. ; e3ekvh| T6" TvDH81 FI LM DEPCSI TI ON SYSTEM 5 TECHNI CAL FI ELD The present
invention relates to a fil mdeposition systemfor depositing a thin film on
an object to be processed, such as a sem conductor wafer. BACKGROUND ART to
Generally, in a semiconductor integratedscircuit fabricating nethod,
various processes such as a fil mdeposition process, an oxidation diffusion
process and an etchi ng process can ﬁ§$§§# to a sem conductor wafer as
an object to be processed. A convent ingl e-wafer film deposition
system 15 will be briefly described with reference to Figs. 7 and 8. Fig. 7
is a schematic view of the con [ ' 3 r filmdeposition
system and Fig. 8 is an enIarégg&tﬁgg#%ffgﬂtggﬁﬁgﬁ of Fig. 7. The film
deposition system 2 has a cylindrical processing vessel 4 having a bottom

wal I provjded wth-gxhapst ZhRerts 6, through which gases contained in the
processi ng vessel #Z“Can D& evaclated to a vacuum state. A stage 10

i ncl udi ng a heat er T8ei praseateinventice pebresstag fédnaleppsifisardysérouct or
wafer Was a i : pLaces i u a i.e.,
A suppor t - surfLcbebont eyl LEATAIEE b TBLTECL Lo pASEoSHE] S Sten
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~part of the stage %QFJS@&MR;””H circunference of the guide ring 12 is
tapered downward to Torma gul de surface 14. Wien nmounting the wafer Won
the suppdft surfac&epgradhbine ofn | idt eFePigeNAUSEPL shdkpIBated hatlncad t

support and ldsft-iBRt 8¢ R8I AMY-ihe Ped&iscbl SudPSst hofam aégégitqfo_nt he
wafer Wmay be prevented. As shown in the guide ring 12 is disposed
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35 processing vessel eg faci n‘g the s age fo, in orgei t int,r];gél:uce ne or
nor e necessa&&F°§§§§§dsuéhC%% %Ptn‘t?ﬁé'é-i inglgaetex: bR ARASIELOP Y el 4.
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itted on epogatipers apdrEic. 6f i eged w i ion
di mensi onal %foC‘Higcyv Howg\eras g.s d%E,B 't%&rgg%déﬁ%cf" hs' g E&Qin&’ric@aﬂ ower
surface 12A of the ‘gui'de ring 1 A= b U v o 'y 'n_point contact with
t he support Swocgseingaessed. 4thavinper betirdmewldf providedgdthoexhaust

Consequeg! y pit38) l.ri@Rgh8uplcr ghgkghiorkhiAlat 1P 1AEdSEodtiedniifed et O med

10 inevitably between the surfaces 10A an 2A. During a film eggsi tion
process, as $heMhPRevRryated ta Yacumgkated 2 Staged O snglepdaigeted it he

surface of theiwabeacdl i RBeeSPEEssingTFeddeBN, 24 S&idhdictordepast t ed
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respectively. J 1% PP ’
i.e., a support surface, of the stage 10.

25 A guide ring 12 having a cross section resembling an
inverted letter L is fitted on an uppér peripheral part of the
stage 10. An upper inner circumference of the guide ring 12 is
tapered downward to form a guide surface 14. When mounting the
wafer W on the support surface by means of lifter pins (not shown)

30 that cansupport and 1ift up and move down the wafer W, a positional
error of the wafer W may be prevented. As shown in Fig. 8, the
guide ring 12 is disposed in close contact with the upper surface
of the stage 10 with a very high dimensional accuracy.

A showerhead 16 is provided on a ceiling part of the

35 processing vessel 4 facing the stage 10, in order to introduce
one or more necessary gases such as a depositing gas into the

