;e3e2|l L6T2yR- 1 SUBSTRATE TREATI NG DEVI CE AND SUBSTRATE TREATI NG METHOD,
SUBSTRATE FLATTENI NG METHOD 5 TECHNI CAL FLELD-The present invention
generally relates to fabrication of a sem conductor device, particularly,
to hydrogen term nation processing for a sem conductor 10 s d a
Hydrogen term nati on apparatus. BACKGROUND OF THE | NVENTI O\m,mmmﬂlm[mw
sem conductor fabrication process, at the final step, a silicon te
or a glass substrate 15 formed with vabPESTRIESE®Nconduct or devi C&85Y's
heat-treated at a tenperature of 400 C in a hydrogen atnosphere, this being
the so-called hydrogen sinter processing. Due to the hydrogen sinter
processing, dangl i nGUBSTRATE TREATING DEVACHARDISUBSTRATRI on between the

silicon substrat oREKTING RPEPHOIE SUBSTRAYE $RATTENINGMASTHODA Pol y-silicon
filmor an anorphous silicon filmare term nated, and charges are captured

by the danglishg bonds, so change of the characteristics of a sem conductor
device is suppressed. In the related art, by the aforesaid heat 25
treatment in a here, the hydrogen sinter processing is

performed by supplying hy@hegsresadtecukention tqigdrat eyl aseatat ween the
silicon substrate and the oxide film On the other hand, in a_so-called

sub- quarter m criAPdERteen Phat Sleé“,ic&nﬁ!lﬁﬁ‘w HAVHICEr UPRZ B S @RiZonbRict or 30
devi ce having a gaiRdedStetfmhtdch ProckssipdkR! adsepivaicaral ther nal
oxide film it has been studied to make use of a nitride filmor a nitride
oxi de fil m fiér nestRSLrgitas#Rd dt ristdrogienr LareEna td9noAPPR &S -di r ect - 2
nitridization and oxidation or plasma CVD as a gate insulating filmor

vari ous other parts. However, in a highly mniaturized seni conductor device
utilizing such BAGHGROHND{ OF Tl IAVENTIONe oxide film it is difficult for
5 the hydrogen nol ecul es tf Dasg,{nQuakol NeailsidairdEnf bldR&s Nk ke oxide
filmof a high density, hence, It Is predicted that the conventiona

hydr ogen sinter Pbirgdesteng ai$ilivon wobktedfe n wepyass rsuddireiten, for a
sem conduct gi; _def"c#r(ﬁ%d %%EH @éri]oqlsashﬂkeoﬂa\]hé‘ﬂéf %1?.%}5&9&&( -H:e%)t’-tkg g ch the
active region is forne y an anor phous silicon filmor a po y-5|?|con film
made on a gl ass stulstteaperaturdas dl090°Mden ashudregert @tmakphese, ofhia
nitride filmor niteide_oxi fi J I iyect ni.tridi,zation
or bl asmm di r ectoTRohiEhE; fasftisd By LR oR BERe S LRE AU LA

i nsul ati ng fil mhirtogeal sbnter tduccesasegy, i dargddogebonlds fdamingntoih ethd nat e
the dangling bonds in_a.polysilicon filmgar an.amorphqus silicon film or
the dangl ing bordEGHaEha: | FREI TP HEPICRIS CHa 58Ty SrTTHeeR FNRntdr 20 the
anor phous si2l0i caskifdel i} hot hdangldubabomds fid @ bylypeailsi caon Wy dnogerarsi nt er
processing. In the relat ed.grt n \éimgn a seng corrlldléct orc_ﬂtlzlgvcihcer Lgbgiré:ati on
process is st ar tBXPLCKEnf condict's M AhSt F s gﬁ’as a SIIEon  Wafer s
exposed to H2 gasapaiurad?by t e etaatyiiagobordd?D0 sC, changd heff edye t he unevenness
of the surface i eIirrinatgd. | n. detai l tcge Hz gas.acts on the substrate
surface, and a SFAGASTHECHehSafed o aRePALtey gg‘ﬂ’r?? bt SEREFRTTDor ti ons
on the substrate surface mfetisdmeilhedd dHoweusr thel a€eresdiehpesnat ure of 1200
Cis quite

25 treatment in a hydrogen atmosphere, the hydrogen sinter
processing is performed by supplying hydrogen molecules to
the interface between the silicon substrate and the oxide
film. 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
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30 high a tenperature, it is difficult to performplanarization uniformy
over the entire substrate surface, especigl%y_for a substrate of |arge
dianeter. In practice, in a planarization process, it turns out to be
necessary - 3 torealize a uniformtenperature distribution with a
precision of 1200t 1 C In view of using the nost recent |arge dianeter
substrates, it is desirable to |ower the tenperature for planarization

processing to about; ;830 Cion ddk ML PF 9LRSHaNGVETad NE Jflat ed art
using HZ nolecules, 1t is difficult to performthe desired planarization

processing at subteudatdngt peran (e lonk STLBRURREIOS - THEWGWENTNON 10
Accordingly, a %ﬁ%{)l?t pgpbégﬁﬁrﬂe& Q%m@&gﬁﬁﬁ‘&%dzn‘é%g' l:QnuhfS if)zgmg{) %W:Heaa

novel and usef ul processi ng apparatus and a ne
fabricating a senitodaductiom oe\d cetabbe ¢txidolfidnt hétabswdl fficléntor A nore

specific object qf th resent. i nvention 15 i.s to provide a substrate
plroocessi ng Ja par‘g}euély%(ggg?lérrﬁ?%eacﬁ\iﬁé aana??%g&ﬂ:c?ﬁg gﬂet%t i&ci,mo?ra
fselron' conduct or su{usiﬂial?eohyd@;fm fmfdéolgegh r@eﬁsﬁaJysl , haﬁdgeadjrﬂetﬂs;od for
abricating a sem conduct or device inc in a in ond term nation
processi nggby us‘?’?f‘&%@gay&%% B W&‘?’Sﬁgﬁo?%dﬂﬁ’gﬂggeg\nﬁ’trhﬁr SBPEEES B9t he
present inventi onilils nb® ROONI &Efertivst/r ate processing apparatus
characteri zed by conprising a, processing space provided with a hol din

i ead & A

stand for holding a subst jotlt?é"prBgeés%%‘}l TG DS at il 27

nmenber arranged 4 nrS@l ¢1iPhocLSS G o3PRCLTS O frAGRisal dhs Ut ivat @eghénf or
deconposi ng hydrogen nol ecul es into_hydrogen radicals H*, and a_gas feeding

port arranged i ntS&dMEAoRESAR RFEpAReES ofil ki BpFddmt r st P I Stheéchy dr ogen
catal yzi ng menmbeg; 1P p3akdos UD Y1 s8Rt Eofe 30 68di AYs@ UL R28HNEq 9as
including at |east hydrogen gas, wherein an interval between said hydrogen
catal yzi ng nenbeto asdessre stibstidrddenfsin dPth@ diikgide soniides fddm | ess t han
the distance tr“%ofﬁaddbpygiggmg]df%%%%ah§tffdf§y%ion_oé pfégﬁgjdirect
15 nitridization and oxidation or plasma CVD as a gate
insulating film, 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 film by
means of hydrogen sinter processing.
In the related art, when a semiconductor device
fabrication process 1s 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 SiHs 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



Still another object of the present invention is to provide a substrate
processi ng net hod characterized by conpri§i%g_a step of feeding hydrogen
gas as a processing 5 gas to a processing chanber, a step of activating
said hydrogen gas with a hydrogen catal yst and generating hydrogen radicals
H, a step of making said hydrogen radicals flow to a substrate to be
processed, and a step of processing said substrate using said hydrogen

radical s 10 H'. &Pl-canobleh o f6kn Qbmblfa PR A ANERLLRN kO provide a

substrate processing nethod characterized by conprising a step of feeding
hydrogen gas as prqwisdessPAglafs # d &C prlocessivngf chmirize rtheames e prefent

activating sai d Ay agen.gaa il ashyek ogeicaa ahyste ot aenenat | ng

hydr ogen radi cal ste Sard rogen ra low'to a
substrate to be famgpesasede ﬁcm]d mlaﬂaemzatlcprh qrramessmggsm ceksurs Boat & .usi ng

sai d hydroge |ca |.a ar| in Substrate
is 20 carri eg 03]? gtfate\é\é]%cuerses Td EI ghe etl%tﬁa &éﬁagg DESCRI PTI ON
OF THE DRAW NGS dr'd]@culess atvif\milﬁwumg ao(pnﬁﬂogmr aheoahes)ifrai substrate
processi ng appar tus according to a.first 25 enbodi nent of the present

i nvention; Fi gs.PIERATAFA5ECD RFQASAREIhdNi TR acgﬁ?"l HEPRRIBMESF a catal ytic
filter used in the substrate processing apparatus in Fig. 1; Fig. 3 is a
view showing a result of a relation 30 between the hydrogen radical
generation ef fi QXN EPSHRE ORTHETAVENTION rher at ur e obt ai ned by wat er

generation ijp the substr aA@c@f&&%@I ,Ne geReF Al WhikbtFbf. tHe dricBent IS a
vi ew showi ng a concentration - distribution of hydrogen radicals in a

region just bel GVENEAPRI ¥8i%C MIVAAS A perehk 350 Rkl s ratBstrat e

processi ng apparg dE%sblnE'S?pQﬁaﬂasgané b Snét RSP Wosheh Pt i@l @t i on of
rEC]L“ red 5 structure paraneters drogen concentration in the prOCESSI ng

gas, and processissycongector Wlﬂ%ﬁhéeat%ﬁq]ﬂ'@l &he apemtrrelepdr ogen
radi cals for substrate prgclﬁgi %e’c‘l E_Qe 51;&% rat %hg %@g esrwg_n@gggggﬂ us in
0 i

