in the processing space to
face the substrate and for deconposing hydrogen nol ecul es into hydrogen
radicals H*. A gas feeding port is arranged in the processing space on an
opposite side of the hydrogen catal yzing nenber to the substrate for feeding a
processing gas including at | east hydrogen gas. An interval between the

hydr ogen catal yzi ng nenber and the substrate on the holding stand is set |ess
than the distance that the hydrogen radicals H* can reach.