processing vessel 4. A predetermined film can be deposited on




.15 At that tine, if there is the gap 18 as described above, a deposition
rate is so high at an entrance (inner circunferential) region of the gap 18
t hat peak portions 22A and 24A having greater thicknesses nmay be generat ed.
For exanple, when a desired thickness of jhe film20 on the surface of the
wafer Wis on the 20 order of 500 A it i's possible that each thickness of
t he peak port| ons 2A a }24A i.s on the order of 1000, A, That is, at the
peak portions félﬁ § o4 DS WALEE ST BoRakiRe ?Pa‘%/deeoabemg G Buptecht
which the fi |mﬁﬂlghst1demﬁswteedeaa hes paal i birefes2dfy Feds3n/A Fayceoe of f
while the film25 de 05|t|on ss to the wafer Wis repeated. Thus, it
is possible t p[rlf.?g Rufbery Segagt'l cles sharply increases. Fig. 10 is a
graph showing a reI'Hte qusidie nribef Weefls tiia tednbertief uppee esacpherhensaand t he

nunber of _part Fi er_of partjicles (not
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(source) gas urﬁléd@geéryhﬁmxes %1 faﬁanbsvrﬁé b@%&et)oaepoéi\?edﬁma%%%bﬁ

particles can be suppressedlOif the ring has a part of
wher ei n t he it thapupfacerpEshestkadg dtlra@gga@ersngéa@rreéﬁecmvelymkes

it diffiagglt Aorengenosid,ed ff idherko i60mme0lhpThiss aknWeltl Phed Sakodd,! M
deposi tion system,incl udi ng agr 0CessSi ng veéssel capabl e of being evacuat ed
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entrance(i nsi'd@t é¥gwhaehiRe diilde 20i h@ deprsitase space has a

t hi cknesssuf ficientine gesRlpc% i6ABPRI LGN $4h ke Ebhe ‘Sﬁsv?ﬁ:?lé?fthtehﬁllm
fil msdep % ‘f on .t he ugger and the |l ower wall Surfaces,
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prevent ed. Emcés%ﬁﬁhmfmimanﬁeﬂaé inuibeeOvE pafrtithes Wahk showdasFig!l can
be prevent edt hat @%tl clfgs are dispersed in_a processing space or
frafe™

settleon the Slr EhP T BREELCLES hENYSy TRddey, Than -4 pEVcShRRRLY 4
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preventi ng s%cagjrhhgg&gﬁrlg%{aqe gp%%s?%%h?é&ﬁ f’l J'P%’rlhnefolr %a o%éje% Sl e‘? abl y,
the particl e qpenfgrisoW. preventing space is 10 defined by the flat upper
surface the sta wer
surface g% t he gui g@ Egege% %ﬁggﬁgéﬁ%?‘égg%ér#e%t& %ﬁffg%gﬁﬁ%lyt levg
deposi tion sytshﬁerﬂﬁqr@lsaddngrolalwoce?‘ss:lqrglmgésel itapabbe objket ngf evbeuat ed
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. 15 of supporting an object to be processed thereon; and a clanping ring
supported on or above the stage, capable of pressing and fixing an outer
peri pheral part of the object to be processed nounted on the stage; wherein
a particle generation preventing space is, fornmed between an inner
peri pheral part of the |lower 20 surface O the cl arrpi ng ring and the upper

‘surface of the stage. In th caseto e portlo (ridges .
unnecessary {34 ng% Qr?s?&Pﬁe& 1&’2‘d mB?r% ST ifdé'fifrﬁlﬂ'g t he
particl e genefepiosdRipheyesidsig 1spaepea1v&wn the space has a thickness
sufficiently great as conpared with the thicknesses 25 of the film
deposited on the upper and the Iomer wal | surfaces the films deposited on
t he upper and the | ower wal | D3gcf.oseRE dexf iT INUVRRTDEN ti cl e generatlon
preventing space dqQ,nof tao ch e ot her and hence |t i S_SC ssi bl e
D D o 55 Db e D ORIER hdad SRR B RS
generation 3®mf ejmnaEpostitmn jefr bl €li s @rarthee guédarkaby y qudefonhé@dihaven i f
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t he obj ect tcpﬂmspn:eceﬁsedie;mmxtenghesmmm)gcﬁ'sf isflowex ddpasit edrfaims may
happen At 2 GRSRL O LhaR SanbREL b b i SRl BGR P0G AT the
particle generation preven he , prefteranty, the
particl el@enexﬁth@gmds xpnexh@rsta pgrts paceshapse wherdigkbee past iabpuesirz nm or
above. In addif ik@a gy faglé? t%ﬁe%t'aqtdewﬂeeﬁrneteeen iRt fRace s
a thin annul ar space. era the particle generation preventing
space has a r%di%ilosdﬂiﬁénﬁihh'@f C@D‘Gu@fﬁ 5 mm or above. Preferably, the
particle generati Ortt‘tﬁ.rse‘iﬁ'{}éhf‘ﬂoﬁ pace Hlﬂﬁéﬂﬂit%nt g‘fs{ét@tldéﬂﬁ@ﬁ.n§uref ace
of the stage and a step-like recessed portion fornmed at the | ower Surface
of the cl arrpm@quﬁgngmemJEtcameeem | e evprugfedy e make a1 vacuup

