;1 me3eYlYi|"b6TEJ DESCRI PTION FI LM DEPCSI TI ON SYSTEM 5 TECHNI CAL FI ELD The
present invention relates to a fil mdeposition systemfor depositing a thin
filmon an object to be processed, such as a seni conduct or

er. 10
General ly, in a semiconductor integrated gircuit fabricati né@WﬂWﬂmﬂw’W
vari ous processes such as a film deposi tion process, an oxid ion
process and an etchi ng process can b to a sem conduct ousos@f er as
an object to be processed. A conventl ona mﬁgﬂ “ ion

e-wafer filmd o/mltlon
system 15 will be briefly described with reference to Figs. ZM WWWHM”

is a schematic view of the conv Qﬁ.@l €a filmde
system and Fig. 8 is an enl arglzic}ﬁ{l/l ewogibgggosr%@of Fig. 7. Thaodd!| m

deposition system 2 has a cylindrical processing vessel 4 having a bottom
wal | provigded Wthmts 6, through which gases contained in the
processi ng vessel ted to a vacuum state. A stage 10

i ncl udi ng a heat er Bhe presertednivant hen pedetesitmaviisiseHepos it sanbyshetuct or

vafer Was ancabldpbelfihg apraﬁqﬁﬂ%éa\@&u%%&ntansaggﬁ AWEHACEucH - &

a support sur e’ st age rin ng a Cross
section resemf mgemcpnd@w@d Wadierer L is fitted on an upper peripheral

part of the stage Wnner circunference of the guide ring 12 is
t apered downward to forma gui de surface 14. \Wen mounting the wafer Won
the suppdPt surfacEapradalis ofin| i At eFEPLANUHAT sHEWeIragedt heirenit

support and |iddrivatang moﬁowrim E@Béésé@s @uBfASAd 'aofi‘im‘%fe?%lél@ioﬁ he
wafer Wmay be preventéd. As shown_in the guide rin di sposed

in close contRKYCSRSrhak @WP“SG#%% PFh"ée%ﬁ el ap ‘?&Wlhlf&l PEPGESH gh

di mensi onal a@murb@wep@;as:ba\wahaadeﬂ;ﬁmmwt@w dedepnadg @@ bbhecPatd wé the
35 processi n%r vessel 4 faci n the i n_order tg i ntroduce one or
r
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A Er edet ﬁsmdnmuf bémmﬂlyedd@@@ﬂadécedmm rﬁf%ﬁéneﬁrﬁca@'ﬁ.gég 1 g@de anW by
maki ng the ositj SupRl.i e tough the showerhead .16 i
processi ng vggs]eﬁ 2 gcel'ge& 5 eV IQ% gg fgnveRktgnal Sfngleswater; #bf“iz is
fitted on thelepgmsditipar sypdieens, apdrFldj ¢ nshansem]gergb(al wiew @f b gbrtion
di mensi onal 7 Ho r r cgl in Fi.g. . ower
Sur e 1on off (YT fe e (eTaF SHReTeTbE SRE00°Y ks B Standradel U
t he support Wl!!GAVeS%El thbavippera botteasaval pﬂrevstiageﬂltm exhaust
Consequenpl Y, prts18l, Itr&%g%%ﬂicﬁ dagbemc&tﬂal%dtbﬁt?{edsfoigéﬁﬁry\rééé prmed

| 0 inevitabl y bet weén t he surfaces 10A and osition
process, as sh6®RPefvacyated tpd vacyuyetated Aistadeol( sngbybiia aheaker he

surface of the \wapeackd itilr’rﬂi‘ee§iraéé‘s§idg"fﬁle%3e§n4’ 24 Ml&ﬁlcﬁi(ﬁ@rdﬁﬂﬂétted

unavoi dabl y t he surface the sta 10 and the guide rin
respectivel y. fbs Ap {’J]ﬁ%?cﬁ %&Lel?rqwgﬁl ispounted 8 gu ?Hégaﬁ%ove a