Fig. 1; 10 Fig. 6 is a view show ng |str utions o ments 1n a
cat al yt| c médbal id Ihe pebvide b@m@smgedeimr@peﬁmgyapparm iforr; Fig. 7 is a

vi ew show ng di £|B L t I filmafter
bei ng used in asél H%ltﬁﬂél%h} ac BB;ﬁd]’q:?%rf‘ %% g%ﬁ%‘?%g& \?él ew showi ng
di stributions ofswimd’aston %ul:mwraﬂ:yt by wsired hﬁ/iih:ugarhtmdmmg as@ckin a

CaLALYL L, 20t gl Sor ek YR MO Ly S 30a a0 SLoU BN goo 20 o
reaction; 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 a 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 holding stand is set

less than the distance that said hydrogen radicals H* can



Figs. 10A and 10B are views showi ng a configuration of a catalyzing nmenber
according to a second enbodi nent of the pregent invention; 25 Fig. 11 is a
view showi ng a configuration of a catal yzing nenber according to a

nodi fication to the second enbodi nent of the present invention; Fig. 12 is
a view showi ng a configuration of a substrate processing appar at us
according to a third 30 enbodi nent of the present invention; Fig. 13 is a
vi ew showi ng a cggddrgurati on of a substrate processing apparatus according
to a fifth enbodi ment of the present invention; and -6 Fig. 14is a

vi ew showi ng a surface of Shiljl Anothgrsppaeet Rodbespaessnt HavenbiPRat®e

br ocessi ng appar@y s gab 9 siys 3 BES-YoEs IHRrEARRY| & AUt FHENENTI ON
[ Principle] Using ygr ogen radical s (hydrogen atons), the present

i nvention tern reomerishagdangtem@ibsradine fudnoggnloas mak progeasing film
such as a nitri il m.o i far ] i fil cQyer | S

substrate ort5a g(faasiécog]ﬁbéf?%?ée,ldﬁghgfsﬁ%ggi aa} Iéﬁegngjtfhé&?%fagcrl?\g]clggggt ween t he
i nsul ating fil marttogke gabstitat @ hgdrogem qedialysitl andngdrdnatdangan

anor phous silicqn film rogen . radic H. 15.are abl e .t o, pass through
The Pty de 111 Msonfl REGHERE" 008 ?ﬁ%°?&“&#‘&8@ngﬁ‘§ih¥£‘§g§ can be
easi |y gener at edsadiaalexfbpk eto by sabettraty thy deogpencansetulaesl Bnstep pl asma,
but because the collision,cross, sec ign of He is sr:rgll én 20 ths.He $I asnma,
the el ectron teerfgrpﬁﬁfés?‘%gv%ar ﬁi"‘éﬁ,r%fﬁ% Yo% FRaS BRSSP FEPECALT ses a
probl em t hattobotdr @ silicon substrate and the sidewall of a processing
chanber of a substrate prgocessing apparatus for perform nq}yhydr,o en

termnation are sputtere_dy‘aﬁda_ edoJiost | of &r@epr_?ﬁe‘%o}r doRpdTe
problem in the {f 3@k dk Ny esidsthatbhBroyeE HIGRN medHbE abisa Hic e z88 N8y at ed
by a reaction using the catalytic effect of netals: Hz -> H + H* In this
case, since the $FREESABIOr SHP 96 §ERLHAE W IHPIPBYERS 13T ATECAEST I shor t
the catal yst inducl ng bhgreBoya leanhhnBdr| S Hgedrngdtii8ngubgtgate, in
other word, at a distance withinthe reconbination lifetine of the

gener at ed hy@r ogeinoggncads wth Ashypeogen atalyst, and Isnenddedof netal s
having | arge el %iiﬁ% af fiai s encg spabld Mg -4eaaNpLsd tH hydr ogen
nol ecul es into hy r.oggn r adi calss H* by ?%g abO\?e cgt al yti (%Rire}fo egt. On the
other hand, it ixadjcefer fbde tha sHhsbxate B fid praceserd f ¢need FhePretal s
used as catal yst I Y. : » M , : Au
are preferably uozfe(?i%ﬁggrtg%{;% Slaﬁ%otrsgg#%)@él/ﬁglgggtgg%ﬁeh%rﬁ%cggtgh(z%isét he
hydr ogen radi calk* Hwheaninedoh ssepasft plampriciad sedédosnlft s ga of t he
substrate prqcessin O apparatus, it |s preferable that t hydr ogen gas
suppl i ed t 0%Phe g«? sPH %%WPS&E‘HW%H@& By 9 ﬁﬁc&‘% 83’§se * Diluting
t he hydrogen gas reduces the possibility for the generated hydrogen
radicals H* tor i i ot.h turn to hydrogen nol ecul es.
15 In addition, nggcﬁﬁd{@g&f&“%s . Seener ated in this way for

pl anari zation of the surfBtg. df is @i viewnsisawisiy at eonfigiderionentcanduct or
substrates, the t er%ture of t.he substrate plangrization processing can
be | ower ed f rom SBG6TE P PRI ArS: BHOATT 4 35 RO S0 PihHEF SEhan 800 C
By providi ngsa dirfdodsimentbef ritey presentd fmwsmthioN,; TaN, WN or ot her nitrides
between a netal catalyzi nﬁ, | ayer cogp%riased of, cat a}lﬁt ic netals exhibiting
catalysis, and a carrier hb¥9i i £ t &F€ RISy 2R P Ayer, it is possible
25 to suppress diddruguest obn tdre aakavelgeidl pitlitermabad £ edfenbanbteatd he
above netal catalyzing layer to the carrier, and diffusion of netal

el enents from t REQCKESLBE FRPANEVEhATeF HEt a7 catal yzing | ayer, even if the

catalytic reaction is perfogmed i aapiah HSRNGIE al PELHTE N AXy¥@eBtidh

30 Dbetween the hydrogen radical generation efficiency and the

VAL

catalyst temperature obtained by water generation in the
substrate processing apparatus in Fig. 1;

Fig. 4 is a view showing a concentration



30 addition to hydrogen, and thus it is possible to realize stable
catalytic reactions. But such a diffusion béar_ri er filmcan be omtted when
the catalytic reactions are perfornmed in an at nosphere not including
oxygen. _ g _ [ First Enbodinent ]| FIG 1 shows a configuration of a
substrate processing apparatus 10 for carrying out hydrogen sinter 5
processing according to the first enbodi nent of the present invention.
Referring to FIG.: ... : rrg,gﬁ c j ar, al. us; 0, S - W th
a processing cha%r%bsécfl%ggjé?(ﬁg(t%t gpégx iﬁ%&gﬁ?ﬁséﬁéﬁ%@rpg%&%%@@@and a
10 substrate 13 dacalgtpeofibied iins thehd oh Hust dgethie substiratpr ocessi ng
chanber 11. The ¢ yele] at tage 12 are provided on the
bottom of the pPo%%%glg%aac#agrﬁ%#ﬁflQgcﬁlﬂfhzl’t op of the processing chanber
11, a transparent opti cal FigndowsliWriew pslowiceda aatatizorp dfeatonireldvi ces
15 14 are provi dsg__d a Lacent to.the 08“ cal w ndow %1% I n .ad%%lti on, a
heating devi e TAYFSPERRTTHY RS /s KBS PHETe FHCFBHP oedE S84 '§ provi ded in
the stage 12. Agaseksifgldds o¥mengedcésoingniest eopadbbgahitguace is
connected at the upper part of the sidewall of 20_the processing chanber
11. The gas Iine‘-‘“fpl}ci’@n'éq‘%ﬂ‘%gdo\ﬁi PRAZCIRF GRS 150 oTuSE&aERg as a

processing gas @ cedBRhyeth NHY QUBBL Ba6e INGRIRBA N SbpNatdls ehheigcarrier
gases to the processing chanber 11. The processing gas fed fromthe feed
port 11B fills &’gas channel 11G formed 25 along the inner periphery of the
sidewal |, ang then is enmfigd dinisf ar ¢h ¥y tshdhied AskELiOitild@ BEOCESSI ng
chanber 11 through openings 11b formed on an inner partition wall 11g that
defines the gas UPHSAEF 1IN @ iGrteR¥tproretl fglehhabere Beinphasede ys 11b
are uniformy fqgar{%?_ enthe, 30 dpnner partition wall 11g, that is, the inner
partition wall 11g lgncti ons as a shower plate. The processing gas emtted
t hrough the shower plate Big- {7 |iss at véew psheavingrdpest deutinnsopti cal w ndow