schemati gsvi etwlétfele f il gtd?@%lééé&) ﬁysctxeltpeeéeéglirttg Ve de PaPSBI¢ of
i nvention; Fi 2 |s an enlarged secti onal e&w of part of t sta e and

a part of th A 1pgngn Y RORpg) Process ‘gheréeoins aRd el o S
sectional vi qvnaaj‘eda qﬂﬁl’brAdbval @&he? sttage Séat aswier esdittomdaran depost t ed;

Fig. 4 b f f. T
" Source gas SHTPREACERGE Fron rar bacore erecerage ionnedn hdbiadeas ¢
showi ng a charammhife ¢heuridihe rthef olppedt tbdse ﬁﬁoccé}s@dzqnt@rth@rzemwtyhmen
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schemati ¢ view o emi1n anot her e ment accordl ng
to the pr eserparrtmpém g@meratlon preventing space is formed between an inner

peripheral part of a lower surface of the quide ring and an upper
surface of the stage. |

Thus, peak portions (ridges) of unnecessary films are

{ 25 formed on upper and lower wall surfaces defining the particle

generation preventing space but not in the vicinity of an entrance

(inside) edge of the guide ring. When the space has a thickness

sufficiently great as compared with the thicknesses of the films

deposited on the upper and the lower wall surfaces, the films

30 deposited on the upper and the lower wall surfaces defining the

particle generation preventing space do not touch each other,

and hence it is scarcely possible that the films come off the

upper and the lower wall surfaces. Thus, the generation

(emanation) of particles can be remarkably prevented. Even if

35 thedeposited films come off the wall surfaces, it can be prevented

that the particles are dispersed in a processing space or settle

on the surface of the object to be processed, since the coming



.Fig. 7 is a schematic view of a conventional film deposition 25 system
Fig. 8 is an enlarged view of a part of Fig. 7; Fig. 9 is an enlarged view
of a part of the film deposition systemshown in Fig. 7; and Fig. 10 is a
graph showing a rel ationship between the lpurrber 30 of processed waf ers and
the nunber of particles. OR CARRYING QU An enbodinent of a fil m depOS|t|on

system accor di resent entionwll b escri bed ference
Ty the 35 accthnsty he afnires. EEIEE ey babpen A, FCCTTIAD OF PRSI

deposi ting systeerriadmdtgi of th)etér&mmeeagenuenth@rpaﬂsgleZgexseﬁantﬁfﬂ arged
6 sectional view of .a part of the stage and a part of the guide ring shown
in Fig. 1, an%r%yedltlggl gPa%Cun| arged sectional view of a part Ain Fig. 2
in a state where fll?resfatablyeptﬂné padtidie gfehleﬁ’aﬂmo@rbkrentﬁygts@HCEmame

enbodi nent. wi| I, he ap to depositing a TiNfilm
Sto Higaon"BE 488 2 nf B

Referring™to Figs. 6T system 30 has a cylindrical
processi ng vessel Fraimdebdf, tlor peradple, gaiem‘amum preﬂzétﬁ::ln*epa&pimrts
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on a support surfa e e up
stage 3610s adripinad by bee rfé@ﬂ:eapa@d swaifiacei nédche sfapeeard er stapdl i

tenmperature. Jhe. 330 o§§1c51§ fBE:ﬁ a?cﬁ'-gt%tibw 10kuf lO% t&%@‘%ﬁd}éﬁgﬁ% ns 42

t hrough pin-hol es 40 m are shown I n
havi ng base end par&@%la[tégﬁh’/elt%léoﬁﬁ@té@nttﬁa Elﬂp!p eposhiian auste®