deposition ratee.,s aseubpghtaéummt oéntke (stayeerioci rcunferenti al regi on
of the g 18 t hat 10 A.and 24A _havin reater thi knesses may
be genergsed. For ggaﬁﬁrdg %/M’egnslagzﬁ'éasﬁngdat tﬁrgfﬁefgcg‘ﬁoflhé‘eﬁ?ﬁw ottt he
surface of thinvexfted Vétseol tisef20ted der anfupiier @emphesaquﬁobé tieat
each t hi cknes .ﬁca(ge tlBe %ahpﬁgft InHes ZE&&%L%%A 8f %é %iaredre{ngo f121:9§) 0 A

That is, at t
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 can support 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



_peak portions 22A and 24A, a deposition rate may be about tw ce that at
which the film20 is deposited. .The peak portions 22A and 24A may cone off
while the film25 deposition process to the wafer Wis repeated. Thus, it
is possible that the nunber of particles %ihar ply increases. Fig. 10 is a
graph showing a rel ati onshi p between the ‘hunber of processed wafers and the
nunmber of particles. As_shown in Fig. 10, .the nunber of, particles (no
Srmler t han 0 SSTEaRF ShaG YaB6r hdrelRking FHF AERREFtiS] daarEpt 16thn
criterion nurgoughothextiopeeheddild Yhtdathelpabléys tej eegbentd geaattan the
nunber of prqcessed wafers has eixgeeded forty. Data represented in the
graph shown imM'SPFOCERWRE WIt°H8Ed when a TiN fil mwas deposited on wafers
W 35 The present iTheeghide rhiagy heebs nhide etdoorfdiee ubpek yparnipheraliepart

aforesai d_pra cordingl. it J n _object of the present invention to
o vt de. a5t 1h GB5oEFETe L Jikh b sty dneRkSGhat accikaBY L HigvBe i+ on
of parti cl es shoam microddadpicddpesint Fidp. 91,02 dower Surdaeat E27h oblt3e ginldE OF

THE 1 NVENTI ON.,5. The |inventors of .t.h resent. i.nventio e.earnest studies
of the deposiinsh 19 BEF b dheVprEaBAY AT gt ERAEREE T 452 REPRoT G
peak val ue ofswflaclen Grejposi thempperesutface of flee stage A0esdonseqghently,
depositing (sourc as s lower th certain leyel. Therefore,_ the
enmanat i on of Ebaﬁnlaiﬁ)& ggpciﬁ B %Jb%‘rgggsg‘& ?8 g’fiet%gﬁuiocfeqriuﬁlglﬁagog“%%rt of
a shape Wier einevtitabpyr betveqn ddwuserbacesel Grepasi 1RAg gas is | ower and
whi ch makes it diffdguly é?&mﬁgggihiﬁp&’ob@béo_a%%ﬁmmE F'Q‘.%,‘ WNEE! on
is afilmdeposition systeminc Ing. a procesSi ng vessei1 capabl e of bei ng
evacuat ed to Jelesiyedacili 2G ishaeppaited amddepsutéace rof idepmadessWng
vessel, capaldlosttpporiing 5 2ab] 96 ndy R NEBCASH68: LhP Y01 ARE1 7

guide ring placed on of above the stage so as to _surfound an outer

ci rcunf er ence”bEhe RETbRFRL PL thelFd-age theguatedipd leneespageivedpabl e
of guiding the obiACte fnfe,be ArQeResad MO Jalpe 13t age du3eriBeq MaMGYé N0at he
object to be processed onto,the stage; wherein a particle generation
preventing sd%ié’q-‘é:lf’&r% 12 SRE AL ARRIC R0 Fe AT IENt ok}