g _ _11wWin t essi a y L Vi t P, the
processi ng gas fﬁq%\wgktg% ’?’Eeﬁgﬁ%@%%f&ﬁael srkﬂ'h%glt ?g{:éeylg&tﬁgﬁgﬁngn %dr ogen
catal ytic filbt ercataliyhdt seaatdongs the | ower end of the space 11F. At this
time, by 5 setting the ga§i$r%s%%r gna%hépeviexh%%%gvi orts, 1rl Lc%\ﬁr t han

at nospheric pressure, a uhrformTgas Prow to The SUrface o e 8lbstrate 13
can be forned. @lemeethyiln cgeratedvaliytmetdl |fiidm abten beinpeuatdrén a

control ling devic SH.is_prowvided. 10 So, by driving the |lanp heating
devi ce 14 and tﬁ@%i%ﬁé?af%cgtl@&trol ling device 15H, and setting the
tenperature of the filterrip. tD iz gesi avsthed wdewdsRowing disteabat y&is i n
the filter , a deconpositjon reaction of the hydrogen content expressed
by Crp oo 28 oo SIBREREE ik, SRS Liele Naral en {285 FRlhe e S i
surface of the substeaieid3rdd@iohhe space 11F, and hydrogen atons, as well

as hydrogen radicals H* are generated. The tenperature of the substrate 13
is set to, for exanple, 409 W RBANERR AreIYASKR $heWdihde 12. 20 The

hydrogen radi cal@nifigieseist e ian chhh By ¥y Readet NaOeiitre thngusadddag film
formed on the surface of the substrate 13, and term nate the dangling bonds
generated on t hEMPRESPERE Lofthen@reaeRE ritverdd@nt he i nsul ating film or

inside the pgsulating filmgThe 43 Bydiepeshdadycal sorfigaatibgeby Pass
through the insulating film no matter whether the insulating filmis an
oxide filmor adfteiv@dngimemker acRPrding texiadmodifygation to the

second embodiment of the present invention;
Fig. 12 is 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 configuration of a
substrate processing apparatus according to a fifth

embodiment of the present invention; and



In the configuration in FIG 1, the pipe 1lp connected to exhaust ports 11A
is in comrunication with 30 the punp 11P th%ough a valve 11Q and the
processi ng gas passing through the surface of the substrate 13 is

di scharged to the outside fromthe exhaust ports 11A through the pipe 11p
by the punp 11P. Further, in the - 10 configuration of FIG 1, a cooling
wat er channel 11Cis forned inside the sidewall of the processing chanber
11. The tenperature contraglli levi_ce . ri QVe vi ded
in the filter 15. As an egyﬁrbng% djteshé_’1 %l%g%%?‘gﬂf?f% ggﬁ??%?ﬁfﬁga ééglgge 15H
forms a channel sfbstrhtat peccdsarge byetdhansulasid-atel pracass irwe apphtetud5 at a
predeterm ned te ature. FIG 2A shows a configuration of the filter 15.
Maki ng referencéﬂPgﬁﬁr "2A, the filter 15 10 includes a grid-like frane
menber 15A and a porous filter 15B held by the frame nenber 15A, and the
tenperature control]ing de .,-'”l_ i S or pred on _the Iflram:: menber 15A. The
porous filter 15835 O8RpiPS i nORF otP B TVENAION Gt el wires, and a Pt
filmis deposited on a 15 surface of each stainless steel wire with a Ti N
di ffusion barrier_layer in between. FIG 2B presents a picture taken by a
scanni ng el ect r ofF5ifcLB48bpe showi ng the structure of the porous filter
15B. 20 Referring to Fl G ydBagHiRideeausadi¢d By HOBniarshaMatoashe ahe
aggregation of a large nunber’ of stainless steel wires, and there is room
bet ween the wi r érefishgwilRgerHiOp eeBd BRRgS (e idrepddnadoansts gpaesaeed gas
and the inaghi ve;pas, QARSI AN AU sden FlGa 3130ous £L511d:S 20h 1 PRAGIM ed
generation efficiencies of the hydrogen radicals H* in the catalytic filter
15 in the subst regiglepfodns sEoNpripgarasiutiaon wisiratd oy & addissg a mi xture
of oxygen gas and,iudeaden, gRsdlumLi e g2%ulLqd RoELd bR aRd.! ipLher
measuring the 30 water content n the discharged gas in the exhaust pipe
11p. If the genemmuletisgf frirermnd thet bebsiyrhtegenrr adi z adslyHsilacohe filter
15 is low, the amount of t ter bser j h i I l.p
decreases, in cggrrq%las? ,Ln %}gﬁ%o i°f %?E%S%ngﬁzﬂ'i gﬁgg?%&cilgarﬁfggf Jflhe

hydr ogen radiScalscdtabile thepdsd tthrohfhi shdimgltridee fabount tdfe nheridée er
content observed i.n tge i pe 11p increases. Accordingly, the anmount of the
wat er content ob¥EAFed "t he pi pe 11p can 5 be viewed as an indicator of

t he generation effici encyhpdrdden hypdioges Eadiaabe bisilNptgerdratetdn the
experinment shown_in FIG .3, the silicon substrate 13 js not set.in the
processi ng chanﬂ@F"ff?mﬁéﬁirEYr%ﬁQéFéﬁgghYQ#QQ%ﬁ meleCyredridt Ag: BLARTR 10

represents the nfactleeausat endfcdinesteactieds Hettidl2opHRD, isapflalhein
absci ssas axis represents the tenperature of the filter 15. In the

experinent <Rowthen el Blagma ¢ s, gy §ERT RS SRREIAEHT S 13 9w idhe ¥19 1000

sccm while the fdowniat ee®ort hanRydr 8gesedas piapl s@t thd: Wjthods val ues 15

changing in a range from50 sccmto 1000 sccm_ _Referring to FIG 3,
al t hough the fl oii&ce gpbstrate 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



t he hydrogen gas was changed greatly, it is found that in all cases the
reaction rate rises abruptly with the tenpe%ature changing in a range from
the roomtenperature 20 to 100 Cindicated by the filter 15, and it reaches
90% at 100 C, and at 200C, a reaction rate of 985 to 100 is obtai nable. The
Tesults shown in FIG 3 reveal that hydrogen radicals H* are efficiently
generated by using the Pt 25 filter 15 at a filter tenperature of 100 C or

hi gher, preferab i . j ; jcal s H*
generated in thiés%via/als’ggétqﬁ% {gog!%%/{&r Sggﬁgé\%isg ﬁ!fvltlggt Eégéég%e%‘{&%% th each
other. So, if theffiirdttgnchertdainadinghdedorgaeritibn30f amyHndyensubstrate 13

(FIG 2A) is too l.ong, the generated hydrogen radica H* _di sappear_ al ong
the vay. and 1 amoisules; Cara o fhessny Faebors HiebYubte andrs FRgRge

di stance H that dfifedtydongehe radhezahantt tang eaelierdbbé it tBheoxide- 12
_ range of the hydrogen yradicals H*, d nds on the copcentration of the
hydr ogen r adi caléﬂﬁ‘*%loﬁ {jﬁek%’ﬁ%‘ide lﬁef“ﬁggﬁstq%e A4St ERtAEYStY the substrate
13, and it decreasRsdihglieasonrerenavhnd tdike Rydrogered adirGahs &#e5 is

high. Due to this, the concentration of the hydrogen radicals H*
exponenti al |y de¥BESTRPLY v3RA diFVFAREE. f BRI P LBFFA35] dW& ds t he

substrate 13 nmeagiyiedckr eRk€Xafd Ihydirdgtn PRAPW Re nki bdgTrdixh EHORLTHb S
fact, it is considered that it is preferable that the hydrogen gas fed 10

into the processifRyovRafberdan afr sesiee PehpPsEIBDPAJAREHIt0 a
certain degnge by, @0t perid HRelrer8ng8saRt Rhe ndasbows AL AELNLLAL T on

di stribution of hydrogen radica H* in a direction fromjust below the
filter 15 towardi tthe pupfaseing chambsubie rditlerted, by nivaas ysagasenat

hydr ogen gas di lquted . ' u [ o ' :
processi ng chanb]jeirl%clifp%rgfrhetqﬂ%jéo«?gg gg‘rlgt %i%’%sﬁr?ﬂ%hégééi%%%l ntfggh%l\?\% in
FIG 4, the concemeratednhypdraden pdiogbs Hfasd wethwbmeoeddi rgchas was set

to 0.01% 0. 1% and .| % _respectiyv G 4, 2 he ordi nate axis shows
t he concentrati ooﬁ:ho ﬁ?grg%%%mr ?gf@g{igo%ninho eé:#l?ne%f flux of the hydrogen

radi cal s H*1per unit ti nmeIansddigrionni byanemg dnydirbhen absdicedas HAXi s shows
t he di stance neasured.fromthe | ower .surface aof %_henfi tq{e 15 %owardf t he
heBntt Att%R Vs

substrate 13. 2§ﬁ5‘§frf?}ﬁjnbnt " (";{ay4ff° PR32 n? aFfie°
hydr ogen gas i n 4 s ljconesshaigragas oicSotBer coamriespdndtoy dubsthatbsghthe

trati f_ the hyd , hi.gh trati f._hyd
radi cal s H over"TPRSHEIER S Sa FUPRCEBImRIR AAIPCAI O} RO eE OB arHed 30

just below the fid tigiret8ad Prdm d¥@ot ec tite thieORePRE&d Ridd by €6 heeonbi nation
according to the high concentration of hydrogen radicals H*, the lifetinme

of hydr ogen2Padildi@herHthpac#if *Ext renel y short, so the concentration of
hydrogen - 13 By providing a diffusion barrier formed from TiN,

TaN, WN or 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.