inserted in tﬂewdlnfgqlaegréeesgﬁ@oeéégéfpbx a@zpe Eh%e&%@p&}écu%%&ttcﬁﬂaké

vertically nmovably extended through a hole I's formed in the bottom
wal | of the pft YReReRiheredRep sfadgRlaqest in §hﬁé’irﬁ?ﬁ?ﬁ§a1|1g Ve§§%le€aB§/bJaP

bel | ows 46. WERrRy ?b@rﬁﬂﬁ@%ﬁi obfieét télbé spﬁaaée@euetﬁéﬁeﬂd-yaﬁ@vaaedgaﬁﬁing

downwar d) , theu{g} suppo Bre on 1:r 2 ce)(\:rte t Wasrtga eOr cgbggfgeaé prfers%mg and
support !

fixing an outer peripheral part of the object to be processed

mounted on the stage; wherein a particle generation preventing

space is formed between an inner peripheral part of the lower

20 surface of the clamping ring and the upper surface of the stage.

In the case too, peak portions (ridges) of unnecessary

films are formed on upper and lower wall surfaces defining the

particle generation preventing space. When the space has a

thickness sufficiently great as compared with the thicknesses

25 of the film deposited on the upper and the lower wall surfaces,

the films deposited on the upper and the lower wall surfaces

defining the particle generation preventing space do not touch

each other, and hence it is scarcely possible that the films come

off the upper and the lower wall surfaces. Thus, the generation

30 (emanation) of particles can be remarkably prevented. Even if

the deposited films come off the surfaces, it can be prevented

that the particles are diffused in a processing space or settle

on the surface of the object to be processed, since the coming

off of the deposited films may happen at a location other than

35 the vicinity of the entrance edge of the particle generation

preventing space.

In the case too, preferably, the particle generation




.25 surface 36A of the stage 36 to lift up the wafer W The ceiling part of
the processing vessel 32 facing the stage 36 is provided with a showerhead
46, through which one or nore necessary gases including one or nore

depositing (source) gases are supplied into the processing vessel 32. The
necessary 30 gases including the source gases supplied into the showerhead
46 are adapted to etted into cessin ace S throu ettrn hol es
48 forned |np§qv§\ﬂgf'n Wac(e PEft An Js Ee?go‘]ﬁ?% sﬁo@%r‘?fgé_’tl}!

processi ng veskEltisa,iprefarabdgd whe paztdele gualeration pm_:rv@nttrﬁgmf;emﬁd and
cl osed when c a wafer. Winto 35 and car out of
processi ng ve‘?ée% g%' 10, SN AT, 0 7PRACS a?"g’rreorﬁféfnq%ﬁgggrr %aﬁ’aﬁéﬁ]? of
the bottom wajdneahttiibe precagsinggspassciasia rabeatxdiausatis ipar bs Sowr &
connectedgto an Bxhgust system provided with a vacuum punp or the |ike.
Thus, the”processing OVessel 32 can be evacuated to a pr edet er m ned
pressure. A gui de rHmefe3ablwhitdie Ipa$tac1eagarree:amtohhprepraﬂ:emﬁspa@mumn IS

put on an up 4l t concr ui de
ring 54 has gféefrlg%g sgetg@og&%?‘ légé%%%glr gag%b?l ng a verlr {;é‘?g qieg
formed of a ceacesisedmandrioalfoymed aastme ié}ﬂenrsuqﬁacepfgﬂ@elarm;nmﬁg tted

- closely on the upperperipheral part of the stage 36. The guide ring 54 has
a guidel Oring body 59, which has a horrzontal part 56 extending in

paral |l el 8 the support surBRIEd BEACRI FaJHE3BR 8 vertical part58 in
contact with the sigeg syrfacg ofnd, W f the
hori zontal part 56 |?tapere dovvnnllvicr?ft to?vgr n%iigtgﬁgo F%ﬁ taé‘g 36
to form a t af¥eFddnadEe sthe Tessy. lﬂﬁ%ﬁtl%en | onering a wafer W
supported on the |idilgry ms”%%nlﬁrrg@&'@ecﬁ:ﬁgn%fﬁ.éwvgﬁﬁ gd1& SERR gl f ace