surface of theedivrder rhegyals ahattpeik port bt 2PA Aha HMmpaviddgseapenk
portions (rid e.s(% of unnecesz)ary fil rrg gre 5 faorned, on ugger agd l ov\%r
wal | surf acest HePFITERGSt FBYp BF: 996 45REr at FOR SFEURKTI nieDaBe LRt in
the vicinity diicknesst ofirdhe fibsizlepnedye sokfabe gfuittie waffeyr Wheont hike space
has a thi,gkne fid g} | V& . QL . d_ . . LC e t he
i1 defisl T an hao aber g EPEIar tng) roel HriRablp K HHRCpet)
deposi ted on portignse?2Arand R4A| biwon vhe lorser of dddehi niThgtt by Barthel e
generation preventiRg;sRacHaAlandiad 0UChe At 19 Bhte 3G BENGSHUL tirSce
scarcely possible“that the filns come off the upper and the [ower wall
surfaces. Thukhat i yBAERaER® Nt dhR9alFoRFPRILtRG-ti cl es can be renarkably

prevented. Even if fhé et peRGDnsCo2A idnd 28R May0EOME NS Vahli 16 WHeAEESm |t
can be prevented that the particles are disperséd in a roce'ﬁm ng,,sgace or

settle of’t hedRAFHIOMPILRESBHFRCENE Watel okt sktbeadiSice TRBScobbndS 4
of f of the depesdilad thhisti@nuhbepest gark ikoest sdrpgiiyndncrbages herygei nity

f th t d f t ticl ati ti
Pref orably. UHG Barti GFEPRCRBPRITG f pFEarirg Bphebuias Cns”Rifiber of

processed wafers and the number of particles. As shown in Fig.

10, the number of particles (not smaller than 0.2 pm) sharply
30 increases to a number far greater than a criterion number (for

example, thirty) for quality determination after the number of
processed wafers has exceeded forty. Data represented in the
graph shown in Fig. 10 was obtained when a TiN f£ilm was deposited
on wafers W.

35 The present invention has been made to effectively solve
the aforesaid problem. Accordingly, it is an object of the
present invention to provide a film deposition system capable



.5 a height of about 0.2 nm or above. Preferably, the particle generation
preventing space is a thin apnul.ar space. Mire preferably, the particle
generation preventing space has a radial dinension of about 2 mm or above.
Preferably, the particle generation preventing space is 10 defined by the
flat upper surface of the stage and a step | i ke recessed portion fornmed at
the | ower surface of the tﬂ} r|n terntlge%g tshlsmve ion.i
filmdepositi §§l§?re?ﬁsi ehgem RO nB \" %]e CSYJ%%I é‘ of? bfeJr]rS{'b
evacuated to d&ﬂcmmmacpnméésems wrepaatédge placed in the processing
vessel , capable 15 of supporting an object to be processed thereon; and a
clanplng ring supported on or above the stage, capable of pressing and
fixing an outer peripheral paISCLDSURE Olh|H EION ocessed nounted on
the stage,. wherein t ween
an inner Berl pher alllaneoﬁ ot(?:ﬁ’e Fkggesur \Z%'%t&%?ﬂ@%%& Fkﬁeé@ég@?}'\&eand

t he upper surdiactéleoﬁephel’sicage)f IanftLlhm emshe gu,ldpeaknworatnd)rfgu(ldl’d@@s) of
unnecessary fil &Eeaf%"lfga?@e‘b‘fpsrf gﬁ@it%&' Sc‘ér&ﬁ‘&ﬁ dgékﬂiw the
particle generation préeventing space e space as a thickness
sufficiently m@auresofoap@mﬁmm t(heurcm)clqaesseslqmbfthate af ceptain
deposi ted on e uPRe AN CAL WrhndElbn B&fﬁfclééteatlté@ugg?eééé&d on
the upper an e | ower Wl sur aces Inn e particle generation
prevent i 3§ spetthgguaide Itlﬁgmse%l?hr’etoﬁé\r shapriwvhe¥rein the par§ial psp§sWwessi bl e
that the fil g epEaOhds {1hgUGRE i AREwbPeanPWRE cHald ket kit agtSriclil¥stost he
generation 30 (emanation) of particles can be remarkably prevented. Even if
the deposited® fI9RASiteAeIbiM RheWer Ph€es, it can be prevented that the
particles are diffusgd Ilﬁvan@i@&efssIanmmaa@pcsyltsehtls sém LI 1%di hage €a Of