_radicals H* drops sharply with the distance. In contrast, when the
concentration of the hydrogen gas in the sugplied processing gas is 0.01%
the lifetime of the generated hydrogen raditals H* is |long, and a radical
flux of 1x1013 5 cm 2 sec-1 is obtained even at a position 30 mm away from
the lower surface of the filter 15. Meanwhile, the radical flux is |ower
t-han 1x1015 cm 2 sec-1 just below the filter 15. When the concentration of
t he hydrogen gas in the supplied processing gas is 0.1% an internedi ate
Tadical 10 flux between the above two cases is obtained. FIG 5 presents
results of the r@iaistoBmbedimentithe permtted maxi mumfilter-substrate

di stance H and the hydroggEGc gﬁgk%agiggnffs%p E%tegfvgtg %&ﬁ%%us
processi ng tinmes, obtai ned wheh suppl yi Ag, At 8r e, e§i-Fi con 15
substrate 13 i n gdd@eskingt dppedrtmge i Or ot cad rrithgobutinhydrndgein ghaséer t han
the area atopic densit 2. 7x1015 cm 2). of _sil.ico n the surface of a
silicon crysggj.pﬁﬁfFéﬁﬁP%ga??P 189 50 %?ei%ﬁ?ﬁﬁJﬁ@g?ﬁbTe%huﬂ$uF € hydr ogen
concentration i phdienpr eaesstivh.gas i s higher 20 than 0.1% irrespective of

the processing tine, the catalytic filter 15 has to be brought to a
di stance not nore than 5nREFPHRINESHESt rhat PE3 SURAEFRER PIMTSSSLRE

hydrogen concentgrdar@Rusnid hes %cf&ﬁﬁﬁé&nﬁiﬂﬁ% iptol888ihd athddik 1 by
extending the processing tinme, it I's possible to 25 y a sufficient

suppl
amount of hydr ogféﬁlaﬂléaﬁ_aa@% erhaustt @Pﬁtﬁa%@t@eadﬁwg?ifﬂg?_:b@@@saof silicon
atoms even hRoughdheadbsiancs yd :&g&é’i@?@e& hes ¢Rual ¥hi g ddddefn2l®n the

substrate 13 is longer. For exanp I's shown that by setting the
hydr ogen concent@recessing e¢prmarodéssThy ¢3¢ rorbpoltA Grgozhr akape

allowing a proc [ W=y 20 + e
catalytic fil te?szigqgngkgﬁle@ésﬁljg%t r%at%egggt%aﬁeﬁ%en?rfggggﬁi%%e%g}%%rmlnl' As
shown above, in Qrh&hsubspref ety presesagng chamberapparattusnspairantl G 1, it

is possible to hV rI e : gl.l.ng i face of
i1 con and si 1 E0A Ao HasE AR 3 pb P SR Py a0 a8 S5l ok B LS
processi ng Gg&s hydeagepnrgatdeti lagjedentt to Atheoopatihet windwctlilWe Tases in
the gas feed port B, and .mai .ntaining t catalytigc.filter 1 t. a

t enperat ure hi gf?éjrdlj‘t%ﬁgﬂ'lﬁd"eétlﬂgeagyg‘ﬁ?ﬁ‘ﬁ &r XFﬁghn%(%‘eC,sugﬁgr?E?ther
setting the distante prbeéswen isherbirided itb thredsthgeslbstrate 13 to a nost
appropriate val ue not norge than .60 according to 10 the hydrogen
concentration in the procgs%?% lé‘&smh%xﬁﬁfﬁ#ggglm@t?%teex E‘ésg?ﬁg can be
performed vvh: | e éﬁﬁtrbbngstdf@‘g’lieﬁdﬁé@f atutige Qf}pﬁdiep%:dbstbf att}fehlsadleawl éHhan 400
C, as a resylt, it is possjble to avoid the problem of characteristics
change in agﬂi gHiR: PFHFS?’E&I?‘?Zé‘@aTS’%eLfCOWEﬁJ&aSr T 1o FEYLBRSE he

processed subst rat® i43rfeéd pdia: atiBefoharshdisigneae hhere-aydingsgasdanger of
hydr ogen expl osi on when the tenperature of the catalytic filter 15 is

hi gher than 500 SGPPHLESHShYBEIIeRDIBSt BOBHHITTOINLEREAT o YT 6257 1ehe
catal yti o filtergalonet i $oepadsdal dunfber 111 hensUIRIIAEnE §EESRIAY

apparatus 10 in , since the hg rogen radicals are not Qgenerated by
pl asma processi HgFom keeefeed mort AéBpfbblem oRsi sharpeladils formednage of

the highly-gini ahigniZ 8fle 2bn REMSRREHELP o H8HLE 188w IIE, Sidd ¢RBhSubstrate or
the processing chanber 11, even if the hydrogen radicals H* are generated.
In the above expmdfaefonnifdr@alyydrolen inmidealcsd Fhe\RFCSFSIBLaCRAMAL t he

deconposition react.i o] fEEATM” S 4N t. £ ef fect
of Pt in the ca?% ;tth?gu |I%ge€rﬂ){1§{s %gl? t he catogll ?gt E?Ige%lg%rf&??ng%ﬁe{dd’%lol Pt ,
use may be nmade 13 el defiamsntbet gas ¢harmedlalde on etia @roghPERNgy, are
able to effectivgly, decoPoseE RYALPHAEE 11b are uniformly formed on the

30 inner partition wall 1llg, that is, the inner partition
wall 1lg functions as a shower plate.
The processing gas emitted through the shower

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



- 15 ( nolecules (Hz) into hydrogen radicals H*, and can hardly be
oxi di zed, that is, the entropy of oxide generation is large. Such netals
include Pt, Ni, Pd, Ir, Au, and their alloys.” Further, conpounds of these
netals and their 5 alloys are also usable. In addition, in the above

expl anation, an exanple is described of using a silicon substrate as the
substrate 13 that is to be processed, but it is possible to use a glass

substrate, for e ca i

substrate 13 inwgipggréagﬁgé%n BSEB%%S%%%I [h?ti @re:;sl;ltj-l;t F gﬁne‘?rent

di stributions alldiy tthe deptdssiincegisofilows adPtthi Isurfatca cs& dhe prior to
usage as a catal a e an f ESCAR ctr e scopy
For Chem cal %/‘%ss%g% \/\Eg g'trh%’lgg? ﬁY T &%EV@ ﬁ@ ﬁé gurface
of a stainl ess sdeaeﬂeswasetmttmwr the afou:t&saapica NLHL fztwsurﬁn hame| esy fil m
in the porous filter, hown in FIGS. nd In FIG e ordi nate
i ndi cates at ?im c?ﬁ%elﬁ‘fgr Eﬁ?o‘?%s (ﬁregﬁélﬁ%n‘f‘g ‘fabf? t uﬁg Bt gThApEPEEFIt age,
the abscissa i ndilzal esmbbghet thipgrgskupe, od Wi fput besi Apwlwd rget he ESCAR
anal ysi s. Making referen e to FIG 6, in the statepgrlor to usage except

for a slight anoitAEaGe BhyHedh SHastEapent? reat R§ TAEBSR: |G hithed NEAEOR t he

filmsurface, tt&t%iymcfftm@prt%l sthetepetdtiR ceher®inldeviagdisy
exi stence of any other elenents is not observed. In contrast, FIGS. 7

t hrough 9 show ete®ERVidedt ri butions in the Pt film when the Pt film was
used For 663chours in an gbmsphene:al Baerdy deaseq as, AR 130a84v0eN gas
of

was supplied at flow rates 000 sccmfor the H2 gas and 1200 sccm for
the Oz gas, and i rtemnerebmmmmttrpémg davige dhferandireetdfinggthe. Not e

that FIG 7 sho %Hﬁéy&f Q.%er ‘%&‘.’E]téﬁo QVtﬁed'dEE?LQ&%ﬂ@ dafe0 ?or .