36A, if there isa gosrtronal error of the wafer t he "qui de surface 60
correct sthe 99 & BREF F r'vie FuifdRer iR eFhany Hid é'ﬂrgde]srthe waf er Wt oa

correct pesition orri e3swrmrTeniﬁf@@@%e%%oﬁ%ﬂvfémwfaa sakc @f inpeidi on 62
havi ng a subsfanti_al L%T’ ‘ﬁgdth ness e Fi %ﬁ 2 and 3) is fornmed at an

i nner peri phet dipér £ W NS uRF c RASIY6ihori zontal part 56 of the
gui deri ng body 59. Fhlyus4 ishegraple shpethglacrel atpanishap ddtwreharilzontatgart 56

i hi d 6425h h f
very thin ri i ek SEr el PR BT s iR e eR s A et ©
formed between an Fiderd $8ef gurplbdiiowindgwe change 56 tamhunﬁearsuppertltslﬁé ace

36A of t st on t hose be described

ot exanpl 80w (Gl kGRS Sheh"GRE BRI A el HERT RBERS R Y o of
t he waf er Wrﬁ)tﬁﬁléddapméh@%rﬂf@@ﬁssesr tion and an insi deedge of the
horizontal part 56 fy.t heidui fendndid O¢ibw df"aafiﬁiﬂgl%ﬁgsgt{)n%%y%témniﬁ for

exanpl e, on the order “of 1 nmm regardl essof di mensi on of the“di aneter of
the wafer W 3RQHReCK FBRAIIERRL AFSORGLRG oFR dithey BEESSBL| EnVentddgnge of 1.5
to 3 mm for exanplmq3Spns bhecHm@encofich i obnbehfiéngf £i 08 dapByieion

cut - of f g rtron6C§HI nanely, a height L5 of the particle generation

preventi g ' is 0.2 mmor above, for exanple, on the order of 0.3

8 mm (In Fl g. 3, WHig.pariscir @angigald oheplef entdaig emasegfmﬂ S
exaggerated for co;yenr gnee of ﬁ | apat.ion.) A sta radtai)gl ngth L6 of
the particle gener gre ﬁggg%é’c'ﬁ?w iaspazr €abb ?%&%rpl e,
on the order syfstémnmehowm imericpsa; Enﬂreferabl y, the ratio of the height to

the length of the f t he. artr ener tron r entrn space
6d. i e Lo/l |49 el Bt e RSl el LS

subst ant 3@l | y:%qpmbesee@ wafgns depit hhefnmn&mdm mingartheleper ati on of fi I m
deposition systemas applied to, for 10 exanple, depositing a TiN (titanium

nitride) filmwll be descrr bed A sem conductor vvafer Wis carried onto
and received by the |i BEST MO ARRYTNG OfiE il ENWUAONe 50. The liter
pins 42 are | owered t&nﬂ%ﬁﬂﬁ ﬁ} of
the stage 36. If therei1s a pf)t |on g?igfofggge&b a%\é agﬁ%%t ap%%ed

gui de sur f ac®1BHEHE tlrrere@@me Mlﬂré) e fcﬁeacedb@rd tvheilpelreiiﬂme peor tthd t he

st age 36360Nntadoh ?/h%,g h@? _periphery of the wafer Wand corrects the
positional error 8 waf er "Thus, the wafer Wis placed at a correct
position on the sté‘@é 20 38 .a schematic view of a film depositing system

according to the present invention, Fig. 2 is an enlarged



. After the wafer Whas been thus |oaded, the wafer Wis heated up to and

mai ntai ned at a predeterm ned process tenperature. At the sane tine, the
processi ng vessel 32 is evacuated to make a vacuumtherein, and

predet ermi ned gases such as the depositi an 25 (source) gases are supplied
into the processing vessel 32. Thus, a filmis deposited on the wafer W As