t he object to be praocessed, since_the %omn of f of tge delﬁ)aj??ct ed Tilnms may
happen at a |RKQRSSSING: Kessehsapablenet b Byagpatrd &t & ¥ageUBf the
particl e 1genetigdredm; pee\seage nglacpate.n lthet Ipeoeasentg)OVesyeat ebablametdae
particle generatlo r en ?ﬁ shace has t.hi ckness_qf abaut 0.2 nmo
above. In addP{ERSH, lBPe?g e %a&“@Féeée%%‘t "5 3B e‘?/e‘ﬂtlt grslb%ce |s
a thin annul gslapateon More a;h:bvéertatd ystddee par asclt® gamaraindnampr evtet i ng
space has a r i i fer

particle gener ég%%“rﬁlﬁrgggé %Pﬁlgé s?%gggfcitgo %%%gésgggﬁjg F gtoqlu&?‘l'e%ts%rf ace
of the stage eaphklesofguidingrdechiertptoticoprocesasi ante iaed etmaqe whetace

of the cl, %rmllﬁtgntﬂﬂ}q; tfh@ %B{,)é:& [5SER! gz?&%\éga Uﬂg W%JJ Qme]:ehﬁ &

schemati c view o oSl t1 ng st em accor resen
i nvention; FiRprtiqle eﬁnetﬁtalﬁgeﬂre%emt%ﬁpwevmfoan%rb@ttyeetlr?él inpge and

a part of thep&&pteﬁaur@aﬂlem 1BwEk BurkacéDftle ghilde AingAhalHedpper
sectional viewof a part Ain Fig. 2 in a state where filns are deposited,

Fig. 4 is a gi¥piRcHoN Fie a5%9%t i onshi p between flow rates of Tid 4 gas as
a source gas and fiThasjepesiki lp@ﬁrtliahesmndc_t;ém) sdfgainddegsaryi Siamgr apd

Show 19 9sC1aps hSpERTSla ool bk} ARsed AediR g e atlther
generation preventing space but not in thevicinity 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 thewall surfaces, it canbe 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. 6 is a schematic view of a filmdepositing systemin another

" enbodi nent according to the present invention;, Fig. 7 is a schematic view
of a conventional filmdeposition 25 system Fig. 8 is an enl arged 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 Fi% 10 is a graph showing a

rel ati onshi p between the nunber. 30.of processed wafers and the nunber of

particles. BESHE WDEheEEROGIPeANEL MBI YT HEPPRYEA IAONCAAt 2ol REihegnthar a

film depositigne sm{ieamtgcagr thatehtrdite: RHGEBE tA¥EPAFOI-M |JenReafligsk! | bed
with reference to the 35 acconpanying drawings. Fig. 1 is a schematic view
of a film depdEYSNdYySPaRFaccording to the present invention, Fig. 2 is

an enlarged 6 secpiefealably¢Wid parpacie YeneharibAGHcveAtangadgacef hhde

gui de rin% shown in Fig. %, and Fig. 3 is an enlarged sectional view of a
part Ain Figﬁvg%¥d$ta°gt3 euwwﬁﬁ%;ﬁﬁ Prs28P¥deposi ted. The fil m deposition
systemin the enbodprefieiranilly, btiee qRe®ichedgéseattidn bedvést ackengsa Ti N
fiylm Referring,t.o Fi ral {Yo 3, a fillmdfego i.tio sbstgm %ﬂ%(??aa . °
cylindrical p? %6’&?5??1’3‘ §BAC82 HRYE RyfE efreilxxaﬂﬁ ?r’éilﬁi?rﬂ%eaﬁt%%