16 - portion of t ef| ter 15, H G anal'yzing results
di scol ored silveéit @emaéyspom itde diltae 31 taedersmpastt rGreacshomsof he

anal yzing resul t.s f LSC ordi Of;«t lter 15. 5
Referring to FI (%.e %’td%? %Ighg e?’? gQéQ%gl éncg%ﬁta? 1 Pﬂgﬁo&\n’; Egk%l’ll of these
anal yzi ng résul tlacaf tier thenaammge,lngxggsrﬂcmmgr tmgtlye chzrcfem:ter afe‘oh@n t he

surface of the Pt f|| ncen a S L ncrease,
in other words, ttﬁg ?%e Tt ?lfehgp ]l%n gfk’?ﬁoe%é C?S," and Ni
are fornmed. Si nc,&aldr agi hgxditcygetrhesaetlelaemmt Sand @enet:aee(dstThen the Pt film

it is believed that th co fromihe stainless wire carrying the Pt film
In addition, si ﬁ&@%ﬁsgﬁs {75 P8RS gt ]gged'lsi ﬁwt T’%’rr:{%é I"g‘“‘ p? appear s
that in accordarm Wt thy k&lé)xlggg@rpgﬂetlrnatthgnst%e atoons diffuse into the

stainless steel wire. I'n the present en%o i ment, such kind of netal el enent

diffusion akl Pt film eroshd 968 LAphresdd BFRPREERDON PSRN
di ffusion barri gfadfsi kRrasgRprend anshyainglescin Fedmeet sveethd Rershoé ndess

steel wire and the Pt film In contrast, it is_found that such kind of
met al 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 film, 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 llp
connected to exhaust ports 1lA is in communication with
30 the pump 11P through a valve 11Q, 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



el ement diffusion is not observed and the el enent distributions shown in
FIG 6 remain unchanged even after filter ég has been used, when using the
porous filter 15 25 in an atnosphere of 10 hydr ogen but no oxygen. In
other words, it is possible to use a porous filter 15 with the Pt film
formed on the stainless steel wire as an effective hydrogen catal ytic
filter in an atnosphere of 100 hydrogen. OF course, it is also possible to
use a porous 30 il i t o1 h i L s/ rehers:layer as
"a hydrogen cat alé;ﬁrﬁftés?f:%?géﬂ%ﬁ%t %bg%ﬁcedraoeﬂgy %%%/gh%%}‘#gégn& gt léno
oxygen. As such famoefif iss e bdver isedevaybrqf Uisi deecdsNng champerviki ous
nitrides, for e Le TaN,, or W\ _can sed.. [.S n odi. t | Gs. 10A
and 10B show a )élglgitﬁlﬁ‘?%f?%%reofc Og%%o%:g %#ycgelvnlgcgngﬁge?s %@s é%égr% gi %1%4’: D the
second enbodi nents @itothdedriasemie ifhveati i, Ashbahekasmpled the t he substrate
processi ng agparat us 10 in FI as a substillt”?g{ﬁ for the cat il ﬁgl c filter
15. I'n Fl Gs. *10ASHRETI6B S (I ot 1PEs AF et PHPS A eEE gREFP to the
same parts that nkAthaxenhahd<adbaibeenane sedinednsafle e&ilwiatlicoas & her eof
are omtted. Making reference to FIG 10A, the catal yzi ng nenber 25

i ncl udes a di sk-ps"l‘?‘%ﬁ@al@ﬁb A RGTAERDRr 15A1 nade from netal or others,
and in the supporting menbes. I Ebbks 2 taifigurdtben of frnetinakions hol es
15B1 are fornmed. As shown in detail in FIG 10B, a catalytic film 15b
conprised of Pt or ot her sMRkinhFEEGTBACE heP ifrfiTer 28ur AR £ idftex penetrati on

hol e 15B1, fgrtheidRues & @ ug11R6 Efarhd SRR hBAOadde: RRIBLEAEL DFehOl €
15B1. As shown 20 in FIG 710B, the pl ug 15C is partially cut on its side

surfaces, so gas-i8 SRLAgPY Hekdrame ¥ flofnedngetiR PMIREaBNEY 15C and
the penetration hole,19Bly FUFlREHBRI s Ao b@BLY tﬁefféﬂel%%nﬁegpm.ed of

Pt or others is also coated on a portion of the side surfaces of the plug
15C 25 forming the channeTha 3@roas Shoter i ¥PEFIiE, cooprisad dfe siokere@nd of

the plug 156 1Ml indes8lstdlt SN9LaclAg 4 1 SihhCoD SdhliAkeoR3, 0N L he

hol di ng stand 1 ere i s provi usi on por avi ng an enl arged
di anet er, aébor diurghge af ¢dmwh 3Qaliohess esibadf wihe peveta &AiNodifbheidbBl,
there is forned 18, Laper gorti.%nbte%wggrgommdate the diffusion portion. In
t he catal yzi ng nmenbér 2% Bt" the “above conf i guration, the hydrogen gas fed
fromthe shower - 18 opERi Ak prébents A Gickure sakeh id at lsceughng he gas
channel 15D in t enetration hal e 15B1 surface of .the substrate

: : < % n r Ho ngFé?é:hg of the rous

13, and in this &G The QrRﬁS’PSgS ﬁlas i 58 5H’S sed I1to h%r%gen

radi cal s H* due fliatekel6Bt al ytic 5 effect of the Pt filnms 15b and 15c. The
hydrogen radicals H* generated.in thi y,.arrive at the surface_of the
substrate Lg)b and terni nat® ?%n@aﬁial ?#éz\@b%ﬁd#hlenp?ﬁ%u? rﬁ%&‘?&cgggflii l'i con
di oxi de and sil iggt@wnofotbe SurdgaeegatidheoSEpIbirgbendnberl @£l Bthbhbess
enbodi ment, it is also preferable that the hé)drogen %‘;"S be SUQELi ed as a

EBst i

processi ng gas afte&t BéFeRy AMUTBETENLS nERAT WY Q- FeRe 2+ hP R

between the cat alnezbrece® 22 aRE1adEns W hgtieodéh kfasSahdt engot | onger
than 60 nm ' 15 As the catalyzing filns 15b and 15c, use can be nade of

t he previously dé@@FiiH@qgﬁ JENPRSPIERFPUINY, and their alloys, or conpounds
of these nepgls and theirpgh| OYShows results of measured generation

efficiencies of the hydrogen 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
llp. If the generation efficiency of the hydrogen radicals
H* in the filter 15 is low, the amount of the water

content observed in the pipe llp decreases, in contrast,



FIG 11 shows a configuration of a catalyzing 20 nenber according to a

nodi fication to the catal yzi ng nenber 25 in_FIGS. 10A and 10B. Referring to
FIG 11, the catalyzing nenber 35 has a St 4¢k&d structure of the catal yzi ng
menbers 35A through 35C each of which is a catal yzing nmenber as shown 25 in
oFI Gs. 10A and 10B. The hydrogen gas passes through the catal yzi ng nenbers
35A to 35C in order, and arrives at the surface of the substrate 13. In
each of the catalyzing ers 3 . l.ar g fi. S
‘penetration hol elsé/ééedgggg?%%ﬁana%'g\;ge'eé%%& oo?frrécglfa g g&ﬁe:ﬁ hr%éirltgggﬁ lggg 30 is
deconposed i nt o ihydhegéenltexli Kalis Highueth® dantventabdal yiré nptfeirl ponhemt t he
hydr ogen gas passes through the .channels in the penetratian hogles. - 19

[ Thi rd Enbodi nerfqSeEred ’_‘L’g SowePg Egﬂffﬁ?ﬁ%ﬁﬁe& choolr‘gUB@tyr'aggeprocessi ng
appar atus 20 acc@iddin®gof othderdthir’ dortibeei dbdrvetl thetlps gsiert 1ipveaii on. 5
Referring to FIG 12, in the substrate processing apparatus 2Q, the feed
port 11B conRectR$d V#erRdt &2 ﬁhsmldilﬁét‘i{Logst & arggl?rhéa L3516PCY RE

processi ng chanbafe hidragén arhivaes headvdle ithatoh ABghé NesgesipeAEEssi ng
chanber 11 corresponding to the feed port 11B. 10 So, the processing gas

fed to the procedi$MigiBhBRPer3 1 ther sl ifen gabstrage 133 hWirgReEntP gas feed

port 11B passes {ify ougRetiensatdhpbi-ci{ilter 15 and flows to the surface of
the substrate 13, and the hydrogen radicals H* generated in the catalytic

filter 15 term nate the 1¥akitnglnefgrevaestefithe 3suthacerdimatieasipstrat e
13. Note th i Is | at. | th
€ %b '} %sBB@?ﬁE&Eﬁ g@%@hgﬁ”}:até relg ti?mn réécm‘t:'ﬁ&g 1,01 /5sathng the

filter in the apparatus 'S renov Sl e hol ding stand 12,
a heater 12A is gixbrheedbsoidrsmt axile sepostsaits tBe Renpdxahurie BAbbEE nent |