t he deposition gases, for exanple,  Ti ga NH3 gas _an as may, be
used. n t he XSEABREL oy FEy Ao th PGSO PEREE. U DAFEF OF oy SR 6
inch wafer. RriegesbBowonii Fignslf aind Biol Y 30an SADaAyddhisektIoMRT iMirwon t he
wafer Ware, for ex | e Tigd4 flowrate of ut 20 sccm..,an NH3 flow
rate of abut 04“(0)8 %%% %ﬁ\ Eal\‘:if'f ot AaP W%Sﬁtgggnsséfﬁ]gezfoﬁr%g Ssli%e
tegperat ure dfil_abdapoﬁﬁﬂidi% sqrsmemc?gnstrm mot hddam%ﬂt amf _]Il bégdé’actnt.lﬁch asorr)
and a progess, ti of _abqut .6Q_s. . e above film deposition process
IS repeat gd, aé’%’lgﬁgv\ngoi(?e |sgl.q§',ngv\,ﬁi ?Jely\ﬁgi“}"ed films 68 are deposited on

waf ers W unnecess®efefrrling teOFagsl. 12tady dHdidinsdemayiddonesiysient B@ has9
surfaces of t r . t i rd NeLEs;

films are deﬁ%‘g}’f%{pd al%&%gﬁ%glﬁggee%%%%ﬁ ﬂ%&‘% g\%érfdv%g ?éms%l%]’a%es ?ijgwni ng
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gener ati on pmoreEnheogssge gadés Imebldingeopeakr more depositing (source)
gases are supplied into the processing vessel 32. The necessary
30 gases including the source gases supplied into the showerhead
46 are adapted to be jetted into a processing space S through
jetting holes 48 formed in a lower wall (Jjetting surface) of the
showerhead 46. The processing vessel 32 is provided with a gate
valve 50, which is opened and closed when carrying a wafer W into
35 and carrying the same out of the processing vessel 32. Exhaust
ports 52 are formed in peripheral parts of the bottom wall of
the processing vessel 32. The exhaust ports 52 are connected to




.10 portions 70A and 72A are fornmed, for exanple, at the radial distance L8
toward the depth of the particle generation preventing space 64. Naturally,
the distance L8 may be varied with the process conditions, the height L5 of
the particle generation 5 preventing spa 64 and so on. The height L5 may
be determ ned taking into consideration a cleaning cycle of the film
deposition syst eposi ti.on ral rib above,
according to %%8%%%%??‘%}5?1“ Eirﬁ’é'lijﬁﬂé“’rl ?J‘e‘? vsﬁgpﬁlp%r?ﬁgpeﬁigc %} Ssur f ace
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ring body 59. Thus, the inner peripheral part of the horizontal
part 56 is thin, and a particle generation preventing space 64
o 25 having a shape of a very thin ring with a cross section resembling
an elongate rectangle is formed between an under surface 56A of
the part 56 and the support surface 36A of the stage 36.
Dimensions of those parts will be described by way of
example with reference to Fig. 3. A distance L3 between an outer
30 edge of the wafer W mounted at the correct position and an inside
edge of the horizontal part 56 of the guide ring 54 is in a range
of 0.5 to 1.5 mm, for example, on the order of 1 mm, regardless
of a dimension of the diameter of the wafer W. A thickness L4
of the horizontal part 56 is in a range of 1.5 to 3 mm, for example,
35 on the order of 2 mm. A height of the annular cut-off portion
62, namely, a height L5 of the particle generation preventing

space 64, is 0.2 mm or above, for example, on the order of 0.3




. 10 are far smaller than the criterion of quality determnation being thirty
and are very good as conpared with the result of Fig. 10 indicating the
conventional case. In the above enbodi nent, the inner peripheral part of
the |l ower surface of the horizontal part 56 of the guide ring body 15 59 is
recessed to define the particle generation preventing space 64. However, a
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W. Thus, the wafer W is placed at a correct position on the stage

20 3e6.
After the wafer Whas been thus loaded, the wafer W is heated
up to and maintained at a predetermined process temperature. At
the same time, the processing vessel 32 is evacuated to make a
vacuum therein, and predetermined gases such as the deposition
25 (source) gases are supplied into the processing vessel 32. Thus,
a film is deposited on the wafer W.
As the deposition gases, for example, TiCl, gas, NH, gas
and N, gas may be used. In the case, a Tin film may be deposited.
The wafer Wmay be an 8 inchwafer. Process conditions for forming
30 a 500 A thick TiN film on the wafer W are, for example, a TiCl,
- flow rate of about 20 sccm, an NH, flow rate of abut 400 sccm,
an N, flow rate of about 50 sccm, a process temperature of about
680 °C, a process pressure of about 40 Pa (0.3 Torr) and a process
time of about 60 s.
35 | When the above film deposition process is repeated, as
shown in Fig.3, while desired films 68 are deposited on wafers
W, unnecessary films 70 and 72 may be also deposited on the