| i ke. Suppor tpréferariagsspacephiagha ﬁmifalbaméxm%mi bf?ﬁdﬁzmc‘cﬁsab@@%yessel
32 . Acylindrical stage magde of , f.or exa . | S. supported on
the supports 34. A lfre%-%srta%ﬁgéjh %tpé}r%gﬁpsg@%@@ PREVRRENA §2356. 15 hus,
a sem conductdefimddebyWhs fimtobppet dur fiaeepoficelss atagehand 31&3:ebfeﬂimlr<]®| aced
on a support | h er rf ace, of .t he

st age 3gpi S a%%%?f%t égggf%%#gggéﬁ%e%é?njr%vﬁre uif"gg porfegg?eql}ﬁdf?eﬁl&%'
tenperature. The stikferd@tivepypwihdsdimrerntionois exfhjm d,epbhita'mr;/eysteml ,
t hrough pin-h . I 4F | Lns 4
having base e%%gggﬁgggggF%gé%@?g&g:g?%ig??ggigggg%ﬁﬁﬁcﬁYg%ﬁ%%?i%ﬁ&éf%

i nserted in tah¥vaghumibeseinpa s | in the pHecesappovesskif capable
vertical l d ddidtegl d.i hat i om

vl | of O pobeubpBELeRyh bRIGHO PR RdchEld Enofidf abd 4 eaffhhs
bel | ows 46. VREM (HPPOESEEr N Hafabo¥e the nghade v Spprbie| 9f essdngoand

downwar d), theitirdd ein BuBsrigePiglcdall PAVEISE (He @bS8EREES )bd \A?;%\:tegsed

A of the stage 36, to lift, up the wafer .
support 25 SL%Q&%¥EJ32n the stage; erein a particle generatfbn 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



The ceiling part of the processing vessel 32 facing the stage 36 is
“provided with a sshowerhead 46, .t hrough which one or nore necessary gases

i ncluding one or nore depositing (source) gases are supplied into the
processi ng 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_forned i I LI (] eltl urface)
of the shomerﬂ%?fé}(?n%éng %%?’Séegsﬁﬁg&%ess%e%%%t \[I)&ri'gvf"ée%vé%ﬁ’ez g%?e

val ve 50, WwhigdHiitdonpepesiferathlyl, ostes palreictargeriargtaonaervemiimgospsand
carrying the sanme ouyt, of _th rocessi ng el ust r e
formed in per¥hér %r?%n‘@ffprt h8P#oT om\f@/}% %?gft%lgﬁggéce%%)ngagggge 32.
The exhaust pgreratioar prevantsitigedphoe hasra evadiedt digensinmpodvrbedtvd th a
vacuum punp or the@%’i ke. Thus, the processing vessel 32 can be evacuated to
a predet ePri fBY Pr &8YFe. A guide ring 54, which has a feature of the
present 5 inventi oreréferpblypntiz pappdclpegensgratdonpprevent ik sppagel 6.
More concretely.. t uj Qg 0 i o -1
resenbl i ng ané‘%l%}‘eeﬁegg #lg‘%tfelra[&LPBé%ﬂa%lrrangggoéfaagegtrsg%ag %%?earslfgg_lgg %t]((:% as
A120" or quartecegsesispoxridn fornead atlthedovey sow fare afpbs CparPiREEARd par t
of the stage 36. The guide ring 54 has a guide 10 ring body 59, which has a
hori zontal part 56 extending in parallel to the support surface 36A of the
stage 361&@nd a vertical paBRIKBD RORTICN Wi +IE RaANiNa sur f ace of the
stage 36. An . INnerpfd ! QUNCLElERaRht 101 GY b2OR! 2hlRdadpdifiting apaten
downward and tovvardFa center of the stage 36 to forma tapered gulde
surface 15 60acaugingytentheveresrita \RYFBE19R supported on the lifter pins
42 to mount the wafg{qg\Whois hRGlvRRed s&dtifonee B offa paet @f shastage
positional error of t%e waf er W, the .guide surfa 60 _coxrects the