The substrate prﬂ‘i%%? Tﬁéaf’r?a{htaet USpbp %:{9: shh iR fiéi. 31,2.t%%”88§?%‘r?ed not

only for dangling bond rm nation on e surface of a sem con
substrate on 25 gas ehsafe@nttendioworatew L6 Mds sabmeadyi Isechef 6toed, but

al so for planarizing m.conduct or _substrat.e. at_a_higher_ .t erature. As
% PTaFfoneT 3 &

shown before, plraan§r| ¥ et ng%sucs[e(}:r OUBEFT eviaslu%erfor med prior

to a fabricabi orchanedhgssn od mrgenfteondb®tarcndewi te00 asxckri.n t he 30 rel ated
art, projecting portions gn_the subst e surface are _planarized b

hydr ogen gas processing a]tgegeﬁ%‘ﬂ?eg& Ef@ of' féﬁ%‘oég A‘f}?‘? ﬁtg]towt'rr e éf
tenperature preciss Qﬁ}d@ﬁ?én lgds wasl eHshged grsatipe €osis ffyungl anati zation

of a substrate - 20 of large diameter is very high. To solve this
probl em accor didld C&SERet R HBATLERBoBR MR LSS PﬁéugF@ééYﬁthi P€ntion, the

substrate processnerapRss dnkngi®goin2d tdhdd Groh kel Ffodi Gempdrabure
respectively, are used, the tenperature of the substrate 13 is set to 800

C, and a’pr8@essind0§asC cankigrrPAgonydiodéatgasl andrrichdét reecrs ey s fed
to the inside ofyd RYoPrOCcess 09 shEECE 1daff QiR LRe088 ddd&clhoothes

hydrogen gas content in the processing gas 10 fed in this way is converted
i nto hydrogen r&Rt@R3bLe. when passing through the catalytic filter 15,

acts on the surface of the,substnakeshdwn i Fite Br PbELdl RGhRORLEPHGe PN the

substrate surface are planarized while emtting Si H4 gas as the reaction
product. |In thi saskdiselsbBtarse efficsentlngensyethddpygesineitdeuPes HzZ but

the hydrogeggradiqals i fPal AngeYSednds il §3C1 80 okNfigAANari zi ng
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



reaction proceeds efficiently even at a tenperature as low as 800 C. 20
[Fifth Enbodi ment] FIG 13 shows a configuration of a substrate processing
apparatus 40 according to the fifth enbodi mént” of the present invention. 25
Referring to FIG 13, the substrate processing apparatus 40 is equi pped

w th a substrate conveying path 41 that extends to the atnosphere and is
driven by a driving device 41A. A glass substrate 42 forned with a TFT or

others is convey%g. S S 0 : e bstrate
conveyi ng path or?g f‘ﬁg %Y?%ogeﬁoﬁgg%eéﬁ%%ﬁ’r g\?/.g@fm:zgt%rge%}t%gt ein FlIG
13, the gl ass subrstigestterad2onsof didwt dgdiragen prastiesdisng* spactheocpapgeed by Ar

or nitrogen or qther inagtiye, gas i_n.the at pheri ¢, enyvi fanment , - 21
and the inacti v%%ﬁ'f@? %F‘FI ¥hb€%q-§r 88%3?%1%95{%’3%3.%%\3%’9 TH tl%l n the
processi ng spacejedidaephefi the ainerhtation it ehienhpdtegen Ivadikals H*
processi ng space, processin ead 44 is 5 provided, to which a processing
gas cont ai ni Mg hlﬁzlsﬁﬁé‘n S E%Qt rg&Be| CORTPHIGAEAOD 3£atl'§;ed§l3ﬁdirﬁ8gﬁ3 from
an external gas SHilce@s HR &hsormaassiyngedepd wi4h the RIOCERS @gogas stays
for a while in the processing gas space 44B whose upﬁer end, and | ower end

are served by tHeeLGiditrFchd WittRRS4 FRCaRdPT HR URy dr oA T RAINFOMe fil ter

44C, respectivelygadtuit REEL baldh@nRr @886+ N5 headmidhia Radd, ok exhaust
ports 44D are formed outside the processing gas space 44B. The hydrogen

catal ytic filtercoppddegpdhbbat drily 16f PEBRETIRIUEIGHs the RYdravervese fedr cs.

2A and 2B, Qi 15 Fld%ne18A806k 0B chafneYel FGn the ked N:400fbopEat i on
in FIG 13, by exhausting through the exhaust port 44D, in the processing

head 44, a gas fdidwteld theapreriassi dgogae by Anoredther f imagtivenoahes.
processi ng gas space 44B th ust | Q& surf ace of
t%ﬁcé Lhe %fg;w%. a F?ﬁéé&%ﬁ_omﬁgtgﬁpiﬂ%n W

the substrate 42 through cat tic ter en the processing gas
passes through theldogeénogedicatsldft io &i dieecti4n frbe hyslr dgdwwnthecul es

are deconposed iat.Q _hydro ical dr.agen
radicals H* are fc&ol(r)lc\%ygé ?g‘p?%gsds%%f %3?%?%%%% g%%ﬁ%ﬁ% 1?/2 é‘ﬁo%g t he
fl ow of thelprocess npagabydeogbragasdidsthbeddry r phe exhmuygtliedr &s 44D.

Iherelore, b DSHAIR.E b e AR LI IR LARR, 15, M gnasd suls oc
t he hydrogen 30 pari daBs Eh. thd @xpktisbowssiaowrerinaFrged &) eseof the surface
of the substrat eco4n2c'en|\t{%ié- an roeg etrheen%?/dtrgggrll cé}asll}.’n %Hetggocseusrsfi%%egg;
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™ cm™ sec™ in term of radical flux is obtained
30 just below the filter 15, but due to the high possibility
of recombination according to the high concentration of
hydrogen radicals H*, the lifetime of hydrogen radicals H*

become extremely short, so the concentration of hydrogen



- 22 the glass substrate 42, for each TFT, there are forned active region
patterns 42A from poly-silicon or anorphous silicon. The surface of an
active region pattern 42A is covered by a € insulating film 42B
conprised of a 5 nitride filmor a nitride oxide film Further, a gate

€l ectrode 42C is fornmed on the active region pattern 42A with the gate
i.nsulating film42B in between. . Accordingly, with the configuration in

S 13 by suppLyang dydsodenos adieals U chodtdeysuniage of dhedQ.ol ass

substrate 42, it71S possible ey téermmnate ng boénds
exi sting in the wién vehe eghoanpeditismm of2Aher hydrdden igatelf achalsuppdied

bet ween the active regi.on patter A and the.gate insulating film42B. In
t he configuratioﬂr???%%%ﬁg %@? f%gjgﬁgkstgg gh% Jﬂgi8%4gk?sg?é%ﬁﬁfe ong the
conveyi ng path 4ddydidipirelndibgl priocassiinggheasd 44 ra@analt heuswi aceodf the

gl ass substrate, apd as;a result, effective treatnent is possible even if
the area of the GPasieSubtt rtt@ired) gygr.atod POSLEECN tH: M A¥aYstFrate 42

may instead be fixedioWdr 2Arrhteocase thetdr oresydaauhead, 4hdmues cal
together with the processing space. Fyrthernmore, if necessary, it is also

possible to rotafbux He gruss Swastledile” 4" Wad e JtsE Palenttin fRd§ebeen
described with 2sy efiesenee Lonomlaried S¥DOM TRt gehngal tention is not

limted to these enbodi nents, but numerous nodifi'cations” coul d be made
thereto without gepRkiddhgroreasine dessile Bohtemn dadespeptatths@dised in the

clains. 30 I{NDUSIRY, %D%W]ggﬁ?cté%\gd%%c% i pgst o 541%&5@5@3; i nvention, by

generati ng hydrogen ra rom hydrogen gas using a catalytic filter
even if a fine insul ati ngFGl nd spredsentsaresul Ry of thiet redatign rhedwegn

nitride oxide fi i Ilnﬁ I e i b at e,
it is still possll:}g% ﬁﬁ%nqrégggc@%/e y tsfg}%ng%a?gésg%r?}%l ﬁ%gggﬁ%%ﬁﬂﬁhghé

i nterface betweehydimyesubshrateraricn, hassasikiedd ng thi traridus tgucxceSstéage, as
in the present ipyentio catalytic filter_in.the . proximty

EX et.tin thﬁ a AN Je.p
of the processedt STt PREELISA T CHEPLRY S0 Yy G hyaT Dy DAd 1dF Pt ed
by inactive igasesubsthate fiot iner1g. theikydhpgesyemdiadabal 5FH* atandi ngl y
Fur ther, as i n FEORTCSERRLPRVENTT GRe Bnce My cheohyaFbgth Tl oS e i1
is possible to pefforimdfpnhasartiatddtack afsgngLloRducbeystal .
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 concentration 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 H* to
terminate the dangling bonds of silicon atoms even though
the distance H between 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 mm.