.1 13 1. Afilmdeposition nmethod using a filmdeposition systemincluding:
a processing vessel capable of being evacuated to nake a vacuumtherein: a
stage placed in the processing vessel ) capable of supporting an object to
be processed thereon; and a guide ring plgaced on or above the stage so as
to surround an outer circunference of the object to be processed nounted on

the stage, capabl.e of guiding the obje 0 [ e o .1 age
when nount i ngqoutrﬁgc%j 8gt tﬁg %gp%cr’%%e%%]gf f‘%)ent 0 %en%fs:ﬁ%gee;%u\%r@%r elillﬂga%%ért icle
gener ati on premepntbagry fadesi sré depedibedvedese an tihnepppernghthalloygrt of a
| ower surface h | d | f f : ; e

et nod  compr eGP e Ar Ry L e FansiREe ditie At ol Vi AT Enacl
onto the stagd. arlpr atdésknesmdifcthagistesessary ofidanst i7Agand 72| MEEHESISt | on
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wal | surf3ces Gerini g article generation prevé%tin | space to form
peak portionPasftichdanhyeqesskapyrtions 793 ang Tife ofr bhe nd@canchg 2st ep;

a renovi ng st ' t j ect o} 1 iSinage;
and a cleaniﬁgﬂé?%%E§EP¥+%Egﬂ%%§mgﬁef¢f?%ﬁ%gﬁogpt?@%ﬁggg%gﬁglgg?%ﬁﬁﬁgﬁfhe
unnecessary fouaventavguahang thevhsaska mantigdspressuxer P hhfeBdsi4 98% afet hod

according to IS%gF'?gJC , efei clLeamn e}@g kSnC teqighter a
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deposi ti 88 met hod &heomfalkg POFtirasnYeA andré2h ake feARbsatary F394&l peel

of f the wall $uwdaces NdhaccHIdl ak8mple | NELORE t hChempeabal itk Piavant i ng
space not to disperse as particles intg the processing vessel. .before the

circumference of the guide ring 54, i.e., at a radial distance

L8 from the inner circumference of the guide ring 54 into the

depth of the particle generation preventing space 64. Causes

15 of formation of such peak portions 70A and 72A will be described

with reference to Fig. 4. Fig. 4 is a graph showing a relationship

between the flow rates of TiCl, gas as a source gas and the

deposition rates on the stage. Herein, process conditions are

the same as the aforesaid process conditions, except the flow

20 rate of the TiCl, gas. As obvious from the graph of ¥ig. 4, the

film deposition rate increases gradually as the flow rate of TiCl,

~gas is increased, in an initial stage of variation of the flow

rate. However, after the film deposition rate has reached a peak

P1( when the flow rate of TiCl, gas is about 10 sccm), it decreases

- 25 sharply. Then, the film deposition rate remains substantially

constant on a relatively low level, regardless of the further.

increase of the flow rate of TiCl, gas. As mentioned above, since

the flow rate of TiCl, gas is about 20 sccm in this case, the peak

Pl of film deposition rate appears in a region where the flow

30 rate of TiCl, gas is lower than about 20 sccm and the partial
pressure of TiCl, gas is low.

As shown in Fig. 3, the region where the partial pressure
of TiCl, gas as a source gas is low is a region where the partial
pressure thereof decreases to a some extent by diffusing the TiCl,

35 gas into the particle generation preventing space 64, that is,
a portion toward the depth of (on the outer-periphery side of)
the particle generation preventing space 64. Thus, the peak




.14 cleaning step. 4. Afilmdeposition nethod according to claim1l) wherein
the particle generation preventing space has a height of about o 2 mm or
above. 5, A filmdeposition nethod according to claiml, wherein the
particle generation preventing space has radi al di nensi on o about 2 nm or
above. 6. A film deposition method accord| ng to claim1l, wherein the ‘

particle generat l.on p en pace ht and. a radi nsi on,
and a ratio GPPHHE Faéﬁ% Ia%lng%él%lﬁ t 3 % h?o hEXPUP LGy E?gt tg.lﬁ/ adial
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; =3f 1" 7$0%0$ &9& &
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he guide ring body 59 is recessed to form the particle
generation preventing space 64. The height L5 of the particle
generation preventing space 64 is set to be about 0.3 mm, which
is far greater than the thickness of the film to be deposited.
Therefore, the peak portions 70A and 72A do not touch each other
15 even if the respective peak portions 70A and 72A of the films
70 and 72 grow large. Thus, the peak portions 70A and 72B do not
come off, and the emanation of particles can be suppressed.