posi tional erfRd »fPate Ofafle WidR ’ﬂw?flgdéso‘f’ﬂel ¥ Wto a correct
positionjan the supppgl 4l asenGhged sedtiamlubaewonf 20bhrpoktiniig2

havi ng a substanti al Ie/. fiﬁed t hi ckness gsee EJ?%% 2 and 3) is fornmed at an
i nner peri phefal®phritase WHere % P dEPEY hori zontal part 56 of

the' guide ring bodyi$94 fEhayrapheshowisry peelphienshimbetween fiéowgeitesnt al
part 56 is thip; .and a particl r.aty Lhg a
Chape of & vePh HAInoAPRG Srouted SRE et EPAGKGILe LS ARAREGR (nd eag!
rectangl e i s fornmedFbegt Beigna gnaphgbowing fachasmobihe st oTpAEAE 1eRe
support surfa 6A of th ] I r i

descri bedzooy &gy§o’fm é’far?ﬁfgg%%f?ﬁﬂfeg"f e%rnggghggéi%éf%g%egiés#g%%\%é{e?éj %gt ween
an outer 30 edgéibn deposiifien R¥PRRFed at the correct position and an

i nsi de edge of the pogiZpRkal RMeinabbcofidworaifden dagodiding pstém inange

of 0.5 to 1.5 mm for exanple, on the order of f regardless. of a

di mensi on of PREthERANRAAIGENEHACGRY nﬂ/\?coAtBﬁi BE%%%@: - ng’ttlﬁé’ hori zont al
part 56 is in a rangeqof ik aschemdtidvitwofexaopyent Rmadnf iedepaition 2
mm A height of the annular cut-off portion 62, nanmely, a height L5 of the
particle g%neﬁXF &H7 preventing space 64, is 0.2 mmor above, for exanple,
on the order of 0.3Fig8 8mis (an enEagged, vidwe qfamt pekt gEnBtad iTon preventing
space 64 is exaggerated for _conveni . I ti = i

l ength L6 of the pa?ﬂ'?tl elf]eaﬁ‘e?réf?{ﬁ?{)r%gér?t%]xgg%sr}%a%]g[&g% %ﬁga%ﬁ?%ﬁaﬁove,
for exanpl e, egystbm sholer iof FAgem¥y;land he case, 5 preferably, the ratio of
the height to the | th 0 t : : ' Blimddyon
preventi ng space 64?&3?2‘.0,{sl_%%ef‘ggﬁ%?%gé'?atdoi) eé)éllo or lgg%%ig@e%hgﬁl

t hi ckness®0 2 wfi ptotessed suferanand| the ayudien 0fapPprkdel@fept h of nmachi ning.

BEST MODE FOR CARRYING QUT THE INVENTION

An embodiment of a film deposition system according to the
present invention will be described with reference to the

35 accompanying drawings.
Fig. 1 is a schematic view of a film depositing system

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



. The operation of filmdeposition systemas applied to, for 10 exanple,
depositing a TiN (titaniumnjtri-de) filmwll be described. A sem conductor
wafer Wis carried onto and received by the lifter pins 42, via the opened
gate valve 50. The liter pins 42 are |owged to nount the wafer Won the
support surface 36A 15 of the stage 36. If there is a positional error of
the wafer W the. r i e i ring:5 i on

t he peri pher ﬁe%g:é‘%ﬁ ngsf%"glgsfgggg%%a%%r@ %ct% gta\% t?llg‘illh‘—zfej%éi‘l}{ttergfpglPtltl p(#ej('rad;/é of

t he waf er W amicigcehoentin Flig.pbsidridFdl.ed riz anf enharged sechiofalsyiavhe

f Wi I : it] f f
Whas been | 0o Batied, e dinfort W PERFERERE SLARF 28 dtbodioat e 271 <
pr edet er mi nedidmodepes i eirersytsiren. int the embodémenteyiltlhdepdeseribed asessel
32 is evaguataﬁ)%}éggrr@ged%}&aﬁtm? Eh,ﬂﬁifli]]ﬁnd predet ermi ned gases such as