As shown above, in the substrate processing



substrate at a |l ower tenperature. In the present invention, by providing a
diffusion barrier filmconprised of 15 nitrides such as TiN, TaN, or WN
between a netal catalytic |ayer conprised gtt catalytic nmetals exhibiting
catalysis, and a carrier for holding the netal catalytic layer, it is
possible to suppress diffusion of the above catalytic netal elenents from
the nmetal catalytic layer to the 20 carrier, and diffusion of netal

el enents fromthe carrier,to, al .catal ytic.layer, en.if .the
catal ytic react iaé)rPalrs?tggr %lBe%fR gbﬁtd?r%’aﬁga%%tﬁslop s(e\iggel%i ﬁél %%en%l(&&gen in
addi tion to hydricgernnagardthdéusandliing posds bbre tthe Heakrfecstablsdldadal ytic

reactions. 25 30 -.24 CLAINMS 1. A substrate processing apparatus,
Compr 1 51 ng: 5 & BFbSATErRG STt /B EHE G U oot dbho SEANAPBoP ShB i ng
a substrate to herdquegseagedas enyirdegegasaddlutadngifrnReroargtieged i n said
processi ng sgace, to face said substrate and. for d«ﬁorrposi ng .hydr,ogen

0

mol ecul es i nPo MRGIER PatFeats Hae 928 Leef PUds 1HBed?Y taipfAgiged in

sai d processing &RAcataNyaic PGSt @ 5Shfea ofenideaaltyide OB hSAttRayzing menber
to said substrate and for feeding a processing gas including at |east

hydrogen gas, 15Cwhereferamy miehesl than Woén *caianchydrshen eeltting ithg

menber and sai d sulshial f Boceddl thel @i Dee SIEN S tAET shiSHS HHRAR3L BE a
di stance that said hydrogen radicals H* can reach. 20 2. The substrate
processi ng appareasis SRPEePEL e (V& lekanat 1Mo xghdibénn 68 e xdraend 1per toi s

further proyhdedd L o) e; L i sai d
subst rat o &0sa 4y e etk EFERAE AN MRS (ORBAZL Ay A The
processi ng apparatave avbstuitr) nupcelsaing 1Icamtsr penfoaned hidrlegesattanal yzi ng

A Y M R N

all oys. 4. The substsuate ptotegxissgbappbe awsidadcher droglemm off ai m 1, wherein

sai d hydrogen ‘*%ﬁ%ﬁ&%k@%iQEE%%”changez§n 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 exceed 550

20 °C.

In the substrate processing apparatus 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 molecules 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 hydrogen



conprises a catalyst including one of a metal and a conpound of a netal
selected froma group conprised of Ni, Pt, Pd, Ir, Au, and their alloys,
and a carrier for carrying said catalyst, 43 d cat al yst being provided in 5
contact with the carrier. 5. The substrate processing apparatus accordi ng
to claim1l, wherein said hydrogen catal yzi ng nenber conprises a catal yst
i-ncl udi ng one of a netal and a 10 conpound of a netal selected froma group
conprised of N, Rd,. | Au. a i | 4l: d i

carrying said caltﬁd;]tefgtl, sséﬁa @lélkftgl §g?£(£%r{1d:%pdrlgél§%e%nbnaq’tﬁggéaﬁélr%gvvi th a
di f fusi on barri eve fadimizadbetlvaens,15h6. eTheomubedt patide pyereasdiing appar at us
according to clajmb erein id_di.ff.usion barrjer filmincludes.nitride.
7. The substrat Ziaprrgt?’c‘eggfzhgm%%a;%r e{‘tn%slugéc%?ﬁihﬁg g’t(%rCIg'}’maél,d %ﬁg%ﬁi n said
nitride is any aElsgal.egtiethér prackiphiundaNof attbddNme8ald hend whstitat e
processi ng apparatus accor din(g to iIPai m 3, wherein said hydrogen catal yzing
menber 25 i ncl udes A Sf PFEe?-3Or rom a porous backing material, and a

surface of the porous backhngdddi®n,alini 8hé asird Wbl Bnseish calhal yst. 9.
The substrate processing apparatus according 30 to claim8, wherein said

porous backi ng rfeRLE 18sder ek PENTEITT &t b LiePRI FHRStHidtEs asahbe

surfaces of the diidice MBI ESa@ri& Q@abég_pﬂ@éébs%@i,dbﬁﬁtﬁi)’i% possib26 10.
The substrate processing apparatus according to claim2, wherein said
hydrogen cat al yZFh@SReabetashciuRidsagep| 5ok -e4peq  nenBbIsafbstErtRal i ty

of penetratiign hol,esiher Beertn sdidepbaber shapad TRNDRE agidRuat iheast an

i nner surface of eacCh said penetration hole is covered wth said catal yst.
11. The substrat®BlGrdcessi ng apparatus according to claim10, wherein a

menber is inserted into lQrgach BSESi%é?‘%@Bel@% tf 81 s, TAgn8, 0as
sai d menber, a 9

flowi ng path between said inner surtace an r, and a gas flow
di ffusing porti onldargy frbendeptt direetdonf imad Pidiber inl2. sthte substriab e

processi ng appar.at c i t aj rei i ydr, n
catal yzi ng nerrbeu?sa orr%‘%’i %eéggﬁétgakdkgagé?lf%aéfb& \gnﬁé%f’gagﬁls% ali t(%lgfqgﬁ%? alytic
| ayers, eachb5of Spestcasabpyikort @hemibel nindloraiesd ,f when athp dtte £Shapesl

rEber 3,0 Ut PRI OOl GRrREL 1 LOLE L2 A gl seshapec
bei ng covered wuithoaitdthatafysisaid 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 is not observed.

In contrast, FIGs. 7 through 9 show element
distributions in the Pt film, 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 0O; 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



13. The substrate processing apparatus according to claim3, wherein said
hydr ogen catal yzing 25 nenber includes a tenperature controlling neans. 14.
The substrate processing apparatus accordif§ to claim1, wherein said
interval is set to not nore than 60 nm 30 15. The substrate processing
apparatus according to claim1l, wherein said hydrogen catal yzing menber is
arranged to be substantially parallel with said - 27 substrate on said

hol di ng stand. 16, .The subsira r0cess) parat.u ccording to claiml1,
Wherein said hycﬁoorécélr?ncgga%ﬁ%i n%‘%rrr%r%rbef’r‘fgsaégfﬁgwssi g%ga%rfael%z&%gover t he
entire surface afessditd fubsirdiscaddoredi dihedrdicemtetrapdrtildh ofhehsubstrat e

processi ng apparatys accordin lajm 1, wherei.n a noving device_is
further 10 provi%@g:efroﬁgm%?%%fscgi ﬁba‘f%g%}he SRV GIPR - ‘%t}ésr i-Jé?ﬁdasai d
hol di ng stand reliaidoierkta gartderdtinger pOrtidte cfuldkr 81 Bter AGasSi ng
apparatus according to claim 17, wherein said noving deyice noves 15 said

hol di ng stand whil e keepi REESEFPhICAFAGS st And W IFaral +-IVaH (U8 d

hydrogen cat al yzig magbghowd by H1 s¥behéad ar1968as REs @RRAT alfksr
according to claim 17, wherein said processing space is 20 defined by a

region filled withe afagenpepyesw iof StAaRELY copeentzateden siissenafece
rocessi ng appar adeCO | [ S r S ace 1S
P g app #a%eer %gJﬁhﬁ',g iggi ¢ha Hb%%(\a/va -tq_é)%s 8k drPr QGESSLAGNSP

25 forned in a Cl .|ned its si . The substrate
processi ng apparidtareagecoti aighaw woirdbm 47 Wrerseirfasai of Hghr Gfedidas is fed

fromsaid 03 eRAie Be' ol CSalAPHECERS! MInhATRERCL LA ARghgl e il ut ed
y a carrier gas. : e slbstTrate processing apparatus according to claim
1, wherein said tghaseesdengnthabisbnot 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 other
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,



- 28 includes a light transm ssion wi ndow, and a | anp heat source is
provi ded outside of said processing chanber corresponding to said |ight
transm ssion wi ndow. 5 23. The substrate"pﬁgcéSsing apparatus according to
claim11l, wherein said holding stand includes a heating device. 24. A
substrate processing nethod, conprising: 10 a step of feeding hydrogen gas
as a processing gas to a processing chanber; a step of activating said

hydrogen gas with a hydrogen.cat st.._an rati hydr.ogen r.adi cal s H*;
2 st ep of “haki ng P pAPERAReT Sk sretBle PRON B P SRR Ohe
processed; and a step of processing said substrate using said hydrogen

radi cals H*. 25. The subsirate processing nethod according 20 to cl ai m 24,
wherein said proBﬁ%E*ﬁbEﬂgg&LW§ﬁﬂdes sai d hydrogen gas diluted by inactive

gas. 26. The substrate precessiTun RRkhedBaskes d "entegatatiBr24s wherein
sai d processing gas .includes said 25 hydrogen gas at a concentration of not

more than | 0> 27°2tAly2dBEsPPERY Froo@ESeFAY Frethddeadesraf s ipeaE 924,

wherein sai d subgid 3f:RskfitaiStditGen,SWHRsER &£ RIS YhnehaNsuddtagki ng film
the step using said hydrogen 30 radicals H* includes a step of termnating
dangl i ng bonds exiosEssgngnapprratnsedfaée HEFwele®ssai gubBstittthe fabsthate and

said insulating Ldmycic e28ee28s The BYES! rale MEOSESSI figs MRiod accor ding
u

to claim 24, wherein-said substrate’i's a glass substrate, the step using
sai d hydrogen r adifsalepcir nimeraldesre scepoedd ttey Hheasamg R ithgtbonds
existing injgne of, A RoLYay Sidd eRRcttbmand a0 Aonobols. Sild-agp frLm on a
surface of said glass substrate, an angl ing bonds existing in an
insulating fil moR&tefhe substrate processing nmethod according 10 to claim