For example, suppose that the thickness of the peak

portions 70A and 72A of films deposited in one film deposition

20 cycle is 500 A (0.05 pm). Then, the thickness of the peak portions
70A and 72A after one hundred wafers have been processed is 5

um {=0.05 x 100), and the sum of the respective thicknesses of

the two peak portions 70A and 72A is 10 pm. Thus, the height L5

= 0.3 mm (=300 pm) is far greater than 10 pm. Consequently, the

25 peak portions 70A and 72A never .touch each other. The film
deposition system is cleaned to remove the unnecessary films 70

and 72 including the peak portions 70A and 72A after a

predetermined number of wafers have been processed.
Even if the peak portions 70A and 72B of the films 70 and

30 72 peel off the wall surfaces, the peeled films accumulate in
the region toward the depth of the particle generation preventing
space 64. Accordingly, the peeled films do not disperse as
particles into the processing space S, and the particles do not
settle on the surfaces of wafers W.

35 One hundred wafers were processed by the film deposition

process under the aforesaid process conditions. Particles state
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1ower surface of the horizontal part 56 of the guide ring body
15 59 is recessed to define the particle generation preventing space
64. However, a particle generation preventing space 64 may be
formed in a clamping ring for fixedly clamping a wafer W on the
stage 36. '
Fig. 6 is a schematic view of a £ilm deposition system with
20 such a manner. Elements or parts like or corresponding to those
shown in Fig. 1 are denoted by the same reference characters,
and the description thereof will be omitted. A clamping ring 72
has a clamping ring body 74 having a shape of a flat ring. The
clamping ring 72 is adapted to move vertically together with
25 lifter pins 42. An inner peripheral part of the lower surface
of the clamping ring body 74 is brought into contact with an outer
peripheral part of a wafer W, so as to clamp (press and fix) the
wafer W on a stage 36. A step-like recessed surface similar to
that of the guide ring 54 described in connection with Fig. 3
30 is formed by recessing an inner peripheral part of the lower
surface of the clamping ring body 74. Thus, a particle generation
preventing space 76 is formed between the recessed surface formed
in the inner peripheral part of the lower surface of the ¢lamping
ring body 74 and the surface of the wafer mounted on the stage
35  36.
The embodiment can achieve the same effect as mentioned

above with reference to Fig. 3, that is, it can be prevented that
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YH ) " 10% & (p)e'al I%ﬁtlo}lg)@f deposited films are peeled off. Therefore, the
emanation of particles can be suppressed.
Although the invention has been described as applied to
the film deposition system for depositing a TiN film, the present
5 invention is not limited thereto and can be applied to film
deposition systems for depositing any kinds of films. Naturally,
the present invention is applicable to film deposition systems
respectively for depositing a WN film (tungsten nitride film),
an 8i0, film and the like. The object to be processed 1is not
10 limited to a semiconductor wafer, and may be a substrate for an

LCD or a glass substrate.
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3, A £film deposition method according to claim 1, wherein
the unnecessary films peel off the wall surfaces and
accumulate in the particle generation preventing space not to

disperse as particles into the processing vessel, before the
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<=>? @A\BCDEFGHI JKLMV@Q?S_TUVV\XYZ \]~ " abcdef ghij kl mopqr st uvwxyz ~
the particle genc[arg.ti'on prevegt:l_{:g spac%qhas a he%gl{flc}of

about 0.2 mm or above,

5, A f£ilm deposition method according to claim 1, wherein

the particle generation preventing space has a radial

dimension of about 2 mm or above.

6. A £ilm deposition methed according to claim 1, wherein
the particle generatiocn preventing space has a height and

a radial dimension, and

aratio of the radial dimension to the height is 10 or above.