g

t he depositio sourc ases are supplied into the processing vessel

32. Thus, a filmi Refepringdd Bihgs hd afleraWilmsdeprsiddonssystam gadwms for
exanple, TidA4 ff‘n:? glgfms#@ Nol-L . £d S kg fiImM
may be deposi%%g. %;Hv%éf r rrayébe ar(lﬁgyzl ﬂ%ﬁg\?\jgfqefr .]P%;r{oc E‘% %%)n |Iﬂngns
for form ng 36 shedoike.t HUHPOTLR 34 AFeciet Bprhaeong hoftomgyakk /fpthe a
Tid4 flow r%@&Es@ﬁ@%sgglg(iqmA@}P‘].ﬁjl??ran‘iVﬁt%%b%&ﬁad@Hf , $80 examPregn NZ
flow rate of "about 507sccm_a process tenperature of about 680 C, _a process
pressurel8i 2dLdssenpRentedzondhe SHRECEHEdeeds FESHELBRCARAATB038 135
Wien the abowgyddg@deRosid isRBgR! 96 £SThi1S, I £RRAIeBndaSLEP W WFAS- ah

while desired filns 68 are deposited on wafers unnecessara/ films 70 and

8 w
72 .may be aldyeFEpPedrosssEre, whach iaseern placed o8 ABRPROLFREEFS6A

and the gui dggn RE the shapEesrsaly.f thotupher dap@aceest alifn s@agehse upper
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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 forned, 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 space 64 and so on. The height L5 nmay
be determ ned taking into consideration a cleaning cycle of the film
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description t clanping ring anpi ng ring
body 74 Hdvi ngdge oifapke vhferW mounted atThize epxKprh @%ulﬁgomzan% aacﬂe{}ﬁlé’G to

move vertical byqd Q¥etNEmo¥ikBntal 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



25'1ifter pins 42. An inner peripheral part of the |ower surface of the
clanping ring. body. 74 is brought into contact with an outer peripheral part
of a wafer W so as to clanp (press and fix) the wafer Won a stage 36. A
step-like recessed surface simlar to th of the guide ring 54 described

I n connection with Fig. 3 30 is forned by recessing an inner peri pheral

part of the | ower surface_of_the c I ng ring.bod 74 Thus | e
generation pri#¥ent FﬁgFJébaée the P@rkﬁgﬁﬁ@%d‘ﬁr\ﬁgéﬂn é’(?é‘gge%p%%é)g é&
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ri ng body n e surface of t waf er nmount e e s e The
enbodi ment ca e%ﬂ:frh é\feoﬁhgh %Fﬁ&c?eﬁﬁr%’rﬂq &ﬁggegfab{}g W‘%} %gf ége%ce to
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ungsten nitride to, b
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subst r at eLof or exmnpzm odeposglltasws_[ SUDELN afbitaniug nigridess il m W¥ilk be

deposi tion syaég&cbo&prl sing:: a processing vessel capable of being
evacuated to vacuum t here| n, a stage placed in the processing

vessel , capable of Augaicondychar oifan W dsheaprird s ARArERFEivANPY

gui de ring pl @ﬁ?q i3 e p HYYE, t\}l% §ﬁé‘%e§@d3§aﬂé3v§l"fré ¢ond Be QUtEF pins
ci rcunf erence b']aect to processed ounted on the sta E caﬁabl e

of guiding t hézoi)lf%dioméeﬁetcbmsﬁhed'?ﬂ@xt WeCBt BhR SHRPRTFof
0,55 1t S o xf i sttt e g
gurface of thEh ﬁ&%rﬁdngué% Sux Bgﬁe‘wﬁf‘; Fﬁe“ e:%éngtaga‘{;é“ltted on the
peripheral part of the stage 36 contacts with the outer periphery
of the wafer W and corrects the positional error of the wafer
W. Thus, the wafer W is placed at a correct position on the stage
20 36.
After the wafer W has 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 f£ilm 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