24, wherein the step of ggngrating hydrogen i cal,s i S_,carri. out at a
tenperature not | ower thaﬁagbn%)ﬁé¥e€§g98T %:%ﬁgsﬁﬁgfet%?dégggﬁ%j%%ethod
according 15 to mdndien 25, imbbudes a dibkesisiml ssippgrsang mepdreagehrr adi cal s

o, 2ot olusel S INCAOED (adheals ol 1l SRROTSR00 A0 ALALS o ea
15 15a,, 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
catalytic film 15c 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 hole 15B;, there is formed a
taper portion to accommodate the diffusion portion.
In the catalyzing member 25 of the above

configuration, the hydrogen gas fed from the shower



20 31. A substrate planarizing nmethod, conprising: a step of feeding

hydr ogen gas as a processing gas to a processing chanber; a step of
activating said hydrogen gas with a hydrﬁgé@ Catal yst, and generating
hydrogen radicals H*; 25 a step of nmking said hydrogen radicals H* flow to
a substrate to be processed; and a step of planarizing said substrate using
sai d hydrogen radicals H, wherein the step of planarizing said substrate

30 is carried out_at. at erat not, h .t 00, C

Ta A A A T AR TR R A1 ke AL BB Srs ek shernehng

A{.A A2 _A{E 15D in the penetratlon hole 15B1 to the surface of the
o9Uxs(_R{vql calca ca ca cajc al cal ca cajcajcalc
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member according to a modlflcatlon to the catalyzing

member 25 in FIGs. 10A and 10B.

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

25 in FIGs. 10A 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 35A 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 H* due to the
catalyzing film when the hydrogen gas passes through the

channels in the penetration holes.
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processing apparatus 20 according to the third embodiment
of the present invention.

5 Referring to FIG. 12, in the substrate
processing apparatus 20, the feed port 11B connected with
the gas line 11L is formed at the top of the processing
chamber 11, and a shower head 21 is formed in the
processing chamber 11 corresponding to the feed port 11B.

10 So, the processing gas fed to the processing chamber 11
from the gas 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 Embodiment]

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
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processing apparatus 10 or 20 in FIG. 1 or in FIG. 12,
5 respectively, are used, the temperature of the substrate
13 is set to 800 °C, and a processing gas containing
hydrogen gas and inactive gases is fed to the inside of
the processing chamber 11 from the gas line 11.
The hydrogen gas content in the processing gas
10 fed in this way is converted 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
SiH; 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
processing 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
41 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 to be processed on

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

or other inactive gases in the atmospheric environment,
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gas and Ar gas is supplied via a gas line 43 from an
external gas source. In the processing head 44, the
processing gas stays for a while in the processing gas
space 44B whose upper end and lower end are served by the
10 silica window 44A 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 to 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 outside 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
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by supplying hydrogen radicals H* to the surface of the
10 glass substrate 42, it is possible to effectively
terminate the dangling bonds existing in the active region
pattern 42A or in the interfacial region between the
active region pattern 42A and the gate insulating f£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 numerous modifications
could be made thereto without departing from the basic

concept and scope 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
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substrate, and further by supplying hydrogen gas diluted
by inactive gases, the lifetime of the hydrogen radicals
H*, accordingly the distance reachable by the hydrogen

10 radicals H*, can be maximized. Further, 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 ofvthe 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
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comprising:
5 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*;

10 and

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,

15 wherein

an interval between said hydrogen catalyzing

member and said substrate on sald holding stand is set

less than the distance that said hydrogen radicals H* can

reach.
20
2. The substrate processing apparatus according
to claim 1, wherein an exhaust port is further provided in
said processing space on an opposite side of said
substrate to said hydrogen catalyzing member.
25

3. The substrate processing apparatus according
to claim 1, wherein said hydrogen catalyzing member
carries a catalyst comprising one of a metal and a
compound of a metal selected from a group including Ni, Pt,

30 Pd, Ir, Au, and their alloys.

4. The substrate processing apparatus according

to claim 1, wherein said hydrogen catalyzing member
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5 contact with the carrier.

5. The substrate processing apparatus according
to claim 1, wherein said hydrogen catalyzing member
comprises a catalyst including one of a metal and a

10 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.

15 6. The substrate processing apparatus according
to claim 5, wherein said diffusion barrier film includes

nitride.

7. The substrate processing apparatus according
20 to claim 6, wherein said nitride is any one selected from
TiN, TaN, and WN.

8. The substrate processing apparatus according
to claim 3, wherein said hydrogen catalyzing member
25 includes a filter formed from a porous backing material,
and a surface of the porous backing material is covered

with said catalyst.

9. The substrate processing apparatus according
30 to claim 8, wherein said porous backing material is formed
from sintered metallic wires, and surfaces of the metallic

wires are coated with said catalyst.
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according to claim 2, wherein said hydrogen catalyzing
member includes a plate-shaped member and a plurality of
penetration holes formed in said plate-shaped member, and
5 at least an inner surface of each said penetration hole is

covered with said catalyst.

11. The substrate processing apparatus
according to claim 10, wherein a member is inserted into
10 each said penetration hole for forming a gas flowing path
between said inner surface and said member, and a gas flow

diffusing portion is formed at an end of said member.

12. The substrate processing apparatus
15 according to claim 3, wherein said 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
20 least an inner surface of each of the penetration holes

being covered with said catalyst.

13. The substrate processing apparatus
according to claim 3, wherein said hydrogen catalyzing

25 member includes a temperature controlling means.

14. The substrate processing apparatus
according to claim 1, wherein said interval is set to not
more than 60 mm.

30

15. The substrate processing apparatus

according to claim 1, wherein said hydrogen catalyzing

member i1s arranged to be substantially parallel with said
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16. The substrate processing apparatus
according to claim 1, wherein said hydrogen catalyzing
5 member is of a size able to cover the entire surface of

sald substrate on said holding stand.

17. The substrate processing apparatus
according to claim 1, wherein a moving device is further
10 provided for moving said hydrogen catalyzing member and

said holding stand relative to each other.

18. The substrate processing apparatus
according to claim 17, wherein said moving device moves
15 said holding stand while keeping said holding stand in
parallel with said hydrogen catalyzing member.

19. The substrate processing apparatus
according to claim 17, wherein said processing space is
20 defined by a region filled with an atmosphere of inactive

gas.

20. The substrate processing apparatus
according to claim 1, wherein said processing space is

25 formed in a chamber defined by its sidewall.

21l. The substrate processing apparatus
according to claim 1, wherein said hydrogen gas is fed
from said gas feeding port to said processing chamber in a

30 state diluted by a carrier gas.

22. The substrate processing apparatus

according to claim 1, wherein said processing chamber
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corresponding to said light transmission window.

5 23. The substrate processing apparatus
according to claim 1, wherein said holding stand includes

a heating device.

24. A substrate processing method, comprising:
10 a step of feeding hydrogen gas as a processing
gas to a processing chamber;
a step of activating said hydrogen gas with a
hydrogen catalyst, and generating hydrogen radicals H¥;
a step of making said hydrogen radicals H* flow
15 to a substrate to be processed; and
a step of processing said substrate using said

hydrogen radicals H*.

25. The substrate processing method according
20 to claim 24, wherein said processing gas includes said

hydrogen gas diluted by inactive gas.

26. The substrate processing method according
to claim 24, wherein said processing gas includes said

25 hydrogen gas at a concentration of not more than 1%.

27. The substrate processing method according
to claim 24, wherein said substrate is a silicon substrate
carrying an insulating film, the step using said hydrogen

30 radicals H* includes a step of terminating dangling bonds
existing on the interface between said silicon substrate

and said insulating film.
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5 silicon film and an amorphous silicon film on a surface of
said glass substrate, and dangling bonds existing in an

insulating film.

29. The substrate processing method according
10 to claim 24, wherein the step of generating hydrogen

radicals H* is carried out at a temperature not lower than

100 °C.

30. The substrate processing method according
15 to claim 24, wherein in the step using said hydrogen
radicals H*, an amount of said hydrogen radicals H* in
response to an atomic area density of saild substrate is

supplied to said substrate.

20 31. A substrate planarizing method, comprising:
a step of feeding hydrogen gas as a processing
gas to a processing chamber;
a step of activatiﬁg said hydrogen gas with a
hydrogen catalyst, and generating hydrogen radicals H*;
25 a step of making said hydrogen radicals H* 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

30 is carried out at a temperature not higher than 800 °C.