2. A filmdeposition systemaccording to claim11, wherein the particle
generation preventing space ,has a height of about 0.2 mmor above. 3. A
filmdeposition systemaccording to claim1 or 2, wherein the particle
generation preventing space is a thin annular space. 4. A filmdeposition
system according to claim3, wherein the garticle generation preventing
space has a radial dinension of about 2 nm or above. 5. A film deposition

syst em accor dPHGEAGRRE orhe FURRCKthSurfages 36inand; thengupdet rdng 54.

generati on prewsslddihrPastnd ardefipeshi tug algb%n wRBSipsay hagetid 1bherst age
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and t he upperpeevdrttingobpade 64t aliere a pé}srtidnpdeﬁéﬁréldmtﬁésﬁm 84‘&‘@&5' ng
Eﬁ cl aim 6, mherenp t he particle nerat! a ﬁéeventlgg space qﬂ?

i ckness of ALOUHET ZHni8r AL 3 T1AM: f¢ &f $$sREM accor di ng
to claimi® or 7, thhelpeakmpqnﬂmnnslGogemmﬂaﬂaanameeWBmmeagaspaceadiaa thin
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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 Fig. 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



~6-to 9, wherein the particle generation preventing space is defined by a
flat upper surface of the stage-and a step-like recessed portion forned at
the | ower surface of the clanping ring.
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) - (%or smpstneo/gggde)randow (3% sl.s recessed to form the partlcle
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 (0.05um). 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 ym. Thus, the height L5

= 0.3 mm (= 300 um) is far greater than 10 um. 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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Fig. 5 shows changes in the number of particles (0.2 pm
or greater) when one hundred semiconductor wafers were processed
successively by the £ilm deposition process. Figs. 5(A) and 5(B)

5 show the numbers of particles (settled on the wafers) when the
depth L6 of the particle generation preventing space 64 was 8.8
mm and 3.0 mm, respectively. As obvious from the graphs of Figs.
5(A) and 5(B), the numbers of particles were on the order of two
or three when the depth L6 was either 8.8 mm or 3.0 mm, which

10 are far smaller than the criterion of quality determination being
thirty and are very good as compared with the result of Fig. 10
indicating the conventional case. _

In the above embodiment, the inner peripheral part of the
lower 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 film 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 clamping
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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a stage placed in the processing vessel, capable of
supporting an object to be processed thereon; and

a guide ring placed on or above the stage so as to surround
an outer circumference of the object to be processed mounted on
the stage, capable of guiding the object to be processed onto
the stage whenmounting the object to be processed onto the stage;

wherein a particle generation preventing space is formed
between an inner peripheral part of a lower surface of the guide
ring and an upper surface of the stage.

2. A film deposition system according to claim 1, wherein

the particle generation preventing space has a height of
about 0.2 mm or above.

3. A film deposition system according to claim 1 or 2,
wherein

the particle generation preventing space is a thin annular
space.

4. A film deposition system according to ¢laim 3, wherein

the particle generation preventing space has a radial
dimension of about 2 kmm or above. )

5. A filmdeposition systemaccording to any one of claims
1 to 4, wherein

the particle generation preventing space is defined by a
flat upper surface of the stage and a step~like recessed portion
formed at the lower surface of the guide ring.

6. A film deposition system comprising:

a processing vessel capable of being evacuated to make a
vacuum therein;

a stage placed in the processing vessel, capable of
supporting an object to be processed thereon; and

a clamping ring supported on or above the stage, capable
of pressing and fixing an outer peripheral part of the object
to be processed mounted on the stage; |

wherein a part:.cle generation preventing space is formed
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the particle generation preventing space is a thin annular
space.

9. A filmdeposition system according to claim 8, wherein

the particle generation preventing space has a radial
dimension of about 2 mm or above.

10. Afilmdeposition systemaccording to any one of claims
6 to 9,

wherein the particle generation preventing space is
defined by a flat upper surface of the stage and a step-like
recessed portion formed at the lower surface of the clamping ring.



